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Moderate influenza vaccine effectiveness against A(H1N1)pdmO09 virus, and low
effectiveness against A(H3N2) subtype, 2018/19 season in Italy

Stefania Bellino”, Antonino Bella”®, Simona Puzelli, Angela Di Martino, Marzia Facchini, Ornella Punzo,
Patrizio Pezzotti, Maria Rita Castrucci and the InfluNet Study Group$§

Department of Infectious Diseases, National Institute of Health (Istituto Superiore di Sanita), Rome, Italy

ABSTRACT ARTICLE HISTORY
Background: Influenza vaccines are updated every year to match the vaccine strains with currently Received 8 August 2019
circulating viruses; consequently influenza vaccine effectiveness (IVE) has to be assessed annually. Accepted 30 October 2019
Research design and methods: A test-negative case-control study was conducted within the context KEYWORDS

of the ltalian sentinel influenza surveillance network to estimate IVE by age group, virus subtype, and | fuenza vaccine

vaccine brand in medically attended laboratory-confirmed influenza. effectiveness; test-negative
Results: In Italy, the 2018/19 influenza season was characterized by the co-circulation of influenza A case-control study; national
(H1IN1)pdm09 and A(H3N2) viruses. The adjusted IVE estimate in preventing influenza was moderate influenza surveillance

(44.8%, 95% Cl: 18.8 to 62.5) against A(HTN1)pdm09, whereas there was no evidence of effectiveness network; Italy
(1.8%, 95% Cl: —37.8 to 30.1) in persons affected by A(H3N2). IVE against A(H1IN1)pdm09 decreased with

age ranging from 65.7% to 13.1% among children/adolescents and elderly, respectively; moreover

results suggest that Vaxigrip Tetra® was more effective against A(HTN1)pdm09 compared to Fluarix

Tetra® [62.5% (95% Cl: 34.3 to 78.6) vs 24.5% (95% Cl: —40.6 to 59.6)]. Low effectiveness (35.2%, 95% Cl:

—50.8 to 72.1) against A(H3N2) was detected only in the elderly immunized with Fluad®.

Conclusions: Findings suggest that influenza vaccines were low to moderately effective, probably due

to a mismatch between circulating and vaccine strains.

1. Introduction The World Health Organization (WHQ) provides recommen-
dations on which viruses will be included in vaccine composition
for the forthcoming influenza season; however, it does not give
any preferential recommendation for influenza vaccine products
for target population for whom more than one has been
licensed. However, not all registered influenza vaccines are avail-
able every year and fluctuations in production and distribution
often limit the options. Observed influenza vaccine effectiveness
(IVE) varies by seasons due to a variety of reasons including
disease severity level, a mismatch between the vaccine virus
and circulating strains, type of vaccine used, immunized popula-
tion, and possible interference from previous vaccinations [3,4].
Therefore, there is a need for more studies focusing on compar-
ing the effects of vaccination by virus subtype, vaccine type, and

Vaccines developed to protect against seasonal influenza illness
are updated annually to match the vaccine strains with currently
circulating viruses [1]. Indeed, since influenza viruses change
rapidly due to antigenic drift, vaccines are regularly reformulated
and delivered through seasonal campaigns. Since influenza vac-
cination is a public health intervention, it is important to evaluate
its effectiveness every year. Licensed vaccines include inactivated
or live-attenuated influenza type A and B viruses, with two sub-
types of A virus and one or two lineages for B virus [2].
Specifically, trivalent influenza vaccines contain two A virus
strains (HTN1 and H3N2) and one B virus strain, while quadriva-
lent vaccines include an additional B virus lineage.
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Article highlights

¢ In the 2018/19 influenza season in Italy, results suggest that vaccines
were low to moderately effective, with estimates varying depending
on the patients’ age, virus subtype, and vaccine brand.

¢ Quadrivalent vaccines conferred moderate effectiveness in prevent-
ing influenza caused by A(H1N1)pdmO09, while no evidence of protec-
tion against A(H3N2) was found.

s Good effectiveness against A(HIN1)pdm09 was detected only in
children/adolescents and in subjects immunized with Vaxigrip
Tetra®, whereas a mild benefit against infection caused by A(H3N2)
was found only ameng individuals who received Fluad®.

