




ABSTRACT

Annual influenza epidemics are a significant contributor to morbidity and mortality in the United States and around the world.  Older adults, individuals 65 years of age and older, are disproportionately affected by influenza. In 2009 a high-dose influenza vaccine was licensed for use in older adults. The efficacy and effectiveness of this influenza vaccine have been and continue to be studied today, in 2015. However, the CDC’s Advisory Committee on Immunization Practices (ACIP), the body primarily responsible for developing recommendations on how to use vaccines to control disease in the United States, recommends that older adults receive an influenza vaccine and does not distinguish between the standard-dose and high-dose vaccines. Given the growing body of research around the high-dose influenza vaccine, this literature review seeks to identify the efficacy of the high-dose influenza vaccine in older adults as well as facilitators and barriers to influenza vaccination among older adults. The author conducted a review of the literature published between January 1, 2004 and March 1, 2015 on these topics. Only 12 peer-reviewed articles were selected for inclusion from the 714 articles identified by the review. Four were randomized controlled trials, two were systematic literature reviews, four were retrospective data analyses, and two were cross-sectional studies. The studies regarding the efficacy of the high-dose influenza vaccine were of high quality, however the articles assessing factors associated with influenza vaccine uptake among older adults were limited in scope and generalizability. This review identified a considerable gap in the literature related to the facilitators and barriers to influenza vaccination among older adults at the individual, interpersonal, and community levels.  Qualitative and mixed-methods research is needed to move from understanding who is and is not receiving an annual influenza vaccine to why and how individuals and communities are receiving annual influenza vaccines. This review is of public health significance because understanding and preventing influenza through the use of the high-dose influenza vaccine has the potential to significantly improve public health through preventing illnesses and hospitalizations, reducing influenza mortality, and reducing expenditures related to influenza morbidity. 
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Introduction

Annual influenza epidemics are a significant contributor to morbidity and mortality both worldwide and in the United States. Influenza causes between three and five million cases of severe illness and 250,000 to 500,000 deaths each year (Reber 2012). In the United States, acute respiratory infections—influenza and pneumonia—are the eighth leading cause of death. Influenza alone leads to an average of more than 200,000 hospitalizations and 36,000 deaths each year (HealthyPeople.gov 2015). 

Older adults, a term that will be used throughout this review to refer to individuals 65 years of age or older, are disproportionately affected by influenza, with over 90 percent of influenza-related deaths occurring among the older adult population. It is well documented that this increased rate of influenza-related mortality among older adults is at least in part due to immunosenescence, or the dysregulation of the immune system brought on by natural aging processes (Gruver 2007). Immunosenescence leads to both an increased susceptibility for influenza and a decreased vaccine response (Poland 2014). The vulnerability of older adults to influenza is significant and becoming more significant; by 2050, the population aged 65 and older is projected to be 83.7 million, or almost double what it is today (Ortman 2014). 

To combat this decreased vaccine response in older adults, a high-dose trivalent inactivated influenza vaccine was developed and licensed by the U.S. Food and Drug Administration in 2009. This high-dose vaccine, designed to elicit a protective immune response specifically in older adults, was made widely available the same year (Izurieta 2015). The effectiveness of the high-dose vaccine is still being debated in the literature; however, it is clear influenza-related mortality rates among older adults have remained largely unchanged since the high-dose vaccine became available in 2009 (Izurieta 2015). 

In considering the effectiveness of the influenza vaccine, it is also important to consider vaccination coverage, because the vaccine must be used to achieve its potential protective benefits. The U.S. Centers for Disease Control and Prevention reported 64.7 percent influenza vaccination coverage among older adults during the 2013 to 2014 influenza season (Reed 2014). This falls far short of the Healthy People 2010, and now 2020, goal of 90.0 percent vaccination coverage among older adults (HealthyPeople.gov 2015). 

Historically, an ineffective vaccine due to immunosenescence was cited as the reason for the high influenza-related mortality rate among older adults; given the high-dose influenza vaccine has now been available for more than five years and significant reductions in influenza morbidity and mortality among this population have not been achieved, vaccine efficacy cannot be the sole cause for the high mortality rates. Influenza vaccination coverage, along with vaccine efficacy, ought to be considered in understanding and addressing influenza morbidity and mortality among older adults.  
1.1 research question and objectives

In recent years, influenza vaccination coverage among older adults has been relatively high, 64.7 percent in the 2013 to 2014 season, compared to the 36.8 percent in the same period among 20 to 64 year olds (Reed 2014). However, influenza vaccination coverage rates have remained between 60 and 65 percent for more than two decades and are substantially lower than for most routinely recommended vaccines (Simonsen 2005).  Given the high influenza-related morbidity and mortality rates among older adults, the recent availability of a high-dose vaccine aimed to provide greater protection for older adults, and the less than optimal vaccination coverage, this study aimed to review the literature for content characterizing vaccination coverage and efficacy by the type of vaccine—high-dose or standard-dose—and facilitators and barriers to influenza vaccination among older adults in North America. The major questions were: 1) What evidence exists in the peer-reviewed literature about high-dose trivalent inactivated influenza vaccine effectiveness or efficacy among older adults? 2) What barriers and facilitators to influenza vaccination among older adults have been identified in the peer-reviewed literature? 3) What is the level of evidence, as measured by the number of studies and research design? And 4) Where are the gaps in the evidence, and what future work must be done? 

