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Introduction: We compared trivalent inactivated influ-
enza vaccine effectiveness (VE) in preventing out-
patient and inpatient influenza cases in Navarre, 
Spain.  Methods:  During seasons 2010/11 to 2015/16, 
community-dwelling patients with influenza-like ill-
ness aged 50 years or older were tested for influenza 
when attended by sentinel general practitioners or 
admitted to hospitals. The test–negative design was 
used to estimate and compare the VE by healthcare 
setting.  Results:  We compared 1,242 laboratory-con-
firmed influenza cases (557 outpatient and 685 inpa-
tient cases) and 1,641 test-negative controls. Influenza 
VE was 34% (95% confidence interval (CI): 6 to 54) in 
outpatients and 32% (95% CI: 15 to 45) in inpatients. 
VE in outpatients and inpatients was, respectively, 
41% (95% CI: –1 to 65) and 36% (95% CI: 12 to 53) 
against A(H1N1)pdm09, 5% (95% CI: –58 to 43) and 
22% (95% CI: –9 to 44) against A(H3N2), and 49% (95% 
CI, 6 to 73) and 37% (95% CI: 2 to 59) against influ-
enza B. Trivalent inactivated influenza vaccine was not 
associated with a different probability of hospitalisa-
tion among influenza cases, apart from a 54% (95% 
CI: 10 to 76) reduction in hospitalisation of influenza 
A(H3N2) cases. Conclusions: On average, influenza VE 
was moderate and similar in preventing outpatient and 
inpatient influenza cases over six influenza seasons in 
patients above 50 years of age. In some instances of 
low VE, vaccination may still reduce the risk of hospi-
talisation in older adults with vaccine failure.

Introduction 
Annual influenza epidemics are associated with large 
numbers of medical consultations and hospitalisa-
tions. Most influenza patients are seen in general prac-
tice, but sometimes influenza evolves to serious forms 

or worsens underlying chronic conditions and requires 
hospitalisation. Certain risk groups and older adults 
with influenza are at increased risk of hospitalisation 
[1-3].

In most seasons, influenza vaccine is moderately 
effective (around 50%) in preventing influenza cases 
[4-9]; however, there is little information on whether it 
is equally effective in preventing outpatient and inpa-
tient (hospitalised) cases [10]. Vaccine effectiveness 
(VE) estimates obtained from the general practice and 
hospital settings in the same area and season may be 
expected to be similar since they evaluate the same 
types of influenza vaccine against the same circulating 
virus. However, inpatient cases tend to be older and to 
present more underlying chronic conditions, so they are 
more likely to be affected by immunodepression and 
immunosenescence, which could reduce the influenza 
vaccine effect [11]. In studies, most of these factors can 
be controlled for in multivariate analyses. However, a 
higher VE could be observed in hospitalised patients if 
the influenza vaccine mitigates influenza illness sever-
ity, reducing the risk of hospital admission in people in 
whom it did not prevent influenza infection [8].

The test-negative case–control design that compares 
laboratory-confirmed influenza cases and test-neg-
ative controls [12], has been widely used to evaluate 
influenza VE in preventing laboratory-confirmed influ-
enza. This design was employed to evaluate outpatient 
[13-16] and inpatient cases [17,18]. However, very few 
studies obtained influenza VE estimates in the general 
practice and hospital settings for the same influenza 
season and population [19-21], and none of them pro-
vided conclusive comparisons of both estimates [10]. 
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As influenza VE may differ from season to season, 
pooled analysis of several seasons is used to obtain 
average estimates [15-22].

Our test-negative case–control study nested in a 
population-based cohort aims to estimate trivalent 
inactivated influenza VE in preventing outpatient and 
inpatient cases with laboratory-confirmed influenza 
among community dwelling adults aged 50 years or 
older throughout six influenza seasons, and to identify 
possible differences in VE between the general prac-
tice and hospital settings.

Methods 

Study population and setting
This study was performed in the region of Navarre 
(642,000 inhabitants), Spain, during the influenza sea-
sons 2010/11 to 2015/16. Six seasons were included to 
assure a larger size of the study population and peri-
ods with circulation of the influenza viruses A(H1N1)
pdm09, A(H3N2) and B. The Navarre Health Service 
provides primary and hospital healthcare, free of 
charge, to over 95% of the population. Since 2009, 
influenza VE has been evaluated annually, using a test 
negative case–control design nested in a population-
based cohort, including patients from sentinel general 
practitioners and hospitals [21,23-25]. The Navarre 
Ethical Committee for Medical Research approved the 
study protocol.

