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MAJOR ARTICLE

Does Influenza Vaccination Modify Influenza
Severity? Data on Older Adults Hospitalized
With Influenza During the 2012—2013 Season in
the United States
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Background.
outcomes in vaccinated persons who become infected. We used data from a large surveillance network to further
investigate the effect of influenza vaccination on influenza severity in adults aged >50 years who were hospitalized
with laboratory-confirmed influenza.

Methods. We analyzed influenza vaccination and influenza severity using Influenza Hospitalization Surveillance
Network (FluSurv-NET) data for the 2012—2013 influenza season. Intensive care unit (ICU) admission, death,
diagnosis of pneumonia, and hospital and ICU lengths of stay served as measures of disease severity. Data were
analyzed by multivariable logistic regression, parametric survival models, and propensity score matching (PSM).

Results.  Overall, no differences in severity were observed in the multivariable logistic regression model. Using
PSM, adults aged 50—64 years (but not other age groups) who were vaccinated against influenza had a shorter length
of ICU stay than those who were unvaccinated (hazard ratio for discharge, 1.84; 95% confidence interval, 1.12—3.01).

Conclusions. Our findings show a modest effect of influenza vaccination on disease severity. Analysis of data
from seasons with different predominant strains and higher estimates of vaccine effectiveness are needed.

Some studies suggest that influenza vaccination might be protective against severe influenza

Keywords. influenza; influenza vaccine; adults; severe illness.

Influenza causes >220 000 hospitalizations [1] and
3000—49 000 deaths annually in the United States [2];
most of this morbidity and mortality occurs in older
adults. The 2012-2013 influenza season was characterized
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by predominant circulation of influenza A(H3N2) viruses
[3]. Influenza A(H3N2) viruses typically cause more mor-
bidity and mortality than either influenza A(HIN1) or B
viruses [4]. Hospitalization rates during the 2012—2013
season were high for all age groups but especially for
those aged >65 years, whose hospitalization rate was
nearly 3 times greater than that seen in this age group
in the previous four seasons [3].

Influenza vaccination is the best tool for the preven-
tion of influenza and its complications. In the last 3 sea-
sons, with a vaccine effectiveness of 54%—65% for those
aged 50—64 years and 26%—52% for those aged >65
years, it was estimated that influenza vaccination
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reduced the risk for influenza-associated medical visits by 47%-
61% [5-7]. Similar vaccine effectiveness estimates were found in
Europe and Canada during influenza season 2012—2013 [8, 9].
Research supporting the effect of the vaccine in reducing influ-
enza complications in hospitalized patients is limited but sug-
gests that influenza vaccination might be protective against
severe influenza outcomes in those who, despite being vac-
cinated against influenza, become infected [10-12]. Specifically,
Ridenhour et al [12] show that influenza vaccination prevented
death after pneumonia/influenza hospitalizations by 4.8% in
persons aged >65 years. These findings are consistent with
studies showing a protective effect of vaccines against severe
outcomes [13-15], explained partially by a prolonged activation
of the immune system [16]. We used data from our large sur-
veillance network to further investigate the effect of influenza
vaccination on influenza severity in adults aged >50 years hos-
pitalized with laboratory-confirmed influenza during the 2012-
2013 influenza season.

METHODS

Data Collection

Data from the 2012-2013 influenza season for adults aged >50
years were collected through the Influenza Hospitalization
Surveillance Network (FluSurv-NET), a US population-based
influenza-associated hospitalization surveillance system. As pre-
viously described, FluSurv-NET includes data on demographic
characteristics, lifestyle risk factors, medical history, influenza
vaccination status, and clinical outcomes from influenza virus-
positive patients that were collected through medical chart review
by using a standard form [17]. The FluSurv-NET catchment
area includes 81 selected counties in California, Colorado, Con-
necticut, Georgia, Iowa, Maryland, Michigan, Minnesota, New
Mexico, New York, Ohio, Oregon, Rhode Island, Tennessee,
and Utah and captures approximately 8% of the US population
aged >50 years.

