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ABSTRACT
Objectives: Influenza infection is an exacerbating factor for asthma, and its prevention is critical
in managing asthmatic patients. We investigated the effect of influenza vaccination on asthmatic
and non-asthmatic patients hospitalized with laboratory-confirmed influenza in Spain. Methods: We
made a matched case-control study to assess the frequency of hospitalization for influenza in peo-
ple aged �65 years. Hospitalized patients with unplanned hospital admissions were recruited from
20 hospitals representing seven Spanish regions. Cases were defined as those hospitalized due to a
laboratory-confirmed influenza infection and controls were matched by age, sex, and hospital. Data
were obtained from clinical records, and patients stratified by clinical asthma history. Vaccination sta-
tus andasthmadue to influenza infectionwereanalyzedaccording to sociodemographic variables and
medical risk conditions. Multivariable analysis wasmade using conditional logistic regressionmodels.
Results: 582 hospitalized patientswith influenza (15.8% asthmatic) and 1,570 hospitalized patientswith-
out influenza (7.9%asthmatic) were included. In themultivariable conditional logistic regression using
unvaccinated and non-asthmatic patients as the reference group, vaccination significantly prevented
influenza in non-asthmatic patients (aOR = 0.63; 95% CI: 0.45, 0.88) and also showed a trend for a
possibly protective effect in asthmatic patients (aOR = 0.79; 95% CI: 0.34, 1.81). Conclusion: Our results
suggest that influenza vaccination could be a protective factor for asthmatic patients, although the
results are inconclusive and further research is required. Practically, given the better clinical evolution
of vaccinated asthma cases, and the lack of better evidence, the emphasis on vaccination of this group
should continue.

Introduction

One exacerbating factor for asthma is respiratory viral
infection, such as those caused by seasonal influenza
viruses. Influenza is a serious illness and during epi-
demics large numbers of infections occur throughout
all age groups [1, 2]. Globally, seasonal epidemics are
thought to be responsible for around 3–5 million cases
of severe illness and anywhere from 250,000 to 500,000
deaths [3]. Of these deaths, 89% occur in patients aged
�65 years [4]. Of the number of deaths among the elderly
during influenza season, 11% can be directly labeled as
influenza-related [5].

CONTACT María Morales Suárez-Varela maria.m.morales@uv.es Unit of Public Health and Environmental Care, Department of Preventive Medicine,
University of Valencia, Avda. Vicente Andrés Estellés s/n,  Burjasot, Valencia, Spain.

Influenza infection is a major cause of emergency
room visits and hospital admissions in asthmatic patients
[6, 7]. Although asthmatics are not more likely to suffer
influenza infections, they may present with more severe
symptoms, even in patients with mild asthma or symp-
toms well controlled by medication. Influenza infection
in the lungs may trigger asthma attacks and worsen
asthma symptoms and other acute respiratory diseases.
Adults and elderly asthmatics are more likely to develop
pneumonia after having influenza [8]. Asthma is the
most common medical condition in adults hospitalized
with influenza and one of the most frequent medical
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conditions in the hospitalized elderly [6]. Therefore,
prevention of seasonal influenza virus infection is one
of the most important strategies in the management
of asthmatic patients [9, 10]. While Spain is an area
with low-to-medium asthma prevalence in adults (1.50–
5.53%) [11], a European cross-sectionalmulticenter study
in adults [12] observed a generational increase in asthma
incidence in most countries, irrespective of asthma
prevalence. Given this, it is important to establish clear
guidelines to protect this growing vulnerable population.

Current practical guidelines recommend influenza
vaccination for patients with diseases that may be
exacerbated by influenza infection in order to reduce
potential complications [12–14]. In Spain, influenza
vaccination is included in the National Health System
Primary Care catalog of health benefits [15], and is rec-
ommended for people at increased risk of complications
from influenza, including all adults aged �65 years and
chronic patients. However, although studies of the effec-
tiveness of influenza vaccination in the elderly found that
vaccination is associated with lower hospitalization and
death rates [16–18], a systematic review concluded that
there still remains much uncertainty for the asthmatic
population [19]. Given the nature of asthma as well as
the debatable effectiveness of the vaccination in itself,
health professionals are wary of recommending vacci-
nation to asthmatics [20]. The possible adverse effects
of the vaccine on patients with altered immune systems
such as asthmatics and the perceived ineffectiveness of
the vaccine due to the possible differences between the
dominant circulating strains and the vaccines strains are
all factors alleged for not recommending vaccination
to elderly asthmatics [20]. The aim of this study was to
examine the effect of influenza vaccination on elderly
asthmatic patients in Spain.