The second chapter of this paper will discuss the burden of influenza in the United States and among older adults. The author will also discuss influenza vaccination recommendations, the high-dose trivalent inactivated influenza vaccine, and vaccination coverage rates. The second chapter will also discuss why this review is necessary. 

The third chapter describes the methods used to conduct the review, including the selection criteria, search strategy, and data extraction process. The author presents the results of the review in the fourth chapter, paying particular attention to the study quality and design. The fifth chapter consists of a synthesis and critique of the review results and studies, discussing the study’s implications for practice, policy, and research. The sixth and final chapter discusses the limitations and public health relevance of this review and offers final remarks on the subject of influenza vaccination among older adults. 

2.0  background

2.1 influenza overview

Influenza is a highly infectious, respiratory-transmitted viral infection, occurring in two distinct patterns: annual seasonal epidemics and global pandemics (Osterholm 2012). Typically, influenza viruses circulate widely in the United States from late fall through early spring, peaking from December to March in temperate climates (Grohskopf 2013). In tropical areas, influenza occurs throughout the year (CDC 2012). 

Influenza viruses are categorized into three types: A, B, and C, based on immunologically distinct nucleoprotein and matrix protein antigens. A and B type viruses contribute to annual influenza virus epidemics and are subject to antigenic drift, or an accumulation of genetic mutations (Bohm 2014); C viruses generally cause only very mild infections. When one host is co-infected with more than one strain of influenza virus at the same time, the viruses can obtain segments of genetic material from the other strain through a process known as antigenic shift, or reassortment. These processes, antigenic drift and shift, lead to novel influenza strains for which humans might have little or no immunity against (Bohm 2014). Because of these processes and the subsequent high mutation rate of influenza viruses, influenza vaccines must be updated and administered annually in order to reflect the influenza strains circulating at that time. 

2.1.1 Influenza burden in the United States

Influenza leads to an average of more than 200,000 hospitalizations and 36,000 deaths each year in the United States (HealthyPeople.gov 2015). In recent years, annual influenza-associated deaths ranged from 3,349 during the 1985 to 1986 influenza season to 48,614 in the 2003 to 2004 influenza season; these deaths include both influenza and pneumonia deaths because pneumonia is the most frequent complication of influenza (CDC 2012). In addition to its high toll on human life, the cost of a severe influenza epidemic in the United States is estimated to be $12 billion (CDC 2012). 

However, influenza illnesses and hospitalizations can and are averted through vaccination. The CDC estimates that influenza vaccination prevented 7.2 million illnesses, 3.1 million medically-attended illnesses, and 90,000 hospitalizations during the 2013 to 2014 influenza season (Reed 2014). If the Healthy People 2020 target of 70 percent of the total population receiving an annual influenza vaccination had been achieved, an additional 5.9 million illnesses, 2.3 million medically attended diseases, and 42,000 hospitalizations might have been avoided (Reed 2014). Clearly, efforts to increase influenza vaccination coverage would further reduce the burden of influenza in the United States. 

2.1.2 Influenza burden among older adults

Older adults are especially vulnerable to influenza, and so are disproportionately affected. 90 percent of seasonal influenza-related deaths and between 50 to 60 percent of influenza-related hospitalizations in the United States occur among older adults (CDC 2012). The mortality rate in the older adult population is much higher than in other populations, with 22.1 deaths per 100,000 person years, compared to 0.2 deaths among those 5 to 49 years of age and 1.3 deaths among those 50 to 64 years of age (Reber 2012 AND Jacobson 2010). In addition to being associated with a high incidence of mortality among this population, influenza also exacerbates underlying cardiac and pulmonary conditions in this population. Therefore the true burden of influenza burden among older adults is likely underestimated (Grohskopf 2013). Overall, influenza among older adults imposes a significant burden on individuals, society, and healthcare services because older adults have the highest burden of disease, mortality, and hospitalizations compared to all other age groups (Monto 2009). 

2.2 influenza vaccine overview

Influenza vaccines were developed in the 1930s using whole inactivated influenza viruses grown in embryonated chicken eggs (Francis 1937). Early vaccine efficacy trials in the 1940s were conducted in the Army Specialized Training Programs and in university students; these studies showed 2.2 percent of the vaccinated cohort developed influenza compared to 7.1 percent in the unvaccinated cohort (Francis 1947). Today, influenza vaccines have been refined to reduce adverse reactions, increase the number of influenza strains each vaccine protects against, and address a diverse range of consumer preferences (Talbot 2012). Most importantly, vaccine efficacy has improved radically since the 1940s, with a pooled estimate for vaccine efficacy of 56 percent in relatively recent years (Gross 1995).  

