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a b s t r a c t

Background: Influenza is a contagious respiratory viral infection with significant health and economic 
impacts, causing millions of cases and hundreds of thousands of deaths annually worldwide. In Italy, annual 
epidemics affect approximately 8 % of the population. Vaccination remains the most effective prevention 
strategy, yet coverage in Italy is low and consistently below the WHO-recommended threshold of 75 % in 
elderly. This study aims to analyze trends in influenza vaccination coverage in Italy from 1999/2000 to 
2023/2024 through joinpoint regression analysis.
Methods: Data on influenza vaccination coverage were obtained from the Italian Ministry of Health, cov
ering the general population and specific age groups. The analysis included data from the 1999/2000 season 
to the 2023/2024 season. Joinpoint regression was used to identify significant changes in coverage trends 
over time, calculating Annual Percentage Change (APC) and Average Annual Percent Change (AAPC).
Results: Coverages vary between and within age groups over the study period. The pediatric population 
showed the lowest values, never exceeding 10 % except for the COVID-19 pandemic years. Similar trends, 
albeit with higher coverage, were observed in the adult population. In the elderly population, the WHO 
target of 75 % was never reached, obtaining the highest value of 68.3 % in 2005/2006. Trends show in
creasing AAPC coverages for all groups except 15–17 years. During the pandemic, increases in coverages are 
observed in all age groups, but these decline towards pre-pandemic values during the following seasons.
Conclusions: Our study shows that vaccination coverage in Italy falls below target thresholds, particularly in high- 
risk age groups, with a significant decreasing trend observed in the years following the pandemic across almost all 
age groups. Despite the proven efficacy and safety of the vaccine, hesitancy has gained momentum in Italy, 
resulting in persistently low coverage rates. Our findings highlight the need for a multifaceted approach, including 
expanding free vaccination programs, implementing school-based initiatives, strengthening healthcare worker 
engagement, and enhancing public awareness campaigns. A coordinated national effort, led by the Ministry of 
Health, is essential to achieving higher coverage rates and reducing the burden of influenza.

© 2025 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by- 

nc-nd/4.0/).

Introduction

Influenza is a ubiquitous, acute, highly contagious respiratory 
viral infection with seasonal, epidemic, and pandemic patterns, with 
a significant health and economic impact [1–3]. Indeed, the World 

Health Organization (WHO) reported about 1 billion cases of influ
enza worldwide each year, with 3–5 million severe cases and 
290,000–650,000 deaths [4]. Similarly, the European Center for 
Disease Control (ECDC) estimates 4–50 million symptomatic cases of 
influenza occurring annually in Europe and from 15,000 to 70,000 
deaths due to influenza-related causes, mainly in people with un
derlying chronic conditions [5]. In Italy, as in the rest of Europe, 
influenza occurs with annual epidemics during the winter season, 
affecting, albeit with fluctuations, about 8 % of the population each 
year [6]. In this context, influenza represents a major public health 
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issue in terms of health and social costs, with an economic impact 
mainly associated with increased hospitalizations, healthcare needs, 
pharmaceutical expenditure, school and work absenteeism and loss 
of productivity [7]. 

Vaccination is the most effective and safest tool to prevent in
fluenza and reduce its complications [8]. Thus, vaccination coverage 
is the key indicator, as it provides information on the implementa
tion and the efficiency of the vaccination strategies and the ad
herence of the population. Despite the proven efficacy of influenza 
vaccines, coverages in Italy, as well as in many European Countries  
[9], remains below the threshold recommended by the WHO and the 
Italian National Vaccination Plan, both aiming at increasing influ
enza vaccination coverage of high-risk groups and to attain coverage 
of 75 % among elderly [10]. Similar trends are observed in other 
European countries, as reported by the annual ECDC influenza vac
cination survey, with low coverages reported for elderly, with a re
ported median VCR for 2023–24 season of 45.7 %, with only 
Denmark and Ireland reaching the > 75 % target [11]. 

Achieving and maintaining high vaccination coverage is therefore 
a public health priority to reduce the health and economic burden of 
influenza. Vaccination is free of charge in Italy for target categories, 
including patients with chronic diseases, people over 65 years of age 
and health workers, and efforts have been made in terms of orga
nizing vaccination campaign and publicizing the vaccination [12,13]. 
In this context, monitoring coverage trends is a useful tool for ana
lyzing the phenomenon providing accurate data to inform policy
makers and implement strategies to increase coverage [14–16]. The 
aim of this study is to describe the trends in influenza vaccination 
coverage in the Italian population from the season 1999/2000 to the 
season 2023/2024 through the joinpoint regression model. 

Methods 

Data collection 

Data on influenza vaccination coverage were extracted from the 
Italian Ministry of Health website as of October 2024 [17]. We con
sidered the period from the first season available – 1999/2000 (or 
more recent if data was unavailable) to 2023/2024 (last data avail
able). In our analysis we included coverage presented as the per
centage of the general population and the percentage of specific age 
groups vaccinated against influenza. We included all the groups 
available: < 2 years, 2–4 years, 5–8 years, 9–14 years, 15–17 years, 
18–44 years, 45–64 years and ≥65 years. Data availability varies by 
age groups: indeed, for the general population and elderly data were 
available since the season 1999/2000, while the data stratified for 
the other age groups were available from the season 2010/2011. 

Data analysis 

We tested the normality of residuals using the Shapiro-Wilk test. 
A Joinpoint regression was performed to describe changes in influ
enza vaccination coverage trends. Joinpoint is a regression model 
used to analyze temporal trend changes across many scientific fields, 
including vaccination [15,16,18–20]. This model identifies a point 
("joinpoint") where parameter shifts occur within a time series. We 
performed the analysis for each coverage indicator. We considered 
the year as the independent variable, while the vaccination coverage 
indicator, expressed as a percentage, as the dependent variable. 
Homoscedasticity was tested using the Breusch-Pagan test, which 
revealed heteroscedasticity only in the 65+ age group. To account for 
this, standard errors were calculated and incorporated using the 
“provided standard errors” option in the Joinpoint software. All the 
other age group presented constant variance (homoscedasticity) for 
coverage rates. Furthermore, the joinpoint model calculates the 
Annual Percentage Change (APC), indicating increases or decreases 

in vaccination coverage over time for each interval considered, and 
the Average Annual Percent Change (AAPC), a measure of the trend 
over the whole interval considered, computed as a weighted average 
of the APCs from the joinpoint model. A logarithmic transformation 
was applied to the annual vaccination percentages using the model 
ln(rate) = b × years, where years represents calendar years, b is the 
regression coefficient, and rate indicates vaccination prevalence. This 
transformation allows for the interpretation of Annual Percent 
Changes (APCs) and Average Annual Percent Changes (AAPCs) in 
terms of percentage variation. 

The software predicts a minimum of 0 to a maximum of 5 join
points, showing the presence of changes in the trend, considered 
significant when p  <  0.05. 

Furthermore, autocorrelation was examined with the Ljung-Box 
test; first-order autocorrelation was identified in the residuals of 
both the general population and the 65+ age group. Accordingly, the 
“first-order autocorrelated errors” option was applied in Joinpoint to 
address this issue. 

For the analysis we used the Joinpoint Trend Analysis Software 
5.0.2 – Desktop Version, available from the Surveillance Research 
Program of the US National Cancer Institute [21]. 

Results 

General population 

The trend of vaccination coverage in the general population 
shows variations over the period considered, with a minimum ob
served in 1999/2000 (10.5 %) and a maximum in 2020/2021 (23.7 %) 
(Table 1). Joinpoint analysis identified three changes in the trend, 
resulting in five intervals (Fig. 1 and Table 2). The first interval 
considered the seasons from 1999/2000 to 2003/2004, with a sig
nificant increase in coverage, up to 17.5 % (APC = +13.33 %, 95 %CI: 
9.06–23.27, p = 0.0008). From 2003/04 to 2009/10, the trend pla
teaued, with a non-significant increase in the APC of 1.34 % (95 % CI: 
–1.93–5.33, p = 0.3). From 2009/2010 to 2015/2016 we observed a 
significant reversal in the trend (APC = −6.08 %; 95 %CI: –11.30 to 
–3.82, p = 0.0076), with a reduction of coverage from 19.6 % in 2009/ 
2010 to 13.9 % in 2015/2016. Coverage increased significantly from 
2015/2016 to 2021/2022, with an observed APC of +8.49 % 
(95 %CI:6.25–14.67, p = 0.0084). We observed a peak (23.7 %) in 2020/ 
2021 season, corresponding to the onset of the COVID-19 pandemic. 
Finally, in the last trend between the 2021/2022 and 2023/2024 
season coverage declined again (non-significant) with an APC of 
−6.75 %. (95 %CI: –13.07–2.26, p = 0.14). During such period, coverage 
decreased to a minimum reached in the 2023/2024 season with a 
value of 18.9 %. 

Overall, from 1999/2000 to 2023/2024, there was an increase of 
coverage (AAPC = +2.33 %, 95 %CI: 1.75–3.00 %, p = 0.000000) 
(Table 3). This value indicates a positive trend despite the inter
mediate fluctuations in coverage, even though it never reached va
lues > 25 %. 

