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Learning Objectives
1. Describe an emerging immunization issue

2. List a recent immunization recommendation made by the Advisory Committee 
on Immunization Practices

3. Locate resources relevant to current immunization practice

4. Implement disease detection and prevention health care services (e.g., 
smoking cessation, weight reduction, diabetes screening, blood pressure 
screening, immunization services) to prevent health problems and maintain 
health
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NVPO and the National Vaccine Plan
• The National Vaccine Plan (NVP) is the nation’s leading roadmap for 

a 21st century vaccine and immunization enterprise. 

• The NVP has five overarching goals:

Increase global prevention of death and disease through 
safe and effective vaccination

Develop new and improved vaccines

Enhance the vaccine safety system

Support communications to enhance informed vaccine 
decision-making

Ensure a stable supply of, access to, and better 
use of recommended vaccines in the United States
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• Vaccine research and development has 
led to the eradication and elimination of 
several serious infectious diseases.

• Continued research and development—
including research that advances our 
understanding of the immune system—
is necessary to develop new vaccines 
against emerging threats and to improve 
the effectiveness of existing vaccines.

Goal 1: Develop New and Improved Vaccines
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The Geriatric Demographic Imperative:
U.S. Population Over Age 65 (millions)

Individuals over age 65 who currently comprise about 12% of the U.S. population
account for over 35% of visits to general internists, 34% of prescription drug use, 

50% of hospital stays, and 90% of nursing home residents (CDC, 2005).



Aging of the Baby Boom Generation (1946-1965)

Reference:
U.S. Census Bureau, “65+ in the United States,” 2005



Growth in Population Over Age 65: 
China and India

Reference:
http://www.nia.nih.gov/research/publication/global-health-and-aging/humanitys-aging#sthash.cWDbb3gE.dpuf

http://www.nia.nih.gov/research/publication/global-health-and-aging/humanitys-aging#sthash.cWDbb3gE.dpuf


Reference:
Yoshikawa, 1997

Relative Mortality Rates for Geriatric
Infectious Diseases

Infectious Disease Relative mortality rate
compared to young adults

Pneumonia 3

Urinary Tract Infection 5-10

Appendicitis 15-20

Cholecystitis 2-8

Sepsis 3

Meningitis 3

Endocarditis 2-3

Tuberculosis 10



Adaptive Immunity in Aging: B Cells

Reference:
Sasaki et al., 2011

• Decreased B cell repertoire diversity with age

• Decreased AID expression and decreased Ig heavy chain class switching



• DTH responses (e.g. PPD) clearly diminished in the 
elderly 

• In human CD4 T cells, age-associated changes in signal 
transduction are seen, particularly in the ERK MAP 
kinase pathway.

• Changes in T cell receptor signaling strength with age 
could influence engagement of downstream pathways

• Some evidence for increased IL-17, Th17 polarization

• Decreased survival of memory T cells: age-associated 
increase in CD39 (ATPase) expression (Fang et al., 
2016)

Adaptive Immunity in Aging: T Cells



With thymic involution, the human T cell compartment in adults is maintained 
almost exclusively (~90%) by peripheral expansion.  

den Braber et al., 2012

Adaptive Immunity in Aging: T Cells

Hazzard’s Geriatric Medicine and Gerontology



• In older individuals, more T cells show a “memory”phenotype (CD45RO+) than 
a “naïve” phenotype (CD45RA+)

• Marked decrease in CD28 expression in CD4+ and (mainly) CD8+ T cells from 
elderly donors

• CD28- T cells have shortened telomeres 
• CD28- T cells overproduce cytokines (e.g. IL-6)

Reference:
Czesnikiewicz-Guzik et al., 2008

Adaptive Immunity in Aging: T Cells



Reference:
Chamberlain et al., 2000

• Long-lived, clonal 
expansion of T cells 
(mostly CD8+) in 
healthy elderly 
individuals, possibly 
from chronic antigen 
stimulation

