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Presenter Notes
Presentation Notes
Opening remarks to be written separately. This slide is a placeholder frame only.



Objectives
At the conclusion of this activity, participants will be able to:

• Differentiate the inactivated, subunit and conjugate, live attenuated, and mRNA platforms by 
mechanism of antigen presentation, and anticipate the dosing, contraindication, and storage 
requirements that follow from each

• Explain the function of aluminum adjuvants in non-live pediatric vaccines and apply current 
exposure and safety data when counseling families

• Describe how efficacy and safety are established through phased trials, immunobridging, and 
post-licensure surveillance, and identify what each method can and cannot detect

• Apply these principles to MMR, including strain development, immunogenicity and 
effectiveness by component, and dosing before 12 months and on catch-up

Presenter Notes
Presentation Notes
Two open decisions flagged in the working document: whether the accreditor tolerates two verbs per objective, and whether the WI-38 segment needs objective coverage.



The Basics: how vaccines work

Presenter Notes
Presentation Notes
The sequence is an argument, not a list. Each platform is introduced as a solution to a problem created by the one before it, and each solution creates a new problem. Run it in this order and the audience does not have to memorize anything; they can reconstruct it.



Types of Vaccines

• Inactivated Vaccines

• Sub-Component & Conjugated Vaccines

• Live Vaccines

• mRNA Vaccines



Review: the antigen presentation engines

Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100



Where the antigen is made decides everything

MHC class I MHC class II

Found on Every nucleated cell Dendritic cells, macrophages, B cells

Peptides from Proteins made INSIDE the cell Material taken up from OUTSIDE the cell

Read by CD8 cytotoxic T cells CD4 helper T cells

Question Is this cell making something foreign? What is out there?

Consequence Kill the infected cell License B cells; activate macrophages

Where the antigen is introduced affects which pathway it enters, and that affects what kind of immunity results

Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100

Presenter Notes
Presentation Notes
This is the single concept that makes the remaining four slides self-explanatory instead of memorizable. Spend the time here and you buy it back three times over.

The framing that works is surveillance versus reporting. Class I is every cell in the body continuously reporting on its own internal manufacturing, with CD8 cells patrolling for a cell that has been hijacked. Class II is a smaller set of specialist cells sampling the extracellular environment and reporting back to CD4 cells, which do not kill anything but authorize everyone else.

One caveat to hold in reserve rather than put on the slide. Dendritic cells can route exogenous antigen into the class I pathway, which is called cross-presentation. So an inactivated vaccine is not absolutely incapable of priming a CD8 response, just inefficient at it. Say LIMITED rather than NONE throughout, and you are safe if someone in the room knows this.



Inactivated vaccines: definition and manufacture

1
Propagation

›

2
Harvest

›

3
Inactivation

Formaldehyde, 
beta-propiolactone, 
or heat abolishes 
replicative capacity

›

4
Purification

›

5
Formulation

Adsorption to 
adjuvant, then fill 
and finish

Release testing must demonstrate the absence of residual infectivity in every lot.

Goal: abolish infectivity, preserve the key antigen epitopes

Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100

Presenter Notes
Presentation Notes
This slide supplies the definition and the manufacturing sequence that the following two slides depend on.

Keep the production walk brisk. The audience does not need to be able to run a fill-finish line. What they need is the shape of the process, because two features of it determine everything downstream: the pathogen is grown and then killed, and what arrives in the vial is a fixed quantity of non-replicating material.

The release testing line is worth naming explicitly. Demonstrating the absence of residual infectivity is a lot-release criterion, not a formality. The Cutter incident in 1955, in which incompletely inactivated poliovirus vaccine caused paralytic disease, is why manufacturing consistency became a regulated endpoint rather than a matter of manufacturer judgment.

The governing constraint at the bottom is the conceptual payload of the slide. Inactivation is not a neutral switch. The same chemistry that destroys infectivity can denature the protein structures that protective antibody has to recognize. A vaccine can therefore be fully inactivated, fully immunogenic by antibody titer, and still fail to protect, because the antibody it elicits binds epitopes that are not the neutralizing ones.

That constraint is the mechanism behind formalin-inactivated RSV in 1966-67 and behind killed measles vaccine in the same decade. Both are treated in the MMR block; if you want to use one here instead, use RSV and keep it to two sentences.



Antigen Presentation & Immune Response

Antigen Presentation

• Antigen is delivered in non-replicating form

• Uptake by antigen presenting cells

• Peptides displayed on MHC class II

• Important Limitations:

• Limited entry into the cytosol -> poor MHC class I 
loading

• Antigen quantity is fixed

• Antigen is rapidly cleared (days)

›

Immune Response

• B-Cell and CD4 T-Cell activation

• Class switching and affinity maturation (CD4 
dependent)

• Final Immune State: Circulating IgG, long-lived 
plasma cells, memory B cells

• Important Limitations

• Limited CD8 response

• No mucosal IgA

The platform determines the pathway, and the pathway determines the effector profile: antibody-dominant 
immunity with limited cytotoxic and mucosal components.

Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100

Presenter Notes
Presentation Notes
The two panels are deliberately sequential rather than parallel. Presentation and response are different events, and collapsing them obscures the causal direction: the route of antigen entry determines which presentation pathway is available, and the presentation pathway determines which effector arms can be recruited at all.

Step 1 is about location and form. Extracellular, particulate or soluble, non-replicating, and finite. Because the material never enters the cytosol in quantity, the class I pathway is largely unavailable to it.

Step 2 is about consequence. CD4 help and germinal center output are intact, which is why inactivated vaccines produce good antibody. CD8 cytotoxic priming is weak, which is why they are poor at clearing established intracellular infection.

The cross-presentation caveat belongs here rather than on the slide if you need it. Dendritic cells can route exogenous antigen into the class I pathway, so the correct word throughout is limited rather than absent. A well-read audience member may raise this.

The mucosal point has a practical payoff that recurs in the polio discussion. Intramuscular inactivated vaccine protects the vaccinated individual well and interrupts transmission less effectively, because serum IgG does not prevent mucosal replication the way locally induced IgA does.



Common Properties of Inactivated Vaccines

• Multi-dose schedules
• Affinity maturation and long-lived plasma cell generation require repeated antigen exposure over time, not a larger single 

dose

• Adjuvant dependence
• Prolongs antigen availability and supplies the innate activation that a non-replicating antigen cannot provide

• Waning immunity
• Booster doses are required; duration of protection is measured in years rather than decades

• Cannot revert or spread
• Permissible in immunodeficiency, in pregnancy, and in household contacts of immunocompromised patients

• Antibody-dominant profile
• Limited cytotoxic T cell priming and, with intramuscular delivery, limited mucosal immunity

• Formulation stability
• Substantially less vulnerable to cold chain excursion than live attenuated products

Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100

Presenter Notes
Presentation Notes
Frame this slide explicitly as a change of register. The previous two slides described a mechanism. This one describes what that mechanism implies about the products your audience handles.

The first property is the one most often explained badly. Avoid any formulation implying that multiple doses exist because one dose does not contain enough antigen. Quantity is not the constraint. Durable antibody comes from long-lived plasma cells and from a memory B cell pool that has undergone affinity maturation, and both are products of germinal center reactions, which are time-dependent and require sustained or repeated antigen exposure. A replicating vaccine supplies antigen continuously for one to three weeks. A bolus of inert protein is cleared within days. Additional doses restart and extend that process.

