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ABSTRACT
Varicella vaccination is currently recommended in several European countries, including 
Italy. Tuscany Region introduced Universal Varicella Vaccination (UVV) in 2008, and it was 
later included in the Italian National Immunization Plan 2017–2019. Recently, it has also been 
made mandatory in Italy for school attendance. The aim of our study was to assess the 
effectiveness of the UVV program in preventing varicella cases and related hospitalizations in 
children born between 2008 and 2017, during the pre-pandemic period (2010–2019) in 
Tuscany (Central Italy). We applied the screening method to assess varicella vaccine effec
tiveness (VE) for the first and the second vaccine dose in the birth cohorts targeted by the 
UVV. We considered the vaccination coverage (VC) at 24 months and at 5–6 y of age, and we 
verified the vaccination status of each notified or hospitalized case to identify breakthrough 
varicella cases (BV). We assessed a VE of 84.8% (95%CI:83.5–85.9%) for at least one varicella 
vaccine dose and 95.7% (95% CI: 93.6–97.1%) for the second dose in preventing notifications. 
VE in preventing hospitalizations was 98.5% (95% CI: 96.7–99.3%) after one dose and 100% 
after two doses. The median time interval between the first or second vaccine dose and the 
onset of varicella was 34 months and 28 months, respectively. Our study demonstrated the 
excellent vaccine effectiveness profile of the vaccines used over a 10-y period in Tuscany, in 
preventing notified and hospitalized varicella cases in the target cohorts of children, con
firming the health benefits of the UVV in Central Italy.

BRIEF SUMMARY
The effectiveness of Tuscany’s Universal Varicella Vaccination program in pre-pandemic 
period was very high in preventing varicella cases and hospitalizations in children born 
from 2008 to 2017.
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Introduction

Varicella is an acute infectious disease caused by the varicella zoster virus (VZV), which is spread by air 
droplets or by contact with vesicle liquid. Varicella has a worldwide distribution and affects mostly children. 
Despite having, generally, a benign outcome, varicella may sometimes be fatal or have severe complications 
(i.e., pneumonia and encephalitis) in people >15 y, or <1 y old, immunocompromised and newborns from 
women who have had a rash close to delivery.1,2

Anti-varicella vaccines are highly effective in reducing the incidence and burden of the disease.3 The first 
varicella vaccine was developed by Dr Takahashi in Japan in the 1970s, and it was based on the attenuated 
live varicella zoster virus (VZV) Oka strain.4 In the USA, before the introduction of universal varicella 
vaccination, almost 11,000 hospitalizations due varicella occurred each year (~3/1000 cases among healthy 
children and 8/1000 cases among adults). Thanks to the single-dose vaccination introduced in 1995 into 
a routine childhood vaccination program, the number of hospitalizations and deaths from varicella dropped 
by ~70% and ~88%, respectively,5 in USA. However, following “breakthrough varicella” cases (BV) – 
defined as a case of infection with wild-type VZV occurring ≥42 d after vaccination – the Advisory 

CONTACT Angela Bechini angela.bechini@unifi.it Department of Health Sciences, University of Florence, Viale G.B Morgagni 48,  
Florence 50134, Italy.
*Benedetta Bonito is designated as Co-First Author.

HUMAN VACCINES & IMMUNOTHERAPEUTICS     
2025, VOL. 21, NO. 1, 2595787 
https://doi.org/10.1080/21645515.2025.2595787

© 2025 The Author(s). Published with license by Taylor & Francis Group, LLC.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4. 
0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this 
article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

http://orcid.org/0000-0002-6013-8779
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2025.2595787&domain=pdf&date_stamp=2025-12-09


Committee on Immunization Practices (ACIP) recommended a second vaccine dose for children aged 4–6 y 
in 2007.5 Nowadays, anti-varicella vaccines are licensed and commercially available worldwide and may be 
administered as a monovalent (V) or a quadrivalent vaccine together with measles, mumps and rubella 
components (MMRV). However, varicella vaccine administration is recommended only in a small number 
of industrialized countries. As for 2023, the Universal Varicella Vaccination (UVV) program in the EU/EEA 
(European Union/European Economic Area) is recommended at a national level in some countries: Austria, 
Cyprus, Finland, Germany, Greece, Hungary, Iceland, Italy, Latvia, Liechtenstein, Luxembourg, Slovenia 
and Spain,6–10 and only three countries have introduced compulsory varicella vaccination (Hungary, Italy 
and Latvia).10 Some other European countries endorsed nationwide vaccine administration for susceptible 
teenagers and/or susceptible risk groups only (i.e., healthcare workers).10 Generally, all European countries 
follow a two-dose MMRV vaccination schedule, administered around the ages of 12–23 months (first dose) 
and between 15 months and 13 y (second dose).10,11 In Italy, the UVV has been at first introduced only in 
some Italian regions (including Apulia, Basilicata, Calabria, Friuli-Venezia Giulia, Sardinia, Sicily, Tuscany 
and Veneto) at different stages since 2003, before the introduction at the national level.12 A consequent 
overall reduction in incidence and hospitalization rates for varicella was observed.13 In particular, between 
2004 and 2012, a fivefold decrease in incidence rates was observed in the pilot regions that implemented the 
UVV program, dropping from 2.18 per 100,000 to 0.415 per 100,000.13 Hospitalizations rates declined by 
approximately 75% between 2004 and 2012, from 3.8 to 1.0 per 100,000 population in 2012.13 In 2017, the 
Italian Ministry of Health recommended the UVV (preferably adopting quadrivalent vaccine formulation) 
in all regions including it into the National Immunization Plan 2017–2019 and introduced a national law, 
making varicella vaccination mandatory for school attendance for children born in 2017 and onwards.14,15 

