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Abstract

The purpose of this study was to determine vaccination rates against influenza and pneumococcus in alarge cohort of adults hospitalized
with confirmed influenza A(H1N1)pdmO9 infection, and to identify differences in clinical features, frequency of bacterial coinfection,
and outcomes between vaccinated and non-vaccinated patients. A prospective cohort study conducted at 14 teaching hospitals in
Spain. Adult patients (n=699) hospitalized with confirmed influenza A(H1N1)pdmO9 infection during the pandemic and the first post
pandemic influenza periods were included. Vaccination status against influenza and pneumococcus was established in 547 and 587
individuals, respectively. The vaccination rates were low: 14% for seasonal influenza and 5.4% for pneumococcus. Despite conducting
whole population and subgroup multivariate analyses, we observed no beneficial effects on outcomes (intensive care unit admission
and mortality) for both vaccines. However, patients who had been vaccinated, whether against influenza or pneumococcus, did tend to
develop fewer bacterial coinfections, particularly that due to S. pneumoniae.
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Introduction

In seasonal flu, as during previous influenza pandemics,
an important number of clinical complications are not
directly related to viral infection but, rather, to a bacterial
superinfection. Streptococcus pneumoniae has been
documented as the main agent responsible for secondary
bacterial pneumonia [1, 2]. During the 1918 influenza
pandemic most of the deaths were due to bacterial
pneumonia, with bacteremia caused by S. pneumoniae
being documented in nearly half of them [3]. Although
the prevalence of bacterial coinfection was relatively
low during the recent pandemic (H1N1) 2009, it was
nonetheless an independent factor for severe disease [4].
Moreover, S. pneumoniae was the most frequently isolated
microorganism in bacterial pneumonia complications
during the pandemic period, as well as in the first
post-pandemic influenza season [4-6]. The synergistic
interaction between bacteria and the influenza virus has
been shown to contribute to the severity of the resulting
infection in animal models [7], as well as in the case of
pandemic influenza A(H1N1)pdmO9 infection [8].

Seasonal influenza and 23-valent polysaccharide
pneumococcal vaccines are recommended for older

patients and those with comorbid conditions such as lung,
heart, hepatic, or kidney diseases and immunodeficiency
states [9]. The immunogenicity, safety, and efficacy of
influenza A(H1IN1)pdmO9 vaccines have been described
in different populations [10-14]. However, vaccination
rates are far from optimum [15, 16], with possible factors
influencing vaccination being related both to physicians
and to the psychosocial environment of the patients [17,
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18]. The previous trivalent 2008-2009 seasonal influenza
vaccination has demonstrated moderate protection
against laboratory-confirmed pandemic influenza A
(HIN1) 2009 associated illness [19]. In addition, during
the pandemic, dual vaccination with both HIN1 and
seasonal vaccines reduced mortality and hospitalization
rates in the institutionalized elderly [20], and dual
vaccination of influenza and pneumococcus reduced
mortality among nursing home older adults infected
with the pandemic influenza A (H1N1) 2009 virus [21].
However, the available information remains controversial
and scarce, and more studies are therefore needed to
corroborate these findings in other settings and with
different populations.

The aims of the present study were to determine
vaccination rates against influenza or S. pneumoniae
in a large cohort of hospitalized adults with confirmed
influenza A(HIN1)pdmO9 infection, and to identify
differences in clinical features, frequency of bacterial
coinfection, and outcomes between vaccinated and non-
vaccinated patients.

Methods

Setting, patients, and study design

This is an observational prospective cohort study
conducted at 14 teaching hospitals belonging to the
Spanish Network for Research in Infectious Diseases
(REIPI). All adult patients (>18 years old) hospitalized
with confirmed influenza A(H1N1)pdmO09 infection
during the pandemic period (April to November 2009)
and those hospitalized with pneumonia during the first
post-pandemic influenza period (December 2010 to
March 2011) were prospectively recruited and followed

up.

A confirmed case was defined as a person with an
influenza-like illness with confirmed laboratory influenza
A(H1IN1)pdmO9 virus infection documented by real-time
polymerase chain reaction (RT-PCR) or viral culture.
Influenza A(H1IN1)pdmO9 virus testing was performed in
each institution.

The study was approved by the Ethics Committee of
the coordinating center, the Hospital Universitari de
Bellvitge, and written informed consent was obtained
from patients.