« Findings suggest a moderate IVE against A(HIN1)pdm09 and low or
no IVE against A(H3N2) virus, probably due to a mismatch between
circulating and vaccine strains.

vaccine brand, according to the new European Medicines
Agency guideline on influenza vaccines [5].

In order to provide IVE estimates in the 2018/19 influenza
season in [taly, a test-negative case-control study was con-
ducted within the context of the national sentinel influenza
surveillance network (InfluNet), coordinated by the National
Institute of Health [Istituto Superiore di Sanita (ISS)], and based
on sentinel General Practitioners (GP) and Regional Reference
Laboratories (RRL) present throughout the country. The esti-
mates obtained include effectiveness against medically
attended laboratory-confirmed influenza adjusted for the
main confounding variable [6].

2. Patients and methods
2.1. Study population

In Italy, the National Influenza Surveillance has been established
to ensure the early detection of influenza epidemics for public
health prevention and control activities, to estimate the impact
of the epidemic, to characterize the circulating viruses for vaccine
virus selection, and to assess the effectiveness of influenza vac-
cines. To these aims, clinical samples coming from GPs and
hospitals are collected annually and analyzed by RRL for diag-
nosis of influenza using a real-time RT-PCR assay. Furthermore,
molecular characterization and phylogenetic analysis of the
hemagglutinin (HA) genes are performed on a subset of the
circulating influenza viruses by the National Influenza Centre
(NIC), located at ISS, with the objective to evaluate how circulat-
ing strains match with those included in the influenza vaccines
for the ongoing season, and to detect possible emerging genetic
variants. The Neighbor-Joining method available in Mega 6.0
software (http://www.megasoftware.net) [7], and HA sequences
from reference strains retrieved from the EpiFlu database of the
GISAID (Global Initiative on Sharing All Influenza Data) [8] were
used for the analyses.

The Influenza Sentinel Surveillance Network (InfluNet)
involves nearly 1,000 GPs covering about 2.3% of the Italian
population. However, in addition to the epidemiological sur-
veillance (in which only aggregated data are collected weekly,
and ILI cases are not laboratory-confirmed), a subset of GPs
also participate voluntarily to the virological surveillance of
influenza circulating viruses aimed at evaluating the IVE

annually [9]. The target groups for influenza vaccination in
Italy are the followings: people =65 years old, individuals
aged 6 months-64 years with specific chronic conditions, preg-
nant women in the second or third trimester of pregnancy,
people working in public services, and healthcare workers [10].

2.2. Study design

A test-negative case-control study was conducted within the
InfluNet surveillance system. The study population consisted
of patients consulting a participating GP for an influenza-like
illness (ILI), defined according to the European Union case
definition [11]. A systematic sampling of the first 2 ILI patients
<65 years old that presented each week was used, whereas all
patients =265 years with ILI were sampled. A case of influenza
was defined as an ILI patient who was swabbed within 7 days
from symptoms onset and tested positive for influenza virus,
whereas controls were ILI patients who tested negative.

A subject was considered vaccinated if he received the
influenza vaccine more than 14 days from the ILI symptoms
onset. The GP interviewed the ILI patients using an on-line
standardized questionnaire, to collect both demographic (age
and sex) and clinical information, including date of symptoms
onset, vaccination status, vaccination date, vaccine brand,
influenza vaccination in any of the previous two seasons,
presence of underlying chronic conditions (including diabetes,
pulmonary and cardiovascular diseases, renal disease, cancer,
immunodeficiency), number of practitioner visits and number
of hospitalizations due to chronic conditions in the last year.

GP captured vaccination date and vaccine brand through
a process in which data were initially recorded on paper and
subsequently manually entered into a database. Vaccinated
subjects were identified only by GP medical records, and
patients did not receive any vaccination card.

The study period started at week 42-2018 (15th of October)
and ended at week 17-2019 (28th of April). All subjects gave
their informed consent to participate in the study, which was
approved by the ISS Ethics Committee on the 23rd of
November 2018.

