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ABSTRACT

BACKGROUND: Although annual influ-
enza vaccination is recommended for
persons with asthma, its effectiveness in
this patient population is not well
described. We evaluated the effect of
influenza vaccination in the current and
previous seasons in preventing influ-
enza among people with asthma.

METHODS: Using population health
data from the Navarre region of Spain
for the 2015/16 to 2019/20 influenza
seasons, we conducted a test-negative
case-control study to assess the effect
of influenza vaccination in the current
and 5 previous seasons. From patients
presenting to hospitals and primary
health care centres with influenza-like

illness who underwent testing for influ-
enza, we estimated the effects of influ-
enza vaccination among patients with
asthma overall and between those pre-
senting as inpatients or outpatients, as
well as between patients with and with-
out asthma.

RESULTS: Of 1032 patients who had
asthma and were tested, we confirmed
that 421 had influenza and the remain-
ing 611 were test-negative controls. We
found that the average effect of influ-
enza vaccination was 43% (adjusted
odds ratio [OR] 0.57, 95% confidence
interval [CI] 0.40 to 0.80) for current-
season vaccination regardless of previ-
ous doses, and 38% (adjusted OR 0.62,

95% CI 0.39 to 0.96) for vaccination in
previous seasons only. Effects were
similar for outpatients and inpatients.
Among patients with asthma and con-
firmed influenza, current-season vac-
cination did not reduce the odds of hos-
pital admission (adjusted OR 1.05,
95% Cl 0.51 to 2.18). Influenza vaccina-
tion effects were similar for patients
with and without asthma.

INTERPRETATION: We estimated that,
on average, current or previous influ-
enza vaccination of people with asthma
prevented almost half of influenza
cases. These results support recommen-
dations that people with asthma receive
influenza vaccination.

nfluenza can lead to serious complications in people with

risk factors, and the main preventive measure is vaccina-

tion.! Influenza infection can exacerbate symptoms of
asthma. Because people with asthma have an increased risk of
severe complications and hospital admission when infected with
influenza virus,>® annual influenza vaccination is recommended
worldwide for people with asthma.>-®

People who are targeted for influenza vaccination frequently
accumulate several doses over successive years,’ and adherence
to influenza vaccination has been found to be higher in those with
asthma. Patients with asthma frequently receive long-term cor-
ticosteroid treatment (inhaled or oral), therefore, their systemic
immunity may have a reduced response to vaccines.>%2

Effectiveness of influenza vaccines in preventing primary
health care consultations or hospital admissions in people with
asthma has been evaluated in observational studies,*-** but we

are unaware of any studies that compared the effect in prevent-
ing outpatient and inpatient cases or assessed the effect of vac-
cination in previous seasons.'** The test-negative design is the
suggested method to evaluate effectiveness of influenza vac-
cines in preventing laboratory-confirmed influenza, because it
achieves good comparability and control of bias.'"1° Only 1 study
used this method for people with asthma over several seasons.®
The pooled analysis of several seasons, the inclusion of inpa-
tients and outpatients, and consideration of vaccination history
would provide a complete view of the effect of influenza vaccina-
tion in people with asthma.

Our objective was to assess the average effect of influenza
vaccination status in the current and previous seasons on pre-
venting laboratory-confirmed influenza among people with
asthma. We also aimed to compare these estimates with those of
the target population for influenza vaccination.

E1120

CMAJ | JULY 26,2021 | VOLUME 193 | ISSUE 29

© 2021 CMA Joule Inc. or its licensors



Methods

Study population and data

This study was undertaken in the region of Navarre (about
650000 inhabitants), Spain, where annual studies of the effec-
tiveness of influenza vaccines have been conducted since
2009.222 The Navarre Health Service provides health care to resi-
dents free at the point of use. The trivalent inactivated influenza
vaccine was offered annually free of charge to the target popula-
tion, which included people older than 6 months with conditions
that increased risk for severe illness, including asthma, and all
those aged 60 years or older. Each dose of vaccine was recorded
at the time of administration.®

We based our influenza surveillance on electronic reporting of
cases of medically attended influenza-like illness from all pri-
mary health care centres and hospitals in the region. Protocols
indicated detection and swabbing of all cases with influenza-like
illness in hospitals and by sentinel general practitioners.?’ We
defined influenza-like illness as the sudden onset of any general
flu-like symptom (e.g., fever or feverishness, malaise, headache
or myalgia) in addition to any respiratory symptom (e.g., cough,
sore throat or shortness of breath).?® Swabs of patients were
tested for influenza virus by real-time reverse-transcription poly-
merase chain reaction (RT-PCR) and results were entered in elec-
tronic laboratory records.

