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a b s t r a c t
Introduction: The 2014/15 inﬂuenza season in Spain was dominated by the circulation of drifted A(H3N2)
and co-circulation of B viruses. We present the ﬁnal estimates of inﬂuenza vaccine effectiveness (IVE)
against conﬁrmed inﬂuenza A(H3N2) and B its evolution along the season and with time since vaccination.
Methods: We used data collected on inﬂuenza like illness patients (ILI), systematically swabbed for
the presence of inﬂuenza viruses within the Spanish Inﬂuenza Sentinel Surveillance System (SISS) and
a restricted observational study (cycEVA). We used a test negative case–control design to compare
inﬂuenza conﬁrmed cases with negative controls. We estimated the IVE through a logistic regression
model adjusting for potential confounders. The evolution of IVE was studied in early and late stages of
the epidemic, and in different time intervals between receiving inﬂuenza vaccination and the onset of
symptoms.
Results: At the end of the season we have found low and moderate IVE point estimates against inﬂuenza
A(H3N2) and B, respectively, in all ages and target groups for vaccination. An IVE decreased from an early
value of 37% to a late of −76% against inﬂuenza A(H3N2), and similarly, 84% vs −4% against Inﬂuenza B.
When the onset of symptoms occurred more than three months after vaccination, the decrease of IVE
was slower and milder against inﬂuenza B than against inﬂuenza A(H3N2). No signiﬁcant change in the
percentage of circulating drifted inﬂuenza A(H3N2) strains belonging to the 3c.2a and 3c.3a clades could
be identiﬁed through the season.
Conclusions: In a season dominated by drifted A(H3N2) circulating virus, the vaccine offered little or no
protection against A(H3N2) infection but had a moderate protective effect against inﬂuenza B. Efforts
should be put in developing inﬂuenza vaccines that maintain their protective capabilities throughout the
season and could stimulate a potentially broad immune response against diverse inﬂuenza strains.
© 2016 Elsevier Ltd. All rights reserved.

∗ Corresponding author at: National Centre of Epidemiology, Institute of Health Carlos III, c/Monforte de Lemos no. 5, 28029 Madrid, Spain. Tel.: +34 918222624;
fax: +34 913877815.
E-mail addresses: amgherasim@externos.isciii.es (A. Gherasim), pacopozo@isciii.es (F. Pozo), smateo@isciii.es (S. de Mateo), enfer4bi-san@euskadi.eus
(I. Aspiritxaga Gamarra), mgcenoz@cfnavarra.es (M. García-Cenoz), VegAloTo@jcyl.es (T. Vega), emochoa@larioja.org (E. Martínez), jgimenez@dgsanita.caib.es (J. Giménez),
dcastr01@melilla.es (D. Castrillejo), alarrauri@isciii.es (A. Larrauri).
1
For members of these teams, please refer to Supplementary data.
http://dx.doi.org/10.1016/j.vaccine.2016.03.035
0264-410X/© 2016 Elsevier Ltd. All rights reserved.

Please cite this article in press as: Gherasim A, et al. Waning protection of inﬂuenza vaccine against mild laboratory conﬁrmed inﬂuenza
A(H3N2) and B in Spain, season 2014–15. Vaccine (2016), http://dx.doi.org/10.1016/j.vaccine.2016.03.035

