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Disclaimers

• Federal employee for 10 years at NIH, NIAID with 5 years at the 
Vaccine Research Center 

• No patents, no speaker or consulting fees

• Currently a partner in a private practice for Allergy & Immunology

• Drug companies occasionally bring (variably nutritious) lunches to our 
office

• My only compensation for use of any vaccine upon which I have 
worked is the satisfaction that I have helped a fellow human being 
and/or stamped out disease 2
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Outline

• Recent updates to CDC vaccine recommendations for older adults

• Development of RSV vaccines

• Current influenza vaccines & development of universal flu vaccines

• Nutrition and immunity to infections and vaccines
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CDC Vaccine Schedule for Adults

https://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf accessed 10/6/23 11:00AM
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Updates: CDC Vaccine Schedule for Adults

https://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf accessed 10/6/23 11:00AM
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• Influenza 

o Age 65 years or older: Any one of quadrivalent high-dose inactivated influenza vaccine (HD-IIV4), 
quadrivalent recombinant influenza vaccine (RIV4), or quadrivalent adjuvanted inactivated influenza vaccine 
(aIIV4) is preferred. If none of these three vaccines is available, then any other age-appropriate influenza 
vaccine should be used. 

o All persons ages ≥6 months with egg allergy should receive influenza vaccine. Any influenza vaccine (egg 
based or non-egg based) that is otherwise appropriate for the recipient’s age and health status can be used.

• COVID-19 (Moderna, Pfizer-BioNTech) 

o All persons ≥6 months of age should receive 2023–2024 (monovalent, XBB containing) COVID-19 vaccines as 
authorized under EUA or approved by BLA. 

o Bivalent mRNA COVID-19 vaccines are no longer recommended in the United States 

https://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf%20accessed%2010/6/23


Updates: CDC Vaccine Schedule for Adults

https://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf accessed 10/6/23 11:00AM
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• Pneumococcal vaccines:
o Age 65 years or older who have: 

§ Not previously received a dose of PCV13, PCV15, or PCV20 or whose previous vaccination history is unknown: 1 
dose PCV15 OR 1 dose PCV20. If PCV15 is used, this should be followed by a dose of PPSV23 given at least 1 year 
after the PCV15 dose. 

§ A minimum interval of 8 weeks between PCV15 and PPSV23 can be considered for adults with an 
immunocompromising condition,* cochlear implant, or cerebrospinal fluid leak to minimize the risk of invasive 
pneumococcal disease caused by serotypes unique to PPSV23 in these vulnerable groups. 

For guidance on determining which pneumococcal vaccines a patient needs and when, please refer to the mobile app which can 
be downloaded here: www.cdc. gov/vaccines/vpd/pneumo/hcp/pneumoapp.html 

• Shingles:
o Age 50 years or older*: 2-dose series recombinant zoster vaccine (RZV, Shingrix) 2–6 months apart (minimum interval: 4 

weeks; repeat dose if administered too soon), regardless of previous herpes zoster or history of zoster vaccine live (ZVL, 
Zostavax) vaccination. 

• Tetanus +diphtheria & pertussis
o Tdap every 10 years

https://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf%20accessed%2010/6/23


RSV Vaccine for Adults Age 60+

• May 2023 FDA approved the first vaccines for prevention of RSV-associated lower 

respiratory tract disease in adults aged ≥60 years. 

• June 21, 2023, ACIP voted to recommend that adults aged ≥60 years may receive a 

single dose of an RSV vaccine, using shared clinical decision-making. 

• RSVPreF3 (Arexvy, GSK): 1-dose (0.5 mL) adjuvanted (AS01E) recombinant 

stabilized pre- fusion F protein (preF) vaccine 

• RSVpreF (Abrysvo, Pfizer): 1-dose (0.5 mL) recombinant stabilized preF vaccine

MMWR; July 21, 2023;72(29);793–801 
9



Outline

• Recent updates to CDC vaccine recommendations for older adults

• Development of RSV vaccines

• Current influenza vaccines & development of universal flu vaccines

• Nutrition and immunity to infections and vaccines

10



RSV Disease Burden in Adults

• Seasonal epidemics: winter in the Northern Hemisphere

• Significant morbidity & mortality in adults ≧ 65 years of age

§ Lower Respiratory Tract Disease (LRTD), hospitalization & death

§ 60,000-160,000 hospitalizations annually

§ 6,000-10,000 deaths annually

§ Adults with certain medical conditions or who are residents of long-

term care facilities are at high risk of hospitalization
MMWR; July 21, 2023;72(29);793–801 
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RSV Vaccinology and the Legacy of FI-RSV
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FI-RSV: Quantity vs. Quality of Antibody Response