In every influenza vaccination campaign, we obtained infor-
mation on previous diagnoses of asthma and other major chronic
conditions (i.e., cardiovascular disease, diabetes, chronic obstruc-
tive pulmonary disease, renal disease, cancer, liver cirrhosis,
dementia, stroke, immunodeficiency, rheumatic disease and
body mass index of 40 kg/m? or more) from electronic medical
records. These conditions were coded according to the International
Classification of Primary Care, 2nd edition, and patients with
asthma were identified using the code R96.%

We obtained influenza vaccination status for each patient in
the current and 5 previous seasons from the electronic regional
vaccination register.® We used a unique identification number to
link patient information.

Study design and outcomes

We evaluated the average effect over 5 seasons (2015/16 to
2019/20) of the influenza vaccination status in the current and pre-
vious seasons. We conducted a test-negative case-control study
nested in the cohort of the population covered by the Navarre
Health Service and included patients with residence in the region
during the 5 years before the analyzed influenza season. We
included patients who were in hospital or seen in primary health
care centres for influenza-like illness and were tested for influenza
virus using RT-PCR. We were blinded to vaccination status and test
results for patients during the inclusion process. We excluded chil-
dren younger than 9 years, health care workers and residents of
nursing homes because they use health services differently. Cases
were patients with asthma who were confirmed for influenza virus,
and controls were similar patients who tested negative for influ-
enza virus (Figure 1A). We performed separate analyses for inpa-
tients and outpatients, and we evaluated the effect of influenza

vaccination on the odds of hospital admission for influenza in a
case-to-case comparison (Figure 1B).?* Finally, we used a test-
negative case-control design to analyze the target population for
influenza vaccination to compare the effect of influenza vaccina-
tion between persons with and without asthma (Figure 1C).

Statistical analysis

We used the y? test to compare the characteristics of cases and
controls. We used logistic regression to calculate crude and
adjusted odds ratios (ORs) with 95% confidence intervals (Cls).
Adjustment variables were age group, major chronic conditions,
health care setting (primary health care or hospital), and month
and season of sample collection. We estimated the influenza vac-
cination effect as (1 - OR) x 100.

We evaluated the effect of influenza vaccination from the
point of view of the population to inform about the overall bene-
fit expected for combinations of influenza vaccination status in
the current and previous seasons. When differences among cat-
egory estimates were not statistically significant, to simplify the
presentation of results, we aggregated these categories as fol-
lows: current-season vaccination (regardless of previous doses),
vaccination in previous seasons only and neither current-season
vaccination nor previous doses as the reference category.?

We analyzed the interaction terms between vaccination status
and covariables. We conducted stratified analyses by age group,
presence of other major chronic conditions, influenza season, health
care setting and virus subtype. For each influenza subtype analysis,
we included seasons with a minimum number of cases only.

We used logistic regression to estimate adjusted ORs for influ-
enza in people with asthma compared to those without asthma
who had a similar influenza vaccination status.

Ethics approval
The Navarre Ethical Committee for Medical Research approved the
study protocol. Analyses were performed with anonymized data.

Results

During the 5 influenza seasons, swabs were taken from
1032 patients with asthma who had influenza-like illness; 741
(71.8%) were admitted to hospital and 291 (28.2%) were seen in
primary health care. Influenza was confirmed in 421 (40.8%)
patients: 155 with A/HIN1, 149 with A/H3N2, 114 with influenza
B, 1 with influenza A and B coinfection, and 2 with influenza A
that were not subtyped. There were 611 patients with negative
test results for influenza (Figure 1A).

Characteristics of patients with and without influenza
(controls) are described in Table 1 and Appendix 1,
Supplementary Table A1, available at www.cmaj.ca/lookup/doi
/10.1503/cmaj.201757/tab-related-content.