FluSurv-NET Surveillance Definitions

A laboratory-confirmed influenza hospitalization case is defined
as a resident of the surveillance area admitted to a hospital <14
days after [18] or <3 days before a positive influenza virus test
[19, 20]. Laboratory testing for influenza virus is done through
viral culture, direct or indirect fluorescent antibody staining,
rapid antigen testing, or reverse transcription—polymerase chain
reaction. Influenza virus testing is ordered at clinicians’ discre-
tion. FluSurv-NET staff investigate vaccination status and/or vac-
cination dates missing on medical charts by accessing vaccination
registries, consulting with primary care providers, and interview-
ing patients. A case was considered vaccinated for influenza dur-
ing the 2012-2013 influenza season if the case received influenza
vaccination on or after 1 July 2012 and at least 12 days before
hospitalization.

Inclusion and Exclusion Criteria

We included cases aged >50 years who were hospitalized for
laboratory-confirmed influenza and lived in the community
(ie, were not institutionalized) prior to hospitalization. Cases
were excluded from analysis if they had an uncertain 2012-
2013 vaccination history, lacked body mass index (BMI) data,
or received antiviral treatment >4 days before hospitalization,
as we could not determine whether treatment was completed.

Statistical Analysis

We evaluated the following clinical outcomes: severe influenza,
diagnosis of pneumonia, length of stay in the intensive care unit
(ICU), and length of stay in the hospital. For this analysis, we
defined severe influenza as being admitted to an ICU or dying
during hospitalization. Pneumonia was defined by abnormal
chest radiography findings (including consolidation/opacity or
pleural effusion) detected within the first 3 days of hospital ad-
mission and only included those who underwent chest radiog-
raphy within that same time frame. We categorized age into 3
groups: 50-64, 65-74, and >75 years.

We examined demographic characteristics (sex, age, and race/
ethnicity), clinical characteristics (BMI, asthma, chronic lung dis-
ease, cardiovascular disease, chronic metabolic disease, neurologic
disease, immunosuppression, blood disorder, renal disease, and
liver disease), lifestyle risk factors (alcohol abuse and smoking sta-
tus), influenza virus type, and clinical course during hospitaliza-
tion (receipt of antiviral treatment, admission to the ICU, death,
diagnosis of pneumonia, length of stay in the ICU, and length of
hospital stay) by influenza vaccination status. For descriptive anal-
yses, we used the Pearson y” test and the Fisher exact test or the
Wilcoxon-Mann-Whitney test, when appropriate.

Influenza Vaccination and Severity of Influenza Analysis,

Using Multivariable Logistic Regression

We excluded cases who were not treated with antivirals, because
most cases received antivirals, and there were substantial differ-
ences between the characteristics of the treated cases and those of
the untreated cases (data not shown). Among cases treated with
antivirals, we used multivariable logistic regression models for
each age category to evaluate the association between influenza
vaccination and (1) severe influenza and (2) diagnosis of pneu-
monia, after adjustment for sex, race, BMI, alcohol abuse and
smoking status, virus type, and medical conditions. In addition,
we used Cox proportional hazards regression for each age catego-
ry to evaluate the association between influenza vaccination and
(1) length of stay in the ICU (in days) and (2) length of hospital
stay (in days), after adjustment for similar covariates.

Influenza Vaccination and Severity of Influenza Analysis,

Using Propensity Score Matching (PSM)

To account for dissimilar distributions of baseline characteris-
tics between vaccinated and unvaccinated groups and to reduce
confounding introduced by selection bias, we predicted the
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probability of influenza vaccination, using propensity score
matching (PSM). Because influenza vaccination rates among
older adults were high and increased substantially with age,
we included all unvaccinated cases and randomly sampled
300 cases among those vaccinated for each age category, to ob-
tain an unvaccinated to vaccinated ratio of >1 [21,22]. For PSM,
we performed a 1:1 nearest neighbor match on propensity score
of the following variables: sex, race, state of residence, BMI, un-
derlying medical conditions, presence of any medical condition,
alcohol abuse status, and smoking status for each age category
(Supplementary Figure A1) [23]. The overall distribution of
baseline characteristics between the 2 groups was comparable;
race was the only variable that remained slightly unbalanced be-
tween the vaccinated and unvaccinated cases (Supplementary
Table Al). We considered adding race as a covariate in the
final model, but it was excluded for parsimony.

