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Abstract

The emergence and pandemic spread of a new strain of influenza A (H1N1) virus in 2009 resulted in a serious alarm in
clinical and public health services all over the world. One distinguishing feature of this new influenza pandemic was the
different profile of hospitalized patients compared to those from traditional seasonal influenza infections. Our goal was to
analyze sociodemographic and clinical factors associated to hospitalization following infection by influenza A(H1N1) virus.
We report the results of a Spanish nationwide study with laboratory confirmed infection by the new pandemic virus in a
case-control design based on hospitalized patients. The main risk factors for hospitalization of influenza A (H1N1) 2009 were
determined to be obesity (BMI=40, with an odds-ratio [OR] 14.27), hematological neoplasia (OR 10.71), chronic heart
disease, COPD (OR 5.16) and neurological disease, among the clinical conditions, whereas low education level and some
ethnic backgrounds (Gypsies and Amerinds) were the sociodemographic variables found associated to hospitalization. The
presence of any clinical condition of moderate risk almost triples the risk of hospitalization (OR 2.88) and high risk conditions
raise this value markedly (OR 6.43). The risk of hospitalization increased proportionally when for two (OR 2.08) or for three or
more (OR 4.86) risk factors were simultaneously present in the same patient. These findings should be considered when a
new influenza virus appears in the human population.
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Introduction

The emergence of a new viral strain of influenza A (HIN1) virus
in the spring of 2009 represented the first pandemics of the 21st
century [1,2]. The initial data about the infection were alarming,
with apparently high death rates in unusual age group, such as
infants and children rather than the elderly. This was explained by
lack of exposure to a previous HINI influenza A virus which was
replaced in 1957 by the H2N2 ‘Asian-flu’ strain [3]. Additionally,
alarming greater than expected number of serious infections, even
with fatal outcomes, were observed among people with no
apparent risk for serious infection by influenza virus when
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compared with the usual profile of seasonal influenza epidemics
(4].

Compared to seasonal epidemics, new influenza pandemics
have been characterized by increased transmissibility, higher
mortality in young age groups, geographic variability, activity
peaks out of the cold season and more than one epidemic wave
[5]. As a result, health systems world-wide were stressed and,
frequently, overwhelmed by the demand at different settings:
primary care centers, emergency units, hospital wards and
intensive care units.

Spain was the first European country to report a case of
pandemic influenza [6] and the rapid adoption of control
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measures limited the initial wave of the epidemics to 735 cases [7].
Nevertheless, in light of initial reports on underlying clinical
conditions leading to severity of infection with the new influenza
virus and the need to analyze the effectiveness of the different
measures of control adopted by Spanish authorities, a multicenter
study was initiated to evaluate these and other factors during the
20092010 pandemic wave.

Most previous published reports have analyzed factors leading
to extreme severity, usually defined as death or need for admission
to emergency care units, of influenza infection [8-12] but, to our
knowledge, no study has compared hospitalized patients with
influenza-infected controls. In this context, and given that
pandemic influenza may represent global health risks, we have
analyzed which sociodemographic factors and clinical conditions
were associated to hospitalization of confirmed influenza A(HIN1)
2009 virus infected patients in Spain during the first eight months
of pandemic influenza.

Materials and Methods

Study design

A multicenter study utilizing matched case-controls was
conducted and included 36 hospitals and primary care centers
from seven Spanish regions (Andalusia, Basque Country, Catalo-
nia, Castile and Leon, Madrid, Navarra, and Valencian
Community). Cases and controls were recruited between July
2009 and February 2010. Sample size needed to detect a relative
risk (OR) of 1.5 and assuming a prevalence of the investigated
factors in outpatients of 0.15, a bilateral significance level o= 0.05
and a power of B=0.80 was 654. using the criteria proposed by
Schlesselman [13]. The most conservative assumptions were
adopted and the estimated sample size was increased in 10% to
account for possible losses. This resulted in a target sample size of
720 for both cases and controls.

Selection of cases and controls

A case was defined as a patient admitted to hospital for >24 h
with RT-PCR confirmed infection by influenza A(HIN1) 2009
virus [14]. Controls were defined as non-hospitalized persons with
RT-PCR confirmed infection by the same pandemic virus and
were recruited among patients attending primary care centers.
Hospitalized cases excluded nosocomial infections (assigned by
onset of symptoms 48 h or more after admission to the hospital).
Non-hospitalized controls were matched to hospitalized cases by
age (X3 years for patients under 18 y and £5 y for older patients),
province of residence and date of admission to the hospital (=10
days).

Sociodemographic and pre-existing medical variables

For all the subjects included in the study the following
demographic and medical variables were obtained: age, sex,
ethnic group, education level, tobacco and alcohol use, pregnancy
(for women 15-49 y of age), pneumonia in the 2 previous years,
chronic obstructive pulmonary disease (COPD), asthma, heart
disease, renal insufficiency, diabetes, HIV infection, disabling
neurological disease, neoplasia, transplant, morbid obesity (body
mass index, BMI>40), treatment with systemic corticosteroids,
treatment with inhaled corticosteroids, treatment with antibiotics
in the 90 previous days and vaccination against pandemic and
seasonal influenza. The medical conditions, retrieved from the
patients’ medical records, were classified into two groups
according to severity [10] (Table 1). The remaining variables
were obtained from direct or phone interviews to the patients (or
their parents in the case of infants and children).
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Statistical analyses

Bivariate comparisons for sociodemographic and clinical
variables were performed between cases and controls by means
of Pearson’s chi-square, for categorical variables, and Student’s t
tests, for normally-distributed continuous variables. Crude Odds
Ratios (OR) were estimated using the McNemar chi-square test.
To estimate the adjusted odds ratio (aOR) a multivariate analysis
using conditional logistic regression was performed including those
independent variables found to be associated with both the risk
factor and the hospitalization in the previous bivariate analyses. In
order to detect those variables that could be associated in the
multivariate setting but not in the bivariate one, two additional
strategies were carried out: full model (i.e. with all candidate
variables) and stepwise backward regression [15]. The interactions
between age groups (0-18 years, =18 years) and the history of
vaccination were analyzed by logistic regression. The analyses
were performed with SPSS version 18.

