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Background: Influenza is a major cause of morbidity and mortality in the elderly worldwide.

Influenza vaccination can prevent morbidity/mortality from influenza infection. A gap of 1–2

years, before an epidemic strain is recommended by the World Health Organization (WHO) to

be the vaccine strain in Southeast Asia, has been reported; this results in a high rate of vaccine

mismatch and excess influenza-associated morbidity. The aim of the current study was to

evaluate the effect of repeated vaccination on vaccine effectiveness (VE) among the elderly in

Taiwan, during years with and without early appearance of antigenically drifted strains.

Methods: A historical cohort study was conducted to evaluate the impact of repeated

vaccination on the reduction of influenza-associated hospitalization among persons older

than 64 years over two influenza seasons: 2007–08, with all circulating virus strains mis-

matched, and 2008–09, with all virus strains matched with the vaccine strains, considering

four exposure effects, namely current vaccine effect, sequential vaccination effect, residual

protection effect and no vaccination effect. Propensity score matching on vaccination status

was performed to ensure similar baseline characteristics between the groups that received

and did not receive vaccination.

Results: Only current-year vaccination in combination with prior history of annual revacci-

nation significantly reduced the risk of hospitalization, with adjusted hazard ratios of 0.68

(95% CI: 0.54, 0.85) and 0.74 (95% CI: 0.57, 0.95) during the 2007–08 and 2008–09

influenza seasons, respectively. Further stratification showed that even during the 2007–08

influenza season, when all vaccinations were mismatched with the circulating strains,

sequential vaccinations still significantly reduced influenza-associated hospitalization in

the female population aged 68–74 and 75–84 years, with adjusted VE of 25.2% (95% CI:

−9.6, 49.0%) and 36.9% (95% CI: 17.1, 52.0%), respectively.

Conclusion: Our study supports the recommendation of annual revaccination against

influenza in the elderly, even though the circulating strain of influenza virus was antigeni-

cally mismatched with the vaccine strains.

Keywords: vaccine effectiveness, trivalent influenza vaccine, elderly, prior vaccination

history, repeated vaccination, propensity score matching

Introduction
Globally, seasonal influenza infection with three different strains (A/H1N1, A/H3N2

and B) is a major cause of morbidity and mortality in the elderly.1 H3N2 subtype

typically caused more morbidity and mortality than either H1N1 or B virus, before the
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2009 pandemic of A/H1N1pdm09.2,3 Influenza vaccination

is the best tool for the prevention of influenza and its

complications.4 The influenza strains currently used in the

annual vaccine need to be altered yearly to target the strains

that are predicted by the World Health Organization

(WHO) to circulate in the upcoming season.5,6 However,

the vaccine effectiveness (VE) varies year by year.

A number of explanations for this variation have been sug-

gested, including the antigenic match between the vaccine

and circulating strains, the age and health status of vaccine

recipients, and the influenza subtype in circulation.7,8 Studies

comparing the hemagglutination (HA) sequence and antige-

nicity of influenza viruses isolated from Taiwan indicated

a high rate of vaccine mismatch, and there is usually a gap of

1–2 years before an epidemic strain is recommended by the

WHO to be the vaccine strain in Southeast Asia.9,10

Therefore, an excess influenza-associated morbidity, with

a substantial trend toward higher rates of hospitalization

due to pneumonia and influenza (P&I), was reported during

the influenza season with early appearance of antigeni-

cally drifted strains.11

Although repeated immunization has been advised to

ensure compliance with the antigenic drift of the viruses

and the decrease in antibody level with time,12,13 sev-

eral studies have suggested that VE may be influenced

by prior season vaccination, owing to the observation of

impaired vaccine seroresponse to influenza HA antigens

among repeated vaccine recipients.14–19 Field vaccination

efficacy trial studies are difficult to perform because of the

poor predictability of influenza outbreaks, and require

large numbers of participants to observe significant

reductions in mortality or severe morbidity.12,20 Although

the large randomized trials conducted during the 1980s

found no differences in efficacy between primary and

repeated vaccination against serologically confirmed influ-

enza, the effect of repeated vaccination on VE remains

inconclusive so far and a potential mechanism explaining

the variable VE through different influenza seasons has

been proposed.21 Despite the debates on the relevance of

repeated vaccination, no influenza VE study has been

conducted in countries with early appearance of vaccine-

mismatched strains, considering the impact of repeated

vaccination on the reduction of influenza-associated hos-

pitalization among the elderly.