Finally, among propensity score-matched cases treated with an-
tivirals, we used logistic regression models within age strata to eval-
uate the association between influenza vaccination and (1) severe
influenza and (2) diagnosis of pneumonia, after adjustment for the
Charlson comorbidity index (a weighted score of medical condi-
tions used to predict health outcomes) [24-26]. Using the same
approach, we evaluated the association between influenza vaccina-
tion and (1) length of stay (in days) in the ICU and (2) length of
stay (in days) in the hospital, using Cox proportional hazards re-
gression analyses, by age category, with adjustment for the Charl-
son comorbidity index. Kaplan-Meier (nonparametric) survival
models were used to illustrate length of stay in the ICU, and accel-
erated failure time models were used to estimate the time ratio and
median length of ICU stay, by vaccination status. We selected the
best model on the basis of Akaike’s information criterion [27]. We
present odds ratios (ORs) and hazard ratios (HRs) with 95% con-
fidence intervals (CIS) for logistic regression models and Cox pro-
portional hazards regression analyses, respectively. All analyses
were performed using R software (version 3.0.2).

Ethics

The institutional review board (IRB) at the Centers for Disease
Control and Prevention (CDC) determined that data collected
via FluSurv-NET represents public health practice, and therefore,
it is not subject to IRB approval for human research protection.
Participating sites submitted the FluSurv-NET surveillance pro-
ject to their state and IRBs as per state and local requirements.

RESULTS

Exclusion of Data

During the 2012-2013 influenza season, FluSurv-NET collected
data on 8172 adults aged >50 years who were hospitalized with
laboratory-confirmed influenza. Of those, we excluded 2558
(32%), leaving 5614 for inclusion in our analysis. Reasons for ex-
clusion were institutionalization in a long-term care facility prior

to hospitalization (1639 [20%]), missing information about BMI
(471 [6%]), unknown vaccination status (392 [5%]), <12 days be-
tween vaccination and hospitalization (39 [0.5%]), and antiviral
treatment >4 days before hospitalization (17 [0.2%]; Figure 1).

Overall Characteristics of the Sample

A total of 5614 adults aged >50 years who were hospitalized
with laboratory-confirmed influenza were included in this anal-
ysis, of whom 3101 (55%) received influenza vaccination at least
12 days before hospitalization but not before 1 July 2012. The
distribution of age and race differed between the vaccinated
and unvaccinated cases (P <.001). Those who were vaccinated
against influenza were older than those who were unvaccinated;
adults aged >75 composed 55% of vaccinated individuals, com-
pared with 38% of unvaccinated individuals. In addition, vacci-
nated adults were significantly (P <.001-.01) more likely than
unvaccinated adults to have chronic lung disease, cardiovascular
disease, chronic metabolic disease, immunosuppression, blood
disorder, renal disease, and presence of any medical condition.
Furthermore, BM], alcohol abuse status, smoking status, influ-
enza virus type, and antiviral treatment were associated with
vaccination status (P <.01; Table 1).

Of the 5614 subjects hospitalized with laboratory-confirmed
influenza, 803 (14%) were admitted to ICUs, and 118 (2%) died
(Table 1). Of the 5462 who underwent chest radiography within
3 days of admission, 1806 (33%) received a diagnosis of pneu-
monia. The median length of stay at the hospital was 3 days (in-
terquartile range [IQR], 2—6 days). The median length of stay in
the ICU (n = 803) was 3 days (IQR, 1—6 days). No associations
were found between vaccination status and admission to the
ICU, death, diagnosis of pneumonia, or length of stay at the
hospital or ICU (P >.05).