Ethics

All the information collected was treated as confidential, in strict
observance of legislation on observational studies and the
principles expressed in the Declaration of Helsinki. The study
was approved by the Ethics Committee of the hospitals involved.
Written informed consent was obtained from all patients or their
parents in the case of children (0-17 years).

Results

A total of 699 hospitalized and 703 non-hospitalized cases of
influenza A (HIN1) 2009 were included in the study. Slightly more
than half of them (55%) were recruited after November 16, when
the vaccination program with the pandemic vaccine was started in
Spain.

The most relevant social and demographic variables for both
groups are shown in Table 2. Non-Caucasian ethnic groups
(Gypsies, Amerinds and Arabian/North-Africans) were consider-
ably more frequently present among hospitalized than among non-
hospitalized cases, with crude OR ranging from 2.74 to 8.20.
Lower education level was significantly more frequent among
hospitalized patients (OR 0.34, 95% confidence interval [CI]
0.26-0.46). More women were present among non-hospitalized
than in hospitalized cases, but after adjustment for other variables
(Table SI1) sex was no longer statistically significant. We
encountered some problems in applying the same matching
criterion (3 years) in the eldest age group (>65 years) than in the
other groups and, consequently, we had to increase the age
interval considered up to 5 years. This and the low number of non-
hospitalized cases among this age group explains the significant
difference found in the age group distributions, which disappeared
in the adjusted multivariate analysis (Table 2).

Differences between cases and control groups in the frequency
of most risk factors and clinical conditions were statistically
significant in the bivariate analyses (Table 3). Relevant exceptions
were pregnancy and alcoholism, which were not significant, and
renal disease, previous smoking habit and transplant, which were
almost significant (p =0.06). The presence of the condition was
associated to increased risk of hospitalization in all cases except for
pregnancy (OR 0.77, CI 0.41-1.45). However, a more detailed
analysis of this factor showed that pregnancy after week 30 was
actually associated to an increased risk of hospitalization (aOR
4.17, CI 1.32-13.18). An interaction between age (<18 and =18
years) and pandemic influenza vaccination was observed, and
therefore these two groups were considered separately. Coverage
with pandemic influenza vaccine was very low in both cases and
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Table 1. Medical conditions considered in this study classified according to severity [10].

Severity Medical conditions

High risk Solid organ neoplasia

Hematological neoplasia

Renal insufficiency requiring hemodialysis
Transplant

Asplenia

Autoimmune disease

Nephritic syndrome

AIDS
Moderate risk Asymptomatic HIV infection

Diabetes mellitus

Asthma
Chronic liver disease
Renal insufficiency not requiring hemodialysis

Hemoglobinopathy or anemia

Neuromuscular disease

Convulsions

Long-lasting therapy with acetylsalicylic acid
Obesity (with MIC score)

Pregnancy

Immunosuppressive therapy (chemotherapy or others)

Mental disability: Down syndrome, dementia and others

Oral corticosteroid therapy, doses >20 mg/day/15 days in the last month

Disabling neurological disease or severe alteration of psychomotor development

Congestive or hemodynamically unstable congenital cardiomyopathy

COPD, defined as respiratory symptoms for longer than 3 months

doi:10.1371/journal.pone.0033139.t001

controls and did not allow deriving statistically significant
differences between groups. , but the statistical power was only
2% for <18 years and 3.8% for =18 years. No statistically
significant differences were observed between cases and controls
with regards to seasonal influenza vaccination. The statistical
power was also low, but higher than for pandemic vaccine (9.6%
for <18 years and 59.3% for =18 years).

Using the two additional strategies to detect possible confound-
ers that were present in the multivariate setting but not in the
bivariate one, no additional confounders were found (results not
shown here but available upon request).

Adjusted multivariate analyses revealed that only a subset of the
previous variables were still significantly different between
hospitalized and non-hospitalized influenza patients (see Table
S1). Among the non-clinical variables (Table 2), the strongest
significant effect was found for the education level, with low levels
of education associated to hospitalization (aOR 0.44, CI 0.31—
0.63). Some ethnic backgrounds retained marginal significance, in
particular Gypsies (aOR 8.26, CI 1.03-66.34) and Amerinds (aOR
2.30, CI 1.16-4.58).

Multivariate analyses (Table 3) showed that the variables
associated with the highest risk of hospitalization were obesity
(aOR 14.27, CI 1.67-91.7), hematological neoplasia (aOR 10.71,
CI 1.95-58.87), chronic heart disease (aOR 6.1, CI 1.43-26.09),
COPD (aOR 5.16, CI 1.98-13.45), and disabling neurological
disease (aOR 4.0, CI 1.24-12.99). Congestive myocardiopathy
showed a high associated risk but without statistical significance

@ PLoS ONE | www.plosone.org

(aOR 7.31, CI 0.40-75.81), and the remaining clinical variables
retained only marginal statistical significance (0.05>p>0.01) and/
or represented a relatively low risk of hospitalization (aOR<3).

Finally, we have analyzed the global effect of risk factors. We
have used two different approaches. Firstly, we considered the
effect associated to the severity of risk factors by considering cases
with at least one moderate or severe risk actor (Table 1). The
effects were highly significant (p<<0.001) for both categories with
higher risk for severe factors (aOR 6.43, CI 3.45-11.98) than for
moderate ones (aOR 2.88, CI 1.90-4.35). Secondly, we considered
the number of risk factors simultaneously present in each patient
regardless their severity. In this case, the higher the number of
factors the higher the risk of hospitalization, with an aOR =4.86
(CI 3.21-7.35) for three or more factors (Table 3).