For the 2014 to 2015 influenza season, several vaccine options were available to consumers (CDC 2012):

· Injectable, standard-dose trivalent, inactivated vaccine

· Injectable, intradermal trivalent, inactivated vaccine

· Injectable, high-dose trivalent, inactivated vaccine

· Injectable, trivalent inactivated vaccine containing virus grown in cell culture rather than in eggs

· Injectable, recombinant trivalent vaccine that is egg-free

· Injectable, quadrivalent, inactivated vaccine

· Quadrivalent nasal spray vaccine
2.2.1 High-dose vaccine overview

In a number of studies, standard-dose influenza vaccines were shown to have moderate to no effectiveness in older adults. In response to this varying effectiveness and the high burden of disease in this age group, researchers began exploring new vaccines that might increase clinical effectiveness in older adults (Izurieta 2015). From this effort came a high-dose, inactivated trivalent influenza vaccine. In 2009, the U.S. Food and Drug Administration licensed the high-dose vaccine and it became widely available the same year (Izurieta 2015). The high-dose vaccine is manufactured in the same manner as the standard-dose trivalent vaccine and also protects against three strains of influenza; however, this vaccine contains four-times more influenza hemagluttinin antigen than standard-dose influenza vaccines, 60-micrograms rather than 15-micrograms (Jacobson 2010). This higher dose of immune-stimulating antigen is designed to elicit a protective immune response despite immunosenescence, or the dysregulation of the immune system brought on by natural aging processes (Gruver 2007). Clinical trial data, though, is needed to determine if the high-dose influenza vaccine affects the desired immune response and achieves clinical effectiveness among older adults.
2.2.2 Vaccine recommendations

Since 1960, public health officials in the United States have recommended annual influenza vaccination for older adults (Talbot 2012). Today, the CDC’s Advisory Committee on Immunization Practices (ACIP), the body primarily responsible for developing recommendations on how to use vaccines to control diseases in the United States, recommends older adults receive either a standard-dose influenza vaccine or a high-dose influenza vaccine annually (Grohskopf 2013). To date, the ACIP has not expressed a preference for either vaccine because of a lack of findings regarding the comparative effectiveness of the high-dose vaccine (CDC 2012). ACIP recommendations are updated on an annual basis and as more research is conducted, recommendations may change. 

3.0  methods

3.1 selection criteria

Studies were included in the review if they examined the effectiveness or efficacy of the high-dose trivalent inactivated influenza vaccine in older adults, addressed facilitators or barriers to influenza vaccination in older adults in the United States or Canada, were published in a peer-reviewed journal between January 1, 2004 and March 1, 2015, and were published in the English language. Exclusion criteria were created and helped guide which studies identified in the literature review were appropriate for inclusion. Publications were excluded if they met any of the following conditions: were not published in a peer-reviewed journal, provided only a comment or opinion on other articles about the high-dose influenza vaccine, discussed the effectiveness or efficacy of influenza vaccines but did not include the high-dose trivalent inactivated vaccine, discussed vaccine-related behaviors in communities outside of North America, or were published in a language other than English. 

3.2 search strategy

The search was conducted using PubMed, an archive of journal literature from the MEDLINE database and the U.S. National Institutes of Health’s National Library of Medicine. The subject scope of PubMed is biomedicine and health, and includes publications on topics such as healthcare utilization, vaccine efficacy and effectiveness, and health behaviors. This database was chosen because of its broad coverage of vaccine-related and health behavior journals. PubMed was searched for all relevant literature (i.e. publications in peer-reviewed journals, books, case studies, and reports) published between January 1, 2004 and March 1, 2015. The search included Medical Subject Headings (MeSH) relating to influenza vaccination and the population of interest. The MeSH terms  “Influenza Vaccine,” “Health Behavior,” and “Aged,” which is the PubMed MeSH term for the population 65 years of age and older, were used. Searches including the three MeSH terms and one of the following terms (for 6 total searches) were conducted: “high-dose,” “efficacy,” “effectiveness,” “facilitators,” “barriers,” and “older adults.” These terms were used as related words describing particular areas of interest around influenza vaccination, with the intention of maximizing the scope of this review. 
One researcher conducted the search of the literature and scanned all study titles and abstracts identified through the preliminary review. A decision regarding whether the study fit inclusion criteria was made during abstract review. Full-text copies of potentially eligible studies were retrieved for complete evaluation if the study was determined to meet the inclusion criteria. 

3.3 data extraction

Data regarding study design and outcomes was collected from eligible studies. Information extracted included the author, year of publication, the publication in which the article appeared, the study design and data source when appropriate, units of analysis (participants, databases, studies), and the primary findings reported in each study. The outcome measures included information on vaccine effectiveness or efficacy and factors associated with vaccination coverage or related decision-making. 