2.3. Sample size

A case-control ratio of 1:1 was used for sample size considera-
tion; assuming 80% power and two-sided 95% confidence
levels, with a vaccination coverage of 5% for individuals aged
6 months-64 years, and 50% for elderly =65 years old. In this
setting, 1,140 subjects (570 cases and 570 controls) were
needed in each of the two younger age groups (6 months—
17 years or 18-64 years) to detect at least 62% IVE as statisti-
cally significant; 280 subjects (140 cases and 140 controls) aged
=65 years were needed to detect at least 50% IVE as statistically
significant. The overall reached sample size was 2,526 in line
with the expected value (2,560): 1,250, 1,082 and 194 in
6 months-17 years, 18-64 years and =65 years old respectively.

2.4. Statistical analysis

The primary objective was to estimate overall and age-specific
(6 months-17 years old, 18-64 and =65 years old) seasonal IVE



against medically attended laboratory-confirmed influenza.
The definition of the age groups was based on the approved
indications and recommendations of the commercial vaccines.
Crude and confounder-adjusted overall IVE were estimated as
(1-Odds Ratio) x100 by univariable and multivariable logistic
regression models. The following confounding variables, as
suggested by European Medicines Agency (EMA) and
European Center for Disease Prevention and Control (ECDC)
[5,6], were considered: age (modeled as categorical variable:
0-2, 3-4, 5-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69 and
=70 years old), sex, presence of chronic conditions, date of ILI
symptoms onset (modeled as a restricted cubic spline with
four knots), number of GP consultations (0, 1-5, >5) in the
previous year in order to document and control for access to
care, hospitalizations (0, =1) due to chronic conditions in the
previous 12 months (proxy of severity of the underlying con-
ditions), influenza vaccination in any of the previous two
seasons. Missing values were present for the number of GP
visits, number of hospitalizations and previous vaccinations
(ranging from 14% to 4%). However, results from preliminary
multivariable analyses performed in a subset of data without
missing values suggested that they did not affect the IVE
estimates and did not add any improvement in the goodness
of fit of the model; therefore, these variables were excluded
from the analyses in the final models. The secondary objective
was to estimate IVE by influenza virus subtype (A(H1N1), A
(H3N2)), and vaccine brand (Vaxigrip Tetra®, Fluarix Tetra®,
Fluad®) [5]. To evaluate IVE by age group, by virus subtype,
and by vaccine brand, models including an interaction term
between vaccination status and age group, virus subtype, and
vaccine brand were performed.

Statistical analysis was carried out using the Stata software,
version 15 (Stata Cooperation, College Station, Texas, USA).

3. Results

3.1. The 2018/19 influenza season in Italy:
epidemiological and virological characteristics

The influenza epidemic (according to the Moving Epidemic
Method developed by ECDC [12]), started at week 49-2018
(3rd-9th of December) and ended at week 12-2019 (18th-
24th of March). Considering the epidemiological surveillance
based on sentinel GPs, a total of 186,564 ILI cases (with
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a diagnosis of influenza not laboratory-confirmed) were col-
lected, coming from a population of about 1,366,788,
Therefore, reproportioning at the national level, the estimated
number of ILI cases was around 8 million, indicating a high
level of intensity for 2018/19 influenza season. The peak of
incidence rates of ILI cases (14 per 1,000 population) was
reached in week 5-2019 (28th of January-3rd of February)
(Figure 1(a)).

For virological surveillance, a total of 20,174 clinical samples
were collected at the national level and tested for the influenza
virus; 6,401 (31.7%) of them were positive for influenza virus,
showing a peak (47.1%) at week 6-2019 (4th-10th of February)
(Figure 1(a)). The 2018/19 influenza season was dominated by
type A viruses and characterized by the co-circulation of A
(HIN1)pdm09 and A(H3N2) subtypes (Figure 1(b)). Specifically,
6,392 (99.9%) were positive for influenza A viruses and 9 (0.1%)
for influenza B viruses. Among 5,924 subtyped influenza
A viruses, 2,969 (50.1%) were A(HINT)pdm09 and 2,955
(49.9%) were A(H3N2). Genetic analyses performed on 178
(6%) of the A(HIN1)pdmO09 viruses showed that they clustered
within the 6B.1A subclade, defined by the HA amino acid sub-
stitutions S74R, S164T and 1295V as compared to the vaccine
virus strain A/Michigan/45/2015 (6B.1 clade). The majority
(88.7%) of the sequenced viruses carried also the amino acid
substitution S183P, often with additional substitutions in the
HA including T185! and N129D. Genetic characterization of 276
(9.3%) A(H3N2) viruses highlighted that 195 (70.6%) fell in
subclade 3C2alb, 15 (5.4%) in subclade 3C.2a2, and 66
(24.0%) in clade 3C.3a.