Influenza Vaccination and Severity of Influenza Analysis,

Using Multivariable Logistic Regression

The odds of having severe influenza and pneumonia among the
vaccinated cases were not statistically different from those of the
unvaccinated cases in any of the 3 age categories, after adjust-
ment for sex, race, BMI, medical condition, alcohol abuse and
smoking status, and type of influenza virus for cases who re-
ceived antiviral treatment. Likewise, among cases who received
antiviral treatment, we did not find any difference in ICU and
hospital length of stay between the vaccinated and unvaccinated
cases, by age category, and after adjustment for sex, race, BMI,
medical condition, alcohol abuse and smoking status, and type
of influenza virus (Table 2).

Influenza Vaccination and Severity of Influenza Analysis,

Using PSM

We had 300 matched pairs of vaccinated and unvaccinated
patients within each age stratum, and no difference was observed
regarding clinical outcomes between the 2 groups (Supplementary
Table A2). After matching on the propensity score, we found that,
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Figure 1.

(U R U — —> between vaccination and hospitalization:

Institutionalized patients excluded:
n=1639

Missing data excluded:
Missing BMI data n=471
Unknown vaccination status n=392

Cases who had >12 days

n=39

Cases who had antiviral treatment
>4 days before hospitalization:
n=17

Exclusion criteria and data-cleaning algorithm. Abbreviation: BMI, body mass index.

among cases aged 50-64 years who received antiviral treatment,
those who were vaccinated were almost twice as likely to be dis-
charged earlier from the ICU than those who were unvaccinated
(HR, 1.84; 95% CI, 1.12-3.01; Table 3). The accelerated failure
time model estimated that the length of ICU stay for the vaccinat-
ed cases decreased by a factor of 0.6 (95% CI, .4—.8), compared
with the unvaccinated cases aged 50-64 years who received anti-
viral treatment (P = .005), with estimated median times of 7.4 and
4.3 days, respectively (Figure 2). Although not significant, a sim-
ilar trend was found for cases aged 65-74 years (HR, 1.58; 95% CI,
.97-2.53; Table 3) but not for cases aged >75 years.

DISCUSSION

The 2012—-2013 influenza season was moderately severe and,
compared with previous seasons, was characterized by large

increases in hospitalizations among older adults. We did not
see differences in influenza severity with respect to vaccination
status in hospitalized patients with laboratory-confirmed influ-
enza during this season, when using traditional multivariate
analysis. In the propensity score model, we found that individ-
uals aged 50—64 years who were vaccinated against influenza
were more likely to be discharged earlier from the ICU, com-
pared with those who were not vaccinated (HR, 1.84; 95% ClI,
1.12-3.01), with a median of a half-day reduction in time
spent in the ICU. A similar trend was also seen among those
aged 65—74 years, although this finding was not statistically sig-
nificant. This very modest difference in outcome may suggest
that, during the 2012—2013 season, influenza vaccination did
not offer additional protection from severe outcomes among
those who, despite vaccination, were infected, hospitalized,
and treated with antivirals. Because patients who receive a
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Table 1. Demographic and Clinical Characteristics, Lifestyle Risk Factors, and Clinical Course of Hospitalization Among 5614 Cases,
Overall and by Vaccination Status During the 2012-2013 Influenza Season

