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Introduction

Varicella is an infectious disease caused by the Varicella zoster 
virus (VZV), a DNA virus member of the herpesvirus group. 
Varicella transmission is mainly person-to-person by airborne 
respiratory droplets, but also by direct contact with vesicle fluid 
of subjects suffering from varicella or herpes zoster. Although 
varicella is a disease with a low mortality, it is characterized by 
a high morbidity, and in the absence of vaccination strategies, 
more than 90% of subjects will be affected by varicella within 
the first 12 y of age.1 Only occasionally varicella can have serious 
complications, that are more common among adolescents and 
adults or in immunosuppressed subjects. Varicella during preg-
nancy can be associated with severe illnesses for both the mother 
and neonate (congenital varicella).2 Finally, VZV can persist in 
a latent form within sensory ganglia and, in 10–30% of cases, 

it can reactivate later (usually in the elderly and in immunosup-
pressed subjects) to cause herpes zoster.3 In Italy, notification of 
varicella is mandatory.4

Although immunization represents the best strategy to reduce 
the epidemiological impact of the disease, the associated compli-
cations and its attributable costs, this vaccine is not yet included 
in the national immunization programme and only few regions 
have actively offered it, in the last years, as pivotal programmes.5 
Sicily, was the first region, in 2003, to offer varicella vaccination 
free of charge to all children in their 13th–15th month of life 
and to all susceptible adolescents in their 12th year of age.6 Since 
2010, the second dose of varicella vaccine on the 5th year of life 
was added in the regional immunization program as well as the 
possibility of vaccinating with tetravalent vaccine (MMR-V).6

The present paper aims to describe the epidemiology of vari-
cella in Sicily, before and after the introduction of universal mass 
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Introduction: Universal varicella vaccination in Sicily was introduced in infant population since 2003, with a rapidly 
increasing coverage. Aim of the present study was to analyze changes in the epidemiology of varicella since the introduc-
tion of universal vaccination.

Methods: The study was performed by analyzing Sicilian administrative/clinical data on varicella case notifications 
and hospitalizations from 2003 to 2012 (ICD-9-CM discharge diagnosis codes 052 and 052.×). MMR+V and V coverage 
were also calculated for each birth cohort. Moreover, blood samples drawn in 2013/2014 from general population strati-
fied by age were tested for varicella antibodies.

Results: From 2003 to 2012, 15 433 varicella cases were notified with a decreasing temporal trend (1.1/1000 popula-
tion in 2003 to 0.1/1000 in 2012) (P < 0.001). In the same period, a total of 1145 patients were hospitalized with a diagnosis 
of varicella, with a 6-fold reduced risk of hospitalization over time (from 4.8 to 0.8/100 000 population per year; P < 0.001). 
Varicella vaccination coverage rates increased from 40% (2001 birth cohort) to 85% (2010 birth cohort), and inversely 
correlated with both notification and hospitalization rates (P < 0.001). Finally, 80.0% of subjects enrolled in the seroepide-
miological survey were positive for varicella and seroprevalence increased significantly with age in both sexes (P < 0.001).

Discussion: The results show the impact of infant universal varicella vaccination in Sicily. Noteworthy, notifications 
and hospitalizations for varicella have significantly decreased after the introduction of universal vaccination, confirming 
the effectiveness of the adopted strategy.
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vaccination against varicella, assessing vaccination coverage over 
time, evaluating the burden of the disease (notifications and hos-
pitalizations) and, finally, estimating the prevalence of varicella 
seropositive subjects in a sample of the general population.

Results

As shown in Figure  1A, from 2003 (birth cohort 2001) to 
2012 (birth cohort 2010) varicella vaccination coverage increased 
from 40.4% to 84.5% (P < 0.001). During the same period, vari-
cella notifications decreased by more than 95% (from 5290 cases 
in 2003 to 207 cases in 2012; P < 0.001) (Fig.  1B). Overall, 
from 2007 notification rates were lower than 0.1 cases per 1000 
inhabitants per year. The reduction was particularly evident for 

subjects aged 0–14 y, who represented about 94% of all notifica-
tions (data not shown).