G Model
JVAC-17463; No. of Pages 7

ARTICLE IN PRESS
A. Gherasim et al. / Vaccine xxx (2016) xxx–xxx

2

1. Introduction
Inﬂuenza vaccination is considered the most important intervention towards preventing complications by inﬂuenza not
only in high-risk groups but also in general population [1,2].
The recommendation for trivalent inﬂuenza vaccine for the
Northern Hemisphere in the 2014–15 season, included the
A/California/7/2009 (H1N1)pdm09, the A/Texas/50/2012 (H3N2)
and the B/Massachusetts/02/2012 (Yamagata lineage) strains [3].
The vaccine was offered in Spain to all individuals above 64 years
and to those belonging to clinical or professional risk groups [4].
Since the 2008–09 season the (cycEVA) observational
case–control study has been monitoring the inﬂuenza vaccine
effectiveness (IVE) in Spain within the framework of the Inﬂuenza
Monitoring of Vaccine Effectiveness (I-MOVE) European network.
cycEVA has been functioning within the Spanish Inﬂuenza Sentinel
Surveillance System (SISS), a well-established system of 17 sentinel
inﬂuenza networks in 17 out of 19 Spanish autonomous regions
[5], and has been supplying timely and reliable IVE estimates both
during as well as at the end of the season [6–9]. IVE estimates
obtained with cycEVA and the entire surveillance system were
largely similar [10].
The 2014–15 season in Spain was characterized by the predominant A(H3N2) inﬂuenza virus, the majority of which were
mismatched with the 2014–15 northern hemisphere A(H3N2) vaccine strain [11].
We present in this paper the ﬁnal estimates of IVE 2014–15 in
Spain obtained using the SISS and the cycEVA study. Moreover, we
studied the evolution of the IVE along the season using two strategies. Firstly we compared the IVE estimates in the early and late
phase of the epidemic, using both SISS and cycEVA data. Secondly,
we studied the effect of time since vaccination (TSV) on the vaccine
protection within cycEVA study. Based on the genetic characterization of a representation of detected strains, we tried to provide
additional knowledge on the relationship between IVE and circulating strains pattern.

2. Methods
2.1. The study population
We considered as study population all patients with inﬂuenzalike illness (ILI) symptoms attending the sentinel physicians (SPs)
including generalist doctors and paediatricians integrated in the
SISS (788 SPs) or in the six sentinel networks participating in the
2014–15 cycEVA study (174 SPs). In ﬁve out of six cycEVA regions
all of SPs participate in both cycEVA and SISS studies, whereas
in the sixth only 77% of the SPs belonging to SISS are participating in cycEVA. The components and the requirements for the
SISS and cycEVA functionality were previously described [6,10,12].
Overall, SPs within SISS systematically swabbed ILI patients and
collected demographic, clinical, virological, vaccination, chronic
conditions, obesity and pregnancy status data. Several variables
are routinely collected for the cycEVA study: number of hospitalizations for chronic condition, SPs visits in the last year, previous
inﬂuenza vaccination, smoking habit and inﬂuenza vaccination
date.
During the season, in the SISS the inﬂuenza vaccination status was ascertained through a dichotomous variable (yes/no).
However, at the end of the inﬂuenza epidemic we obtained retrospectively the vaccination date for the immunized patients
attending 594 SPs belonging to 14 SISS sentinel networks. This
information allowed to check if the patient was correctly immunized, with the administration of the vaccine 14 days or more
before the onset of symptoms. Information on vaccination date was

obtained for the 93.4% of the patients notiﬁed as having received
the Inﬂuenza vaccine.
2.2. The study design and data analysis
We conducted a test negative case–control study between 8
December 2014 and 19 April 2015 (weeks 50/2014–16/2015). Cases
were ILI patients with a Polymerase Chain Reaction (PCR) swab
positive for inﬂuenza taken less than eight days after onset of ILI
symptoms. ILI patients testing negative for all inﬂuenza strains
were considered controls.
Baseline characteristics of cases and controls were compared
using Chi-squared test. We calculated the IVE as (1-OR for vaccination) × 100 and we used logistic regression models to obtain
IVE estimates with 95% conﬁdence intervals (95%CI), adjusted
by potential confounders collected both by SISS and cycEVA
study.
IVE was estimated by virus type/subtype in all ages and
in target groups for vaccination. Additionally we studied the
IVE within speciﬁc age-groups (0–14; 15–64; >64 years), using
SISS data.
We performed two sensitivity analyses: (1) Restricting to
patients swabbed 4 days or less after symptoms onset; (2) Using
SISS data with vaccination date in order to evaluate the potential
differences in IVE estimates when considering all patients as correctly vaccinated, and afterwards only patients vaccinated 14 days
or more before symptoms onset.
We evaluated the IVE against A(H3N2) and B along the season with SISS and cycEVA data dividing the epidemic season in
two phases: an early stage including the epidemic peak (weeks
50/2014–5/2015) and a late stage (weeks 6–16/2015).
Using cycEVA data, IVE was estimated through modelling the
TSV as a categorical variable deﬁning three TSV intervals according
to the tertiles of the number of days elapsed between vaccination
and onset of symptoms: t1 = from the lowest value until the ﬁrst tertile, t2: between second and third tertile and t3: between the third
tertile until the maximum value. We estimated the IVE adjusting
for all the variables collected in cycEVA, for each TSV interval and
using the non-vaccinated as reference group. We applied a logistic regression model in order to evaluate the differences between
the IVE in the ﬁrst TSV interval (t1), used as reference, and the IVE
in the t2 and t3 [13]. All data analysis was conducted using STATA
version 13.
2.3. Laboratory methods
Genetic characterization by sequencing the HA1 fragment of
the viral hemagglutinin gene was carried out at the WHO National
Inﬂuenza Centre (Madrid) in a subset of inﬂuenza positive samples and/or virus isolates. Phylogenetic analysis of sequences was
carried out in order to characterize the speciﬁc genetic group of
circulating inﬂuenza A and B clades. To detect any change in the
clades circulating pattern, we analyzed the evolution in time of the
overall proportion of discordant strains using the chi-squared for
trend.
3. Results
The 2014–15 inﬂuenza season peaked in week 5/2015 both
at national level and within the regional networks integrated in
cycEVA study. The season was dominated by inﬂuenza A (61% of the
conﬁrmed cases in SISS) with 96% of A(H3N2) among the subtyped
A viruses. An increasing inﬂuenza B virus circulation was identiﬁed
towards the end of the epidemic.
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Fig. 1. Exclusion criteria, SISS and cycEVA study, inﬂuenza season 2014–15 (weeks 50/2014–16/2015), Spain.