That framing also explains two things a quantity account cannot. It explains what the adjuvant is for, which is prolonging antigen availability and supplying innate signal. And it explains the infant schedule: infants have immature T follicular helper function and reduced somatic hypermutation, so germinal center output per exposure is lower, which is why the primary series is three doses with a booster in the second year.

The fourth and sixth properties are the ones with the clearest operational payoff, and they are marked in a different color for that reason. The absence of reversion is what permits these products in exactly the populations where live vaccines are contraindicated. Formulation stability is why inactivated products dominate in settings where cold chain cannot be guaranteed.

The fifth property sets up the polio comparison and the acellular pertussis discussion, both of which turn on the difference between preventing disease in the vaccinated individual and interrupting transmission.



Key Limitations of Whole Inactivated Vaccines

• Off-Target Antigens

• Reactogenicity (Whole-Cell Pertussis)

• Non-neutralizing antibody (Inactivated RSV)

• Molecular mimicry (Men-B Vaccines)

• Polysaccharide Antigens

• T-Cell Independent Response

• Less durable

• Very limited under 2 years of age

Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100  ·  Kim HW, et al. Am J Epidemiol. 
1969;89(4):422-434  ·  Finne J, et al. Lancet. 1983;2(8346):355-357



Types of Vaccines

• Inactivated Vaccines

• Sub-Component & Conjugated Vaccines

• Live Vaccines

• mRNA Vaccines



Sub-Component Vaccines: Avoiding Off-Target Effects

• Concept

• Do not include the whole organism

• Produce only the antigens required for neutralizing antibody

• Examples

• Acellular pertussis

• Decreased reactogenicity

• Cost: TH2 instead of TH1 & TH17 response

• Men B

• Avoid molecular mimicry by targeting protein sub-component

Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100  ·  Warfel JM, et al. Proc Natl Acad Sci U S A. 2014;111(2):787-792  · Higgs R, et 
al. Mucosal Immunol. 2012;5(5):485-500



Conjugation: Smuggling in a T-Cell to help a B-Cell

1

A B cell recognizes 
polysaccharide antigen 
also ingests the 
conjugated protein

›

2

Processes attached 
PROTEIN and displays 
on MHC II

›

3

CD4 helper T cells 
recognize protein 
antigen and deliver help

›

4

B cell making anti-
polysaccharide antibody 
receives help it could 
never have recruited 
alone

Hib has: class switching to IgG, affinity maturation, memory, a real booster response, protection in infants — and 
reduced nasopharyngeal carriage, which protects the unvaccinated.

Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100  ·  Warfel JM, et al. Proc Natl Acad Sci U S A. 2014;111(2):787-792

Presenter Notes
Presentation Notes
The four-step conjugation mechanism is the most elegant thing in this section and it is worth going slowly. The audience gives Hib conjugate every day. Most of them have never been told why linking a sugar to a protein changes anything, and the explanation is genuinely satisfying once you see it: you are smuggling T-cell help to a B cell that is not allowed to ask for it.

The Hib result is the payoff. Invasive Hib disease in young children fell by more than 99% after conjugate introduction. This audience is young enough that most have never seen epiglottitis or Hib meningitis, which used to be routine pediatric admissions. Name that.

The carriage point connects to the MMR block. Conjugate vaccines do not just protect the recipient; by reducing carriage they interrupt transmission, which is the same mechanism that protects infants too young for MMR.

One honest caveat if it comes up: pneumococcal conjugates cover the serotypes in the formulation, and reduced carriage of those serotypes opens ecological space for others. That is why the valency keeps climbing.

The pertussis case is the strongest example in the talk of a trade that looked clean and was not. Whole-cell was reactogenic, so it was replaced. The rest is that the replacement optimized for the endpoint being measured, reactogenicity, and degraded an endpoint nobody was measuring, transmission. Natural infection and whole-cell drive Th1 and Th17; aluminum-adjuvanted acellular drives Th2. Antibody protects against disease; Th17 immunity clears the nasopharynx. In the baboon model, acellular-vaccinated animals were protected from severe symptoms but were still colonized, cleared no faster than naive animals, and transmitted to unvaccinated contacts. If your endpoint is disease in the vaccinated individual, a vaccine that permits colonization and transmission passes.



Types of Vaccines

• Inactivated Vaccines

• Sub-Component & Conjugated Vaccines

• Live Vaccines

• mRNA Vaccines



Not a new idea

• 1st Vaccine (Jenner/Vaccinia)

• Attenuated by nature

• Still resulted in effective immunity

• Pasteur (Chicken Cholera/Pasteurella multocida)

• Attenuated intentionally by culture technique

• Still resulted in effective immunity

• Calmette & Guerin (BCG/Mycobacterium bovis)

• Attenuated by serial passaging

• Conceptually closest to the modern viral vaccine attenuation techniques

Plotkin SA, Plotkin SL. Nat Rev Microbiol. 2011;9(12):889-893



Live attenuated vaccine basics

What replication adds

• Antigen self-amplifies (no adjuvant)

• Viral protein inside host cells: MHC class I, CD8 
response

• Full antigenic repertoire, native conformation

• Durable, often lifelong after one or two doses

What replication costs

• Immunosuppression: Symptomatic infection (e.g., 
measles inclusion body encephalitis)

• Pregnancy: Theoretical potential for fetal infection

• Reversion to Wild Type: Vaccine-derived 
poliovirus

• Interference: Response sensitive to IG or other 
live-vaccine co-administration

• Fragile: Improper storage fails silently

Note: Durable immunity from vaccination is most likely when infection with the wild-type organism also produces 
durable immunity

Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100  ·  ACIP. MMWR Recomm Rep. 2013;62(RR-4):1-34

Presenter Notes
Presentation Notes
This slide teaches the platform and pre-loads every MMR contraindication you will discuss later. When you reach the MMR safety slide, say so out loud: none of that list is arbitrary, all of it follows from replication.

The framing to use is that every advantage and every disadvantage on this slide come from the same property. The virus replicates.

On reversion, be precise. Reversion is real and has a real body count in the polio program. It is also platform-dependent, not universal. The measles, mumps, and rubella strains do not revert; no transmission of measles or mumps vaccine virus from a recipient to a contact has been documented, and although rubella vaccine virus can be recovered transiently from the nasopharynx, no confirmed transmission has been reported.

The silent-failure point on storage is the most practically actionable item here. Most vaccine failures announce themselves as disease years later, if at all. Nobody gets a signal at the time.

On the OPV and IPV pair, the policy punchline earns the slide time, not the table. The same product, unchanged, went from net benefit to net harm purely because the epidemiology moved underneath it. Nothing about OPV got worse. Wild polio disappeared, and at that point the only paralytic polio left in the United States was the kind the vaccine caused. IPV is also the anchor product from the inactivated slide, so this closes a loop.



Types of Vaccines

• Inactivated Vaccines

• Sub-Component & Conjugated Vaccines

• Live Vaccines

• mRNA Vaccines



mRNA: features of both ends

Inactivated mRNA Live attenuated

Antigen made inside host cells No Yes Yes

MHC class I / CD8 response Minimal Yes Yes

Agent replicates No No Yes

Can revert or disseminate No No Yes

Safe in immunocompromise Yes Yes No

Needs a separate adjuvant Usually No No

Live-vaccine antigen presentation with killed-vaccine safety. The LNP is self-adjuvanting, which is why 
reactogenicity is high

Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100

Presenter Notes
Presentation Notes
Build the table column by column if your software allows, because the punchline only lands if they watch mRNA pick up attributes from the left and the right.

