
 
 

 

 
Vaccines 2021, 9, 455. https://doi.org/10.3390/vaccines9050455 www.mdpi.com/journal/vaccines 

Article 

Age-Specific Seasonal Influenza Vaccine Effectiveness against 
Different Influenza Subtypes in the Hospitalized Population in 
Lithuania during the 2015–2019 Influenza Seasons 
Monika Kuliese 1,*, Aukse Mickiene 1, Ligita Jancoriene 2,3, Birute Zablockiene 2,3, Giedre Gefenaite 1,4 and  
Study group † 

1 Department of Infectious Diseases, Lithuanian University of Health Sciences, Baltijos Street 120,  
47116 Kaunas, Lithuania; aukse.mickiene@lsmuni.lt (A.M.); giedre.gefenaite@med.lu.se (G.G.) 

2 Clinic of Infectious Diseases and Dermatovenerology, Institute of Clinical Medicine, Faculty of Medicine, 
Vilnius University, Santariskiu street 14, 08406 Vilnius, Lithuania; ligita.jancoriene@santa.lt (L.J.); 
birute.zablockiene@santa.lt (B.Z.) 

3 Center of Infectious Diseases, Vilnius University Hospital Santaros Klinikos, Santariskiu Street 14,  
08406 Vilnius, Lithuania 

4 Department of Health Sciences, Faculty of Medicine, Lund University, Box 157, 22100 Lund, Sweden 
* Correspondence: monika.kuliese@lsmuni.lt 
† Membership of the Study Group is provided in the Acknowledgments. 

Abstract: Background: Continuous monitoring of seasonal influenza vaccine effectiveness (SIVE) is 
needed due to the changing nature of influenza viruses and it supports the decision on the annual 
update of vaccine composition. Age-specific SIVE was evaluated against different influenza sub-
types in the hospitalized population in Lithuania during four influenza seasons. Methods: A test-
negative case-control study design was used. SIVE and its 95% confidence intervals (95% CI) were 
calculated as (1 – odds ratio (OR)) × 100%. Results: Adjusted SIVE in 18–64-year-old individuals 
against influenza A, A(H1N1)pdm09 and B/Yamagata were 78.0% (95% CI: 1.7; 95.1%), 88.6% (95% 
CI: −47.4; 99.1%), and 76.8% (95% CI: −109.9; 97.4%), respectively. Adjusted SIVE in individuals aged 
65 years and older against influenza A, influenza B, and B/Yamagata were 22.6% (95% CI: −36.5; 
56.1%), 75.3% (95% CI: 12.2; 93.1%) and 73.1% (95% CI: 3.2; 92.5%), respectively. Unadjusted SIVE 
against influenza A(H3N2) among 18–64-year-old patients was 44.8% (95% CI: −171.0; 88.8%) and 
among those aged 65 years and older was 5.0% (95% CI: −74.5; 48.3%). Conclusions: Point estimates 
suggest high SIVE against influenza A in 18–64-year-old participants, and against influenza B and 
B/Yamagata in those 65 years old and older. 

Keywords: hospital surveillance; risk groups; older people; underlying conditions; influenza;  
severe outcomes; laboratory-confirmed 
 

1. Introduction 
According to the World Health Organization (WHO), the number of patients with 

severe acute respiratory infection (SARI), mainly caused by influenza viruses, increases 
during autumn and winter seasons in the Northern Hemisphere [1]. The highest mortality 
rates due to influenza and its complications are registered among older adults [2], possi-
bly because of immunosenescence that occurs during the process of ageing and results in 
less effective and slower immune response and underlying medical conditions [3]. De-
spite its limitations, the most effective specific measure to prevent severe influenza dis-
ease is annual vaccination [4]. 

The National Program of Immunoprophylaxis in Lithuania recommends that all 
healthcare workers, pregnant women, institutionalized people, persons with underlying 
medical conditions, and aged over 65 years receive annual influenza vaccination [5]. This 
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is covered by the state. While the WHO suggests vaccinating at least 75% of older persons 
against seasonal influenza due to their high risk of developing severe influenza [6], their 
vaccination uptake in Lithuania remains one of the lowest in Europe [7]. However, based 
on the absolute number of vaccinated individuals of 65 years and older reported by the 
Center for Communicable Diseases and AIDS and the corresponding population of this 
age group based on Statistics Lithuania, influenza vaccination uptake in older people over 
the last decade increased from 9% during the influenza season 2010–2011 to 19% in 2019–
2020. 

Due to the changing nature of influenza viruses and the need for the annual update 
of the influenza vaccine composition, continuous monitoring of its effectiveness in differ-
ent settings is necessary to inform public health. Furthermore, diversity in the timing of 
influenza seasons, as well as influenza spread patterns in the WHO European Region [8] 
further advocates geographically distributed SIVE assessments to strengthen public 
health planning and action related to influenza preparedness on the national as well as 
the regional level. We therefore assessed the seasonal influenza vaccine effectiveness be-
tween 2015 and 2019 in a hospital setting in Lithuania among several risk groups recom-
mended for annual vaccination. 

