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Abstract: Vaccination remains the primary preventive strategy in the elderly against 

Streptococcus pneumoniae and influenza infections. The effectiveness of this strategy in pre-

venting pneumonia has been in doubt despite the increase in vaccination coverage among older 

adults. Randomized controlled trials (RCTs) and observational studies aimed at determining 

clinical outcomes and immune response following pneumococcal vaccination have yielded 

conflicting results. The protective efficacy of pneumococcal vaccination against pneumonia 

in older adults has not been firmly established due to a lack of RCTs specifically examining 

patients $ 65 years of age. Similarly, the reported benefits of influenza vaccination have been 

derived from observational data. The assessment of clinical benefit from influenza vaccination 

in the elderly population is complicated by varying cohorts, virulence of the influenza strain, 

and matching of vaccine and circulating viral strains. The presence of selection bias and use 

of nonspecific end points in these studies make the current evidence inconclusive in terms of 

overall benefit. The development of more immunogenic vaccines through new formulations 

or addition of adjuvants holds the promise of revolutionizing delivery and improving efficacy. 

Dismantling existing barriers through education, providing technology assistance predominantly 

to developing countries, and establishing clear regulatory guidance on pathways for approval 

are necessary to ensure timely production and equitable distribution.

Keywords: pneumococcal vaccine, influenza vaccine, vaccine effectiveness, pneumonia, 

older adults

Introduction
The description by Sir William Osler, “Pneumonia remains now, as then, the most 

serious acute disease with which physicians have to deal; serious because it attacks the 

old, the feeble … persons who are not able to withstand the sudden sharp onset of the 

malady,” still stands the test of time.1 Over a century later, pneumonia remains a major 

cause of morbidity and mortality in the elderly. In 2005, pneumococcal disease and 

influenza were the eighth-leading cause of death in the United States and the leading 

cause of infection-related mortality for all age-groups.2 An estimated 90% of deaths 

caused by these diseases occur among adults 65 years of age or older.3,4 Nonbacteremic 

pneumococcal pneumonia accounts for approximately 30% of all patients hospitalized 

with community-acquired pneumonia, while annual influenza epidemics result in an 

average of more than 18,000 deaths and 48,000 hospitalizations among older persons 

in the United States,5 more than all other vaccine-preventable diseases combined. It 

has been estimated that the total annual excess cost of hospital-treated pneumonia 

as a primary diagnosis in the elderly fee-for-service Medicare population in 2010 
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exceeded $7 billion.6 Most of the direct expense is attrib-

uted to inpatient costs, including hospitalization, length of 

stay, room and board, and physician services. The purpose 

of this manuscript is to provide an overview of the current 

pneumococcal and influenza effectiveness in the elderly and 

delineate future immunization strategies to reduce the rate 

of pneumonia in this age-group.

Pneumococcal vaccine
Based on the most recent recommendations, the Advisory 

Committee on Immunization Practices (ACIP) advo-

cates a single dose of 23-valent pneumococcal capsular 

polysaccharide vaccine (PPSV23) for all persons aged 

65 years and older. In addition, for adults aged 19–64 years, 

PPSV23 should be administered to those who are immuno-

compromised (including chronic renal failure or nephrotic 

syndrome); those with functional or anatomic asplenia; those 

who are immunocompetent and have chronic conditions such 

as alcoholism, diabetes mellitus, or chronic lung disease; 

those who are smokers; and those with cochlear implants 

or cerebrospinal fluid leaks. A repeat vaccination is recom-

mended for persons $ 65 years of age who received their 

first vaccine at ,65 years of age, but revaccination is not 

recommended for persons who received their first vaccination 

at $65 years of age unless the patient is immunocompro-

mised or asplenic. Furthermore, a one-time revaccination 

after 5 years is recommended for older adults with chronic 

renal failure, nephritic syndrome, or immunosuppressive 

conditions. Although not yet recommended by the ACIP, 

13-valent pneumococcal conjugate vaccine (PCV13) is 

available for use among adults aged 50 years and older in 

accordance with the package insert.