Discussion

In this study, we have analyzed the factors associated with
increased risk of hospitalization among pandemic influenza virus
infected patients using a case-control design with participants from a
large data set of Spanish hospitals and primary health care centers.
The main risk factors for hospitalization of influenza A (H1N1) 2009
were determined to be obesity (BMI=40), hematological neoplasia,
chronic heart disease, COPD and neurological disease, among the
clinical conditions, whereas low education level and some ethnic
backgrounds (Gypsies and Amerinds) were the sociodemographic
variables found associated to hospitalization.
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Table 2. Main sociodemographic features of hospitalized and non-hospitalized patients with confirmed infection by influenza

Hospitalized cases Non-hospitalized

(n=699) cases (n=703) Crude OR (95% CI) p value Adjusted OR (95% Cl) p value

Age average * SD 37.82+22.77 35.72+20.77 1.08 (0.90-1.21) 0.07 1.05 (0.91-1.19) 0.07
Age group

0-4 79 (11.3%) 74 (10.5%) 1 1

5-14 76 (10.9%) 87 (12.4%) 0.45 (0.19-1.11) 0.08 0.25 (0.03-1.81) 0.17

15-24 57 (8.2%) 81 (11.5%) 0.53 (0.18-1.54) 0.24 0.38 (0.06-2.42) 0.31

25-44 203 (29.0%) 242 (34.4%) 1.04 (0.33-3.26) 0.95 0.53 (0.08-3.47) 0.50

45-65 197 (28.2%) 184 (26.2%) 3.10 (0.92-10.42) 0.08 0.91 (0.13-6.22) 0.92

=65 87 (12.4%) 35 (5.0%) 26.27(5.94-116.20) 0.001 6.73 (0.77-58.81) 0.08
Women 356 (50.9%) 399 (56.8%) 0.78 (0.63-0.97) 0.03 0.82 (0.61-1.12) 0.21
Ethnic group

White 602 (87.2%) 645 (93.6%) 1 1

Gypsy 15 (2.2%) 2 (0.3%) 8.20 (1.86-36.25) 0.006 8.26 (1.03-66.34) 0.04

Amerind 46 (6.7%) 17 (2.5%) 2.90 (1.630-05.17) <0.001 2.30 (1.16-4.58) 0.02

Arabian or North-African 17 (2.5%) 6 (0.9%) 2.74 (1.08-6.96) 0.03 2.94 (0.86-10.02) 0.08

Other 10 (1.4%) 19 (2.8%) 0.65 (0.28-1.47) 0.30 0.98 (0.32-2.99) 0.98
Education level

Secondary or higher 381 (57.6%) 521 (77.0%) 0.34 (0.26-0.46) <0.001 0.44 (0.31-0.63) <0.001

reported.
OR =0dds ratio; Cl=Confidence interval.
doi:10.1371/journal.pone.0033139.t002

Our approach for analyzing the factors leading to hospitaliza-
tion by pandemic influenza virus hospitalization has several salient
features. First, it is based on a case-control design; second, the
control group consisted of non-hospitalized, influenza-infected
patients matched by age group, date of hospitalization/symptoms
onset and residence, which allowed to minimize hidden effects of
confounding factors; and, finally, it included a relatively large
sample size (n =699 hospitalized and 703 non-hospitalized cases).

Case-control studies are among the most common designs in
epidemiological studies because of their merits in cost, effort and
yield [16]. However, only a few studies in the context of the new
pandemic influenza have used this design, mostly in analyses of
vaccine effectiveness [17-21]. Although a study comparing
hospitalized and outpatient cases of confirmed pandemic influenza
infection has been published recently [22], this is one of the first
studies comparing hospitalized pandemic influenza patients with a
control group of pandemic influenza infected patients who evolved
more favorably and did not require hospitalization. By using a
matched case-control design we have been able to analyze
specifically those variables leading to increased risk of hospitaliza-
tion in pandemic influenza infected patients after removal of other
confounding factors.

Most analyses of factors leading to hospitalization due to
pandemic influenza are observational studies on prospective or
retrospective cohorts [23-25]. Some studies have used the general
population as the control group [26-29] or the comparison has
been made to seasonal influenza-infected patients [30]. The choice
of control group is a key issue in the validity of case-control studies
[16]. We were interested in analyzing which factors influenced
hospitalization in people infected by the pandemic virus without
the possible confounding effects of susceptibility to infection. In
consequence, we have used non-hospitalized patients with the
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Crude and adjusted odds-ratios, from bivariate and multivariate (logistic regression) analyses respectively, are shown. Only variables used in the adjusted analyses are

same diagnostic criterion, age, location, and time of infection by
the pandemic virus than the matching case. Gilca et al. [22] also
used a case-control design with pandemic influenza virus-infected
patients to analyze factors associated to risk of hospitalization and
outcome severity. Some conclusions from this analysis differ from
those obtained in our study (see below), which might be explained
by differences in the studied populations but also in methodology
because Gilca et al. did not match cases and controls by age and
date of hospitalization as in this report.

Ethnicity has appeared associated to severity of infection by
pandemic influenza virus in several studies, with indigenous or
foreign groups having a larger risk of hospitalization than resident
or non-minority groups [31-37]. However, there is no evidence
for a biological or genetic basis for these differences [35] which
have been found also in previous epidemics and its significance,
along with that of the education level, may be attributed more to
social than biological causes. Access to health services is legally
granted to all the residents in Spain but this does not necessarily
mean in equal use of these services by all the groups. Immigration
and lower education level may be associated with a delay in
accessing the physician’s consult which, in turn, might aggravate
the clinical condition and lead to hospitalization.

The three main factors associated to increased risk of
hospitalization among infected patients were morbid obesity,
hematological neoplasia, and COPD, all of which had adjusted
ORs higher than 5. Two additional factors, chronic heart disease
and congestive cardiomyopathy, also had adjusted ORs larger
than 5, but their significance was much lower, 0.01 and 0.09,
respectively. Other risk factors identified in our analysis after
adjustment included diabetes, previous administration of systemic
corticosteroids, chronic respiratory distress, hypertension, previous
pneumonia, previous antibiotic treatment and asthma.
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Table 3. Main risk factors and clinical conditions of hospitalized and non-hospitalized patients with confirmed infection by

Hospitalized Non-hospitalized

cases (n=699) cases (n=703) Crude OR (95% CI) p value Adjusted OR (95% Cl) p value

