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ABSTRACT

The 2024/2025 influenza season in Italy was characterised by cocirculation of influenza A and B viruses. Monitoring influenza
vaccine effectiveness (IVE) remains essential to guide public health policy due to antigenic shifts and varying strain circulation.
In this study, we aimed to estimate IVE in primary care and hospital settings during the 2024/2025 season in Italy. A nationwide
test-negative control design was used. Data were collected from the RespiVirNet surveillance system, encompassing both pri-
mary care and hospital settings. A total of 8842 participants were included in the primary care analysis and 2492 in the hospital
analysis. Adjusted vaccine effectiveness (aVE) against any influenza virus was 69.0% (95% CI: 60.4%-75.9%) in primary care and
62.3% (95% CI: 45.9%-74.2%) in hospital settings. Effectiveness was highest among individuals under 18 years and decreased with
age. Influenza B showed the highest aVE (83.6% in primary care; 95.0% in hospital settings), particularly among younger individ-
uals. aVE for influenza A subtypes was lower, with A HIN1pdmO09 (54.0% in primary care; 63.8% in hospital) and A H3N2 (60.1%
in primary care; 45.5% in hospital) showing moderate effectiveness. The results suggest that influenza vaccines were effective
in preventing medically attended influenza disease, both in primary care and hospital settings. These findings provide valuable
insights for public health planning and vaccine policy in Italy.

1 | Introduction exceptions, notably during the COVID-19 pandemic [3], influ-

enza epidemic seasons typically coincide with the cold months

Seasonal influenza remains a significant public health threat,
causing substantial morbidity and mortality [1]. Its epidemiol-
ogy is based on the ability of influenza viruses to change the
antigenic specificity of the surface glycoproteins, the haemag-
glutinin (H) and the neuraminidase (N), which may lead ei-
ther to minor (antigenic drift) or, sometimes, major (antigenic
shift) modifications, respectively responsible for epidemics and
pandemics. These changes enable the virus to evade human
humoral immunity, making individuals susceptible to infec-
tion despite prior exposure in previous seasons [2]. With few

in both the northern and southern hemispheres.

Seasonal flu vaccination is the best public health intervention
to prevent influenza-related sequelae, including death, and it
is considered cost-effective, despite suboptimal coverage [4].
Like natural immunity, antigenic variability affects the effec-
tiveness of influenza vaccines (IVE) across different sessions.
Consequently, the annual development of new vaccines is neces-
sary to target the most likely circulating strains [5]. As vaccine
composition is determined before the start of the season, it is
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essential to evaluate IVE each year to monitor their performance
in real-world scenarios [6]. During the 2024/2025 season in the
northern hemisphere, the World Health Organization (WHO)
recommended, for egg-based vaccines, the following influenza
virus strains: an A/Victoria/4897/2022 (HIN1)pdm09-like, an
A/Thailand/8/2022 (H3N2)-like and a B/Austria/1359417/2021
(B/Victoria lineage)-like virus for trivalent vaccines; for cell cul-
ture or recombinant-based vaccines, an A/Wisconsin/67/2022
(H1N1)pdmo09-like and an A/Massachusetts/18/2022 (H3N2)-
like virus, with the same influenza B virus component as for
egg-based vaccines. For both egg- and cell culture-, recombi-
nant protein— or nucleic acid-based vaccines, the WHO rec-
ommended inclusion of an additional B/Phuket/3073/2013 (B/
Yamagata lineage)-like virus for quadrivalent vaccines [7].

Interim vaccine effectiveness results from studies in the
European Union (EU) and in the United States during the
2024/2025 season suggest a moderate effectiveness of influenza
vaccine, higher for influenza B than for A HIN1pdmO09 or A
H3N2, and higher in the younger age groups [8, 9].