The headline: mRNA achieves live-vaccine antigen presentation with killed-vaccine safety. The antigen is made inside the cell, so you get the class I pathway and a CD8 response, which an inactivated vaccine cannot give you. But nothing replicates, nothing reverts, nothing disseminates, so the immunosuppression contraindication that governs live vaccines does not apply.

Convert the reactogenicity point directly into counseling language. Fever and myalgia after an mRNA dose are the innate immune system responding to the delivery vehicle, which is the mechanism the vaccine depends on. It is not the vaccine giving you the illness, and it is not a sign of infection.

State the durability question as open rather than resolved. Transient antigen expression is a plausible mechanistic reason for shorter-lived responses.

A caution on the anchor product: COVID-19 vaccine recommendations for children have been unstable, and this talk is not the venue for adjudicating current pediatric COVID policy. Use the product as a platform example and say so explicitly. Verify current status before delivery.



Adjuvants

Presenter Notes
Presentation Notes
Narrowed to aluminum deliberately. MF59, AS01, AS04, and CpG 1018 all sit in adult products. That narrowing is an asset: your patients receive exactly one adjuvant, and here is what it does.



Why adjuvants exist
The immune system does not respond to foreignness alone. It responds to foreignness plus evidence that something is wrong. A 
purified protein delivers the first without the second.

• Possible/Proposed Explanations:

• Depot effect. Proposed 1926. Largely discredited: adsorbed antigen desorbs rapidly, and stable 
adsorption is not required for adjuvanticity

• Enhanced uptake. Particulate antigen is phagocytosed far more efficiently than soluble protein

• Danger signals. Local cell injury releases DAMPs including host DNA and uric acid

• NLRP3 inflammasome. Real, but necessity disputed; NLRP3-deficient mice still respond to alum

• Chemokine recruitment. Monocytes and dendritic cells drawn to the injection site

Aluminum has been in use for nearly a century and the mechanism is still contested. Its consequence is a Th2-
polarized, antibody-dominant response

Zhu M, et al. Pharmaceutics. 2023;15(6):1756  ·  He P, et al. Hum Vaccin Immunother. 2015;11(2):477-488

Presenter Notes
Presentation Notes
Open by pulling the thread from the inactivated slide rather than starting fresh. The audience already knows the antigen arrives as a bolus and is cleared in days. The new idea is the second deficiency: it is also clean. Nothing about a purified protein tells the innate immune system that an infection is underway.

The framing that lands: antigen answers what, adjuvant answers why should I care.

Say plainly that the mechanism is unsettled. This will feel like a concession and it is actually the opposite. An audience told openly that a ninety-year-old adjuvant still has contested mechanism, while its safety record is among the most heavily studied in medicine, learns the more useful lesson: mechanistic uncertainty and empirical safety are different questions.

The depot theory is worth naming specifically as discarded, because it is the explanation in most older teaching material.

The Th2 polarization line is a callback to acellular pertussis. Same adjuvant, same polarization, and that is part of why the acellular product does not produce the Th17 response that clears nasopharyngeal carriage.



Aluminum in the pediatric schedule

Contains aluminum

• DTaP, Tdap, DT, Td

• Hepatitis A and B

• HPV

• Pneumococcal conjugate

• Meningococcal B

• Hib (some formulations)

Contains none

• MMR

• MMRV, varicella

• Rotavirus

• IPV

• Most influenza vaccines

No live vaccine contains an adjuvant. Replication supplies what the adjuvant would.

Mitkus RJ, et al. Vaccine. 2011;29(51):9538-9543  ·  Glanz JM, et al. Vaccine. 2015;33(48):6736-6744  ·  Product prescribing information

AT BIRTH

~384 µg body burden from in utero exposure

FROM DIET

~0.03 mg/day breast milk, ~0.15 mg/day formula, under 1% 
absorbed

ACROSS YEAR ONE

Vaccines add somewhat more than diet. Modelled burden 
stays below the minimal risk level

Presenter Notes
Presentation Notes
The table is the most immediately useful thing on this slide. The live-vaccine rule makes the right-hand column memorable rather than a list.

That also gives you a clean answer in measles conversations. A parent worried about aluminum and asking about MMR is worried about the wrong vaccine. Say that kindly, then answer the question they were actually asking.

On exposure, avoid the framing that the amount is tiny so stop worrying. That is dismissive and it does not answer the question, which is usually about cumulative exposure rather than a single dose. Better: here is the continuous background exposure every infant has from diet, here is what the schedule adds, here is the threshold set independently for toxicity, and here is where the total sits.

The kinetic detail is worth thirty seconds because it explains why the comparison is legitimate. Under 1 percent of dietary aluminum is absorbed, whereas injected adjuvant is deposited directly into tissue and absorbed over weeks to months. The reason a body burden model is the right comparator is precisely that it reconciles them. If you skip this, someone will point out that eating aluminum is not the same as injecting it, and they will be right.

VERIFY BEFORE DELIVERY: the exposure figures and all product aluminum contents were assembled from regulatory documentation and secondary sources, not from current US package inserts. Confirm each before presenting.



Splitting the shots usually means more aluminum

Same coverage at the 2-month visit Aluminum per dose

Vaxelis (hexavalent) 0.32 mg

Infanrix + Engerix-B + PedvaxHIB + IPOL 0.98 mg

Daptacel + Engerix-B + ActHIB + IPOL 0.58 mg

Pediarix (covers only DTaP, HepB, IPV) 0.70 mg

Not because combining reduces aluminum. Content tracks FORMULATION, not valency — Pediarix covers less and 
contains more

Product prescribing information. 

Presenter Notes
Presentation Notes
This inverts the intuition behind the most common request you will field. A parent asking to split the shots to reduce exposure is, on the US schedule as it currently stands, usually asking for more aluminum, more injections, and more visits.

State the claim carefully. The generalizable version is not that combination vaccines contain less aluminum, because Pediarix disproves that in one line. The defensible version is that aluminum content tracks formulation rather than valency, and that the specific combination products on the US schedule happen to run lower than their separate equivalents.

Name the brands when you present the comparison. The gap between the Infanrix-based and Daptacel-based columns is nearly twofold.

Verify all figures against current US package inserts before this goes on a slide. The whole point turns on the arithmetic being right.



The evidence, and the conversation
Danish nationwide cohort, 2025: 1,224,176 children born 1997-2018, cumulative vaccine aluminum by age 2, 50 chronic conditions 
across autoimmune, atopic and neurodevelopmental categories.

• Adjusted hazard ratios. 0.98 autoimmune · 0.99 atopic/allergic · 0.93 
neurodevelopmental

• For most outcomes, upper confidence bounds were incompatible with relative 
increases above 10%, and for nearly all, above 30%

• But most point estimates fall BELOW 1.0, several significantly: food allergy 0.84, 
ADHD 0.90. Aluminum is not protective against ADHD

This study excludes moderate-to-large harm. It does not demonstrate zero effect. The sub-1.0 pattern is a signature 
of residual confounding

Andersson NW, Svalgaard IB, Hoffmann SS, Hviid A. Ann Intern Med. 2025;178(10):1369-1377

Presenter Notes
Presentation Notes
This slide is where the section earns its place, because the audience is going to have this conversation whether or not they are equipped for it.

The critical move is the honest statement of what the Danish study does and does not show. Every instinct will push toward a study of 1.2 million children found no link, and that sentence is true but brittle. A parent who reads the correspondence will find that most of the hazard ratios are below 1.0 and that several are significantly so. If you have oversold the study, that discovery costs you everything. If you have already said the pattern suggests residual confounding and that the honest reading is exclusion of meaningful harm rather than proof of zero, that discovery confirms you were being straight with them.