Clinical assessment and follow-up

Patients were seen during their hospital stay by one or
more of the researchers in each participating hospital,
who recorded clinical data in a standardized, computer-
assisted protocol. Data were collected on demographic
characteristics, pneumococcal and influenza vaccination,
comorbidities, clinical signs and symptoms, biochemical
analysis, chest X-ray findings, concomitant and/or
secondary bacterial pneumonia or infection, antiviral

and antibiotic treatment, time to clinical stability, and
outcomes, including mortality during hospitalization.

Completed protocols were sent to the coordinating center
and all the data were revised by two senior investigators
prior to the final validation.

Definitions

Patients were considered to be pneumococcal-vaccinated
if 23-valent polysaccharide pneumococcal vaccine had
been administered in the five years before admission, and
influenza-vaccinated if seasonal influenza vaccine had
been administered during the year prior to admission.
Vaccination status was determined through interviews
with patients or their relatives, as well as from reviews of
hospital and personal health records (vaccination card).
Pneumonia was defined as the presence of a new infiltrate
on a chest radiograph.

Bacterial coinfection was considered to be present
in patients who showed positive bacterial blood or
respiratory cultures or positive urinary antigen tests
for S. pneumoniae or Legionella pneumophila serogroup
1. The study of pathogens in sputum, pleural effusion,
bronchoalveolar lavage, and blood was performed by
standard microbiologic procedures. Standard serologic
methods were used to determine antibodies against
atypical agents.

The Pneumonia Severity Index (PSI) [22] and CURB-
65 [23] were calculated in each pneumonia episode.
Complications were defined as any untoward
circumstances occurring during hospitalization. Time to
clinical stability was evaluated as described elsewhere
[24]. Overall mortality was defined as death from any
cause during hospitalization.

The hospital admission criteria, microbiologic studies,
intensive care unit (ICU) admission criteria, and
treatment decisions were not standardized and were the
responsibility of the attending physician.

Statistical analysis

The results were analyzed using a commercially available
statistical software package (SPSS, version 15.0; SPSS Inc,,
Chicago, Illinois). Descriptive statistics were obtained for
all study variables, with all proportions being calculated
as percentages of the patients with available data.

We compared the clinical characteristics and outcomes
between patients who were vaccinated and those
who were not vaccinated against influenza and/or S.
pneumoniae. The same analysis was performed in patients
with vaccine indication according to guidelines, and in
those with pneumonia. Significant differences between
groups were assessed by means of the chi-square test or
Fisher’s exact test for categorical variables, as appropriate.
Either the Student’s t test or the Mann-Whitney test was
applied for continuous variables. For outcome variables
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we also calculated the corresponding odds ratio with
95% confidence interval.

Logistic regression multivariate models were developed
for each of the following outcomes: bacterial coinfection,
ICU admission, and overall mortality. These multivariate
analyses were performed for the whole population
and for patients with vaccine indications according to
established guidelines. Variables included in the models
were influenza or pneumococcal vaccination and all
those variables shown to be statistically related with the
corresponding outcome variable in the bivariate analysis.

Statistical significance was set at a = 0.05. All reported P
values are 2-tailed.

Results

General characteristics of the study population and
vaccination rates

A total of 699 adults with influenza A(H1N1)pdmO09
infectionrequired hospitalizationduringthe studyperiods,
585 in the pandemic period and 114 in the first post-
pandemic period. Of these, 350 (50.1%) had a respiratory
tract infection without radiological consolidation and 349
(49.9%) were diagnosed with pneumonia. Demographic
characteristics and comorbid conditions for the whole
population are summarized in Table 1.

The vaccination rate was 14% for influenza (77 of
547 with available information on vaccination status)
and 5.4% for pneumococcus (32 of 587 with available
information). There were no demographic or clinical
differences between patients whose vaccination status
was known and those in whom it was not established.
According to guidelines, 464 (66.4%) of the 699 patients
met at least one criterion for administration of influenza
and/or pneumococcal vaccines.

Sixty (8.5%) patients had a microbiologically documented
bacterial co-infection (Table 2). S. pneumoniae was
documented as the causative pathogen in 41 (5.8%)
patients (6 cases had positive sputum culture, 5
bacteremia, and 31 positive urinary antigen test).