Smoking habits
Current smoker 112 (18.0%) 87 (14.8%) 1.44 (1.04-1.99) 0.03 1.06 (0.65-1.74) 0.81
Former smoker 149 (24.0%) 132 (22.4%) 1.32 (0.98-1.78) 0.06 1.12 (0.73-1.72) 0.59
Alcoholism 39 (5.7%) 25 (3.9%) 1.56 (0.93-2.64) 0.09 1.36 (0.69-2.69) 0.37
Pregnancy 46 (15.4%) 56 (18.2%) 0.77 (0.41-1.45) 0.37 1.12 (0.52-2.44) 0.77
Pneumonia in the 2 last years 73 (15.2%) 42 (6.1%) 3.38 (2.05-5.57) <0.001 2.29 (1.08-4.84) 0.03
COPD 68 (9.8%) 12 (1.7%) 6.68 (3.43-12.99) <0.001 5.16 (1.98-13.45) 0.001
Asthma 116 (16.7%) 79 (11.5%) 1.54 (1.13-2.10) 0.007 1.59 (1.12-2.28) 0.01
Chronic respiratory distress 53 (7.6%) 6 (0.9%) 10.37 (4.14-25.99) <0.001 2.97 (1.02-8.70) 0.04
Hypertension 132 (19.2%) 71 (10.7%) 2.45 (1.70-3.53) <0.001 2.52 (1.10-5.79) 0.03
Chronic heart disease 62 (9.0%) 14 (2.1%) 6.62 (3.15-13.93) <0.001 6.10 (1.43-26.09) 0.01
Congestive cardiomyopathy 16 (3.4%) 3 (0.5%) 16.0 (2.12-120.65) 0.01 7.31 (0.70-75.81) 0.09
Renal insufficiency 29 (4.2%) 15 (2.3%) 1.93 (1.01-3.68) 0.04 1.87 (0.87-4.03) 0.11
Nephritic syndrome 11 (1.6%) 5 (0.8%) 1.75 (0.51-5.98) 0.37 0.60 (0.14-2.62) 0.50
Diabetes 86 (12.4%) 19 (2.9%) 6.00 (3.33-10.79) <0.001 3.26 (1.09-9.80) 0.03
AIDS/HIV infection 16 (2.3%) 6 (0.9%) 2.42 (0.93-6.33) 0.07 1.31 (0.39-4.37) 0.66
Disabling neurological disease 31 (4.5%) 11 (1.7%) 2.80 (1.36-5.76) 0.01 4.00 (1.24-12.99) 0.02
Solid organ neoplasia 35 (5.1%) 18 (2.7%) 1.94 (1.06-3.54) 0.03 1.92 (0.99-3.73) 0.06
Hematological neoplasia 25 (3.6%) 7 (1.1%) 3.00 (1.27-7.06) 0.01 10.71 (1.95-58.87) 0.01
Transplant 31 (4.5%) 17 (2.6%) 1.68 (0.91-3.13) 0.10 1.54 (0.81-2.52) 0.43
Obesity CMI=40 24 (4.8%) 4 (0.7%) 18.0 (2.40-134.8) 0.005 14.27 (1.67-91.7) 0.01
Previous antibiotic treatment 176 (25.4%) 74 (11.0%) 2.72 (1.99-3.72) <0.001 1.84 (1.06-3.20) 0.03
Systemic corticosteroids 59 (8.5%) 23 (3.4%) 2.43 (1.46-4.04) 0.001 2.97 (1.01-8.76) 0.04
Inhaled corticosteroids 154 (22.2%) 69 (10.2%) 2,49(1,83-3,39) 0.000
Pandemic influenza vaccine

Children: 0-17 yrs 3 (1.8%) 0 (0.0%) 0.15 (0.01-2.88) 0.12 0.11 (0.03-2.34) 0.14

Adults: =18 yrs 9 (1.8%) 4 (0.8%) 1.75 (0.51-5.98) 037 1.14 (0.20-6.52) 0.88
Seasonal influenza vaccine

Children: 0-17 yrs 29 (17.5%) 26 (16.5%) 0.97 (0.54-1.74) 0.92 0.82 (0.41-1.64) 0.57

Adults: =18 yrs 103 (20.9%) 104 (22.4%) 0.84 (0.59-1.19) 0.33 0.70 (0.46-1.07) 0.1
Presence of risk factors
Moderate risk 314 (53.2%) 255 (41.2%) 3.21 (2.35-4.39) <0.001 2.88 (1.90-4.35) <0.001
High risk 148 (25.1%) 64 (10.3%) 6.86 (4.38-10.74) <0.001 6.43 (3.45-11.98) <0.001
Number of risk factors
No Risk factors 256(37.2%) 185(28.3%) 1 - 1 -
1 Risk factor 175 (25.4%) 195(28.3%) 1.35(1.04-1.75) 0.022 1.32 (1.00-1.76) 0.046
2 Risk factors 97 (14.1%) 63 (9.2%) 2.32(1.62-3.30) <0.001 2.08 (1.41-3.07) <0.001
=3 Risk factors 160 (23.3%) 44 (6.4%) 5.48(3.79-7.93) <0.001 4.86(3.21-7.35) <0.001

reported.
OR =0dds ratio; Cl=Confidence interval.
doi:10.1371/journal.pone.0033139.t003

Morbid obesity (BMI>40) was the most influential factor for
hospitalization in our study. The same result was obtained by
Morgan et al. [27] in individuals >20 years (n=161) when
compared to the NHANES cohort. Among 2-19 year patients
(n=200), hospitalization was associated with being underweight
(BMI< =5th percentile). Morbid obesity was also found to be
associated with hospitalization by pandemic influenza [23,38-40]
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Crude and adjusted odds-ratios, from bivariate and multivariate (logistic regression) analyses respectively, are shown. Only variables used in the adjusted analyses are

but Vasoo et al. [41] and Gilca et al. [22] did not find obesity to be
a significant factor for hospitalization.

Asthma was found significantly more often in children
hospitalized in Canada with pandemic influenza than those
admitted to hospital due to seasonal influenza [30] and its
incidence among hospitalized patients was higher than in the
general population in Australia and New Zealand [31]. Asthma
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was also found to be associated to hospitalization and severity of
pandemic influenza infection in the global pooled analysis by Van
Kerkohve et al. [40].