According to the notification trend, the number of varicella 
hospitalizations decreased from 238 cases in 2003 to 38 cases in 
2012 (from 4.8 cases/100 000 to 0.8 cases/100 000; P < 0.001) 
(Fig. 1C). Median age at hospital admission was positively cor-
related with year of hospital admission, ranging from 5 y of age 
(IQR = 11.5) in 2003 to 20 y of age (IQR = 23) in 2009 (P < 
0.001). Direct hospitalization costs decreased from 485,000 euro 
in 2003 to about 82,000 euro in 2012, with a spare of more than 
80%.

Finally, the general characteristics of subjects enrolled in the 
seroepidemiological study were reported in Table 1. Overall, 
the final sample accounted for 175 subjects (80 males and 95 
females) with a median age of 19 y (IQR = 28). Fifty-seven (57) 
out of 175 (32.9%) study participants reported previous varicella 
vaccination and subjects aged 1–6 y and 7–14 y showed higher 
coverage rates (76.5% and 66.7% among males and 77.8% and 
68.4% among females, respectively). One-hundred and 40 out of 
175 (80.0%) subjects were seropositive for varicella and seroprev-
alence increased significantly with age in both sexes (P < 0.001).

Discussion

Sicily was the first Italian region to introduce varicella vacci-
nation in its regional immunization program in 2003. Ten years 
after its introduction, the epidemiology of varicella in Sicily seems 
to be profoundly changed with a marked decrease of the disease 
and economic burden attributable to this infection. Intriguingly, 
it should be noted that the epidemiologic changes associated with 
varicella vaccination become particularly evident after 2007 and 
2008. This “breakpoint period” is consistent with the consider-
ation that, in these years, vaccination coverage increased to more 
than 70% and, thus, the decrease of the susceptible population 
has probably reduced the active circulation of the virus because 
of the herd effect.

The reduction of varicella morbidity was particularly evi-
dent for notifications (< 95%), whereas resulted less significant 
for severe cases requiring hospitalization (≈84%). Although 
this difference may be theoretically due to under-reporting or 
under-diagnosis, it should be considered that both the passive 
surveillance systems analyzed have not undergone to significant 
changes during the study period. Moreover, the minor impact 
of vaccination on hospitalizations may be explained by consid-
ering the overall increased age at hospital admission observed 
among Sicilian subjects over time. In fact, it is well known that 
the risk of complications due to varicella increases proportionally 
with age at infection and several authors have hypothesized an 
increased risk of morbidity due to shifts in the age at infection, 
when vaccination coverage is between 30–70%, as observed in 
Sicily during the first five years after the introduction of vari-
cella vaccination.7,8 The World Health Organization (WHO) has 
recently suggested that this risk may be present at coverage rates 
below 80%.9

Figure  1. (A) Varicella vaccination coverage in Sicily by birth cohort 
(*data in 2006 birth cohort were lacking); (B) Notifications for varicella 
in Sicily, 2003–2012; (C) Hospitalization with a diagnosis of varicella in 
Sicily, 2003–2012.
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Noteworthy, our seroepidemiological results have confirmed 
that a relatively high proportion of subjects aged 15–25 y (»15%) 
were seronegative. This age-group is of paramount importance 
because it is at higher risk of having complications, but also 
because about 11% of females in this group were seronegative 
and, thus, susceptible of contracting varicella during pregnancy.

Seronegative subjects were also relatively common among chil-
dren aged 2–14 y (»35%). These results are quite similar to those 
observed in Italy before varicella vaccination introduction, with 
the difference that in our case seropositivity has been attributable 
to varicella vaccination instead of natural infection and disease.10 
Although a higher seropositive rate could be expected in this last 
age-group, this finding could be explained by considering both 
the sub-optimal vaccination coverage and the one-dose vari-
cella immunization strategy present in Sicily before 2010. Some 
authors have hypothesized that in similar epidemiological con-
text “post-honeymoon” epidemics may occur with both natural 
and breakthrough varicella cases.11 Despite of this consideration, 
to date varicella in Sicily has been characterized by an endemic 
trend with decreasing incidence and no epidemics were observed 
in the study period. Further studies and long-term surveillance 
are required in order to evaluate the effectiveness of the immuni-
zation program over time. Moreover, according to the previously 
discussed results, the potential benefits of a possible progressive 
introduction of booster doses in adolescents and young adults 
should be evaluated in our geographical setting, also for reducing 
the probability of acquiring varicella infection in an age at higher 
risk for complications.9