Characteristic Overall (n =5614) Vaccinated (n =3101) Unvaccinated (n = 2513) P Value®
Female sex 2952 (63) 1598 (52) 1354 (54) .08
Age group, y
50-64 1638 (29) 667 (22) 971 (39) <.001
65-74 1296 (23) 721 (23) 575 (23)
>75 2680 (48) 1713 (55) 967 (38)
Race
Non-Hispanic white 3845 (68) 2288 (74) 1557 (62) <.001
Non-Hispanic black 860 (15) 341 (11) 519 (21)
Hispanic 347 (6) 159 (5) 188 (7)
Other 235 (4) 139 (4) 96 (4)
Unknown 327 (6) 174 (6) 153 (6)
BMI
Underweight 239 (4) 114 (4) 125 (5) <.001
Normal 1702 (30) 1006 (32) 696 (28)
Overweight 1716 (31) 984 (32) 732 (29)
Obese 1467 (26) 763 (25) 704 (28)
Morbid obese 490 (9) 234 (8) 256 (10)
Medical condition
Asthma 945 (17) 529 (17) 416 (17) .64
Chronic lung disease 1890 (34) 1134 (37) 756 (30) <.001
Cardiovascular disease 2913 (52) 1726 (56) 1187 (47) <.001
Chronic metabolic disease 2513 (45) 1464 (47) 1049 (42) <.001
Neurologic disease 963 (17) 555 (18) 408 (16) 1
Immunosuppression 921 (16) 581 (19) 340 (14) <.001
Blood disorder 106 (2) 74 (2) 32(1) <.01
Renal disease 1101 (20) 708 (23) 393 (16) <.001
Liver disease 119 (2) 62 (2) 57 (2) 55
>1 5092 (91) 2883 (93) 2209 (88) <.001
Alcohol abuse status
Current 183 (3) 70 (2) 113 (5) <.001
Former 185 (3) 100 (3) 85 (3)
Never 5246 (93) 2931 (95) 2315 (92)
Smoking status
Current 1051 (19) 454 (15) 597 (24) <.001
Former 1793 (32) 1106 (36) 687 (27)
Never 2770 (49) 1541 (50) 1229 (49)
Influenza virus type(s)
Influenza A 4689 (84) 2637 (85) 2052 (82) <.01°
Influenza B 901 (16) 454 (15) 447 (18)
Influenza A and B 8(0.1) 4(0.1) 4(0.2)
Influenza A/B (not distinguished) 16 (0.3) 6 (0.2) 10 (0.4)
Antiviral treatment 4631 (82) 2607 (84) 2024 (81) <.001
Admitted to the ICU 803 (14) 439 (14) 364 (15) .76
Deceased 118 (2) 61 (2) 57 (2) 20P
Diagnosis of pneumonia® 1806 (33) 1022 (34) 784 (32) 19
Length of ICU stay, d, median (IQR) 3 (1-6) 2 (1-5) 3 (1-6) 144
Length of hospital stay, d, median (IQR) 3 (2-6) 3 (2-6) 3 (2-6) .07¢

Data are no. (%) of subjects, unless otherwise indicated, and were obtained from the Influenza Hospitalization Surveillance Network. Percentages reflect calculations
involving subjects for whom data on the specified characteristic were available and might not sum to 100%, because of rounding.

Abbreviations: BMI, body mass index; ICU, intensive care unit; IQR, interquartile range.

2 By the x? test, unless otherwise indicated.

b By the Fisher test.

¢ Among those who underwent chest radiography within 3 days of admission (n = 5462).

94 By the Wilcoxon-Mann-Whitney test.
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Table 2.
Season, by Age Group, Before Propensity Score Matching

Influenza Vaccination and Severity of Influenza Analysis for 4611 Cases Treated With Antivirals During the 2012-2013 Influenza

50-64y (n=1298)

65-74y (n=1054) >75y (n=2259)

Clinical Outcome, Measure Point Estimate (95% CI) P Value Point Estimate (95% CI) P Value Point Estimate (95% Cl) P Value
Severe disease, OR? 1.04 (.76-1.42) .82 0.99 (.71-1.40) .99 1.05 (.81-1.37) .70
Diagnosis of pneumonia, OR® 0.93 (.72-1.21) .61 0.80 (.61-1.06) A2 1.02 (.84-1.23) .85
Length of ICU stay, HR® 1.22 (.87-1.72) 24 1.23 (.81-1.85) .32 1.10 (.81-1.50) .65
Length of hospital stay, HR® 1.02 (.91-1.15) .70 1.01 (.89-1.15) .88 1.05 (.96-1.15) .28

Analyses were adjusted for sex, race, body mass index, medical condition (asthma, chronic lung disease, cardiovascular disease, chronic metabolic disease,
neurologic disease, immunosuppression, and renal disease), alcohol abuse status, smoking status, and influenza virus type. Data exclude untreated individuals,
individuals who tested positive for both influenza A and B, and those who tested positive for influenza A and/or B (not distinguished).

Abbreviations: Cl, confidence interval; HR, hazard ratio; ICU, intensive care unit; OR, odds ratio.