4.0  results

4.1 study design

A total of 58 studies were selected for full review from the 714 publications identified by the literature search (Figure 1). Preliminary title and abstract review of the 714 articles led to the exclusion of 656 studies. Most of the publications that did not meet the inclusion criteria were either commentaries or research articles that focused on populations other than older adults, on other vaccines, or on the mechanism of action of influenza vaccines. 


Of the 58 articles identified for full review, 12 were included in the review. Of the 46 rejected articles, 8 (17%) were news releases or commentaries, 7 (15%) were effectiveness or efficacy studies that did not include the high-dose influenza vaccine, 11 (24%) discussed vaccination coverage and behavior outside of North America, and 6 (13%) included participants below the age of 65 years. The other 14 (30%) articles were beyond the scope of this review, focusing on pneumococcal vaccination or the safety profile of a high-dose vaccine. 
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Figure 1. Literature search and article selection
4.2 characteristics of studies included

Twelve studies were identified for inclusion in this review (Table 1). Of these studies, four were randomized controlled trials conducted in the United States and Canada. The Tsang et al. article was published in May of 2014 in Vaccine. Investigators conducted a Phase II clinical trial involving 1,909 participants and looking at the immunogenicity and safety of a high-dose influenza vaccine in older adults.  The DiazGranados et al. article was published in August of 2014 in The New England Journal of Medicine. Investigators conducted a Phase III and IV clinical trial involving 31,989 participants and 126 research centers comparing the efficacy of the high-dose and the standard-dose influenza vaccines in older adults. Falsey, Treanor, Tornieporth, Capellan, and Gorse article also conducted a Phase III clinical trial involving 3,837 subjects comparing the immunogenicity of high-dose and standard-dose influenza vaccine in older adults. This paper was published in July of 2009 in The Journal of Infectious Diseases. The fourth randomized controlled trial by Keitel et al. was published in Archives of Internal Medicine in May of 2006 and involved 202 participants and looked at the effect of high doses of influenza vaccine on antibody responses in older adults. 

Two of the studies identified for inclusion were systematic literature reviews.  Jefferson et al. conducted a systematic review of 75 studies including randomized controlled trials, quasi-randomized controlled trials, and cohort and case-control studies assessing the efficacy of a high-dose influenza vaccine against influenza; this article was published in February of 2010 in the Cochrane Database of Systematic Reviews. The Ward and Draper article reviewed the literature for factors involved in older adult’s decision making around influenza vaccination; this review of ten papers was published in the Journal of Clinical Nursing in January of 2008. 

Four of the articles identified for inclusion in the review were retrospective data analyses. McGrath and Brookhart assessed the on-label and off-label use of the high-dose vaccine through a retrospective analysis using MarketScan Commercial Claims and Encounters and the Medicare Supplemental database; the study was published in March of 2015 in Human Vaccines and Therapeutics. Groom, Zhang, Fisher, and Wortley used a secondary analysis of the 2007 National Immunization Survey (n=3,138) to study the differences in adult influenza vaccine-seeking behaviors; this study was published in the Journal of Public Health Management and Practice in March of 2014. Takayama, Wetmore, and Mokdad also used a secondary analysis of a national survey, the 2009 Behavioral Risk Factor Surveillance System, to discuss characteristics associated with the uptake of influenza vaccination. Takayama et al. published this analysis in May 2012 in Preventive Medicine. Marstellar, Tiggle, Remsberg, Shefer, and Bardenheier analyzed data from the National Nursing Home Survey and from 7,350 randomly sampled older adults residing in nursing homes; Marstellar et al. analyzed characteristics associated with lack of immunization or unknown immunization status in nursing home residents; this study was published in Infection Control and Hospital Epidemiology in April of 2006. 

The final two articles included in this review were cross-sectional studies.  Farmer, Papachristou, Gotz, Yu, and Tong conducted 164 face-to-face interviews to assess whether primary language influences the receipt of influenza immunization among older adults. This study was published in December of 2010 in the Journal of Aging and Health. Sambamoorthi and Findley published a cross-sectional study of 5,557 older adults dexcribing factors associated with higher odds for lifetime nonreceipt or irregular influenza vaccination among older adults; this study was published in April of 2005 in Preventive Medicine.  