The EU studies were carried out in a context where the propor-
tion of influenza A cases (63%) was similar to that observed in
Italy at the end of the season (67%) [10], whereas in the United
States, the proportion of influenza A cases was significantly
higher (97%). Among influenza A cases, in Italy, we observed a
higher percentage of H3N2 cases (46% of all influenza A cases)
compared with EU countries participating in the studies (20%)
and slightly lower than the proportion observed in the United
States (52%). Either in the EU, in the United States and in Italy,
the majority of A HIN1pdmO09 viruses belonged to the 5a.2a
clade, and the majority of influenza A H3N2 viruses belonged
to the 2a.3a.1 clade. Equally, characterised influenza B viruses
in the EU countries and in Italy belonged to clade V1A.3a.2 [11].

The objective of this study was to estimate IVE in Italy for the
complete 2024/2025 epidemic season, in primary care and hos-
pital settings, providing evidence that will serve as guidance for
public health authorities.

2 | Methods
2.1 | Data Source

Data for this study were retrieved from the Italian respiratory
surveillance system (RespiVirNet) [12]. For the primary care
analysis, we used the sentinel surveillance system, which is
based on the voluntary participation of 404 general practitioners
and paediatricians. During the season, clinicians are asked to
test a sample of the patients that they see meeting the influenza-
like illness (ILI) case definition. There is no indication on how
the sample should be selected, leaving that decision at the clini-
cian's judgment. Despite being a national surveillance system,
there is in an unequal distribution of participating clinicians
across the Italian regions (see Table S1).

For the hospital analysis, we used data from the Italian labo-
ratory network (RespiVirNet). This network of 27 regional
laboratories collects data on all tests for influenza and other re-
spiratory viruses and sends the information to the laboratory of

the WHO National Influenza Centre at the ISS (NIC-ISS) [13].
Table S2 shows the number of tests processed in each Italian
region during the season.

Data collected included region, age, sex, symptom onset date, co-
morbidities, vaccination status (date and type), antiviral therapy,
epidemiological week and laboratory diagnostic test results (date,
method and outcome). The diagnostic methods were based on
real-time polymerase chain reaction (RT-PCR) assays. Further
strain characterisation was carried out by the RespiVirNet labo-
ratory network and by the NIC-ISS, for influenza A HIN1pdmO09,
A H3N2 and influenza B/Victoria lineage. The B/Yamagata lin-
eage has not been detected since March 2020.

2.2 | Study Design, Enrolment Criteria

A test-negative study was conducted to estimate IVE in Italy
during the 2024-2025 epidemic season. In the primary care set-
ting, participants are recruited among patients seeking healthcare
for ILI. The inclusion criteria for the study were to seek consulta-
tion from a practitioner with Influenza-like illness (ILI) symp-
toms from Week 46 of 2024 to Week 17 of 2025, having a nasal
or throat mucus sample within 7days after symptom onset and a
registered vaccination status. The Italian respiratory surveillance
protocol uses the ILI case-definition proposed by the European
Centre for Disease Prevention and Control (ECDC) in concor-
dance with the Decision of the EU Commission 2018/945 [14].

In the hospital setting, the network of laboratories sends test
results and key variable information on those being tested for
influenza in-hospital.

In both settings, participants are classified as cases or controls
based on the result of a laboratory-confirmed influenza diagnos-
tic test. IVE is then estimated by calculating one minus the odds
ratio of vaccination (OR , ) between the two groups [15].

Participants were excluded if they had received vaccination less
than 15days before symptom onset, were vaccinated before the
start of the seasonal vaccination campaign, were tested more
than 7days after symptom onset, or were under 6 months of age
(ineligible for vaccination).

2.3 | Statistical Analysis

Basic epidemiologic measures, including case and control counts
and rates, were calculated per influenza strain and epidemic
week. A descriptive stratified analysis was performed according
to case and control status and, for cases, by influenza strain.