Say the quiet part: the fact that the study found aluminum apparently protective against ADHD is evidence that the method has residual confounding in it, not evidence that aluminum prevents ADHD. That single observation does more for your credibility than any amount of reassurance.

Outcomes were ascertained from registers; individual medical records were not reviewed.



The four questions you will actually be asked

• "How much aluminum is my baby getting?"
• Background diet, what the schedule adds, where the total sits against an independently set threshold.

• "Why is it in there at all?"
• Not a preservative, not a filler. It is what makes a non-live vaccine work.

• "Can I get the vaccine without it?"
• No. The aluminum-free version is not a purer product; it is one that does not work.

• "So many at the same time?"
• Glanz 2018, VSD: cumulative antigen exposure and non-vaccine-targeted infections, OR 0.94 (0.84-1.07).

Antigen load has FALLEN: ~3,000 antigens on the 1980 schedule, ~150-160 today. The honest exception: IIV with 
PCV13 and DTaP at one visit modestly raises febrile seizure risk

Glanz JM, et al. JAMA. 2018;319(9):906-913  ·  Offit PA, et al. Pediatrics. 2002;109(1):124-129  ·  Smith MJ, Woods CR. Pediatrics. 2010;125(6):1134-1141

Presenter Notes
Presentation Notes
The Glanz study is the right one to cite because of its outcome. It does not measure whether vaccines prevent the diseases they target, which would be circular. It measures whether heavily vaccinated children get more of everything else. That is the direct test of the hypothesis the parent is raising, which is that the immune system has finite capacity and is being spent down. If that were happening, these children should be showing up more often with infections nobody vaccinated against. They are not.

The antigen-count reversal is the most surprising fact in this section for most audiences. The schedule has more injections and covers more diseases than it did in 1980, and delivers roughly a twentieth of the antigen, because whole-cell pertussis was replaced with a handful of purified proteins. This is also the payoff for the subunit slide.

Include the febrile seizure exception. The instinct will be to leave it out because it complicates a clean answer, and that is the wrong call. A blanket reassurance is unfalsifiable and sounds like it. We looked hard across half a million children and found essentially nothing, with one specific documented exception that we found and reported, is a far stronger claim. The exception is what makes the null result credible.

Of the first three questions, the third is most often answered badly. The instinct is to say no and stop. The better answer explains that there is no aluminum-free version being withheld: removing the adjuvant does not produce a gentler vaccine, it produces an ineffective one. That reframes the request from give me the safer option to give me the option that does not protect my child.

Questions 1 and 4 usually come from the same parent, and the answers point the same direction: splitting the shots typically means more aluminum, more injections, more visits, and a longer period of susceptibility.



How we know
Phased trials, immunobridging, and what each method cannot detect

Presenter Notes
Presentation Notes
Deliberately brief. This section plants concepts; the MMR block is where they get taught against a real product. The bridging slide is written to make the PRIORIX slide a recognition rather than an introduction.



Licensing a genuinely new vaccine

Phase N Primary question

Preclinical — Does it work in animals? Can it be made consistently?

Phase 1 Tens Safety

Phase 2 Hundreds to low thousands Safety; dose and schedule selection

Phase 3 Thousands to tens of thousands Efficacy AND safety

Post-licensure Millions Rare events, effectiveness, waning

A 1-in-100,000 event is invisible to any phase 3 trial ever run

Hanley JA, Lippman-Hand A. JAMA. 1983;249(13):1743-1745  ·  Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100

Presenter Notes
Presentation Notes
The phase table can go fast. Most of the audience has seen it. The rule of three is what they have not seen.

The rule of three is the most useful quantitative tool in this entire talk. When someone says a vaccine's trial was too small to detect rare harms, that person is correct, and the right response is not to deny it. The right response is to say what the trial could rule out, and then explain what was built to catch what the trial could not.

The framing that makes this land: a phase 3 trial is not the safety system. It is the first stage of the safety system. People who argue that vaccines are inadequately safety tested are usually comparing the trial to an imagined standard in which the trial does everything. People who respond that vaccines are rigorously tested in large trials are conceding the same false premise from the other side. Both are wrong in the same way.

If you have thirty seconds spare, mention lot-to-lot consistency as a phase 3 endpoint and tie it to the Cutter incident, where improperly inactivated polio vaccine caused paralytic disease. Manufacturing consistency became a regulated endpoint because it once failed catastrophically.



Three surveillance systems, three questions

What it answers What it cannot do

VAERS
Passive; anyone may report Is there a signal worth investigating? Establish causation. No denominator, no 

control group

Vaccine Safety Datalink
Active, defined populations

Does the rate differ from the unvaccinated or 
differently vaccinated? Detect events too rare even for millions

CISA
Clinical consultation network

What happened to this patient, and can they 
be revaccinated? Population-level inference

VAERS asks the question. VSD answers it. The febrile seizure interaction was found exactly this way

ACIP. MMWR Recomm Rep. 2013;62(RR-4):1-34  ·  Vaccine Adverse Event Reporting System. vaers.hhs.gov

Presenter Notes
Presentation Notes
The three-systems table is worth slowing down for, because conflating them is the root of most bad arguments about vaccine safety in both directions.

VAERS is where anyone can file a report and nobody verifies it, which makes it excellent at generating hypotheses and useless for counting. Raw VAERS counts get quoted as if they were incidence, and they are not; there is no denominator and no comparison group. But the same feature that makes VAERS unreliable for counting is what makes it valuable: it is deliberately open, so an unexpected signal can surface from anywhere. The Vaccine Safety Datalink is where signals get tested against real denominators.

The system works because it is designed to find things, and it does find them.



When the classical trial is impossible
Four situations: the disease is gone · placebo would be unethical · age or population extension · formulation or manufacturing 
change.

• The substitute is immunobridging. Measure the immune response instead of the 
disease, and argue that a comparable response implies comparable protection

• Measles. Correlate of protection established at 120 mIU/mL. The bridge is solid

• Rubella. Correlate established at 10 IU/mL. Solid

• Mumps. NO established correlate of protection. The 10 IU/mL figure is a seroconversion 
threshold standing in for a protection threshold nobody has determined

Krow-Lucal E, et al. MMWR Morb Mortal Wkly Rep. 2022;71(46):1465-1470

Presenter Notes
Presentation Notes
The four situations are the setup, and the second is the one to emphasize because it is currently a live talking point. There was never a placebo-controlled trial of this vaccine is frequently true and is usually deployed as though it revealed something concealed. It reveals an ethics committee doing its job. You cannot randomize a child to no protection against a disease you have a licensed vaccine for.

The correlate-of-protection point is the intellectual core of the slide. Immunobridging is a chain of inference, and every link has to hold: the new product produces antibody comparable to the old one, the old one prevented disease in a trial, and the antibody level is known to track protection. Take out that third link and the chain does not reach the ground. For mumps, that link is missing. Everyone knows it is missing, it is stated in the regulatory documents, and the bridge is built anyway because the alternative is no new mumps vaccine at all.

Non-inferiority, briefly: the question is not is the new product better but is it not meaningfully worse. A margin is specified in advance. The risk worth one line: if each new product is judged non-inferior to the last, the standard can drift downward across successive comparisons while every individual trial passes.

Close by pointing forward: the MMR block is this slide with a product attached.