Influenza vaccination effect in patients with asthma

Among patients with asthma who were confirmed to have influ-
enza, 42.5% had received the current-season vaccine and
another 12.6% were not currently vaccinated but had received a
dose in previous seasons. Among patients with asthma in whom
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People with asthma who were seen for influenza-like illness and tested by rRT-PCR
n=1032

Patients without
influenza n=611

Patients with laboratory-confirmed
influenza n=421

Vaccination effect in preventing influenza in patients with asthma

Influenza-negative
inpatients

B
People with asthma who presented to primary People with asthma who were admitted to
health care centres for influenza-like illness hospital for influenza-like illness and
and underwent testing by rRT- PCR n=291 underwent testing by rRT-PCR n =741
Influenza- Outpatients with Inpatients with
negative laboratory- laboratory-
outpatients confirmed influenza confirmed influenza n=496
n=115 n=176 n =245
Vaccination effect in Vaccination effect in Vaccination effect
preventing primary reducing the risk of in preventing
health care hospital admissions hospital admissions
consultations among patients with
influenza
C

People with asthma who were seen
for influenza-like illness and
underwent testing by rRT-PCR
n=1032

Patients with
laboratory-
confirmed
influenza

n=421

Patients
without
influenza
n=611

Target population for influenza
vaccination without asthma who
were seen for influenza-like illness
and tested by rRT-PCR n =5880

Patients with
laboratory-
confirmed

influenza
n=2047

Patients
without
influenza
n=3833

Comparison of the odds of influenza between patients with similar
vaccination status with and without asthma

Figure 1: Flow charts for the study groups and comparisons made. (A) Overall analyses in patients with asthma. (B) Analyses by health care setting.
(C) Comparison of patients with and without asthma. Note: rRT-PCR = real-time reverse-transcription-polymerase chain reaction.

influenza was excluded, 57.8% had received the current-season
vaccine and 16.7% had received a dose in previous seasons. The
overall protective effect against influenza was 43% (OR 0.57, 95%
Cl 0.40 to 0.80) in patients who were vaccinated in the current
season regardless of vaccination in previous seasons, and 38%
(OR 0.62, 95%Cl 0.39 to 0.96) in patients who were vaccinated in

previous seasons but not the current one, compared with those
with asthma who were not vaccinated in the current and 5 previ-
ous seasons (Table 2 and Figure 2).

We found that the estimated influenza vaccination effect for
current-season vaccination was similar in outpatients and inpa-
tients (44%, OR 0.56, 95% CI 0.29 to 1.07 v. 46%, OR 0.54, 95% CI 0.35
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Table 1: Characteristics of patients with asthma presenting

with influenza-like illness, by influenza infection status

Characteristic
Age group, yr
9-64
65-84
=85
Sex
Male
Female
Health care setting
Primary health care

Hospital

No. (%) of
patients
with
confirmed
influenza
n=421

240 (57.0)
126 (29.9)
55 (13.1)

181 (43.0)
240 (57.0)

176 (41.8)
245 (58.2)

Other major chronic conditions

Diabetes

Cancer

Liver cirrhosis
Renal disease
Immunodeficiency

Chronic obstructive
pulmonary disease

Cardiovascular disease
Dementia

Stroke

Rheumatic disease

Body mass index
=40 kg/m?

Influenza vaccination
status in the current and
5 previous seasons

Never vaccinated

Vaccination in previous
seasons only

Current-season
vaccination

Influenza season
2015/16
2016/17
2017/18
2018/19
2019/20

53 (15.0)
57 (13.5)
14(3.3)
49 (11.6)
8(1.9)
53 (12.6)

85 (20.2)
8(1.9)
10 (2.4)
6(1.4)
20 (4.8)

189 (44.9)
53 (12.6)

179 (42.5)

81(19.2)
52 (12.4)
126 (29.9)
89 (21.1)
73(17.3)

No. (%) of
influenza-
negative
patients
n=611

239 (39.1)
271 (44.4)
101 (16.5)

237(38.8)
374 (61.2)

115 (18.8)
496 (81.2)