Each influenza season, the non-adjuvanted inacti-
vated trivalent vaccine was recommended and offered 
free of charge to people aged 60 years or older, and to 
patients with major chronic conditions (heart disease, 
lung disease, renal disease, cancer, diabetes mellitus, 
liver cirrhosis, dementia, cerebral stroke, immunocom-
promised, and body mass index of 40 kg/m2 or greater) 
[26]. The vaccination programme distributed a single 
brand of trivalent inactivated vaccine in each influenza 
season. People not covered by the recommendation 
could also be vaccinated if they purchased the vaccine 
in pharmacies.

Influenza surveillance was based on automatic report-
ing from the electronic medical records of all cases of 
influenza-like illness (ILI) diagnosed in primary health-
care centres and hospitals. ILI was considered to be 
the sudden onset of any general symptom (fever or 
feverishness, malaise, headache or myalgia) in addi-
tion to any respiratory symptom (cough, sore throat or 
shortness of breath) [27]. A sentinel network composed 
of a representative sample of 76 to 80 primary health-
care physicians was asked to take double swabs, 
nasopharyngeal and pharyngeal, from all patients 
diagnosed with ILI whose symptoms had begun less 
than 5 days previously. The protocol for influenza 
management in hospitals establishes early detec-
tion and nasopharyngeal and pharyngeal swabbing 
of all hospitalised patients with ILI. Swabs were pro-
cessed by reverse transcription PCR (RT-PCR) assay in 

the microbiology departments of the Navarre Hospital 
Complex and the Navarre University Clinic.

The present study included ILI cases aged 50 years or 
older attended in primary healthcare (outpatients) or 
hospitalised (inpatients) who were swabbed during 
the study period. Healthcare workers, persons living 
in nursing homes, patients hospitalised less than 24 
hours, and patients who were hospitalised before ILI 
symptom onset were excluded. For each influenza sea-
son, the study period was defined as November to May 
of the following year.

Influenza vaccine status was obtained from the 
regional vaccination register. Subjects were considered 
to be protected 14 days after vaccine administration.

The information on sex, age, major chronic conditions 
(heart disease, respiratory disease, renal disease, can-
cer, diabetes mellitus, liver cirrhosis, dementia, cere-
bral stroke, immunocompromised, rheumatic disease, 
and body mass index ≥ 40 kg/m2), functional depend-
ence (Barthel index score < 40), previous hospitalisa-
tion, and month of sample collection was obtained 
from the electronic clinical records.

Study design and statistical analysis
A double test-negative case–control design in out-
patients and inpatients, both nested in the same 
population-based cohort, was used to compare the 
vaccination status of ILI patients with laboratory-con-
firmed influenza and test-negative controls.

Percentages were compared by chi-squared test. 
Logistic regression models were used to obtain crude 
and adjusted odds ratios (OR) for influenza vaccination 
with their 95% confidence interval (CI). In addition to 
healthcare setting (primary or hospital), the adjusted 
models included sex, age group (50–59, 60–69, 
70–79, and ≥ 80 years), major chronic conditions (0, ≥ 1), 
functional dependence, hospitalisation in the previous 
12 months, and influenza season and month of sample 
collection. VE was estimated as a percentage: (1 – OR) 
x 100.

Cases were compared with controls recruited in the 
same healthcare setting to obtain VE estimates for all 
patients and separately for outpatient and inpatient 
cases. Separate analyses were also carried out by age 
group (50–64 years and ≥ 65 years), influenza (sub)
type, presence of major chronic conditions, and influ-
enza season. Although stratum-specific VE estimates 
were obtained from stratified models, we also tested 
the statistical significance of the interaction term 
among these variables and vaccine status.

The VE estimates obtained from outpatients and inpa-
tients may not be comparable since these two groups 
usually differ in many characteristics. Therefore, in an 
adjusted analysis we compared the odds of vaccination 
of inpatient cases vs outpatient cases to estimate the 
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VE in reducing the risk of hospital admission in peo-
ple in whom the vaccine failed to prevent influenza 
infection.