• ? Restriction of T cell 
repertoire

Adaptive Immunity in Aging: T Cells



A Substantial Proportion of CD8+ CD28-
T Cells Recognize CMV 

Reference:
Khan et al., 2002 

• Age-associated 
accumulation of CMV-
specific effector 
memory CD8+ T cells

• Likely reflects the 
broad tissue 
expression of CMV 
and the frequency of 
asymptomatic 
reactivation 
throughout life 



Reference:
Hadrup et al.,  2006 

CD8 T Cell Expansions are Associated with 
CMV Seropositive Status



Reference:
Akbar and Fletcher,  2005.

Immunosenescence: An Infectious Disease?



• Rapid onset—mediated by macrophages, NK cells, dendritic cells, mast cells

• Complement pathways, iron sequestration

• Phagocytosis

• Innate immune activation results in inflammatory responses

• Pattern recognition receptors, but not as specific as the slower onset adaptive 
immune response mediated by B and T cells

Innate Immunity



Pathogen Recognition Receptors in the 
Innate Immune System 

Reference:
Netea and van der Meer, 2011
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Immune Activation in Aging: Inflamm-Aging
• Though overall immune function and defense against infection is impaired 

with aging, an age-associated pro-inflammatory milieu has been observed 
(Fagiolo et al., 1993; Franceschi et al., 2007).

• Elevated levels of cytokines (e.g. IL-1β, IL-6, IL-8, TNF-α), acute phase 
reactants (e.g. CRP) and clotting factors have been observed. 

• Source for these inflammatory markers incompletely understood—
possibilities include:

• Control of chronic viral infections such as CMV
• Engagement of PRRs by endogenous DNA
• Release of pro-inflammatory cytokines following DNA damage
• Age-associated shift toward myeloid HSC differentiation



Age-associated Increase in Basal Cytokine 
Production in Dendritic Cells

Reference:
Panda, Qian et al., 2010



Age-associated Increase in Basal Cytokine 
Production in Dendritic Cells (n=104)

Reference:
Panda, Qian et al., 2010



*< 0.0001, #<0.01, $<0.05, &<NS.  P values adjusted for gender, race, BMI, number of comorbid conditions n=104

Age-associated Alteration in TLR-induced 
Cytokine Production in Myeloid DCs

Reference:
Panda, Qian et al., 2010



Age-associated Alteration in Intracellular IL-10
Production following Influenza Vaccine

Reference:
Mohanty et al., 2015

Classical Monocytes Inflammatory Monocytes



Dysregulated Inflammation and 
Innate Immune Failure in Aging

Reference:
Shaw et al., 2013



Reference:
Shaw and Bandaranayake 2016

Age-Associated Alterations in Innate Immunity



Age-Associated Alterations in Adaptive Immunity

Reference:
Shaw and Bandaranayake 2016
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Objectives
• Comment on the influence of age on influenza outcomes

• Especially in the context of inflammation and vascular outcomes

• Evidence of influenza vaccine impact on vascular outcomes

• Discuss a cluster-randomized approach to get from efficacy to 
effectiveness in a long-term care setting



Review: Immune Senescence
• More permissive for infection, including pneumonia1

−

−
−

More permissive for severe infection that can result in hospitalization

• Lowers vaccine response1,2

Need better vaccines to overcome declining response
Age-related changes in T-cell subsets and cytokine production 
profiles affect the magnitude, quality, and persistence of antibody 
responses to vaccines3,4

• Slows recovery from infection

References: 
1. Zheng B, et al. J Immunol. 2007;179(9):6153-6159. 
2. Doria G, et al. Mech Ageing Dev. 1997;96(1-3):1-13.  
3. Siegrist CA. Vaccine immunology. In: Plotkin SA, et al, eds. Vaccines. Sixth edition. Philadelphia, PA: Saunders Elsevier; 2012:17-36.
4. Goronzy JJ, Weyand CM. Nature Immunol. 2013;14(5):428-436.  