3.1. SISS study vaccine effectiveness
After applying the exclusion criteria we included in the SISS
analysis 1441 negative controls, 2365 conﬁrmed cases (1397
A(H3N2) and 968 B). Within the cycEVA study a total of 438 controls and 800 conﬁrmed cases (440 A(H3N2) and 360 B) were
included (Fig. 1). In the SISS, controls were older than A(H3N2)
cases (31 vs. 21 years) but younger than B cases (31 vs. 37
years). Individuals in the target group for vaccination were distributed in similar proportions in controls, A(H3N2) and B cases
(19.6%, 18.7% and 19.9% respectively). While a similar proportion
of controls and A(H3N2) cases were vaccinated (11.9% vs. 10.8%),
signiﬁcantly more controls were vaccinated compared to B cases
(11.9% vs. 8.1%).
Within the SISS, the adjusted IVE against A(H3N2) was 16%
(95%CI: −11 to 36) and 13% (95%CI: −30; 42) in all ages and target groups for vaccination, respectively (Table 2). The adjusted IVE
estimates against inﬂuenza A(H3N2) were 17%, 22% and 1% within
0–14, 15–64 and >64 years age-groups, respectively (Table 2).
Analysis of sensitivity including those sentinel networks with available vaccination date showed adjusted IVE against A(H3N2) of 6%
(95%CI: −30; 33) if considering all vaccinated patients, and 0.5%
(95%CI: −40; 29) if considering only those vaccinated 14 or more
days before the symptoms onset. Slightly higher IVE point estimates
against A(H3N2) were obtained in these analysis for target groups
for vaccination (10% and 6%, respectively) (Table 2).
The adjusted IVE against B was 34% (95%CI: 8–52) and 32%
(95%CI: −6; 56) in all ages and target groups for vaccination,
respectively; by age group comparable adjusted IVE estimates were