Results 

Description of cases and controls
During the six influenza seasons studied, 930 ILI 
patients attended primary healthcare and 1,953 ILI hos-
pitalised patients were swabbed, and 557 (60%) and 
685 (35%) were confirmed for influenza virus, respec-
tively. Three virus (sub)types were widely represented: 
influenza A(H1N1)pdm09 (n=500 cases; 40%) , influ-
enza A(H3N2) (n=474; 38%) and influenza B (n=264; 
21%). Nine patients were coinfected with two viruses. 
The proportion of influenza A(H1N1)pdm09 virus infec-
tions was higher among inpatient than outpatient cases 
(44% (303/685) vs 34% (194/557); p = 0.001), while the 
proportion of influenza A(H3N2) virus infections (36% 
(245/685) vs 41% (226/557); p = 0.070) and influenza B 
(19% (125/685) vs 24% (133/557); p = 0.030) was lower 
among inpatients.

Among primary healthcare patients, cases and controls 
did not differ statistically in the distribution of the ana-
lysed covariables. However, in hospitalised patients, 
the percentage of those aged 80 years or older and 
of those hospitalised in the previous 12 months was 
higher among controls than in cases (Table 1).

Compared with outpatient cases, hospitalised cases 
were more frequently aged 70 years or older (61% 
(418/685) vs 17% (93/557); p < 0.0001), had major 
chronic conditions (82% (562/685) vs 40% (221/557); 
p < 0.0001), and had a history of hospitalisation in the 
previous 12 months (28% (190/685) vs 8% (44/557), 
p < 0.0001).

None of the patients included in the study had received 
antiviral treatment before swabbing or hospitalisation.

Influenza vaccine effectiveness by influenza 
season
The influenza VE was moderate to high (37% to 71%) 
in preventing laboratory-confirmed influenza in the 
seasons 2010/11 and 2015/16, both characterised by 

Figure 
Influenza vaccine effectiveness in preventing laboratory-confirmed cases by (sub)type of virus and healthcare setting in 
northern Spain, 2010/11 to 2015/16
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a predominance of influenza A(H1N1)pdm09 virus, 
as well as in the 2012/13 season dominated by influ-
enza B. However, the VE was low to moderate (2% to 
53%) in the 2011/12, 2013/14 and 2014/15 seasons, 
when the influenza A(H3N2) virus circulated widely. 
In the 2013/14 and 2014/15 seasons the estimates of 
influenza VE were null in preventing outpatient cases 
and were somewhat higher in inpatient cases. In three 
influenza seasons (2010/11, 2011/12 and 2015/16) the 
point estimate of VE was higher in outpatients, and in 
other three seasons (2012/13, 2013/14 and 2014/15), it 
was higher among inpatients (Table 2).

Average effectiveness of the influenza vaccine 
in six seasons
In the analysis of the six influenza seasons, the lab-
oratory-confirmed cases had received the influenza 
vaccine in a lower proportion (39%) than the test–neg-
ative controls (53%; p < 0.001). In the adjusted analysis, 
the average VE was 34% (95% CI: 6 to 54) in preventing 
outpatient cases and 32% (95% CI: 15 to 45) in prevent-
ing hospitalised cases (Table 3 and Figure).

VE in preventing laboratory-confirmed influenza 
A(H1N1)pdm09 was 41% (95% CI: –1 to 65) for outpa-
tient cases and 36% (95% CI: 12 to 53) for hospitalised 

Table 1
Characteristics of laboratory-confirmed influenza cases and test-negative controls in northern Spain, 2010/11 to 2015/16

All laboratory-confirmed 
influenza cases

All test-negative 
controls

Outpatient 
cases

Outpatient 
controls

Inpatient 
cases Inpatient controls

n % n (%) p valuea n % n % p 
valuea n % n % p 

valuea
Age groups (years)
50–59 412 33 354 22

< 0.001

291 52 182 49

0.148

121 18 172 14

0.023
60–69 318 26 353 22 173 31 106 28 145 21 247 20
70–79 268 22 419 26 81 15 72 19 187 27 347 27
≥ 80 244 20 515 32 12 2 13 4 232 34 502 40
Sex
Male 622 50 866 53

0.152
258 46 175 47

0.838
364 53 691 54

0.589
Female 620 50 775 47 299 54 198 53 321 47 577 46
Major chronic conditions
No 459 37 414 25

< 0.001
336 60 203 54

0.079
123 18 211 17

0.453
Yes 783 63 1,227 75 221 40 170 46 562 82 1,057 83
Hospitalisation in the previous 12 months
No 1,008 81 1,131 69

< 0.001
513 92 348 93

0.440
495 72 783 62

< 0.001
Yes 234 19 510 31 44 8 25 7 190 28 485 38
Functional dependence
No 1,210 97 1,589 97