Table 1. Characteristics and primary findings of studies that met search criteria

	Author (date)
	Publication
	Study design
	Units of analysis
	Primary findings

	McGrath & Brookhart (2015)
	Human Vaccines and Immunotherapeutics
	Retrospective analysis of medical claims databases and multivariable regression
	All claims in the Medicare Supplemental database from January 1, 2010 to December 31, 2012
	1. In the first 3 years of licensure, use of high-dose (HD) vaccine among older adults has been limited, with only 18.4% of immunized older adults receiving HD

2. Older age, family practice physicians, and having PPO insurance were positively associated with receiving HD vaccine

3. No one specific illness increased the likelihood of receiving HD vaccine



	DiazGranados et al. (2014)
	New England Journal of Medicine
	Phase III and IV clinical trial of the high-dose influenza vaccine for older adults (randomized controlled trial, RCT)


	31,989 participants at 126 research centers
	1. HD vaccine induced significantly higher antibody response than SD 

2. HD provided better protection against laboratory-confirmed influenza illness than SD in older adults

	Tsang et al. (2014)
	Vaccine
	Phase II clinical trial of the high-dose influenza vaccine for older adults (RCT)


	1,909 participants
	1. HD influenza vaccine was more immunogenic than standard-dose (SD) in older adults

2. HD vaccine in older adults and the SD vaccine in younger adults elicits comparable antibody responses


	Groom, Zhang, Fisher, & Wortley (2014)
	Journal of Public Health Management and Practice
	Secondary data analysis of 2007 National Immunization Survey


	3,138 adults older adults
	1. White older adults were significantly more likely to seek out and to receive influenza vaccines than blacks during 2006-07 season

2. Blacks were less likely to be vaccine seekers regardless of education or poverty level

	Takayama, Wetmore, & Mokdad (2012) 
	Preventive Medicine
	Secondary data analysis of Behavioral Risk Factor Surveillance System
	134,101 older adults
	1. Having health coverage was the strongest predictor of vaccination

2. Most likely to report vaccination: older age, white, higher education, non-smoking status, physically active, or having poor physical health or history of various chronic conditions

	Farmer, Papachristou, Gotz, Yu, & Tong (2010)
	Journal of Aging and Health
	Cross-sectional, survey through in-person interviews
	164 interviews in one Housing and Urban Development apartment complex in Long Beach, CA

	1. Immunization predictors included:  having health insurance, rating one’s health as excellent/good, living with another person, and English as a primary language

	Jefferson et al. (2010)
	Cochrane Database of Systematic Reviews
	Systematic review of RCTs, quasi-RCTs, cohort and case-control studies
	75 studies and 100 datasets, 1 RCT


	1. Available evidence is of poor quality and provides no guidance regarding the safety, efficacy, or effectiveness of influenza vaccines for older adults



	Falsey, Treanor, Tornieporth, Capellan, & Gorse (2009)
	The Journal of Infectious Diseases
	Phase III clinical trial of the high-dose influenza vaccine for older adults (RCT)
	3,837 participants
	1. Statistically significant increase in the level of antibody response induced by HD influenza vaccine, compared to the SD vaccine, in older adults

2. Suggests HD vaccine may provide improved protective benefits to older adults



	Ward & Draper (2008)
	Journal of Clinical Nursing
	Systematic review of the literature
	10 peer-reviewed articles
	1. Prior experiences, concerns about influenza vaccine, perceived risk, and advice and information were identified as affecting vaccine decision-making among older adults

2. Conflicting findings around the affect of age, sex, co-morbidity, educational level, income, and area of residence on vaccine decision-making among older adults



	Keitel et al. (2006)
	Archives of Internal Medicine
	Comparative, multicenter, RCT
	202 participants
	1. Improved immunogenicity with increasing doses of influenza vaccine among older adults should lead to enhanced protection against naturally occurring influenza



	Marstellar, Tiggle, Remsberg, Shefer, & Bardenheier (2006)
	Infection Control and Hospital Epidemiology
	Secondary data analysis of the National Nursing Home Survey and logistical regression
	1,423 nursing facilities and 7,350 randomly sampled older adults residing in nursing homes
	1. Lack of immunization and unknown immunization status were each separately associated with being newly admitted and with facility failure to screen for immunization and to record vaccination in the medical record 

2. High-risk status and staff immunization requirements had no effect



	Sambamoorthi & Findley (2005)
	Preventive Medicine
	Secondary data analysis of the 2000 Medical Expenditure Panel Survey
	5,557 older adults living in the community
	1. Least likely to receive influenza vaccine at any point in their lifetime reported having no usual source of care

2. Higher odds of lifetime nonreceipt or irregular vaccination were seen among African American and current smokers





4.3 study outcomes

Several outcomes were examined in the twelve articles included in this review, as shown in Table 1. Primarily, the outcomes fall into the two following categories: clinical evidence of vaccine efficacy or effectiveness, or factors associated with increased or decreased vaccination coverage. 