2. Materials and Methods 
2.1. Objectives 

The primary objective of this study was to measure age-specific SIVE against labora-
tory-confirmed influenza hospitalization during four influenza seasons in Lithuania. The 
secondary objectives were to estimate SIVE by influenza type and subtype. 

2.2. Study Design, Population, Setting, and Recruitment Procedure 
This was a hospital based test-negative case-control (TND) study conducted in Lith-

uania during four influenza seasons (2015–2016, 2016–2017, 2017–2018, and 2018–2019). 
The study population was community-dwelling individuals aged 18 years and older 

eligible for influenza vaccination according to the national legislation [5]. Influenza vac-
cination is, among others, recommended and provided by the state to pregnant women, 
healthy 65 years and older individuals, and those 18 years and older with at least one 
underlying medical condition (e.g., cancer, lung, heart, rheumatologic, kidney, endocrine 
diseases or diabetes, immunodeficiency and transplantation, anemia, dementia, or stroke; 
for the International Classification of Diseases 10 codes, see Appendix A Table A1). 

Patients were recruited into the study if they were hospitalized to the Departments 
of Infectious Diseases, Geriatrics, or Internal Medicine in Kaunas Hospital of Lithuanian 
University of Health Sciences or the Center of Infectious Diseases in Vilnius University 
Hospital Santaros Klinikos. The catchment population of these two hospitals serves ap-
proximately 13% (312,557) of the 18-years-and-older population [9,10]. The infectious dis-
eases units in these hospitals are the main centers where patients with clinically suspected 
influenza are admitted in Vilnius and Kaunas counties. 

A patient with SARI was characterized as an individual hospitalized for at least 24 h 
with at least one systemic symptom (fever, myalgia, malaise, headache, or general deteri-
oration) and at least one respiratory symptom (cough, sore throat, or shortness of breath). 
The inclusion criteria were eligibility for influenza vaccination, a swab taken less than 
seven days after the self-reported SARI onset and within 48 h after admission to hospital, 
no positive influenza test in the current influenza season, willingness to participate, and 
ability to communicate. Institutionalized participants were excluded due to different out-
come and exposure risks. After collecting demographic and clinical information from self-
reports and medical documents, a study clinician took one nasopharyngeal and one throat 
specimen for multiplex reverse transcription polymerase chain reaction (RT-PCR) testing. 
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2.3. Outcome 
The outcome of interest was laboratory-confirmed influenza illness in persons hos-

pitalized with SARI. Persons with SARI who were positive for any type of laboratory-
confirmed influenza were defined as influenza cases. Patients with SARI who were nega-
tive for any influenza virus were influenza-negative controls. 

2.4. Exposure 
The exposure of interest was vaccination with seasonal influenza vaccine during 

2015–2016, 2016–2017, 2017–2018, and 2018–2019 influenza seasons. Participants were 
considered as vaccinated if the vaccine was administered more than 14 days before the 
SARI symptoms onset and vaccination status was verified with the general practitioner 
(GP) or vaccination pass. Vaccine composition and vaccines available free-of-charge for 
the risk group patients in Lithuania in each season are provided in Table 1. 

Table 1. Free-of-charge vaccines used to vaccinate risk group patients in Lithuania in the 2015–
2019 influenza seasons. 

Influenza 
Season Vaccine Composition Vaccine Type 

2015–2016 
- California/7/2009(H1N1)-like 

- A/Switzerland/9715293/2013(H3N2)-like 
- B/Phuket/3073/2013-like (B/Yamagata lineage) 

Trivalent inactivated influenza 
vaccine, non-adjuvanted 

2016–2017 
- California/7/2009(H1N1)-like 

- A/Hong Kong/4801/2014(H3N2)-like 
- B/Brisbane/60/2008-like (B/Victoria lineage) 

Trivalent inactivated influenza 
vaccine, non-adjuvanted 

2017–2018 
- A/Michigan/45/2015 (H1N1)pdm09-like 

- A/Hong Kong/4801/2014 (H3N2)-like 
- B/Brisbane/60/2008-like (B/Victoria lineage) 

Trivalent inactivated influenza 
vaccine, non-adjuvanted 

2018–2019 
- A/Michigan/45/2015 (H1N1)pdm09-like 

- A/Singapore/INFIMH-16-0019/2016 (H3N2)-like 
- B/Colorado/06/2017-like (B/Victoria/2/87-lineage) 

Trivalent inactivated influenza 
vaccine, non-adjuvanted 

2.5. Covariates 
Information about age, sex, length of hospitalization, antiviral drug use, and admis-

sion to the critical care unit were collected from the medical documents. Smoking status, 
weight, height, presence of underlying health conditions, number of hospital admissions 
in the latest year due to the exacerbation of the underlying conditions (but not repeated 
prescriptions), socioeconomic status (highest education, employment), and living area 
(urban/rural) were collected through the self-reports. Body mass index (BMI) was calcu-
lated as kg/m2 and obesity was defined as BMI ≥ 30. Pre-hospitalization Barthel index to 
measure performance in activities of daily living (ADL) [11] was collected by a combina-
tion of an interview and observation. 