MMR as a worked example

Presenter Notes
Presentation Notes
This is where the abstractions land. Everything from the general section should be recognizable here rather than new.



Rubella: clinical characteristics
AGENT

Rubivirus, Matonaviridae

RESERVOIR

Humans, the only natural host

INCUBATION

17 days (range 12-23)

INFECTIOUS PERIOD

The week before and after rash

Postnatal rubella

• Up to half of infections are subclinical

• Maculopapular rash starting on the face, generalizing within 
24 hours, median 3 days

• Posterior auricular and suboccipital lymphadenopathy 5-8 
days

• Arthralgia and arthritis. Rare in children, common in 
adolescent and adult women

• Encephalitis 1 in 6,000. Thrombocytopenia 1 in 3,000

Congenital rubella syndrome

• Cataracts, pigmentary retinopathy, congenital glaucoma

• PDA, peripheral pulmonary artery stenosis

• Sensorineural hearing loss

• Microcephaly, developmental disability

• Risk highest in the first 12 weeks of gestation, rare after 20

The mother who transmits may never have had a rash. Protection has to be in place before conception.

AAP. Red Book. 33rd ed. 2024:735-741  ·  ACIP. MMWR Recomm Rep. 2013;62(RR-4):1-34



Rubella: epidemiology

• Prevaccine. Epidemics every 6-9 years. The 1964-65 
epidemic: ~12.5 million cases, 11,250 fetal deaths, 2,100 
neonatal deaths, 20,000 infants born with CRS

• Vaccine era. Licensed 1969. Cases fell 78%, from 57,686 to 
12,491 by 1976. CRS fell 69%

• Resurgence 1989-91. Unvaccinated adolescents, young 
adults, and religious communities with low coverage. Two 
clusters of ~20 CRS cases

• Since 2012, every reported US case has had evidence of 
acquisition abroad

20,000
infants with CRS in the 1964-65 epidemic

78%
fall in cases, 1969 to 1976

2004
elimination declared

ACIP. MMWR Recomm Rep. 2013;62(RR-4):1-34  ·  AAP. Red Book. 33rd ed. 2024:735-741  ·  Chart: Our World in Data (CC BY), data from CDC, 2023

Presenter Notes
Presentation Notes
The 1964-65 numbers are the ones to sit on for a beat. Twenty thousand infants with CRS in a single epidemic, in a country of under 200 million. Most of the audience has never seen a case and has no intuition for the scale.

The 1989-91 resurgence is the pattern worth flagging because it recurs on every one of these three slides: the disease does not come back everywhere at once, it comes back in the pockets where coverage fell. That is the structural point that makes the measles slide land later.

If asked about reinfection: it occurs, including after vaccination, and asymptomatic maternal reinfection is generally considered low risk to the fetus, though isolated CRS cases following first-trimester reinfection have been reported.



Mumps: clinical characteristics
AGENT

Orthorubulavirus, Paramyxoviridae, 
12 genotypes

INCUBATION

16-18 days

INFECTIOUS PERIOD

From 2 days before parotitis

ISOLATION

5 days after swelling onset

Acute illness

• The only known cause of epidemic parotitis

• Parotitis in ~95% of symptomatic cases, initially unilateral, 
contralateral involvement in 70%

• About one fifth of infections in unvaccinated people are 
asymptomatic

Complications, prevaccine vs vaccinated

• Orchitis 12-66% prevaccine, 3-11% vaccinated. Roughly half 
of affected testes atrophy. Sterility uncommon even with 
bilateral involvement

• CSF pleocytosis in more than half of cases; symptomatic 
meningitis in fewer than 1%

• Aseptic meningitis 0.2-10% prevaccine, under 1% vaccinated

• Encephalitis 0.02-0.3% prevaccine, under 0.3% vaccinated

Vaccination lowers every complication rate on this slide. It does not drive any of them to zero.

Marin M, et al. MMWR Morb Mortal Wkly Rep. 2018;67(1):33-38  ·  AAP. Red Book. 33rd ed. 2024:611-616

Presenter Notes
Presentation Notes
The pleocytosis line is the one that surprises people and it is worth the ten seconds. More than half of mumps patients have inflammatory changes in the CSF; fewer than one percent are symptomatic from it. That is a useful calibration for how much subclinical CNS involvement a paramyxovirus can produce without clinical consequence.

On orchitis, use the ranges, not point estimates. The wide prevaccine range reflects denominator problems in the older literature, where ascertainment was clinical and mild cases went uncounted.

Mumps is the component with the weakest performance, and the epidemiology slide is where that lands. Set it up here by noting that vaccination attenuates severity as well as preventing disease, which is why complication rates in vaccinated cases run several-fold lower.



Mumps: epidemiology

Detail: reported cases, 2000-2026

• Prevaccine. Universal disease of childhood; most children 
infected by 14

• Licensed 1967, routine 1977, second dose arrives 1989 as a 
byproduct of the two-dose measles policy. Fewer than 300 
cases per year, 2000-2005

• Then it comes back in vaccinated people. 2006: 6,584 cases 
in midwestern colleges. 2016-17: over 6,000 each year. 2019: 
over 3,500

• Jan 2016 to Jun 2017: 150 outbreaks, 9,200 cases, half in 
universities, median age 21. Circulating genotype is G; the 
vaccine strain is genotype A

152,209
cases reported in 1968

99%
decline after the two-dose policy

70%
of 2016-17 outbreak cases had received two doses

Marin M, et al. MMWR Morb Mortal Wkly Rep. 2018;67(1):33-38  ·  ACIP. MMWR Recomm Rep. 2013;62(RR-4):1-34  ·  Charts: Our World in Data (CC BY) from CDC, 2023; CDC mumps surveillance

Presenter Notes
Presentation Notes
This is the slide where you tell the audience something uncomfortable and true: the mumps component is the weakest of the three, and the outbreaks are happening in people who did everything right.

The explanation has three candidate parts and the honest answer is that all three probably contribute. Waning immunity after the second dose, which is well documented. Intensity of exposure in dormitories and close-knit communities, which overwhelms partial protection. And possibly antigenic distance between the genotype A vaccine strain and circulating genotype G, though the evidence there is mixed. Sera from Jeryl Lynn recipients do neutralize genotype G, just at lower geometric mean titers than against the vaccine strain.

Do not let this turn into a concession that the vaccine does not work. Two doses run about 88 percent effective against mumps, and complication rates in vaccinated cases are substantially lower.



Measles: clinical characteristics
AGENT

Morbillivirus, Paramyxoviridae, one 
serotype

TRANSMISSION

Airborne

INCUBATION

11-12 days to prodrome, 14 to rash

INFECTIOUS PERIOD

4 days before through 4 days after 
rash

Acute illness

• Attack rate 90% in susceptible close contacts. 
Population immunity of 95% or higher is required to 
interrupt transmission

• Common complications. Otitis media 7%, pneumonia 
6%, diarrhea 8%

• Encephalitis ~1 in 1,000. Death 1-3 per 1,000 
reported cases in the postelimination United States

Delayed consequences

• SSPE 4-11 per 100,000 cases, onset typically 7-11 
years later, highest in children infected before age 2

• MIBE in immunocompromised hosts, within a year, 
high mortality

• Immune amnesia. Suppression of cell-mediated 
immunity with increased susceptibility to other 
pathogens for years afterward

SSPE and immune amnesia are counted years after the acute illness has resolved.