Influenza-Associated Hospitalizations and Death 
Rates Increase With Age1

Reference: 
1.   Thompson WW, et al. J Infect Dis. 2006;194(suppl 2):S82-S91.



Infection and Inflammation:
How These Conflate Risk for Vascular 

Complications in the Older Adult 



Reference:
1.  Smeeth L et al. N Engl J Med. 2004;351:2611-2618.

Age-Adjusted Incidence Ratios of First MI and 
First CVA After Vaccination or Infection



Herpes Zoster (HZ) and Risk for Vascular Event:
Increased with Myocardial Infarction and 

Cerebrovascular Accident

References:
1.  Kim et al, Letters, J A C C  2017, 7 0(2):293–300.
2.  Erskine et al, PLoS One. 2017; 12(7): e0181565.

• Kim et al (2017) report hazard ratios
–
–

–

–
–

Myocardial infarction following HZ is 1.59 overall, and increases with age
Cerebrovascular event after HZ is 1.35 overall, and decreases with age

• Erskine et al (2017) meta-analysis of 12 studies
Cerebrovascular event risk increases after HZ ophthalmicus

• OR 1.39-4.42 depending on statistical approach in 1st 3 months
Cerebrovascular event risk increases by 1.22-1.34 generically in the year following HZ
Myocardial infarction risk increases after HZ generically within a year (OR 1.19) or longer



Influenza Vaccination and 
Vascular Outcomes 

in Older Adults



Influenza Vaccination Also Can Lower the Risk
of Major Cause-Specific Mortality1

• Study in Taiwan in >100,000 residents ≥65 years of age

• Six of 8 major causes of mortality evaluated were not 
directly related to lung disease

• >10-month follow-up of 35,637 vaccinated and 67,061 
unvaccinated seniors 

• High-risk was defined as having 

• A chronic disease

• Residence in long-term care, or 

• A history of recent (prior 3 years) hospital admission

• 80% of the full study population were not classified as high-risk

Reference: 
1.   Wang CS, et al. Vaccine. 2007;25(7):1196-1203. 

Study objective:
“To understand more thoroughly 

whether influenza vaccination 
was effective for reducing major 
cause-specific mortality (other 
than lung diseases) in a county-

wide population study with large 
sample sizes”
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44%
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Cause of mortality

a P<0.0001. b P<0.05.

Influenza Vaccination Also Can Lower the Risk
of Major Cause-Specific Mortality1 (cont.)

“Influenza vaccine is strongly associated with a lower mortality risk, not only for pneumonia and COPD, but 
also for other major cause-specific mortalities, which indicates that influenza vaccination might reduce the 
domino effects of complications from influenza in the elderly.”

Reference: 
1.   Wang CS, et al. Vaccine. 2007;25(7):1196-1203.  



Influenza Vaccine and Cardiovascular Events1

• Meta-analysis  of 5 clinical trials of >6,000 patients with varying 
degrees of cardiovascular (CV) risk looked at the link between 
influenza vaccine and CV outcomes 

• Influenza vaccine was associated with 36% lower incidence of 
major CV events within 1 year of vaccination
− 1.7 major CV events prevented for every 100 persons with CV 

disease who were vaccinated

• In patients with recent acute coronary syndrome (ACS), influenza 
vaccine was associated with a 55% lower risk of major adverse 
cardiovascular events (MACE)

Reference: 
1.   Udell JA, et al. JAMA. 2013;310(16):1711-1720. 32



The Range of Efficacy of Coronary Interventions 
Compared With Influenza Vaccination

Reference:
MacIntyre CR et al. Heart. 2016;102:1953-1956.