Methods

Study design

A matched case-control study in 20 hospitals from the
main cities of seven Spanish regions (Andalusia, Basque
Country, Catalonia, Castile and Leon, Madrid, Navarra
and the Valencian Community) was conducted. Patients
with unplanned hospital admission with and without
influenza (cases and controls, respectively) were recruited
between November 2013 and May 2015.

Setting and participants

Patients were included as cases in the study if they met
the following criteria: age �65 years; arrived at the emer-
gency department with influenza-like symptoms. The

clinical suspicion of influenza infection must have been
laboratory confirmed and patients with concomitant
influenza were not included. Once influenza infection
was confirmed, cases were hospitalized in the internal
medicine service. The inclusion criteria for controls
were patients �65 years admitted to general surgery,
otorhinolaryngology, ophthalmology, dermatology or
traumatology services via the emergency department due
to a non-respiratory pathology. These departments were
chosen because they presented the highest volume of
patients in the hospitals involved in the study. Controls
were selected at a ratio of 3:1 by matching according
to sex, age, hospital facility, and date of admission.
Patients who presented other lung diseases and cases
with unmatched controls were excluded. Both cases (with
influenza) and controls (without influenza) were stratified
by the presence or absence of a previous clinical diagnosis
of asthma, resulting in four different groups of patients:

� Cases (with influenza) with asthma
� Cases (with influenza) without asthma
� Controls (without influenza) with asthma
� Controls (without influenza) without asthma

Outcome of interest and assessment of exposure

Specifically-trained health professionals used a struc-
tured questionnaire to collect information through both
personal interviews and by review of medical records.
Both methods of data collection were used for all the
patients included. Demographic information (date of
birth, sex, marital status, educational level, occupation,
living situation, Barthel Index, tobacco and alcohol con-
sumption and number of previous medical visits in the
last year) was obtained during the personal interview.
The interviews were carried out in person in the patients’
hospital room during their hospital stay. All participants
in this study completed the personal interview. Infor-
mation on influenza infection and its type (influenza A:
H1, H3, non-subtyped; influenza B; influenza C) was
obtained from hospital medical records: all diagnoses
were laboratory-confirmed. Also obtained from hospital
medical records was the information on other pulmonary
diseases, comorbidities, treatment and evolution during
hospital stay. Information on asthma and vaccination
status was obtained from primary health care records,
hospital medical records, vaccination registers or vacci-
nation cards (patients were considered vaccinated if they
had received a dose of the influenza vaccination at least
14 days before symptom onset).

During the 2013–2014 influenza season, the
trivalent inactivated vaccine administered in the
northern hemisphere and therefore in Spain con-
tained an A/California/7/2009(H1N1)pdm-09-like
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virus, an A(H3N2) virus antigenically similar to the
cell-propagated prototype virus A/Victoria/361/2011,
and a B/Massachusetts/2/2011-like virus. During the
2014–2015 season, the A/Victoria/361/2011 component
was changed to A/Texas/50/2012. During the first sea-
son studied, there was no mismatch for the influenza A
components; however, during the second season there
was some mismatch for A(H3N2) [21, 22]. No high-dose
influenza vaccines were used in either season.

Information was also collected on potential con-
founders in the interaction between asthma and the vac-
cination status on influenza infection. This included: age,
sex, civil status, level of education, smoking status, alco-
hol consumption, body mass index (BMI) and Barthel’s
index. In addition, information on various pathologies
(chronic obstructive pulmonary disease, diabetes, renal
failure, nephritic syndrome, heart failure, autoimmune
diseases) was obtained.

Specific information on cases, including: the reason
for admission, specific influenza symptoms, duration of
symptoms prior to hospitalization, characteristics of hos-
pitalization and treatments was collected.