AAP. Red Book. 33rd ed. 2024:570-585  ·  ACIP. MMWR Recomm Rep. 2013;62(RR-4):1-34

Presenter Notes
Presentation Notes
Two numbers do the work here. Ninety percent attack rate, and a 95 percent population immunity threshold. Put them next to each other, because together they explain why measles is the first disease to return when coverage slips and why the margin for error is so thin.

Immune amnesia is the newest item on this list and the one most of the audience will not know. It reframes the risk calculus: the cost of measles is not bounded by the acute illness, it includes a period of increased vulnerability to everything else afterward. That is a genuinely useful counseling point and it is recent enough that it has not made it into most parent-facing material.

SSPE is worth naming carefully. It follows wild-type infection, the risk is highest in the youngest infected children, and the available epidemiologic and virologic data indicate the vaccine strain does not cause it. Wild-type sequences have been recovered consistently from SSPE patients who reported vaccination and no natural infection. You will get asked.



Measles: epidemiology

Detail: reported cases, 2000-2026, as of 8 October 2026

• Prevaccine. 3-4 million infections annually; ~500,000 
reported, 48,000 hospitalized, 1,000 with permanent brain 
damage, 400-500 deaths each year

• 1989-91 resurgence. ~55,000 cases, 120 deaths. Drives the 
two-dose recommendation and the Vaccines for Children 
program. Elimination declared 2000

• 2024: 285. 2025: 2,289. 2026: 4,080 through 8 October, with 
95% outbreak-associated

• Of 2024 cases, 40% were hospitalized, rising to 52% of 
children under 5

3,471
cases in 2026 through 17 September

92.4%
kindergarten MMR coverage, down from 95.2% in 2019-20

89%
of 2024 cases unvaccinated or unknown status

ACIP. MMWR Recomm Rep. 2013;62(RR-4):1-34  ·  CDC. Measles cases and outbreaks. Accessed September 22, 2026  ·  Charts: CDC

Presenter Notes
Presentation Notes
Make the axis a teaching point rather than a complaint. The standard chart of US measles cases since 1962 uses a linear axis scaled to hold half a million cases, which renders every year after 1990 as a flat line on the floor. On that axis, 285 cases and 3,471 cases look identical.

That chart is not dishonest. For the claim that vaccination worked, the linear axis is the argument, and it is overwhelming. But for the claim that we are losing ground, the same chart is useless. Same true data, opposite impressions, depending entirely on a choice of scale that most viewers never notice. Your audience is going to be shown one of these charts by somebody, and this is a thirty-second inoculation against it.

The coverage number is the one to close on. Not because 92.4 percent sounds catastrophic, but because the threshold is 95 and national averages conceal local pockets. A state at 92 percent contains communities at 70. That is where outbreaks start.

The 2024 vaccination-status breakdown is your answer to but vaccinated people are getting it too. Eighty-nine percent unvaccinated or unknown. Breakthrough happens and should be acknowledged honestly, but it is not what is driving this.

Check whether CDC has rescaled its history chart before building a slide that critiques it.



When the platform is wrong: inactivated measles vaccine
March 1963: two measles vaccines licensed on the same day. Merck’s live attenuated Rubeovax, and Pfizer’s formalin-inactivated 
Pfizer-Vax Measles-K.

• Live. Antibody in over 95% of susceptible children, but 30-40% developed fever and rash. Blunted by 
coadministering gamma globulin

• Inactivated. Minimal immediate side effects. Lower antibody titers, duration unknown beyond six months

• 1965-67. Children given killed vaccine and later exposed to wild measles developed a severe illness Fulginiti 
named atypical measles. Immunity had waned by six months

• MRC trial, 36,000+ British children. Single-dose live gave better two-year protection (95%) than killed-followed-
by-live (89%). Conclusion: live vaccine alone

• Practical residue. Inactivated measles vaccine was available in the US 1963-1967. Recipients are considered 
unvaccinated and require revaccination

The inactivated vaccine was the safer-looking product. Reactogenicity is not the same as risk, and absence of 
reactogenicity is not evidence of safety

Hendriks J, Blume S. Am J Public Health. 2013;103(8):1393-1401

Presenter Notes
Presentation Notes
This is the best teaching case in the talk and it should open the development section rather than being buried in it. The reason is that it inverts the intuition the audience arrives with. The inactivated vaccine was the safer-looking product. No fever, no rash, nothing to worry a parent. And it was the one that hurt children.

The mechanism is worth a sentence because it is pharmacologically real. Formalin inactivation denatures the fusion protein while leaving hemagglutinin immunogenic. The result is antibody that binds without neutralizing, no mucosal or cell-mediated priming, and on subsequent wild-type exposure, immune complex deposition and an amplified inflammatory illness. Non-protective antibody is not the same as no antibody, and it can be worse.

The practical residue is a real chart-review question. Anyone vaccinated in the US between 1963 and 1967 with killed vaccine, or with vaccine of unknown type, is treated as unvaccinated. Your audience does adult catch-up and will meet this.



Building the three strains

Component Strain Substrate Origin

Measles Enders' Edmonston,
further attenuated (Moraten)

Chick embryo
cell culture

Isolated by Enders and Peebles, 1954,
from a boy named David Edmonston

Mumps Jeryl Lynn (B level) Chick embryo
cell culture Isolated from Maurice Hilleman's daughter

Rubella Wistar RA 27/3 WI-38 human diploid
lung fibroblasts

Isolated by Plotkin from a fetus
infected with congenital rubella

M-M-R II prescribing information. Merck Sharp & Dohme; revised November 2025  ·  ACIP. MMWR Recomm Rep. 2013;62(RR-4)  ·  Katz SL, et al. Am J Public Health. 1962;52(Suppl 2):5-10

Presenter Notes
Presentation Notes
The central point of this slide is that live attenuated is a platform, not a formulation. Within it, strain selection is a pharmacologic decision with measurable consequences.

Measles lineage: Edmonston B (1963-1975), Schwarz (1965-1976), then Enders-Edmonston or Moraten, licensed 1968, chosen for greater efficacy and fewer adverse reactions. Rubella lineage: HPV-77 and Cendehill, then RA 27/3, licensed 1979, chosen for higher and more persistent antibody response and fewer adverse events.

The substrate column is the one to slow down on. It sets up the next slide and it is the single most commonly confused fact in this area. Only the rubella component is grown in a human diploid cell line. Measles and mumps are chick embryo. Popular accounts, including some written by people close to the science, routinely get this wrong.

Each dose also contains sorbitol, sucrose, hydrolyzed gelatin, recombinant human albumin, and roughly 25 mcg neomycin. No preservative and no adjuvant: live attenuated vaccines replicate, so they do not need one. On gelatin and neomycin, these and not egg protein are the components implicated in rare serious allergic reactions.

The Jeryl Lynn story is worth fifteen seconds. Hilleman swabbed his own five-year-old daughter's throat when she woke with mumps, walked the specimen to his lab, and the strain that resulted is in every dose given in the United States sixty years later.



What M-M-R II actually is
Lyophilized preparation of three live attenuated viruses, reconstituted with supplied sterile diluent. Approximately 0.5 mL per dose. 
Initial US approval 1978.