These results largely confirmed previous reports on factors
associated to hospitalization in pandemic influenza virus-infected
patients. For instance, Jain et al. [23] identified asthma, COPD,
diabetes, chronic cardiovascular disease,
chronic renal disease, neurocognitive disorder, neuromuscular
disorder, pregnancy and seizure disorder as medical conditions
representing an increased risk for complications of pandemic
influenza infection. The more conditions present in any individual,
the higher the risk of complications leading to hospitalization,
especially for patients with 18 or more years of age. This was an
observational study of US-wide reported cases with 272 patients
evaluated from April 1 to June 9, 2009, during the initial
pandemic wave. Since no appropriate control group was analyzed,
the authors could not provide estimates of relative risk for these or
other factors frequently found among hospitalized patients. This
problem was overcome by Yu et al. [29] in their large study of
hospitalizations in China due to pandemic influenza by using as
control the general population and comparing serious (defined as
entrance in ICUs or death) and mild (other courses of the disease)
infections providing estimate of relative risks for both affected
groups. Similar factors to those of Jain et al. [23] were identified as
associated to serious progress of infection. An accumulation of
factors was also identified by the UK FLU-CIN [42] to confidently
differentiate between pandemic influenza and community ac-
quired pneumonia patients admitted to hospitals. In our analysis,
we have determined that both the number and the severity of risk
factors are positively associated to increased risk of hospitalization.
The presence of at least one high risk factor more than doubles the
risk of hospitalization compared to moderate factors (aOR 6.43
and 2.88, respectively). Similarly, the more risk factors present in a
patient, regardless their severity, the higher the risk of hospital-
ization (Table 3). Gilca et al. [22] also found that the presence of at
least one underlying medical condition increased significantly the
risk of hospitalization. The use of an appropriate matched control
group of pandemic influenza patients reinforces these conclusions
and the need to monitor closely the presence of these factors in
influenza infected patients.

Although slightly more than half (55%) of the cases were
included in the study after the launching of the vaccination
program with the pandemic formulation, the low coverage with
the pandemic vaccine, both in hospitalized and non-hospitalized
patients, is remarkable and precluded making any meaningful
comparison between the two groups because the statistical power
to detect differences was very low. Vaccination coverage with the
seasonal influenza vaccine was higher than that of the seasonal
influenza vaccine. It would have been reasonable for at least those
people vaccinated with the seasonal vaccine to have been
vaccinated with the pandemic vaccine, because the majority of
cases included in this study appeared once the pandemic vaccine
was available in Spain [43]. Possible communication failures on
the effectiveness of the vaccine and, especially, its safety [44—46],
may explain this.

Pregnancy was not a significant factor for hospitalization in our
study. Several previous reports have held the opposite. For
instance, Louie et al. [39] concluded that HINT1 influenza virus
could cause severe illness and death in pregnant and postpartum
women in California, but no control group or general cohort was
analyzed to establish relative risk or significance values for this
assertion. Among women who were hospitalized due to pandemic
influenza infection in the USA during 2009, pregnancy appeared
to be associated to severity of the infection and death [47] but,

immunosupression,
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once again, no control population was analyzed. Nevertheless, the
proportions of hospitalized pregnant women varied largely among
studies [48]. Our finding that women in the last weeks of
pregnancy do have an increased risk of hospitalization suggests
that a more detailed analysis of this factor should be undertaken.

This observational study may have some limitations. One
possible limitation is that interviewers knew whether interviewees
were cases or controls and this could have influenced information
gathering. However, the same protocol was followed for both
groups and information on vaccination history and clinical
variables was collected from medical records recorded before the
study began, so it is unlikely that information bias, if any, affected
the results. Another possible limitation is the generalization of our
conclusions, which are based on a relatively large but still limited
sample, to the general population. This is inherent to most case-
control studies, because this design severely reduces sample sizes as
compared to those based on population analysis. This potential
drawback is compensated, in our opinion, by the large number
hospitals and primary care centers involved in the study, which
provide a wide representation of the Spanish population.

For clinical physicians, and also for public health managers, it is
crucial to establish which factors are associated to severity of
influenza infection and to an increased need of hospitalization.
Differences in disease progression have multifactorial causes and
include biological (from both hosts and pathogens), social, and pre-
existing clinical conditions. Replacement of the previous HINI
strain (Brisbane/59/07) by the new 2009 pandemic strain might
be accompanied by a change in progression and other clinical
effects, which have to be carefully studied. Some studies have
compared the relevant features of previous seasonal and the new
pandemic. For instance, Carcione et al. [49] found no relevant
differences in factors related to infection and hospitalization
between seasonal and pandemic influenza in Western Australia
during the 2009 influenza season, a period and place in which
both HINT strains co-circulated. For the Advisory Committee on
Immunization Practice of the United States CDC, persons
considered to be at high risk of infection by influenza A (HIN1)
virus strains differed between seasonal and pandemic viruses in
factors such as neurologic or neurodevelopment conditions, long-
term aspirin treatment (for persons aged < =18 years), being of
American Indian or Alaska Native ethnicity, and being aged >65
years instead of 50 [4,50].

In conclusion, our results show that non-Caucasian ethnic
groups and people with low educational level have a higher risk of
being hospitalized if pandemic influenza virus infection occurs, as
also do people presenting three or more medical conditions. These
findings may help establishing which groups should receive special
attention when a new influenza virus appears in the human
population.

Supporting Information

Table S1 Variables used for adjustment in multivariate
analyses.

