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Abstract
OBJECTIVES—To assess how influenza vaccination coverage in children is related to
pneumonia and influenza (P&I) in US seniors and if these associations are modified by
sociodemographic factors.

DESIGN—We abstracted approximately 5 million hospitalization records from the Centers for
Medicare and Medicaid Services for four influenza years, 2002–2006. We estimated a single year
age distribution of rates of P&I hospitalization by state for each influenza season and observed an
exponential acceleration in the P&I rates with age for each influenza season. State-and season-
specific P&I rate accelerations were regressed against the percentage of vaccinated children,
seniors, or both using mixed effects models.

SETTING—United States population, 2002–2006

PARTICIPANTS—US population aged 65 and above

MEASUREMENTS—State-level influenza annual vaccination coverage data in children and
seniors were obtained from the National Immunization Survey and the Behavioral Risk Factor
Surveillance System, respectively.

RESULTS—Child influenza vaccination coverage was negatively associated with age
acceleration in P&I, whereas influenza vaccination in the seniors themselves was not significantly
associated with P&I in seniors.

CONCLUSION—Vaccination of children against influenza may induce herd immunity against
influenza for seniors and has the potential to be more beneficial to seniors than the existing policy
to prevent influenza by vaccinating seniors themselves.
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INTRODUCTION
Influenza and associated diseases are among the leading causes of death for older adults in
the US. In the general population, there were nearly 1.7 million annual hospitalizations
attributable to pneumonia and influenza (P&I), with 65% of those cases having P&I as the
primary diagnosis.1 Of the 1.7 million annual hospitalizations for influenza-associated
diseases, most (1.2 million) are from the 65+ population. Older adults consequently
experience the most severe complications from these diseases compared to all other
population subgroups. The P&I mortality rate is 22.1 per 100,000 in the older population
aged 65–99 years (hereafter ‘older population’), nearly 100 times higher than the group with
the next highest rate—0.3 per 100,000 in children under one year of age. From 2000 to
2002, there were over 1.2 million hospitalizations in the 65+ population with any-listed
diagnosis of pneumonia.2 The population aged 85 and above experience the highest rates of
hospitalization from P&I—629 per 100,000 person-years.1 P&I morbidity increases nearly
exponentially with age in the older population,3 likely resulting from declining
immunological function with age.4 The aging and growth of the older population will likely
magnify the impact of P&I in this vulnerable population.

Influenza is easily spread from person to person. One means of controlling influenza is to
vaccinate those individuals who are most likely to spread the infection first, particularly in
environments where vaccination is not obligatory or where vaccine supply is limited. The
primary means of controlling influenza, which is largely preventable, is through annual
vaccination.5 Vaccine safety in children has been well documented, for both inactivated
vaccine6 and live attenuated vaccine7 in children ages 9–17. In children, influenza vaccine
has been shown to be highly efficacious in clinical settings, with efficacy ranging between
65 and 96%.8 For the older population, however, vaccine efficacy is consistently lower
(12%9–68%10). Clinical efficacy of the influenza vaccine is higher in older adults under age
75 than in those above age 75,11 which is consistent with the observed declines in immune
function with age.12

Recent research suggests potential pathways for transmission of influenza virus between
children and the older population. Influenza vaccination coverage in children was associated
with decreased all-cause mortality and mortality from P&I in the older population in
Japan,13 in addition to protecting children themselves from death.14 Mass influenza
vaccination of children was shown to significantly reduce influenza-like illness in children,
and influenza-related diseases in older adults.15 These results suggest herd immunity, which
occurs when vaccinating one population subgroup reduces exposure in another group,16 and
has been demonstrated in other infectious diseases, including Haemophilus influenzae type
b,17 measles,18 and oral cholera.19 A community with customary vaccination practices
experienced substantially higher influenza incidence in the adult population than in a
neighboring community in which 85% of schoolchildren were vaccinated against
influenza.20 Modest, but significant reductions in influenza rates in older adults aged 50–64
occurred where schoolchildren were immunized against seasonal influenza compared to the
control school,21 suggesting that such a vaccination strategy may impart indirect protection
to older adults, beyond the contribution of vaccination of older adults themselves.

The objective of this study is to assess the potential for herd immunity in the older
population against P&I-associated hospitalization using the most complete database of
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hospitalization records of older adults. We assess associations between vaccination coverage
in children and P&I hospitalizations in the older population during the period 2002–2006.
We also examine the effect of influenza vaccination coverage in the older population on P&I
outcomes in the older population.