0.349
557 100 373 100

NA
653 95 1,216 96

0.549
Yes 32 3 52 3 0 0 0 0 32 5 52 4
Influenza vaccine status
Unvaccinated 764 61 766 47

< 0.001
412 74 252 68

0.033
352 51 514 40

< 0.001
Vaccinated 478 39 875 53 145 26 121 32 333 49 754 60
Influenza season
2010/11 100 8 237 14

< 0.001

50 9 55 15

0.061

50 7 182 14

< 0.001

2011/12 129 10 116 7 112 20 62 17 17 3 54 4
2012/13 90 7 131 8 66 12 52 14 24 4 79 6
2013/14 279 23 314 19 93 17 53 14 186 27 261 21
2014/15 279 23 313 19 114 21 67 18 165 24 246 19
2015/16 365 29 530 32 122 22 84 23 243 36 446 35
Total 1,242 100 1,641 100 557 100 373 100 685 100 1,268 100

NA: not applicable.
a Chi-squared test.
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cases, and was 49% (95% CI: 6 to 73) and 37% (95% 
CI: 2 to 59), respectively, to prevent influenza B. 
Nevertheless, a low and non-significant effect was 
observed for the prevention of outpatient and inpatient 
cases of influenza A(H3N2) (Figure).

The adjusted VE estimates did not show relevant dif-
ferences by pre-existing comorbidity. Although the 
interaction terms did not reach statistical significance, 
the adjusted VE estimate seemed to be lower in out-
patients aged 65 years or older than in those aged 
50–64 years (3% vs 56%; p = 0.064), but this differ-
ence nearly disappeared in hospitalised cases (29% vs 
43%; p = 0.524) (Table 3).

In the analysis of the general practice setting, adults 
aged 65 years or older had lower adjusted VE than 
those aged 50–64 years against influenza A(H3N2) 
(–48% vs 40%; p = 0.155) and influenza A(H1N1)pdm09 
(–20% vs 63%; p = 0.068), although both comparisons 
did not reach statistical significance. A similar differ-
ence was not observed in influenza B (62% vs 55%; 

p = 0.892). In the analysis of hospitalised patients such 
declines in VE with age were not observed (Table 4).

Comparison of vaccine effectiveness between 
outpatient and inpatient cases
In the analysis of all influenza cases, a non-statisti-
cally significant decrease in the risk of hospitalisa-
tion among vaccinated cases was observed (adjusted 
OR 0.83; 95% CI: 0.59 to 1.18). Influenza vaccination 
was associated with a 54% reduction in hospitalisation 
among influenza A(H3N2) cases (adjusted OR 0.46; 
95% CI: 0.24 to 0.90). Although other results did not 
reach statistical significance, influenza vaccination 
seemed to be associated with a decline in the risk of 
hospitalisation among influenza A(H1N1)pdm09 cases 
(adjusted OR 0.73; 95% CI: 0.42 to 1.27) and with an 
increase in hospital admissions among influenza B 
cases (adjusted OR 1.64; 95% CI: 0.75 to 3.59). The 
analyses stratified in two age groups were consistent 
for influenza A(H3N2); and, although non-statistically 
significant, the point estimates suggest a decline in 
the risk of hospitalisation of influenza A(H1N1)pdm09 

Table 2
Influenza vaccine effectiveness in preventing laboratory-confirmed cases by season and healthcare setting in northern 
Spain, 2010/11 to 2015/16

2010/11 2011/12 2012/13 2013/14 2014/15 2015/16
All patients
Cases, n (% vaccinated) 100 (27) 129 (29) 90 (19) 279 (45) 279 (47) 365 (38)
Influenza A(H1N1)pdm09 95 0 22 95 6 279
Influenza A(H3N2) 0 117 6 177 137 34
Influenza B 5 12 62 0 133 46
Controls, n (% vaccinated) 237 (52) 116 (41) 131 (47) 314 (56) 313 (53) 530 (57)
Crude VE, % (95% CI) 66 (43 to 79) 43 (3 to 66) 73 (50 to 86) 35 (9 to 53) 21 (–10 to 42) 53 (39 to 64)
Adjusted VE, % (95% CI) a 53 (14 to 74) 53 (–9 to 79) 71 (35 to 87) 21 (–15 to 46) 2 (–44 to 33) 37 (14 to 55)
Outpatients
Cases, n (% vaccinated) 50 (14) 112 (26) 66 (14) 93 (38) 114 (32) 122 (24)
Influenza A(H1N1)pdm09 47 0 16 31 3 97
Influenza A(H3N2) 0 102 3 60 49 12
Influenza B 3 10 47 0 62 11
Controls, n (% vaccinated) 55 (31) 62 (32) 52 (33) 53 (32) 67 (25) 84 (39)