obtained (31–38%). Analysis of sensitivity in all ages showed an
adjusted IVE against B of 27% (95%CI: −7; 51), when considering
all vaccinated patients, and 28% (95%CI: −9; 52) when considering only those vaccinated at least 14 days before the symptoms
onset. Slightly higher IVE point estimates against B were obtained
in these analysis groups for target groups for vaccination (32% and
36%, respectively). Restricting the analysis to those swabbed less
than four days since onset of symptoms, we obtained an IVE of 13%
(95%CI: −16; 35) and 33% (95%CI: 5; 53) against A(H3N2) and B
respectively in all ages.
3.2. cycEVA study vaccine effectiveness
Within cycEVA study, controls were also signiﬁcantly older than
A(H3N2) cases (35 vs. 28 years) but were similar with B cases (35
vs. 39 years). Similarly to SISS, there were no differences in the distribution of the individuals in target group for vaccination between
controls and A(H3N2) and B cases (22.6%, 23% and 21.7% respectively). Signiﬁcantly more controls were vaccinated compared to B
cases in all ages (10.5% vs. 6.4%), but also in the target groups for
vaccination (39.4% vs. 23.1%) (Table 1).
We obtained adjusted IVE against A(H3N2) of 2% (95%CI: −65;
42) and 20% (95%CI: −53; 58) in all ages and target groups for vaccination, respectively (Table 2). Adjusted IVE against B was 48%
(95%CI: 4; 71) and 59% (95%CI: 14; 80) in all ages and target groups
for vaccination, respectively (Table 2). The analysis restricted to
those swabbed less than 4 days yielded in all ages an IVE of −3%
(95%CI: −80; 41) and 46% (95%CI: −3; 72) against A(H3N2) and B
respectively.
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Table 1
Characteristics of inﬂuenza A(H3N2) and B cases and negative controls, SISS and cycEVA study, Spain, week 50/2014–16/2015.
Controlsa n/N (%)

A(H3N2) cases n/N (%)

B cases n/N (%)

SISS study
Age (years)
0–14
15–64
≥65
Median age (ICR)b

516/1441 (35.8)
823/1441 (57.1)
102/1441 (7.1)
31 (9–48)

599/1397 (42.9)*
693/1397 (49.7)*
105/1397 (7.5)*
21 (9–43)*

285/968 (29.4)*
618/968 (63.8)*
65/968 (6.7)*
37 (12–51)*

Male
Interval symptoms onset-swabbing ≤4 days
Chronic condition
Obesity
Pregnancy
Target groupsc

703/1438 (48.9)
1383/1441 (96)
178/1417 (12.6)
12/1411 (0.9)
4/1428 (0.3)
275/1407 (19.6)

684/1393 (49.1)
1356/1397 (97.1)
182/1375 (13.2)
12/1368 (0.9)
1/1378 (0.1)
256/1370 (18.7)

479/967 (49.5)
921/968 (95.1)
113/941 (12.0)
19/938 (2)*
5/947 (0.5)
185/929 (19.9)

172/1441 (11.9)

151/1397 (10.8)

78/968 (8.1)*

37/516 (7.2)
81/823 (9.8)
54/102 (52.9)
108/275 (39.3)

39/599 (6.5)
51/693 (7.4)
61/105 (58.1)
102/256 (39.8)

15/285 (5.3)
35/618 (5.7)*
28/65 (43.1)
57/185 (30.8)

cycEVA study
Age (years)
0–14
15–64
≥65
Median age (ICR)

126/438 (28.7)
280/438 (64.0)
32/438 (7.3)
35 (13–50)

162/440 (36.8)*
234/440 (53.2)*
44/440 (10.0)*
28 (6–65)*

103/360 (28.6)
232/360 (64.3)
25/360 (6.9)
39 (12–74)

Male
Interval symptoms onset-swabbing ≤4 days
Chronic condition
Obesity
Pregnancy
Severityd
SP consultationse
Smoking
Previous inﬂuenza vaccination (2013/14)
Target groupsc

227/438 (51.8)
427/438 (97.5)
73/438 (16.7)
7/438 (1.6)
1/438 (0.2)
4/438 (0.9)
337/438 (76.9)
62/438 (14.2)
38/438 (8.7)
99/438 (22.6)

208/440 (47.3)
436/440 (99.1)
75/440 (17.1)
2/440 (0.5)
0/440 (0.0)
1/440 (0.2)
365/440 (83.1)*
43/439 (9.8)*
47/440 (10.7)
101/440 (23.0)

175/360 (48.6)
342/360 (95.0)
51/360 (14.2)
4/360 (1.1)
1/360 (0.3)
4/360 (1.1)
281/360 (78.1)
51/360 (14.2)
24/360 (6.7)
78/360 (21.7)

46/438 (10.5)

50/440 (11.4)

23/360 (6.4)*

4/126 (3.2)
27/280 (9.6)
15/32 (46.9)
39/99 (39.4)
34/38 (89.5)