2.6. Laboratory Analysis 
Nasopharyngeal and throat swabs were tested with multiplex RT-PCR for influenza 

and other respiratory viruses with Aniplex IIRV16 Detection (V1.1) (Seegene) kit. Influ-
enza-positive samples were subtyped to influenza A(H1N1)pdm09, influenza A(H3N2), 
influenza B/Yamagata, or influenza B/Victoria. The laboratory analysis, in more detail, is 
described elsewhere [12]. 

2.7. Statistical Analysis 
For descriptive analysis Fisher’s exact test, Pearson’s Chi-square test, Student’s t-test, 

and Mann–Whitney test were performed. SIVE and its 95% confidence interval (95% CI) 
was estimated by using the formula (1 − odds ratio) × 100%. The odds ratio in this analysis 
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is the ratio between the odds that an outcome will occur among the vaccinated, compared 
to the odds of the outcome occurring among the unvaccinated. The analysis was adjusted 
for a set of confounders if, after adjustment for each of the potential confounders sepa-
rately, it changed SIVE estimate by ≥ 10%. 

2.8. Ethical Considerations 
This study was conducted in line with the Lithuanian legislation on research with 

humans and the Declaration of Helsinki [13,14]. Kaunas Regional Biomedical Research 
Ethics Committee approvals were obtained for each season (No. P2-158200-04-476-
138/2012, No. P3-158200-04-476-138/2012, No. P4-158200-04-476-138/2012, No. P5-158200-
04-476-138/2012, P6-158200-04-476-138/2012). All study participants gave written in-
formed consents (IC). 

2.9. Sample Size Calculation 
To achieve the statistical power of 80% with a confidence level of 95%, with the vac-

cination rates of 3.3% and 11.1% among 18–64-year-old cases and controls, respectively, 
the required sample size for unadjusted analysis should be at least 70 participants. In the 
older group, due to higher vaccination rates (10.2% vs. 14.7% in cases and controls, re-
spectively), the sample size required should be at least 28 participants. The sample size 
calculations were performed with OpenEpi, Version 3. 

2.10. Sample 
During 2015–2019 influenza seasons, 10,478 patients hospitalized in one of the par-

ticipating departments were screened for inclusion (Figure 1). Of these, 782 (7.5%) of the 
patients were identified as having SARI symptoms, of which 94.9% met the inclusion cri-
teria, gave an informed consent, and were recruited into the study. 

 
Figure 1. Flowchart of the recruitment of patients. 

3. Results 
Of the 742 included participants, 375 (50.5%) of the subjects tested positive for influ-

enza and 367 (49.5%) were influenza-negative controls. (Figure 1). Throughout the entire 
study influenza A was predominant (34.4%) with influenza A(H3N2) being identified the 
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N = 10,478   
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N = 40 (5.1%)  

Cases  
N = 375 (50.5%)   

Controls   
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Agreed to participate   
 N = 742 (94.9%)   

W ith  SARI   
N = 782 (7.5%)   
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most often. The second most common influenza subtype detected was influenza B/Yam-
agata (Table 2). 

During the influenza season 2015–2016 influenza A(H1N1pdm09) was predominant, 
while influenza A(H3N2) dominated during the 2016–2017 and 2018–2019 influenza sea-
sons (Table 2). Influenza B/Yamagata circulated most often during the 2017–2018 season. 

Table 2. Influenza types and subtypes in the total sample during the 2015–2019 influenza seasons. 

Influenza Season 
Controls A(H1N1pdm09)  A(H3N2) A (Untyped) B/Yamagata B/Victoria B (Untyped) 

N (%) N (%) N (%) N (%) N (%) N (%) N(%) 
Season 2015–2016 91 (55.8) 50 (30.7) – 14 (8.6) – 7 (4.3) 1 (0.6) 
Season 2016–2017 104 (53.9) – 83 (54.6) – 5 (2.6) – 1 (0.5) 
Season 2017–2018 91 (42.9) 5 (2.4) 8 (3.8) 2 (0.9) 97 (45.8) 2 (0.9) 7 (3.3) 
Season 2018–2019 81 (46.6) 29 (16.7) 61 (35.1) 3 (1.7) – – – 

All seasons 367 (49.5) 84 (11.3) 152 (20.5) 19 (2.6) 102 (13.7) 9 (1.2) 9 (1.2) 

Among 18–64-year-old influenza cases, there were fewer underlying medical condi-
tions such as dementia, stroke, and chronic cardiovascular diseases (Table 3). Compared 
to controls, cases were more often prescribed antivirals, but were less obese. SIV coverage 
among the cases was statistically significantly lower than among the controls in the cur-
rent (3.3% vs. 11.1%), as well as the previous (1.7% vs. 10.1%) season. Pregnancy was more 
common among cases. 

Among the participants of 65 years and older, influenza cases had less nutritional 
deficiency and underlying cardiovascular and lung diseases than controls (Table 3). Influ-
enza cases were less often hospitalized due to the exacerbations of the underlying medical 
conditions during the previous year. Furthermore, cases were prescribed antivirals more 
often as compared to controls and on average, were hospitalized two days less. Approxi-
mately one third of the study sample received antivirals on the day of swabbing, with 
about 50% being swabbed one day after starting with antivirals. 