The free influenza vaccination program (FIVP) in

Taiwan was implemented in 1996. It was initially targeted

at people with underlying medical disorders and further

expanded in 1998 to include all people older than 64 years.

Given the universal recommendation for annual influenza

vaccination among the elderly in Taiwan, a better under-

standing of the relationship between prior vaccination

history and current-season VE is needed. Here, we con-

ducted a historical cohort study to evaluate the impact of

repeated vaccination on the reduction of influenza-

associated P&I hospitalization among persons older than

64 years over two influenza seasons: 2007–08, with all

virus strains mismatched, and 2008–09, with all matched

with the vaccine strains.

Materials and Methods
Data Sources
The data used in this study were obtained from the

National Health Insurance (NHI) Research Database

(NHIRD) in Taiwan for the period 1999–2012. For

each year, we acquired the records of those aged 65 or

older from the NHIRD, and the process was repeated

by year from 1999 to 2012, as previously described.11

Instead of using calendar year, annual influenza year was

marked as the period beginning on 1 September and con-

cluding on 31 August of the following year. Since the

FIVP requires that all the elderly older than 64 years use

an insurance card to receive vaccination, vaccination rate

data among the elderly were obtained from three different

codings of outpatient visit prescriptions from the complete

NHI claims database in Taiwan during the period 1999–

2012. The results are consistent with the vaccination rate

data compiled from local health bureaus by Centers for

Disease Control, Taiwan (Taiwan-CDC) without subject

selection bias, as previously described.11 All personal

identification numbers in the NHIRD were encrypted as

scrambled numbers before data processing, for confidenti-

ality and compliance with regulations on personal privacy

in Taiwan.

Data on annual influenza vaccine strains were obtained

from the WHO. The annual dominant types/subtypes of

influenza viruses and monthly influenza isolation rates for

the 1999–2000 through 2011–2012 influenza seasons were

also collected by the Laboratory-based Influenza

Virological Surveillance Network (Lab-ISN) from Taiwan-

CDC.

Study Design
To cope with a large number of potential confounders, we

performed matching to create comparable cohorts with or

without trivalent influenza vaccine (TIV) vaccination in
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the current influenza season based on individual propen-

sity score obtained from the propensity score logistic

regression model, as described previously.11 In brief,

potential confounding variables incorporated in the

model included both demographic and clinical confoun-

ders. The demographicconfounders included age, gender,

geographic region of residence, urbanization level of resi-

denceand individual socioeconomic status. The clinical

confounders, as a proxy of health status, were acquired

from the NHIRD based on the 5-year period preceding the

vaccination, and included the number of outpatient visits,

the indicator of having catastrophic illness (defined by

NHI with more than 30 different types of diseases, such

as malignant neoplasm, hereditary deficiency of clotting

factors and hereditary anemia; with details available upon

request), number of outpatient department (OPD) visits for

upper respiratory infection (URI) (URI OPD#; ICD-9-CM

code: 460–466); and the cumulative number of comorbid-

ities of chronic conditions, such as existing cardiovascular

and other heart diseases (treatment item 11) or chronic

obstructive pulmonary disease (COPD) (treatment item

21), with details available upon request. Then, the prob-

ability (ie, propensity score) of receiving vaccination

based on the model prediction was used to identify

a matched control from the non-vaccination subjects

each year for the vaccination subject based on an 8→1

digit greedy matching algorithm.22

Ninety-six percent of the vaccinations among the

elderly were given in October or November, and 3.6% in

December, in Taiwan. Therefore, the cumulative number

of influenza vaccinations was determined between

1 September and 31 December of each calendar year.

Exposure status of prior vaccination history was categor-

ized into five mutually exclusive categories: non-exposed,

first vaccination, sequential vaccination, interrupted vacci-

nation and restart, following the definition from the pre-

vious publication.23 Consequently, after this time-varying

search of exposure status, individuals in the studied cohort

were grouped based on the TIV vaccination status during

the current influenza season and five different exposure

categories of prior season vaccination history during the

follow-up disease outcome. Since the FIVP in Taiwan was

only provided to the elderly older than the age of 64 years,

an observation period of at least 3 years was needed to

trace the vaccination history records from the database;

therefore, the age group of 68–74 years was presented in

this study, instead of 65–74 years.