6/162 (3.7)
17/234 (7.3)
27/44 (61.4)
41/101 (41.0)
43/47 (91.5)

6/103 (5.8)
9/232 (3.9)*
8/25 (32.0)
18/78 (23.1)*
19/24 (79.2)

Vaccination status
All ages
Age (years)
0–14
15–64
≥65
Target groupsc

Vaccination status
All ages
Age (years)
0–14
15–64
≥65
Target groupsc
Previous inﬂuenza vaccination (2013/14)

SISS: Spanish inﬂuenza sentinel surveillance system; ICR: inter centile range; SP: sentinel physician; BMI: body mass index.
a
Comparison A(H3N2) or B vs. controls (Chi-square test).
b
Non-parametric test of the median.
c
Patients with at least one of the following conditions: Older than 64 years (older than 59 in 7/17 SISS sentinel networks), obesity (BMI ≥40 kg/m2 ), pregnancy, chronic
disease.
d
Patients with at least one hospitalization due to chronic condition in the last year.
e
Patients with at least one GP consultation form any reason in the last year.
*
p < 0.05.

3.3. Vaccine effectiveness in time and with time since vaccination
When we studied the evolution of IVE along the season the
adjusted IVE against A(H3N2) decreased from 40% (95%CI: 11; 60)
in the early phase to −24% (95%CI: −80; 17) in the late phase of the
epidemic within SISS. Similar pattern was obtained within cycEVA
study, the IVE decreasing from an early 37% (95%CI: −32; 70) to a
late −76% (95%CI: −273; 76) (Table 3).
Analysis of IVE against B showed a decrease from 48% (95%CI: 11;
70) to 30% (95%CI: −6; 53) from early to late phase of the epidemic
within SISS. However, in the cycEVA study, a higher difference in
adjusted IVE estimates among the two stages of the inﬂuenza epidemic was obtained (84% vs. −4%) (Table 3).
To study the IVE evolution with TSV, we generated using cycEVA
data, three time intervals t1: 46–88, t2: 89–106 and t3: 107–155
days respectively between inﬂuenza vaccination and onset of

conﬁrmed inﬂuenza A(H3N2); similar intervals were obtained for
inﬂuenza B. The IVE point estimate against A(H3N2) declined from
46% (95%CI: −23; 76) to −12% (95%CI: −145; 49) and −72% (95%CI:
−307; 27), when onset of symptoms occurred up to 88, 106 and 155
days after the vaccination, respectively. The IVE estimates against
B, declined from 77% (95%CI: 28; 93) to 62% (95%CI: 0.4; 86) and
−25% (95%CI: −218; 51) if vaccinated up to 88, 108 and 172 days
before symptoms’ onset, respectively (Fig. 2).
The IVE in the third TSV interval (t3) signiﬁcantly declined in
comparison to the ﬁrst TSV interval (t1) both against A(H3N2)
(p = 0.032) and against inﬂuenza B (p = 0.019).
3.4. Laboratory results
Through sequencing the HA1 fragment of the viral hemagglutinin gene, the WHO National Inﬂuenza Centre genetically

Please cite this article in press as: Gherasim A, et al. Waning protection of inﬂuenza vaccine against mild laboratory conﬁrmed inﬂuenza
A(H3N2) and B in Spain, season 2014–15. Vaccine (2016), http://dx.doi.org/10.1016/j.vaccine.2016.03.035

G Model

ARTICLE IN PRESS

JVAC-17463; No. of Pages 7

A. Gherasim et al. / Vaccine xxx (2016) xxx–xxx

5

Table 2
Inﬂuenza vaccine effectiveness (IVE) against conﬁrmed inﬂuenza A(H3N2) and B, SISS and cycEVA study, Spain, weeks 50/2014–16/2015.
Virus
type/subtype

Source

Population
group

Vaccinated/total
cases (%)

Vaccinated/total
controls (%)

Crude IVE %
(95%CI)

Adjusted IVE %
(95%CI)

A(H3N2)

SISS: 788 SPs

All agesa
0–14 yearsb
15–64 yearsb
>64 yearsb
Target groupsc , d
All ages

151/1397 (10.8)
39/599 (6.5)
51/693 (7.4)
61/105 (51.8)
102/256 (39.8)
100/819 (12.2)