Tuscany was one of the first Italian regions to introduce the UVV program with the quadrivalent vaccine in 
2008,16 before the national recommendation. The national and regional recommended schedule called for 
a two-dose schedule: the first varicella vaccine dose at the age of 13–15 months and the second one at the age 
of 5–6 y.15–17

To monitor the impact of the UVV program in the regional context, a previous study has been conducted 
in Tuscany18 for birth cohorts 2008–2011 in the period 2010–2013 using the screening method.19 The 
vaccination coverage (VC) at 24 months of age was 79.8% for the birth cohorts 2008–2011 in Tuscany and 
the calculated vaccine effectiveness for at least one dose of varicella vaccine reached 90.8% (95%CI:89.5%– 
92.0%). Moreover, the proportion of breakthrough varicella (BV) cases among notified cases was 26.6% and 
the median time interval between vaccination and symptom onset for BV cases was 25 months.18 In order to 
update and reinforce previous scientific evidence, the current study aimed at assessing the effectiveness of 
the UVV program in preventing varicella cases and hospitalizations due to varicella in children belonging to 
the birth cohorts 2008–2017 during the period 2010–2019 in Tuscany, by applying the screening method19 

and considering the vaccination coverage (VC) for the first dose (at 24 months of age) and the second 
vaccine dose (at 5–6 y of age).

Methods

This retrospective cohort study analyzed varicella notifications and hospitalizations data in Tuscany Region 
and varicella vaccine effectiveness was calculated by applying the screening method.19 Figure 1 illustrates 
data flow of the integrated network for data collection, linkage, and management to assess the effectiveness 
of the Universal Varicella Vaccination Program in Tuscany. The Figure 1 depicts a diagram with various 
“boxes” representing databases and involved actors and entities and “arrows” indicating the movement and 
linkage of data.

Data collection and sources

The Health Prevention Departments of the three Local Health Units (LHUs) of Tuscany (Center, South- 
East, and North-West) provided varicella notifications through their paper archives and/or digital 
Infectious Disease Reporting Systems PREMAL (acronym for “PREvenzione delle MALattie infettive” 
- Digital Reporting System”) and SIMI (acronym for “Sistema Informativo Malattie Infettive – 
Infectious Diseases Information System”) (Figure 1). The PREMAL system is the new Italian infectious 
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disease surveillance system for monitoring and reporting confirmed or suspected cases in real time. The 
Regional Health Agency of Tuscany (ARS) supplied anonymous hospitalization recordings due to 
varicella from the Hospital Discharge Records (HDRs) regional database. The vaccination coverage 
(VC) rates at 24 months and at 5–6 y of age were also provided by the Regional Health Agency of 
Tuscany, which, in addition, supplied raw data of both residing population (denominator) and 
vaccinated subjects (numerator) for each birth cohort at the regional level. Accountable personnel 
from the LHUs checked the vaccination status for each known notified/hospitalized varicella case by 
consulting the SISPC system (acronym for Sistema Informativo Sanitario della Prevenzione Collettiva – 
Collective Prevention Health Information System) to identify breakthrough varicella (BV) cases. 
Furthermore, ESTAR (Ente di Supporto Tecnico-Amministrativo Regionale – Regional Technical and 
Administrative Support Agency) linked personal data (name, surname, date of birth, or Italian fiscal 
code) to each hospitalization to verify their vaccination status. In particular, ESTAR used the Italian 
fiscal code to re-identify the hospitalized subjects. Italian fiscal code is a unique alphanumeric code 
assigned to each individual in Italy, based on their personal details such as name, surname, date of 
birth, and code corresponding to the place of birth.

Study population, study design and setting

In Tuscany, the Regional Health Service is organized in three macro-areas: Center, South-East and 
North-West. The study was conducted in all three Tuscany Local Health Units (LHUs) and has 
included the collection of all notified cases and hospitalizations due to varicella occurring in the 
study population of children born between 1 January 2008 and 31 December 2017 and residing in 
Tuscany, between 1 January 2010 and 31 December 2019. We analyzed all notifications reported to 
the Infectious Disease reporting systems, PREMAL and SIMI, and all the HDRs reported into the 
HDRs regional database, after the verification of the vaccination status provided by the responsible 