At least one complication developed in 137 (12.5%)
patients, and it was mainly of a respiratory nature (71
needed invasive ventilation, 50 noninvasive ventilation,
53 showed respiratory distress, 35 pleural effusion, and 3
empyema). Thirty-five (5%) cases presented with septic
shock at admission, 119 (17%) patients required ICU
admission, and 38 (5.4%) died during hospitalization.

Comparison of clinical and prognostic features between
patients who were vaccinated versus notvaccinated against
influenza

Among 547 patients with a known influenza vaccination
status, 77 had received influenza vaccine. Immunized
patients were older, more often male, and were more

Table 1 Demographic and clinical characteristics for the whole study

population.

Variable

Total n=699 (%)

Male/female
Age in years (median)
Smoker (active)
Alcohol use (active)
Comorbidity
COPD
Asthma
Diabetes
Diabetes (complicated)
Heart disease
Heart failure
Coronary artery disease
Cerebrovascular disease
Hemiplegia
Dementia
Peripheral vascular disease
Chronic kidney disease:
Mild-moderate
Severe
Peptic gastric ulcer
Hepatopathy:
Mild-moderate
Severe
HIV/AIDS
Connective tissue disease
Solid tumor (localized)
Solid tumor (metastasis)
Hematological malignancy
Solid organ transplant

Bone marrow transplant

Any other immunodeficiency*

Pregnant

Nursing home resident

367 (52.5)/332 (47.5)
41 (range: 16-97)
221 (31.6)

46 (6.6)

386 (55.2)

69 (9.9)

108 (15.5)

75 (10.7)

25 (3.6)

54 (7.7)

26 (3.7)

17 (2.4)

14 (2)

4(0.6)

17 (2.4)

8 (1.1)

20 (2.9)
17 (2.4)

9(1.3)

27 (3.9)
11 (1.6)
31 (4.4)
16 (2.3)
21(3)
19 (2.7)
18 (2.6)
22 (3.1)
6(0.9)
52 (7.4)
100 (14.3)

11 (1.6)

*Includes: neutropenia, chemotherapy, corticosteroids, or other

immunosuppressive drugs.
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Table 2 Etiology of bacterial co-infections for the whole population

Bacterial isolate Total n=699 (%)

S. pneumoniae 37 (5.3)
S. pneumoniae and other* 4(0.6)
H. influenzae 4(0.6)
P, aeruginosa 4(0.6)
S. aureus 2(0.3)
M. catarrhalis 2(0.3)
A. baumanii 2(0.3)
Others** 6(0.8)

*S. aureus (2) and S. mitis (1), H. parainfluenzae (1); ** S. maltophila (1),
S. pyogenes (2), S. sanguis (2); Positive blood cultures: S pneumoniae
(5), S. sanguis (2), S. pyogenes (1), S. aureus (1), A. baumanii (1), H.
parainfluenzae (1), unknown (1).

likely to have chronic comorbid conditions (Table 3).
Figure 1 displays the main differences in comorbidity
rates between vaccinated and non-vaccinated patients.
The main clinical features, complications, and prognostic
variables for these groups are summarized in Table 3.

Three (3.8%) influenza-immunized and 37 (7.8%)
non-influenza immunized patients developed bacterial
coinfection, of which, respectively, 2 (2.5%) and 23 (4.8%)
were caused by S. pneumoniae. None of the vaccinated
patients developed bacteremia or empyema. However,
in the unvaccinated group, 7 developed bacteremia (2
by S. pneumoniae) and 1 empyema by S. pyogenes. These
differences did not reach statistical significance. Use of
antibiotics was more frequent in vaccinated patients
[63 (81.8%) vs. 324 (68.9%), OR 1.98 (95% CI 1.07-
3.66), p=0.02], although not statistical differences were
observed in the pneumonia frequency.

Table 3 Main demographic, clinical, and outcome differences between vaccinated and non-vaccinated patients whose vaccine status against influenza

was known (whole population).