@ Admitted to the ICU or died.

b Among those who underwent chest radiography within 3 days of admission (n = 4494).

° HR represents ICU or hospital discharge.

diagnosis of influenza and are aged >50 years are at higher risk
of influenza-associated complications, it is important to consid-
er strategies to improve the effectiveness of currently available
influenza vaccines [28-30].

To our knowledge, this is the first study that has evaluated the
association of influenza vaccination and ICU admission, death,
diagnosis of pneumonia, and hospital and ICU lengths of stay
among hospitalized patients aged >50 years with laboratory-
confirmed influenza, using traditional multivariable logistic re-
gression and PSM. In our study, analyzing the data on the basis
of the propensity for influenza vaccine receipt allowed us to bal-
ance characteristics of vaccinated and unvaccinated cases that
could potentially bias results (Supplementary Table Al). For
instance, older adults and those with underlying medical condi-
tions are more likely to receive vaccination, to have influenza-
associated complications, and to respond to vaccination poorly,
compared with young, healthy adults. Traditional adjusted

regression models measuring differences in disease severity
among vaccinated and unvaccinated persons may not adequate-
ly control for these effects [31, 32].

The effect of influenza vaccination on influenza severity is un-
certain. Some studies evaluating hospital admission among those
with laboratory-confirmed influenza as a sign of disease severity
have failed to show a protective effect of influenza vaccination
[33, 34], while others that used laboratory-confirmed influenza
outcomes [10, 11], as well as clinical outcomes [12, 35, 36], have
found some differences. Nonetheless, the definition of influenza
severity differs among studies. Nichol et al evaluated influenza
vaccine effectiveness against hospitalization for influenza or
pneumonia and death from any cause in community-dwelling peo-
ple aged >65 years during 10 consecutive seasons. They found a
significant decrease in hospitalizations for influenza or pneu-
monia (OR, 0.73; 95% CI, .68—0.77) and death (OR, 0.52; 95%
CI, .50—.55) in individuals who were vaccinated, compared with

Table 3.
Season, by Age Group, After Propensity Score Matching

Influenza Vaccination and Severity of Influenza Analysis for 1509 Cases Treated With Antivirals During the 2012-2013 Influenza

50-64 y (n =494) 65-74y (n =495) >75y (n=520)
Clinical Outcome Point Estimate (95% CI) P Value Point Estimate (95% CI) P Value Point Estimate (95% Cl) P Value
Severe disease, OR? 0.97 (.62-1.52) .89 1.27 (.81-1.99) .29 0.99° (.59-1.66) .97
Diagnosis of pneumonia, OR® 0.79 (.54-1.18) .25 0.86° (.59-1.26) 44 0.94° (.65-1.35) 72
Length of ICU stay, HRY 1.84 (1.12-3.01) .02 1.58 (.97-2.53) .06 0.94 (.50-1.77) .85
Length of hospital stay, HRY 1.08 (.90-1.29) .39 0.98 (.82-1.17) .83 1.03 (.87-1.23) 72

Variables used for propensity score matching were sex, race, body mass index, medical condition (asthma, chronic lung disease, cardiovascular disease, chronic
metabolic disease, neurologic disease, immunosuppression, hemoglobinopathy/blood disorders, renal disease, and liver disease), alcohol abuse status, and
smoking status.

Abbreviations: Cl, confidence interval; HR, hazard ratio; ICU, intensive care unit; OR, odds ratio.
@ Admitted to the ICU or died.

® Adjusted for the Charlson comorbidity index.

¢ Among those who underwent chest radiography within 3 days of admission (n = 1460).