Coverage by age groups 

Pediatric population < 2 years 
Coverage ranged from a low of 1.1 % (2014/2015 and 2015/2016) 

to a high of 9.8 % (2023/2024) over the considered period (Table 1). 
The analysis showed 1 joinpoint in the 2015/2016 season (Fig. 2A 
and Table 2). Thus, from 2010/2011 to 2015/2016, we observed a 
significant decline in coverage (APC = −18.70 %; 95 %CI: −44.47 to 
–2.29, p = 0.02), followed by a significant increase from 2015/2016 to 
2023/2024 (APC= +36.99 %; 95 %CI: 24.94–61.04 p  <  0.0001). Overall, 
we observed an AAPC of +12.08 % (95 %CI: 5.84–18.66, < 0.000001) 
(Table 3). The most significant increase (from 2.8 % to 9.2 %, +228.6 %) 
is observed from 2019/2020 to the beginning of the COVID-19 
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pandemic (2020/2021). Coverages declined after this peak, albeit 
maintaining higher values than previous seasons. In 2023/2024 is 
observed a new peak, reaching the highest coverage in this age 
group. 

Pediatric population 2–4 years 
During the observed period, coverage ranged from 1.8 % (2014/ 

2015 and 2015/2016) to 19.0 % (2020/2021) (Table 1). The analysis 
identified 1 Joinpoint, dividing the trend into 2 intervals (Fig. 2B and  
Table 2). In particular, from 2010/2011 to 2015/2016, vaccination 
coverage showed a downward trend (APC = −18.48 %; 95 %CI: 
−54.72–2.65, p = 0.09), followed by a significative increase (APC = 
+36.99 %, 95 %CI: 22.59–87.03, p = 0.0012) until 2023/2024. An in
creasing AAPC of +12.20 % (95 %CI: 3.98–21.52, p = 0.002) was regis
tered during the entire period (Table 3). Also, in this case an 
important increase (+352.38 %) was registered during the season 

2020/2021, compared with the previous years (from 4.2 % to 19.0 %). 
However, coverage declined after the peak, albeit maintaining higher 
values than previous seasons. In 2023/2024 is observed a new 
peak (16.7 %). 

Pediatric population 5–8 years. During the observed period, coverage 
ranged from 1.8 % (2015/2016) to 22.6 % (2022/2023) (Table 1). One 
joinpoint was reported (Fig. 2C and Table 2). From 2010/2011 to 
2016/2017, vaccination coverage non significantly decreased (APC = 
−14.50 %, 95 %CI: −54.84–4.80, p = 0.13). Then, a significant increase is 
observed, with an APC of 43.58 % (95 %CI: 22.21–144.44, p  <  0.002). 
The AAPC showed a significant increase (+13.02 %, 95 %CI: 
4.00–23.33, p  <  0.003) (Table 3). The overall trend shows a 
variable pattern with an important increase during the season 
2020/2021, a spike in 2022/2023 season but generally decreasing 
in the next three years. 

Table 1 
Influenza vaccination coverages in Italy from 1999/2000 to 2023/2024 by age group.            

Season  < 2 years 2–4 years 5–8 years 9–14 years 15–17 years 18–44 years 45–64 years ≥65 years Overall  

1999/2000 - - - - - - -  40.7  10.5 
2000/2001 - - - - - - -  50.7  12.6 
2001/2002 - - - - - - -  55.2  14.1 
2002/2003 - - - - - - -  60.3  15.6 
2003/2004 - - - - - - -  63.4  17.5 
2004/2005 - - - - - - -  66.6  17.7 
2005/2006 - - - - - - -  68.3  19.4 
2006/2007 - - - - - - -  66.6  18.6 
2007/2008 - - - - - - -  64.9  18.4 
2008/2009 - - - - - - -  66.3  19.1 
2009/2010 - - - - - - -  65.6  19.6 
2010/2011 2.9 4.5 4.3 3.8 3.5 3.6 12.2  62.4  17.9 
2011/2012 2.2 4.2 4.5 3.3 3.6 3.4 12  62.7  17.8 
2012/2013 1.5 2.6 2.6 2 2.1 2.1 9  54.2  14.9 
2013/2014 1.3 2.5 2.6 2.1 2.3 2.5 9.5  55.4  15.6 
2014/2015 1.1 1.8 1.9 1.5 1.5 1.9 7.5  48.6  13.6 
2015/2016 1.1 1.8 1.8 1.4 1.6 1.8 7.7  49.9  13.9 
2016/2017 1.5 2.6 2.4 1.8 1.9 2.2 8.5  52  15.1 
2017/2018 1.4 2.4 2.2 1.8 2.5 2.2 8.7  52.7  15.3 
2018/2019 1.7 3.1 2.5 1.8 2.2 2.6 8.9  53.1  15.8 
2019/2020 2.8 4.2 3.1 1.9 1.9 3.1 9.6  54.6  16.8 
2020/2021 9.2 19 13.1 6 4.5 5.9 16.8  65.3  23.7 
2021/2022 7 17.4 12.2 4.4 2.5 4.2 13.7  58.1  20.5 
2022/2023 7.2 9.2 22.6 4.9 2.1 4.1 13.3  56.7  20.2 
2023/2024 9.8 16.7 11.7 4.6 1.9 3.7 11.8  53.3  18.9 

Fig. 1. Trend of vaccination coverage in the general population from 1999/2000 to 2023/2024. The year in the figure corresponds to the season of the same year and the following 
year. For example, the year 1999 corresponds to the season 1999/2000. *=statistical significance at p  <  0.05. 
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Pediatric population 9–14 years 
Coverage never exceeded 10 % throughout the period under 

consideration (maximum value of 6 % in 2020/2021) (Table 1). 
Joinpoint analysis identified two intervals (Fig. 2D and Table 2): we 
observed a significant decrease from 2010/2011 to 2015/2016 (APC = 
−18.72 %, 95 %CI: −34.34 to –7.73, p = 0.002), followed by a significant 
increase until 2023/2024 (APC = +20.26 %, 95 %CI: 12.87–32.65, 
p  <  0.0001). Overall, an AAPC of +3.43 % (95 %CI: −0.78–7.82, 
p = 0.104) is observed (Table 3). Also in this age group, coverage 
reached a higher value in the year of the COVID-19 pandemic out
break, with lower but stable values in the following three seasons, 
though higher than the previous period. 

Pediatric population 15–17 years 
The coverage of this age group is the lowest among all those 

analyzed, with values never exceeding 5 % during the period con
sidered (highest value of 4.5 % in 2020/2021) (Table 1). Three dif
ferent intervals are identified by the joinpoint analysis (Fig. 2E and  
Table 2): from 2010/2011 to 2014/2015 we observed a significant 
decreasing trend (APC = −20.79, 95 %CI: −39.60 to −8.77, 

p  <  0.00001). In the second interval, from 2014/2015 to 2020/2021 
an increasing trend was reported with a significative APC of +12.69 % 
(95 %CI: 5.20–39.56, p = 0.004). In the last interval, from 2020/2021 
to 2023/2024, a significant decrease was found, with an APC of 
−16.25 % (95 %CI: −37.44 to –1.42, p = 0.02). 

The AAPC, unlike the previous ones, presents a negative trend of 
−5.58 % (95 %CI: −9.35–2.07, p = 0.002) (Table 3). Like the other age 
groups, also in this case the peak was reached during the onset of the 
COVID-19 pandemic, with a reduction of coverage in the following 
seasons. 

Adult population 18–44 years 
The highest coverage was recorded in 2020/2021 (5.9 %), with an 

increase (+90.3 %) compared to the season 2019/2020 (3.1 %). 
Conversely, the lowest value was reported in 2015/2016 (1.8 %) 
(Table 1). From 2010/2011 to 2015/2016, vaccination coverage 
showed a significant decrease (APC = −14.50 %, 95 %CI: −35.92 to 
−4.01, p = 0.02). 

Then, from 2015/2016 to 2020/2021, an upward trend is observed 
(APC = +22.68, 95 %CI: 8.46–52.74, p = 0.02) (Fig. 3A and Table 2). 

Table 2 
Annual percentage change (APC) by age group.          