4.3.1 Vaccine efficacy and effectiveness

Three clinical trials related to the high-dose influenza vaccine met the inclusion criteria for this review (DiazGranados et al.; Falsey et al.; Tsang et al.). All three articles reported significant increases, between two- and eight-fold, in immunogenicity in older adults with the high-dose vaccine compared to the standard-dose influenza vaccine. In addition to demonstrating higher immunogenicity, DiazGrandados et al., with 31,989 participants and the inclusion of two heterogeneous influenza seasons, showed significantly better protection against laboratory-confirmed influenza illness among older adults with the high-dose vaccine than with the standard-dose vaccine. Among older adults, the overall efficacy of the high-dose vaccine against the primary endpoint was found to be 24.2%, indicating that about one fourth more influenza illnesses could be prevented with the high-dose vaccine than with the standard-dose vaccine. A fourth randomized controlled trial published in 2006 was included in this review (Keitel et al.). This article established that with increasing doses of influenza vaccine comes increased immunogenicity in older adults. Specifically, Keitel et al. found that a 60-microgram dosage elicited the highest levels of neutralizing antibodies against all three influenza strains included in the vaccine. This article was published three years prior to the licensure of the high—60-microgram—dose influenza vaccine and likely informed its development. 

The 2010 systematic literature review by Jefferson et al. explored influenza vaccine safety, efficacy, and effectiveness in older adults; this study highlights the rapidly changing research around the high-dose influenza vaccine. The review concludes the available evidence is of poor quality and provides no guidance regarding the safety, efficacy, or effectiveness of influenza vaccines for older adults. The one randomized controlled trial included in this review was reported to be underpowered to detect any effect or complications and the other evidence in the form of quasi-randomized controlled trials, cohort, and case studies were said to be of low quality and likely with biases. The Jefferson et al. review follows the licensure of the high-dose influenza vaccine and the publishing of the 2009 clinical trial research by Falsey et al., but the larger clinical trials of an actual high-dose vaccine included in this review were not published until very recently, in 2014, and so are not included in the earlier Jefferson et al. review.

Overall, the most recent literature suggests the high-dose vaccine is efficacious and likely to be effective, with three large clinical trials reporting similar protective benefits of the high-dose vaccine among participating older adults (DiazGranados et al.; Falsey et al.; Tsang et al.). 
4.3.2 Factors associated with vaccine uptake

Seven of the articles included in this review identified factors associated with increased or decreased likelihood of receiving influenza vaccine (Farmer et al.; Groom et al.; Marstellar et al.; McGrath & Brookhart; Sambamoorthi & Findley; Takayama et al.; Ward & Draper). Five of these articles identified factors through a secondary data analysis (Groom et al.; Marstellar et al.; McGrath & Brookhart; Sambamoorthi & Findley; Takayama et al.), one through a cross-sectional study (Farmer et al.), and one through a systematic review of the literature (Ward & Draper). 
Groom et al. conducted a secondary data analysis, and specifically looked at the role of race in influenza vaccine-seeking behaviors; the data used for this analysis was collected through random-digit telephone dialing, and so only included information on older adults living in the community. The researchers found that white older adults were significantly more likely to receive influenza vaccine than blacks during the 2006-2007 influenza season. Additionally, the authors found that among individuals who were vaccinated at a doctor’s office, 52% of whites specifically went to the doctor for the vaccine compared to 37% of blacks. 
Marstellar et al. conducted a secondary data analysis focused on influenza immunization among individuals living in nursing homes, rather than community-dwelling older adults. From their analysis of a nationally representative sample, the authors found that 15% of residents were not immunized and 19% had unknown immunization status. Lack of influenza immunization or unknown immunization status were found to be associated with being newly admitted to a nursing home, with facility failure to screen for immunization, or to a failure to record immunization in the medical record. Additionally, the authors found that high-risk status and staff immunization requirements had no effect on immunization status for older adults living in a nursing home. 

McGrath and Brookhart’s secondary data analysis explored on-label and off-label use of the high-dose influenza vaccine and factors associated with receiving the high-dose vaccine; the analysis was conducted on all claims in the Medicare Supplemental database and so included older adults living in the community and in nursing homes. The authors found that among older adults who had received an influenza vaccine between January 2010 and December 2012, 18.4% received the high-dose vaccine. Additionally, the study reported older age, seeing a family practice physician, and having Preferred Provider Organization (PPO) insurance as being positively associated with receiving the high-dose vaccine. However, no specific illness increased the likelihood of receiving the high-dose vaccine. 

Sambamoorthi and Findley conducted a secondary data analysis on a nationally representative sample including older adults living in the community and in nursing homes. The authors reported that individuals reporting no usual source of health care were the least likely to have received an influenza vaccine at any point in their lifetime and that higher odds of lifetime nonreceipt of the influenza vaccine were seen among African Americans and current smokers. 
Takayama, Wetmore, and Mokdad conducted a secondary data analysis using surveillance data collected through random-digit telephone dialing; therefore, this study only included information on older adults living in the community. The study was designed to identify characteristics associated with uptake of influenza vaccination; the authors found that having health coverage was the strongest predictor of vaccination, and that individuals who are of older age, white, higher educated, non-smoking, and either physically active or having a poor physical health history of various chronic conditions are most likely to report influenza vaccination. 

Farmer et al. were specifically interested in determining whether primary language influenced the receipt of influenza vaccination in community-dwelling older adults through a cross-sectional study. Their study population was multiethnic, linguistically diverse, low-income older adults living in California in a single Housing and Urban Development apartment complex. This study concluded influenza immunization predictors include having health insurance, rating one’s health as excellent or good, living with another person, and having English as a primary language. 