The currently available pneumococcal polysaccharide 

vaccine (PPV) was licensed in 1983, replacing the 14-valent 

vaccine introduced in 1977. The 23-valent vaccine includes 

serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 

14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F; 

some of these serotypes have a fair cross-reactivity with 

serotypes that are not contained in the vaccine (namely 6B, 

6A, 15B, and 15A), providing potential coverage of more 

than 23 serotypes. These serotypes in the vaccine represent 

85%–90% of serotypes that cause invasive pneumococ-

cal disease in the United States.7 Since it is made up of 

polysaccharide and nonprotein antigens, the PPV induces 

an antibody response independent from T lymphocytes. 

These antigens induce type-specific antibodies that enhance 

opsonization, phagocytosis, and killing of pneumococci by 

leukocytes.

In most elderly patients, the antibody response to PPV 

immunization is adequate.8 The percentage of elderly patients 

with postvaccination antibody concentration  . twofold 

ranges from 84% for serotype 18C, to 90% for serotypes 7F, 

9V, and 19F.9 However, antibody potency, as measured by 

the ratio of opsonization titer to antibody concentration, is 

significantly lower for elderly subjects for all serotypes.10 In 

addition, certain patients with underlying comorbidities may 

respond only partially to some of the 23 serotypes included 

in the vaccine. These patients usually exhibit impaired B-cell 

response and decreased avidity of induced antibodies,11,12 

which limit the benefit of pneumococcal vaccination.

Normally, a steady decline in serotype-specific antibody 

titers occurs following vaccination, and prevaccination levels 

are generally reached within 5–10 years.7 An anamnestic 

response does not occur at revaccination, and the overall 

increase in antibody levels is lower after revaccination 

than following primary vaccination.13 In two recent studies, 

patients who had received PPSV23 3–5 years previously had 

modestly lower opsonophagocytic killing activity and total 

antibody responses at 30 and 60  days after revaccination 

with PPSV23 than did vaccine-naive recipients, although 

these differences were not statistically significant for most 

serotypes.14,15 The mechanism of this phenomenon, known as 

immune hyporesponsiveness, remains under investigation.16 

One hypothesis stipulates activation of memory suppressor 

T cells14 while another suggests depletion of memory B 

cells.17 In the absence of an immune correlate of protection 

for pneumococcal infection in adults, the clinical significance 

of this phenomenon is yet to be determined.

The effectiveness of PPSV23  in reducing pneumonia 

and its complications in the elderly population remain 

controversial.18 The recommendation of PPSV23 was based 

on several clinical trials (ie, trials before 1980) and epidemio-

logical studies,19,20 which found a protective effect against 

bacteremia and invasive disease.21 In contrast to observational 

studies22–28 (Table 1), clinical investigations have shown a 

reduction in risk of death by pneumonia among younger 

adults and institutionalized elderly subjects vaccinated with 

PPSV23,29,30 but an effect on mortality from pneumonia has 

not been consistently documented for high-risk patients or 

noninstitutionalized older adults.21,31,32 Overall, eight clinical 

trials evaluated vaccine effectiveness against all-cause pneu-

monia in elderly people.23,24,32–38 Only two23,35 demonstrated 

a reduction in risk in the group that received PPSV23. Both 

were derived from patients residing in skilled nursing facili-

ties or long-term-care institutions. Gaillat et al23 evaluated 

1686 residents of long-term-care institutions in France that 
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Table 1 Observational studies related to the effectiveness of pneumococcal polysaccharide vaccine against all-cause pneumonia in 
older adults

Reference Vaccine valency Study population VE (95% CI)

Kauffman22 3 Long-term-care facility residents (80% were aged .60 years)  
in New York City

92 (72–98)

Gaillat et al23 14 Residents of 48 long-term-care institutions in France 79 (53–91)
Honkanen et al24 23 Persons $ 65 years of age in northern Finland −20 (−50 to 10)
Jackson et al27 23 47,365 Group Health Cooperative members 65 years  

of age or older
HR 1.04 (0.96–1.13)