13



RSV Virus Structure

CDC public health image library Image 2175 accessed 10/6/23 3:00PM
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Structure of Prefusion F Glycoprotein

Barney Graham, VRC
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Immunogenicity is Epitope and Conformation Dependent
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Human Sera Show Epitope-Specific Neutralization
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VRC 317 Trial Schema
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After an interim analysis demonstrated significant titers with 1 dose of DS-Cav1, 
the trial protocol was amended to allow for patients to opt out of their second dose.
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RSV Neutralizing Activity Post DS-Cav1 Vaccination

Figure 2
A and B show neutralizing activity in the serum against a reporter RSV A2 virus (RSV A) and RSV B18537 virus (RSV B), respectively at weeks 0, 2, 4, 12, 14, 16, 24, and 44 for 
participants immunized with 50 μg, 150 μg, or 500 μg of DS-Cav1 (adjuvanted and unadjuvanted groups combined for each dose). Significance determined using Student's t test to 
compare log fold-change (at specific timepoints) without adjustment for multiple comparisons. Symbols (A, B) represent the mean, and error bars represent the SD. Significance 
indicated as ****p<0·0001, ***p<0·001, **p<0·01, and *p<0·05.
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Efficacy of Approved RSV Vaccines Over 2 Seasons

• GSK (Arexvy) 0.5mL single dose with AS01E adjuvant 

o 75% in preventing LRTD

o 78% in preventing medically-attended LRTD

• Pfizer (Abrysvo) 0.5mL single dose without adjuvant 

o 84% in preventing LRTD

o 81% in preventing medically-attended LRTD

MMWR; July 21, 2023;72(29);793–801 
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Safety of Approved RSV Vaccines

• GSK (Arexvy) & Pfizer (Abrysvo) were similar

o Similar reactogenicity & adverse events between vaccine & placebo

o 3 cases of inflammatory neurologic events with each product

§ Guillain Barre Syndrome, Acute Disseminated Encephalomyelitis

o Greater number of reports of atrial fibrillation in vaccine vs. placebo

§ Many were in participants with a history of afib

MMWR; July 21, 2023;72(29);793–801 
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Vaccinate After “Shared Decision Making”

• Patients with chronic medical conditions including:
o Lung disease
o Cardiovascular disease
o Diabetes mellitus
o Immune suppression (from medications or immune deficiency)
o Kidney disorders
o Liver disorders
o Hematologic disorders

• Frail 
• Advanced age
• Residents of nursing homes or other long-term care facilities

MMWR; July 21, 2023;72(29);793–801 
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Summary: RSV
• Stabilized RSV pre-F candidate trimeric subunit vaccine (DS-Cav1) provides a clinical proof-of-

concept for structure-based vaccine design

• DS-Cav1 subunit vaccine was safe and well tolerated

• One vaccination was capable of eliciting a robust increase in neutralizing activity that exceeds 
the increase seen after RSV infection in people in a similar age category

• GSK and Pfizer now each have an approved vaccine for adults aged 60 years and older based 
upon DS-Cav1 and this vaccine is recommended for older adults with medical problems or living in 
long-term care facilities with shared decision making
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Global Burden of Influenza
• 3-5 million annual cases of severe illness globally

• 2017-18 cases in U.S. similar to 2009 pandemic year (~7.7%)

• 290,000 to 650,000 annual deaths globally                                          

• HIC - most influenza deaths occur in elderly

• Conventional vaccine has marginal efficacy

• LMIC – higher overall severity of disease

• Mortality greatest in children under 5 (28,000 - 111,500 associated with ALRI)

Sources:  Lancet 2017, Dec 14;  MMWR 2018; 67:169; , WHO, CDC 25



Influenza Virus
• RNA virus (Orthomyxoviridae) Enveloped

• Types A, B, & C
 A: birds, mammals (humans)
 B: humans, ferrets
 C: pigs, dogs, humans

• Hemagglutinin binds sialic acid on 
epithelial cells:

 α-2,6 in mammals
 α-2,3 in birds

• Allows virus to enter cells

• Neuraminidase cleaves sugar residues 
to facilitate release of  viral particles