(DOC)

Acknowledgments

The members of the CIBERESP Cases and Controls in Pandemic
Influenza Working Group are: Andalusia: E. Azor, J. Carrillo, R. Moyano,
J.A. Navarro, M. Vazquez, F. Zafra (Red de Médicos Centinela,
Andalucia), M.A. Bueno, M.L. Gomez, M. Mariscal, B. Martinez, J.P.
Quesada, M. Sillero (Complejo Hospitalario de Jaén), M. Carnero, J.
Fernandez-Crehuet, J. del Diego Salas (Hospital Virgen de la Victoria), M.
Delgado Rodriguez (CIBERESP, Universidad de Jaén), V. Fuentes
(Hospital Costa del Sol), V. Gallardo, E. Pérez (Servicio de Epidemiologia,

March 2012 | Volume 7 | Issue 3 | e33139



Junta de Andalucia), R. Lopez (Hospital Infanta Elena, Huelva), J.R.
Maldonado (Hospital de Torrecardenas), J.M. Mayoral (Servicio de
Vigilancia de Andalucia), A. Morillo (Hospital Virgen del Rocio), J.M.
Navarro, M. Pérez (Laboratorio de Referencia de Gripe), S. Ofia (Hospital
Carlos Haya), M,J. Pérez (Hospital Virgen de Valme), M.C. Ubago
(Hospital Virgen de las Nieves), M. Zarzuela (Hospital Puerta del Mar).
Valencian Community: J. Blanquer (Hospital Clinico Universitario, Valencia),
F. Gonzalez Candelas (CIBERESP, CSISP-Universitat de Valencia), M.
Morales (CIBERESP, CSISP-Universitat de Valencia, Hospital Doctor
Peset). Castile and Leon: D. Carriedo, F. Diez, I. Fernandez, S. Fernandez,
M.P. Sanz (Complejo Asistencial Universitario de Leén), JJ. Castrodeza,
A. Pérez, S. Tamames (Direccién General de Salud Publica, Desarrollo e
Innovacion, Junta de Castilla y Leon), V. Martin (CIBERESP, Universidad
de Leoén), A. Molina (Instituto de Biomedicina, Universidad de Leon), J.
Ortiz de Saracho (Hospital del Bierzo), R. Ortiz de Lejarazu (Centro
Nacional de Gripe, Valladolid), A. Pueyo, J.L. Viejo (Complejo Asistencial,
Burgos), P. Redondo (Servicio Territorial de Sanidad y Bienestar Social,
Leoén). Cataloma: A. Agust, A. Torres, A. Trilla, A. Vilella (Hospital Clinic
de Barcelona), J. Alonso, O. Garin (CIBERESP, Universitat Pompeu
Fabra, IMIM-Instituto Recerca Hospital del Mar), F. Barbé (Hospital
Arnau de Vilanova), M. Baricot, N. Soldevila (CIBERESP), L. Blanch, G.
Navarro (Hospital de Sabadell), X. Bonfill, J. Lépez-Contreras, V. Pomar,
M.T. Puig (Hospital de Sant Pau), E. Borras, A. Martinez, Nuaria Torner
(Direccion General de Salud Pablica, Generalitat de Catalunya), C. Bravo,
F. Moraga (Hospital Vall d’Hebron), F. Calafell (Universitat Pompeu
Fabra), J. Cayla, C. Tortajada (Agencia de Salud Publica de Barcelona), A.
Dominguez (CIBERESP, Universitat de Barcelona), I. Garcia, J. Ruiz
(Hospital Germans Trias 1 Pujol), J.J. Garcia (Hospital Sant Joan de Deu),
(Universitat Pompeu Fabra), J. Gea, J.P. Horcajada (Hospital del Mar), P.
Godoy (CIBERESP, Departament de Salut Generalitat de Catalunya), N.
Hayes (Hospital Clinic-CRESIB), T. Pumarola (REIPI, Universitat de

References

1. Centers for Disease Control and Prevention (2009) Swine influenza A(HINI)
infection in two children - Southern California, March-April 2009. MMWR
Recomm Rep 58: 400-402.

2. General Directorate of Epidemiology MoHM, Pan American Health Organi-
zation, World Health Organization, Public Health Agency of Canada, CDC
(United States) (2009) Outbreak of Swine-Origin Influenza A (HIN1) Virus
Infection — Mexico, March-April 2009. MMWR 58 Dispatch 30 April 2009.
pp 1-3.

3. Hancock K, Veguilla V, Lu X, Zhong W, Butler EN, et al. (2009) Cross-reactive
antibody responses to the 2009 pandemic HIN1 Influenza virus. N Engl J Med
361: 1945-1952.

4. Fiore AE, Shay DK, Broder K, Iskander JK, Uyeki TM, et al. (2009) Prevention
and control of seasonal influenza with vaccines: recommendations of the
Advisory Committee on Immunization Practices (ACIP), 2009. MMWR
Recomm Rep 58: 1-52.

5. Miller MA, Viboud C, Balinska M, Simonsen L (2009) The signature features of
influenza pandemics - Implications for policy. N Engl J Med 360: 2595-2598.

6.  Surveillance Group for New Influenza A(HINI) Virus Investigation and Control
in Spain (2009) New Influenza A(HINI) virus infections in Spain, April-May
2009. EuroSurveill 14: 19209.

7. Rello J, Rodriguez A, Ibanez P, Socias L, Cebrian J, et al. (2009) Intensive care
adult patients with severe respiratory failure caused by Influenza A (HIN1)v in
Spain. Critical Care 13: R148.

8. Donaldson LJ, Rutter PD, Ellis BM, Greaves FEC, Mytton OT, et al. (2009)
Mortality from pandemic A/HINI 2009 influenza in England: public health
surveillance study. BMJ 339: b5213.

9.  Pebody RG, McLean E, Zhao H, Cleary P, Bracebridge S, et al. (2010)
Pandemic Influenza A (HIN1) 2009 and mortality in the United Kingdom: risk
factors for death, April 2009 to March 2010. EuroSurveill 15: 19571.

10. Writing Committee of the WHO Consultation on Clinical Aspects of Pandemic
(2010) Clinical Aspects of Pandemic 2009 Influenza A (HIN1) Virus Infection.
N Engl ] Med 362: 1708-1719.

11. Altmann M, Fiebig L, Soyka J, von Kries R, Dehnert M, et al. (2011) Severe
cases of pandemic (HINT) 2009 in children, Germany. Emerg Infect Dis 17:
186-192.

12. Monsalvo AC, Batalle JP, Lopez MF, Krause JC, Klemenc J, et al. (2011) Severe
pandemic 2009 HINT influenza disease due to pathogenic immune complexes.
Nat Med 17: 195-199.

13. Schlesselman [JJ (1982) Case control studies. Design, conduct, analysis. New
York: Oxford University Press.

14. World Health Organization (2009) CDC protocol of RealTime RT-PCR for
influenza A(HINI). .

15. Sun GW, Shook TL, Kay GL (1996) Inappropriate use of bivariable analysis to
screen risk factors for use in multivariable analysis. J Clin Epidemiol 49:
907-916.