3.2. Test-negative case-control study

The number of sentinel GPs participating in InfluNet, taking
throat swabs from ILI patients, was 245 covering 316,237
patients; the Italian population coverage was about 0.5%.
Within the test-negative case-control study, 2,655 indivi-
duals were enrolled, but in order to estimate seasonal IVE
against laboratory-confirmed influenza in a primary care set-
ting, 2,526 subjects were evaluated (Figure 2). The reasons and
the frequency to be excluded from this analysis were the
followings: 18 patients were outside the influenza season
window (only controls were detected), 11 were <6 months of
age, 39 were swabbed >7 days after ILI symptoms onset, 17
were partially vaccinated (vaccine administration <14 days

A (notsubtyped)

mA(HINL) |‘
llllll‘ ‘ |||'I--

WA[H3N2)
4243444546474849505152 1 2 3 4 5 6 7 8 91011121314151617
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Figure 1. Incidence rates of patients presenting with influenza-like illness by week of symptoms onset, and number of positive and negative influenza cases (Panel

a); influenza cases by virus subtypes (Panel b).
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Total IL cases

n=2,655

Excluded (n=129):

- outside of influenza season (n=18)

- <6 months of age at the symptoms onset (n=11)
- throat swabs >7 days afterILl onset(39)

- partially vaccinated (n=17)

- missing laboratory test forinfluenza (n=35)

- missing vaccination date (n=5)

- missing age (n=3)

- vaccinated with Intanza (n=1)

|
| EvaluatedILlcases

n=2,526

Influenza-negative Influenza-positive
controls cases
n=1,343 n=1,177

F(mm}pdmog (n=584)
A(H3N2) (n=576)
|Anot subtyped (n=14)

B (n=3)

Figure 2. Study flow-chart of the test-negative case-control study.

before symptoms onset), 43 had missing data (laboratory test
result, vaccination date, age), and 1 was immunized abroad
with a vaccine not licensed in Italy. Among 2,526 cases tested
for influenza virus, 1,177 were positive (46.6%). The highest
proportion of influenza cases was reported in the 6 months-
17 years age group (50.3%), followed by the 18-64 years
(42.2%), and the =65 years old (40.7%). The percentage of
positive tests were similar among GPs, since they have been
well trained and most of them have been participating in the
surveillance network for several years.

Among all enrolled subjects, only 8% were elderly; indeed,
ILI cases are usually less common in the elderly than in other
age groups, since vaccination uptake is much higher in sub-
jects =65 years old as compared to children and adults. This
was the reason for the systematic sampling of the first 2 ILI
patients <65 years old that presented each week, and of all
patients =65 years.

Most patients aged 18-64 years were infected by A(H1NT)
pdmQ9 virus (58.5%), whereas A(H3N2) type virus was predo-
minant among subjects aged 6 months-17 years and
=65 years old (54.5% and 59.0%, respectively). The proportion
of vaccinated subjects was 13.2%, 7.4% among patients aged
6-months-17 years, 10.4% among those aged 18-64 years, and
66.5% among people =65 years old. For the 2018/19 season,
three vaccine types were available in Italy, trivalent inactivated
vaccine (TIV), adjuvanted TIV (aTlV) and quadrivalent

Table 1. Influenza vaccines available in Italy for 2018/19 influenza season.

inactivated vaccine (QIV) (Table 1). Most subjects received
QIV (80.7%), followed by aTIV (18.4%) and TIV (0.9%). The
median age of subjects who were immunized with QIVs
(64.1% with Vaxigrip Tetra®, 35.9% with Fluarix Tetra®) and
aTlV was 49 and 75 years, respectively.