Outcome Definition
Influenza-associated morbidities are difficult to quantify

because influenza infections are typically not confirmed,

and the true burden of influenza tends to be underesti-

mated if choosing morbidities coded as influenza. To bet-

ter evaluate the disease burden of influenza, we studied

more broadly defined conditions by including all hospital

discharge diagnoses due to P&I during the study period,

excluding admissions of non-residents, transfers between

institutions and readmissions within 1 week of discharge.

For case ascertainment, we only included subjects with

influenza-associated hospitalization during the peak period

of the annual influenza season (Table S1), since the influ-

enza-associated morbidity peaks during the periods when

influenza virus activity increases, as suggested by the

previous study.11

Statistical Analysis
The chi-squared test and Student’s t-test were used to exam-

ine differences in demographic variables, comorbid medical

disorders and propensity scores between the vaccinated and

non-vaccinated groups. Stratified Cox proportional hazard

regression with individuals matched on propensity score was

used to estimate the VE. The model included exposure

variables for current-season vaccination and prior vaccina-

tion history, and the interaction term of the current and prior

history of vaccination. VE was estimated for all combina-

tions of vaccine exposure in the current and prior vaccina-

tion history since 1999, including first vaccination,

revaccination, interrupted vaccination and restarted vaccina-

tion. Age group was set as a dummy variable in three

categories: 68–74, 75–84 (reference group) and >85 years

old. VEs were estimated as 100% (1 – hazard ratio [HR])

using Cox proportional hazard regression models within

each matching stratum for each level of interaction, by

further adjusting for different age groups and gender from

three different exposure groups: with current-season vacci-

nation but no prior vaccination history, with both current and

prior history of sequential vaccination, and with prior

sequential vaccination but with no current-season vaccina-

tion. Using this model, VE was estimated without being

confounded by residual protection from the inclusion of

subjects in the unvaccinated reference group who were

vaccinated in prior influenza seasons. To further calculate

the HR for the stratified group of women within the age

groups of 68–74 and 75–84 years, a conventional Cox

proportional hazard regression model was used to avoid
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the small sample size due to the propensity score matching.

An alpha level of 0.05 was considered statistically signifi-

cant for all analyses. The analyses were performed using

SAS 9.2 software (SAS Institute, Cary, NC).

Results
The vaccination coverage and status of revaccination for

each study year are shown in Table 1. During the total

study period, the annual vaccination rate was highest during

the 2003–04 season and gradually decreased to 27% during

the 2011–2013 influenza seasons among the elderly aged

more than 65 years. The population with interrupted or

restarted vaccination was commonly observed annually.

A total of 41,655 eligible individuals (33%) never received

influenza vaccination during the entire follow-up study years.

Comparisons of the antigenic match between influenza vac-

cine strains and Taiwan’s dominant influenza epidemic

strains are summarized in Supplementary Table S1, and the

years with early appearance of antigenically drifted virus are

also indicated. Generally, the peak activity of influenza-like

illness (ILI) was during December and February each year.

Occasional summer influenza occurred during June and

August of the 2001–02 and 2003–04 influenza seasons with

the circulation of H3N2 influenza type Avirus. The majority

of ILI was caused by type A influenza virus. Also, the

vaccine strains and the predominant circulating strain

(mainly A[H3N2]) were not well matched for most of the

influenza seasons during the study years. Since the influenza

A/H1N1pdm09 pandemic occurred during the spring of

2009, we focused our analysis on the influenza seasons

before mid-2009 to avoid the aggravated effects due to A/

H1N1pdm09 infection, as suggested by previous

studies.2,24,25 In order to have at least 3 years of prior vacci-

nation records to evaluate the effectiveness of repeated vac-

cination on the influenza-associated P&I hospitalization, we

selected the 2007–08 season, with all three strains mis-

matched, and the 2008–09 season, with all three strains

matched, for comparison. Since the major subtype circulat-

ing during both seasons was H1N1 influenza virus, the pos-

sible causes of different VE due to circulating subtype can be

avoided in this study.