Figure 1. Data flow of the integrated network for data collection, linkage, and management to assess the effectiveness of 
the Universal Varicella Vaccination Program in Tuscany (Central Italy). Notes: 1. SIMI = Infectious Diseases Information 
System; 2. PREMAL = PREvenzione delle MALattie infettive – Digital Reporting System; 3. HDRs = Hospital Discharge 
Records; 4. SISPC = Sistema Informativo Sanitario della Prevenzione Collettiva – Collective Prevention Health Information 
System; 5. ESTAR = Regional Technical and Administrative Support Agency; 6. ARS = Regional Health Agency of Tuscany; 7. 
PCV = Proportion of vaccinated subjects among notified/hospitalized cases; 8. PPV = Proportion of Vaccinated Population 
(Vaccination Coverage).
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LHU personnel. We included in our analyses any hospitalization that had the following ICD9-CM 
codes in the principal or in the secondary diagnosis: 052.0 (post-varicella encephalitis); 052.1 
(varicella hemorrhagic pneumonia); 052.2 (post-varicella myelitis); 052.7 (varicella with other 
specified complications); 052.8 (varicella with unspecified complications); 052.9 (varicella with no 
complications).

The following exclusion criteria were applied: place of residence outside Tuscany, date of birth and 
notification date not included in the birth cohorts under investigation and in the observation period, 
children who were not old enough to be vaccinated were excluded.

Moreover, records which were duplicates in either notifications or hospitalizations, as well as records 
with missing data in the vaccination register SISPC or missing fiscal code in the HDR were excluded during 
the data cleaning procedures.

Screening method application

Varicella VE after at least one dose and after two doses of vaccine was calculated using the 
screening method proposed by Farrington.19 Such method is based on the known relationship 
between the proportion of vaccinated population (PPV = VC = vaccination coverage), vaccine effec
tiveness (VE) and proportion of vaccinated subjects among notified/hospitalized cases (PCV). 
Knowing two of these parameters, it is possible to calculate the third. Therefore, reliable values 
of VC and PCV are essential to obtain a good estimation of VE.20,21 VE is then given by the 
following formula: VE = 1 - [(PCV/1-PCV) (1-PPV/PPV)]. The screening method was applied for 
both individual birth cohorts and the total aggregate of cohorts. As a matter of fact, to obtain the 
overall VE estimate, the authors aggregated the data related to the total population, vaccinated 
subjects, notified/hospitalized varicella cases, and breakthrough varicella cases for all birth cohorts 
included in the analysis (e.g., birth cohorts 2008–2017, for one-dose VE in preventing varicella 
cases and hospitalizations due to varicella; birth cohorts 2008–2012, for two-dose VE). The VE 
formula was applied using the aggregated totals of these parameters for each birth cohort but also 
considering the person-years data as denominator to reflect the total amount of time that all 
individuals in the population were at risk of developing the disease. Thus, the vaccine effectiveness 
(VE) values for each cohort and for the total population of the target cohorts of the UVV program 
(reported in the last row of each table) are calculated summing up the person-years of observation 
for each cohort as denominator. Specifically, the proportion of the vaccinated population (PPV or 
VC) and the proportion of vaccinated subjects among notified/hospitalized cases (PCV) for the 
overall estimate were calculated from the total numbers of cases notified/hospitalized divided by 
the sum of the person-years of observation across all cohorts. The retrospective cohort study design 
aimed at reconstructing the entire cohort of cases occurred in vaccinated and in unvaccinated 
subjects in Tuscany, enabling us to calculate incidence rates in vaccinated and unvaccinated and 
thus the relative risk for each birth cohort. Indeed, we were able to reconstruct all birth cohorts, 
observe each cohort for the period corresponding to the person-years of observation, and therefore 
calculate the incidence rates and the RR.

Moreover, 95% confidence intervals (95% CI) were calculated by birth cohort, expressing VE with 
the following equation: VE = 1 – (incidence rate vaccinated (Iv)/incidence rate unvaccinated (Iu)).20,21 

The 95% CIs for VE were calculated using the “classical equation of vaccine effectiveness,” which is 
based on the incidence rate ratio. This method was applied for both individual birth cohorts and the 
overall aggregated estimate.

We also calculated the time interval between the vaccination date and the beginning of symptoms (or 
disease notification date) for each varicella breakthrough case.

Study approval

The study was approved by the Regional Ethics Committee for Clinical Trials of the Tuscany Region 
(Section: Paediatric Ethics Committee) on 30 June 2020. Ethics Committee opinion register number: 152/ 
2020. The study was conducted in accordance with the Declaration of Helsinki.
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Results

Varicella notifications, hospitalizations due to varicella in Tuscany, vaccination coverage at 24  
months and 5–6 y of age