Vila-Corcoles et al25 23 Community-dwelling individuals aged $65 years 45 (12–66)
Johnstone et al28 23 3415 admitted to six hospitals (83% aged .65 years) HR 1.24 (0.89–1.72)
Vila-Corcoles et al26 23 19 participating primary health care centers and laboratory  

departments of three tertiary hospitals (74% aged .65 years)
46 (25–61)

Abbreviations: VE, vaccine effectiveness; HR, hazard ratio; CI, confidence interval.

were vaccinated with the 14-valent PPV. The incidence of 

pneumonia was significantly reduced in the vaccinated group, 

but the mortality rate was unchanged. The study, however, 

did not include a placebo group, and neither subjects nor 

investigators were blinded to vaccine assignment. Those 

limitations have raised questions regarding the validity of the 

findings.39 In a more recent randomized, placebo-controlled 

study in nursing homes, Maruyama et al35 showed a 63.8% 

(95% confidence interval [CI] 32.1–80.7) reduction of pneu-

mococcal pneumonia and all-cause pneumonia mortality in 

vaccinated institutionalized elderly. These findings under-

score the high risk of pneumococcal pneumonia in nursing 

homes and long-term-care facilities. None of the other six 

trials, including an NIH-sponsored trial involving 13,600 

older adults33 and a trial in Finland involving 26,925 elderly 

adults,24 have demonstrated a significant vaccine-associated 

reduction in risk of all-cause pneumonia. Although many of 

these trials evaluated an end point of pneumococcal pneumo-

nia, which was variably defined depending on the trial, none 

identified a reduction in the risk of pneumococcal pneumonia 

in prespecified analyses of all subjects. These clinical trials 

suggest that PPSV23 is not highly effective against nonbac-

teremic pneumococcal pneumonia, but do not rule out the 

possibility that the vaccine may lead to a reduction in risk of 

pneumococcal pneumonia that is not reflected by a detect-

able difference in risk of all-cause pneumonia evaluated in 

these trials.40

A Cochrane review concluded that while polysaccharide 

vaccines are effective in reducing the incidence of invasive 

pneumococcal disease among adults and immunocompetent 

elderly subjects aged $55 years, PPSV23 does not appear to 

reduce the incidence of pneumonia or death in adults (with or 

without chronic diseases) or in the elderly.41 Similarly, in the 

most recent published meta-analysis of randomized clinical 

trials carried out in elderly population, Huss and colleagues42 

failed to show any protection of PPSV23 against all-cause 

pneumonia. In fact, there was little evidence of vaccine 

protection among elderly patients or adults with chronic 

illness in analyses of all trials (relative risk 1.04, 95% CI 

0.78–1.38, for presumptive pneumococcal pneumonia; 0.89, 

95% CI 0.69–1.14, for all-cause pneumonia; and 1.00, 95% 

CI 0.87–1.14, for all-cause mortality). As a commentary, 

Fedson and Musher7 argued that clinical trials of PPV were 

destined from the outset to be inconclusive because they 

suffered from methodologic problems and were too small 

to reliably show effects on all-cause pneumonia.

In 2000, the first pediatric pneumococcal vaccine – the 

7-valent PCV (PCV7) – was licensed for prevention of 

pneumococcal disease in children younger than 5 years. The 

mechanism and advantages of conjugated PPVs have been 

covered recently in a review article on PCV7.43 Notably, 

PCV7 was found to be more immunogenic in the elderly than 

the PPSV23 and to exhibit a booster effect following a second 

vaccination a year later.17 Despite the early success of PCV7 

and the near-total elimination of disease caused by vaccine 

serotypes in countries with routine immunization programs, 

significant concerns emerged from serotypes not included 

in PCV7. Among these serotypes were 1, 3, 5, 6A, 7F, 12F, 

19A, 33, and 35.44–46 As a result, PCV13 was developed as 

a successor to PCV7 to address the need to provide protec-

tion against pneumococcal serotypes that have emerged as 

common causes of infection. PCV13 contains the serotypes 

found in PCV7, plus an additional six serotypes: 1, 3, 5, 6A, 

7F, and 19A.47

The immunogenicity of PCV13 in the elderly was evalu-

ated in two randomized multicenter studies (unpublished) 

conducted in the United States and Europe.48 The first 

trial enrolled adults aged $50 years who received a single 

dose of either PCV13 or PPSV23. Functional antibody 

responses were measured 1 month after vaccination using 
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an opsonophagocytic activity (OPA) assay. In those aged 