Age group Lower year Upper year APC LCI UCI  p value   

< 2 years 2010/2011 2015/2016  −18.7030*  −44.4786  −2.2960 – 0.027994 
2015/2016 2023/2024  36.9969*  24.9450  61.0438 –  < 0.000001 

2–4 years 2010/2011 2015/2016  −18.4807  −54.7265  2.6547 – 0.092781 
2015/2016 2023/2024  36.9971*  22.5984  87.0302 – 0.001200 

5–8 years 2010/2011 2016/2017  −14.5076  −54.8460  4.8085 – 0.134773 
2016/2017 2023/2024  43.5853*  22.2161  144.4444 – 0.002000 

9–14 years 2010/2011 2015/2016  −18.7276*  −34.3413  −7.7351 – 0.002000 
2015/2016 2023/2024  20.2634*  12.8742  32.6520 –  < 0.000001 

15–17 years 2010/2011 2014/2015  −20.7916*  −39.6029  −8.7725 –  < 0.000001 
2014/2015 2020/2021  12.6943*  5.2039  39.5647 – 0.004799 
2020/2021 2023/2024  −16.2543*  −37.4446  −1.4295 – 0.023995 

18–44 years 2010/2011 2015/2016  −14.5056*  −35.9253  −4.0123 – 0.021196 
2015/2016 2020/2021  22.6873*  8.4610  52.7461 – 0.023995 
2020/2021 2023/2024  −6.2543  −34.0649  10.2605 – 0.372725 

45–64 years 2010/2011 2014/2015  −12.4021*  −31.2125  −1.4429 – 0.018396 
2014/2015 2023/2024  7.4306*  3.6277  19.2631 – 0.001200  

> 65 1999/2000 2003/2004  10.7565*  7.5367  18.4444 – 0.000000 
2003/2004 2009/2010  0.0219  −1.5388  1.9664 – 0.957009 
2009/2010 2015/2016  −5.1659*  −9.5392  −3.7753 – 0.002400 
2015/2016 2020/2021  4.9132*  2.9664  10.0903 – 0.002799 
2020/2021 2023/2024  −4.2977*  −10.5785  −1.2464 – 0.004799 

General population 1999/2000 2003/2004  13.3353*  9.0626  23.2763 – 0.000800 
2003/2004 2009/2010  1.3451  −1.9372  5.3308 – 0.329534 
2009/2010 2015/2016  −6.0824*  −11.3052  −3.8230  0.007598 
2015/2016 2021/2022  8.4987*  6.2510  14.6755  0.008398 
2021/2022 2023/2024  −6.7511  −13.0799  2.2660  0.140772 

APC = Annual Percentage Change 
LCI = lower confidence interval 
UCI = upper confidence interval  

* =statistical significance at p  <  0.05.  

Table 3 
Average annual percentage change by age group.         

Age group Lower season Upper season AAPC LCI UCI p value   

< 2 years 2010/2011 2023/2024  12.0838*  5.8441  18.6663  < 0.000001 
2–4 years 2010/2011 2023/2024  12.2017*  3.9813  21.5229 0.002400 
5–8 years 2010/2011 2023/2024  13.0263*  4.0015  23.3338 0.003999 
9–14 years 2010/2011 2023/2024  3.4369  −0.7829  7.8240 0.104779 
15–17 years 2010/2011 2023/2024  −5.5875*  −9.3594  −2.0769 0.002000 
18–44 years 2010/2011 2023/2024  0.3467  −4.1161  3.8136 0.891822 
45–64 years 2010/2011 2023/2024  0.8918  −2.0713  4.2045 0.469906  
> 65 1999/2000 2023/2024  0.8358*  0.3554  1.4401 0.003199 
General population 1999/2000 2023/2024  2.3351*  1.7559  3.0064 0.000000 

AAPC = Average Annual Percentage Change 
LCI = lower confidence interval 
UCI = upper confidence interval  

* =statistical significance at p  <  0.05.  
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Finally, from 2020/2021 to 2023/2024, a decreasing trend is ob
served (APC=-6.25 %, 95 %CI: −34.06–10.26, p = 0.37). Overall, an in
creasing AAPC (0.34 %, 95 %CI: −4.11–3.81, p = 0.89) is observed. Also 
in this age group, coverage reached a higher value in the year of the 
COVID-19 pandemic. A progressive reduction in coverage was ob
served in the next three seasons, although the values were higher 
than in the pre-pandemic period. 

Adult population 45–64 years 
Coverage ranged from a low of 7.5 % in 2014/2015 to a high of 

16.8 % in 2020/2021 (Table 1). Joinpoint analysis showed an initial 
trend from 2010/2011 to 2014/2015 characterized by a significant 
reduction in coverage (APC = −12.40 %, 95 %CI: −31.21 to –1.44, 
p = 0.01), followed by a significative increase until 2023/2024 (APC = 
+7.43 %, 95 %CI: 3.62–19.26, p = 0.0012) (Fig. 3B and Table 2). The 
AAPC highlighted a non-significant increase of +0.89 % (95 %CI: 
−2.07–4.20, p = 0.46) (Table 3). After the pandemic, coverage 

decreased, reporting, however, higher values than in the seasons 
prior to 2020. 

Elderly population (≥65 years) 
The lowest coverage was observed in 1999/2000 (40.7 %) while 

the highest in 2005/2006 (68.3 %) (Table 1). The analysis highlights 5 
joinpoints (Fig. 4 and Table 2). In the first interval, from 1999/2000 to 
2003/2004, a significant increase in coverage was reported (+10.75 %, 
95 % CI: 7.53–18.44, p = 0.0000). Subsequently, from 2003/2004 to 
2009/2010, coverage continued to increase, albeit with a not sig
nificant trend (APC = +0.02, 95 %CI: –1.53–1.96, p = 0.95). Then, from 
2009/2010 to 2015/2016 a significant decrease of coverage was re
ported, with an APC of −5.16 % (95 %CI: −9.53 to –3.77, p = 0.0024). 
Then, the trend increased significantly in the interval from 2015/ 
2016 to 2020/2021, with an APC of +4.91 % (95 %CI: 2.96–10.09, 
p = 0.0028). In the last interval from 2020/2021 to 2023/2024, a 
significant downward trend was observed, with an APC of −4.29 % 

Fig. 2. Trend of vaccination coverage in the pediatric population by age group from 2010/2011 to 2023/2024. The year in the figure corresponds to the season of the same year and 
the following year. For example, the year 2009 corresponds to the season 2009/2010. *=statistical significance at p  <  0.05. 
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(95CI%: –10.57 to –1.24, p = 0.0048). Overall, there was a significant 
increase in coverage, with an AAPC of +0.83 % (95 %CI: 0.35–1.44, 
p = 0.003) (Table 3). 

Discussion 

Our study describes trends in influenza vaccination coverage in 
Italy by age group from 1999/2000 to 2023/2024. In particular, the 
analysis shows low adherence to influenza vaccination among the 
population, albeit with differences by age group. In fact, despite the 
proven efficacy and safety of vaccines [22], coverage never reaches 
the recommended minimum coverage of 75 % and the optimal value 
of 95 % in elderly and at-risk populations [23,24]. Similarly, coverage 
in the general population remains low, with values never ex
ceeding 25 %. 

This data aligns with recent European trends, where vaccination 
coverage often falls short of targets. The ECDC’s survey confirms that 
most European countries have struggled to meet these targets in the 
past three years, with only minor fluctuations. Compared to 
southern European countries like Spain and Portugal, Italy reports 
lower rates of vaccination for > 65, as Portugal surpassed 65 % and 
met the target in 2020/21. Similarly, northern countries such as 

Ireland, Sweden, Norway, Finland, and Denmark generally exceed 
65 %. Italy performs similarly to central European nations like France 
(57 %, 54 %, and 56 % in 2020–22), Germany (43 % in 2020), and 
Luxembourg (< 50 %) [11]. In Italy, persistent low vaccination uptake 
is linked to distrust and lack of awareness, a long-standing issue, and 
while the pandemic temporarily boosted coverage, Italy still lags 
behind countries like Spain and Norway, where hesitancy is more 
linked to perceived lack of necessity than distrust [25–27]. In Italy, 
the vaccination is offered free of charge to specific population 
groups. Although the Ministry’s circulars are updated annually, the 
inclusion criteria for receiving the vaccination free of charge remain 
largely unchanged, and include, among others, age over 65 (since the 
pandemic it has been lowered to 60), pregnant women, people with 
frailties and chronic diseases, children aged 6 months - 6 years, 
healthcare workers and workers in other sectors considered to be at 
risk [28]. 

Several studies have shown that vaccination, both in healthy and 
at-risk populations, can significantly reduce the risk of death and 
complications [29–32], as well as reduce the occurrence of major 
diseases, representing a key tool to protect the health of the popu
lation. Likewise, vaccination reduces viral spread, with an important 
economic impact on society [33]. For example, vaccination of 

Fig. 3. Trend of vaccination coverage in the adult population by age group from 2010/2011 to 2023/2024. The year in the figure corresponds to the season of the same year and the 
following year. For example, the year 2009 corresponds to the season 2009/2010. *=statistical significance at p  <  0.05. 

Fig. 4. Trend of vaccination coverage in the elderly population from 1999/2000 to 2023/2024. The year in the figure corresponds to the season of the same year and the following 
year. For example, the year 1999 corresponds to the season 1999/2000. *=statistical significance at p  <  0.05. 
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children has been shown to significantly reduce hospitalizations, as 
well as direct costs related to caregiving, and indirect costs related to 
absenteeism from work and subsequent loss of productivity of par
ents [7]. Our analysis of children and adolescents is, however, limited 
to data from 2010 onward even if the low vaccine uptake observed 
aligns with previous findings in Italy and other European countries. 
For example, during the 2006/07 and 2007/08 seasons, uptake was 
below 20 % in eleven European countries, including Italy [34]. While 
vaccination behaviors may have evolved due to changing public 
health policies and parental attitudes, historical data to confirm this 
is lacking. Despite efforts since 2000 to expand vaccination pro
grams and reassure parents, our data show that coverage has re
mained low in the last fifteen years [35–37]. 