Overall, 3023 cases of varicella have been notified in Tuscany in the period 2010–2019 in the birth 
cohorts 2008–2017. The median age of the varicella notifications in the whole population was 45  
months from a minimum age of 0 to a maximum of 139 months (11 y). The interquartile range of 43  
months indicates that the central 50% of children were between 21 and 64 months of age. After the 
application of the exclusion criteria and following a review and correction of the reporting locations, 
cases were reassigned to the appropriate Local Health Units (LHUs) based on the actual place of 
residence. After this adjustment, 2687 cases were retained for analysis and redistributed accordingly 
among the LHUs. The median age of the varicella notifications in the selected population was 51  
months from a minimum age of 15 months to a maximum of 131 months (10 y). The interquartile range 
of 23 months indicates that the central 50% of children were between 40 and 63 months of age. The 
selection process of notified varicella cases and hospitalization recordings due to varicella is shown in 
Figure 2 and in Figure 3, respectively. A total 88 varicella-related hospitalizations were identified from 
two data sources: the HDR regional database and the SIMI/PREMAL systems. Hospitalized children 
were between 0 and 9 y old and the median age at the time of admission was 1 y. Four cases were 
excluded because either their place of residence was outside Tuscany, or LHU personnel were unable to 
retrieve their fiscal code. After excluding cases with missing or non-Tuscan residence information and 
removing duplicates reported in both databases, 79 unique hospitalization records were included in the 
analysis.

The overall varicella vaccination coverage at 24 months of age in the 2008–2017 birth cohorts was 85% in 
the LHU Center, 75.5% in the LHU North-West, and 79.5% in the LHU South-East. Vaccination coverage 
rates increased in all three LHUs over time: in the LHU Center, from 78.8% in the 2008 birth cohort to 
94.9% in the 2017 birth cohort; in the LHU North-West, from 72.8% to 94.2%; and in the LHU South-East, 
from 72.6% to 94.5% over the same period.

Figure 2. Selection process of notified varicella cases in Tuscany (Central Italy). Note: SIMI = Infectious Disease Information 
System.
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Effectiveness of the varicella vaccination program in preventing cases of varicella after at least one 
dose (VC at 24 months) and after two doses (VC at 5–6 y of age) in Tuscany

After the notification selection and vaccination status verification for each subject, we identified the number 
of breakthrough varicella (BV) cases. A total of 960 BV cases were identified among individuals who had 
received at least one vaccine dose (Table 1). Among those vaccinated, 0.41% had a BV: 0.46% in the Centre 
(510/111, 237), 0.38% in the North-West (272/72,143) and 0.35% in the South-East (178/50,365) LHUs. The 
highest number of BV cases were reported in the oldest birth cohorts. This is an expected result since older 
cohorts contribute more “person-time.” The overall varicella VE after at least one dose of varicella vaccine 
(at 24 months of age) in Tuscany was 84.8% (95% CI: 83.5–85.9%). The highest VE was found in the South- 

Table 1. Estimated vaccine effectiveness (%) of the UVV after one varicella vaccine dose (at 24 months of age), calculated 
from the total number of notified varicella cases in the birth cohorts 2008–2017, in the period 2010–2019 in Tuscany.

VARICELLA NOTIFICATIONS AND VACCINATION COVERAGE AT 24 MONTHS*                                              

Birth cohort
Population 

(N)

Vaccinated 
subjects 

(n)
VC 
(%)

Notified 
varicella 

cases 
(Nv)

BV cases with at 
least one vaccine 

dose 
(nv1)

Percentage of BV cases among 
notified varicella cases (nv1/Nv) 

(%)

Vaccine 
effectiveness 

(%) (95% CI)

2008 33,541 25,310 75.5 547 286 52.3 64.4 (57.9–69.8)
2009 32,797 26,964 82.2 453 182 40.2 85.5 (82.5–87.9)
2010 32,464 24,516 75.5 408 129 31.6 85.0 (81.5–87.8)
2011 31,210 24,205 77.6 316 107 33.9 85.2 (81.3–88.2)
2012 30,416 23,456 77.1 300 87 29.0 87.9 (84.4–90.5)
2013 28,937 22,631 78.2 253 86 34.0 85.7 (81.4–88.9)
2014 26,805 20,179 75.3 154 42 27.3 87.7 (82.4–91.3)
2015 25,198 21,942 87.1 103 29 28.2 94.2 (91.0–96.2)
2016 23,693 21,111 89.1 80 9 11.3 98.4 (96.9–99.2)
2017 24,772 23,431 94.6 73 3 4.1 99.8 (99.2–99.9)
2008–2017 289833 233745 80.6 2687 960 35.7 84.8 (83.5–85.9)

Notes: BV = breakthrough varicella case; VC = vaccination coverage. 
*“Vaccination Coverage at 24 months of age” pertains to the Vaccination Coverage used for VE calculation, while the analyzed varicella notifications 

include all cases identified within the study’s defined birth cohorts (2008–2017) and observation period (2010–2019).

Figure 3. Selection process of hospitalization recordings due to varicella in Tuscany (Central Italy). Notes: HDRs = Hospital 
Discharge Records; SIMI = Infectious Disease Information System.
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East LHU (89.6%; 95% CI: 87.6–91.2%), followed by the Center (88.0%; 95% CI: 86.4–89.1%), and lastly by 
the North-West one (83.7%; 95% CI: 81.0–85.8%).