• M2 allows release of viral RNA into cellshttp://www.cdc.gov/flu/images.htm 26



Need For a Universal Influenza Vaccine
Current Influenza Vaccines:

• Use 1940’s technology of 
inactivated virus grown in chicken 
eggs

• Only 50-60% effective in good 
years

• Need to be reformulated every year 
to match circulating Flu strains

• Not effective against new pandemic 
strainsCDC public health image library Image 23202 accessed 10/6/23  3:30PM
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Viral Protein Structure Informs Vaccine Design

Influenza virus

Hemagglutinin (HA)
surface

glycoprotein

Head:
• High mutation rate
• Targeted by current vaccine

Stem:
• Low mutation rate
• Great target for a universal vaccine

= mutations
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Engineering a Universal Influenza Vaccine

HA stem nanoparticle 
vaccine

HA stem

Remove HA head 
and stabilize stem

Fuse to 
nanoparticle

HA

Head

Stem
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Designing an Influenza HA Stem Vaccine

Phase I Clinical Trial completed at the VRC, NIAID, NIH showed the vaccine led to broad antibody and B cell immunity 
30



Summary: Influenza
• Current influenza vaccines are based on decades old technology and must be updated annually

• 2023 recommendations from the CDC were updated to remove restrictions on administration of 
influenza vaccines produced in eggs to egg allergic individuals

• Many technologies are currently in the vaccine development pipeline, several past Phase 1 trials, 
to improve upon breadth and durability of immune responses to influenza vaccines

• Until one of these candidates has been successful in large Phase 3 efficacy studies, current 
influenza vaccines are the best defense against seasonal influenza

• Adults aged 65 years and older may receive a high-dose influenza vaccine
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Vaccine Immunity and Nutrition

• Studies on vitamins, minerals, and other nutritional supplements and their role in 
immunity and vaccine responses are primarily observational and/or retrospective

• Many studies have identified vitamins A, D, C, E, B6, and B12, folate, zinc, iron, 
copper, and selenium as useful in promoting immunity to infection and responses to 
vaccines

• Unfortunately, in many cases there are contradictory studies showing no role for 
these micronutrients in immunity—more studies are needed

• Observational and retrospective studies have limitations, importantly they do not 
prove causality between supplementation and improved immune responses

• Obesity and advanced age have both been conclusively shown to have a negative 
impact on the immune response to multiple vaccines, including influenza

33



CDC Vaccine Schedule for Adults

https://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf accessed 10/6/23 11:00AM
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In Final Summary…

• The National Foundation for Infectious Diseases (NFID) completed a survey in 2023 about attitudes of 
Americans toward receiving various available vaccines.

– Healthcare professionals are the primary and most trusted source of information about flu vaccines.
– Among US adults age 60 years and older who do not plan to get an RSV vaccine, one of the top reasons 

cited (27%) was that they have not been advised to get an RSV vaccine (respondents were asked to 
select all that apply)

– 40% of those at higher risk for pneumococcal disease (including those 65 years and older, adults who 
currently or ever smoked tobacco, and those who have or ever have had diabetes, asthma, COPD, heart 
disease, stroke, or kidney disease) have been advised to get a pneumococcal vaccine

– Among those who have been advised to get vaccinated, the majority (79%) have received a 
pneumococcal vaccine

– Among those who do not plan to get a pneumococcal vaccine, the top reason cited (38%) was that they 
have not been advised to do so

Adapted from https://www.nfid.org/resource/2023-national-survey-attitudes-about-influenza-covid-19-respiratory-syncytial-virus-and-pneumococcal-disease/
Accessed on 10/8/2023 7:05PM, courtesy of the National Foundation for Infectious Diseases.

https://www.nfid.org/resource/2023-national-survey-attitudes-about-influenza-covid-19-respiratory-syncytial-virus-and-pneumococcal-disease/


In Final Summary…

ADVISE YOUR PATIENTS TO BE VACCINATED.

(for once) THEY ARE LISTENING.
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Resources for Further Information

1. CDC-INFO Contact Center
The CDC-INFO contact center is supported by CDC and provides public health-related information, 
including vaccination information, for health-care providers and the public, 24 hours a day, 7 days a 
week. Contact CDC-INFO online at any time. To contact CDC-INFO by telephone, call between 8 am 
to 8 pm Eastern Time Monday through Friday at [English and Spanish]: 800-232-4636; telephone 
[TTY]: 800-232-6348.
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NIAID VRC Viral Pathogenesis Lab (2019)
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