• Minimum potency per dose. Measles ≥3.0 log10 TCID50  ·  mumps ≥4.1 log10 TCID50  ·  rubella ≥3.0 
log10 TCID50

• Route: intramuscular or subcutaneous per the package insert revised November 2025. PRIORIX is 
subcutaneous only. Several widely used references still say subcutaneous only and are out of date

• Storage. −50°C to +8°C, protected from light. Reconstituted vaccine used immediately or held at 2-8°C 
in the dark for up to 8 hours

• MMRV differs. Stored frozen −50°C to −15°C, and discarded within 30 minutes of reconstitution

• Monovalent measles, mumps, and rubella vaccines are no longer commercially available in the 
United States

M-M-R II prescribing information. Merck Sharp & Dohme; revised November 2025  ·  AAP. Red Book. 33rd ed. 2024

Presenter Notes
Presentation Notes
This is the most straightforwardly pharmacologic slide in the block and the audience will be most comfortable on it. Keep it brisk.

The route line deserves explicit attention because the field has not caught up. Several widely used references, including the 2013 ACIP compendium and the AAP's own measles web page, still say subcutaneous only. The current package insert permits either route, and the trial supporting that change found comparable immunogenicity, with slightly lower rates of injection site erythema and swelling with intramuscular administration.

The two different storage regimes for MMR and MMRV, and the two very different discard windows after reconstitution, eight hours versus thirty minutes, are the kind of detail that causes real wastage and real vaccine failure in practice. Improperly stored vaccine can fail silently: the patient is vaccinated, documented, and unprotected.

The potency figures set up the bridging discussion two slides later. When a new MMR product is licensed without an efficacy trial, matching potency and demonstrating comparable antibody response is the substitute.



WI-38 and RA 27/3: two fetal origins

RA 27/3: the virus

• Isolated by Stanley Plotkin

• From a fetus infected with congenital rubella

• This is the rubella vaccine strain itself

WI-38: the cell substrate

• Derived by Leonard Hayflick at the Wistar 
Institute, 1962

• Human diploid lung fibroblasts

• From the lungs of a female fetus following a 
legal elective abortion in Sweden

• The substrate in which the rubella 
component is grown

Two separately sourced components, from two different fetuses.

Hayflick L, Moorhead PS. Exp Cell Res. 1961;25(3):585-621  ·  Plotkin SA, et al. Am J Dis Child. 1965;110:381-389

Presenter Notes
Presentation Notes
Script this one and keep to the script. It is ninety seconds and the temptation to extend will be strong.

The conflation is the reason to include it at all. Almost every popular account, and almost every objection your audience will field, merges the cell line and the virus strain into a single fact. Separating them is genuinely useful, because they are different acts, separated in time, raising related but not identical questions.

The substrate rationale matters and is usually omitted. This was not a casual choice. Researchers went to human diploid cells because primary monkey kidney cells were contaminated with agents that transformed human cells in culture, and there was no way to test primary cells adequately before use. That is a safety argument and deserves to be stated as one.

On consent, resist both the urge to minimize and the urge to editorialize. If pressed on why accounts differ, the Nature editorial in 2013 recorded the consent question as unresolved, and Wadman subsequently found and interviewed the woman herself.

The chronology is the fairest available framing and it is not a dodge. This happened in the window before the modern consent architecture existed, and it is part of why that architecture exists.

On Hayflick: he stated the origin openly in his own writing, including a 2012 letter to Science. His own list of parties with a legitimate claim on WI-38 included the estate of the fetus from which it was derived, alongside the researchers, the institution, and the funder.

Then stop. Do not adjudicate. If someone wants to argue the ethics, offer to talk afterward.

Q&A preparation: the Catholic position in brief is that use of these vaccines is licit, the cooperation in the original wrong is remote and material, and there is a concurrent obligation to advocate for alternatives. It is not a prohibition and is frequently misreported as one. MRC-5 is the other commonly cited fetal line, used in varicella, hepatitis A, and rabies vaccines; sources disagree on its date, so verify before stating a year. No new fetal tissue is obtained; these are self-replicating cell strains propagated from material isolated in the 1960s.



WI-38 and RA 27/3: two questions

Why a human cell line at all?

• The alternative was primary monkey kidney 
cells

• Frequently contaminated with simian viruses, 
especially SV40

• SV40 produced tumors in animals and 
transformed human cells

• A single-donor human strain could be frozen, 
characterized and tested before use in 
manufacture

Was consent obtained?

• No contemporaneous documentation exists

• The principals in Sweden are dead; Hayflick did 
not know

• Located decades later by a journalist, the 
mother said she had not been asked

• Helsinki 1964, Karolinska ethics committee mid-
1960s, US human subjects regulations 1974. All 
after 1962

Further reading: Pontifical Academy for Life (2005)  ·  Dignitas Personae n. 35 (2008)  ·  CDF note (December 2020)

Wadman M. The Vaccine Race. 2017  ·  Nature. 2013;498(7455):407  ·  Hayflick L, Moorhead PS. Exp Cell Res. 1961;25(3):585-621



Immunogenicity and effectiveness

Seroconversion,
1 dose VE, 1 dose VE, 2 doses Duration

Measles 96% (84-100) 93% (39-100) 97% (67-100) ≥11 yr / ≥15 yr

Rubella 99% (95-100) 97% (94-100) — ≥16 yr / ≥15 yr

Mumps 94% (89-97) 78% (49-92) 88% (66-95) ≥10 yr / ≥15 yr

Median (range). ACIP 2013, Table 1.

ACIP. MMWR Recomm Rep. 2013;62(RR-4):1-34, Table 1

Presenter Notes
Presentation Notes
Spend your time on the ranges rather than the medians, because the ranges are where the questions come from.

The 39 percent low end for one-dose measles effectiveness and the 67 percent low end for two doses look alarming out of context and are the kind of figure that gets screenshotted. The explanations are concrete. The 67 percent figure comes from a Canadian study in which the entire numerator was one vaccinated case and one unvaccinated case. The lower one-dose figures track age at vaccination: effectiveness is measurably lower for children vaccinated at 12 months than at 15 months or later. That is not a flaw in the data, it is the data telling you something real about maternal antibody and immune maturation.

The primary-versus-secondary failure distinction is the conceptual spine of this slide. Primary failure is never seroconverting. Secondary failure is seroconverting and then waning. The two-dose measles schedule was designed for the first problem. Mumps outbreaks in twice-vaccinated young adults are substantially the second. Same schedule, two different mechanisms, and it explains why a third mumps dose in an outbreak makes sense while a third measles dose generally does not.

The absence of a mumps correlate of protection is the single most important methodological fact in this block. Flag it here, because the next slide cannot be understood without it.

Persistence: neutralizing and ELISA antibody detectable 11 to 13 years after primary vaccination in 95-100 percent for measles, 90-100 percent for rubella, 74-91 percent for mumps.



Licensing a vaccine when you cannot run an efficacy trial
M-M-R II's own efficacy evidence comes from controlled trials run between 1962 and 1972.

• Approved June 2022. Compared with M-M-R II for immunogenicity and safety, not efficacy

• Evidence base. 13 randomized trials for humoral immunity; 4 at licensed US potency for serious adverse 
events; observational studies for febrile seizures, aseptic meningitis and ITP

• Result. Fully interchangeable with M-M-R II, including off-label uses with no direct evidence

WHAT THE SEROLOGY WAS JUDGED AGAINST

Component Threshold used What that threshold is

Measles 200 mIU/mL Above the established correlate of protection, 120 mIU/mL

Rubella 10 IU/mL An established correlate of protection

Mumps 10 IU/mL Seroconversion only. No correlate of protection exists

Krow-Lucal E, et al. MMWR Morb Mortal Wkly Rep. 2022;71(46):1465-1470  ·  M-M-R II prescribing information; revised November 2025

Presenter Notes
Presentation Notes
This is where objective 3 actually gets taught, and the logic generalizes to most new vaccine licensures your audience will encounter for the rest of their careers.