We then estimated the varicella VE after two varicella vaccine doses (at 5–6 y of age) in the birth cohorts 
2008–2012 in the Tuscany region (Table 2). After two varicella doses, we retrieved 28 BV cases in Tuscany: 
18 in the Centre, 5 in the North-West and 5 in the South-East LHUs. The overall ratio between total BV 
cases/vaccinated subjects was 0.02% (28/123,062), divided as follows: 0.03% in the Center (18/55,933), 
0.01% in the North-West (5/39,500) and 0.02% in the South-East (5/27,629) LHUs. We found an overall VE 
after two varicella vaccine doses of 95.7% (95% CI: 93.6–97.1%) for the whole Tuscany Region. The highest 
value was observed in the birth cohort 2012, having VE at 100% (no BV cases after two doses was observed), 
while the lowest value, 91.5% (95% CI: 85%–95%) is reported in the birth cohort 2008, the oldest one. The 
highest VE at 5–6 y of age were found equally in the South-East LHU (97.6%; 95% CI: 94.1–99.1%) and the 
North-West (97.6%; 95% CI: 94.1–99.0%) and, lastly, the Center one (95.1%; 95% CI: 91.8–97.0%).

Effectiveness of the varicella vaccination program in preventing hospitalizations

Among the 79 hospitalizations due to varicella in Tuscany in the period 2010–2019 in the birth cohorts 
2008–2017, only 7 cases have been classified as BV cases (identified considering the hospital admission date) 
and all of them occurred after a single vaccine dose (Table 3).

The overall VE of the UVV program in preventing hospitalizations due to varicella after at least 
one vaccine dose (at 24 months of age) was 98.5% (95% CI: 96.7–99.3%), while no cases of 
varicella-related hospitalization were observed in those fully vaccinated (having received two 
doses at 5–6 y of age) during the study period (Table 3). The highest value of VE in preventing 
hospitalizations was observed in the South-East LHU (VE 99%; 95% CI: 92.4–99.9%), followed by 

Table 3. Estimated vaccine effectiveness (%) of the UVV after at least one varicella vaccine dose (at 24 months of age) 
calculated from the total number of hospitalized cases for varicella in the birth cohorts 2008–2017, in the period 2010–2019 
in Tuscany.

VARICELLA HOSPITALIZATIONS AND VACCINATION COVERAGE AT 24 MONTHS                                            

Birth cohort
Population 

(N)

Vaccinated 
subjects 

(n)
VC 
(%)

Hospitalized 
varicella 

cases 
(Nv)

BV cases with 
at least one 

vaccine dose 
(nv1)

Percentage of BV cases 
among hospitalized 

varicella cases (nv1/Nv) 
(%)

Vaccine 
effectiveness 

(%) (95% CI)

2008 33,541 25,310 75.5 9 3 33.3 83.7 (35.0–95.9)
2009 32,797 26,964 82.2 15 0 0.0 100.0 –
2010 32,464 24,516 75.5 17 2 11.8 95.7 (81.1–99.0)
2011 31,210 24,205 77.6 13 0 0.0 100.0 –
2012 30,416 23,456 77.1 10 0 0.0 100.0 –
2013 28,937 22,631 78.2 1 0 0.0 100.0 –
2014 26,805 20,179 75.3 4 1 25.0 89.1 (0–98.9)
2015 25,198 21,942 87.1 6 0 0.0 100.0 –
2016 23,693 21,111 89.1 2 1 50.0 87.8 (0–99.2)
2017 24,772 23,431 94.6 2 0 0.0 100.0 –
2008–2017 289833 233745 80.6 79 7 8.9 98.5 (96.7 – 99.3)

Notes: BV = Breakthrough varicella; VC = Vaccination Coverage.

Table 2. Estimated vaccine effectiveness (%) of the UVV after two varicella vaccine doses (at 5–6 y of age) calculated from 
the total number of notified varicella cases in the birth cohorts 2008–2012, in the period 2015–2019 in Tuscany.

VARICELLA NOTIFICATIONS AND VACCINATION COVERAGE AT 5–6 Y                                                   

Birth cohort
Population 

(N)

Vaccinated 
subjects 

(n)
VC 
(%)

Notified 
varicella 

cases (Nv)

BV cases with 
two vaccine 

doses 
(nv2)

Percentage of BV cases among 
notified varicella cases (nv2/Nv) 

(%)

Vaccine 
effectiveness 

(%) (95% CI)

2008 33,214 22,356 67.3 112 17 15.2 91.3 (85.4–94.8)
2009 30,423 22,930 75.4 53 5 9.4 96.6 (91.5–98.6)
2010 31,205 26,098 83.6 44 5 11.4 97.5 (93.6–99.0)
2011 30,537 26,044 85.3 22 1 4.5 99.2 (93.9–99.9)
2012 30,408 25,634 84.3 3 0 0.0 100.0 –
2008–2012 155787 123062 79.0 234 28 12.0 95.7 (93.6–97.1)

Notes: BV = Breakthrough varicella; VC = Vaccination Coverage.
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the Centre LHU (VE 97.2%; 95% CI: 90.5–99.1%) and the North-West LHU (VE 96.5%; 95% CI: 
88.5–99.9%).

Varicella hospitalizations by diagnosis code
Among the 75 hospitalized cases in which the ICD9-CM code was available (through the HDRs regional 
database), 30/75 (40%) were recorded as “varicella case with no complications”; 10/75 (13.3%) were 
reported as “varicella case with other specified complications”; one (1.3%) referred to “varicella with 
unspecified complications” and lastly, one (1.3%) HDR reported a “post-varicella encephalitis.” 
Importantly, the latter was not vaccinated.