Crude VE, % (95% CI) 64 (3 to 86) 27 (–45 to 63) 67 (19 to 87) –26 (–156 to 
38)

–36 (–167 to 
31) 52 (12 to 74)

Adjusted VE, % (95% CI) a 84 (34 to 95) 58 (–20 to 85) 78 (4 to 89) –35 (–231 to 
45)

–66 (–280 to 
27) 45 (–14 to 74)

Inpatients
Cases, n (% vaccinated) 50 (40) 17 (47) 24 (33) 186 (49) 165 (58) 243 (46)
Influenza A(H1N1)pdm09 48 0 6 64 3 182
Influenza A(H3N2) 0 15 3 117 88 22
Influenza B 2 2 15 0 71 35
Controls, n (% vaccinated) 182 (58) 54 (52) 79 (56) 261 (61) 246 (60) 446 (61)
Crude VE, % (95% CI) 52 (9 to 75) 17 (–146 to 72) 60 (–4 to 85) 37 (8 to 57) 10 (–34 to 40) 45 (25 to 60)
Adjusted VE, % (95% CI) a 36 (–32 to 68) –4 (–485 to 82) 81 (28 to 95) 32 (–5 to 56) 16 (–31 to 46) 36 (8 to 56)

CI: confidence interval; VE: vaccine effectiveness.
a  Vaccine effectiveness adjusted by age groups (50–59, 60–69, 70–79 and ≥ 80 years), sex, major chronic conditions, functional dependence, 

hospitalisation in the previous 12 months, healthcare setting (primary healthcare and hospital), and month of sample collection.
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cases aged 65 years or older. In the 2013/14 season 
dominated by influenza A(H3N2) virus, influenza vacci-
nation was also associated with lower risk of hospitali-
sation among influenza cases (adjusted OR 0.49; 95% 
CI: 0.24 to 0.99) (Table 5).

The comparison of hospitalised controls vs outpatient 
controls did not find an association with vaccine sta-
tus in the adjusted analysis (adjusted OR 1.01; 95% 
CI: 0.72 to 1.41), thus indicating successful control of 
potential confounding.

Discussion 
During six influenza seasons from 2010/11 to 2015/16, 
the trivalent inactivated influenza VE was on average 
moderate and similar in preventing laboratory-con-
firmed influenza in general practice (34%) and hospital 
settings (32%), with both outcomes evaluated at the 
same time and in the same population of older adults. 
VE was moderate against cases of influenza A(H1N1)
pdm09 (37%) and influenza B (41%), and was low 
against cases infected with Influenza A(H3N2) virus 

(17%). These results are consistent with the results of a 
recent systematic review [28].

In the majority of situations evaluated in our study, the 
same type and brand of influenza vaccine in the same 
season was equally effective in preventing laboratory-
confirmed influenza cases that required outpatient 
assistance and those requiring hospitalisation. These 
results confirm those of a Spanish multicentre study 
that compared VE in outpatient and inpatient settings 
in the same areas in a single influenza season [8], as 
well as the analysis of 25 pairs of VE estimates from 
parallel studies in inpatient and outpatient settings in 
the same influenza season, in the same country, and 
in similar age groups, although only three of these 
pairs covered both settings in the same population 
[10]. Our results are also consistent with the absence 
of association between influenza vaccination and 
hospital admissions within 14 days after illness onset 
reported among outpatient cases with laboratory-con-
firmed influenza [29]. All this evidence argues against 
the hypothesis that, in general, influenza vaccination 

Table 3
Influenza vaccine effectiveness in preventing laboratory-confirmed cases by healthcare setting, age and comorbidity in 
northern Spain, 2010/11 to 2015/16