Out of 81 detected other respiratory viruses (parainfluenza, adenovirus, rhinovirus, 
metapneumovirus, bocavirus, coronavirus, respiratory syncytial virus, and enterovirus), 
11 were influenza coinfections, of which four were influenza A(H1N1)pdm09, two influ-
enza B/Yamagata, three influenza A (untyped), one influenza A(H3N2), and one in B/Vic-
toria cases. In both age groups, cases were diagnosed with other viral respiratory infec-
tions less frequently than controls. 

In the total sample, 15/742 (2%) participants died during the hospitalization. Four 
deaths occurred among influenza cases in the 18–64-year-old individuals, one of which 
was vaccinated. Out of 11 deaths in people 65 years and older, four were unvaccinated 
confirmed-influenza cases and among seven controls, two were vaccinated. 

Table 3. Demographic and clinical features of influenza cases and controls and by age-group in the total sample during 
the 2015–2019 influenza seasons. 

Variables 

Age Group 18–64 
p-

Value Age Group ≥65 p-Value 

Influenza-Posi-
tive 

N = 121 (40.1%) 

Influenza-Neg-
ative 

N = 81 (59.9%) 
 

Influenza-
Positive 

N = 254 (47.0%) 

Influenza-
Negative 

N = 286 (53.0%) 
 

Influenza season       
Season 2015–2016 40 (33.1) 31 (38.3) 

0.057 a 

32 (12.6) 60 (21.0) 

0.052 a 
Season 2016–2017 17 (14.0) 21 (25.9) 72 (28.3) 83 (29.0) 
Season 2017–2018 38 (31.4) 15 (18.5) 83 (32.7) 76 (26.6) 
Season 2018–2019 26 (21.5) 14 (17.3) 67 (26.4) 67 (23.4) 

Male  61 (50.4) 40 (49.4) 0.886 a 108 (42.5) 131 (45.8) 0.443 a 
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Urban 84 (69.4) 51 (75.3) 0.362 a 195 (76.8) 237 (82.9) 0.077 a 

Age (median, min; max) 54.0 (19; 64) 54.0 (21; 64) 0.692 d 77.0 (65; 96) 76.0 (65; 92) 0.274 d 
Education           

High (college, university) 57 (47.9) 34 (42.5) 
0.453 a 

59 (23.4) 64 (22.4) 
0.775 a Low (primary, unfinished, sec-

ondary, professional) 62 (52.1) 46 (57.5) 193 (76.6) 222 (77.6) 

Occupation           
Intellectual or/and physical 

work 
62 (51.2) 46 (56.8) 

0.438 a 
18 (7.1) 15 (5.2) 

0.372 a 

Retired/handicapped/jobless 59 (48.8) 35 (43.2) 236 (92.9) 271 (94.8) 
Smoking           

Never 50 (41.3) 35 (43.2) 
0.512 a 

172 (68.0) 185 (64.7) 
0.447 a Former 31 (25.6) 25 (30.9) 60 (23.7) 81 (28.3) 

Current 40 (33.1) 21 (25.9) 21 (8.3) 20 (7.0) 
Pregnant 17 (14.0) 4 (4.9) 0.038 a – – – 

Chronic condition (at least 1) 109 (90.1) 77 (95.1) 0.199 a 221 (87.0) 269 (94.1) 0.005 a 

At least one hospitalization due 
to exacerbation of underlying 
conditions in the previous 12 

months 

22 (18.3) 22 (27.2) 0.138 a 62 (24.6) 123 (43.0) <0.001 a 

Cardiovascular diseases 37 (30.6) 37 (45.7) 0.029 a 167 (65.7) 223 (78.0) 0.002 a 

Lung diseases 29 (24.0) 25 (30.9) 0.278 a 52 (20.5) 87 (30.4) 0.008 a 

Endocrine diseases, diabetes 23 (19.0) 17 (21.0) 0.729 a 46 (18.1) 58 (20.3) 0.523 a 

Renal diseases 6 (5.0) 2 (2.5) 0.480 b 27 (10.6) 43 (15.0) 0.128 a 

Immunodeficiency and trans-
plantations 12 (9.9) 6 (7.4) 0.539 a 5 (2.0) 2 (0.7) 0.262 b 

Rheumatologic diseases 6 (5.0) 2 (2.5) 0.480 b 8 (3.1) 9 (3.1) 0.999 a 
Dementia, stroke 4 (3.3) 9 (11.1) 0.027 a 63 (24.8) 81 (28.3) 0.356 a 

Hematologic cancer 7 (5.8) 1 (1.2) 0.148 b 7 (2.8) 9 (3.1) 0.789 a 
Non-hematologic cancer 14 (11.6) 7 (8.6) 0.504 a 36 (14.2) 39 (13.6) 0.857 a 

Anemia, spleen pathology 12 (9.9) 6 (7.4) 0.539 a 15 (5.9) 29 (10.1) 0.073 a 

Cirrhosis 2 (1.7) 4 (4.9) 0.221 b 5 (2.0) 2 (0.7) 0.262 b 
Nutritional deficiency 4 (3.3) 0 (0.0) 0.151 b 6 (2.4) 17 (5.9) 0.040 a 