METHODS
Data Sources

Outcome variables—Data from the Centers for Medicare and Medicaid Services (CMS)
containing all Medicare-eligible hospitalizations in the United States from July 2002 through
June 2006 were utilized for this analysis. All claims records of hospitalizations associated
with P&I (ICD-9CM codes 480 – 487)22 were abstracted from CMS databases for each of
four influenza years, defined as July through June of the following year for the population
aged 65 to 99. For each state and influenza year the records were summed and arranged as a
single-year age distribution. Population counts were obtained for the population aged 65–99
for single-years of age and influenza year from the US Census Bureau Population Estimates
Program. From hospitalization and population counts, the P&I rates were estimated by
single-year of age, state, and season.

P&I rates increase nearly exponentially with age in the older population, therefore the main
outcome variable is defined as the log of the rate of increase in disease rates with age.3 This
variable, called the P&I rate acceleration, is a relative measure of disease burden in older
adults. This measure takes advantage of having disease rates by single-year of age and
captures the relationship between age and disease rates, which is important as the burden of
P&I is highest in the oldest old. The standard approach of using age-adjusted rates
prioritizes age groups with the highest populations, which is generally the younger portion
of older adults, given that population size decreases with increasing age. Using P&I rate
acceleration, however, effectively weights each age equally reflecting P&I patterns across
all ages simultaneously in the 65+ population, including those at the highest risk of
disease.23

Exposure Variables—Data on state-level influenza vaccination coverage in children
were obtained from the National Immunization Program, a program of the Centers for
Disease Control and Prevention. The National Immunization Program conducts annual
telephone surveys on influenza vaccination in children age 19 to 35 months old through the
National Immunization Survey (NIS). It is used to estimate immunization coverage on the
national and state levels, although in this analysis, only the state influenza vaccination
coverage will be used. Influenza vaccination coverage in older adults was extracted from the
Behavioral Risk Factor Surveillance System (BRFSS) database, a telephone survey
administered by CDC to assess prevalence, of many disease and disease risk factors in the
U.S. and its territories. Vaccination status was asked of study participants aged 65+ and
aggregated state-level influenza vaccination coverage was abstracted for this analysis for
each year from 2002 to 2006.

Statistical Analysis
Summary statistics were obtained for all variables, including influenza vaccination coverage
in the 65+ population, and influenza vaccination coverage in children at the state level.
Pearson correlations were then estimated between each of the exposure-outcome pairs of
variables for all states by season, and for all seasons by state. To model the relationship
between vaccination coverage and P&I outcomes, linear mixed-effects models were used
with state as the random effect to assess the role of state-level covariates in explaining
between-state variation.

Cohen et al. Page 3

J Am Geriatr Soc. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Base Model—For each model, parameter estimates were obtained for unadjusted models,
and for models adjusted for three sociodemographic characteristics: median state income24

log of population density,25 and percent of institutionalized population aged 65+, given that
the BRFSS is a telephone survey. Based on the observed autocorrelations, first-order
autoregressive covariance structures were used in all models, to account for the observed
temporal correlations that were strongest for a one-season lag, and weakened progressively
as the lag increased. The equation used is:

for each state i in influenza season j. β1 represents the coefficients of the explanatory
variable influenza vaccination coverage in older adults. β2 represents the coefficients from
influenza vaccination coverage in children. βi is the vector of effects of the potential
confounding variables matrix Xi for each state i in the adjusted models. The random effect
of state is captured in the model and represented by the αi intercept term, and the residual
error term is represented by εij. The temporal correlation between a pair of measurements on
the same state decreases toward zero as the seasonal lag increases, as described above. Since
the observation times are equally spaced, each element of the variance-covariance matrix
corrected for decay in autocorrelation ρ can be expressed as

where ρ is equal to exp(-ϕ), and ϕ is a constant representing the rate of decline and k is the
seasonal lag, measured in seasons, k = 0 to 3, for all models. Statistical analysis was
performed using SAS version 9.0 (Cary, N.C.), and relevant figures were produced in SPSS
version 17.0 (Chicago, Ill.).

RESULTS
Summary statistics are displayed in Table 1. The results illustrate several notable features of
the data. Overall, influenza comprises approximately 2% of the P&I rate. Influenza
vaccination coverage in children increased steadily during the four years examined. The
relationship between vaccination coverage and P&I rate acceleration are shown in Figure 1.
This graph illustrates the association between P&I rate acceleration and vaccination
coverage in children and illustrate the substantial state-by-state variation in level of disease
burden and vaccination coverage over time. Pearson correlations between age-acceleration
and vaccination coverage in children and older adults were 0.064 (p = 0.373) and 0.302 (p <
0.001), respectively, when examining all states and seasons. Single-year correlations ranged
from 0.205 to 0.358 for vaccination coverage in children, and 0.029–0.457 for older adults.