Variable (Whole population) Vaccinated (Influenza)

Not vaccinated (Influenza) Statistical significance

n=77 (%) n=470 (%) OR (95% CI)
Male sex 48 (62.3) 229 (48.7) 1.74 (1.06-2.85) p=0.02
Age (mean) 51.7 (SD 15.9) 38.2 (SD 14.6) p<0.001
Any comorbidity 69 (89.6%) 220 (46.8%) 0.1 (0.04.0.21) p<0.001
Mean systolic blood pressure (mmHg) 127.4 (SD 27.8) 119.4 (SD 22.6) p=0.006
Serum creatinine (mg/dL) 1.3(SD 1.5) 0.9 (SD 0.9) p=0.002
Serum bicarbonate (mmol/L) 25.4 (SD 4.6) 23.3(SD3.2) p<0.001
Lymphocyte count (cells/pL) 1485,2 (SD 2994.4) 1064.7 (SD 674.8) p=0.008

Dyspnea 49 (63.6)

Baseline oxygen saturation (%) 91.2 (SD 6.2)

PaCO2 (mmHg) 39.3 (SD 10.6)

Abnormal resp. examination: 21 (27.2)
Chest retraction 7 (9)
Crackles 36 (46.7)
Wheezing & rhonchi 35 (45.4)

Shock 3(3.8)

ICU admission 16 (20.7)

Respiratory complications 15 (19.4)

Noninvasive ventilation 9(11.6)

Heart failure 4(5.1)

Length of hospital stay (days) 9.1 (SD 8.8)

Death 7(9)

206 (43.8) 0.44 (0.27-0.73) p=0.001
93.4% (SD 5.3) p=0.002

35.2(SD 7.8 p=0.003

219 (46.5) 2.39 (1.4-4.08) p=0.001
16 (3.4) 0.35 (0.14-0.9) p=0.03
158 (33.6) 0.59 (0.36-0.96) p=0.03
119 (25.3) 0.4 (0.24-0-66) p<0.001
4(0.8) 0.2 (0.04-0.95) p=0.02
51(10.8) 0.46 (0.24-0.86) p=0.01
39 (8.2) 0.37 (0.19-0.71) p=0.002
16 (3.4) 0.26 (0.11-0.62) p=0.001
5(1) 0.19 (0.05-0.74) p=0.02
6.8 (7.9) p=0.02

11 (2.3) 0.24 (0.09-0.63) p=0.002
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Figure 1 Influenza-vaccination (A) and pneumococcal-vaccination (B) rates according to each comorbidity (all differences are statistically significant,

p<0.05).

When the analysis was restricted to those patients with
influenza vaccine indication according to guidelines,
immunized patients were older (52.3 vs. 40.6 years,
p<0.001) and had a longer hospital stay (mean 9.1 vs. 6.8
days, p=0.03), but there were no significant differences
between the two groups in terms of clinical manifestations,
complications or death.

The analysis of patients with pneumonia showed that
influenza-immunized patients were older and more often
presented comorbidities (Table 4). Pneumonia episodes
were more severe in vaccinated patients, as evidenced

by PSI and CURB-65 scores. Vaccinated patients were
also more likely to develop complications, mainly of
a respiratory nature. A microbiologically confirmed
bacterial coinfection was more common among those not
immunized against influenza (2.7% vs. 31%; p=0.03). The
only vaccinated case with confirmed bacterial pneumonia
was caused by S. pneumoniae, identified by a positive
urinary antigen test. Among patients who were not
influenza vaccinated, 21 pneumococcal pneumonias were
documented (17 had a positive urinary antigen test, 5 a
positive sputum culture, and 2 bacteremia).
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Table 4 Main demographic, clinical, and outcome differences between vaccinated and non-vaccinated patients whose vaccine status against influenza
was known and who had a pneumonia diagnosis.

Variable (patients with pneumonia)

Vaccinated (Influenza)

n=37 (%)

Not vaccinated (Influenza)

n=192 (%)

Statistical significance
OR (95% CI)

Age
Any comorbidity
Severity
PSI score
CURB-65 score
Dyspnea
Wheezing and rhonchi
Baseline oxygen saturation (%)
PaCO, (mmHg)
Serum bicarbonate (mmol/L)
Hematocrit (%)
Serum creatinine (mg/dL)

Glucose (mg/dL)

55.1 (SD 15.1)

34 (91.8%)

87 (SD 39)

12 (SD 1.1)

30 (81)

20 (54)

87.5 (SD 6.2)
39.7 (SD 11)
25.3 (SD 4.5)
37.2% (SD 5.7)
1.1 (SD 0.6)

145.3 (SD 56.8)

38.58 (SD 19.9)

81 (42.1%)

p<0.001

0.06 (0.01-0.21) p<0.001

ICU admission 14 (37.8)
Respiratory complications 13 (35.1)
Noninvasive ventilation 7 (18.9)
Death 7 (18.9)