Several elements may explain the fluctuating and, in any case, 
always suboptimal coverage trends, with extremely low values for 
some age groups (for children < 2 years old, coverage never exceeds 
10 %, and before the COVID-19 pandemic it was stably between 1 % 
and 2 %). Various cultural, political, communicational, and scientific 
factors, in fact, can cause distrust and skepticism about vaccination, 
fueling vaccine hesitancy [38–40]. Other factors, however, such as 
health emergencies, can lead to increases or decreases in coverage 
for specific vaccinations [41–44]. For example, our study shows that 
during the 2012/2013 season, a decline in coverage is observed in all 
age groups (-42.5 % in children 5–8 years old, −13.6 % in the popu
lation > 65 years old, and −16.3 % overall), and similarly in the 2014/ 
15 season (-26.9 % in children 5–8 years old, −12.28 % in the popu
lation > 65 years old, and −12.8 % overall), when the “Fluad Case” 
happened. In both cases a withdrawal of vaccine batches from the 
market happened. While official health authorities communicated 
that the withdrawal was precautionary, media coverage and public 
perception may have amplified fears, leading to a broader loss of 
confidence in influenza vaccination [45,46]. 

These events might have had a negative impact on the vaccina
tion campaign, increasing distrust and fear of a type of vaccination 
usually perceived as less important [47–49]. 

Another point to be made is regarding the Italian economic crisis 
and austerity during the period between 2010 and 2015. As well 
documented, the austerity policies led to significant budget reduc
tions in public health spending, decreased access to healthcare ser
vices, and lower influenza vaccination rates among the general 
population and the elderly in Italy [50–52]. 

On the other hand, events such as public health emergencies, and 
specifically COVID-19, can impact vaccination coverage [42,53–55] both 
positively and negatively, so much so that our study shows increases in 
all age groups, with peaks of +322 % in children 5–8 years, +19.6 % in the 
over-65s, and +41.1 % in the general population. During the COVID-19 
season the awareness and perceived risk regarding respiratory infections 
and their potential severity increased, leading to a better understanding 
of the importance of vaccination. These increases, which could be linked 
to the fear of infection and co-infection, can also be attributed to the 
public health measures implemented: among them, free influenza vac
cination might have especially contributed to the pediatric population  
[14]. Furthermore, during the pandemic, large-scale public health cam
paigns were heavily funded by the Italian Ministry of Health, including 
traditional media, social media, advertising, and the involvement of 
public figures as testimonials. Finally, the coadministration of the in
fluenza and COVID-19 vaccines also facilitated higher uptake of both 
vaccines [56–58]. 

However, as the analysis showed, after COVID-19, coverage 
plummeted again, in many cases to the same pre-pandemic values. 
This scenario highlights how the belief related to the usefulness of 
influenza vaccination has failed to take root, although in some age 
groups coverage has declined but remains higher than pre-pandemic 
values [59]. 

The results presented in our study highlight the need for targeted 
public health actions. Among these, proper communication and 

information to the population play a key role. For example, the 
Ministry of Health has organized various campaigns to increase 
vaccination uptake, such as the “Flu Fighters” campaign by the ISS 
and “Influenza nelle scuole: prevenire è proteggere” by SIP for 
children. In addition to the institutional level, healthcare workers 
(HCWs) also play a key role in patient communication and health 
education [48]. 

Often, HCWs express doubts about the usefulness of influenza 
vaccination, highlighted by low coverages among this population in 
Italy [60–65]. This evidence is alarming, considering the HCWs key 
role in increasing awareness and convincing the population to vac
cinate [66–68]. It is essential to implement specific training pro
grams for HCWs, starting as early as university courses, to increase 
awareness and knowledge [65,69,70]. 

Another key factors to be kept in consideration, is the spread of 
misinformation and fake news related to vaccination. Studies have 
shown that misinformation on social media can significantly affect 
public sentiment and behavior, leading to decreased vaccine accep
tance. During the pandemic, this phenomenon was exacerbated, 
highlighting the importance of reliable information sources, since 
false claims and fake news ref spread via social media lead to an 
“infodemic crisis” [71–75]. Also, historically in Italy the contrasting 
political communication and misinformation has caused public 
disorientation, leading to fluctuating opinions and behaviors re
garding vaccination [76]. Additionally, regional disparities in Italy 
affect vaccination access and trust, with northern Italy having better 
healthcare infrastructure and a general better vaccine health literacy, 
when compared to southern Italy regions [77,78]. 

A key public health action is to promote policies that can boost 
vaccination adherence. As demonstrated by the successful COVID-19 
vaccination campaign, higher coverage rates are achievable, and 
vaccination campaigns, similar to the successful COVID-19 cam
paign, should be funded annually. Furthermore, the extension of free 
vaccination, implemented during the COVID-19 pandemic, proved to 
be an important factor. However, despite its relevant achievements, 
this initiative has not been replicated, even if the evidence that the 
costs associated with influenza each year far exceed those associated 
with extending free vaccination [79–81]. Direct and indirect costs for 
influenza are, indeed, high and significantly impact the healthcare 
systems [82,83]. Influenza vaccination is proven to be a cost-effec
tive measure and extending free vaccination to all could be bene
ficial in both health and economic terms [84]. In any case, it is 
appropriate to continue to assess, through HTA methodologies, the 
overall impact of vaccination in order to provide evidence to pol
icymakers and guide health policies [85]. 

Another favorable factor could be the implementation of vacci
nation campaigns in schools, aiming to increase pediatric vaccina
tion coverages. Such interventions, while challenging, have shown 
good effectiveness in increasing coverage and parental confidence in 
vaccination [86–89]. Similarly, other onsite interventions, such as in 
hospitals or workplaces, could help reduce hesitancy and increase 
coverage [90]. Another important factor is related to the method of 
administration, especially in the pediatric population, which has 
shown the lowest coverages, despite the serious complications re
lated to influenza and the related health and economic impact in this 
population. In the context, it is necessary to favor the choice of 
vaccines whose administration can be well tolerated, such as in
tranasal vaccines, which have demonstrated efficacy and safety not 
inferior to other vaccines [91]. 

Increasing influenza vaccination uptake in Italy requires a mul
tifaceted approach. The Italian Ministry of Health, alongside the 
Istituto Superiore di Sanità (ISS) and regional health offices, should 
enhance vaccination campaigns through joint communication ef
forts and targeted public awareness initiatives. Educational pro
grams should begin in schools, offering free flu vaccines to children 
to foster a culture of vaccination and promote herd immunity. 
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Healthcare workers play a pivotal role, yet many remain vaccine 
hesitant. Mandatory flu vaccination for healthcare professionals, 
along with targeted training programs, would strengthen their 
commitment and influence public trust. 

To counter misinformation, national awareness campaigns 
should leverage social media and public figures to reach specific 
populations. Ensuring greater accessibility is also crucial, particu
larly in rural areas. Mobile vaccination units, pharmacy-based ser
vices, and dedicated vaccination days—like those used during the 
COVID-19 pandemic—would reduce barriers and make vaccination 
more convenient. 

Finally, enhancing patient-doctor communication is essential. 
Healthcare professionals should be equipped to address concerns 
and provide accurate information, reducing hesitancy and mis
information. A coordinated effort across institutions, healthcare 
workers, and public outreach initiatives will be key to improving 
Italy’s influenza vaccination coverage. 

Strengths and limitations 

Our study has several strengths. It covers 25 years of influenza 
vaccination campaigns, providing a snapshot of the evolving trends 
in flu vaccine uptake. Our study also offers an age-stratified trend 
analysis, highlighting disparities between age groups, and assess the 
impact of the COVID-19 pandemic on vaccination coverage. 
Furthermore, our results confirm Italy’s consistently low coverage, 
which has never reached the 75 % target across all groups, particu
larly among high-risk populations such as those over 65. Our study 
has some limitations. First, in some cases coverage data for age 
groups are missing. However, as the source of the data is the 
Ministry of Health, it is not possible to retrieve information for the 
missing seasons. In addition, despite the lack of these data, there is 
still a time span of 13 years, which provides an indication of trends. 
Then, the joinpoint analysis allows us to describe the trends but not 
to make any causal relation, even though this methodology has al
ready been used in the vaccination field. Finally, we were not able to 
stratify coverage by at-risk populations. Such data, in fact, would 
provide insights into the percentage of the vaccination-indicated 
population that is vaccinated, compared with the healthy popula
tion. The lack of stratification at the national level could be overcome 
with studies conducted locally but still representative of the popu
lation, to provide an indication to policymakers about the effec
tiveness of vaccination campaigns in reaching target populations. 

Conclusion 

Our study highlights how vaccination coverage in Italy, both in 
the general population and by age group, remains low over the years 
and below the threshold set by the WHO. In this context, trend 
analysis is fundamental to describe the situation and promote tar
geted public health actions aimed at increasing vaccine adherence in 
the population. The Italian Ministry of Health, along with the Istituto 
Superiore di Sanità and regional health offices, should collaborate to 
improve vaccination campaigns. Increasing knowledge about the 
importance of influenza vaccination among HCWs and citizens, 
fostering targeted campaigns in specific population groups, and 
implementing policies such as extending free vaccination in the 
entire population are public health recommendations that could 
increase vaccination coverage in Italy. 

Author contributions 

All authors contributed to the study conception and design. LV 
conceived the research hypothesis. Material preparation and data 
collection were performed by LV, AZ, LR, MB and TS. MB, AZ, LR, and 
LV performed statistical analysis. The first draft of the manuscript 

was written by AZ, LR, MB, and LV. WR, SB, TS and AS commented on 
the latest version of the manuscript. LV supervised the study. All 
authors read and approved the final version of the manuscript. 