For the multivariable analysis, we drew a directed acyclic graph
(DAG) illustrating the causal framework of the study to ascer-
tain the possible confounders and effect modifiers in the asso-
ciation between vaccination and influenza infection in primary
care and hospital settings (Figure 1). Logistic regression models
were used to obtain adjusted OR ,_ in cases (both overall and
by influenza strain) compared to controls, including potential
confounders such as sex, age group, calendar time (week), vac-
cination in the previous season, and comorbidities as covariates.
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OR,,. by age group (i.e., <18, 18-64 and 65+years) were ob-
tained including into the models an interaction term between
age group and influenza test result. IVE was estimated by calcu-
lating 1 minus the OR .. All statistical analyses were performed
using the R statistical software, version 4.5.0 [16].

3 | Results

After exclusions, we included 8842 participants in the analysis
of IVE in primary care settings and 2492 in the analysis of

HS

A VO S T C

D Controlled by design

[] Added as an interaction term

|:| Controlled in multivariable analysis
FIGURE1 | DAG of the causal framework of the study. HS =health-
care seeking behaviour, V =flu vaccination status, I =influenza detect-

ed, A=age, VO=previous flu vaccination status, S=sex, T=calendar
time, C =comorbidities.

IVE in hospital settings (Figure 2). Among included partici-
pants in the primary care setting, 3187 (36%) tested positive
for influenza. Of these, 53% tested positive for influenza A
(28% for HIN1pdmO09, 23% for H3N2, and 2% were not char-
acterised) and 47% tested positive for influenza B. In the hos-
pital setting, 696 (28%) tested positive for influenza. Of these,
76% tested positive for influenza A (31% for HIN1pdmO09, 42%
for H3N2, and 3% were not typified) (Table 1). Among study
participants, the ILI peak occurred in Week 4 of 2025. The
highest influenza positivity rate was observed in Week 4 of
2025 at 40.2% (Figure 3).

Among participants attending primary care, those positive for
influenza B were more likely to be <18years of age and to not
have chronic conditions compared with those testing positive
for influenza A or testing negative. There were no substantial
differences by sex and interval onset to swab. Cases were less
likely to be vaccinated both in the 2024/2025 season and in the
previous 2years.

In hospital settings, influenza B cases were the youngest
compared with influenza A cases and those testing negative.
Influenza A cases were older than those testing negative and
more likely to have chronic conditions. Also in this setting, cases
were less likely to be vaccinated.

3.1 | Vaccine Effectiveness

In the primary care setting, overall adjusted vaccine effec-
tiveness (aVE) against any influenza virus was 69.0% (95%
confidence interval [CI]: 60.4%-75.9%) (Table 2 and Figure 4).
Effectiveness was higher in the <18 age group (aVE: 73.8%; 95%

Overall records = 56, 063

I

" v
Primary care . "
*Y Hospital setting
setting
Total records = Totalrecords =
Records with missing 10,825 45,238 Records with missing information on
information on exposure or exposure or adjusting covariates=
adjusting covariates= 41,951 (92.7%)
1(0.0%)
Complete data = Complete data =
Excluded: 1,982 (18.3% Excluded: 796 (24.2%
xelude FEE 10,824 3,288 SRS

1. Duplicates: 68 (0.6%) 1. Duplicates: 20 (0.6%)
2. Tested 7 days or more from 2. Tested 7 days or more from symptom

symptom onset: 396 (3.7%) onset: 254 (7.7%)
3. Less than 6 months of age: 161 3. Less than 6 months of age: 218 (6.6%)

(1.5%) 4. Notvaccinated during the campaign: 276
4. Notvaccinated during the — —Y (8.4%)

campaign: 1,243 (11.5%) Participants Participants 5. Vaccinated less than 15 days before
5. Vaccinated less than 15 days included = 8,842 included = 2,492 symptom onset: 28 (0.9%)

before symptom onset: 114

(1.1%)

i _ Tested negative for
Tested positive for Tested negative for Tested positive for flu=1,796
flu=3,187 flu = 5,655 flu = 696
FIGURE2 | Flowchart of participants of the study.
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TABLE1 | Characteristics of the participants included in the study.