Statistical analysis

Quantitative variables were expressed as means and stan-
dard deviations (SD) or as medians and interquartile
range (IQR), while qualitative variables were expressed as
frequencies and proportions. The characteristics of cases
and controls with and without asthma and of patients
with influenza were compared according to the vaccina-
tion status and asthma diagnosis using the chi-square test
for categorical variables (using 1000Monte Carlo simula-
tions) andAnalysis of Variance (ANOVA) or theKruskal–
Wallis test for quantitative variables

A univariate conditional logistic model was used
to estimate the crude odds ratios (ORs) for influenza
infection in the four groups created by combining the
asthma diagnosis and vaccination status (unvaccinated,
non-asthmatic; vaccinated, non-asthmatic; unvaccinated,
asthmatic; vaccinated, asthmatic), using unvaccinated
non-asthmatic patients as the reference. To adjust for
potential confounders, a multivariable conditional logis-
tic model was built. Candidate variables to be included
in the multivariable model were selected according to the
potential biasing paths detected. To correct for overfitting,
model performance was assessed using the area under the
curve, the Brier score and slope and intercept calibration
factors, with 1000 bootstrap samples [23].

Considering the plausibility of a biological interac-
tion between asthma and influenza vaccination, using
the adjusted conditional logistic model the interaction

contrast ratio (ICR) on the additive scale [24] and its
confidence intervals (CIs) [25]: ICR = 0 means no
interaction (exactly additivity), ICR > 0 means posi-
tive interaction (superadditivity), and ICR < 0 means
negative interaction (subadditivity) were calculated.

Finally, symptoms at presentation in patients hospital-
ized with asthma and influenza according to vaccination
status were compared by means of the chi-square test
for categorical variables (using 1000 Monte Carlo simu-
lations) and the Mann–Whitney U test for quantitative
variables.

The level of statistical significance was set at α = 0.05.
All analyses were made using IBM SPSS.

Data confidentiality and ethical issues

The study was approved by the Ethics Committees of
all participating hospitals and the data inspectorates of
the participating regions. All patients provided signed
informed consent.

Results

Characteristics of the study participants

In total, 2,554 patients were eligible, of whom 402 were
excluded. Therefore, 2,152 patients (582 influenza cases
and 1,570 controls) were included (Figure 1).

The personal and clinical profile characteristics of the
study participants are summarized in Table 1. Cases and
controls are shown divided according to asthma diagno-
sis. There are significant differences among the groups for
the following variables: vaccination status, sex, smoking
status, BMI, respiratory insufficiency, COPD, congestive
cardiomyopathy, comorbidities, corticosteroid treatment,
and average hospital stay. When asthmatic cases and con-
trols are compared to non-asthmatic cases and controls,
it can be observed that the cases presented with a higher
vaccination coverage. Asthmatics were more likely to be
female and less likely to smoke. The asthmatic group had
higher BMIs. In relation to other pathologies, asthmatics
presented more events of respiratory insufficiency and
of chronic obstructive pulmonary disease, the latter was
especially noticeable within the patients with influenza.
Asthmatics also had fewer cases of congestive cardiomy-
opathy and other comorbidities. A higher proportion of
asthmatics received treatment with corticosteroids, espe-
cially in patients with influenza. The average hospital stay
was similar for asthmatic and non-asthmatic cases as well
as for asthmatic and non-asthmatic controls. However,
the difference was noticeable between cases and controls.
With respect to the vaccination status, 50.0% of asthmatic
cases had received the seasonal influenza vaccination,
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4 M. M. SUÁREZ-VARELA ET AL.

Figure . Patient flow diagram.

versus 49.2% of non-asthmatic cases, 53.2% of asthmatic
controls, and 42.7% of non-asthmatic controls.

Table 2 shows the characteristics of cases according
to the vaccination status and asthma diagnosis. Com-
pared with unvaccinated and asthmatic patients, vacci-
nated asthmatic patients had a higher proportion ofmales
and smokers, less cases of renal failure, less comorbidi-
ties, had received corticosteroidsmore frequently and had
shorter hospital stays.

Main results

Univariate conditional logistic regression (conditioned by
sex, age, hospital facility and date of admission) showed a
significant protective effect for the vaccinated and non-
asthmatic group (OR = 0.73; 95% CI: 0.59, 0.91). On
the other hand, a significant risk of influenza infection
appeared for both unvaccinated asthmatic (OR = 2.06;
95% CI: 1.30, 3.25) and vaccinated asthmatic patients
(OR = 2.02; 95% CI: 1.28, 3.18) (Table 3).