172/1441 (11.9)
37/516 (7.2)
81/823 (9.8)
54/102 (52.9)
108/275 (39.3)
122/983 (12.4)

11 (−13; 29)
10 (−43; 43)
27 (−5; 50)
−23 (−113; 29)
−2 (−45; 27)
2 (−30, 26)

16 (−11; 36)
17 (−44; 52)
22 (−15; 48)
1 (−90; 49)
13 (−30; 42)
6 (−30; 33)

Target groups
All ages

63/150 (42)
94/813 (11.6)

76/181 (42)
113/974 (11.6)

0 (−55; 35)
0.4 (−33; 26)

10 (−51; 46)
0.5 (−40; 29)

Target groups
All ages
Target groupsg

60/147 (40.8)
50/440 (11.4)
41/101 (40.6)

74/179 (41.3)
46/438 (10.5)
39/99 (39.4)

2 (−52; 37)
−9 (−67; 28)
−5 (85; 40)

6 (−58; 44)
2 (−65; 42)
20 (−53; 58)

All ages
0–14 years
15–64 years
>64 years
Target groups
All ages

78/968 (8.1)
15/285 (5.3)
35/618 (7.4)
28/65 (43.1)
57/185 (30.8)
58/588 (9.9)

172/1441 (11.9)
37/516 (7.2)
81/823 (9.8)
54/102 (52.9)
108/275 (39.3)
122/983 (12.4)

35 (14; 51)
28 (−33; 61)
45 (17; 64)
33 (−26; 64)
31 (−1; 54)
23 (−8; 45)

34 (9; 53)
38 (−36; 72)
38 (3; 60)
31 (−40; 66)
32 (−6; 56)
27 (−7; 51)

Target groups
All ages

41/113 (36.3)
54/584 (9.3)

76/181 (41.2)
113/974 (11.6)

21 (−28; 52)
22 (−9; 45)

32 (−19; 61)
28 (−9; 52)

Target groups
All ages
Target groups

38/110 (34.6)
23/360 (6.4)
18/78 (23.0)

74/119 (41.3)
46/438 (10.5)
39/99 (39.4)

25 (−23; 54)
42 (2; 65)
54 (10; 76)

36 (−13; 64)
48 (4; 71)
59 (14; 80)

SISS: 594 SPs
(Vaccination yes/noe )
SISS: 594 SPs
(Vaccination datef )
cycEVA: 174 SPs
B

SISS: 788 SPs

SISS: 594 SPs
(Vaccination yes/noe )
SISS: 594 SPs
(Vaccination datef )
cycEVA: 174 SPs

SISS: Spanish inﬂuenza sentinel surveillance system; 95%CI: 95% conﬁdence intervals; BMI: body mass index; SP: sentinel physician.
Pre-epidemic and post-epidemic period – weekly ILI incidence below baseline threshold for the 2014/15 season.
Epidemic period: ILI incidence above baseline threshold for the 2014/15 season.
a
IVE adjusted for sex, age-group (0–14; 15–64; >64 years), chronic condition, sentinel network, time period (pre-epidemic – week 50/2014–01/2015; epidemic (week
02–11/2015); post-epidemic week (11–16/2015).
b
IVE adjusted for sex, chronic condition, sentinel network, time period (pre-epidemic – week 50/2014–01/2015; epidemic (week 02–11/2015); post-epidemic week
(11–16/2015).
c
Patients with at least one of the following: age >64 years (>59 in 7/17 SISS sentinel networks), obesity (BMI ≥40 kg/m2 ), pregnancy, chronic condition.
d
IVE adjusted for sex, age-group (0–14; 15–64; >64 years), sentinel network, time period (pre-epidemic – week 50/2014–01/2015; epidemic (week 02–11/2015); postepidemic week (11–16/2015).
e
All patients considered vaccinated if vaccination recorded as “yes”.
f
Only patients vaccinated more than 14 days before onset of symptoms were considered as vaccinated; patients vaccinated less than 14 days excluded from the
analysis.
g
Patients with at least one of the following: age >64 years (>59 in 3/6 cycEVA sentinel networks), obesity (BMI ≥40 kg/m2 ), pregnancy, chronic condition.