Ethical approval 

Not applicable. 

Funding 

The authors declare they have not received funding to conduct 
this study. 

Data availability 

The data are obtained from the Italian Ministry of Health and are 
public and free. 

Declaration of Competing Interest 

The authors declare that they have no known competing fi
nancial interests or personal relationships that could have appeared 
to influence the work reported in this paper. 

References 

[1] World Health Organization (WHO). The burden of influenza; 2024. 〈https:// 
www.who.int/news-room/feature-stories/detail/the-burden-of-influenza〉 
[Accessed July 30, 2024]. 

[2] Macias AE, McElhaney JE, Chaves SS, Nealon J, Nunes MC, Samson SI, et al. The 
disease burden of influenza beyond respiratory illness. Vaccine 2021;39:A6–14. 
https://doi.org/10.1016/j.vaccine.2020.09.048 

[3] Giacchetta I, Primieri C, Cavalieri R, Domnich A, de Waure C. The burden of 
seasonal influenza in Italy: a systematic review of influenza-related complica
tions, hospitalizations, and mortality. Influenza Other Respir Virus 
2022;16:351–65. https://doi.org/10.1111/irv.12925 

[4] World Health Organization. Global influenza strategy 2019-2030; 2019. 
[5] European Centre for Disease Prevention and Control (ECDC). Seasonal Influenza; 

2024. 〈https://www.ecdc.europa.eu/en/seasonal-influenza〉 [Accessed July 30, 2024]. 
[6] Ministero della Salute. Prevenzione e controllo dell’influenza; 2024. 〈https:// 

www.salute.gov.it/portale/influenza/dettaglioContenutiInfluenza.jsp?lingua= 
italiano&id=685&area=influenza&menu=vuoto〉 [Accessed July 30, 2024]. 

[7] Villani L, D’Ambrosio F, Ricciardi R, de Waure C, Calabrò GE. Seasonal influenza 
in children: costs for the health system and society in Europe. Influenza Other 
Respir Virus 2022;16:820–31. https://doi.org/10.1111/irv.12991 

[8] Osterholm MT, Kelley NS, Sommer A, Belongia EA. Efficacy and effectiveness of 
influenza vaccines: a systematic review and meta-analysis. Lancet Infect Dis 
2012;12:36–44. https://doi.org/10.1016/S1473-3099(11)70295-X 

[9] Eurostat. Influenza statistics; 2024. 〈https://ec.europa.eu/eurostat/statistics- 
explained/index.php?title=Influenza_statistics〉 [Accessed July 30, 2024]. 

[10] WHO. Influenza vaccination coverage and effectiveness; 2018. 〈https://www. 
who.int/europe/news-room/fact-sheets/item/influenza-vaccination-coverage- 
and-effectiveness〉 [Accessed July 30, 2024]. 

[11] ECDC. European Centre for Disease Prevention and Control. Survey report on 
national seasonal influenza vaccination recommendations and coverage rates in 
EU/EEA countries. Stockholm: ECDC; 2024. p. 2024. 

[12] Legge 31 luglio 2017, n. 119, Conversione in legge, con modificazioni, del decreto- 
legge 7 giugno 2017, n. 73, recante disposizioni urgenti in materia di prevenzione 
vaccinale, Gazzetta Ufficiale n. 182 del 5 agosto 2017; n.d. 〈https://www. 
gazzettaufficiale.it/eli/id/2017/08/5/17G00132/sg〉 [Accessed April 7, 2025]. 

[13] Ministero della Salute. Prevenzione e controllo dell’influenza: raccomandazioni 
per la stagione 2023-2024; 2023. Disponibile su: 〈https://www.trovanorme. 
salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=93294&parte=1% 
20&serie=null〉 [Accessed April 7, 2025]. 

[14] D’Ambrosio F, Lanza TE, Messina R, Villani L, Pezzullo AM, Ricciardi W, et al. Influenza 
vaccination coverage in pediatric population in Italy: an analysis of recent trends. Ital J 
Pediatr 2022;48:1–9. https://doi.org/10.1186/s13052-022-01271-0 

[15] Veljkovic M, Loncarevic G, Kanazir M, Kisic-Tepavcevic D, Gazibara T. Trend in 
mandatory immunisation coverage: linear and joinpoint regression approach, 
Serbia, 2000 to 2017. Eurosurveillance 2021;5:1–11. https://doi.org/10.2807/ 
1560-7917.ES.2021.26.26.2000417 

[16] Aguinaga-Ontoso I, Guillen-Aguinaga S, Guillen-Aguinaga L, Alas-Brun R, 
Onambele L, Aguinaga-Ontoso E, et al. COVID-19 impact on DTP vaccination 
trends in Africa: a joinpoint regression analysis. Vaccines 2023;11:2011–20. 
https://doi.org/10.3390/vaccines11061103 

[17] Ministero della Salute. Dati coperture vaccinali Influenza; 2024. 〈https://www. 
salute.gov.it/portale/influenza/dettaglioContenutiInfluenza.jsp?lingua=italiano& 
id=679&area=influenza&menu=vuoto〉 [Accessed July 30, 2024]. 

A. Zaino, M. Bonacquisti, L. Russo et al. Journal of Infection and Public Health 18 (2025) 102875 

8 

https://www.who.int/news-room/feature-stories/detail/the-burden-of-influenza
https://www.who.int/news-room/feature-stories/detail/the-burden-of-influenza
https://doi.org/10.1016/j.vaccine.2020.09.048
https://doi.org/10.1111/irv.12925
https://www.ecdc.europa.eu/en/seasonal-influenza
https://www.salute.gov.it/portale/influenza/dettaglioContenutiInfluenza.jsp?lingua=italiano&id=685&area=influenza&menu=vuoto
https://www.salute.gov.it/portale/influenza/dettaglioContenutiInfluenza.jsp?lingua=italiano&id=685&area=influenza&menu=vuoto
https://www.salute.gov.it/portale/influenza/dettaglioContenutiInfluenza.jsp?lingua=italiano&id=685&area=influenza&menu=vuoto
https://doi.org/10.1111/irv.12991
https://doi.org/10.1016/S1473-3099(11)70295-X
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Influenza_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Influenza_statistics
https://www.who.int/europe/news-room/fact-sheets/item/influenza-vaccination-coverage-and-effectiveness
https://www.who.int/europe/news-room/fact-sheets/item/influenza-vaccination-coverage-and-effectiveness
https://www.who.int/europe/news-room/fact-sheets/item/influenza-vaccination-coverage-and-effectiveness
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref5
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref5
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref5
https://www.gazzettaufficiale.it/eli/id/2017/08/5/17G00132/sg
https://www.gazzettaufficiale.it/eli/id/2017/08/5/17G00132/sg
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=93294&parte=1%20&serie=null
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=93294&parte=1%20&serie=null
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2023&codLeg=93294&parte=1%20&serie=null
https://doi.org/10.1186/s13052-022-01271-0
https://doi.org/10.2807/1560-7917.ES.2021.26.26.2000417
https://doi.org/10.2807/1560-7917.ES.2021.26.26.2000417
https://doi.org/10.3390/vaccines11061103
https://www.salute.gov.it/portale/influenza/dettaglioContenutiInfluenza.jsp?lingua=italiano&id=679&area=influenza&menu=vuoto
https://www.salute.gov.it/portale/influenza/dettaglioContenutiInfluenza.jsp?lingua=italiano&id=679&area=influenza&menu=vuoto
https://www.salute.gov.it/portale/influenza/dettaglioContenutiInfluenza.jsp?lingua=italiano&id=679&area=influenza&menu=vuoto


[18] Gillis D, Edwards BPM. The utility of joinpoint regression for estimating popu
lation parameters given changes in population structure. Heliyon 2019;5:e02515. 
https://doi.org/10.1016/j.heliyon.2019.e02515 

[19] Long NP, Huy NT, Thi Huyen Trang N, Luan NT, Anh NH, Nghi TD, et al. Scientific 
productivity on research in ethical issues over the past half century: a joinpoint 
regression analysis. Trop Med Health 2014;42:121–6. https://doi.org/10.2149/ 
tmh.2014-12 

[20] Dragomirescu I, Llorca J, Gómez-Acebo I, Dierssen-Sotos T. A join point regres
sion analysis of trends in mortality due to osteoporosis in Spain. Sci Rep 
2019;9:1–8. https://doi.org/10.1038/s41598-019-40806-0 

[21] National Cancer Institute (NIH) D of CC& PS. Joinpoint trend analysis software; n. 
d. https://surveillance.cancer.gov/joinpoint/ [Accessed July 30, 2024]. 

[22] Minozzi S, Lytras T, Gianola S, Gonzalez-Lorenzo M, Castellini G, Galli C, et al. 
Comparative efficacy and safety of vaccines to prevent seasonal influenza: a 
systematic review and network meta-analysis. eClinicalMedicine 
2022;46:101331. https://doi.org/10.1016/j.eclinm.2022.101331 

[23] Council of the European Union. Council recommendation of 22 December 2009 
on seasonal influenza vaccination. Off J Eur Union 2009;L348:0071–2. 

[24] WHO. Prevention and control of influenza pandemics and annual epidemics. 
Fifty-Sixth World Health Assembly; 2003:38–40. 