Obesity 38 (31.4) 37 (45.7) 0.040 a 80 (31.5) 87 (30.4) 0.787 a 

BMI (median, min; max) 26.3 (17.3; 51.7) 29.2 (18.7; 45.2) 0.020 d 27.4 (17.3; 43.0) 27.8 (15.9; 50.0) 0.468 d 

Any antiviral use 114 (94.2) 48 (59.3) <0.001 a 204 (80.3) 108 (37.8) <0.001 a 

Statin use 8 (12.5) 2 (6.9) 0.419 a 18 (12.0) 13 (9.0) 0.418 a 
Other respiratory virus de-

tected 
5 (4.1) 14 (17.7) 0.001 a 6 (2.4) 56 (19.6) <0.001 a 

SIV in current season 4 (3.3) 9 (11.1) 0.027 a 26 (10.2) 42 (14.7) 0.120 a 
SIV in previous season 2 (1.7) 8 (10.1) 0.008 a 20 (7.9) 30 (10.5) 0.309 a 

Transfer to the intensive-care 
unit 

10 (8.3) 2 (2.5) 0.088 a 13 (5.1) 10 (3.5) 0.352 a 

Length of hospitalization 
(mean, SD) 6.5 (5.0) 6.7 (3.2) 0.721 c 7.7 (3.9) 9.8 (5.1) <0.001 c 

Barthel score before the SARI 
hospitalization (mean, SD) 99.8 (1.6) 96.3 (15.6) 0.051 c 94.3 (17.1) 92.7 (16.4) 0.267 c 

Days between the SARI onset 
and swab (median, min; max) 4.0 (0; 7) 4.0 (0; 7) 0.910 d 4.0 (0; 7) 4.0 (0; 7) 0.126 d 



Vaccines 2021, 9, 455 7 of 17 
 

 

Days between antivirals use 
and swab 

         

0 days 36 (31.6) 13 (27.1) 
0.191 a 

64 (31.4) 26 (24.1) 
0.180 a 1 day 61 (53.5) 22 (45.8) 111 (54.4) 59 (54.6) 

2 and more days 17 (14.9) 13 (27.1) 29 (14.2) 23 (21.3) 
Deaths 4 (3.3) 0 (0.0) 0.151 b 4 (1.6) 7 (2.4) 0.474 a 

a Pearson’s Chi-square test; b Fisher’s exact test; c Student t-test; d Mann–Whitney test. 

Vaccine Effectiveness Analysis 
Adjusted SIVE against any influenza in 18–64 years old group was 71.9% (Table 4), 

while adjusted SIVE point estimate among those 65 years old and older was 26.9%. In 18–
64-year-old participants the adjusted SIVE against influenza A was 78.0%, while among 
65 years old and older persons it was 22.6%. After adjustment, the SIVE point estimate 
against influenza A(H1N1)pdm09 in 18–64-year-old participants slightly increased, but it 
did not reach statistical significance. It was not possible to estimate the adjusted SIVE 
against influenza A(H1N1)pdm09 in people of 65 years and older, or against influenza 
A(H3N2) (Table 4). 

SIVE estimates among people aged 18–64 slightly decreased after adjustment against 
influenza B (78.4% vs. 74.1%) and slightly increased against influenza B/Yamagata (73.3% 
vs. 76.8%), but were not statistically significant. In people of 65 years and older SIVE esti-
mates against influenza B and B/Yamagata after adjustment decreased slightly (77.9% vs. 
75.3% and 74.4% vs. 73.1%, respectively) and remained statistically significant. 
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Table 4. Seasonal influenza vaccine effectiveness against different laboratory-confirmed influenza subtypes by age groups during the 2015–2019 influenza seasons. 

 
Influenza-Positive Influenza-Negative 

Unadjusted SIVE% 
(95% CI) 

p-Value of the 
Unadjusted 

Model 

Adjusted SIVE% (95% 
CI) 

p-Value of 
the Adjusted 

Model 

R Square of the Ad-
justed Model Vaccinated/Total 

(%) 
Vaccinated/Total 

(%) 
Any influenza        

Age 18–64 years 4/121 (3.3) 9/81 (11.1) 72.7 (7.9 to 91.9) 0.036 71.9 a (−1.9 to 92.2) 0.053 0.090 
Age ≥ 65 years 26/254 (10.2) 42/286 (14.7) 33.8 (−11.6 to 60.7) 0.122 26.9 b (−24.4 to 57.0) 0.249 0.043 

Influenza A        

Age 18–64 years 3/83 (3.6) 9/81 (11.1) 70.0 (−15.1 to 92.2) 0.079 78.0 c (1.7 to 95.1) 0.047 0.150 
Age ≥ 65 years 23/173 (13.3) 42/286 (14.7) 10.9 (−54.0 to 48.5) 0.679 22.6 d (−36.5 to 56.1) 0.376 0.127 

Influenza 
A(H1N1)pdm09 

       