Participants profiles included in the IVE analysis are displayed
in Table 2 for all influenza A cases (n = 1,174), A(HIN1)pdm09
cases (n = 584), A(H3N2) cases (n = 576), and test-negative
controls (n = 1,349). Positive and negative influenza subjects
were similar for almost all the considered variables: 53% were
males, <9% were aged =65 years, 31% had chronic conditions,
<4% were hospitalized in the previous year, and 10% were
vaccinated in any of the previous two seasons. However, controls
were older (p = 0.001) and had more GP visits in the previous
12 months (p = 0.024) than cases.

3.3. Influenza vaccine effectiveness

After adjustment for all relevant covariates, vaccine effective-
ness was estimated to be 25.0% [95% confidence interval (CI):
0.4 to 43.6] against iliness caused by influenza A viruses, 44.8%
(95% Cl: 18.8 to 62.5) against A(HIN1)pdm09 and 1.8% (95%
Cl: —37.8 to 30.1) against A(H3N2) subtype (Table 3 and
Figure 3(a)). Vaccine effectiveness against A(H1N1)pdm09
decreased with age, as 65.7% (95% Cl: 27.5 to 83.8) was
found among children/adolescents aged 6 months-17 years,
37.1% (95% Cl: —8.2 to 63.4) among adults aged 18-64 years,
and 13.1% (95% Cl: —-105.2 to 63.2) among elderly aged
=65 years; a low effect against A(H3N2) virus subtype was
found only among adults (11.4%, 95% CI: —50.9 to 47.9). QIVs
and aTIV showed similar effectiveness in preventing influenza
caused by A viruses (22.6% and 21.4% respectively), however
among QIV Vaxigrip Tetra® presented a higher value (33.7%,
95 ClI: 2.5 to 53.6) compared to Fluarix Tetra® (3.8%, 95% Cl:
—50.7 to 38.6), particularly against A(HIN1)pdmQ9 (62.5% vs
24.5%) (Table 3 and Figure 3(b)). No evidence of protection
was detected in preventing influenza caused by A(H3N2) sub-
type using both Vaxigrip Tetra® and Fluarix Tetra® conversely
low effectiveness was found with Fluad® (35.2%, 95% Cl: -50.8
to 72.1). Overall, higher values of IVE were found with Vaxigrip
Tetra® compared to Fluarix Tetra® both among children/ado-
lescents (43.5% vs 7.9%) and adults (40.0% vs —11.9%); of note
very low values of IVE were observed with both QIVs (3.1%)
and aTIV (-1.1%) among elderly.

4. Discussion

Vaccination remains the best approach for preventing influenza
and its potentially serious complications, including those that

Brand name Manufacturer Type of vaccine Technical specifications Approved indication Number of vaccinees

Vaxigrip Tetra Sanofi Pasteur Qv Split-virion =6 months 166 (51.7%)

Fluarix Tetra GlaxoSmithKline Qv Split-virion =6 months 93 (29.0%)

Fluad Seqjirus atTlv Subunit =65 years 59 (18.4%)

Agrippal S1 Seqirus TIv Subunit =6 months 2 (0.6%)

Influpozzi Seqjirus TIv Subunit =6 months 1(0.3%)
Subunit

QIV, quadrivalent inactivated vaccine; TIV, trivalent inactivated vaccine, aTIV, MF59-adjuvanted TIV.
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Table 2. Characteristics of confirmed cases and corresponding test-negative controls included in the study, 2018/19 influenza season in Italy.