All patients Outpatients Inpatients
All swabbed patients
Cases, n (% vaccinated) 1,242 (39) 557 (26) 685 (49)
Controls, n (% vaccinated) 1,641 (53) 373 (32) 1,268 (60)
Crude VE, % (95% CI) 45 (36 to 53) 23 (2 to 45) 35 (22 to 46)
Adjusted VE, % (95% CI) a 31 (18 to 43) 34 (6 to 54) 32 (15 to 45)
Aged 50–64 years old
Cases, n (% vaccinated) 572 (16) 384 (13) 188 (21)
Controls, n (% vaccinated) 523 (27) 242 (20) 281 (32)
Crude VE, % (95% CI) 49 (31 to 62) 41 (9 to 62) 44 (14 to 34)
Adjusted VE, % (95% CI) a 49 (29 to 64) 56 (29 to 73) 43 (5 to 66)
Aged ≥ 65 years old
Cases, n (% vaccinated) 670 (58) 173 (55) 497 (59)
Controls, n (% vaccinated) 1,118 (66) 131 (55) 987 (67)
Crude VE, % (95% CI) 28 (12 to 41) 1 (–55 to 37) 29 (11 to 43)
Adjusted VE, % (95% CI) a 25 (6 to 40) 3 (–71 to 45) 29 (9 to 44)
Patients without major chronic conditions
Cases, n (% vaccinated) 459 (22) 336 (20) 123 (28)
Controls, n (% vaccinated) 414 (29) 203 (20) 211 (37)
Crude VE, % (95% CI) 31 (6 to 49) 3 (–49 to 37) 35 (–6 to 60)
Adjusted VE, % (95% CI) a 32 (–1 to 54) 23 (–31 to 55) 42 (–15 to 71)
Patients with major chronic conditions
Cases, n (% vaccinated) 783 (48) 221 (36) 562 (53)
Controls, n (% vaccinated) 1,227 (62) 170 (47) 1,057 (64)
Crude VE, % (95% CI) 42 (30 to 51) 38 (7 to 59) 36 (21 to 48)
Adjusted VE, % (95% CI) a 32 (16 to 45) 41 (2 to 65) 30 (12 to 45)

CI: confidence interval; VE: vaccine effectiveness.
a Vaccine effectiveness adjusted by age groups (50–59, 60–69, 70–79 and ≥ 80 years), sex, major chronic conditions, functional dependence, 

hospitalisation in the previous 12 months, healthcare setting (primary healthcare and hospital), and influenza season and month of sample 
collection.
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mitigates influenza illness severity and reduces the 
risk of hospital admission in people in whom it did not 
prevent influenza infection.

Nevertheless, in some analyses we observed a differ-
ent behaviour. The vaccine was not effective in pre-
venting outpatient cases of influenza A(H3N2), but did 
provide some protection (22%) against hospitalisa-
tions. This difference in VE was demonstrated in the 
case-to-case comparison and was also observed in the 
specific analysis of the 2013/14 season when A(H3N2) 
virus predominated and VE was very low. A higher pro-
tection of the vaccine against hospitalisations was also 
suggested in the analysis of influenza A(H1N1)pdm09 
cases aged 65 years or older.

Recently, Petrie et al. [30] reported higher VE in pre-
venting hospitalisations than that reported from simi-
lar studies in ambulatory care settings, in a season 
with circulating influenza A(H3N2) viruses that were 
antigenically drifted from the vaccine virus. In our 
study the higher VE among hospitalised influenza 
cases was associated with very low or no VE, type A 
influenza virus, and older patients. In situations of 
low vaccine-induced immunity against the circulating 
viruses, the relative importance of the vaccine effect 
in mitigating the severity of illness in vaccine failures 
would increase. This additional benefit of the vaccine 
cannot be detected in studies based on general prac-
tice settings only.

The average effect of the vaccine over all six seasons 
seemed to be lower in adults aged 65 or older than in 
those aged 50–64 years, which could be explained 
by immunosenescence [11]. Interestingly, this reduced 
VE with increasing age was pronounced in outpatient 
cases with influenza type A, but was hardly seen in 
inpatient cases or in cases of influenza B. This finding 
has a positive component since this loss of VE with age 
would be smaller in more severe forms of influenza. 
All these results suggest that, even though on average 
influenza VE is similar in both healthcare settings, in 
some situations involving influenza A virus infections, 
elderly patients and low VE, there may be important 
differences in VE between patients in outpatient and 
inpatient settings, that can also be interpreted as an 
additional vaccine effect that reduces the risk of hos-
pital admission in people in whom the vaccine fails to 
prevent influenza infection.