Influenza test positive (n=3187)

Influenza Influenza A Influenza A
test negative H1N1pdmo09 Influenza A H3N2 no subtype Influenza B
(n=5655) n (%) (n=889) n (%) (n=743) n (%) (n=58) n (%) (n=1497) n (%)
Age; median (IQR) 21 (5, 45) 19 (5, 49) 19 (5, 39) 38 (4, 56) 12(7,32)
Age group (years)
<18 2697 (48%) 440 (49%) 362 (49%) 23 (40%) 946 (63%)
18-64 2634 (47%) 413 (46%) 348 (47%) 30 (52%) 540 (36%)
65+ 324 (5.7%) 36 (4.0%) 33 (4.4%) 5(8.6%) 11 (0.7%)
Sex
Female 2958 (52%) 454 (51%) 364 (49%) 27 (47%) 734 (49%)
Male 2697 (48%) 435 (49%) 379 (51%) 31 (53%) 763 (51%)
Chronic conditions
No 4934 (87%) 795 (89%) 662 (89%) 47 (81%) 1396 (93%)
Yes 721 (13%) 94 (11%) 81 (11%) 11 (19%) 101 (6.7%)
Interval onset to swab (days)
0-1 1568 (28%) 235 (26%) 213 (29%) 13 (22%) 289 (19%)
2-4 3444 (61%) 568 (64%) 475 (64%) 37 (64%) 1010 (67%)
5-7 643 (11%) 86 (9.7%) 55 (7.4%) 8 (14%) 198 (13%)
Vaccination status
2024-2025 season
No 5087 (90%) 838 (94%) 702 (94%) 54 (93%) 1472 (98%)
Yes 568 (10%) 51 (5.7%) 41 (5.5%) 4(6.9%) 25 (1.7%)
2023-2024 season
No 4788 (85%) 785 (88%) 658 (89%) 47 (81%) 1387 (93%)
Yes 507 (9.0%) 60 (6.7%) 45 (6.1%) 5(8.6%) 29 (1.9%)
Unknown 360 (6.4%) 44 (4.9%) 40 (5.4%) 6 (10%) 81 (5.4%)
2022-2023 season
No 4816 (85%) 789 (89%) 655 (88%) 50 (86%) 1371 (92%)
Yes 422 (7.5%) 52 (5.8%) 44 (5.9%) 2 (3.4%) 35(2.3%)
Unknown 417 (7.4%) 48 (5.4%) 44 (5.9%) 6 (10%) 91 (6.1%)
Target group for vaccination
No 3358 (59%) 549 (62%) 476 (64%) 33 (57%) 1099 (73%)
Yes 2296 (41%) 340 (38%) 267 (36%) 25 (43%) 398 (27%)
Unknown 1(<0.1%) 0(0%) 0(0%) 0(0%) 0(0%)
Hospital setting
Influenza test positive (n=696)
Influenza Influenza A Influenza A
test negative H1N1pdmo09 Influenza A H3N2 no subtype Influenza B
(n=1796) n (%) (n=218) n (%) (n=292) n (%) (n=20) n (%) (n=166) n (%)
Age; median (IQR) 15 (2, 61) 59 (7,77) 38 (4, 69) 47 (30, 54) 7(3,11)
Age group (years)
(Continues)
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TABLE1 | (Continued)