Our previous study suggested that the TIV-receiving

group had a higher propensity score of being vaccinated

than the non-receiving group.11 To assess the true effect of

revaccination on the influenza-associated hospitalization

with minimum interference from unmeasured confounding

factors, we then performed propensity score matching on

both vaccination and non-vaccination groups. A total of

Table 1 Vaccination Status per Annual Influenza Season Among the Elderly Aged Older Than 65 Years in Taiwan

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Eligible population, no.

Total 63,000 68,634 74,348 80,508 86,860 93,545 100,522 107,438 114,366 121,450 128,511

Vaccination coverage, no.

Not vaccinated 28,454 26,323 34,303 39,594 49,168 57,112 59,820 71,437 84,381 87,851 93,244

Vaccinated 34,546 42,311 40,045 40,914 37,692 36,433 40,702 36,001 29,985 33,599 35,267

Vaccination rate (%) 54.83 61.65 53.86 50.82 43.39 38.95 40.49 33.51 26.22 27.66 27.44

Vaccination status, no.

Not vaccinated 28,454 20,804 20,527 21,069 23,154 25,816 28,056 30,566 34,867 38,396 41,655

First 34,546 13,284 5991 5618 4268 4023 4737 4407 2628 3555 3802

Second 29,027 8119 5365 5807 5223 6229 6327 4222 4956 7078

Third 23,516 5797 3662 3861 3922 3871 3527 2899 3663

Fourth 19,067 4186 2687 3078 2719 2502 2627 2254

Fifth 15,007 3107 2180 2147 1895 1963 2085

Sixth 11,908 2587 1590 1491 1537 1615

Seventh 10,132 1889 1179 1225 1287

Eighth 7693 1406 1005 1034

Ninth 5740 1148 878

Tenth 4689 960

Eleventh 3909

Interrupted 5519 13,776 18,525 26,014 31,296 31,764 40,871 49,514 49,455 51,589

Restarted 2419 5067 4762 5624 7837 5358 5395 7995 6702
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38,815 and 40,934 subjects were selected in the propensity

score-matched non-vaccination groups in the 2007 and 2008

influenza seasons, respectively. The demographic and

clinical characteristics of the vaccination and non-

vaccination groups before propensity score matching are

shown in Table 2. The vaccination group had a higher pre-

valence of certain pre-existing medical comorbidities,

including number of comorbidities (p<0.0001), number of

OPD visits (p<0.0001), recent intestinal disorder (p=0.0260)

and URI OPD in a prior year (p<0.0001), than the non-

vaccination group. In contrast, the vaccination group had

a lower prevalence of catastrophic illness than the non-

vaccination group, with statistical significance (12.4% vs

19.4% and 12.4% vs 21.4% for 2007–08 and 2008–09

influenza seasons, respectively). There were also significant

differences in the distribution of monthly income, urbaniza-

tion level and geographic region between the vaccination

and non-vaccination groups. The vaccination groups had

higher propensity score than the non-vaccination group

(p<0.0001). After propensity score matching, the matched

Table 2 Demographic Characteristics and Comorbid Medical Disorders for the Trivalent Influenza Vaccine Vaccination and Non-

Vaccination Groups Before Propensity Score Matching

2007 2008

Vaccinated

(36,433)

Non-Vaccinated

(57,112)

p-value Vaccinated

(40,702)

Non-Vaccinated

(59,820)

p-value

Gender Male 50.8% 49.6% 0.0003 50.4% 49.6% 0.012

Female 49.2% 50.4% 49.6% 50.4%

Age (years) 65–74 45.8% 42.2% <0.001 43.9% 41.6% <0.001

75–84 45.7% 42.2% 47.0% 40.5%

>85 8.5% 15.6% 9.2% 17.9%

Geographic region North 35.9% 45.4% <0.001 37.1% 44.7% <0.001

Central 29.2% 23.0% 28.7% 23.1%

South 30.5% 27.3% 29.9% 27.7%

East 4.4% 4.4% 4.3% 4.5%

Urbanization level 1 (Most

urbanized)