Hospitalized BV cases were between 1 and 4 y old (median age was 24 months, from a minimum age of 
15 months to a maximum of 54 months) and they received just the first vaccine dose. Among the seven BV 
cases found, 3/7 reported varicella as their primary diagnosis: two “varicella with other specified complica
tions” and one “varicella with no complications”; and, as secondary diagnosis, one subject reported having 
bronchopneumonia, one was undergoing a chemotherapeutic treatment because of leukemia, and one did 
not have any secondary diagnosis. The remaining four BV cases reported having “pharyngotonsillitis,” 
“unspecified knee infectious arthritis,” “febrile seizure,” and “breathlessness” as their primary diagnosis.

Time interval between last varicella vaccination and symptoms onset of each case of breakthrough 
varicella

We also calculated the median time (in months) between the vaccination date (first and second vaccine 
dose) and the notification date (or beginning of symptoms). We found an overall median time of 34 months 
(range 0–101 months and IQR = 25 months) between the administration of the first vaccine dose and the 
notification date of each case of varicella case (BV case after at least one vaccine dose). Similarly, we found 
a median time of 28 months (range 0–69 months) between the administration of the second dose and the 
notification date (BV case after two vaccine doses). Most cases of varicella after the second dose occurred 
between 10 and 45 months (IQR = 35 months). Moreover, the median time interval between the last vaccine 
dose administered (first or second) and the disease notification date was 34 months (range 0–101 months; 
IQR = 25 months). Most breakthrough varicella cases occurred between 22 and 47 months after the last 
vaccine dose. Additionally, among the hospitalized children, the median time between the vaccine dose 
administration and the hospitalization date was 2.5 months.

Discussion

This study aimed at assessing the effectiveness of the UVV program in Tuscany in the period 2010–2019 in 
the birth cohorts 2008–2017, target of the regional varicella prevention program. We also aimed at 
calculating the varicella vaccine effectiveness after one or two doses of varicella vaccine. Our study shows 
an overall varicella VE of 84.8% in preventing varicella disease after one vaccine dose (at 24 months of age) 
and a VE value of 95.7% after two vaccine doses and after 10 y of implementation of the UVV. We 
highlighted some differences, yet small, among the three regional LHUs, perhaps reflecting the different VC 
at 24 months or at 5–6 y of age in the three LHUs, and maybe a different attitude in reporting cases of 
varicella to the dedicated varicella surveillance system. As expected, the VE of the UVV program after at 
least one dose of varicella vaccine reached the highest values in the youngest birth cohorts: i.e., VE as 99.8% 
(95% CI: 99.2–99.9%) in the birth cohort of 2017, while it was 64.4% (95% CI: 57.9%–69.8%) in the birth 
cohort of 2008, the oldest cohort included in our study, which contributed for more “person-time.” Our 
results are similar to those collected in Veneto Region that reported a varicella VE of 93% (95% CI: 90–95%) 
after a single dose in children vaccinated with the quadrivalent formulation ProQuad®.22,23 On the other 
hand, in Tuscany, the quadrivalent vaccine (MMRV) was the one mainly administered to children 
throughout the time 2010–2019 in Tuscany; in particular, the Priorix-Tetra® vaccine24 was given up to 
November 2017, followed by ProQuad®. Although it was not possible to calculate the varicella effectiveness 
for the monovalent or the quadrivalent vaccine, due to missing VC data for the two different vaccine 
formulations in Tuscany, we can report that 87.2% of our sample population (notified cases in vaccinated 
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subjects) was vaccinated with one quadrivalent vaccine at the first dose and 12.8% with one of the 
monovalent varicella vaccines.

As a matter of fact, this favorable impact of the UVV program is confirmed by epidemiological data: the 
incidence of varicella disease has dramatically dropped over the last 10 y, reporting 4000 cases in 2010 and 
745 in 2019. Meanwhile, in 2021 and 2022, only 119 and 186 varicella cases, respectively, have been notified 
in Tuscany (incidence rate 3.2/100,000 and 5.2/100,000, respectively).25,26 These data are in line with the 
epidemiological trend described by Bechini et al. 2015 in which the authors show a 10-fold decrease of 
varicella estimated real incidence over 10-y time: from 6.7/1,000 in 2003 to 1.6/1,000 in 2012.13 In addition, 
thanks to the higher VC reached through the UVV program, remarkable reductions in varicella-related 
hospitalizations were soon observed in those regions which were firstly involved in the program.27,28 

Specifically, in Sicily, varicella notifications dropped by more than 95% (from 5290 cases in 2003 to 207 
cases in 2012) and the number of varicella hospitalizations decreased from 238 in 2003 to 38 in 2001.29 

Similarly, in Apulia, varicella notifications were reduced from 7330 to 234 and hospitalizations dropped 
from 216 to 22 in the period 2004–2012.30

This study is an update of a previous investigation in which the same “screening method” was applied in 
Tuscany Region to the birth cohorts 2008–2011, during the period 2010–2013.18 Although the VE after at 
least one varicella vaccine dose found in the current investigation was 84.8% (95% CI: 83.5–85.9%) which is 
slightly lower than the previous calculated of 90.8% (95% CI: 89.5–92%), we must consider the wider period 
of observation in the current study: 10 y (2010–2019) versus 4 y in the previous investigation (2010–2013).