145 (23.7)
131 (21.4)
33(5.4)
99 (16.2)
7(1.1)
91 (14.9)

185 (30.3)
17 (2.8)
34 (5.6)
18 (2.9)
42 (6.9)

156 (25.5)
102 (16.7)

353 (57.8)

71(11.6)
94 (15.4)
146 (23.9)
153 (25.0)
147 (24.1)

p value

<0.001

0.2

<0.001

0.001
0.001
0.1
0.04
0.3
0.3

<0.001
0.4
0.01
0.1
0.2

<0.001

<0.001

Note: Current-season vaccination = vaccinated in the current season regardless of

previous doses.

t0 0.84; p = 1.0 for the interaction) (Figures 1B and 2, and Appendix 1,
Supplementary Tables A2 and A3). Vaccination in previous seasons
was associated with numerically greater protection against hospital
admissions than with outpatient cases of influenza, but the differ-
ence was not statistically significant (42%, OR 0.58, 95% CI 0.40 to
0.80v. 23%, OR 0.77,95% C1 0.29 to 1.03; p = 0.7 for the interaction).

We found that effects of vaccination in the current season
(with or without vaccination in previous seasons) and vaccina-
tion only in previous seasons did not differ significantly between
patients with or without other major chronic conditions (p = 0.4
and p = 0.09 for the interaction, respectively) (Figure 2), or
between patients aged 9-64 years and patients aged 65 years or
older (p = 0.3 and p = 0.9 for the interaction, respectively), and
were also similar among different influenza virus subtypes
(Table 3). Estimates of influenza vaccination effect showed high
variability among influenza seasons, with effects related to
current-season vaccination ranging between 8% and 64%
(Appendix 1, Supplementary Table A4).

Among asthma patients confirmed to have influenza
(Figure 1C), influenza vaccination was not associated with a sig-
nificant reduction in hospital admissions compared with out-
patient presentation, either for current-season vaccination
(OR 1.05, 95% Cl 0.51 to 2.18) or for vaccination in previous sea-
sons only (OR 2.11,95% Cl 0.88 to 5.07) (Table 4).

Vaccination effect in persons with and without asthma
A total of 6912 patients with major chronic conditions or aged
60 years or older presented to primary care centres or were
admitted to hospital with influenza-like illness and underwent
testing for influenza during the study periods. We compared the
odds of being confirmed to have influenza between 1032 (14.9%)
patients with asthma and 5880 (85.1%) patients without asthma
who had similar influenza vaccination status. The odds of having
influenza between people with and without asthma did not differ
significantly among those who were not vaccinated (OR 1.16,
95% Cl1 0.89 to 1.51), among people vaccinated in the current sea-
son (OR 1.12,95% CI 0.91 to 1.38) or among people vaccinated in
previous seasons only (OR 1.05, 95% Cl 0.71 to 1.55). The esti-
mates we derived from subanalyses involving outpatients and
inpatients were similar between patients with or without asthma
who were not vaccinated (p = 0.1 for interaction), vaccinated in
the current season (p = 0.4 for interaction) or vaccinated in
previous seasons only (p = 0.9 for interaction) (Table 5 and
Appendix 1, Supplementary Table A5).

Interpretation

We evaluated the average effect over several seasons of influ-
enza vaccination in preventing laboratory-confirmed influenza in
people with asthma and compared this effect between outpa-
tients and inpatients. Our results showed that current-season
influenza vaccination had a moderate effect in preventing influ-
enza. People vaccinated in previous seasons but not the current
one retained a substantial protective effect. We found that
current-season vaccination showed similar effects on preventing
primary health care consultations and hospital admissions, and
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Table 2: Odds ratios for influenza in the current and 5 previous seasons among patients with asthma, by vaccination status