19.2% 26.6% <0.001 20.2% 26.4% <0.001

2 23.1% 25.5% 23.5% 25.5%

3 16.2% 16.7% 16.4% 16.6%

4 21.7% 17.6% 21.3% 17.7%

5 5.0% 3.3% 4.7% 3.4%

6 14.7% 10.3% 14.0% 10.5%

Socioeconomic

status

Low 30.7% 38.6% <0.001 31.2% 38.2% <0.001

Moderate 19.5% 20.5% 18.5% 19.8%

High 49.8% 40.9% 50.3% 42.0%

Number of

comorbidities

0 17.3% 24.5% <0.001 17.2% 24.6% <0.001

1–3 69.4% 63.8% 70.2% 64.0%

>3 13.4% 11.6% 12.6% 11.3%

URI OPD in

prior year

1.6 1.1 <0.001 1.5 0.9 <0.001

Number of

outpatient visits

29.1 18 <0.001 28.8 16.6 <0.001

Catastrophic illness Yes 12.4% 19.4% <0.001 12.4% 21.4% <0.001

No 87.6% 80.6% 87.6% 78.7%

Recent intestinal

disorder

Yes 14.2% 9.0% <0.001 12.7% 7.5% <0.001

No 85.8% 91.1% 87.3% 92.5%

Abbreviation: URI OPD, outpatient department visit for upper respiratory infection.
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cohorts were well-balanced, with less than 2% difference

between the vaccination and non-vaccination groups in

terms of all observed covariates (Table 3), although statisti-

cally significant differences could still be observed in certain

baseline characteristics, such as age and catastrophic illness,

mainly because of the large sample size.

Without matching, current-year vaccination was

associated with increased P&I hospitalization during

the 2007 and 2008 influenza seasons (HR=1.18 and

1.06, respectively) (Table 4). However, a reduced risk

of P&I hospitalization was observed if prior vaccination

histories were considered, including first vaccination,

revaccination, interrupted vaccination or restart vaccina-

tion. After matching, those associations were not statis-

tically significant, except for interrupted and restart

vaccination, which were associated with increased risk

of hospitalization. Multivariate Cox regression was per-

formed to adjust the confounding effect from age and

gender, with further consideration of the interaction

between current and prior history of vaccination

Table 3 Demographic Characteristics and Comorbid Medical Disorders for the Trivalent Influenza Vaccine Vaccination and Non-

Vaccination Groups After Propensity Score Matching

2007 2008

Vaccinated

(31,943)

Non-Vaccinated

(31,943)

p-value Vaccinated

(33,845)

Non-Vaccinated

(33,845)

p-value

Gender Male 50.5% 49.0% 0.0003 49.8% 48.0% <0.001

Female 49.5% 51.0% 50.2% 52.0%

Age (years) 65–74 45.8% 48.0% <0.001 44.7% 47.8% <0.001

75–84 45.1% 44.3% 45.1% 43.9%

>85 9.1% 7.7% 10.35 8.3%

Geographic region North 38.1% 39.1% 0.0142 39.2% 40.6% 0.0023

Central 27.9% 26.9% 27.0% 26.3%

South 29.6% 29.5% 29.6% 28.9%

East 4.4% 4.5% 4.3% 4.3%

Urbanization level 1 (Most

urbanized)

20.5% 21.4% 0.0012 21.7% 23.0% <0.001

2 23.8% 24.3% 24.1% 24.7%

3 16.6% 16.8% 16.6% 16.8%

4 21.0% 20.3% 20.3% 19.3%

5 4.5% 4.4% 4.3% 4.1%

6 13.6% 12.8% 13.0% 12.2%

Socioeconomic status Low 32.5% 33.9% <0.001 33.1% 34.9% <0.001

Moderate 19.5% 18.3% 18.2% 17.1%

High 48.1% 47.8% 48.7% 48.0%

Number of

comorbidities

0 18.5% 19.6% 0.0005 18.7% 19.8% <0.001

1–3 69.1% 67.5% 69.7% 67.0%

>3 12.4% 12.8% 11.7% 12.2%

URI OPD in

prior year

1.5 1.5 0.4981 1.3 1.4 0.6487

Number of

outpatient visits

26.4 26.2 0.1199 25.7 25.2 0.0027

Catastrophic illness Yes 13.1% 11.5% <0.001 13.5% 11.6% <0.001

No 86.9% 88.5% 86.6% 88.4%

Recent intestinal

disorder

Yes 12.9% 12.8% 0.7229 11.4% 11.3% 0.5528

No 87.1% 87.2%% 88.6% 88.7%

Abbreviation: URI OPD, outpatient department visit for upper respiratory infection.
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(Table 4). The results suggest that only current-year

vaccination in combination with prior history of revac-

cination significantly reduced the risk of P&I hospitali-

zation, with adjusted HRs of 0.68 (95% CI: 0.54, 0.85)

and 0.74 (95% CI: 0.57, 0.95) during the 2007–08 and

2008–09 influenza seasons, respectively.