Age 18–64 years 1/51 (2.0) 9/81 (11.1) 84.0 (−30.3 to 98.0) 0.087 88.6 e (−47.4 to 99.1) 0.096 0.141 
Age ≥ 65 years 3/34 (8.8) 42/286 (14.7) 43.8 (−92.2 to 83.6) 0.359 N/A N/A N/A 

Influenza A(H3N2)        

Age 18–64 years 2/31 (6.5) 9/81 (11.1) 44.8 (−171.0 to 88.8) 0.464 N/A N/A N/A 
Age ≥ 65 years 17/121 (14.0) 42/286 (14.7) 5.0 (−74.5 to 48.3) 0.868 N/A N/A N/A 

Influenza B        

Age 18–64 years 1/38 (2.6) 9/81 (11.1) 78.4 (−77.2 to 97.4) 0.216 74.1 f (−146.8 to 97.3) 0.240 0.250 
Age ≥ 65 years 3/82 (3.7) 42/286 (14.7) 77.9 (26.9 to 93.4) 0.013 75.3 g (12.2 to 93.1) 0.030 0.116 

Influenza B/Yamagata        

Age 18–64 years 1/31 (3.2) 9/81 (11.1) 73.3 (−119.8 to 96.8) 0.219 76.8 h (−109.9 to 97.4) 0.194 0.183 
Age ≥ 65 years 3/71 (4.2) 42/286 (14.7) 74.4 (14.8 to 92.3) 0.026 73.1 i (3.2 to 92.5) 0.044 0.093 

OR: odds ratio; 95% CI: 95% confidence interval. Adjusted SIVE analysis was adjusted for a hematologic cancer and Barthel score before the SARI hospitalization; b hospitalizations due 
to exacerbation of chronic conditions during previous 12 months; c influenza season, hematologic cancer, and Barthel score before the SARI hospitalization; d influenza season; e preg-
nancy, hematologic cancer, dementia/strokes, anemia, and Barthel score before the SARI hospitalization; f pregnancy, hematologic cancer, immunodeficiency and transplantations, 
dementia/stroke, anemia, BMI, and hospitalizations due to exacerbation of chronic conditions during previous 12 months; g cirrhosis, cardiovascular disease, and hospitalizations due 
to exacerbation of chronic conditions during previous 12 months; h immunodeficiency and transplantations, renal disease, anemia, BMI, and hospitalizations due to exacerbation of 
chronic conditions during previous 12 months; i cirrhosis, cardiovascular disease, and hospitalizations due to exacerbation of chronic conditions during previous 12 months. NA: not 
applicable. 
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4. Discussion 
This study was conducted to measure age-specific SIVE against different laboratory-

confirmed influenza types and subtypes during four influenza seasons (2015–2019). SIVE 
point estimates against any influenza were higher among persons aged 18–64 years (72%) 
compared to people aged 65 and above (27%), however the latter did not reach statistical 
significance. Similar results were observed against different influenza A subtypes. The 
highest statistically significant adjusted SIVE was found against influenza B and B/Yam-
agata among persons aged 65 and above (75% and 73%, respectively); similar but not sta-
tistically significant SIVE was found in 18–64-year-old individuals. 

According to the WHO European Region virological influenza surveillance data, in-
fluenza A(H1N1)pdm09 dominated during 2015–2016 and 2018–2019 influenza seasons, 
[15,16] which was also found in our study. Antigenic and genetic data showed that re-
gardless of the evolving influenza A(H1N1)pdm09 viruses from their 2009 ancestor, dur-
ing both seasons most of the circulating influenza A(H1N1)pdm09 viruses were similar to 
the viruses included in the seasonal vaccines in the respective seasons. Circulated and 
vaccine strain match might explain higher than moderate SIVE point estimates against 
influenza A(H1N1)pdm09 among persons 18–64 years old in our study. However, in 65-
year-old and older participants, lower and not statistically significant adjusted and unad-
justed SIVE against influenza A  and A(H1N1)pdm09  was found. Similar SIVE esti-
mates were found among the hospitalized adults in the study conducted in the US [17]. 
For example, SIVE against any laboratory-confirmed influenza and influenza 
A(H1N1)pdm09 in people of 18–49 years old was found to be 77% and 67%, and in the 
age group of 65 years and older, 51% and 63%, respectively. In addition, lower SIVE esti-
mates against any influenza and A(H1N1)pdm09 were reported among hospitalized older 
people as compared with patients aged 18–64 years across Europe [18–20]. For instance, 
SIVE against any influenza and influenza A(H1N1)pdm09 reported by the European De-
velopment of Robust and Innovative Vaccine Effectiveness (DRIVE) network among pa-
tients aged 18–64 were 40% and 51%, and among persons 65 years old and older, 27% and 
35%, respectively [18]. Similarly, SIVE against any influenza and influenza 
A(H1N1)pdm09 in Northern Spain among hospitalized older adults was 26% and 47% 
[19]. In addition, 20% SIVE was reported by the Valencia Hospital Network against influ-
enza A(H1N1)pdm09 hospitalizations in patients 60 years old or older [20]. Possibly, 
lower SIVE against influenza A(H1N1)pdm09 in older age groups could be explained by 
lower incidence of influenza A(H1N1)pdm09 due to previous exposure [21], immunose-
nescence, or, given rather low absolute numbers of cases, we also cannot rule out residual 
confounding. 