@ PLoS ONE | www.plosone.org

Hospitalization by Pandemic Influenza Infection

Barcelona), A. Rosell (Hospital de Bellvitge), M. Saez (CIBERESP,
Universitat de Girona). Madrid: Carlos Alvarez, M. Enriquez, F. Pozo
(Hospital 12 de Octubre), J. Astray (Subdireccion de Vigilancia,
Comunidad de Madrid), F. Baquero, R. Cantén, J. C. Galan (CIBERESP,
Hospital Ramoén y Cajal), A. Robustillo, M.A. Valdeén (Hospital
Universitario Ramoén y Cajal), E. Cordoba, F. Dominguez, J. Garcia, R.
Génova, E. Gil, S. Jiménez, M.A. Lopaz, J. Lopez, F. Martin, M.L.
Martinez, M. Ordobas, E. Rodriguez, S. Sanchez, C. Valdés (Area de
Epidemiologia de la Comunidad de Madrid), J.R. Pafio, M. Romero
(Hospital Universitario La Paz),. Navarra: J. Castilla (CIBERESP, Instituto
de Salud Puablica de Navarra), P. Fanlo, F. Gil, V. Martinez Artola, M.
Ruiz (Complejo Hospitalario de Navarra), J. Gamboa, F. Pérez-Afonso M.
Sota, M.E. Ursua, M.T.Virto (Red de Médicos Centinela, Navarra), A.
Martinez, L. Martinez (Instituto de Salud Publica, Navarra). Basque Country:
U. Aguirre, A. Caspelastegui, P.P. Espaiia, S. Garcia (Hospital Galdakao),
J- Alustizac (Hospital Mendaro), J.M. Antofiana, 1. Astigarraga, J.1I. Pijoan,
I. Pocheville, M. Santiago, J.I. Villate (Hospital de Cruces), J. Aristegui, A.
Escobar, M.I. Garrote (Hospital Basurto), A. Bilbao, C. Garaizar
(Fundacién Vasca de Innovacion e Investigacién Sanitarias), G. Cilla, J.
Korta, E. Pérez Trallero, C. Sarasqueta (Hospital Donostia), F. Esteban,
J.L. Lobo, C. Salado, E. Tato (Hospital Txagorritxu), J.M. Quintana
(CIBERESP, Fundacién Vasca de Innovacion e Investigacion Sanitarias).

Author Contributions

Conceived and designed the experiments: FGC J. Alonso AC RC JCG OG
MB JC PG MDR VM JMM TP JMQ ST AD. Performed the experiments:
FGC J. Alonso AC RC JCG OG MB JC PG MDR VM JMM TP JMQ ST
AD. Analyzed the data: FGC J. Astray AC OG MS NS MB AD. Wrote the
paper: FGC J. Astray J. Alonso AC RC OG MS MB JC PG MDR VM
JMM AD.

16. Schulz KF, Grimes DA (2002) Case-control studies: research in reverse. Lancet
359: 431-434.

17. Puig-Barbera J, Arnedo-Pena A, Pardo-Serrano F, Tirado-Balaguer MD, Pérez-
Vilar S, et al. (2010) Effectiveness of seasonal 2008-2009, 20092010 and
pandemic vaccines, to prevent influenza hospitalizations during the autumn
2009 influenza pandemic wave in Castellén, Spain. A test-negative, hospital-
based, case-control study. Vaccine 28: 7460-7467.

18. Garcia-Garcia L, Valdespino-Gomez JL, Lazcano-Ponce E, Jimenez-Corona A,
Higuera-Iglesias A, et al. (2009) Partial protection of seasonal trivalent
inactivated vaccine against novel pandemic influenza A/7HIN1 2009: case-
control study in Mexico City. BMJ 339: b3028.

19. Kelly H, Grant K (2009) Interim analysis of pandemic influenza (HIN1) 2009 in
Australia: surveillance trends, age of infection and effectiveness of seasonal
vaccination. EuroSurveill 14: 1-5.

20. Skowronski DM, De Serres G, Crowcroft NS, Janjua NZ, Boulianne N, et al.
(2010) Association between the 2008-09 Seasonal Influenza Vaccine and
Pandemic HINI Illness during Spring-Summer 2009: Four Observational
Studies from Canada. PLoS Med 7: ¢1000258.

21. Valenciano M, Kissling E, Cohen JM, Oroszi B, Barret AS, et al. (2011)
Estimates of Pandemic Influenza Vaccine Effectiveness in Europe, 2009-2010:
Results of Influenza Monitoring Vaccine Effectiveness in Europe (I-MOVE)
Multicentre Case-Control Study. PLoS Med 8: ¢1000388.

22. Gilca R, De Serres G, Boulianne N, Ouhoummane N, Papenburg J, et al. (2011)
Risk factors for hospitalization and severe outcomes of 2009 pandemic HIN1
influenza in Quebec, Canada. Influenza Other Respi Viruses 5: 247-255.

23. Jain S, Kamimoto L, Bramley AM, Schmitz AM, Benoit SR, et al. (2009)
Hospitalized patients with 2009 HINI influenza in the United States, April
June 2009. N Engl J Med 361: 1935-1944.

24. Cao B, Li XW, Mao Y, Wang J, Lu HZ, et al. (2009) Clinical Features of the
Initial Cases of 2009 Pandemic Influenza A (HIN1) Virus Infection in China.
N Engl ] Med 361: 2507-2517.

25. Libster R, Bugna J, Coviello S, Hijano DR, Dunaiewsky M, et al. (2010)
Pediatric hospitalizations associated with 2009 pandemic influenza A (HIN1) in
Argentina. New Engl ] Med 362: 45-55.

26. Slopen ME, Mosquera MC, Balter S, Kerker BD, Marz MA, et al. (2010)
Patients Hospitalized with 2009 Pandemic Influenza A (HINT1) - New York City,
May 2009. MMWR Recomm Rep 58: 1436-1440.

27. Morgan OW, Bramley A, Fowlkes A, Freedman DS, Taylor TH, et al. (2010)
Morbid Obesity as a Risk Factor for Hospitalization and Death Due to 2009
Pandemic Influenza A(HIN1) Disease. PLoS ONE 5: ¢9694.