A forest plot of VE for the three different exposure

groups is shown in Figure 1. Compared to the reference

group with no current or prior vaccination history, the

group with both current and sequential prior season vacci-

nations had the highest VE, with 18.9% (95% CI:

5.6, 30.3%) and 22.9% (95% CI: 10.9, 33.4%) during

the 2007–08 and 2008–09 influenza seasons, respectively

(Figure 1). The other two exposure groups, either receiv-

ing current-season vaccination only (current vaccine

effect) or not receiving current vaccination but having

prior sequential vaccination history (residual protection

effect), demonstrated negative VE, with no statistical sig-

nificance, in reducing P&I hospitalization during both

influenza seasons.

Since both gender and age group were independently

associated with lower P&I hospitalization in the multi-

variate Cox proportional hazard model (Table 4), further

stratification by gender and age group was performed. Our

data showed that even during the 2007–08 influenza sea-

son, when the vaccine strains were unmatched with the

circulation strains, sequential vaccinations reduced the

P&I hospitalization in the female population aged 75–84

and 68–74 years, with adjusted VE values of 36.9% (95%

CI: 17.1, 52.0%), with statistical significance, and 25.2%

(95% CI: −9.6, 49.0%), without statistical significance,

respectively (Figures 2 and 3).

Table 4 Unadjusted and Adjusted Hazard Ratios of Various Influenza Vaccination Histories Against Influenza-Associated

Hospitalization Among the Elderly During 2007–08 and 2008–09 Influenza Seasons

Parameter 2007–08 2008–09

Unmatched

Analysis

Matched Analysis Unmatched

Analysis

Matched Analysis

Univariate

(95% CI)

Univariate

(95% CI)

Multivariate

(95% CI)

Univariate

(95% CI)

Univariate

(95% CI)

Multivariate

(95% CI)

Current Season Vaccination

No Refa Ref Ref Ref Ref Ref

Yes 1.18 (1.10, 1.26)* 0.95 (0.88, 1.03) 1.13 (0.88, 1.47) 1.06 (0.99, 1.13) 0.99 (0.92, 1.08) 1.10 (0.86, 1.41)

Prior Status

Never Ref Ref Ref Ref Ref Ref

First 0.79 (0.68, 0.91)* 1.09 (0.86, 1.39) 1.26 (0.85, 1.88) 0.72 (0.63, 0.83)* 1.16 (0.92, 1.48) 1.21 (0.80, 1.81)

Sequential 0.84 (0.78, 0.92)* 1.04 (0.91, 1.18) 1.19 (0.93, 1.53) 0.74 (0.68, 0.80)* 1.00 (0.88, 1.13) 1.05 (0.80, 1.38)

Interrupted 0.71 (0.65, 0.77)* 1.36 (1.15, 1.60)* 1.10 (0.88, 1.36) 0.74 (0.67, 0.80)* 1.24 (1.06, 1.46)* 0.95 (0.76, 1.18)

Restarted 0.62 (0.53 ,0.73)* 1.55 (1.16 ,2.07)* 1.04 (0.65, 1.68) 0.60 (0.51, 0.69)* 1.51 (1.15 ,1.99)* 1.44 (0.89, 2.33)

Interaction of Current and

Prior Vaccination Status

Vac x Never Ref Ref

Vac x First 0.76 (0.44, 1.34) 0.82 (0.47, 1.44)

Vac x Sequential 0.60 (0.42, 0.86)* 0.67 (0.46, 0.97)*

Vac x Interrupted 0.96 (0.65, 1.41) 1.09 (0.74, 1.60)

Vac x Restarted 1.07 (0.55, 2.06) 0.70 (0.37, 1.32)

Age Group

68–74 years 0.45 (0.39, 0.53)* 0.45 (0.39, 0.53)*

75–84 years Ref Ref

>85 years 2.12 (1.71, 2.62)* 2.55 (2.06, 3.18)*

Gender

Male Ref Ref

Female 0.63 (0.55, 0.72)* 0.61 (0.54, 0.71)*

Notes: *p<0.05; aRef: reference group.