Moreover, an added value of the current analysis, is the investigation of the effectiveness of the two-dose 
varicella vaccination schedule, for the first time in Tuscany. In particular, we calculated an excellent VE value of 
95.7% (95% CI: 93.6–97.1%) after two vaccine doses confirming the benefit of the full immunization in reducing 
the occurrence of breakthrough varicella cases. As a matter of fact, Tuscany reports one of the highest VC for 
varicella at 5–6 y old in Italy: it was 84.3% in the year 2019 (birth cohort 2012), compared to the national average 
value of 38.4%.31 In the Apulia Region, in which the UVV was introduced in 2006, the VE after one dose 
increased from 49% (in the birth cohort 2006) to 91.1% (in the cohort 2010); moreover, the VE after two doses 
increased from 28.8% (birth cohort 1997) to 64.8% (birth cohort 2005).30 In addition, these real-world data 
confirm the highly effective impact of the UVV in reducing the burden of disease due to varicella predicted by 
a previous clinical and economic model applied to the Italian population.32

Varicella vaccine effectiveness has been widely assessed worldwide. A 2016 meta-analysis reported 
81% VE (95% CI: 78%–84%) after one dose and 92% (95% CI: 88%–95%) after two doses.33 In Taiwan, 
VE after one vaccine ranged between 82% (95% CI: 81.3–82.6%) and 93.1% (95% CI: 92.7–93.4%) 
among children born 2003–2006, vaccinated with Varivax® or Varilrix®.34–36 In China (Changzhou), 
during the 2017–2022 transition to a two-dose schedule, VE increased from 82.54% (one dose) to 
97.91% (two doses). VE notably improved across all subgroups after 2020.37 In Germany, VE was 71% 
overall (95% CI: 57–81%), with 62% (95% CI: 43–75%) after one dose, and 94% (95% CI: 75–98%) after 
two doses.38 Vaccine type also influenced VE: higher breakthrough varicella risk was seen with one dose 
of Varilrix® (RR = 2.8) or Priorix-Tetra® (RR = 2.4), compared to one dose of Varivax®. Two doses of 
Priorix-Tetra® showed lower risk (RR = 0.5).38 Another German study reported 86.6% VE after one dose 
and 97.3% VE after two doses at from 2009 to 2014.39 In Eastern-European (Czech Republic, Lithuania, 
Poland, and Slovakia), MMRV (Priorix-Tetra®) showed VE between 95.4% and 97.4%, while mono
valent Varilrix® ranged between 59.3% and 74%.40 In Spain, VE in Navarre was 87% (one dose) and 97% 
(two doses),41 while Madrid reported 93.1% VE after one dose between 2001 and 2015.42 More recently, 
Barbieri et al. performed a population database analysis to estimate the effectiveness of the varicella 
vaccine in children under 14 y of age in a high vaccination coverage area from 2004 to 2022 in Veneto 
region (Italy). In Veneto, universal varicella vaccination was introduced in 2007 with a two-dose 
schedule at 12–15 months and 5–6 y of age, achieving 90% coverage by 2019. This retrospective analysis 
used Pedianet, a comprehensive database from 73 family pediatricians in the Veneto Region. In line 
with our findings, the study reported varicella vaccine effectiveness of 83.4% and 94.7% for those 
vaccinated with one and two doses, respectively.43

An Italian case-control study by Fortunato et al. evaluated the effectiveness of the combined MMRV 
Priorix-Tetra™ vaccine against varicella of all grades in Southern Italy (Apulia region). The effectiveness 
against varicella of all severity levels was 77% after a single dose and 93% after two doses of Priorix-Tetra™. 
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For monovalent varicella vaccine, effectiveness was 72% after one dose. The combined effectiveness of any 
varicella vaccine was 76% after one dose and 94% after two doses.44

The current study is one of the few studies assessing the effectiveness of the varicella vaccination in preventing 
varicella-related hospitalizations in Italy, with remarkable results in terms of VE, which reached 98.5% (95% CI: 
96.7–99.3%) after at least one vaccine dose (at 24 months of age); while it was 100% after two doses, since no 
hospitalization due to varicella was found in subjects fully vaccinated. Our results are in line with the study by 
Fortunato et al. with a calculated varicella vaccine effectiveness against hospitalization of 96% after a single dose 
of any varicella vaccine.44 While the absolute number of cases may vary by cohort due to different observation 
times, the adopted screening methodology is appropriate and robust for estimating vaccine effectiveness at the 
program level, as it relies on the proportions of vaccinated individuals in the population and among notified/ 
hospitalized cases, thereby providing a correct interpretation of the program’s overall impact.