60–64 years who were naive to PPSV23, PCV13 elicited 

OPA geometric mean antibody titers to the twelve serotypes 

common to both vaccines that were comparable to or higher 

than responses elicited by PPSV23. For serotype 6A, which 

is unique to PCV13, OPA antibody responses were higher 

after PCV13 vaccination than after PPSV23 vaccination. 

The second study included adults aged 70 years and older 

who previously had been immunized with a single dose of 

PPSV23 at least 5 years before enrollment. PCV13 elicited 

OPA responses that were noninferior to those elicited by 

PPSV23 for the 13 serotypes. Revaccination with PCV13 a 

year following initial administration of PCV13 resulted in 

OPA levels similar to those observed after the first dose. In 

contrast, subjects who were vaccinated with PPSV23 as the 

initial study dose displayed lower OPA antibody responses 

after subsequent administration of PCV13 compared to those 

who had received PCV13 as the initial vaccine, regardless of 

the level of the initial OPA response to PPSV23.48

On December 30, 2011, the FDA approved PCV13 for 

prevention of pneumonia and invasive disease caused by 

PCV13 serotypes among adults aged 50 years and older. The 

approval was granted under the FDA’s Accelerated Approval 

regulation, which permits the agency to approve products for 

serious or life-threatening diseases on the basis of early evi-

dence of a product’s effectiveness that is “reasonably likely 

to predict clinical benefit.”49 The FDA recognized that the 

clinical efficacy of PCV13 against pneumococcal pneumonia 

in adults $ 65 years of age had not been demonstrated. As 

part of the Accelerated Approval regulation process, Pfizer 

has agreed to conduct further studies to verify the anticipated 

benefit of the vaccine. To this end, a placebo-controlled trial 

involving approximately 85,000 persons aged 65 years and 

older who have never received PPSV23 is under way in the 

Netherlands to assess the protective benefit of PCV13  in 

the prevention of pneumococcal pneumonia.50 In addition, 

the FDA acknowledged that the full impact of routine PCV13 

vaccination among children on the incidence of pneumococ-

cal pneumonia in the elderly caused by serotypes outside 

those included in PCV13 is not known at this time. The 

most recent data from the United States demonstrate that 

approximately 15% of invasive pneumococcal disease is due 

to the ten strains included in the PPSV23 but not the PCV13.51 

However, several prognostic models suggest reductions in 

the overall number of invasive pneumococcal disease (IPD) 