Ward and Draper conducted the only systematic literature review around factors associated with vaccine uptake included in this review. The authors concluded the majority of literature discussing older adults’ decision making with regard to influenza vaccination was quantitative, investigating individual characteristics or predictors of uptake with little discussion of the possible reasons for the significance of these factors. Additionally, the authors found conflicting findings between studies using different methodologies.

Overall, the literature seems to offer some consensus around several factors, including being white, having health insurance, having a usual source of health care, non-smoking status, and having English as a primary language, as being associated with an increased likelihood to have been vaccinated or accept vaccination. Conversely, identifying as black or African American and being a current smoker were associated with a decreased likelihood of influenza vaccination. Two studies found that having a specific chronic illness had no effect on immunization status (Marstellar et al. and McGrath &Brookhart), while one study concluded reporting a health history of various chronic conditions was associated with an increased likelihood of immunization (Takayama et al.).  These conflicting results identified through this review reflect the similar conflicting findings reported  in the review by Ward and Draper.
4.4 study quality and limitations

The clinical trials included in this review are of high quality, with large sample sizes and blind or double-blind design. The paper by DiazGranados et al. is of especially high quality, including 31,989 participants and conducted over two heterogeneous influenza seasons.  All three clinical trials report similar, significant findings that also align with the findings of the randomized controlled trial by Keitel et al. This consensus among the literature suggests stronger evidence than any of the papers might alone.

The literature assessing factors associated with influenza vaccine uptake among older adults is both less rigorous and much narrower in focus. While several studies were conducted using nationally representative and recognized surveys, including the National Immunization Survey, the Behavioral Risk Factor Surveillance System, the National Nursing Home Survey, and the Medical Expenditure Panel Survey (Groom et al., Takayama et al., Marstellar et al., Sambamoorthi & Findley), each of these surveys had a limited scope, only including individuals with landline telephones, for example, and providing only a cross-sectional perspective. The Farmer et al. paper is especially limited in generalizability because the survey was conducted in one high-rise, Housing and Urban Development apartment complex. Additionally, only one study (Marstellar et al.) looked specifically at older adults living in nursing homes while this population is potentially more vulnerable than older adults living in the community because of compromised health status. The article providing the most comprehensive analysis of these factors, the systematic literature review published by Ward and Draper, even pointed to the limited information available on this topic, concluding findings are unclear due to varying methodologies and biases. The most significant limitation of these studies is that none of them are able to provide enough evidence to move from outlining associated factors to exploring potential reasons for these factors being associated with increased or decreased likelihood of vaccine uptake. At best, the literature offers some demographic information about individuals who might be the most and least likely to receive influenza vaccination. 
4.5 gaps in the research

The studies identified for inclusion in this review point to a lack of research around specific facilitators and barriers to influenza vaccination among older adults. The literature included in this review provides some demographic information that might be useful in targeting particular populations for interventions designed to increase vaccine uptake, but the existing literature does not specifically inform intervention strategies. More research to better understand what factors, beliefs, attitudes, perceptions and experiences lead to vaccine seeking behaviors among older adults in general but also specific to vulnerable sub-populations, for example African Americans and individuals recently admitted to a nursing home, is needed. More research around influenza vaccination disparities is also needed; the research available today only illustrates that there are disparities without explaining why those disparities persist. Additionally, studies assessing the impact of community-level factors affecting vaccine uptake among older adults are missing from the current literature. For example, research related to the impact of proximity to a vaccine provider, transportation to and from those providers, and community-level norms and messages regarding vaccines are needed. Studies around provider decision-making and the high-dose vaccine are also missing from the literature. McGrath and Brookhart’s research shows who has received the high-dose vaccine, but not why. 

Our understanding of influenza vaccine-related behaviors is inevitably limited without more in-depth research around this topic. There is only so much that can be gleaned from a secondary data analysis using information that was not collected with these particular research questions in mind. To answer the why and how individuals are not receiving the high-dose vaccine requires more qualitative and mixed-methods research that is simply missing from the literature today. 

5.0  discussion

This review summarizes the current evidence around the efficacy and effectiveness of the high-dose influenza vaccine and factors affecting influenza vaccination coverage among older adults. Given the relatively recent Phase III and IV clinical trial findings demonstrating significantly greater protection against influenza with the high-dose vaccine than with the standard-dose vaccine (DiazGranados et al., 2014) and the very recent publication demonstrating fewer than 1 in 5 older adults who were vaccinated since 2009 received the high-dose vaccine (McGrath & Brookhart), it is likely more rigorous evaluation in this area as well as a change in ACIP recommendations is on the horizon. ACIP reviews their recommendations on an annual basis, and the DiazGranados et al. study has come out since the ACIP’s last set of recommendations, so it seems likely these clinical trial results will lead to a policy change in the form of an ACIP recommendation in 2015. Regardless of the ACIP recommendations and the effectiveness of the high-dose vaccine, more work regarding vaccine uptake among older adults is needed if influenza morbidity and mortality are to be significantly reduced. Vaccination coverage remains stagnant around 65 percent (Reed 2014) and research looking at interventions designed to increase influenza vaccination coverage, particularly vaccination with the high-dose vaccine, is needed because none were found in the course of this review. 