“Thrombometer” – The Propensity to Clot

CLOT
NO 
CLOT

HIGH

DVT
Stroke
MI
Delirium
Dementia

LOW

CRP
IL-1, 6
TNF-alpha

Increases following infection
–
–
–
–
–

–
–

–
–
–
–
–

Influenza
Community acquired neumonia
Shingles
Bladder infection
Pressure sores

Increases with age
Inflammatory markers of age
IL-6, IL-8, C-reactive protein

Increases with disease
Obesity
Diabetes
Arthritis, vascular disease
Dementia
COPD



Summary

• Immune senescence conflates with underlying inflammation 
to drive clinical and cost outcomes
−
−
−

Reduced vaccine response
Increased consequences for vascular outcomes
Poorly conceived vaccine and influenza prevention and control programs

• Although current vaccines show substantial efficacy, a better 
vaccine should overcome some of these considerations in 
the populations at greatest risk

51



Cluster-Randomized Trials are
Pragmatic for Clinical Research:
A Influenza Vaccine Case Study 

52



Efficacy vs. Effectiveness
• For efficacy, typically a precise subject definition limits study participants

• Healthier, often affecting ability to access study site, and cognitively able to consent
• Systematically may exclude various underlying diseases

• Efficacy RCTs can guide precise likelihood of response in those studied

• Effectiveness implies a treatment as it is applied to a population
• Reduced systematic exclusion
• Often intent-to-treat, so if low adherence due to tolerance, for example, even an 

efficacious drug could prove to be ineffective
• More generalizable

• Cluster-randomized trials can more closely determine effectiveness depending 
on the ”cluster” selected
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Background
• Diaz Granados, et al: Outpatient RCT with 24% reduction in influenza

• Nace, et al, nursing home RCT for immunogenicity: GMTs higher for high 
dose than standard dose for all comparisons (A/H1N1, A/H3N2, and B) both 
seasons at 30 and 180 days except 2012-3 for A/H1N1 at 30 days

But, does HD also provide better clinical protection for nursing home residents?
References:
Diaz Granados, et al, NEJM 2014:371.
Nace, et al, JID 2015:211 (15 June)



Objectives

• Review results from pilot study undertaken in 39 nursing 
facilities during the 2012-13 influenza season

• Review results from the full cluster randomized controlled 
trial (RCT) of high-dose (HD) influenza vaccine vs. standard-
dose (SD) influenza vaccine in 823 nursing homes (NHs) 
during the 2013-2014 influenza season 

• Primary outcomes of respiratory and all-cause hospitalizations
• Secondary outcomes of cardiovascular hospitalizations



Feasibility Study: Methods 
Patient Eligibility and Selection

a Residents who were 65 years old on October 1, 2012.
b Long-stay residents = NH residents with quarterly and annual Minimum Data Set (MDS) assessments. Residents who were discharged from the nursing home to: 1) the 
community, 2) inpatient rehabilitation facility, 3) hospice, 4) other location, or 5) as dead in the baseline period are excluded from the analytical sample. Residents are 
included if they were discharged to another nursing home, acute hospital, psychiatric hospital, or mental retardation/developmental disabilities (MR/DD) facility.



Feasibility Study: 
Ever Hospitalized in an A/H3N2 Season

Survival Time (days)
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Feasibility Study: 
Mortality in an A/H3N2 Season

Survival Time (days)
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Feasibility Study Results: 
Poisson Regression Models

a Adjusted for prior year hospitalization rate, age of resident, mean age of residents in home,  individual activities of daily living (ADL) 
score, mean ADL score in home, Cognitive Function Score (CFS), mean CFS in home, history of CHF risk-group, prevalence of CHF risk-
group in home

b LCL = lower control limit; UCL = upper control limit



Pilot Results: Summary

• Large-scale study feasible as pragmatic cluster RCT

• Can detect differential signal in hospitalization using      
administrative data

• Administrative data: data collected by the government such as 
• Data on care quality (in U.S. nursing homes: “Minimum Dataset” or MDS)
• Insurance claims (fees charged to and/or collected from the insurance 

company that also contain a diagnosis and service for why the claim was 
made; in the United States, this is the Medicare Fee for Service claims)



INFLUENZA SEASON 2013-2014

62



Pragmatic Cluster RCT of HD 
in Nursing Homes (NHs)