cases following PCV13  introduction, though of varying 

magnitude. This predicted reduction in the overall number 

of IPD cases following PCV13  introduction is attributed 

to the lower propensity to develop invasive disease given 

carriage of non-PCV13  serotypes in elderly age-groups, 

where most of the IPD cases occur.52 Furthermore, analysis 

extrapolated from observed PCV7 data using assumptions 

regarding serotype prevalence indicates that vaccination with 

PCV13 is anticipated to decrease the incidence of all-cause 

hospitalized and nonhospitalized pneumonia by approxi-

mately 948,000 and 1.93 million cases, respectively, over 

a 10-year period.53

Influenza vaccine
The first population-scale use of an inactivated influenza 

vaccine was in US military personnel in 1945. It was not 

until the 1960s that the US health agencies pursued a policy 

of widespread influenza vaccination targeting the high-risk 

segment of the population, including patients with chronic 

conditions and elderly people.54 This came in response to 

the substantial morbidity and mortality during the 1957–58 

pandemic.55 The recommendation was made on the basis 

of studies showing efficacy in young healthy recruits with 

clinical illness or seroconversion as primary measures of 

infection. In 1964, the ACIP reaffirmed this recommendation, 

but noted the absence of efficacy data.56

The benefit of influenza vaccination in the general elderly 

population (65 years and older), many of whom have chronic 

health conditions, has not been adequately assessed in ran-

domized trials. The largest placebo-controlled randomized 

controlled trial (RCT) was conducted in the Netherlands 

during the 1991–92 influenza season. In that study, Govaert 

and colleagues57 randomized 1838 healthy volunteers 

aged $60 years to either trivalent inactivated influenza vaccine 

or placebo. After stratifying by age, influenza vaccine effective-

ness was estimated at 57% (95% CI 33%–72%) in subjects 

aged 60–69 years, but only 23% in volunteers aged $70 years 

(95% CI 21%–33%). The authors suggested that the effective-

ness of the vaccine wanes with aging consistent with immune 

senescence after the age of 70 years. Analysis of antibody 

responses to inactivated influenza vaccines lends support to this 

hypothesis, as elderly people mount an immune response about 

one-quarter to one-half that of younger adults.58 Two contempo-

rary placebo-controlled trials of influenza vaccination in elderly 

people failed to demonstrate improved survival or reduced 

hospitalization.59,60 So far, it has not been possible to resolve 

conclusively the question of influenza vaccine effectiveness 

in this age-group. An RCT with death due to influenza as the 

outcome would be difficult to undertake because of the sample 

size required and the problem of obtaining ethics approval for 

an established public-health intervention.61
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In contrast, observational studies have consistently 