The multivariable conditional logistic regression
model was adjusted for smoking status, pneumonia,
corticosteroid treatment, Barthel index, educational level,
comorbidities, and obesity. The adjusted results are shown
in Table 3: vaccination significantly prevented influenza
in the non-asthmatic group (aOR = 0.63; 95% CI: 0.45,
0.88) and, although there appears to be a trend toward
a possibly protective effect for the asthmatic group, the
result was not significant (aOR = 0.79; 95% CI: 0.34,
1.81) and no definitive conclusions may be extracted.

Table 4 compares vaccinated and unvaccinated hospi-
talized asthmatic patients with influenza (cases). The only
significant differences relating to patient treatment were
found between the proportion of patients that required
corticosteroid treatment (higher proportion in vaccinated
patients) and invasive and non-invasive and mechani-
cal ventilation (lower proportion in vaccinated patients).
While the difference was non-significant, unvaccinated
patients were more likely to be admitted to the intensive
care unit (15.2% versus 2.2% for vaccinated patients). No
deaths occurred during hospitalization or the first 30 days
after discharge in vaccinated patientswhile 4.3%of unvac-
cinated patients died in hospital and 6.5% died during the
first 30 days after discharge.

Discussion

Main findings

A matched case-control study was used to examine the
effect of influenza vaccination in patients with an asthma
diagnosis aged �65 years hospitalized due to influenza
infection. Although vaccination showed a strong, signifi-
cant protective effect in non-asthmatic patients, in asth-
matic patients the protective effect was not significant.
The literature seems to be sparse (we found no article
regarding people aged �65 years), however, a 2013 sys-
tematic review reported similar results for adults aged
�64 years, i.e., influenza vaccination has an uncertain
effect on asthmatic patients [19].
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Table . Characteristics of patients with and without influenza, stratified by asthma diagnosis.

Patients without influenza (controls) Patients with influenza (cases)

(n= ) (n= )

Without asthma With asthma Without asthma With asthma
(n= ; .%) (n= ; .%) (n= ; .%) (n= ; .%) p-value

a

Vaccination status, n (%)
Unvaccinated  (.)  (.)  (.)  (.) .
Vaccinated  (.)  (.)  (.)  (.)
Age (years), mean (SD) . (.) .(.) . (.) . (.) .

Sex, n (%)
Male  (.)  (.)  (.)  (.) .
Female  (.)  (.)  (.)  (.)

Civil status, n (%)
Married  (.) (.)  (.)  (.) .
Single  (.)  (.)  (.)  (.)
Widow/er  (.)  (.)  (.)  (.)
Separated  (.)  (.)  (.) 
Missing data  (.)   (.) 

Educational level, n (%)
Incomplete primary studies  (.)  (.)  (.) (.) .
Primary studies  (.)  ()  (.)  (.)
Secondary studies  (.)  (.)  (.)  (.)
Higher education  (.)  (.)  (.)  (.)

Smoking status, n (%)
Non-smoker  (.)  (.)  (.)  (.) .
Former smoker  (.) (.)  (.)  (.)
Current smoker  (.)  (.)  (.)  (.)

Alcohol consumption, n (%)
Never or occasionally  (.)  (.)  (.)  (.) .
Regularly  (.)  (.)  (.)  (.)
BMI, mean (SD) . (.) . (.) . (.) . (.) .
Barthel index, mean (SD) . (.) . (.) . (.) . (.) .

Respiratory insufficiency, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

COPD, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Diabetes, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Renal failure, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Nephritic syndrome, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Congestive cardiomyopathy, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Autoimmune diseases, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Comorbidities
b
, n (%)

No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Immunotherapy, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Corticosteroid treatment, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)
Hospital stay (days), median (IQR) . (.) . (.) . (.) . (.) .

Notes. BMI, body mass index; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; SD, standard deviation.
aBased on  Monte Carlo simulations of the chi-square test for qualitative variables, or ANOVA for quantitative variables.
bWe considered that the patients had comorbidities if they had more than one of the following diseases: diabetes, renal failure, nephritic syndrome, autoimmune
disease, congestive cardiomyopathy, chronic obstructive pulmonary disease.
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6 M. M. SUÁREZ-VARELA ET AL.

Table . Characteristics of vaccinated and unvaccinated patients with influenza, stratified by asthma diagnosis.