[25] Eiden AL, Barratt J, Nyaku MK. A review of factors influencing vaccination po
licies and programs for older adults globally. Hum Vaccines Immunother 
2023;19. https://doi.org/10.1080/21645515.2022.2157164 

[26] Prada-García C, Fernández-Espinilla V, Hernán-García C, Sanz-Muñoz I, 
Martínez-Olmos J, Eiros JM, et al. Attitudes, perceptions and practices of influ
enza vaccination in the adult population: results of a cross-sectional survey in 
Spain. Int J Environ Res Public Health 2022;19:11139. https://doi.org/10.3390/ 
ijerph191711139 

[27] Klüwer B, Rydland KM, Mamelund S-E, Gleditsch RN. Drivers and barriers of 
seasonal influenza vaccination 2015/16 & 2019/20 to 2022/23 - a survey on why 
most Norwegians don’t get the flu vaccine. BMC Public Health 2024;24:2687. 
https://doi.org/10.1186/s12889-024-20157-w 

[28] Ministero della Salute. Influenza - Documentazione - Normativa; 2024. 〈https:// 
www.salute.gov.it/portale/influenza/archivioNormativaInfluenza.jsp〉 [Accessed 
November 21, 2024]. 

[29] Thompson MG, Pierse N, Sue Huang Q, Prasad N, Duque J, Claire Newbern E, et al. 
Influenza vaccine effectiveness in preventing influenza-associated intensive care 
admissions and attenuating severe disease among adults in New Zealand 
2012–2015. Vaccine 2018;36:5916–25. https://doi.org/10.1016/j.vaccine.2018.07. 
028 

[30] Ferdinands JM, Thompson MG, Blanton L, Spencer S, Grant L, Fry AM. Does in
fluenza vaccination attenuate the severity of breakthrough infections? A nar
rative review and recommendations for further research. Vaccine 
2021;39:3678–95. https://doi.org/10.1016/j.vaccine.2021.05.011 

[31] Godoy P, Romero A, Soldevila N, Torner N, Jané M, Martínez A, et al. Influenza 
vaccine effectiveness in reducing severe outcomes over six influenza seasons, a 
case-case analysis, Spain, 2010/11 to 2015/16. Eurosurveillance 2018;23:1–9. 
https://doi.org/10.2807/1560-7917.ES.2018.23.43.1700732 

[32] Örtqvist A, Granath F, Askling J, Hedlund J. Influenza vaccination and mortality: 
prospective cohort study of the elderly in a large geographical area. Eur Respir J 
2007;30:414–22. https://doi.org/10.1183/09031936.00135306 

[33] Eichner M, Schwehm M, Eichner L, Gerlier L. Direct and indirect effects of in
fluenza vaccination. BMC Infect Dis 2017;17:1–8. https://doi.org/10.1186/ 
s12879-017-2399-4 

[34] Blank PR, Schwenkglenks M, Szucs TD. Vaccination coverage rates in eleven 
European countries during two consecutive influenza seasons. J Infect 
2009;58:446–58. https://doi.org/10.1016/j.jinf.2009.04.001 

[35] Usonis V, Anca I, André F, Chlibek R, Ivaskeviciene I, Mangarov A, et al. Central 
European Vaccination Advisory Group (CEVAG) guidance statement on re
commendations for influenza vaccination in children. BMC Infect Dis 
2010;10:168. https://doi.org/10.1186/1471-2334-10-168 

[36] Heikkinen T, Tsolia M, Finn A. Vaccination of healthy children against seasonal 
influenza. Pediatr Infect Dis J 2013;32:881–8. https://doi.org/10.1097/INF. 
0b013e3182918168 

[37] Mereckiene J, Cotter S, D’Ancona F, Giambi C, Nicoll A, Lévy-Bruhl D, et al. 
Differences in national influenza vaccination policies across the European Union, 
Norway and Iceland 2008-2009. Eurosurveillance 2010;15. https://doi.org/10. 
2807/ese.15.44.19700-en 

[38] MacDonald NE, Eskola J, Liang X, Chaudhuri M, Dube E, Gellin B, et al. Vaccine 
hesitancy: definition, scope and determinants. Vaccine 2015;33:4161–4. https:// 
doi.org/10.1016/j.vaccine.2015.04.036 

[39] Steinert JI, Sternberg H, Prince H, Fasolo B, Galizzi MM, Büthe T, et al. COVID-19 
vaccine hesitancy in eight European countries: prevalence, determinants, and 
heterogeneity. Sci Adv 2022;8. https://doi.org/10.1126/sciadv.abm9825 

[40] Pourrazavi S, Fathifar Z, Sharma M, Allahverdipour H. COVID-19 vaccine hesi
tancy: a systematic review of cognitive determinants. Health Promot Perspect 
2023;13:21–35. https://doi.org/10.34172/hpp.2023.03 

[41] Cunniff L, Alyanak E, Fix A, Novak M, Peterson M, Mevis K, et al. The impact of the 
COVID-19 pandemic on vaccination uptake in the United States and strategies to 
recover and improve vaccination rates: a review. Hum Vaccines Immunother 
2023;19. https://doi.org/10.1080/21645515.2023.2246502 

[42] World Health Organization (WHO). Fourth round of the global pulse survey on 
continuity of essential health services during the COVID-19 pandemic: 
November 2022-January 2023; 2023. 

[43] Macdonald SE, Paudel YR, Kiely M, Rafferty E, Sadarangani M, Robinson JL, et al. 
Impact of the COVID-19 pandemic on vaccine coverage for early childhood 

vaccines in Alberta, Canada: a population-based retrospective cohort study. BMJ 
Open 2022;12:1–9. https://doi.org/10.1136/bmjopen-2021-055968 

[44] Sabbatucci M, Odone A, Signorelli C, Siddu A, Silenzi A, Maraglino FP, et al. 
Childhood immunisation coverage during the COVID-19 epidemic in Italy. 
Vaccines 2022;10:4–11. https://doi.org/10.3390/vaccines10010120 

[45] Mahroum N, Watad A, Rosselli R, Brigo F, Chiesa V, Siri A, et al. An in
fodemiological investigation of the so-called “Fluad effect” during the 2014/2015 
influenza vaccination campaign in Italy: ethical and historical implications. Hum 
Vaccines Immunother 2018;14:712–8. https://doi.org/10.1080/21645515.2017. 
1420448 

[46] AIFA – Agenzia Italiana del Farmaco. Rapporto sulla sorveglianza post-marketing 
dei vaccini in Italia – Anno 2012. Roma; 2012. 〈https://www.aifa.gov.it/sites/ 
default/files/Rapporto_sulla_sorveglianza_postmarketing_dei_vaccin_%20in_ 
Italia_Anno_2012.pdf〉 [Accessed April 7, 2025]. 

[47] Welch VL, Metcalf T, Macey R, Markus K, Sears AJ, Enstone A, et al. 
Understanding the barriers and attitudes toward influenza vaccine uptake in the 
adult general population: a rapid review. Vaccines 2023;11:1–20. https://doi. 
org/10.3390/vaccines11010180 

[48] Yeung MPS, Lam FLY, Coker R. Factors associated with the uptake of seasonal 
influenza vaccination in adults: a systematic review. J Public Health 
2016;38:746–53. https://doi.org/10.1093/pubmed/fdv194 

[49] Choucair K, Sawda JEl, Assaad S, El Chakhtoura NG, Hassouna H, Sidani N, et al. 
Knowledge, perception, attitudes and behavior on influenza immunization and 
the determinants of vaccination. J Epidemiol Glob Health 2021;11:34–41. 
https://doi.org/10.2991/JEGH.K.200906.001 

[50] Toffolutti V, McKee M, Melegaro A, Ricciardi W, Stuckler D. Austerity, measles 
and mandatory vaccination: cross-regional analysis of vaccination in Italy 
2000–14. Eur J Public Health 2019;29:123–7. https://doi.org/10.1093/eurpub/ 
cky178 

[51] Manzoli L, Gabutti G, Siliquini R, Flacco ME, Villari P, Ricciardi W. Association 
between vaccination coverage decline and influenza incidence rise among Italian 
elderly. Eur J Public Health 2018;28:740–2. https://doi.org/10.1093/eurpub/ 
cky053 

[52] Domnich A, Lapi F, Orsi A, Grattagliano I, Rossi A, Cricelli C, et al. Declining 
number of general practitioners can impair influenza vaccination uptake among 
Italian older adults: results from a panel analysis. BMC Health Serv Res 
2024;24:950. https://doi.org/10.1186/s12913-024-11443-9 

[53] Kuehn BM. News from the Centers for Disease Control and Prevention. JAMA J 
Am Med Assoc 2022;327:1324. https://doi.org/10.1001/jama.2022.4829 

[54] Lin J, Li C, He W. Trends in influenza vaccine uptake before and during the 
COVID-19 pandemic in the USA. Public Health 2023;225:291–8. https://doi.org/ 
10.1016/j.puhe.2023.10.028 

[55] Kong G, Lim NA, Chin YH, Ng YPM, Amin Z. Effect of COVID-19 pandemic on 
influenza vaccination intention: a meta-analysis and systematic review. 
Vaccines 2022;10:1–17. https://doi.org/10.3390/vaccines10040606 