Cases Controls
Subtype A Subtype A Influenza
Type A (HINT) (H3N2) negative Cases vs Controls
Demographics and
clinical characteristics n % n % n % n % p-value
All 1,174 584 576 1,349
Age groups
6 months-17 years 628 535 283 485 339 58.8 620 46.0 0.001
18-64 years 467 39.8 269 46.0 191 33.2 614 45.5
=65 years 79 67 32 5.5 46 8.0 115 8.5
Sex
Male 627 534 306 524 316 54.9 722 535 0.954
Female 547 466 278 47.6 260 45.1 627 46.5
Underlying chronic conditions
Yes 372 317 153 26,2 215 37.3 411 30.5 0.509
No 802 683 431 73.8 361 62.7 938 69.5
Number of GP consultations in the last year
0 194 175 107 19.3 86 16.0 219 16.8 0.024
1-5 797 721 393 70.9 393 729 898 69.1
>5 115 104 54 9.8 60 11.1 183 14.1
Number of hospitalizations for chronic conditions in the last year
0 956 97.2 493 974 450 96.8 1,149 96.3 0.274
=1 28 28 13 2.6 15 3.2 44 3.7
Influenza vaccination in any of the previous two seasons
Yes 118 104 44 7.8 73 131 135 104 0.958
No 1,013 896 517 92.2 484 86.9 1,167 89.6
Influenza vaccination in the current season
Yes 147 125 50 8.6 96 16.7 187 13.9 0.322
No 1,027 875 534 914 480 833 1,162  86.1
Type of influenza vaccine
Qv 118 825 34 70.8 84 89.4 141 79.2 0.734
aTlv 24 168 13 27.1 10 10.6 35 19.7
TIv 1 0.7 1 2.1 0 0.0 2 1.1
Vaccine brand
Vaxigrip Tetra (QIV) 69 482 18 37.5 51 54.3 97 54.5 0.370
Fluarix Tetra (QIV) 49 343 16 333 33 35.1 44 24.7
Fluad (aTIV) 24 168 13 27.1 10 10.6 35 19.6
Agrippal S1 (TIV) 1 0.7 1 2.1 0 0.0 1 0.6
Influpozzi Subunit (TIV) 0 0.0 0 0.0 0 0.0 1 0.6

Chi-squared test was used to compare cases infected by influenza A viruses versus controls.
QIV, quadrivalent inactivated vaccine; TIV, trivalent inactivated vaccine, aTlV, adjuvanted TIV.

may result in hospitalization and death. However, the effective-
ness of seasonal influenza vaccine varies by season. Indeed, it
could be affected by several reasons including disease severity
level, the mismatch between the vaccine and the predominant
circulating virus strains, type of vaccine used, immunized popu-
lation. In particular, during seasons when the influenza vaccine is
not well matched to circulating influenza viruses, little or no
benefit from vaccination may be observed.

In the 2018/19 influenza season in ltaly, results suggest
that vaccines were moderately effective, with estimates vary-
ing depending on the patients’ age, virus subtype, and vac-
cine brand. Overall, QIV conferred moderate protection
against A(HTN1)pdm09 (49.1%) while lack of protection
against A(H3N2) was found. Good effectiveness was detected
only against A(H1N1)pdmQ9 in children/adolescents (65.7%)
and in subjects immunized with Vaxigrip Tetra® (62.5%),
whereas a mild benefit against infection caused by A(H3N2)
was found only among individuals who received Fluad®
(35.2%). Nevertheless, even though vaccination does not
always prevent influenza illness, it could drastically reduce
the risk of influenza-associated hospitalizations, protecting
against serious medical events associated with several
chronic conditions, particularly in the elderly [13].

Overall, the reason for the observed difference in IVE
between Vaxigrip Tetra® and Fluarix Tetra® remains unclear.
Based on drug technical sheets, both vaccines had the influ-
enza A and B virus strains recommended for the current
season (15 micrograms HA for each strain per one 0.5 ml
dose) and slight differences were reported in the list of exci-
pients. However, we do not have any information on the
manufacturing process and stability of the drug substance
that could affect IVE. Finally, we can not exclude that some
confounding variables not considered in the data analysis
could represent a potential bias.

Our findings are in line with the interim results recently
reported from six studies across Europe on IVE estimates among
all ages in primary care settings, which ranged between 32% and
43%; higher values were detected against A(HTN1)pdm09 (from
45% to 71%) compared to A(H3N2) (from —39% to 24%) [14]. In
the United States, the interim estimate of 47% vaccine effective-
ness against influenza A(H1N1)pdm09 in all age groups was simi-
lar to that observed in European countries [15], whereas higher
values were found in Canada (72%) [16] and Australia (78%) [17].

In the present season, a co-circulation of A(H1N1)pdmQ9
and A(H3N2) viruses was reported in Italy, with molecular
characteristics similar to influenza A viruses circulating in
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Table 3. Influenza vaccine effectiveness, 2018/19 season in Italy.