Open with the package insert. Two sentences of clinical efficacy, citing trials from the 1960s. That is not an oversight; it is the structural consequence of success.

Then walk the substitution. If you cannot measure disease prevented, measure the immune response, and argue that a comparable response implies comparable protection. That argument is only as strong as the correlate of protection underneath it. For measles and rubella, there is a real one. For mumps, there is not, and the threshold used is a seroconversion threshold standing in for a protection threshold nobody has established.

That is not a criticism of the licensure. It is a description of the actual epistemic situation, and it is exactly the kind of honesty that builds credibility with a skeptical audience.

The last bullet is worth dwelling on. PRIORIX was declared interchangeable including for off-label indications, such as the dose at 6 to 11 months for travel and the third dose during mumps outbreaks, where no direct PRIORIX evidence exists. The reasoning is that the products are comparable in composition and immunogenicity, so evidence for one transfers. That is a defensible inference and it is also an inference.

Close the loop: this is what post-licensure surveillance is for. When the pre-licensure evidence is bridging rather than efficacy, VAERS, the Vaccine Safety Datalink, and CISA are not an afterthought. They are load-bearing.



Dosing before 12 months, and catch-up
DOSE 1

12-15 months

DOSE 2

4-6 years

MINIMUM INTERVAL

28 days for MMR, 90 days for MMRV

CATCH-UP

Two doses, at least 28 days apart

A dose at 6-11 months, for international travel or during an outbreak, does not count. Two further doses 
are required.

Why it does not count

• Residual maternal antibody neutralizes 
vaccine virus before it can replicate 
sufficiently

• Age-related immaturity of the humoral 
response, demonstrable at 6 months and 
independent of maternal antibody

What it still does

• Cell-mediated responses appear equivalent 
at 6, 9 and 12 months regardless of passive 
antibody

• Priming without protection

ACIP. MMWR Recomm Rep. 2013;62(RR-4):1-34  ·  AAP. Red Book. 33rd ed. 2024  ·  M-M-R II prescribing information

Presenter Notes
Presentation Notes
This is a slide about a question your audience gets asked and often answers imprecisely. The parent asks why the 9-month travel dose does not count, and the usual answer, maternal antibody, is only a third of the story.

The three-mechanism structure distinguishes two things that get conflated. Maternal antibody interference is passive and wanes. Immune immaturity is developmental and is demonstrable in infants of seronegative mothers, which is how you know the two are separable. The dissociation between humoral and cell-mediated responses is genuinely interesting: the cellular arm is competent well before the humoral arm, which is probably why an early dose, while not protective enough to count, still primes.

The widened-window point deserves to be said plainly. Vaccination has changed the epidemiology of infant susceptibility. Mothers immunized rather than infected transfer less antibody for less time, so infants today are susceptible earlier than infants were two generations ago. This is a real and somewhat uncomfortable consequence of a successful program, and the answer is not less vaccination but better herd protection, since the infants in that window cannot be protected directly.

If the audience is engaged, the 12-versus-15-month question is worth a sentence. Effectiveness is measurably lower for the first dose given at 12 to 14 months than at 15 months or later. The US recommends 12 through 15 months and treats any dose in that window as valid, because the cost of delay in a population with importation pressure outweighs the marginal immunologic benefit of waiting. That is an explicit tradeoff, not an oversight.



True versus false contraindications

TRUE contraindications

• Anaphylaxis to a vaccine component, 
including neomycin or gelatin

• Immunosuppression

• Pregnancy

• Moderate or severe febrile illness

• Active untreated tuberculosis

NOT contraindications

• Egg allergy (skin testing is not predictive and 
is not required)

• Contact dermatitis to neomycin

• Mild illness with or without low-grade fever

• Breastfeeding

• Pregnant household contact

• Immunocompromised household contact

PRODUCT CHOICE

AAP permits either MMRV or MMR with varicella. CDC specifies separate injections.

M-M-R II prescribing information; revised November 2025  ·  AAP. Red Book. 33rd ed. 2024  ·  AAP immunization schedule, 2026

Presenter Notes
Presentation Notes
The egg allergy item is the one that changes practice today. At least 99 percent of children with challenge-proven egg allergy receive MMR without severe reaction, skin testing does not predict who will react, and the rare serious reactions are attributed to other components. There are still practices deferring MMR for egg allergy. Say it explicitly.

The MMRV febrile seizure figure is the most practice-relevant number in the block. It is also a live divergence: AAP permits either option for the first dose in toddlers while CDC specifies separate injections. Present both, note that the absolute risk is small either way, and frame it as a genuine shared-decision conversation rather than a settled question.

If asked about the schedule divergence generally, stay factual. The ACIP membership was replaced in June 2025, a revised federal schedule followed in January 2026 without the customary public ACIP review, and AAP published its own schedule on 26 January 2026, since endorsed by over 200 organizations. MMR itself remains routinely recommended on both. Litigation is ongoing. That is the whole of what you need to say, and resisting the temptation to say more is itself a credibility move.



Safety: three categories, not two
1  ·  EVIDENCE SUPPORTS A CAUSAL RELATION

Event Rate, and what it is measured against

Anaphylaxis 1.8-14.4 per million doses. Attributed to gelatin or neomycin, not egg

Febrile seizures ~1 per 3,000-4,000 doses

Febrile seizures, MMRV dose 1 at 12-23 
months

One additional per 2,300-2,600 children versus MMR and varicella given separately. No 
excess at 4-6 years

Thrombocytopenic purpura ~1 per 40,000 doses. Natural rubella: 1 per 3,000

Also in this category: transient arthralgia  ·  MIBE in the immunodeficient

2  ·  EVIDENCE FAVORS REJECTION

Autism and other autistic spectrum disorders, 
inflammatory bowel disease, type 1 diabetes

3  ·  EVIDENCE INADEQUATE TO ACCEPT OR REJECT

ADEM, afebrile seizures, chronic arthritis, 
encephalopathy, Guillain-Barre, transverse myelitis, 
and roughly a dozen others

Institute of Medicine. Adverse Effects of Vaccines: Evidence and Causality. 2012  ·  ACIP. MMWR Recomm Rep. 2013;62(RR-4):1-34  ·  AAP. Red Book. 33rd ed. 2024

Presenter Notes
Presentation Notes
The three-category IOM structure is the most valuable thing you can give this audience and almost nobody in the room will know it exists.

The instinct in a hesitancy conversation is to answer every question with that has been disproven, and that is both false and counterproductive, because for most items on the list the honest answer is that the evidence is inadequate either way.

Being able to say this one has been examined and rejected, this one has been established, and this one nobody has resolved is what credibility sounds like. A parent who has been told everything is fine and then discovers the third category stops believing the first two. A parent who is given the real taxonomy has a reason to trust you.

The ITP comparison is the model for how to present every risk. One in 40,000 after vaccination, one in 3,000 after the disease.

Common and expected reactions, for reference: fever under 15 percent, transient rash 5 percent, lymphadenopathy 5 percent of children and 20 percent of adults, parotitis under 1 percent, with febrile reactions typically 7 to 12 days after vaccination lasting 1 to 2 days. Arthralgia in roughly 25 percent of nonimmune postpubertal women, arthritis-like symptoms in 10 to 30 percent, rare in children, onset 1 to 3 weeks, usually mild.



Questions?

Presenter Notes
Presentation Notes
This is where the abstractions land. Everything from the general section should be recognizable here rather than new.
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