Unvaccinated patients with influenza (Cases) Vaccinated patients with influenza (Cases)

(n= ) (n= )

Without asthma With asthma Without asthma With asthma
(n= ; .%) (n= ; .%) (n= ; .%) (n= ; .%) p-value

a

Age (years), mean (SD) . (.) . (.) . (.) . (.) .
Sex, n (%)
Male  (.)  (.)  (.)  (.) .
Female  (.)  (.)  (.)  (.)

Civil status, n (%)
Married  (.)  (.)  (.)  (.) .
Single  (.)  (.)  (.)  (.)
Widow/er  (.)  (.)  (.)  (.)
Separated  (.)  (.)  (.)  (.)
Missing data  (.)  (.)  (.)  (.)

Educational level, n (%)
Incomplete primary studies  (.)  (.)  (.)  (.) .
Primary studies  (.)  (.)  (.)  (.)
Secondary studies  (.)  (.)  (.)  (.)
Higher education  (.)  (.)  (.)  (.)

Smoking status, n (%)
Non-smoker  (.)  (.)  (.)  (.) .
Ex-smoker  (.)  (.)  (.)  (.)
Current smoker  (.)  (.)  (.)  (.)

Alcohol consumption, n (%)
Never or occasionally  (.)  (.)  (.)  (.) .
Regularly  (.)  (.)  (.)  (.)
BMI, mean (SD) . (.) . (.) . (.) . (.) .
Barthel index, median (IQR) . (., .) . (., .) . (., .) . (., .) .

Respiratory insufficiency, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

COPD, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Diabetes, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Renal failure, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Nephritic syndrome, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Congestive cardiomyopathy, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Autoimmune diseases, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Comorbidities
b
, n (%)

No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Immunotherapy, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)

Corticosteroid treatment, n (%)
No  (.)  (.)  (.)  (.) .
Yes  (.)  (.)  (.)  (.)
Hospital stay (days), median (IQR) . (., .) . (., .) . (., .) . (., .) .

BMI, body mass index; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; SD, standard deviation.
aBased on  Monte Carlo simulations of the chi-square test for qualitative variables, or ANOVA for quantitative variables (except for Barthel index and hospital
stay, where the Kruskal–Wallis test was used).

bWe considered that the patients had comorbidities if they had more than one of the following diseases: diabetes, renal failure, nephritic syndrome, autoimmune
disease, congestive cardiomyopathy, chronic obstructive pulmonary disease.
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Table . Crude and adjusted ORs on influenza infection according to vaccination status and patients’asthma (analysis conditioned to sex,
age, hospital facility, and date of admission).

Non-asthmatics Asthmatics
ORa (%CI)

a
for asthmatics

N cases/controls
a

ORc (%CI) ORa (%CI)
b

N cases/controls
a

ORc (%CI) ORa (%CI)
b

within strata of vaccination

Unvaccinated /  (Reference) / . (., .) . (., .) . (., .)

Vaccinated / . (., .) . (., .) / . (., .) . (., .) . (., .)

CI, confidence interval; ORc, crude odds ratio; ORa, adjusted odds ratio.
aCases are defined as patients with influenza and controls as patients without influenza.
bAdjusted for smoking status, pneumonia, cortisone intake, Barthel’s Index, educational level, comorbidities, and obesity. We considered that the patients had
comorbidities if he/shehadmore thanoneof the followingdiseases: diabetes, renal failure, nephritic syndrome, autoimmunedisease, congestive cardiomyopathy,
chronic obstructive pulmonary disease.

In general, the sociodemographic characteristics of
asthmatic patients with and without influenza were sim-
ilar. Cases had a lower vaccination rate and prevalence
of comorbidities than controls. However, although there
is no conclusive evidence about the protective effect of

vaccination, vaccinated cases with asthma had fewer
symptoms and better outcomes than non-vaccinated
cases with asthma, e.g. no death occurred during hos-
pitalization or during the first 30 days after discharge
in vaccinated cases with asthma. There are reasons to

Table . Symptoms at presentation in asthmatic and influenza hospitalized patients according to vaccination status.