Vacc. cases  Unvacc. cases  Vacc. controls  Unvacc. controls  Crude IVE 95% Cl Adj. IVE 95% Cl
Virus type
A 147 1,027 187 1,162 1.1 -12.1 29.5 25.0 04 436
A(H1N1) 50 534 187 1,162 41.8 19.2 58.1 44.8 18.8 62.5
A(H3N2) 96 480 187 1,162 -24.3 -62.5 49 1.8 -37.8 301
Virus type by age groups
6 months-17 years
A 46 582 46 574 1.4 -50.8 355 226 -20.9 50.4
A(HIN1)pdm09 9 274 46 574 59.0 151 80.2 65.7 27.5 83.8
A(H3N2) 37 302 46 574 -52.9 -140.9 3.0 -13.4 —84.7 304
18-64 years
A 46 421 67 547 10.8 -32.6 40.0 31.0 =53 54.8
A(HIN1)pdm09 21 248 67 547 309 -15.4 58.6 37.1 -8.2 63.4
A(H3N2) 25 166 67 547 -23.0 -100.9 248 1.4 -50.9 47.9
=65 years
A 55 24 74 41 -27.0 -134.3 31.2 1.7 -92.2 49.8
A(HIN1)pdmo09 20 12 74 4 7.7 -107.8 59.0 13.1 -105.2  63.2
A(H3N2) 34 12 74 41 -57.0 —-2359 26.6 -16.7 -171.6 49.8
Virus type by vaccine type and brand
Qv
A 118 1,027 141 1,162 5.3 -22.6 269 226 -4.6 42.8
A(HINT)pdm09 34 534 141 1,162 47.5 22.6 64.4 50.3 234 67.7
A(H3N2) 84 480 141 1,162 -44.2 -92.8 -79 -7.8 -53.7 243
Vaxigrip Tetra (QIV)
A 69 1,027 97 1,162 19.5 -10.8 415 327 25 53.6
A(HIN1)pdm09 18 534 97 1,162 59.6 32.5 758 62.5 343 78.6
A(H3N2) 51 480 97 1,162 -27.3 -81.6 10.8 -4.8 -61.0 31.7
Fluarix Tetra (QIV)
A 49 1,027 44 1,162 —-26.0 -90.9 16.8 3.8 -50.7 38.6
A(HIN1)pdm09 16 534 44 1,162 209 -41.5 55.8 245 —40.6 59.6
A(H3N2) 33 480 44 1,162 -81.6 —188.7 -14.2 =129 =913 334
Fluad (aTIV)
A 24 1,027 35 1,162 224 -313 54.2 214 —49.5 58.7
A(HIN1)pdm09 13 534 35 1,162 19.2 -54.0 576 2.0 -116.8  55.8
A(H3N2) 10 480 35 1,162 30.8 -40.8 66.0 35.2 -50.8 72.1
Vaccine brand by age groups
6 months-17 years
Qv 44 582 44 574 14 —52.1 36.1 243 -20.1 523
Vaxigrip Tetra (QIV) 15 582 20 574 26.0 —45.9 62.5 435 -14.9 72.3
Fluarix Tetra (QIV) 29 582 24 574 -19.2 -107.2 315 79 —66.1 49.0
18-64 years
Qv 42 421 55 547 0.8 -51.2 34.9 283 -13.5 54.7
Vaxigrip Tetra (QIV) 27 421 44 547 203 -30.9 514 40.0 =29 65.0
Fluarix Tetra (QIV) 15 421 1 547 -77.2 —289.7 19.5 -11.9 -151.9 503
265 years
Qv 32 24 42 41 -30.2 —157.5 34.2 31 -105.7 54.3
Vaxigrip Tetra (QIV) 27 24 33 4 -39.8 -186.0 317 1.5 -1169 553
Fluarix Tetra (QIV) 5 24 9 41 5.1 -216.3 715 8.9 -233.2 75.1
Fluad (aTIV) 23 24 31 41 -26.7 —-165.1 394 -1.1 -1219 578

Vacg, vaccinated, Unvace, unvaccinated, Adj, adjusted. QIV, quadrivalent inactivated vaccine; aTIV, adjuvanted trivalent inactivated vaccine. Crude and adjusted IVE
were estimated using the univariable and multivariable logistic regression models. Confounding factors used for the adjusted estimates were sex, age, chronic

conditions, date of ILI symptoms onset.