In our study, influenza A(H3N2) was the predominant strain during the influenza 
seasons 2016–2017 and 2018–2019, which is also in line with the European Centre for Dis-
ease Prevention and Control (ECDC) and WHO European region reports [16,22,23]. Our 
SIVE estimates against influenza A(H3N2) are in line with other studies in hospitalized 
populations. Low SIVE point estimates against influenza A(H3N2) were reported by the 
DRIVE as 2% among 18–64-year-old patients and 12% among persons 65 years old and 
older [18]. Consistent SIVE estimates were found in Denmark against influenza A(H3N2) 
among hospitalized patients aged 65 years old and older (7%) [24], as well as in other 
studies across Europe among hospitalized population [19,25–27]. Genetic characterization 
of the early 2016–2017 season viral isolates from 24 European countries revealed that the 
highest proportion of the influenza A(H3N2) viruses belonged to the 3C.2a clade, repre-
sented by A/Hong Kong/4801/2014 [23]. Analysis showed that the greater part of the de-
tected 3C.2a viruses belonged to a new manifesting subclade 3C.2a1, represented by 
A/Bolzano/7/2016. Despite these findings, circulating viruses within the 3C.2a1 subclade 
were assumed as antigenically similar to the seasonal Northern Hemisphere vaccine com-
ponent, A/Hong Kong/4801/2014. However, around 30% of analyzed A(H3N2) viruses 
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could not be assigned to an antigenic reporting category, which points out technical diffi-
culties or antigenic substitution of the circulating strains and might be related to lower 
SIVE estimates. Moreover, during the influenza season 2018–2019, several genetic sub-
clades of influenza A(H3N2) viruses circulated with confirmed genetic diversity [16] of 
which clade 3C.3a accounted for one-fifth of viruses and was considered as being antigen-
ically distinct from the Northern Hemisphere vaccine strain A/Singapore/INFIMH-16–
0019/2016 (H3N2)-like virus. Low influenza A(H3N2) SIVE estimates in our study could 
probably be explained by reported genetic and antigenic mismatch between circulating 
and the vaccine A(H3N2) strains. Another possible impact of lower SIVE against influenza 
A(H3N2) might be related with the egg-adaptive mutations that the virus obtained during 
the production of candidate vaccine virus, which affected its antigenicity [28]. In addition, 
existing evidence suggests that previous seasonal influenza vaccination may influence 
current season SIVE and lead to lower protection against influenza A(H3N2) during the 
current season and antigenic distance hypothesis cannot be excluded [29,30]. Due to low 
sample size, we were not able to run SIVE analysis adjusted to previous vaccinations, and 
therefore could not test this hypothesis in the current study. 

Our study results suggest protection against influenza B and B/Yamagata, in 65 years 
and older and 18–64-year-old participants (the former not statistically significant). Similar 
SIVE against influenza B has been reported in the out- and inpatient settings in Spain 
(67%) [31] and Hong Kong SAR (77% and 71% in 18–64 and 65 years and older groups, 
respectively) [32]. On the contrary, low end-of-season protection against influenza B and 
B/Yamagata were reported in the US and the UK in the primary care setting [33,34]. As 
reported by the ECDC and the WHO, influenza B was dominant in Europe during the 
2017–2018 influenza season [35,36], which was also reflected by our study where 80% of 
influenza cases were confirmed with B/Yamagata. In the Northern Hemisphere, however, 
the 2017–2018 trivalent SIV contained influenza B/Brisbane/60/2008-like (B/Victoria line-
age) antigens, which points to the mismatch between the circulating and vaccine strain 
virus. Even though influenza B/Victoria and B/Yamagata lineages are antigenically di-
verse, it is reported that these strains are more genetically similar than influenza 
A(H1N1)pdm09 and influenza A(H3N2) [37]. It was found that influenza B/Victoria and 
B/Yamagata shared more than 90% amino acid affinity within hemagglutinin and neu-
raminidase proteins than influenza A subtypes with less than 45% similarity of these pro-
teins [37]. Along with previous reports [38,39], high SIVE found in our study also suggests 
possible cross-lineage protection between different influenza B strains from the past sea-
sons. 

Some suggest that reduced SIVE estimates in older population might be explained 
by the effect of immunosenescence and weakened immune system [3,40,41]. Due to dif-
ferent immunity characteristics across different ages and older people being more at risk 
for severe influenza [3,40], we performed stratified-by-age SIVE analysis with different 
sets of confounders for each group. The estimates against influenza A and its subtypes 
across the age groups differed substantially, with two- to nine-fold lower SIVE point esti-
mates among the older people. To better protect older adults against influenza, the results 
of our study would be supportive of vaccination with higher antigenic doses and adju-
vanted vaccines [42]. On the other hand, SIVE against influenza B estimates in our study 
suggested similar and good protection in both age groups, which would suggest that de-
spite age-related immune system changes seasonal influenza vaccination remains effec-
tive and has protective benefit in older adults as well [43,44]. 