52.7 (SD 30.2) p<0.001

0.4 (SD 0.7) p<0.001

109 (56.7) 0.3 (0.12-0.73) p=0.006
50 (26) 0.3 (0.14-0.63) p=0.001
91.4 (SD 6.6) p=0.002

35.3 (SD 9.2) p=0.03

23.2 (SD 3.2) p=0.006

40.4% (SD 5.2) p=0.001

0.9 (SD 0.4) p=0.001

120.9 (SD 45.2) p=0.005

39(20.3) 0.41 (0.19-0.88) p=0.02
30 (15.6) 0.34 (0.15-0.74) p=0.005
14 (7.2) 0.33 (0.12.0.9) p=0.02
11 (5.7) 0.26 (0.09-0.72) p=0.01

Comparison of clinical and prognostic features between
patients who were vaccinated versus not vaccinated against
S. pneumoniae.

Among 587 patients with a known pneumococcal vaccine
status, 32 had been vaccinated. The majority of them were
men and they were older and more likely to have chronic
comorbid conditions (Figure 1). They also had a shorter
time between symptom onset and hospital admission (2.7
vs. 3.7 days, p=0.04), as well as higher lymphocyte counts,
PaC02, and serum bicarbonate. No other differences
in clinical manifestations or laboratory values were
observed (Table 5). One (3.1%) vaccinated patient had a
microbiologically confirmed bacterial coinfection (sputum
culture positive for Pseudomonas aeruginosa), compared
with 45 (8.1%) bacterial coinfections in non-vaccinated
patients (68.8% were due to S. pneumoniae). Although
vaccinated patients more often required noninvasive
ventilation, no other differences were observed in terms
of complications or mortality rates between the two
groups (Table 5).

In the sub-analysis of the 294 patients with pneumonia,
16 (5.4%) had received pneumococcal vaccine, all of
them with vaccine indication according to guidelines.
As previously observed those immunized were
mainly male, older, and more likely to present chronic

comorbid conditions. They also had lower baseline
oxygen saturation and higher levels of PaCO, and serum
bicarbonate. Pneumonia episodes were more severe
in vaccinated patients, as evidenced by PSI (93.6 vs.
62.5 points, p=0.001) and CURB-65 (1.4 vs. 0.6 points,
p<0.001) scores. Finally, noninvasive ventilation was more
frequently required by these patients, but no differences
were observed for the other outcome variables (Table 5).
Immunized subjects with pneumonia did not have any
microbiologically documented pneumococcal infection or
bacteremia, compared, respectively, with 28 (10%) and 4
(1.4%) of non-immunized patients (p>0.05 in each case).

Clinical and prognostic differences between patients
vaccinated versus not vaccinated with both vaccines
(influenza and S. pneumoniae)

All of the 28 patients who received both vaccines had
vaccine indications according to guidelines. As in the
previous analysis, vaccinated subjects were mainly men
and were older than non-vaccinated patients, and they
were also more likely to have chronic comorbid conditions.
They also presented lower baseline oxygen saturation
and an increased need for noninvasive ventilation. In
cases with a pneumonia diagnosis, PSI and CURB-65
scores were also higher for immunized patients (data not
shown).
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Table 5 Main differences in demographic, clinical, and outcome characteristics among patients with known vaccination status against Streptococcus
pneumoniae, for the whole population and for those with a pneumonia diagnosis.

Vaccinated Not vaccinated Statistical Vaccinated Not Vaccinated  Statistical
] Whole Whole S ; . o
Variable population n= population n= significance OR ~ Pneumonia n= Pneumonia n= significance OR
- - 0 0 0 0
32 (%) 555 (%) (95% CI) 16 (%) 278 (%) (95% CI)
0.45 (0.21-0.98) 0.62 (0.5-0.7)
Male sex 22 (68.7) 279 (50.2) p=0.04 14 (87.5) 152 (54.6) p=001
Age (years) 52.6 (SD 17.9) 40.8 (SD 15.3) p<0.001 58.8 (SD 15.5) 42.8 (SD 14.4) p<0.001
L 15.3 (3.64- 0.46 (0.4-0.52)
Any comorbidity 30 (93.7) 274 (49.3) 64.99) p<0.001 16 (100) 129 (46.4) p<0.001
2017.9 (SD 1.093.2 (SD _ 1042.5 (SD
Lymphocyte count (cells/pL) 4368.6) 1298.5) p=0.002 1354.3 (SD 945) 1615.3) NS
Baseline oxygen saturation (%) 91.9 (SD 7) 92.5(SD 5.9) NS 86.2 (SD 6.6) 90.5 (SD 6.8) p=0.03
PaCO, (mmHg) 41.8(SD12.2) 36 (SD 8.9) p=0.01 45.4 (SD 13.1) 36.2 (SD 9.8) p=0.005
Serum bicarbonate (mmol/L) 25.6(SD5) 23.5(SD 3.6) p=0.03 27.2 (SD 5.4) 23.5(SD 3.6) p=0.003
. . I 2.92 (1.05-8.09) 3.75 (1.22-
0, 0,
Noninvasive ventilation 5 (15.6%) 33 (5.9%) p=0.04 5(31.2) 30 (10.7) 11.55) p=0.03