We can also speculate that the decreasing number of varicella-related hospitalizations and BV cases we 
have described over the years (2010–2019) (Table 3) is directly associated with saved costs for the Italian 
National Health System (NHS). Costs due to varicella in a pediatric population are also well documented in 
the national and international literature.45,46

Finally, we also investigated the time interval between the last administered dose of varicella vaccination and 
the notification date (or, when it was not available, we considered the date of the symptoms onset) of each BV 
case. We found that the median time interval between the first and the second varicella vaccine dose and varicella 
disease onset was 34 and 28 months, respectively. These values are similar to what previously found by Tafuri 
et al., 2014, who reported a time interval between the first varicella vaccination and virus exposure of about 25  
months.47 The lower circulation of the varicella virus in Tuscany Region in the last decade may have reduced the 
risk of getting infected and could have had an impact on the lengthening of the time between the last vaccine dose 
received and the disease. We also observed a wide range of variability in the median interval between the second 
varicella vaccine dose and varicella notifications (IQR = 35 months), suggesting differences in individual immune 
response or exposure timing. As a matter of fact, varicella notifications in Tuscany have dropped more than four 
times in the last 10 y.25 Breakthrough varicella cases can occur up to 101 months later the last vaccine dose, 
highlighting the importance of long-term surveillance and consideration of booster strategies if needed. Our 
findings could hypothetically imply that a shorter interval between the two doses of varicella vaccine might 
contribute to reducing BV cases, boosting the anti-varicella antibody level after the first dose, though this study 
did not include serological evidence to directly assess antibody levels. Specifically, our data indicate that the 
median time interval between the first varicella vaccine dose (typically administered at 13–15 months of age 
according to the national/regional schedule) and the onset of breakthrough varicella was 34 months. This implies 
that the median age at which breakthrough cases occurred after the first dose was approximately 47–49 months 
(around 4 y of age). Consequently, a second dose of varicella vaccine given at around 4 y of age could 
hypothetically prevent about half of BV cases in the birth cohorts included in the analysis, as the median 
represents the point by which approximately half of BV cases have occurred. However, considering the very low 
rate of BV cases among all vaccinated children in the analyzed cohorts (0.41%), shortening the time interval 
between the two doses of vaccine would not be convenient from an organizational point of view, and should be 
carefully considered to avoid any potential disruption to a well-established vaccination schedule.18,48

The biggest challenge for this study performance was the data collection. A critical issue of this study 
comes from the fragmented and sometimes unavailability of the varicella notifications in Tuscany Region. 
Some of the LHUs did not provide data in a digital form, yet in a paper form, which generated some issues 
due to missing information or misunderstandings. Finally, we observed some discrepancies between the two 
data collection systems of notifications and HDRs.

As a limitation of the study, it should be noted that the screening method, while being a useful and rapid 
tool for the preliminary assessment of vaccine effectiveness (VE), has intrinsic constraints that may affect 
the validity of the findings. The accuracy of this method depends on the reliability of the estimates of both 
vaccination coverage in the population and the proportion of vaccinated individuals among cases. Any bias 
or inaccuracy in these parameters can lead to distorted VE estimates. Therefore, results obtained using the 
screening method should be interpreted with caution. Nonetheless, it remains a practical and widely used 
approach for monitoring VE, especially in the early phases of a vaccination program or in contexts where 
individual-level data are unavailable. Moreover, while our study focused on overall program effectiveness 
and aggregated data as appropriate for the screening method, we acknowledge that its application prevents 
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deeper insights into specific risk factors, for this reason a detailed analysis of risk factors may not be 
possible. Despite these operational data collection challenges and study method limitations, we believe that 
the impact on the overall validity of the study’s main conclusions, particularly regarding the high vaccine 
effectiveness (VE), was limited for several reasons: the screening method is robust and tends to be less 
sensitive to a uniform underestimation of cases, provided that the relative proportion of vaccinated 
individuals among cases and in the population is accurate. Moreover, our results, which demonstrate 
excellent vaccine effectiveness, are broadly consistent with vaccine effectiveness estimates reported in 
international studies.33–43 This consistency strengthens the validity of our conclusions on vaccine effective
ness, suggesting that data collection challenges did not invalidate our central estimate of effectiveness. 
Despite the described limitations, our study provides robust and valuable evidence on the effectiveness of 
the universal varicella vaccination program in Tuscany during the pre-pandemic period.

Conclusions

Our study demonstrated the excellent vaccine effectiveness profile of the universal varicella vaccination 
program, over a 10-y period in Tuscany, in preventing notified and hospitalized varicella cases in the target 
cohorts of children after at least one varicella vaccine dose and after two doses. The VE in preventing 
hospitalization due to varicella were even higher. Furthermore, a two-dose schedule program is confirmed 
to be effective in preventing severe varicella cases, as none of the hospitalized children had received two 
vaccine doses, proving health and economic benefits of the UVV in Tuscany during the pre-pandemic 
period. However, it is of utmost importance keeping high varicella vaccination coverage in order to 
guarantee and sustain excellent results. Monitoring the effectiveness of the UVV program should be part 
of the routine investigations carried out at the regional level to better understand the program’s impact and 
to consider possible revisions of the vaccination schedule.
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