Table 3
Inﬂuenza vaccine effectiveness (IVE) in early versus late epidemic stage by type/subtype of inﬂuenza viruses, SISS and cycEVA study, Spain, week 50/2014–16/2015.
Data source

Time period

a

Controls

A(H3N2)

Vaccinated/total (%)

Vaccinated/total cases (%)

Adjusted IVE% (95%CI)

B
Vaccinated/total cases (%)

Adjusted IVE % (95%CI)

SISS

Entire season
Early phaseb
Late phaseb

172/1441 (11.9)
85/685 (12.4)
87/756 (11.5)

151/1397 (10.8)
69/847 (8.2)
82/550 (14.9)

16 (−11; 36)
40 (11; 60)
−24 (−80; 17)

78/968 (8.1)
23/341 (6.7)
55/627 (8.8)

34 (9; 53)
48 (11; 70)
30 (−6; 53)

cycEVA

Entire seasona
Early phaseb
Late phaseb

46/438 (10.5)
27/202 (13.4)
19/236 (8.0)

50/440 (11.4)
20/227 (8.8)
30/213 (14.1)

2 (−65; 42)
37 (−32; 70)
−70 (−261; 19)

23/360 (6.4)
3/120 (2.5)
20/240 (8.3)

48 (4; 71)
84 (41; 95)
−4 (−133; 53)

SISS: Spanish inﬂuenza sentinel surveillance system.
a
IVE adjusted for sex, age-group (0–14; 15–64; >64 years), chronic condition, sentinel network, and time period (pre-epidemic – week 50/2014–01/2015; epidemic (week
02–11/2015); post-epidemic week (11–16/2015).
b
IVE adjusted for sex, age-group (0–14; 15–64; >64 years), chronic condition, sentinel network.

characterized at national level 299 A(H3N2) virus: 32 belonged
to the clade 3c.3 represented by A/Samara/73/2013, 70 belonged
to the 3c.3b clade, represented by A/Newcastle/22/2014, 148
belonged to the clade 3c.2a represented by A/HongKong/5738/2014
and 49 to the clade 3c.3a represented by A/Switzerland/
9715293/2013. All the viruses included in the clades represented by strains A/Switzerland/9715293/2013 and A/Hong
Kong/5738/2014 were antigenically different from the vaccine
strain A/Texas/50/2012 A(H3N2).

Regarding the inﬂuenza B, 100 virus were characterized,
of which 98 were similar to B/Phuket/3073/2013-like (Yamagata lineage), antigenically similar to the vaccine strain
B/Massachusetts/2/2012; the other two virus belonged to the Victoria lineage represented by B/Brisbane/60/2008 strain.
The proportion of circulating A(H3N2) virus genetically characterized as discordant with the A/Texas/50/2012 vaccine strain
increased from 59% between weeks 40/2014 and 1/2015 to 63%
at the epidemic’s peak and 73% after the epidemic’s peak (weeks
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Fig. 2. Inﬂuenza vaccine effectiveness1 (IVE) with time since vaccination2 (days)
against A(H3N2) (N = 440) and B viruses (N = 360), cycEVA study, Spain, weeks
50/2014–16/2015.