None of the patients who received both vaccines had a
pneumococcal infection or bacteremia, compared with
6 (2 with bacteremia) of the 238 (2.5%) who were not
vaccinated.

Multivariate logistic regression analysis

In the multivariate regression models, bacterial
coinfection was mainly related to COPD [OR 4.15 (95%
Cl 1.62-10.64), p=0.003] and immunodeficiency [OR
5.6 (95% CI 2.14-14.64), p<0.001]. ICU admission was
associated with the presence of heart failure [OR 5.53
(95%CI1.71-17.84),p=0.004] and alcohol intake [OR 3.14
(95% CI1.24-7.94), p=0.01). Finally, overall mortality was
related with comorbidity [OR 9.12 (95% CI 1.15-72.3),
p=0.03] and alcohol intake [OR 7.23 (95% CI 1.97-26.49),
p=0.003). Neither the remaining variables analyzed (age,
diabetes mellitus, chronic kidney disease, or being an
active smoker) nor influenza (p>0.2) or pneumococcal
vaccination (p>0.6) were related with any of these three
outcome variables.

Discussion

In this large cohort study of hospitalized patients
with confirmed pandemic influenza A(H1N1)pdmO09
infection, we observed low vaccination rates for both
seasonal influenza (14%) and S. pneumoniae (5.4%),
even in patients who had vaccine indications according
to guidelines. In addition, despite conducting whole
population and subgroup multivariate analyses, we found
that seasonal influenza and pneumococcal vaccines had
no beneficial effect in terms of reducing ICU admission
or overall mortality. However, patients who had received
vaccine (influenza and/or pneumococcal) tended to have
fewer bacterial co-infections.

A significant gap between vaccination awareness and
actual vaccination rates has been described for both

vaccines in different settings [15, 16, 25]. In our study,
patients immunized against influenza were mainly men
and older; these data are not surprising since a gender
effect for vaccine reception has been previously reported
[26], and compliance with influenza vaccination among
those under 65 years with comorbidities has varied over
time, with low coverage rates of approximately 30% [15,
27]. In our patients the chronic conditions most often
related with seasonal influenza vaccine were COPD, heart
disease, complicated diabetes mellitus, chronic kidney
disease, HIV infection, connective tissue disease, and solid
organ transplant.

Especially noteworthy is the low vaccination rate observed
among pregnant women in our cohort, of whom only 2.7%
had been immunized. Although pregnancy was identified
as a risk factor for complications during the pandemic
influenzaA(H1N1) 2009, thelowrate of seasonalinfluenza
vaccination during the 2008-2009 vaccine campaign,
before the first cases of pandemic influenza (H1N1) 2009
were diagnosed in the spring of 2009, is substantially
below target levels [28]. The subjective perceived low risk
of infection and concerns about vaccine safety could be
responsible for poorer vaccination rates in the first post-
pandemic season, both in pregnant women and in other
risk groups. An epidemiological study of vaccination
against 2009 season influenza in Spain concluded that the
coverage finally achieved among people with an indication
due to a chronic health condition in the HIN1 campaign
was much lower than expected [29].

Another noteworthy finding is the fact that immunized
patients presented more complications, mainly shock,
ICU admissions, need for noninvasive ventilation, and
mortality. This is probably due to a selection bias, since
the baseline risk of this group was increased by their being
older and having more chronic conditions. Although the
efficacy and effectiveness of influenza vaccination have
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been clearly demonstrated [30, 31], a Cochrane review
concluded that while influenza vaccination in patients
with COPD significantly reduced acute exacerbations with
an effectiveness over 60%, there was no evidence of an
effect on hospitalization or mortality rates [32]. In our
study, neither influenza nor pneumococcal vaccination
was related in the multivariate analyses with a lower rate
of ICU admission, mortality, or bacterial co-infection.