No. (%) of patients
with confirmed

No. (%) of influenza-

influenza negative patients Crude OR
Influenza vaccination status n=421 n =611 (95% ClI) Adjusted OR (95% CI)*
Never vaccinated 189 (44.9) 156 (25.5) Ref. Ref.
Vaccination in previous seasons only 53 (12.6) 02 (16.7) 0.43 (0.29 to 0.64) 0.63 (0.40 t0 0.99)
1 or 2 previous seasons 29 (6.9) 54 (8.8) 0.44 (0.27 t0 0.73) 0.62 (0.36 to 1.07)
3-5 previous seasons 24 (5.7) 48 (7.9) 0.41 (0.24 t0 0.70) 0.66 (0.36 to 1.20)
Vaccination in current season 179 (42.5) 353 (57.8) 0.42 (0.32 t0 0.55) 0.57 (0.40 to 0.80)t
Current season only 10 (2.4) 25(4.1) 0.33(0.15t0 0.71) 0.30 (0.13 to 0.69)
Current and previous seasons 169 (4.1) 328 (53.7) 0.43 (0.32 to0 0.56) 0.61 (0.43 t0 0.87)t
1 or 2 previous seasons 20 (4.8) 46 (7.5) 0.36 (0.20 to 0.63) 0.51(0.27 t0 0.94)%
3-5 previous seasons 149 (35.4) 282 (46.2) 0.44 (0.33t0 0.58) 0.64 (0.44 t0 0.92)%

Note: CI = confidence interval, OR = odds ratio, Ref. = reference category.

* We adjusted ORs by age groups (9-64, 65-84 and = 85 yr), other major chronic conditions, health care setting (primary health care or hospital), and month and season of sample collection.
tp = 0.1 for comparison with the category of vaccination in current season only and vaccination in current and previous seasons.

tp=0.3and p=0.1 for comparison with the category of vaccination in current season only with vaccination in current and 1 or 2 previous seasons, and vaccination in current and 3 or
5 previous seasons, respectively.

No. (%) of No. (%) of Crude Adjusted
patients with influenza- vaccination vaccination

confirmed negative effect, effect,

influenza patients % (95 % CI) % (95 % CI)*
All patients
Current-season vaccination 179 (42.5) 353 (57.8) 58 (45 to 68) —_— 43 (20 to 60) —_—
Vaccination in previous seasons only 53 (12.6) 102 (16.7) 57 (34to 71) —_— 38 (4to61) _—
Never vaccinated 189 (44.9) 156 (25.5) Ref. Ref.
Primary health care patients
Current-season vaccination 43 (24.4) 44 (38.3) 49 (15to 70) —_— 45(-Tto71) —-—
Vaccination in previous seasonsonly 13 (7.4) 9(7.8) 25 (-85 to 70) — 23(-103to 71) —
Never vaccinated 120 (68.2) 62 (53.9) Ref. Ref.
Hospital patients
Current-season vaccination 136 (55.5) 309 (62.3) 41 (5to 64) —_— 46 (16 to 65) —
Vaccination in previous seasons only 40 (16.3) 93 (18.8) 40 (13 to 59) —_— 42 (1to 66) p——
Never vaccinated 69 (28.2) 94 (18.9) Ref. Ref.
Patients with other major chronic conditions
Current-season vaccination 118 (57.8) 270 (65.9) 55 (26 to 73) —_— 55 (26 to 73) —_—
Vaccination in previous seasonsonly 26 (12.8) 75 (18.3) 62 (27 to 80) —_— 62 (27 to 80) —_—
Never vaccinated 60 (29.4) 65 (15.8) Ref. Ref.

T T T T T | T T T T T

|
-50 -25 0 25 50 75 100
%, 95% CI

-50 -25 0 25 50 75 100
%, 95% CI

Figure 2: Effect of influenza vaccination in the current and 5 previous seasons in preventing influenza among patients with asthma. Effect of influenza
vaccination was estimated as (1 - adjusted odds ratio) x 100. Note: Cl = confidence interval, current-season vaccination = vaccinated in the current sea-
son regardless of previous doses. *Vaccination effect adjusted by age groups (9-64, 65-84 and = 85 yr), other major chronic conditions, health care set-
ting (primary health care or hospital), and month and season of sample collection. tInteraction between health care setting and current season vac-
cination (p = 1.0) and vaccination in previous seasons (p = 0.7). Interaction between major chronic condition and current season vaccination (p = 0.4)
and vaccination in previous seasons (p =0.09).

vaccination in previous seasons showed a moderate effect on
preventing hospital admission. These results support the benefit
of influenza vaccination for people with asthma, who have an
increased risk of hospital admission and severe complications
from influenza.*