9 HR represents ICU or hospital discharge.
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Figure 2. Kaplan—Meier estimates of length of stay in the intensive care
unit (ICU), by vaccination status, for cases aged 50-64 years who were
treated with antivirals.

those who were unvaccinated, after adjustment for demographic
characteristics, medical conditions, and number of medical vis-
its [35]; however, the study did not look at laboratory-confirmed
influenza-attributable outcomes, and thus the vaccine effective-
ness estimates were potentially biased [32,37]. Another study of
hospitalized cases with laboratory-confirmed influenza defined
severity as being admitted in the ICU or dying during hospital-
ization. Their findings support the idea that influenza vaccina-
tion may protect against severe disease during hospitalization;
however, the investigators did not account for antiviral treat-
ment [10], which is associated with better outcomes, including
survival [38-40]. Despite the number of studies showing the
benefit of influenza vaccine in reducing disease severity among
elderly individuals [10-12, 35, 36], we could not satisfactorily
demonstrate this phenomenon with our data.

Influenza vaccine effectiveness during the 2012-2013 influ-
enza season was documented to be suboptimal in older adults.
The influenza A(H3N2) vaccine strain underwent minor amino
acid changes, compared with the circulating strain, which had
an adverse effect on the 2012-2013 vaccine efficacy [6] and like-
ly influenced the low vaccine effectiveness in adults aged >65
years; the 2012—2013 vaccine effectiveness for adults aged
>65 years was 26% (95% CI, —10% to 50%) [6]. However,
other factors related to the capacity of older adults to build an
immune response may have played a role [41]. Despite the low
influenza vaccine effectiveness reported in older adults, a sub-
stantial number of hospitalizations were likely averted by vaccina-
tion during the 2012—2013 season [42]. The lack of substantial
differences in severe outcomes between vaccinated and unvac-
cinated subjects in our study may reflect the modest vaccine ef-
fectiveness estimated for the 2012—2013 season. Similar analyses
in other seasons may be able to confirm or expand on our find-
ings. Nonetheless, new vaccines with improved vaccine effective-
ness, such as adjuvanted influenza vaccine [30] or a high-dose

vaccine [28,29], and other strategies, such as early and aggressive
antiviral treatment [17, 38, 39, 43], are needed to reduce morbid-
ity and mortality due to influenza virus infection in vulnerable
populations.

We acknowledge that the study had some limitations. Because
of the high vaccination rates among hospitalized patients, we ran-
domly selected a subset of vaccinated cases from each age group,
to increase our ratio of unvaccinated subjects to vaccinated sub-
jects, thus guaranteeing an optimal performance of the PSM al-
gorithm [21, 22]. We detected a difference in the length of ICU
stay in adults aged 50—64 years; however, reducing the sample
size could have affected the ability to detect differences in disease
severity and pneumonia, principally among the older age groups.
For instance, older adults are reported to be less likely to be sent
to the ICU [44, 45], which may have reduced the number of out-
comes and, consequently, our ability to identify any significant
association. Furthermore, there might be unmeasured confound-
ers that we did not include in the PSM; however, we included a
number of variables that have been reported to be associated with
vaccination and severe influenza [46]. Another potential limita-
tion is that physicians may have been more likely to test for in-
fluenza virus in patients with more-severe disease presentation,
underestimating the benefit of vaccination throughout the spec-
trum of disease. Likewise, bias may have been introduced by not
capturing all true influenza cases, owing to the low sensitivity of
rapid tests [47]; however, an increased use of more-sensitive tests
has been seen since the 2009 influenza pandemic [48]. In addi-
tion, antiviral treatment may have masked the effect of vaccina-
tion on the severity of influenza, as antiviral treatment has been
shown to reduce influenza-related severe outcomes, including
hospital length of stay [38, 39, 43, 49].

In summary, we did not see substantial differences in influ-
enza severity, by vaccination status, in older adults hospitalized
with laboratory-confirmed influenza during the 2012—-2013 in-
fluenza season, despite the high hospitalization rates among
persons aged >65 years. In years in which the vaccine is a better
match to circulating viruses and, consequently, has better effec-
tiveness against influenza virus infection, we might see a stronger
effect of influenza vaccination on clinical outcomes. More-
immunogenic vaccines may provide higher protection from
severe influenza. Annual influenza vaccination is still the best
protection against influenza virus infection and its potential
complications, particularly for populations at risk of develop-
ing more-severe disease. In hospitalized patients, influenza-
associated antiviral treatment should be administered as soon
as possible when influenza is suspected.
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