other European countries [18]. In particular, although a degree
of molecular heterogeneity was observed among circulating A
(HTN1)pdm09 viruses, they maintained antigenic similarity to
the vaccine strain (A/Michigan/45/2015) as measured by
hemagglutination inhibition (HI) assays using post-infection
ferret antisera raised against the vaccine virus. However,
a lower reactivity of the circulating viruses with the HA
amino acid substitution $S183P was measured against post-
vaccination human antisera, that may have contributed to
the low IVE observed in elderly individuals [19]. The molecular
and phylogenetic analyses performed on the HA gene of A
(H3N2) viruses highlighted that they clustered mainly in the
3C.2a1b subclade (70.6%), with amino acid changes compared
to the vaccine strain (A/Singapore/INFIMH-16-0019/2016,
3C.2a1 subclade). In addition, the detection of A(H3N2) viruses
belonging to 3C2a2 subclade, although at low levels of

circulation, and the emergence of the antigenically distinct
3C.3a strains may explain the lack of effectiveness of the
vaccines in preventing influenza caused by A(H3N2) viruses.
Of note, a moderate IVE against A(H3N2) was measured in the
elderly immunized with Fluad®, thus providing further evi-
dence of the ability of adjuvanted vaccine formulation to
confer cross-protection against heterovariant influenza strains
[20,21]. Conversely, the low IVE detected against A(HTNT1)
pdm09 could be due to a potential bias by the previous
infection- and/or vaccination-derived immunity persisting
from one season to the next [22,23]. Hence, the integration
of virological data seems essential to interpret IVE results,
particularly when low IVE against a specific clade is found or
when several clades are circulating in the population. This
situation highlights the difficulties in accurately and timely
anticipating antigenic changes in influenza viruses for the
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Figure 3. Influenza vaccine effectiveness, 2018/19 season in Italy.

selection and subsequent inclusion of the proper antigenic
variants in the vaccine composition.

In interpreting our results, we need to consider some lim-
itations. The low number of subjects in some subgroups and
the consequent low statistical power resulted in wide confi-
dence intervals of the IVE estimates, which prevent to draw
definitive conclusions. Nevertheless, it is difficult to know the
sample size required to obtain robust and precise age-specific
IVE estimates by virus type and vaccine brand, as it depends
on many unknown factors, including influenza attack rates,
vaccination coverage, and distribution of vaccine brands.
A test-negative design has notable strengths in minimizing
misclassification of disease, using laboratory-confirmed influ-
enza as an outcome measure, and controlling for confounding
by healthcare-seeking behavior since study subjects are
patients who visit medical institutions due to ILI. However,
IVE is supposed to be the same in those who seek care for
ILI and in those who do not, assuming that both cases and
controls are likely to have the same extent of experience in
their exposure to influenza virus [24]. Further, limitations
potentially present in all observational studies include residual
confounding factors, despite we were able to collect the most
important known confounding variables [6]. Negative con-
founding may occur as high-risk groups are more likely to be
vaccinated and therefore reduce IVE, conversely, positive con-
founding may occur as a result of a ‘healthy vaccine effect’
leading to an increase of measured IVE [25]. Moreover, vaccine
coverage is low in frail elderly patients; consequently, there
may be relatively fewer severely ill patients in the exposed
group [26,27]. In addition, the increasing number of people
immunized against influenza annually has drawn attention on
the effect of repeated vaccination, since they could cause
either positive or negative interference [22,28].

The most important objective for the next season will be
the enhancement of the coverage in the Italian population, in
order to increase the sample size and therefore to obtain more
precise estimates, particularly by vaccine type and brand.
Moreover, another main aspect will be to reinforce the inte-
gration between epidemiological and virological data, improv-
ing the representative selection of clinical specimens for
genetic and antigenic analysis.
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5. Conclusions

Although vaccination remains the best tool for the preven-
tion of the influenza illness, in recent years the vaccine was
less effective against influenza A(H3N2) viruses [29,30].
Our findings confirm the need for effective interventions
against this virus subtype, such as the use of neuramini-
dase inhibitors to help prevent severe outcomes irrespec-
tive of vaccination status [31], and the use of new cell-
grown influenza vaccine, which may have an improved
match to circulating influenza strains as they avoid egg-
adaption issues [32].
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