Hospital setting
Influenza test positive (n=696)
Influenza Influenza A Influenza A
test negative H1N1pdmo09 Influenza A H3N2 no subtype Influenza B
(n=1796) n (%) (n=218) n (%) (n=292) n (%) (n=20) n (%) (n=166) n (%)
<18 916 (51%) 72 (33%) 133 (46%) 3 (15%) 139 (84%)
18-64 482 (27%) 44 (20%) 68 (23%) 13 (65%) 20 (12%)
65+ 398 (22%) 102 (47%) 91 (31%) 4 (20%) 7 (4.2%)
Sex
Female 856 (48%) 113 (52%) 133 (46%) 10 (50%) 81 (49%)
Male 940 (52%) 105 (48%) 159 (54%) 10 (50%) 85 (51%)
Chronic conditions
No 902 (50%) 76 (35%) 132 (45%) 4(20%) 114 (69%)
Yes 712 (40%) 117 (54%) 146 (50%) 10 (50%) 37 (22%)
Unknown 182 (10%) 25(11%) 14 (4.8%) 6 (30%) 15 (9.0%)
Interval onset to swab (days)
0-1 699 (39%) 88 (40%) 93 (32%) 10 (50%) 43 (26%)
2-4 921 (51%) 88 (40%) 151 (52%) 7 (35%) 76 (46%)
5-7 176 (9.8%) 42 (19%) 48 (16%) 3(15%) 47 (28%)
Vaccination status
2024-2025 season
No 1568 (87%) 201 (92%) 265 (91%) 19 (95%) 165 (99%)
Yes 228 (13%) 17 (7.8%) 27(9.2%) 1 (5.0%) 1 (0.6%)
2023-2024 season
No 890 (50%) 102 (47%) 180 (62%) 12 (60%) 119 (72%)
Yes 157 (8.7%) 28 (13%) 28 (9.6%) 0(0%) 2(1.2%)
Unknown 749 (42%) 88 (40%) 84 (29%) 8 (40%) 45 (27%)
2022-2023 season
No 845 (47%) 91 (42%) 169 (58%) 12 (60%) 108 (65%)
Yes 132 (7.3%) 21 (9.6%) 26 (8.9%) 0(0%) 2(1.2%)
Unknown 819 (46%) 106 (49%) 97 (33%) 8 (40%) 56 (34%)
Target group for vaccination
No 725 (40%) 57 (26%) 83 (28%) 14 (70%) 64 (39%)
Yes 1043 (58%) 147 (67%) 206 (71%) 5(25%) 92 (55%)
Unknown 28 (1.6%) 14 (6.4%) 3(1.0%) 1(5.0%) 10 (6.0%)

Abbreviation: IQR =interquartile range.

CI: 64.0%-81.1%) and lowest in the 18-64 age group (57.7%; 95%
CI: 35.3%-72.3%), though the difference was not statistically
significant. Among influenza subtypes, overall aVE was signifi-
cantly higher for influenza B (83.6%; 95% CI: 74.9%-89.7%) than
for A HIN1pdm09 (54.0%; 95% CI: 33.8%-68.6%) (p < 0.001) and
for A H3N2 (60.1%; 95% CI: 41.1%-73.7%) (p =0.002). According
to age group and influenza subtype, the highest aVE was

observed in the <18 age group for influenza B (significantly
higher than in the 18-64 age group), in the 18-64 age group
for influenza A H3N2 and in those aged 65+ for influenza A
HIN1pdm09.

In the hospital setting, overall aVE against any influenza virus
was 62.3% (95% CI: 45.9%-74.2%) (Table 2 and Figure 4). A
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FIGURE 3 | Epidemic curve with the number of influenza-like illness among the study population by week of onset, influenza test and subtype.

Italy, 2024-2025.

decreased trend in aVE with age was observed in the hospital
setting, with the highest aVE against any influenza virus in
the <18 age group (79.1%; 95% CI: 59.4%-90.5%) and the low-
est in the 65+ (46.0%; 95% CI: 13.2%-66.4%), though differences
were not statistically significant. In this setting, aVE was higher
for influenza B (95%; 95% CI: 77%-99.7%) than for influenza
A HIN1pdmo09 (aVE: 63.8%; 95% CI: 37.7%-80.1%) (p=0.059)
and for influenza A H3N2 (aVE: 45.5%; 95% CI: 13.9%-66.5%)
(p=0.021).

4 | Discussion
4.1 | Summary of Findings

In Italy, during the 2024/2025 season people testing positive for
influenza in the primary care setting were 69% less likely to be
vaccinated than those testing negative. Vaccine effectiveness
was slightly lower (62.3%) in the hospital setting. This season,
vaccine effectiveness was higher for influenza B, which affected
predominantly those under 18years of age than for influenza
A H1N1pdmO9 or influenza A H3N2. We did not observe rel-
evant differences in vaccine effectiveness against influenza A
HIN1pdmO09 and influenza A H3N2.