reported reductions in all-cause mortality for vaccinated 

seniors during the influenza season.62 A series of cohort 

studies undertaken between 1980 and 2010 showed a 

significant reduction in hospital admission and all-cause 

mortality after seasonal influenza vaccination for individuals 

aged 65 years and older.63–68 Indeed, studies have indicated 

that vaccination can be up to 43% effective in preventing 

influenza-related pneumonia67 and up to 70% effective in 

preventing hospitalization for pneumonia and influenza for 

older persons living in an institutional setting.68 Three quan-

titative reviews of cohort studies have concluded that influ-

enza vaccination reduced pneumonia and all winter deaths 

attributed to influenza among community-dwelling elderly 

people 65 years and older by 30%–50% and 47%–68%,69–71 

respectively. These results have been taken as evidence that 

vaccination reduces the risk of death and influenza-related 

hospital admission in the elderly,72 and have led to support 

of senior vaccination programs as both cost-saving73,74 and 

cost-effective.68 However, questions have arisen about the 

quality and interpretation of these data.75–78 Simonsen et al3 

analyzed influenza vaccine coverage and computed the 

estimates of influenza-related mortality and all-cause deaths 

for 33  influenza seasons from 1968 to 2001  in the USA 

elderly population. The study found no correlation between 

increasing vaccination coverage after 1980 and declining 

mortality rates in any age-group. Moreover, Simonsen and 

colleagues3,79 argued that flu shots could not possibly have 

prevented more deaths than the 5%–10% of deaths that 

were flu-related. Assuming a vaccine effectiveness of 50% 

against these winter deaths with no deaths attributable to 

influenza outside the winter months, the maximum percent-

age of all-cause winter mortality that could be prevented 

by the influenza vaccine would be about 2%–5%. Changes 

of such a small magnitude in all-cause deaths could easily 

be missed in ecological and observational studies. A recent 

Cochrane systematic review concluded that the effectiveness 

against influenza-like illness in aged individuals or the exact 

benefit of the vaccine strategy against laboratory-confirmed 

influenza cases could not be established, due to the likely 

presence of bias in nonrandomized controlled trials.80

Accurate assessment of influenza vaccine effectiveness 

can be a challenge due to varying case definitions of influ-

enza, use of different clinical end points, and poor correlates 

of protection in immunogenicity studies. Methodological 

flaws that yield inconsistency in outcome measurements 

include (1) failure to exclude participants with conditions that 

impact the immune system, (2) eligible candidates previously 

vaccinated, and (3) those with high prevaccination titers.81 For 

example, higher preimmunization titers are associated with 

lower likelihood of a rise in antihemagglutination antibodies 

or seroconversion, leading to underestimation of the vaccine 

efficacy.82 Yet, there is no evidence that high prevaccination 

titers may lead to reduced effectiveness of influenza vaccine 

when in fact elderly subjects with high prevaccination titers 

showed postimmunization geometric mean titers comparable 

to or higher than those observed in people with low preimmu-

nization titers.83,84 The ability to mount an immune response 

also differs markedly between influenza strains and among 

study cohorts. As antibody response is but one of several 

components of the immune response, in order to fully gauge 

vaccine efficacy in the elderly, one should take into account 

changes not only in the adaptive immune system’s antibody 

response but also age-related changes in the cellular response 

and the activation of the innate immune system. With the 

extensive polymorphism penetration in Toll-like receptors, 

a poor antibody response to influenza vaccination presents 

another confounding variable unaccounted for by simply 

relying on chronologic age.85

Additive preventive effect  
of influenza and pneumococcal 
vaccines in elderly persons
Coinfection with Streptococcus pneumoniae and influenza 

has been observed in several epidemics.86–88 It is speculated 

that the damage to the airway epithelial lining caused by 

influenza promotes bacterial growth,89–91 and that in turn 

bacterium-derived proteases enhance viral virulence. With 

the ongoing debate about the efficacy of influenza and 

pneumococcal vaccination, there have been a few trials 

that examined the combined effect of simultaneous influ-

enza and pneumococcal vaccination in older adults. In a 

large-cohort study of Swedish patients $ 65 years of age, 

Christenson et  al92 studied the additive effectiveness of 

pneumococcal and influenza vaccination on a population 

of Stockholm residents aged 65 years and older. The study 

resulted in a 29% reduction in the incidence of all-cause 

pneumonia and a 35% reduction in the death rate from all-

cause pneumonia in the vaccine group.92 Moreover, patients 

who were hospitalized for influenza or pneumonia after 

having received both vaccines had a significantly shorter 

mean length of stay than those who were not vaccinated. 

More recently, a randomized trial involving 786 Japanese 

individuals aged $65 years showed a significant reduction 

in direct medical costs (approximately $660) for pneumonia 

who received routine influenza vaccination during the first 
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year following the PPV vaccinations for subjects older than 

75 years of age and for those who had difficulty walking, but 

not for all study subjects older than 65 years.34

Several analyses have documented the cost-effectiveness of 

this approach. Weaver et al93 calculated the cost-effectiveness 

ratio for concomitant influenza vaccine and PPSV23 in the 

elderly to be $35,486 per quality-adjusted life year (QALY), 

compared with $53,547 per QALY for PPSV23 and $130,908 

per QALY for influenza given alone. Similarly, Cai et al94 

found that for 100,000 elderly people over 65 years of age in 

Japan, the cost-effectiveness ratio of influenza-only vaccina-

tion was $6187 per year of life saved, while the combined 

vaccination of influenza with pneumococcal was $5511 for 

the same benefit.

Optimizing strategies for vaccine 
uptake in the elderly
The paucity of RCT data and the limitations of the cohort 

studies done to date make the evidence base for existing 

pneumococcal and influenza vaccination in older adults to 

prevent pneumonia marginal at best. To fill the gaps with con-

ventional vaccines, several strategies have been investigated 

during the last few years, searching for innovative formula-

tions able to offer a higher and broader immune response, 

or an equivalent response at a lower antigen dosage, while 

maintaining a good safety and bioavailability profile.95,96 

Three innovative vaccine approaches are currently being 

pursued for S. pneumoniae, as follows.

Adaptation and modifications of the 
capsular polysaccharide conjugate vaccine
With the growing evidence of serotype replacement, 

expanded-valency PCVs are being tested, but the cost and the 

complexity of manufacture pose serious impediments. The 

international nonprofit organization Program for Appropriate 

Technology in Health (PATH) is collaborating separately 

with the Serum Institute of India and the China National 

Biotec Group’s Chengdu Institute of Biological Products 

to speed the development of PCVs that target serotypes 

prevalent in underdeveloped countries and deliver these at 

an affordable rate, using novel techniques to reduce the cost 

of generating conjugates.