6/2015–16/2015), however this increase was not statistically signiﬁcant (p > 0.05).
4. Discussion
The IVE estimates at the end of the 2014–15 season in Spain
in general population suggested a sub-optimal protective effect
against inﬂuenza A(H3N2) infection, ranging between 1% in elderly
to 22% in young adults. Our estimates indicated a slightly higher,
but still low protective effect against A(H3N2) in target groups for
vaccination, in a season dominated by a mismatched circulating
A(H3N2) virus.
This low IVE against A(H3N2) seems to be in line with a considerable impact of the inﬂuenza epidemic 2014–15 in Spain,
characterized by high hospitalization rates, mainly in the elderly
and considerable number of reported outbreaks in nursing homes
due to A(H3N2) infections [11]. In addition an excess of all-cause
mortality among elderly was registered during the ﬁrst 10 weeks
of 2015 in Spain, as well as in other countries in Europe [11,14,15].
Previously, moderate and low IVE estimates were reported
worldwide in the 2011–12 season characterized by predominant
mismatched A(H3N2) virus circulation and signiﬁcant impact in
the mortality of elderly [6,8,16–19].
Our results at the end of the 2014–15 season suggest a possible
intra-seasonal loss of vaccine protection against A(H3N2) circulating virus. The IVE point estimates obtained with SISS decreased
from a signiﬁcant moderate protection level (40%) in the early epidemic’s phase to a non-signiﬁcant value in the late phase of the
epidemic. This IVE decrease was conﬁrmed by the cycEVA study
results using the same analytical approach. Moreover, our results
also suggest a statistically signiﬁcant decrease of the protective
effect against A(H3N2) almost three months since the vaccination,
with a more precise analysis within the cycEVA study. A similar loss
of IVE against A(H3N2) was also described in the 2011/12 season
after three and four months since inﬂuenza vaccination in United
Kingdom and Navarre region (Spain), respectively [20,21].
An increase of the percentage of mismatched circulating strains
or an intra-seasonal decreasing of antibodies following vaccination
were among previously described possible factors related to the
decrease of IVE [22–24]. At the epidemic’s peak at national level, the
percentage of circulating strains genetically characterized as discordant with the vaccine strain was 64%, much lower than in other
Northern hemisphere settings 91% in Canada, 80% in USA and 79%

in United Kingdom. This could be related to the higher interim IVE
point estimates we informed in Spain 57% (95%CI: 30; 73) [25], compared with the low IVE presented mentioned settings [26–28]. At
the end of the season, although the percentage of discordant strains
reached 73%, this apparent increase lacked signiﬁcance. We cannot
conclude that the possible decrease in the IVE estimates along the
season could be related to an increase of the drifted circulating
A(H3N2) virus. However, there is not enough evidence allowing us
to discard this possibility. It is necessary to keep in mind that the
correlation of the IVE estimates with the circulating strains pattern is difﬁcult, due to the possible biases in the selection process
of the virus to be genetically characterized. A systematic approach
towards virus selection for characterization would help correlating
IVE estimates with genetic virus classiﬁcation, providing a deeper
understanding of the relation between the IVE and the degree of
matching between circulating and vaccine inﬂuenza virus.
The IVE against inﬂuenza B indicated a moderate protective
effect at the end of the season in all ages: 50% with a slightly
higher IVE point estimate in target groups for vaccination (61%).
The lowest IVE was registered for children and elderly. Previous
papers presented similar IVE estimates against B infection for the
general population in seasons dominated by inﬂuenza B [18,29].
In our study, the decline of vaccine protection seems to appear
later (approximately 3.5 months after vaccination) and to be less
pronounced than against A(H3N2) infection.
In a sensitivity analysis using surveillance data with available
inﬂuenza vaccine date, we obtained similar IVE point estimates
considering the vaccination status as dichotomous and taking into
account the vaccination date, both against A(H3N2) as well as
against B inﬂuenza viruses. Slightly higher IVE point estimates were
registered for the target groups for vaccination. These results conﬁrm that IVE estimates using national data are not biased by the
current lack of inﬂuenza vaccination date within the SISS. The availability of this information, combined with the larger sample size
usually available in SISS, will allow obtaining more accurate VE
estimates for the future inﬂuenza seasons in Spain. Nevertheless,
taking advantage of a more controlled study setting, the cycEVA
study will continue playing a crucial role in conﬁrming IVE estimates in Spain.
Our study suggested a low VE of the 2014–15 inﬂuenza vaccine against inﬂuenza A(H3N2) and a moderate protection against
inﬂuenza B. Furthermore, there were suggestions of decreasing
protection of inﬂuenza vaccine along the season and with time
since vaccination. Efforts should be put into developing inﬂuenza
vaccines capable of maintaining their protective effects through the
entire inﬂuenza season.
Despite the low IVE against A(H3N2) found especially in elderly,
it is important to highlight the importance of the inﬂuenza vaccination especially in population risk groups due to several reasons.
Firstly there has been a late circulation of inﬂuenza B in Spain
against which the vaccine had a moderate protective effect. Secondly and more important, even in conditions of low VE, the
inﬂuenza vaccination still has an important impact in preventing
severe outcomes mainly in the population segment considered as
target group for vaccination [30].
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