28. Nguyen-Van-Tam JS, Openshaw PJM, Hashim A, Gadd EM, Lim WS, et al.
(2010) Risk factors for hospitalisation and poor outcome with pandemic A/
HINTI influenza: United Kingdom first wave (May—September 2009). Thorax
65: 645-651.

March 2012 | Volume 7 | Issue 3 | e33139



29.

30.

31.

36.

37.

38.

39.

40.

Yu H, Feng Z, Uyeki TM, Liao Q, Zhou L, et al. (2011) Risk factors for severe
illness with 2009 pandemic influenza A (HIN1) virus infection in China. Clin
Infect Dis 52: 457-465.

O’Riordan S, Barton M, Yau Y, Read SE, Allen U, et al. (2010) Risk factors and
outcomes among children admitted to hospital with pandemic HINT1 influenza.
Can Med Assoc J 182: 39-44.

The ANZIC Influenza Investigators (2009) Critical care services and 2009
HINT influenza in Australia and New Zealand. N Engl ] Med 361: 1925-1934.
Louie JK, Acosta M, Winter K, Jean C, Gavali S, et al. (2009) Factors associated
with death or hospitalization due to pandemic 2009 Influenza A(HINI)
infection in California. JAMA 302: 1896-1902.

Kumar A, Zarychanski R, Pinto R, Cook DJ, Marshall J, et al. (2009) Critically
ill patients with 2009 influenza A(HINI1) infection in Canada. JAMA 302:
1872-1879.

Bandaranayake D, Huang QS, Bissielo A, Wood T, Mackereth G, et al. (2010)
Risk Factors and Immunity in a Nationally Representative Population following

the 2009 Influenza A(HIN1) Pandemic. PLoS ONE 5: e13211.

. Verrall A, Norton K, Rooker S, Dee S, Olsen L, et al. (2010) Hospitalizations for

pandemic (HIN1) 2009 among Maori and Pacific Islanders, New Zealand.
Emerg Infect Dis 16: 100-102.

Muhammad Ismail HI, Tan KK, Lee YL, Pau WS, Razali KA, et al. (2011)
Characteristics of Children Hospitalized for Pandemic (HIN1) 2009, Malaysia.
Emerg Infect Dis 17: 708-710.

Brandsaeter B, Pillgram M, Berild D, Kjekshus H, Kran AM, et al. (2011)
Hospitalised patients with suspected 2009 HINI Influenza A in a hospital in
Norway, July-December 2009. BMC Infect Dis 11: 75.

Baker MG, Wilson N, Huang QS, Paine S, Lopez L, et al. (2009) Pandemic
influenza A(HINI)v in New Zealand: the experience from April to August 2009.
EuroSurveill 14: pii: 19319.

Louie JK, Acosta M, Jamieson DJ, Honein MA (2010) Severe 2009 HINI
Influenza in Pregnant and Postpartum Women in California. N Engl ] Med 362:
27-35.

Van Kerkhove MD, Vandemaele KAH, Shinde V, Jaramillo-Gutierrez G,
Koukounari A, et al. (2011) Risk factors for severe outcomes following 2009
Influenza A (HIN1) Infection: A global pooled analysis. PLoS Med 8: ¢1001053.

@ PLoS ONE | www.plosone.org

41.

42.

43.

44.

46.

47.

48.

49.

50.

Hospitalization by Pandemic Influenza Infection

Vasoo S, Singh K, Trenholme GM (2010) Predicting need for hospitalization of
patients with pandemic (HIN1) 2009, Chicago, Illinois, USA. Emerg Infect Dis
16: 1594-1597.

Bewick T, Myles P, Greenwood S, Nguyen-Van-Tam JS, Brett SJ, et al. (2011)
Clinical and laboratory features distinguishing pandemic HINI influenza-
related pneumonia from interpandemic community-acquired pneumonia in
adults. Thorax 66: 247-252.

Dominguez A, Alonso J, Astray J, Baricot M, Cantén R, et al. (2011) Factores de
riesgo de hospitalizacion por gripe (HIN1) 2009 y efectividad de intervenciones
farmacologicas y no farmacologicas en su prevencion. Estudio de casos y
controles. Rev Esp Salud Puablica 85: 3-15.

Tavares F, Nazareth I, Monegal JS, Kolte I, Verstracten T, et al. (2011)
Pregnancy and safety outcomes in women vaccinated with an ASO3-adjuvanted
split virion HINT (2009) pandemic influenza vaccine during pregnancy: A
prospective cohort study. Vaccine 29: 6358-6365.

Banzhoff' A, Haertel S, Praus M (2011) Passive surveillance of adverse events of
an MF59-adjuvanted HIN1v vaccine during the pandemic mass vaccinations.
Hum Vaccin 7: 539-548.

Tkematsu H, Nagai H, Kawashima M, Kawakami Y, Tenjinbaru K, et al. (2010)
Immunogenicity and safety of a novel AS03(A)-adjuvanted HINI 2009
pandemic influenza vaccine in adults in Japan. Hum Vaccin 6: 838-893.
Siston AM, Rasmussen SA, Honein MA, Fry AM, Seib K, et al. (2010)
Pandemic 2009 Influenza A(HINT1) virus illness among pregnant women in the
United States. JAMA 303: 1517-1525.

Falagas ME, Koletsi PK, Baskouta E, Rafailidis PI, Dimopoulos G, et al. (2011)
Pandemic A(HINI) 2009 influenza: review of the Southern Hemisphere
experience. Epidemiol Infect 139: 27-40.

Carcione D, Giele C, Dowse GK, Mak DB, Goggin L, et al. (2010) Comparison
of Pandemic (HIN1) 2009 and Seasonal Influenza, Western Australia, 2009.
Emerg Infect Dis 16: 1388-1395.

Fiore AE, Fry A, Shay D, Gubareva L, Bresee JS, et al. (2011) Antiviral agents
for the treatment and chemoprophylaxis of influenza - recommendations of the
Advisory Committee on Immunization Practices (ACIP). MMWR Recomm
Rep 60: 1-24.

March 2012 | Volume 7 | Issue 3 | e33139