Asthmatic patients with influenza (n= )

Unvaccinated (n= ; .%) Vaccinated (n= ; .%) p-value
a

Age (years), median (IQR) . [., .] . [., .] .
Sex (male), n (%)  (.)  (.) .
Cough (yes), n (%)  (.)  (.) .
Headache (yes), n (%)  (.)  (.) .
Fever (yes), n (%)  (.)  (.) .
Fever (°C), median (IQR) . [., .] . [., .] .
Rhinorrhea (yes), n (%)  (.)  (.) 
Odynophagia (yes), n (%)  (.)  (.) 
Myalgia (yes), n (%)  (.)  (.) .
Arthralgia (yes), n (%)  (.)  (.) .
Respiratory distress (%)  (.)  (.) 
General discomfort (yes), n (%)  (.)  (.) .
Diarrhea (%)  (.)  (.) .
Symptom’s duration previous to admission (days), median (IQR) . [., .] . [., .] .
Reason for admission, n (%)
Severe alteration of general condition  (.)  (.) —
Decompensated pneumonia  (.)  (.)
Decompensation of existing disease  (.)  (.)
Multiple organ failure  (.)  (.)
Other  (.)  (.)

Type of influenza, n (%)
Influenza A (H)  (.)  (.) —
Influenza A (H)  (.)  (.)
Influenza A without subtyping  (.)  (.)
Influenza B  (.)  (.)
Antiviral therapy (yes), n (%)  (.)  (.) 
Antibiotics (yes), n (%)  (.)  (.) .
Systemic corticosteroids (yes), n (%)  (.)  (.) .
Antipyretics/anti-inflammatory treat (yes), n (%)  (.)  (.) .
Stay in ICU (yes), n (%)  (.)  (.) .
Days in ICU, median (IQR) . [., .] . [., .] .
Mechanical ventilation (yes), n (%)  (.)  (.) .
Invasive mechanical ventilation (yes), n (%)  (.)  (.) .
Noninvasive mechanical ventilation (yes), n (%)  (.)  (.) .
Days invasive mechanical ventilation, median (IQR) . [., .] . [., .] .

Hospital discharge destination, n (%)
Home  (.)  (.) —
Another hospital center  (.)  (.)
Health center  (.)  (.)
Death  (.)  (.)
Mortality  days after admission (yes), n (%)  (.)  (.) .

ICU, intensive care unit; IQR, interquartile range.
aBased on  Monte Carlo simulations of the chi-square test for qualitative variables, or Mann-Whitney U test for quantitative variables.
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consider the biological plausibility of a protective effect
of influenza vaccination on asthmatic patients, and to
therefore recommend routine influenza vaccination
for asthmatic patients or to include them in practice
guidelines [12, 14]. However, due to its safety [26], vac-
cination should be offered on an individual basis. Given
our results, some of these individual factors that would
push for vaccination in asthmatic patients include being
older than 65, female, smoking, high BMI, and previous
respiratory comorbidities such as COPD.

The use of health care resources by elderly patientswith
asthma and influenza is an important issue during hos-
pitalization and after discharge. The lower mortality rate
shown in this study would suggest that a treatment pro-
tocol which places emphasis on the more frequent and
detailed management of the evolution of the asthmatic
elderly during seasonal influenza periods may be key to
developing more effective interventions. New strategies
aimed at efficient care of elderly patients with asthma and
influenza should be developed because funding for health
care resources for the elderly is becoming increasingly
scarce.

The results, which showed that only around 50% of
asthmatics are vaccinated, indicated that there is room
for improvement in administering influenza vaccinations
in asthmatic patients, and an opportunity for targeted
interventions such as establishing asthmatics as a prior-
ity group within the vaccination campaign or once they
present influenza-like symptoms, prioritizing their treat-
ment, given that the elderly are at increased risk for seri-
ous complications due to influenza [17].

Some factors may account for the vaccination rates.
Vaccination coverage in hospitalized asthmatic patients
with influenzawas 50.0%, similar to that of non-asthmatic
patients (49.2%), but lower than that of hospitalized asth-
matic patients without influenza (53.2%). In Spain, 56.2%
of people aged �65 years received influenza vaccination
in the 2014–2015 season, with some variations between
regions [27]. This was similar to the reported 58% in the
USA [28]. Influenza vaccination coverage ranged from 26
to 49% in Italy [29] and 44 to 59% in the United Kingdom
[30], and the global coveragewas estimated at 57% in 2009
in France [31]. Therefore, the level of vaccination in the
elderly in Spain is similar to that of other countries. How-
ever, influenza vaccination in Spain is still sub-optimal
and awareness among the elderly is low [32]. Spanish
studies have shown that a very small percentage of elderly
people have a proactive attitude toward influenza vacci-
nation [33]. These results stress the need for continued
surveillance of vaccination coverage in elderly asthmatic
people, in order to direct attention to under-vaccinated
populations who may be disproportionately affected by
vaccine-preventable diseases.