The joint analysis of primary healthcare patients and 
hospitalised patients recruited in the same season and 
region shows the effect of the vaccine on a more com-
plete clinical spectrum of the disease, including mild, 
moderate and severe cases, and on a more varied 
patient profile. The absence of differences in vaccina-
tion status in the adjusted analysis of outpatient and 
inpatient controls reduces the difficulties in interpret-
ing joint estimations of VE.

This study has several strengths. We used the test–
negative design nested in a population-based cohort in 
both the general practice and hospital settings, which 

Table 4
Influenza vaccine effectiveness in preventing laboratory-confirmed cases by healthcare setting, age group and virus (sub)
type, northern Spain, 2010/11 to 2015/16

Age 50–64 years Age ≥ 65 years
All patients Outpatients Inpatients All patients Outpatients Inpatients

Influenza A(H1N1)pdm09
Cases, n (% vaccinated) 273 (15) 148 (12) 125 (19) 227 (55) 48 (56) 179 (55)
Controls, n (% vaccinated) 523 (27) 242 (20) 281 (32) 1,118 (66) 131 (55) 987 (67)
Crude VE, % (95% CI) 51 (28 to 67) 49 (7 to 72) 50 (16 to 70) 36 (15 to 52) –1 (–95 to 48) 40 (18 to 57)
Adjusted VE, % (95% CI) a 56 (31 to 72) 63 (26 to 82) 47 (2 to 72) 25 (–6 to 46) –20 (–200 to 52) 31 (1 to 52)
Influenza A(H3N2)
Cases, n (% vaccinated) 175 (17) 138 (15) 37 (24) 299 (62) 90 (59) 209 (63)
Controls, n (% vaccinated) 523 (27) 242 (20) 281 (32) 1118 (66) 131 (55) 987 (67)
Crude VE, % (95% CI) 43 (11 to 63) 31 (–24 to 60) 32 (–51 to 69) 16 (–10 to 35) –17 (–102 to 32) 17 (–14 to 39)
Adjusted VE, % (95% CI) a 36 (–12 to 63) 40 (–23 to 70) 39 (–71 to 78) 14 (–19 to 38) –48 (–249 to 38) 21 (–12 to 45)
Influenza B
Cases, n (% vaccinated) 124 (15) 98 (12) 26 (23) 140 (55) 36 (44) 104 (59)
Controls, n (% vaccinated) 523 (27) 242 (20) 281 (32) 1118 (66) 131 (55) 987 (67)
Crude VE, % (95% CI) 53 (20 to 73) 45 (–9 to 72) 36 (–64 to 75) 37 (9 to 55) 34 (–38 to 69) 31 (–4 to 54)
Adjusted VE, % (95% CI) a 47 (–2 to 73) 55 (–9 to 81) 13 (–184 to 73) 41 (10 to 61) 62 (–7 to 87) 40 (3 to 63)

CI: confidence interval; VE: vaccine effectiveness.
a Vaccine effectiveness adjusted by age groups 50–59, 60–69, 70–79 and ≥ 80 years), sex, major chronic conditions, functional dependence, 

hospitalisation in the previous 12 months, healthcare setting (primary healthcare and hospital), and influenza season and month of sample 
collection.
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allows evaluation and comparison of VE against out-
patient and inpatient influenza cases. All cases were 
laboratory-confirmed, and the controls tested negative 
for influenza. The outpatient and hospitalised patients 
were recruited in the same population and in the same 
influenza seasons, received the same type and brand 
of vaccine, and were exposed to the same circulating 
viruses. To compare VE in both settings we directly 
compared the vaccination status of inpatient cases vs 
outpatient cases, which eliminates possible problems 
of comparability between the two control groups and, 
interestingly, reveals the vaccine effect in preventing 
hospitalisations among laboratory-confirmed influenza 
cases [8]. The analysis of six seasons increased the 
power of the study and achieved sufficient representa-
tion of different virus (sub)types and patient character-
istics. The variability due to vaccine type was minimal 
since only one product was used in the vaccination 
programme in each season.