[56] Domnich A, Cambiaggi M, Vasco A, Maraniello L, Ansaldi F, Baldo V, et al. 
Attitudes and beliefs on influenza vaccination during the COVID-19 pandemic: 
results from a representative Italian survey. Vaccines 2020;8:711. https://doi. 
org/10.3390/vaccines8040711 

[57] Capodici A, Montalti M, Soldà G, Salussolia A, La Fauci G, Di Valerio Z, et al. 
Influenza vaccination landscape in Italy: a comprehensive study through the 
OBVIOUS project lens. Hum Vaccines Immunother 2023;19. https://doi.org/10. 
1080/21645515.2023.2252250 

[58] Genovese C, Costantino C, Odone A, Trimarchi G, La Fauci V, Mazzitelli F, et al. A 
knowledge, attitude, and perception study on flu and COVID-19 vaccination 
during the COVID-19 pandemic: multicentric italian survey insights. Vaccines 
2022;10:142. https://doi.org/10.3390/vaccines10020142 

[59] Bellino S, Piovesan C, Bella A, Rizzo C, Pezzotti P, Ramigni M. Determinants of 
vaccination uptake, and influenza vaccine effectiveness in preventing deaths and 
hospital admissions in the elderly population; Treviso, Italy, 2014/2015-2016/ 
2017 seasons. Hum Vaccines Immunother 2020;16:301–12. https://doi.org/10. 
1080/21645515.2019.1661754 

[60] Ledda C, Rapisarda V, Maltezou HC, Contrino E, Conforto A, Maida CM, et al. 
Coverage rates against vaccine-preventable diseases among healthcare workers 
in Sicily (Italy). Eur J Public Health 2021;31:52–6. https://doi.org/10.1093/ 
eurpub/ckaa179 

[61] Barbara, Milia DI La A, Di Pumpo M, Tognetto A, Tamburrano A, Vallone D, et al. 
Strategies to increase flu vaccination coverage among healthcare workers: a 4 
years study in a large italian teaching hospital. Vaccines 2020;8. https://doi.org/ 
10.3390/vaccines8010085 

[62] Genovese C, Picerno IAM, Trimarchi G, Cannavò G, Egitto G, Cosenza B, et al. 
Vaccination coverage in healthcare workers: a multicenter cross-sectional study 
in Italy. J Prev Med Hyg 2019;60:E12–7. https://doi.org/10.15167/2421-4248/ 
jpmh2019.60.1.1097 

[63] Di Martino G, Di Giovanni P, Di Girolamo A, Scampoli P, Cedrone F, D’Addezio M, 
et al. Knowledge and attitude towards vaccination among healthcareworkers: a 
multicenter cross-sectional study in a southern italian region. Vaccines 
2020;8:2–11. https://doi.org/10.3390/vaccines8020248 

[64] Bianchi FP, Stefanizzi P, Di Lorenzo A, De Waure C, Boccia S, Daleno A, et al. 
Attitudes toward influenza vaccination in healthcare workers in Italy: a sys
tematic review and meta-analysis. Hum Vaccines Immunother 2023;19. https:// 
doi.org/10.1080/21645515.2023.2265587 

[65] Flanagan P, Dowling M, Sezgin D, Mereckiene J, Murphy L, Giltenane M, et al. The 
effectiveness of interventions to improve the seasonal influenza vaccination 
uptake among nurses: a systematic review. J Infect Prev 2023;24:268–77. 
https://doi.org/10.1177/17571774231208115 

A. Zaino, M. Bonacquisti, L. Russo et al. Journal of Infection and Public Health 18 (2025) 102875 

9 

https://doi.org/10.1016/j.heliyon.2019.e02515
https://doi.org/10.2149/tmh.2014-12
https://doi.org/10.2149/tmh.2014-12
https://doi.org/10.1038/s41598-019-40806-0
https://doi.org/10.1016/j.eclinm.2022.101331
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref13
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref13
https://doi.org/10.1080/21645515.2022.2157164
https://doi.org/10.3390/ijerph191711139
https://doi.org/10.3390/ijerph191711139
https://doi.org/10.1186/s12889-024-20157-w
https://www.salute.gov.it/portale/influenza/archivioNormativaInfluenza.jsp
https://www.salute.gov.it/portale/influenza/archivioNormativaInfluenza.jsp
https://doi.org/10.1016/j.vaccine.2018.07.028
https://doi.org/10.1016/j.vaccine.2018.07.028
https://doi.org/10.1016/j.vaccine.2021.05.011
https://doi.org/10.2807/1560-7917.ES.2018.23.43.1700732
https://doi.org/10.1183/09031936.00135306
https://doi.org/10.1186/s12879-017-2399-4
https://doi.org/10.1186/s12879-017-2399-4
https://doi.org/10.1016/j.jinf.2009.04.001
https://doi.org/10.1186/1471-2334-10-168
https://doi.org/10.1097/INF.0b013e3182918168
https://doi.org/10.1097/INF.0b013e3182918168
https://doi.org/10.2807/ese.15.44.19700-en
https://doi.org/10.2807/ese.15.44.19700-en
https://doi.org/10.1016/j.vaccine.2015.04.036
https://doi.org/10.1016/j.vaccine.2015.04.036
https://doi.org/10.1126/sciadv.abm9825
https://doi.org/10.34172/hpp.2023.03
https://doi.org/10.1080/21645515.2023.2246502
https://doi.org/10.1136/bmjopen-2021-055968
https://doi.org/10.3390/vaccines10010120
https://doi.org/10.1080/21645515.2017.1420448
https://doi.org/10.1080/21645515.2017.1420448
https://www.aifa.gov.it/sites/default/files/Rapporto_sulla_sorveglianza_postmarketing_dei_vaccin_%20in_Italia_Anno_2012.pdf
https://www.aifa.gov.it/sites/default/files/Rapporto_sulla_sorveglianza_postmarketing_dei_vaccin_%20in_Italia_Anno_2012.pdf
https://www.aifa.gov.it/sites/default/files/Rapporto_sulla_sorveglianza_postmarketing_dei_vaccin_%20in_Italia_Anno_2012.pdf
https://doi.org/10.3390/vaccines11010180
https://doi.org/10.3390/vaccines11010180
https://doi.org/10.1093/pubmed/fdv194
https://doi.org/10.2991/JEGH.K.200906.001
https://doi.org/10.1093/eurpub/cky178
https://doi.org/10.1093/eurpub/cky178
https://doi.org/10.1093/eurpub/cky053
https://doi.org/10.1093/eurpub/cky053
https://doi.org/10.1186/s12913-024-11443-9
https://doi.org/10.1001/jama.2022.4829
https://doi.org/10.1016/j.puhe.2023.10.028
https://doi.org/10.1016/j.puhe.2023.10.028
https://doi.org/10.3390/vaccines10040606
https://doi.org/10.3390/vaccines8040711
https://doi.org/10.3390/vaccines8040711
https://doi.org/10.1080/21645515.2023.2252250
https://doi.org/10.1080/21645515.2023.2252250
https://doi.org/10.3390/vaccines10020142
https://doi.org/10.1080/21645515.2019.1661754
https://doi.org/10.1080/21645515.2019.1661754
https://doi.org/10.1093/eurpub/ckaa179
https://doi.org/10.1093/eurpub/ckaa179
https://doi.org/10.3390/vaccines8010085
https://doi.org/10.3390/vaccines8010085
https://doi.org/10.15167/2421-4248/jpmh2019.60.1.1097
https://doi.org/10.15167/2421-4248/jpmh2019.60.1.1097
https://doi.org/10.3390/vaccines8020248
https://doi.org/10.1080/21645515.2023.2265587
https://doi.org/10.1080/21645515.2023.2265587
https://doi.org/10.1177/17571774231208115


[66] Jenkin DC, Mahgoub H, Morales KF, Lambach P, Nguyen-Van-Tam JS. A rapid 
evidence appraisal of influenza vaccination in health workers: an important 
policy in an area of imperfect evidence. Vaccine X 2019;2:100036. https://doi. 
org/10.1016/j.jvacx.2019.100036 

[67] Paterson P, Meurice F, Stanberry LR, Glismann S, Rosenthal SL, Larson HJ. Vaccine 
hesitancy and healthcare providers. Vaccine 2016;34:6700–6. https://doi.org/10. 
1016/j.vaccine.2016.10.042 

[68] World Health Organization. Implementation guide for vaccination of health 
workers. 2022. 