4.2 | Comparison With Other Studies and Possible
Explanations

We found generally higher IVE estimates against any in-
fluenza than those reported in the interim results from the
United States or Canada [9, 17]. This could be at least partially
explained by the low levels of influenza B circulation in North
America with respect to Italy, as IVE was highest against
this type of influenza. In fact, our IVE estimates against A
HIN1pdmO09 and A H3N2 are in line with the interim re-
sults from Canada [17]. Our overall estimates are also gener-
ally higher than the interim reports in the European Union,
where we observed a similar cocirculation of influenza A and

influenza B virus [8]. We are unsure of the reasons behind
these differences in IVE, though it will be clearer once the
final estimates for the season in the EU are available. We did,
however, find similar patterns of IVE estimates by age and
subtype. Similarly to the 2024/2025 interim results from the
EU, Denmark, and the United Kingdom, we found a higher
IVE for influenza B than for influenza A [8, 9]. A higher ef-
fectiveness for influenza B was also observed during the
2022/2023 season in the EU [18]; and in the United States in
the 2023/2024 season [19]. This season, the circulating in-
fluenza B strains observed in Italy belonged to B/Victoria-
lineage, clade V.1A.3a.2, characterised by HA substitutions
A127T, P144L and K203R; within V1A.3a.2 clade, viruses fell
in the C.5 subclade defined by the additional D197E genetic
change. These matched the vaccine composition that could, at
least, partially explain the effectiveness observed. However,
there are possible factors that could also explain the higher ef-
fectiveness observed for influenza B. For example, this season
in Italy, influenza B affected almost exclusively people under
65years of age. It is possible that younger individuals, who are
less likely to be affected by chronic conditions, have a stronger
immune response to vaccination [20]. This might also explain
the decreasing trend in influenza effectiveness with increas-
ing age observed in the hospital setting.

With regards to A HIN1pdmO09 viruses, the majority belonged
to the 5a.2a clade, like during the 2023/2024 season and the
vaccine composition remained unchanged. This season we
found that the majority of 5a.2a viruses belonged to the sub-
clade C.1.9, characterised by the K169Q HA substitution. The
vaccine seemed to keep its moderate effectiveness against A
H1N1pdmO09, as the estimate we found this season in the pri-
mary care setting (54%) is similar to those reported the previ-
ous season in studies carried out in Italy and the EU (in both
cases around 50%) [21-23].

The A H3N2 viruses circulating in the 2024/2025 season be-
longed to the 2a.3a.1 clade, and particularly to the J.2 subclade,
characterised by the N122D and K276E HA mutations. As
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TABLE 2 | Crude and adjusted vaccine effectiveness against any influenza virus and by virus type and subtype. Overall and stratified by age

group in Italy, during the 2024/2025 season.