Limitations and Strengths 
Several limitations and strengths of our study must also be addressed. First, the low 

number of vaccinated individuals led to broad confidence intervals of some of the SIVE 
estimates and lack of power to run adjusted analysis against influenza A(H3N2) in both 
age groups and against influenza A(H1N1)pdm09 in those aged 65 years and above. Still, 
the estimates in our study were quite consistent before and after adjustment, and in line 
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with other SIVE studies across and beyond Europe. Secondly, due to lack of electronic 
access to patient’s outpatient records  (e.g., population-based health register), infor-
mation about the underlying medical conditions and their severity was collected through 
self-reports. While it is likely that chronic diseases would be reported correctly and in 
some cases could be validated with the medical records, the severity (e.g., number of hos-
pital visits in the preceding 12 months) is a lot harder to recall, which may lead to bias. 
Most of the health-related information relating to the current hospitalization, including 
prescriptions, however, came from the hospital records and is therefore accurate. When 
looking into effect changes to select potential confounders, we identified and therefore 
controlled for different sets of potential confounders for different influenza subtypes and 
age groups. More detailed analyses on the effects on SIVE of underlying medical condi-
tions, however, was not possible due to lack of statistical power. Next, influenza infection 
was confirmed with highly specific molecular assay, which reduced the probability of 
false-negative results. The participants were recruited into the study within seven days 
after the onset of SARI symptoms, when the viral shedding was the highest [45]. Addi-
tionally, 474 (63.9%) of our study subjects were prescribed antivirals, yet the vast majority 
of them were swabbed within one day after antiviral administration, which also reduce 
the chance of false negative results [46]. Selection bias was minimized by the recruitment 
procedure, as SARI cases were recruited into the study before the swab was taken and 
laboratory results were available to the patient and the researcher. Vaccination status was 
validated with the patient’s GP. While unmeasured confounding cannot be excluded, we 
are confident that the overall exposure, outcome, and covariate information in our study 
has low risk of bias. Last, but not least, test-negative case-control design to measure SIVE 
is a widely used method with well-explored strengths, such as being less vulnerable to 
bias due to false classification of infection and the confounding by healthcare seeking be-
havior [47–49]. 

5. Conclusions 
The point estimates of >70% found in this study suggest high SIVE against any influ-

enza in 18–64-year-old participants, and against influenza B and B/Yamagata in those 65 
years old and older. Despite high SIVE against influenza B even the circulating subtypes 
did not match the viruses included in the vaccine during the seasons 2015–2017 and 2018–
2019,the results of our study suggest that the use of the quadrivalent vaccines including 
two subtypes of influenza B may be beneficial. 
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Appendix A 

Table A1. Underlying medical conditions according to International Classification of Diseases, 
10th Edition.  

Chronic Underlying Conditions ICD-10 Codes 

Anemia, 
Spleen pathology 

D50–75 
S36.0 

Q89.01,09 

Cancer 
C00–96 
C7A, B 

Cardiovascular conditions 

A52.01 
G46 

I00–I09 
I20 

I21–I23 
I24.0,1,8,9 

I25 
I27–28 
I34–37 
I42.1–9 
I43–6 
I48 
I49 
I50 

I51–2 
O90.3 

Q20–28 
Cirrhosis K74 

Dementia, stroke 

F01–06  
F10  
F19 

G30.9  
G31.01,1,09 
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G91.0–1 
G35 

G36.0 
G37.0–3,5,8,9; 

G93.0-2,4,5,41,49 
I60–64 
I67.83 

I69 

Endocrine disorders, diabetes 

E10 
E11–14 

E15 
E16.0–3 
E16.8–9 
E20–32 

E35 
E70–79 

E83–5,7,8 
E89.1  

Immunocompromised  
conditions 

D80.0–4,8,9 
K71–77, excl. K74 

E06.3–5,9 
E07 
E90 
M11 
M83 

Z94.0–2,5–7  
Z95.3 

B20–24 
R75 
Z21 

Lung diseases 

A15.0 
C30.0 
C31–2  
C33–4 

C38.1-4 
C39 

C45.0,7 
D14.0–4 
D19.0 

I26 
J33 

J34.1–3,8 
J38–9  
J43–4 
J45–6 
J47 

J60–70 
J80–2,4 
J90–1 

J92–3,6,8,9 
J94  

M40–1 
M43.8–9 
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Q30–34 
Q65–79 
R09.1 
Z90.2 

Nutritional deficiency 

E32.0,1,8,9 
E24.0,2,3,8,9 

E25.0,8,9 
E26.01,102,09,9,81 

E34.0 
E40,41,43–6 

E50,51 
Obesity E65–68 

Renal diseases 

I12.0,9 
M10.30 

N00.3,8–9 
N01.3 
N02.2 

N03.2–3,5,8 
N04.0,3–4  

N05 
N07–8 
N10–11 

N13.30,721,729  
N14 

N15.0,8 
N16 

N17–19 
N25 
N27 

N28.9  
Q60–4 

Rheumatologic diseases 

M05.00,10 
M06.4,9 

M08.00,40 
M15.0–2,9 

M12,00 
M30–31 
M32–35 
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