This study had some possible limitations. Although 
restriction to adults above 50 years of age considerably 
improved the comparability between outpatient and 
inpatient cases, there nevertheless remained differ-
ences that could hamper sufficient control of confound-
ing factors. Moreover, we cannot totally discount the 

‘healthy vaccinee effect’ whereby frail patients may be 
less likely to be vaccinated and more likely to be admit-
ted to hospital [31]. However, this does not seem to 
have occurred since the adjusted model that compared 
inpatient controls with outpatient controls did not find 
an association between vaccination status and health-
care setting. We included adults aged 50–59 years, in 
whom vaccination is recommended and offered free of 
charge only if they have a chronic condition; however, 
all analyses were adjusted or stratified by age, and 
this did not seem to have an important effect on the 
results.

Estimates in hospitalised patients may be biased if 
they are diagnosed with a longer delay from the time of 
infection; however, in our study this bias was reduced 
as access to hospital emergency rooms was unre-
stricted, admission was based only on medical judg-
ment, and there was a protocol for early swabbing and 
testing of ILI cases before admission.

Hospitalised cases were older and had more comor-
bidities than outpatient cases, and this may increase 
the risk of false negative results due to reduced viral 
shedding with age [32]. We reduced this bias by double 
swabbing of patients, restricting the analysis to older 

Table 5
Comparison of the influenza vaccination status of inpatient vs outpatient influenza cases by influenza (sub)type, age group 
and season, northern Spain, 2010/11 to 2015/16

Inpatient cases Outpatient cases AOR (95% CI)a p value
All ages and seasons n % vaccinated n % vaccinated
Total 685 49 557 26 0.83 (0.59 to 1.18) 0.304
Influenza A(H1N1)pdm09 304 40 196 22 0.73 (0.42 to 1.27) 0.268
Influenza A(H3N2) 246 57 228 33 0.46 (0.24 to 0.90) 0.023
Influenza B 130 52 134 21 1.64 (0.75 to 3.59) 0.215
Age 50–64 years
Total 188 21 384 13 1.03 (0.59 to 1.80) 0.919
Influenza A(H1N1)pdm09 125 19 148 12 1.17 (0.53 to 2.58) 0.698
Influenza A(H3N2) 37 24 138 15 0.32 (0.09 to 1.23) 0.099
Influenza B 26 23 98 12 2.36 (0.59 to 9.45) 0.227
Age ≥ 65 years
Total 497 59 173 55 0.71 (0.44 to 1.14) 0.156
Influenza A(H1N1)pdm09 179 55 48 56 0.41 (0.16 to 1.03) 0.056
Influenza A(H3N2) 209 63 90 59 0.50 (0.22 to 1.12) 0.092
Influenza B 104 59 36 44 1.81 (0.63 to 5.17) 0.269
Influenza season
2010/11 50 40 50 14 3.03 (0.83 to 11.12) 0.095
2011/12 17 47 112 26 0.40 (0.09 to 1.88) 0.245
2012/13 24 33 66 14 1.17 (0.15 to 8.95) 0.877
2013/14 186 49 93 38 0.49 (0.24 to 0.99) 0.048
2014/15 165 58 114 32 0.91 (0.45 to 1.83) 0.797
2015/16 243 46 122 24 0.87 (0.45 to 1.67) 0.668

AOR: adjusted odds ratio; CI: confidence interval.
a OR and 95% CI adjusted by age groups (50–59, 60–69, 70–79 and ≥ 80 years), sex, major chronic conditions, functional dependence, 

hospitalisation in the previous 12 months, and influenza season and month of sample collection.
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adults, and adjusting by age groups in the case-to-
case comparison.

Although we analysed six influenza seasons and the 
number of patients included was high, the statistical 
power in some analyses (by season or age subgroup) 
was low; therefore caution should be exercised when 
explaining some results.

The effect of prior vaccination has arisen as a relevant 
factor in understanding influenza VE, but addressing 
this issue requires specifically focused studies [22,33].
In conclusion, influenza vaccination was on average 
moderately effective in preventing laboratory-con-
firmed influenza over six seasons in northern Spain. In 
general, VE was similar in preventing outpatient cases 
and hospitalisations with influenza, although in some 
situations involving influenza A virus infection, elderly 
patients and low vaccine effectiveness, influenza vac-
cination may have an additional effect in reducing the 
risk of hospital admission in people in whom the vac-
cine fails to prevent influenza infection. This effect 
increases the total benefit of the influenza vaccine 
and reinforces the recommendation of vaccination. The 
general practice and hospital settings provide comple-
mentary points of view for understanding the complete 
effect of the influenza vaccination. More studies link-
ing both points of view are needed.
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