[69] Costantino C, Restivo V, Gaglio V, Lanza GLM, Marotta C, Maida CM, et al. 
Effectiveness of an educational intervention on seasonal influenza vaccination 
campaign adherence among healthcare workers of the Palermo University 
Hospital, Italy. Ann Ig 2019;31:35–44. https://doi.org/10.7416/ai.2019.2256 

[70] Clari M, Albanesi B, Comoretto RI, Conti A, Renzi E, Luciani M, et al. Effectiveness 
of interventions to increase healthcare workers’ adherence to vaccination 
against vaccine-preventable diseases: a systematic review and meta-analysis, 
1993 to 2022. Eurosurveillance 2024;29. https://doi.org/10.2807/1560-7917.ES. 
2024.29.9.2300276 

[71] Gentili A, Villani L, Osti T, Corona VF, Gris AV, Zaino A, et al. Strategies and 
bottlenecks to tackle infodemic in public health: a scoping review. Front Public 
Health 2024;12. https://doi.org/10.3389/fpubh.2024.1438981 

[72] Wiedermann CJ, Plagg B, Rina P, Piccoliori G, Engl A. The interplay of politics and 
conspiracy theories in shaping vaccine hesitancy in a diverse cultural setting in 
Italy. Int J Environ Res Public Health 2025;22:230. https://doi.org/10.3390/ 
ijerph22020230 

[73] Bianchi FP, Tafuri S. Spreading of misinformation on mass media and digital 
platforms regarding vaccines. A systematic scoping review on stakeholders, 
policymakers, and sentiments/behavior of Italian consumers. Hum Vaccines 
Immunother 2023;19. https://doi.org/10.1080/21645515.2023.2259398 

[74] Brugnoli E, Delmastro M. Dynamics and triggers of misinformation on vaccines. 
PLoS One 2025;20:e0316258. https://doi.org/10.1371/journal.pone.0316258 

[75] Brilli Y, Lucifora C, Russo A, Tonello M. Influenza vaccination behavior and media 
reporting of adverse events. Health Policy 2020;124:1403–11. https://doi.org/10. 
1016/j.healthpol.2020.08.010 

[76] Ajovalasit S, Dorgali VM, Mazza A, d’Onofrio A, Manfredi P. Evidence of disorientation 
towards immunization on online social media after contrasting political commu
nication on vaccines. Results from an analysis of Twitter data in Italy. PLoS One 
2021;16:e0253569. https://doi.org/10.1371/journal.pone.0253569 

[77] Ceccarelli A, Soro G, Reali C, Biguzzi E, Farneti R, Frassineti V, et al. The influence 
of altitude, urbanization, and local vaccination centers on vaccine uptake within 
an Italian health district: an analysis of 15,000 individuals eligible for vaccina
tion. Vaccines 2024;12:875. https://doi.org/10.3390/vaccines12080875 

[78] Cadeddu C, Regazzi L, Bonaccorsi G, Rosano A, Unim B, Griebler R, et al. The 
determinants of vaccine literacy in the Italian population: results from the 
health literacy survey 2019. Int J Environ Res Public Health 2022;19:4429. 
https://doi.org/10.3390/ijerph19084429 

[79] Gharpure R, Chard AN, Escobar MC, Zhou W, Valleau MM, Yau TS, et al. Costs and 
cost-effectiveness of influenza illness and vaccination in low-and middleincome 

countries: a systematic review from 2012 to 2022. PLoS Med 2024;21:1–26. 
https://doi.org/10.1371/journal.pmed.1004333 

[80] Dilokthornsakul P, Lan LM, Thakkinstian A, Hutubessy R, Lambach P, 
Chaiyakunapruk N. Economic evaluation of seasonal influenza vaccination in 
elderly and health workers: a systematic review and meta-analysis. 
eClinicalMedicine 2022;47:101410. https://doi.org/10.1016/j.eclinm.2022.101410 

[81] Rosell R, Gomez-Codina J, Camps C, Maestre JA, Padille J, Cantó A, et al. The New 
England Journal of Medicine Downloaded from nejm.org at NovartisLibrary on 
November 11, 2013. For personal use only. No other uses without permission. 
Copyright © 1994 Massachusetts Medical Society. All rights reserved. N Engl J 
Med 1994;330:153–8. 

[82] Villani L, D’Ambrosio F, Ricciardi R, de Waure C, Calabrò GE. Seasonal influenza 
in children: costs for the health system and society in Europe. Influenza Other 
Respir Virus 2022;16:820–31. https://doi.org/10.1111/irv.12991 

[83] Langer J, Welch VL, Moran MM, Cane A, Lopez SMC, Srivastava A, et al. The cost of 
seasonal influenza: a systematic literature review on the humanistic and eco
nomic burden of influenza in older (≥65 years old) adults. Adv Ther 
2024;41:945–66. https://doi.org/10.1007/s12325-023-02770-0 

[84] Kim DeLuca E, Gebremariam A, Rose A, Biggerstaff M, Meltzer MI, Prosser LA. 
Cost-effectiveness of routine annual influenza vaccination by age and risk status. 
Vaccine 2023;41:4239–48. https://doi.org/10.1016/j.vaccine.2023.04.069 

[85] Calabro’ GE, Carini E, Tognetto A, Giacchetta I, Bonanno E, Mariani M, et al. The 
value(s) of vaccination: building the scientific evidence according to a value- 
based healthcare approach. Front Public Health 2022;10:1–11. https://doi.org/ 
10.3389/fpubh.2022.786662 

[86] Das JK, Salam RA, Arshad A, Lassi ZS, Bhutta ZA. Systematic review and meta- 
analysis of interventions to improve access and coverage of adolescent im
munizations. J Adolesc Health 2016;59:S40–8. https://doi.org/10.1016/j. 
jadohealth.2016.07.005 

[87] Perman S, Turner S, Ramsay AIG, Baim-Lance A, Utley M, Fulop NJ. School-based 
vaccination programmes: a systematic review of the evidence on organisation 
and delivery in high income countries. BMC Public Health 2017;17:1–11. https:// 
doi.org/10.1186/s12889-017-4168-0 

[88] Amendola A, Borghi E, Bianchi S, Gori M, Fappani C, Barcellini L, et al. Preschool- 
located influenza vaccination and influenza-like illness surveillance: an Italian 
pilot experience. Ital J Pediatr 2023;49:1–8. https://doi.org/10.1186/s13052-023- 
01481-0 

[89] Hristu E, Bucur L. Effectiveness of influenza vaccination. FarmacistRo 2019;1:36. 
https://doi.org/10.26416/farm.186.1.2019.2255 

[90] Tognetto A, Zorzoli E, Franco E, Gervasi G, Paglione L, Di Ninno F, et al. Seasonal 
influenza vaccination among health-care workers: the impact of different tai
lored programs in four University hospitals in Rome. Hum Vaccines Immunother 
2020;16:81–5. https://doi.org/10.1080/21645515.2019.1632684 

[91] Boccalini S, Pariani E, Calabrò GE, DE Waure C, Panatto D, Amicizia D, et al. 
Health Technology Assessment (HTA) of the introduction of influenza vaccina
tion for Italian children with Fluenz Tetra® | Health Technology Assessment 
(HTA) dell’introduzione della vaccinazione antinfluenzale per la popolazione 
giovanile italia. J Prev Med Hyg 2021;62:E1–118.  

A. Zaino, M. Bonacquisti, L. Russo et al. Journal of Infection and Public Health 18 (2025) 102875 

10 

https://doi.org/10.1016/j.jvacx.2019.100036
https://doi.org/10.1016/j.jvacx.2019.100036
https://doi.org/10.1016/j.vaccine.2016.10.042
https://doi.org/10.1016/j.vaccine.2016.10.042
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref54
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref54
https://doi.org/10.7416/ai.2019.2256
https://doi.org/10.2807/1560-7917.ES.2024.29.9.2300276
https://doi.org/10.2807/1560-7917.ES.2024.29.9.2300276
https://doi.org/10.3389/fpubh.2024.1438981
https://doi.org/10.3390/ijerph22020230
https://doi.org/10.3390/ijerph22020230
https://doi.org/10.1080/21645515.2023.2259398
https://doi.org/10.1371/journal.pone.0316258
https://doi.org/10.1016/j.healthpol.2020.08.010
https://doi.org/10.1016/j.healthpol.2020.08.010
https://doi.org/10.1371/journal.pone.0253569
https://doi.org/10.3390/vaccines12080875
https://doi.org/10.3390/ijerph19084429
https://doi.org/10.1371/journal.pmed.1004333
https://doi.org/10.1016/j.eclinm.2022.101410
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref67
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref67
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref67
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref67
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref67
https://doi.org/10.1111/irv.12991
https://doi.org/10.1007/s12325-023-02770-0
https://doi.org/10.1016/j.vaccine.2023.04.069
https://doi.org/10.3389/fpubh.2022.786662
https://doi.org/10.3389/fpubh.2022.786662
https://doi.org/10.1016/j.jadohealth.2016.07.005
https://doi.org/10.1016/j.jadohealth.2016.07.005
https://doi.org/10.1186/s12889-017-4168-0
https://doi.org/10.1186/s12889-017-4168-0
https://doi.org/10.1186/s13052-023-01481-0
https://doi.org/10.1186/s13052-023-01481-0
https://doi.org/10.26416/farm.186.1.2019.2255
https://doi.org/10.1080/21645515.2019.1632684
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref77
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref77
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref77
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref77
http://refhub.elsevier.com/S1876-0341(25)00224-2/sbref77

	Influenza vaccination coverages in Italy from 1999/00 to 2023/24: A joinpoint regression analysis
	Introduction
	Methods
	Data collection
	Data analysis

	Results
	General population
	Coverage by age groups
	Pediatric population <2 years
	Pediatric population 2–4 years
	Pediatric population 5–8 years
	Pediatric population 9–14 years
	Pediatric population 15–17 years
	Adult population 18–44 years
	Adult population 45–64 years
	Elderly population (≥65 years)


	Discussion
	Strengths and limitations

	Conclusion
	Author contributions
	Ethical approval
	Funding
	Data availability
	Declaration of Competing Interest
	References