Primary care Age group (years) IVE (crude) 95% CI IVE (adj.)* 95% CI
Any influenza virus Total 64.7 56.9-71.2 69.0 60.4-75.9
<18 67.5 57.4-75.5 73.8 64.0-81.1
18-64 54.3 34.6-68.9 57.7 35.3-72.3
65+ 56.4 25.7-75.3 67.6 30.7-84.8
Influenza A H1IN1pdmO09 Total 45.5 27.5-59.9 54.0 33.8-68.6
<18 37.6 9.3-58.6 56.4 30.4-73.5
18-64 38.0 -3 t0 65.4 40.1 —12.1 to 68.0
65+ 71.6 34.5-89.6 75.1 17.6-92.5
Influenza A H3N2 Total 47.7 28.4-62.8 60.1 41.1-73.7
<18 50.1 22.4-69.7 61.9 36.3-78.4
18-64 56.3 18.5-79.5 65.4 25.5-83.9
65+ 19.0 —67.9 10 62.5 36.3 —84.5t0 78.0
Influenza B Total 84.8 77.7-90.1 83.6 74.9-89.7
<18 89.0 81.2-94.2 89.1 80.6-94.4
18-64 65.8 39.4-82.7 66.0 32.8-82.8
65+ 68.5 —24.7t095.2 82.4 —46.4t097.9
Hospital setting Age group (years) IVE (crude) 95% CI IVE (adj.)? 95% CI
Any influenza virus Total 51.3 33-65.4 62.3 45.9-74.2
<18 77.0 56.3-89.3 79.1 59.4-90.5
18-64 71.3 18.3-93.2 69.3 —3.7t090.9
65+ 40.4 9-61.7 46.0 13.2-66.4
Influenza A HIN1pdmoO09 Total 41.8 5.5-66.4 63.8 37.7-80.1
<18 49.2 —26.3t0 84.8 53.1 —24.4 10 86.5
18-64 — — — —
65+ 56.5 21.3-77.6 60.6 23.1-79.8
Influenza A H3N2 Total 29.9 —4.8 10 54.9 45.5 13.9-66.5
<18 73.2 34.6-91.9 73.0 32-92
18-64 37.2 —81.6 to 85.2 34.3 —128.9 to 81.2
65+ 16.1 —42.5t052.4 28.0 —30.7 to 60.3
Influenza B Total 95.8 81.3-99.8 95.0 77-99.7
<18 100.0 90-100 — —
18-64 — — — —
65+ 50.3 —195.6 t0 97.4 -9.2 —876.9 to 87.8

2Adjusted for age, sex, previous vaccination status, calendar time and presence of comorbidities.

reported by WHO, post-infection ferret antisera raised against
H3N2 vaccine viruses showed reduced reactivity against many
viruses circulating in the 2024/2025 season [24]. Despite the an-
tigenic difference between A H3N2 viruses in circulation and
the vaccine strains, and in concordance with results from the

EU and Canada, we did not observe relevant differences in alVE
between A HIN1pdmo09 and A H3N2 in the primary care setting
[8, 17]. We found, however, the lowest alVE against A H3N2 in
the hospital setting, though we lacked precision in the estimate
due to the low number of events.
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FIGURE 4 | Adjusted vaccine effectiveness against (adjusted for age, sex, previous vaccination status, calendar time and presence of comorbidi-
ties) any influenza virus, and by virus type and subtype. Overall and stratified by age group in Italy, during the 2024/2025 season.

4.3 | Strengths and Limitations

To estimate IVE in the primary care setting we used a well-
established sentinel system for virological surveillance, consist-
ing of general practitioners and pediatricians in an important
number of Italian regions [12]. Despite the large number of cli-
nicians across the country contributing to the primary care sur-
veillance network, our IVE estimates, especially in the stratified
analysis, lacked precision due to the low number of tests per-
formed. The lack of precision was more relevant for the hospital
setting analysis, despite a larger number of tests carried out, due
to limited data completeness in key variables preventing us from
including most of the records. Limitation of power also hindered
us from estimating IVE by vaccine type, which would have been
important to inform public health policy. Another limitation
is that we could not collect and link the single viral sequence

information/molecular characteristics to each participant en-
rolled in the study.

One advantage of the test-negative study design is that it
helps control for confounding factors related to healthcare-
seeking behaviour, a common issue in observational studies,
especially of generally non-severe illnesses. The fundamental
assumption is that the influenza vaccine influences the like-
lihood of influenza infections and/or hospitalisations, but not
the risk of acquiring other ILIs [25]. Although we included
in the multivariable analysis the main confounders (i.e., age
group, sex, presence of chronic conditions, previous vacci-
nation against influenza and calendar time), there may be a
residual bias due to unmeasured confounders such as those
related to socio-economic condition, social interaction and
household characteristics.
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5 | Conclusion

In Italy, during the 2024/2025 influenza season, the recom-
mended vaccines were effective in preventing influenza illness
requiring primary care and hospital attendance. Effectiveness
was higher against influenza B, which affected predominantly
younger individuals, than against influenza A. We did not find
relevant differences in vaccine effectiveness between influenza
A H1N1pdm09 and A H3N2, but results should be interpreted
with caution due to the lack of estimate precision.
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