Some asthmatic patients were not vaccinated against
influenza, possibly because they or their physicians did
not consider it necessary, but the results of this study
suggest a benefit of vaccination in asthmatic patients. In
addition, influenza vaccination is indicated in Spain for
people aged�65 years. The results suggest that physicians
should emphasize influenza vaccination for asthmatics
during vaccination campaigns. Suitable asthma control
could provide protection against influenza hospitalization
in these patients.

Vaccinated, asthmatic patients diagnosed with
influenza at admission, were characterized by: cough,
longer duration of symptoms before hospitalization
(which were probably milder), lower requirement for
mechanical ventilation (less requirement of and fewer
days on invasive mechanical ventilation), and no mortal-
ity during hospital stays or in the 30 days after discharge.
All this indicates milder clinical symptoms and a better
evolution in these patients.

Strengths and limitations

This study utilized a single protocol in 20 different pub-
lic hospitals within the Spanish universal health care sys-
tem in which there is no selection bias and therefore the
included patients accurately reflect the Spanish popula-
tion. The main strength of this study is that the clini-
cal characteristics and vaccination status were obtained
from written documents (hospital medical records, vac-
cination cards or primary health care registers), avoiding
memory bias. Another strength is that only patients with
unplanned hospital admission were included (patients
included for a variety of reasons and who tended to
better represent the general population). Furthermore,
every case was matched with at least two controls accord-
ing to age, sex, hospital facility, and date of admission.
The use of such similar and carefully chosen matched-
controls greatly improves the internal validity of our
study.

This study has several limitations. First, hospitalized
patients whose reason for admission was a respiratory
disease (such as pneumonia or influenza-like illnesses)
were excluded, and patients hospitalized due to these dis-
eases had probably received influenza vaccination less fre-
quently than the overall elderly population. Although this
might have led to some selection bias, their exclusion does
not affect the potential associations studied, improving
the comparison between groups.

Another potential issue is the antigenic match between
vaccination and the circulating influenza virus during a
season. This problemwas initially tackled by studying two
seasons,matching every casewith a control from the same
season. Once the seasons had past, it was seen that as
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we have previously stated, vaccine and circulating viruses’
strains were well matched in the studied seasons [21, 22].

Regarding their variable structure, there is a major
problem in defining asthma, asthma type, and asthma
intensity. It is not easy to distinguish between influenza
symptoms and asthma exacerbations, and medication
for influenza infection can exacerbate asthma. Bacterial
infection following influenza infection may be mistaken
for asthma. Measuring the incidence of a chronic inter-
mittent disease like asthma is difficult, partly because of
its complex intermittent natural history [34, 35]. Thewide
CIs of the ORs of influenza infection in vaccinated asth-
matic patients could be due to the very nature of asthma
and its heterogeneity in type and severity.

Since no significant association between vaccinated
and asthmatic patients on influenza infection was
detected, the simplest explanation is that this study
may have a lack of power. The sample size of the study is
consistent with the level of prevalence of asthma in Spain,
which is considered low to medium, [11] and therefore
an accurate and valid representation of the target popu-
lation of this study. Nevertheless, the reasonable sample
size should have allowed for the detection of a medium
effect size, and the fact that no such effect was detected
may indicate that, if it exists, it is probably not very
large.

The heterogeneity of the patient group in itself is a
limitation for this study. Factors such as cognitive status,
frailty, level of disability, other comorbidities and even
age, that may have mediated in the association have not
been considered in this study. Finally, it must be men-
tioned that in this study, the severity of asthma was not
assessed and this may have as well influenced the associ-
ation between asthma and influenza. This could lead to
a certain type of residual confounding bias that, unfortu-
nately, is very difficult to deal with.

Conclusion

This study provides evidence that asthma is an important
risk factor for influenza in hospitalized elderly people.
The results show a trend in which vaccinated asthmatics
present a better evolution of the infection and there-
fore vaccination might have a possibly protective effect,
although the results are inconclusive. With these results,
given the vulnerability of this population and the lack
of other protective factors currently available, the pro-
motion of vaccination within the asthmatic community
seems to be justified. However, further research, such
as that being carried out by the Seasonal Influenza Vac-
cine Effectiveness II group is required to explore this
interaction.
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