Although influenza vaccination was offered free of charge to all
people in our population cohort with high-risk conditions; nearly
half of those with asthma who we included in our study had not
been vaccinated. This shows the need for additional efforts to
increase vaccination coverage.
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Table 3: Effect of influenza vaccination in the current and 5 previous seasons in preventing influenza among patients with

asthma, by age group and subtype

No. (%) of
patients with No. (%) of Vaccination
confirmed influenza- Crude OR Adjusted OR effect, %

Analysis subset influenza negative patients (95% Cl) (95% CI)* (95% Cl)
Aged 9-64 yr

Total 240 (100) 239 (100)

Current-season vaccination 52 (21.7) 92 (38.4) 0.40 (0.27 to 0.61) 0.45(0.28 t0 0.72)9 55 (38to 72)

Vaccination in previous seasons only 25 (10.4) 31(55.4) 0.57(0.32t01.02) 0.69(0.36t01.32) 9 31(-32to 64)

Never vaccinated 163 (67.9) 116 (41.6) Ref. Ref. Ref.
Aged =265 yr

Total 181 (100) 372 (100)

Current-season vaccination 127 (70.2) 261 (70.2) 0.75 (0.44 to 1.28) 0.67 (0.37t01.21) 94 33 (-21to 63)

Vaccination in previous seasons only 28 (15.5) 71(18.1) 0.61(0.31t01.17) 0.61(0.30t0 1.25) 9 39 (-25 to 70)

Never vaccinated 26 (14.4) 40 (10.8) Ref. Ref. Ref.
A/HIN1 subtypet

Total 155 (100) 517 (100)

Current-season vaccination 54 (34.8) 305 (59.0) 0.28 (0.19 t0 0.42) 0.48 (0.28 to 0.80) 52 (20to 72)

Vaccination in previous seasons only 17 (11.0) 79 (15.3) 0.34 (0.19t0 0.62) 0.65 (0.32t0 1.33) 35 (-33 to 68)

Never vaccinated 84 (54.2) 133 (25.7) Ref. Ref. Ref.
A/H3N2 subtypet

Total 147 (100) 464 (100)

Current-season vaccination 74 (50.3) 263 (56.7) 0.65 (0.43 t0 0.98) 0.73 (0.43t0 1.22) 27 (=22 to 57)

Vaccination in previous seasons only 21(14.3) 81(17.5) 0.60 (0.34 to 1.07) 0.65 (0.34 to 1.25) 35 (-25 to 66)

Never vaccinated 52 (35.4) 120 (25.9) Ref. Ref. Ref.
B type§

Total 111 (100) 364 (100)

Current-season vaccination 47 (42.3) 215 (59.1) 0.44 (0.28 t0 0.70) 0.49 (0.26 t0 0.91) 51 (9to 74)

Vaccination in previous seasons only 14 (12.6) 49 (13.5) 0.57 (0.29t0 1.13) 0.66 (0.29 to 1.49) 34 (-49to 71)

Never vaccinated 50 (45.1) 100 (27.5) Ref. Ref. Ref.

Note: Cl = confidence interval, OR = odds ratio, Ref. = reference category. Current-season vaccination = vaccinated in the current season regardless of previous doses. We estimated the
effect of influenza vaccination as (1 - adjusted OR) x 100.

*We adjusted ORs by age groups (9-64, 65-84 and = 85 yr), other major chronic conditions, health care setting (primary health care or hospital), and month and season of sample collection.
tPooled A/H1N1 analysis included 2015/16, 2017/18,2018/19 and 2019/20 seasons.

tPooled A/H3N2 analysis included 2015/16, 2016/17,2017/18 and 2018/19 seasons.

§Pooled B analysis included 2015/16, 2017/18 and 2019/20 seasons.

Y There were no significant interactions between age group and current season vaccination (p = 0.3) or vaccination in previous seasons (p = 0.9).