The results of P&I rate acceleration modeling are shown in Table 2. For each outcome,
Model 1 has influenza vaccination coverage in older adults (65+) as its explanatory variable,
Model 2 included influenza vaccination coverage in children as its main explanatory
variable, and Model 3 contained influenza vaccination coverage in both children and older
adults as explanatory variables. For influenza, vaccination coverage in either children or
older adults was not significantly associated with age acceleration in disease rates, with one
exception: in the unadjusted model, influenza vaccination coverage of older adults was
significantly and positively associated with age acceleration in disease rates. For the
pneumonia-only and P&I models, states with higher levels of influenza vaccination of
children had significantly lower age acceleration in rates than states with lower levels of
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influenza vaccination of children. Influenza vaccination coverage in older adults, however,
was not significantly associated with influenza, pneumonia, or combined P&I age
acceleration rates in the models that were adjusted for confounders.

DISCUSSION
This study is among the first to directly assess the associations between vaccination of
children against influenza and influenza-associated disease burden in the older population.
The effect of vaccinating children to impart indirect protection to older adults, versus the
prevailing strategy of vaccinating older adults themselves was also directly assessed.
Vaccination of older adults against influenza was not associated with a reduction in the
influenza burden in the older population, yet vaccination of children against influenza was
beneficial in reducing disease in older adults. The modeling approach used a novel measure
of population disease burden as the outcome measure, the age acceleration rate of disease in
the older population, which quantifies the nearly exponential increase in disease rates with
age above age 65.23

A sub-analysis was performed using the outcome of age-specific P&I rates for ten-year age
groups (65–74, 75–84, and 85+). The results were similar to those using age-acceleration
coefficients as the outcome variable. Vaccination coverage in the older population was
actually positively associated with P&I rates, while vaccination coverage in children was
either not significantly or negatively associated with age-specific P&I rates in the older
population. Age-adjusted rates provide an important summary measure of P&I in older
adults. However, this traditional measure does not account for the epidemiological,
biological, and demographic processes that give rise to the observed age patterns of P&I in
older adults. The age-increase measure used in this analysis, measuring the relative increase
in P&I rates with age, takes into account the important relationship between disease rates
and age and captures aging and disease dynamics that are masked by age-adjusted P&I rates.
This is because P&I, while prevalent in the entire population, are particularly problematic
for the oldest of the older population, who, consequently, also experience the highest
mortality from P&I. Used together with traditional measurements, alternative measures,
such as the P&I rate acceleration, supplement more traditional measures and provide a more
complete picture of disease patterns in this vulnerable population.

Increased vaccination coverage in children was associated with reduced P&I for the older
population, which could be due to a true biological link between vaccination of children and
P&I outcomes in the older population, or because vaccination coverage in children serves as
a proxy for some intermediate variable that could mediate or modify the relationship.
However, if the results truly reflect the biological relationship between vaccination and P&I
outcomes in the older population, these results suggests that one potential means of
protecting the older against pneumonia and influenza may be to increase vaccination
coverage in children.

The findings of this study should be interpreted with caution, as several limitations of this
analysis exist. The data used in this analysis cover pre-school children, aged 19 to 35
months. Previous research has suggested there may be a link between vaccinating school-
aged children and P&I morbidity and mortality in the older population13–15; however,
influenza vaccination coverage in school-aged children on the state level is not readily
available from the National Immunization Survey and other related data sources. Both
central exposure measures were based on telephone surveys and are therefore subject to
recall bias and sampling error. However, these findings on vaccinating young children are
consistent with those of a household-based study that demonstrated a significant reduction in
influenza infection in households in which children aged 24 to 60 months who attended day
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care were immunized.26 Related factors known to have effects, specifically on pneumonia
hospitalizations, were not considered in this analysis. These include immunization with
polysaccharide pneumococcal vaccine and conjugate vaccine, which have been shown to
have potentially beneficial effects for reducing P&I in older adults.17

Another limitation exists with respect to the outcome data. To calculate age-specific P&I
rates that were used to estimate age acceleration rates, the denominator used was intercensal
population estimates from the US Census Bureau. An alternative denominator that more
accurately reflects the Medicare population would be the denominator file of Medicare
beneficiaries, which was only available for two of the four years under study. Comparing the
two denominators, it was found that there was a consistent and small discrepancy between
the two in the estimation of age-specific population counts (3.5–4.8%). Therefore, the P&I
rates used in the calculation of age acceleration rates were likely consistent underestimates.