• Recruit NHs in areas adjacent to 122 cities in CDC Influenza 
Surveillance System

• Use government-required nursing home MDS assessment to:
• Identify permanent NH residents, and their
• Associated demographic and functional characteristics 
• Measure outcomes over time

• Use Medicare hospital claims to measure outcome of 
hospitalization for influenza (pneumonia and influenza [P&I]) and 
cardiovascular exacerbations of influenza

Reference:
Gravenstein et al, Lancet Respir Med 2017



June 2013 Sept 
2013

Mar 2014

Baseline Period
Long-Stay Qualifying 

Period

Nov 2013

Influenza Exposure Months/
Outcome Evaluation Period

Vaccination 
Period

Reference:
Gravenstein et al, Lancet Respir Med 2017



Outcome Determination

• PRIMARY: Medicare FFS permanent NH residents; number of 
hospitalizations due to P&I per patient day:1

P&I hospitalization defined as: 
 ICD9-CM codes 460–466, 480–488, 490–496, 500–518

• ALL permanent NH residents (90+ days), mortality

• ALL permanent NH residents, total hospitalizations per patient-day 
based upon MDS discharge records 

• SECONDARY: Cardiovascular outcomes2

• ICD-9  AMI: 410.xx, 411.xx; HF: 428.x, 429.0, 429.1, 419.7; 
• ICD-9 Atrial fibrillation: 427.3x; 
• ICD-9 Cerebrovascular: 433.xx-438.xx

References:
1. Gravenstein et al, Lancet Respir Med 2017
2. Gravenstein et al, IAGG, San Francisco July 2017



a Residents who were 65 years old on October 1, 2013.
b Long-stay residents are NH residents with quarterly and annual MDS assessments. Residents who were discharged from the nursing home to: 1)  the community, 2) 
inpatient rehabilitation facility, 3) hospice, 4) other location, or 5) as dead in the baseline period are excluded from the analytical sample. Residents are included if 
they were discharged to another nursing home, acute hospital, psychiatric hospital, or MR/DD facility.
[Note: We could not obtain MDS records for 6 NH facilities (ie, 1 veterans home; 2 rehabilitation facilities that were randomized prior to their withdrawal; 1 facility 
stopped operation in Nov/Dec 2013; still exploring the remaining 2 facilities that did not match]

Cohort Selection, 2013-2014
(ALL Long-stay NH residents ≥65 years)

Reference:
Gravenstein et al, Lancet Respir Med 2017



Analytic Approach

• Unit of analysis: individual residents
• Adjusted for clustering by NHs using robust variance estimates

• Multivariable logistic, Poisson, and Cox regression
• Initial model assessed interaction between treatments
• Adjusted for pre-specified NH- and resident-level covariates

• Analysis by Intention-to-Treat (ITT)
• Sensitivity analysis to assess effect of excluding deaths

• Number Needed to Treat (NNT)

Reference: 
1. Kahan BC. Bias in randomised factorial trials. Stat Med. 2013;32(26):4540-4549. 
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Weekly CDC Surv-NET Lab-Confirmed Flu Hospitalizations 
by Age and Season 2011-2017
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Reference:
https://gis.cdc.gov/GRASP/Fluview/FluHospRates.html; Downloaded 20 JUN 2017

https://gis.cdc.gov/GRASP/Fluview/FluHospRates.html


Reference:
Gravenstein et al, Lancet Respir Med 2017



Reference:
Gravenstein et al, Lancet Respir Med 2017



Reference:
Gravenstein et al, Lancet Respir Med 2017



Number Needed to Vaccinate
(for All Causes, Ever Hospitalized)

NNT = 1/ARR  where ARR = CER – EER a

69, FFS sample

To prevent 1 hospitalization, 69 long-stay NH residents 65+ years 
of age need to be vaccinated with high-dose influenza vaccine 
compared to standard dose vaccine. 