Table 4: Comparison of influenza vaccination status of inpatients and outpatients with asthma and confirmed influenza

No. (%) of inpatients No. (%) of outpatients

with confirmed with confirmed
influenza influenza Crude OR Adjusted OR
Influenza vaccination status n=245 n=176 (95% Cl) (95% CI) *
Current-season vaccination 136 (55.5) 43 (24.4) 5.50 (3.50 to 8.69) 1.05(0.51 to 2.18)
Vaccination in previous seasons only 40 (16.3) 13 (7.4) 5.35 (2.68 to 10.69) 2.11 (0.88 t0 5.07)
Never vaccinated 69 (28.2) 120 (68.2) Ref. Ref.

Note: Cl = confidence interval, OR = odds ratio, Ref. = reference category. Current-season vaccination = vaccinated in the current season regardless of previous doses.
*We adjusted ORs for sex, age groups (9-64, 65-84 and = 85 yr), other major chronic conditions, hospital admissions within the previous 12 months, pneumococcal vaccination, and
month and season of sample collection.
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Table 5: Odds ratios for influenza in patients with asthma compared with the target population for influenza vaccination

without asthma who had similar influenza vaccination status in the current and 5 previous seasons*

Analysis subset

All patients

Patients with asthma who were vaccinated in the current seasont
Target population without asthma who were vaccinated in the current seasont

Patients with asthma who were vaccinated in previous seasons only
Target population without asthma who were vaccinated in previous seasons only

Unvaccinated patients with asthma
Unvaccinated target population without asthma

Primary health care patients

Patients with asthma who were vaccinated in the current seasont
Target population without asthma who were vaccinated in the current seasont

Patients with asthma who were vaccinated in previous seasons only
Target population without asthma who were vaccinated in previous seasons only

Unvaccinated patients with asthma
Unvaccinated target population without asthma

Hospital patients

Patients with asthma who were vaccinated in the current seasont
Target population without asthma who were vaccinated in the current seasont

Patients with asthma who were vaccinated in previous seasons only
Target population without asthma who were vaccinated in previous seasons only

Unvaccinated patients with asthma

Unvaccinated target population without asthma

Note: CI = confidence interval, OR = odds ratio, Ref. = reference category.

No. (%) of No. (%) of
patients with influenza-
confirmed negative Crude OR Adjusted OR
influenza patients (95% Cl) (95% CI)t
2468 (100) 4444 (100)
179 (7.3) 353(7.9) 1.21(0.99t01.47) 1.12(0.91to 1.38)
983 (39.8) 2342 (52.7) Ref. Ref.
53(2.1) 102 (2.3) 1.10(0.76to 1.59) 1.05(0.71to 1.55)
236 (9.6) 499 (11.2) Ref. Ref.
189 (7.7) 156 (3.5) 1.45(1.15t01.83) 1.16(0.89to 1.51)
828 (33.5) 992 (22.3) Ref. Ref.
749 (100) 481 (100)
43 (5.7) 44(9.3)  0.90 (0.56 to 1.43) 0.84 (0.50 to 1.42)§
179 (23. ) 164 (34.8) Ref. Ref.
13 (1.7 9(1.9)  1.14(0.43t03.03) 1.09 (0.39 to 3.05)§
38 (5. ) 30 (6.4) Ref. Ref.
120 (16.0 62(13.2) 0.94(0.66to 1.34) 0.85(0.57 to 1.29)§
356 (47. 5) 172 (36.5) Ref. Ref.
1719 (100) 3963 (100)
136 (7.9) 309 (7.8) 1.19(0.96t0 1.48) 1.18 (0.94 to 1.48)§
804 (46.8) 2178 (55.0) Ref. Ref.
40 (2.3) 93(2.3)  1.02(0.68to 1.53) 1.05 (0.69 to 1.60)§
198 (11.5) 469 (11.8) Ref. Ref.
69 (4.0) 94(2.4)  1.28(0.92t01.78) 1.37 (0.96to 1.95)§
472 (27.5) 820 (20.7) Ref. Ref.

*Target population for influenza vaccination included people aged 60 years and older or with major chronic conditions.
tWe adjusted ORs for age groups (9-64, 65-84 and = 85 yr), other major chronic conditions, health care setting (primary health care or hospital), and month and season of sample collection.

tVaccinated in the current season regardless of previous doses.