Abbreviations: CI, confidence interval; Vac, vaccination.
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Discussion
In this study using longitudinal influenza vaccination

records, we examined the independent and combined

effectiveness of current-season vaccination and prior vac-

cination history over multiple seasons in reducing the risk

of P&I hospitalization. Although current vaccination alone

did not significantly reduce P&I hospitalization, combined

sequential prior and current influenza vaccinations signifi-

cantly reduced the risk of P&I hospitalization among the

elderly, by 18.9% and 22.9% during the 2007–08 and

2008–09 influenza seasons, respectively, whether the vac-

cine strains were matched with the currently circulating

viruses or not. Our data support annual revaccination as an

effective strategy to reduce P&I hospitalization during

each influenza season, even though the vaccine strains

were mismatched with the currently circulating strains.

The effect of influenza vaccination in reducing the

risk of disease severity and further hospitalization

Figure 1 Adjusted vaccine effectiveness (VE) of sequential or never vaccination history among the elderly with or without current-season vaccination during 2007–08 or

2008–09 influenza seasons.

Abbreviation: CI, confidence interval.

Figure 2 Adjusted vaccine effectiveness (VE) of sequential or never vaccination history among the female elderly aged 68–74 years with or without current-season

vaccination during 2007–08 or 2008–09 influenza seasons.

Abbreviation: CI, confidence interval.
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remains inconclusive. The discrepancies in previous stu-

dies showed that the protective effect could be due to

case ascertainment bias by using laboratory-confirmed

cases when admitted into the hospital or intensive care

unit (ICU), or even upon death.26–28 Further adjustment

for confounding factors, including numberof medical

visits, use of anti–viral treatment or length of stay in

the ICU, and prior history of vaccination could also

affect the results.29 Our study compared the VE of influ-

enza vaccination by considering the following exposure

groups: (1) current vaccine effect for the group with cur-

rent-season vaccination with no prior vaccination his-

tory; (2) sequential protection effect for the group with

both current and prior history of sequential vaccination;

and (3) residual protection effect for the group with prior

sequential vaccination with no current-season vaccina-

tion. Using this model, VE was estimated without being

confounded by residual protection from the inclusion of

subjects into the unvaccinated reference group who were

vaccinated in prior influenza seasons, as suggested by

the previous study.30 Based on our study, only sequential

influenza vaccination significantly reduced the risk of

P&I hospitalization after adjusting for gender and age

confounding effects and propensity score matching.

Epidemiological studies have yielded inconsistent

results on the clinical effectiveness of current-season influ-

enza vaccination among persons with and without a prior

history of influenza vaccination.12,23 The variability of

revaccination efficacy may be due to antigenic differences

between the vaccine and epidemic strains, which were

rarely considered in epidemiological settings before

the A/H1N1pdm09 pandemic in 2009.17,23,31,32 The cur-

rent study considered the effect of vaccinations received in

prior seasons on the VE of current-season vaccination

during the years when the vaccine strains match or do

not match with the circulating strains. Our data support

that combined prior sequential and current influenza vac-

cinations could reach a significant VE of 22.9% when all

three vaccine strains were completely matched during the -

2008–09 influenza season; even though the three vaccine

strains were completely mismatched, a similar VE of

18.9% among the elderly aged 65 years and older was

shown. Our results are consistent with publications using

meta-analysis, which suggested no significant reduction in

VE when participants received TIV in both current and

prior seasons, with the overall VE ranging from 17%

to 67%, depending on the subtypes.33–36 Furthermore,

influenza VE varies by influenza A subtype, with typically

higher estimates against A (H1N1) viruses compared with

A (H3N2).3 Since both 2007–08 and 2008–09 influenza

seasons in Taiwan were dominated by H1N1 subtype A,

the results were not affected by the circulating influenza

subtype regardless of matching of the vaccine strains.