a NNT (or NNV) = number needed to treat; ARR = absolute risk reduction; CER = control 
event rate (i.e., probability of hospitalization for the SD group); EER = experimental 
event rate (i.e., probability of hospitalization for the HD group)

Reference:
Gravenstein et al, Lancet Respir Med 2017



9/28/2017
Reference:
Gravenstein, et al, IAGG San Francisco, July 2017



*p=0.017

Reference:
Gravenstein, et al, IAGG San Francisco, July 2017



Reference:
Gravenstein, et al, IAGG San Francisco, July 2017



Reference:
Gravenstein, et al, IAGG San Francisco, July 2017



Unadjusted and Adjusted Marginal Poisson Regression 
Analysis Outcomes Accounting for Clustering by NHs

Abbreviations: CI = confidence interval, FFS = fee-for-service, MDS = minimum data set, RR=relative risk (HD vs. SD homes)

[1] Adjusted for age and average age of facility residents, ADL and average ADL of facility residents, cognitive function, facility hospitalization in prior year and 
patient chronic heart failure as reported in the MDS. One facility had missing facility covariates, so was excluded from all adjusted analyses.

Reference:
Gravenstein S, et al. Lancet Respir Med 2017.



Summary
• HD vaccine reduces laboratory-confirmed influenza and hospitalization among 

outpatient elderly in several RCTs

• 2013-2014 season is of special interest because it offers a conservative estimate of 
relative benefit of HD vs. SD in preventing cardiorespiratory hospitalization in a 
nursing home population

• A(H1N1) predominates, and relative benefit of HD vaccine for this strain in a NH 
population has been unknown

• A(H1N1) has not been considered particularly pathogenic for older adults
• A relatively low influenza attack rate to comparison seasons
• NNT design with over 15% of population unvaccinated

• FFS claims differences consistent with biologic plausibility of effect on 
hospitalization based on diagnoses, and cardiorespiratory outcomes



MF59 Adjuvanted Flu Vaccine and Elderly
• Available in Europe since 1997; U.S. licensed in 2015 for age 65 years and older

• Over 150 million doses

• Uses M59 oil emulsion of squalene from sharks

• Requires less antigen (3.75 vs 15 µg/antigen/standard dose and 60 µg for high dose)

• Improves cross-reactivity

• Non-RCT evidence of reduced hospitalization risk in elderly
• Large cohort study: 25% reduction over 3 seasons1

• 80% protected vs 57% with standard dose in a long-term care population2 and better 
protection in case control study in NH population3

References:
1. Mannino S et al.  Am J Epidemiol. 2012;176:527-533. (B) 
2. Iob A et al. Epidemiol Infect. 2005;133:687-693. (B) 
3. Van Buynder PG et al. Vaccine. 2013;31:6122-6128. (B)



Overall Summary

• Aging and multi-morbidity increase risk for influenza complications

• Influenza is much more than just a respiratory disease in older adults

• More immunogenic vaccines can offer better protection 

• Effectiveness studies can inform about more generalizable 
performance of a vaccine

• Nursing home cluster-randomized trials are an example of this



Earliest Evidence that Research Skills in 
Public Health Have Value
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Secondary Prevention of CV Events 
with Influenza Vaccination

References:
1. Gurfinkel EP, et al. Eur Heart J. 2004;25(1(:25-31. 
2. Gurfinkel EP, et al. Tex Heart Inst J. 2004;31(1):28-32.  
3. Ciszewski A, et al. Eur Heart J. 2008;29(11):1350-1358.  
4. Phrommintikul A, et al. Eur Heart J. 2011;32(14):1730-1735.

a FLUVACS =  Flu Vaccination Acute Coronary Syndromes; b PCI = Percutaneous coronary intervention; 
c FLUCAD =  Flu and Coronary Artery Disease; d PROBE = Prospective randomized open with blinded endpoint; 
e MACE = Major adverse cardiovascular events.