Other limitations involve the modeling strategy used. First, the unit of observation was the
state; past research suggests that although states are someone homogeneous, a sizeable
amount of heterogeneity exists within states with respect to the distribution of P&I rates and
sociodemographic characteristics.27 Second, the dominant circulating influenza virus strain
and whether or not the proper vaccine for each influenza season was used were not
considered. Effective matching of vaccine strains to the circulating strain could modulate the
effectiveness of vaccinating older adults against P&I. A third limitation of the modeling
strategy was the assessment of whether vaccination coverage was associated with P&I
outcomes in the concurrent influenza and pneumonia season. The strategy employed in this
analysis does not taking into account the potential for immune memory to last for
consecutive seasons.28 P&I rate acceleration was positively associated with influenza
vaccination rates in the older population, which may reflect the possibility for the positive
association is a possible lagged effect from the previous year. States with unusually high
P&I rates in one season may respond by enhancing vaccination programs and availability for
the following year. In the following year, the P&I levels may still be residually high,
contributing to the anomalously positive correlation between P&I rate acceleration and
vaccination coverage. Despite these limitations, the associations found between influenza
vaccination coverage in children and P&I in older adults was generally consistent across
models.

Another potential limitation is the ecological nature of the study design, suggesting that
individual-level relationships cannot be inferred from these results. The objective of the
study, however, was not to examine individual-level relationships between vaccinating
children and P&I outcomes in older adults within households or families. This type of
research is critical for the understanding of the transmissibility of influenza and pneumonia
from child to adult and has been explored on a small scale in the US26 and Europe.29

Instead, the objective of this study was to assess whether vaccination of children against
influenza could potentially reduce P&I in older adults in the community, thereby exploring
the potential for herd immunity, which cannot be defined on the individual level. If these
findings are further validated in future studies, an important issue that must be considered is
the coverage of influenza needed to induce herd immunity. Despite the seemingly low levels
of vaccination coverage in children, a modest, but detectable level of herd immunity was
observed. Also, the time period of study poses unique challenges due to changes to the
recommended age groups to get vaccinated. Formal recommendations for universal
vaccination of children began in 2004.30 Since, the immunization coverage increased in
parallel to the declines in disease, these temporal associations could be, in part, responsible
for these findings.
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Although the findings are subject to limitations, they have potential implications for future
research and policy in the US. Until recently, the prevailing means of controlling influenza
transmission in the older population was to vaccinate the older population against influenza.
In the past several years, the recommendation has been changed somewhat, including the
vaccination of children as a potentially more effective means of controlling influenza for the
entire population, particularly for older adults, who tend to experience the most severe
influenza-associated health effects. The findings suggest that vaccinating children against
influenza may provide an indirect benefit to older adults in reducing exposure to this largely
preventable and deadly disease, and induce herd immunity in this vulnerable population of
older adults. As the older population continues to grow in the United States and the
interactions of children and older adults in households increases, researching and
implementing policies to improve population health and reduce disease burden is an
increasingly important task. Upon additional validation of these findings, there may still
exist numerous barriers to implementing a policy to encourage vaccinating children to
protect the population. In the absence of compulsory vaccination, controlling influenza, the
eighth leading cause of the death in the United States, may play a substantial role in
achieving the goal of a healthy aging population in the coming decades.
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Figure 1.
Relationship between age acceleration of pneumonia and influenza rates and influenza
vaccination coverage in children by influenza year, 2002–2006.
The dashed line depicts the association of pneumonia and influenza rate acceleration and
percent vaccination coverage in children.
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Table 2

Parameter estimates (and standard errors) representing the effects of vaccination coverage on pneumonia and
influenza rate acceleration‡ from linear mixed effects models

Rate acceleration

Influenza vaccine coverage in: Unadjusted Adjusted†

Influenza

Model 1 Older adults 0.057 (0.028)* 0.044 (0.032)

Model 2 Children −0.006 (0.006) −0.007 (0.006)

Model 3 Older adults 0.053 (0.030) 0.035 (0.034)

Children −0.003 (0.007) −0.005 (0.007)

Pneumonia

Model 1 Older adults 0.026 (0.012)* 0.019 (0.013)

Model 2 Children −0.006 (0.003)* −0.007 (0.003)**

Model 3 Older adults 0.020 (0.012) 0.010 (0.013)

Children −0.004 (0.003) −0.006 (0.003)*

Pneumonia and Influenza

Model 1 Older adults 0.024 (0.012)* 0.017 (0.013)

Model 2 Children −0.005 (0.003) −0.006 (0.003)*

Model 3 Older adults 0.019 (0.012) 0.008 (0.013)

Children −0.004 (0.003) −0.006 (0.003)*

*
p < 0.05

**
p < 0.01

†
Adjusted for log of population density, income, and percent of institutionalized population aged 65+

‡
The rate acceleration coefficient reflects the increase in pneumonia and influenza rates (expressed in a log scale) for each single-year increase in

age. Exponentiation of the coefficient provides a measure of percent increase in P&I rates with age. Therefore, a negative sign indicates a decline in
the acceleration of P&I rates with increased vaccination coverage in children.
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