A unifying antigenic distance hypothesis, proposed by

Smith et al, has been the widely accepted theoretical

framework to explain the variability in VE after repeated

TIV vaccination.21 Based on this hypothesis, vaccination

by the current-season TIV strain (v2) with a history of

Figure 3 Adjusted vaccine effectiveness (VE) of sequential or never vaccination history among the female elderly aged 75–84 years with or without current-season

vaccination during 2007–08 or 2008–09 influenza seasons.

Abbreviation: CI, confidence interval.
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receiving vaccine from a prior season (v1) represents an

immunological outcome between pre-existing v1-induced

antibody potentially interfering with v2 antigen and v2

stimulation of rapid v1 memory responses potentially pro-

tective against the current season’s epidemic strain (e).

The profound negative effect of prior season vaccination

(v1) on VE will be observed when the antigenic distance

of v1 and v2 is small, but that of v1 and e is very large.37

Induction of cross-reactive antibodies preferentially

focused toward epitopes selected from the memory pool

through repeated vaccination could exacerbate the disease

outcome owing to the poor neutralizing activity against

the current season’s epidemic strain.38,39 However, such

a hypothesis can be applied to only one prior season of

vaccination history and is based entirely on hemagglutina-

tion inhibition (HI) antibody response.21 The adaptive

immune response to other virus components (eg, HA2 or

neuraminidase) is likely to contribute to the protective

effect.40,41 The preferential induction or recruitment of

regulatory T cells may also contribute to antagonistic

T-cell responses with repeat influenza vaccination.42

An excess reduction of P&I hospitalization was

observed in females aged 68–74 years, who received

annual TIV vaccination sequentially (Figure 2). The dif-

ferent risks of hospitalization among different age cate-

gories of the elderly may reflect differences in age-related

baseline health conditions. The elderly in the age group of

68–74 years had a lower rate of underlying diseases, and

probably gained more benefit from revaccination than

those in the highest age groups of older than 75 years.

Further, the difference in the risk of P&I hospitalization

after receiving vaccination between males and females

could be due to the different immune responses by

gender.43 Previous studies suggested that estrogen levels

tend to promote stronger inflammatory, cellular and

humoral immune responses in women than in men,

and hence induce better protection among the female

population.44,45

Our study has several limitations. First, P&I hospitali-

zation without laboratory confirmation could dilute the VE

if other respiratory-borne viral infections were concur-

rently circulating during the influenza season. Second,

information bias may have occurred if the vaccination

was not recorded. However, misclassification would likely

be random because exposure was prospectively recorded

before hospitalization occurred. This random misclassifi-

cation would tend to reduce the size of the estimate,

suggesting that the real protective effect could be even

greater. Although both vaccinated and non-vaccinated

groups presented similar distributions in most of the vari-

ables, some residual confounders by indication cannot be

excluded in this study. Third, perceived good health has

been reported as a reason for not receiving influenza

vaccination,46 which would be likely to reduce the effect

of HRs in this study. The potential bias due to healthy

vaccine effect cannot be excluded but could be minimal

since the group receiving current TIV showed higher

numbers of comorbidities and higher risk of P&I hospita-

lization before matching. Lastly, since we focused our

analysis on the influenza seasons before the A (H1N1)

pdm09 pandemic in mid-2009, it is not possible to choose

the H3N2 dominant seasons with at least 5 years' history

of vaccination for comparison (Table S1).

In summary, our study supports the recommendation of

yearly influenza vaccination for elderly individuals, not

only for those with comorbid illnesses but also for those

without comorbidity, specifically for female inpatients

aged 65 years or older. Because influenza vaccination is

inexpensive and safe, clinicians should recommend annual

influenza revaccination for such patients.

Conclusions
This study evaluated the impact of repeated TIV vaccina-

tion on the reduction of influenza-associated P&I hospita-

lization among persons older than 64 years, considering

the interaction between prior vaccination history and cur-

rent-season vaccination over two influenza seasons: 2007–

08, with all circulating virus strains mismatched, and

2008–09, with all virus strains matched with the vaccine

strains. Our data support that annual revaccination is an

effective strategy to reduce P&I hospitalization during

each influenza season, even though the vaccine strains

were mismatched with the currently circulating strains.
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respiratory infection; COPD, chronic obstructive pulmonary

disease; HR, hazard ratio; CI, confidence interval; ILI, influ-
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