In LTC, Residents’ Fever from Flu is Less, 
and is Attenuated More if Vaccinated1

Reference: 
1. Gravenstein S, et al. Med Health R I. 2010;93(12):382-384.
2. Ambrozaitis A, et al.  J Am Med Dir Assoc 2005;6:367-374.



Effect of Influenza Vaccination on Hospitalization 
and Mortality in Long-Term Care1

Reference: 
1.   Pop-Vicas A, et al. J Am Geriatr Soc. 2015;63(9):1798-1804.
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Match Matters
Symptoms, hospitalization, 
and death are all lower in 
years where vaccine is a 
good match than in bad-

match years



Match Matters

• Attenuated symptoms even with bad match influenza 
vaccine, so vaccine confers value even if not perfect

• Bad match vaccine is not as effective in preventing 
hospitalization as good match vaccine



Reference: 
1.   Phrommintikul A, et al. Eur Heart J. 2011;32(14):1730-1735.

Effects of Influenza Vaccine 
on Major Adverse Cardiovascular Events1



Participating NHs by State (n=823)

HD Vaccine

SD Vaccine

Reference:
Gravenstein et al, Lancet Respir Med 2017



Pilot Study: Methods

• 39 total NHs, with the majority from 2 states (14 NHs in New Jersey, 17 in Colorado)
 All NHs administered SD as standard of care the prior season

• NHs randomly assigned to either HD or SD

• 19 NHs assigned to SD; 20 NHs assigned to HD



Study Design
Design

•
•
•
•
•

Recruit facilities within 81 km of CDC cities
Randomly assigned facilities to High Dose vs Standard Dose influenza vaccine
Educate facility staff on influenza, study procedures
Link to facility data, MDS, and Medicare files
Collect vaccination data reports

Data from Federal Databases
•
•
•
•

•

Nursing home characteristics (“OSCAR”)
Nursing home resident characteristics (Minimum Dataset or “MDS”)
Hospitalization 
Diagnoses listed in the hospitalization record (Medicare Fee for Service claim 
or “FFS”)
Death (Vital Status file)

Reference:
Gravenstein et al, Lancet Respir Med 2017

MDS is part of the federally mandated process for clinical assessment of all residents in CMS-certified NHs.  It provides a comprehensive assessment of 
each resident's functional capabilities and helps nursing home staff identify health problems.



Exclusion Criteria

• Excluded facilities:














Already using HD influenza vaccination
Having fewer than 50 permanent residents
Hospital-owned NHs
More than 20% of residents UNDER 65 years of age

• Excluded residents: 
Under 65 years of age
Less than 90 days stay in NH prior to vaccination
For clinical outcomes, those not Medicare fee-for-service (FFS)

Reference:
Gravenstein et al, Lancet Respir Med 2017



NH Facilities Selection and Randomization

Reference:
Gravenstein et al, Lancet Respir Med 2017



NH Groups Are Similar (n=823 NHs)

aMinimum Dataset (MDS).
bFrom OSCAR (online survey and certification).



NH Resident Groups Are Similar (n=53,035)

Reference:
Gravenstein et al, Lancet Respir Med 2017



Unadjusted and Adjusted Marginal Poisson Regression 
Analysis Outcomes Accounting for Clustering by NHs

[1] Adjusted for age and average age of facility residents, ADL and average ADL of facility residents, cognitive function, facility hospitalization in prior year and patient chronic heart 
failure as reported in the MDS. One facility had missing facility covariates, so was excluded from all adjusted analyses.

Reference:
Gravenstein S, et al. Lancet Respir Med 2017.



NNT for Respiratory VS Afib Hospitalization
Atrial fibrillation

(in any discharge diagnosis position)
Respiratory Illness 

(primary admission diagnosis)

AGE NNT N NNT N

Young 
(65-77) 77 4833 99 4877

Young old 
(78-85) 260 5236 256 5419

Old
(86-90) 235 4305 293 4203

Old-old
(91+) 37 4755 88 7628

Reference:
Gravenstein, et al, IAGG San Francisco, July 2017
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