Protein-based serotype-independent 
subunit vaccines
Two well-studied examples of these include pneumococcal 

surface protein (Psp) PspA, and choline-binding protein (also 

referred to as PspC). Theoretical major advantages for such 

forms of vaccination are serotype-independent protection, 

the possibility of oral or intranasal administration, and the 

likelihood of a less complex production process. Another 

formulation involves the use of full proteomic screens 

whereby protein libraries are evaluated for immunogenic 

targets. A recombinant protein vaccine derived from antigens 

identified through antibodies recovered from convalescent 

sera of patients with invasive pneumococcal disease has 

cleared phase I clinical trial.97

Killed whole-cell pneumococcal vaccine
Preliminary data using killed whole cells showed a robust and 

reproducible protection against nasopharyngeal colonization 

and invasive disease.98 Potential advantages of this approach 

include the very low cost of production, the serotype-

independent mechanisms of protection, and the possibility 

of conferring comprehensive immunity to colonization and 

invasive disease.

As for influenza vaccines, new formulations, such as 

increasing the dose of the trivalent inactivated vaccine,99,100 

change to live attenuated vaccines,101 or virosomal vaccines,102 

have been evaluated in older subjects with varying success. 

The addition of novel adjuvants (MF59 or AS03) to improve 

the immunogenicity of these vaccines103,104 has been 

demonstrated to be safe and well tolerated in the elderly, as 

reported both in phase I–IV clinical studies involving more 

than 14,000  individuals. Antibodies generated in this way 

may also be more protective against drift variants, which is 

important as pandemic viruses evolve.

From a health-care policy point of view, there remains 

the long-standing issue of how to engage both physicians 

and the general public in vaccination programs. Participating 

in vaccination programs can be expensive, and many insur-

ance plans in developing and underdeveloped countries have 

poor coverage for preventive services, particularly elderly 

immunizations. Frailty poses barriers to vaccination, and 

patients (and providers) may tend to “give up” on preventive 

measures near the end of life. The antivaccine movement may 

also contribute to the fear of adverse events. Although serious 

adverse events due to vaccination are rare and are limited to 

fever and mild, local reactions at the injection site, media atten-

tion to rare adverse events increases public awareness of their 

occurrence and may decrease receptivity to vaccination.

The success of a vaccination program will require politi-

cal will to put pneumonia prevention a priority on the national 

health agenda and an intricate collaboration between health 

agencies and health-care facilities to assure that vaccines 

reach all elderly patients in order to stay ahead of the bacteria 
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and viruses that are known to be vaccine-preventable. One 

model of health organization that showed high success in 

vaccination against pneumonia pathogens is the Veterans 

Administration (VA). The VA has the highest immunization 

rates, with similar rates among blacks and whites. This may 

be explained by its use of a multimodal program to increase 

rates, including patient reminders, standing orders, freestand-

ing vaccination clinics, and assessment of vaccination rates 

with feedback and incentives to clinicians.105

Conclusion
As the population of older adults and the prevalence of under-

lying medical conditions that complicate the course of pneu-

monia increases, hospitalizations for pneumonia are likely to 

continue to rise unless effective intervention strategies are 

implemented. Current US strategies to prevent pneumonia 

among older adults include recommending immunization 

with PPV and annual influenza vaccinations. However, the 

effectiveness of these vaccines decreases with increasing 

age and among individuals with comorbid conditions. In the 

absence of RCTs and the unlikely event that RCTs will be 

conducted with the currently licensed vaccines, additional 

strategies, such as more effective vaccines for older individu-

als and new vaccines for common pathogens, will likely be 

necessary. Further research to gain deeper insight into basic 

mechanisms of immunosenescence, adaptation of vaccination 

strategies, and development of new modes of administration 

and adjuvants will help to achieve optimal protection in old 

age against the “Captain of the men of death.”
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