§There were no significant interactions between health care setting and asthma for patients who were unvaccinated (p = 0.1), vaccinated in the current season (p = 0.4) or vaccinated in

previous seasons (p =0.9).

Our estimation of the effect of influenza vaccination among
people with asthma is consistent with the pooled estimate of
45% reported in a 2017 systematic review.® A similar result was
reported in a case-control study involving people with asthma in
Scotland over 6 influenza seasons.!®* These studies evaluated
influenza vaccine effectiveness for preventing primary health
care visits or hospital admissions for influenza among people
with asthma, but none of them evaluated and compared results
from both settings, considered the vaccination history or
included a comparison with people without asthma.316

Patients with asthma may accumulate several doses of vac-
cines over the years. Although previous-season vaccination may
maintain a substantial protective effect in future seasons,? % we
are unaware of any studies that evaluated the effect of influenza
vaccination and considered the vaccination history of patients
with asthma. We found a residual protective effect if the patient
had been vaccinated in previous seasons. A 2015 immunogen-
icity study showed that the level of antibodies peaks a few weeks
after vaccination and then progressively declines, although it may
persist for years, in particular when vaccine components remain
unchanged or the antigenic distance is small.3! In a previous study,

we found that, on average, the annual drift of influenza viruses
was not sufficient to completely nullify the protective effect of
the influenza vaccines received in previous seasons.? Not receiv-
ing an annual vaccination has been related to neglecting to seek
vaccination, a recent diagnosis of a major condition or a recent
hospital admission.3? In these instances, the residual effect of
previous vaccinations may be essential for preventing influenza
infections in patients with asthma.

We observed a similar effect in preventing influenza in our tar-
get population for influenza vaccination of patients with and
without asthma. A study that used data from the U.S. Influenza
Vaccine Effectiveness Network did not find differences in vac-
cination effect in preventing outpatient consultations among
people with different high-risk medical conditions, including
asthma.® Thus, estimates for annual influenza vaccine effective-
ness that are obtained for overall risk populations may be valid
for people with asthma.

Our study has several strengths. The test-negative design is
accepted as the reference method to be used for studies of influ-
enza vaccine effectiveness.!® We included only patients with
laboratory-confirmed influenza and controls who had influenza
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excluded by laboratory testing. Both groups had similar symp-
toms and were recruited from the same population and influenza
seasons, received the same vaccine and were exposed to the
same circulating viruses, which ensures comparability between
cases and controls, reduces selection bias and helps to prevent
unmeasured confounding.}’-1%343 We obtained vaccination his-
tory from the regional vaccination registry,” and the study was
limited to the population with stable residence in the region to
avoid biases due to incomplete information.

Limitations

We obtained asthma diagnosis data from primary health care elec-
tronic records; therefore, some misclassification is possible. Infor-
mation on asthma severity was not available. This study was car-
ried out in a single region in Spain where influenza vaccination
was recommended for people older than 60 years or for those with
risk factors, and only inactivated trivalent vaccine was adminis-
tered. Consequently, care must be taken when generalizing these
results to other countries with different vaccine indications or cov-
erage, or where other types of vaccines are used. We did not
include cases of influenza that were not medically attended. As
this is a pooled analysis conducted over 5 influenza seasons, the
results should be understood as an average. Observational studies
may be affected by confounding; although we adjusted analyses
for the main potential confounding variables, some residual con-
founding may have occurred.®® Nevertheless, the test-negative
design achieved a high comparability between cases and controls
because we included both in a blinded manner. Caution should be
paid in the interpretation of results for a single season, patients
who were seen at primary health care centres and the interaction
between variables, because the statistical power was reduced.

Conclusion

We found that on average, current-season influenza vaccination
was moderately effective in preventing influenza in people with
asthma, with no difference identified in preventing influenza
requiring inpatient versus outpatient care. Vaccination in previ-
ous seasons maintained an appreciable protective effect that
was important to prevent hospital admissions. As the effect of
influenza vaccination in people with asthma was similar to that
in people with other chronic conditions, we believe that the esti-
mates obtained for all patients with chronic conditions may be
valid for this risk group. Our results reinforce the recommenda-
tion of annual influenza vaccination and highlight the need for
additional efforts to increase coverage in people with asthma.
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