As already mentioned, previous seasonal influenza
vaccination, when the circulating influenza strain was
not matched by the trivalent seasonal influenza vaccine,
was related to better prognosis in patients infected
with influenza A(HIN1) pdmO09 [21]. Moreover, prior
vaccination with seasonal influenza vaccines in 2004-
2008 was independently associated with protection
in a recent study [19]. However, the population in that
study comprised active-duty military service members,
a high proportion of whom were younger than 40 years
(94.3%), and with vaccination rates over 80%. Other
study of institutionalized elderly patients in Hong Kong
[20] found that dual vaccination of pandemic influenza
A (H1IN1) 2009 virus and seasonal influenza reduced all-
cause hospitalization, as well as hospitalization for fever
on admission and for pneumonia, compared with seasonal
vaccination alone. An additive effect of seasonal influenza
and pneumococcal vaccination has also been described
on all-cause mortality and mortality from pneumonia or
from vascular causes [21]. However, in these two studies
the majority of the population were women (>60%), no
laboratory-confirmed influenza infection was required,
and the etiology of pneumonia (viral or bacterial) was not
specified. Furthermore, the results cannot be extrapolated
to all elderly persons not living in nursing homes.

The analysis of both the whole population and of patients
with a vaccine indication revealed a longer hospital stay
and greater use of antibiotics among immunized patients.
These data do not support the idea that the influenza
vaccine can lead to savings in terms of hospitalization
costs. However, it should be noted that although there is
widespread evidence of the cost-effectiveness of influenza
vaccination [33, 34] this need not necessarily be the case
in a particular high-risk population, such as ours, or in the
context of an influenza pandemic.

Similar reasoning can be applied to explain the differences
observed between patients vaccinated and those not
vaccinated against pneumococcus. Once again, immunized
patients tended to be older men with comorbidities,
and they had more severe episodes. A high proportion
of them also needed noninvasive ventilation. There
were no differences with respect to the other outcome
variables or mortality, although this may simply be due
to the low number of immunized subjects. In our study
only 28 patients had received both vaccines, even though
there is some evidence that the benefits of influenza and
pneumococcal vaccination may be additive in preventing

hospitalization and death in high-risk groups, and even
cost-effective [35-37].

It should be emphasized that bacterial infections tended
to be less frequent among vaccinated patients in the
present study. Only two pneumococcal infections were
microbiologically documented among those who received
influenza vaccine, and neither of them was invasive.
Moreover, no pneumococcal infection was diagnosed
among subjects who were immunized for S. pneumoniae.
Although clinical studies have produced conflicting results
regarding the utility of pneumococcal vaccination in some
populations [38- 40] our data may support vaccination
for high-risk patients.

Our study does have a number of limitations. Firstly, we
only included hospitalized patients, who represent only a
small proportion of those with influenza A(H1N1) pdm09
infection and who are likely to have a more severe clinical
presentation and worse prognosis. A second limitation
concerns the fact that we reviewed the effect of seasonal
influenza vaccine on the clinical presentation and outcome
of influenza A(H1IN1) pdm09 infection in two different
periods, the pandemic one and the first post-pandemic
season, considering further that in the second period the
seasonal influenza vaccine contained the H1N1 strain.
However, in this second period we only had data for
pneumonia episodes. It is also acknowledged that most
of the vaccination data were self-reported, although there
is evidence that self-reports, at least regarding influenza
vaccination, are highly sensitive and evince a high level
of agreement [17]. The strengths of this work include the
fact thatit was a multicenter study involving a large cohort
of patients from 14 hospitals located in seven cities from
across Spain. It is therefore reasonable to assume that
our data offer a fair reflection of immunization practices,
and their influence on clinical outcomes in different types
of patients who were admitted with influenza A(H1N1)
pdmO09 infection to major centers during that period.
However, it should be noted that for some outcome
variables the small number of events meant that the
analysis had insufficient statistical power to identify
significant differences.

Conclusion

Vaccination rates against influenza and pneumococcus
were low in hospitalized patients with influenza A(H1N1)
pdmO09 infection. In addition, no significant differences in
outcomesbetweenvaccinatedandnon-vaccinated patients
were documented. However, vaccinated patients tended
to have fewer S. pneumoniae bacterial co-infections.
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