Only twelve studies in the peer-reviewed literature were identified for inclusion in this review, but with a more effective vaccine, renewed attention will hopefully be paid to understanding and implementing vaccination strategies among older adults. The literature provides a starting point for vaccination interventions by providing demographics for the particularly vulnerable. Now, tailored interventions are needed for older adults in general, but also for sub-populations of older adults including African Americans, those living in nursing homes, and those wihtout a regular source of health care. Interventions for increasing the use of the high-dose vaccine by providers who see older adults are also needed. From this understanding of who is most in need of vaccination interventions, researchers and public health practitioners can begin a more comprehensive approach to understanding vaccine-related behaviors and decision-making among older adults specifically around the high-dose influenza vaccine. The high-dose vaccine is a better prevention tool for older adults than has ever before been available, and this is an opportunity to build upon that success through targeted research and interventions. 
6.0  conclusion

6.1 study limitations

This review has several limitations. First, this review was not systematic and was conducted over a three month period. The evidence synthesized here might not be comprehensive, and articles meeting the inclusion criteria might not have been retrieved through the search strategy utilized for this review; only one search engine, PubMed, was used for this review. Additionally, only one person conducted the review, so it is possible studies meeting the criteria were excluded in error during the preliminary or complete reviews. As with the Jefferson et al. review published in 2010, it is also possible that due to the evolving nature of this topic, this review might become outdated relatively quickly, for example, if ACIP recommendations change or a new vaccine is licensed. 

The evidence related to factors affecting influenza vaccination coverage among older adults is also not strong enough to provide clear conclusions to inform vaccination efforts. The literature suggests being white, having health insurance, non-smoking status, having English as a primary language, and having a usual source of health care are associated with an increased likelihood to have been vaccinated or accept vaccination. The literature does not provide information related to how or why individuals with these characteristics were more likely to receive the influenza vaccine; to understand how to achieve more equitable and complete coverage, though, we must understand more than a description of the population we are trying to reach. It is for this reason, perhaps, that the United States fell far short of the Healthy People 2010 goal of 90.0 percent vaccination coverage and seems to be on a similar path for 2020 (HealthyPeople.gov 2015). 
6.2 public health relevance
Influenza is a significant public health issue. Influenza alone leads to an average of more than 200,000 hospitalizations and 36,000 deaths each year; more than 90 percent of these influenza-related deaths occur among older adults (CDC 2012). For the first time, it is possible there is a highly effective prevention tool for the disproportionately affected older adult population. Understanding and preventing influenza through the use of the high-dose influenza vaccine has the potential to significantly improve public health through preventing illnesses and hospitalizations, reducing influenza mortality, and reducing expenditures related to influenza morbidity. If the high-dose influenza vaccine is as effective as the clinical trials included in this review suggest, thousands of lives and millions of dollars might be saved each year. However, an effective vaccine is not enough; older adults must be vaccinated with the high-dose vaccine in order to benefit. Here, public health has much work to do. The facilitators and barriers to vaccination among older adults are not clearly understood; the first step to achieving 90.0 percent vaccination coverage by 2020 is to understand how to facilitate individual decision making and access to get vaccinated. In consdering the public health significance of this review, it is also important to note this literature review summarizes the evidence that might be used to modify ACIP recommendations for older adults in coming years and points to the need for research related to vaccination coverage and decision making among older adults. 
6.3 final remarks

The high-dose influenza vaccine is an incredible achievement if the efficacy and effectiveness demonstrated in the clinical trials included in this review are realized in the community. However, the development of this vaccine only highlights the need for a renewed effort to increase vaccination coverage among older adults in the United States. 64.7 percent is not an acceptable vaccination coverage rate (Reed 2014). This literature review summarizes findings related to the demographics of individuals who are more and less likely to receive an influenza vaccine. This research demonstrates a need for targeted public health interventions to increase vaccination coverage among older adults and provides a starting point by outlining vaccination coverage disparities related to race, ethnicity, health care access, and other health behaviors. 
The first step is conducting more research related to specific facilitators and barriers to influenza immunization in order to support those facilitators and reduce those barriers, achieving greater protection for individuals, families, and communities. Vaccines are one of the safest and most effective public health prevention tools, and yet we do not maximize their potential. Research around vaccine-related behaviors, especially in older adults, is an opportunity to make a significant impact on influenza-related morbidity and mortality, especially as the most effective influenza vaccine for older adults is available, and underutilized, today. 
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