Another potential risk that should be monitored is the pos-
sible increase in the incidence of herpes zoster in the elderly. In 
this sense, the international literature suggests that the decreased 
VZV circulation resulting from mass vaccination may reduce the 
exposure to natural boosters, potentially increasing the number 
of zoster cases in first decades of a universal mass vaccination 
program.12 Finally, the present study has some possible limita-
tions that should be taken into account. First, notifications and 
hospital discharge databases could be affected by underreport-
ing and underdiagnosis. However, when the rate of underreport-
ing/underdiagnosis is stable over time, trends can be informative 
and accurately estimated. Second, the relatively small seroepide-
miological sample size and the recruitment of subjects requiring 
diagnostic health analysis could have 
reduced both precision and generaliz-
ability of our results. Nevertheless our 
data highlight that the first ten years 
of universal varicella vaccination have 
allowed to significantly reduce morbid-
ity attributable to varicella, as shown 
by the very low incidence and hospi-
talization rates recently observed in the 
Sicilian population.

Despite of these encouraging find-
ings, as suggested by several authors, 
there is a clear need to implement an 
active surveillance of varicella cases 
(including those due to breakthrough 

infections) and complications, to monitor varicella vaccination 
uptake and to evaluate alternative immunization strategies as 
well as appropriate administration of booster doses in particular 
age or risk groups.13

Material and Methods

The present paper analyzes data obtained from 4 different 
sources, as schematically reported below:
1) Varicella vaccination coverage rates collected by the Region of 

Sicily’s Health Commission from 2003 to 2012 (data about 
2008 were missing).

2) Varicella notifications collected by the Italian National 
Surveillance System of Infectious Diseases (SIMI) and the 
Region of Sicily’s Health Commission from 2003 to 2012.14

3) Administrative and clinical data of hospitalized patients, 
resident of Sicily, from 2003 to 2012. All data included in 
the analyses were obtained by the Region of Sicily’s Health 
Commission, which routinely collects hospital discharge 
records (HDRs) from all Sicilian hospitals. The Regional 
Hospital Discharge Database, which was established in 1994, 
collects complete data on hospitalizations from both pub-
lic and private hospitals. Each HDR includes demographic 
information (birthplace, residence, gender, and date of birth), 
admission and discharge dates, discharge status (categorized 
as “discharged/transferred” or “dead”), and up to six dis-
charge diagnoses (1 principal and 5 secondary diagnoses) 
coded according to International Classification of Disease, 
Ninth Revision, Clinical Modification (ICD-9 CM).

4) A seroepidemiological study, was performed in 2013/2014, on 
subjects who attended two main hospitals located in Palermo 
for routine laboratory analyses. Subjects were selected from 
the laboratory register, after random stratified sampling, with 
proportional allocation by age and sex. Before enrollment, 
each subject was informed about the study and an informed 
consent was obtained from each patient or from the patient’s 
legal guardian. Participants with a diagnosis of current 
immunodepression and those who have had a blood transfu-
sion in the previous 180 d were excluded. For each enrolled 

Table 1. General characteristics, varicella vaccination status and seropositivity of the 175 subjects 
recruited in the seroepidemiological study

Total Vaccinated* Seropositive

Male Female Male Female Male Female

Total, n (% by row) 80 (45.7) 95 (54.3) 26 (32.9) 31 (33.0) 62 (77.5) 78 (82.1)

Age, n (% by row)

<13 mo 3 (50) 3 (50) 0 (0) 0 (0) 1 (33.3) 0 (0)

13 mo to 6 y 17 (48.6) 18 (51.5) 13 (76.5) 14 (77.8) 10 (58.8) 12 (66.7)

7 to 14 y 16 (45.7) 19 (54.3) 10 (66.7) 13 (68.4) 10 (62.5) 14 (73.7)

15 to 25 y 15 (45.5) 18 (54.5) 2 (13.3) 2 (11.8) 12 (80.0) 16 (88.9)

>25 y 29 (43.9) 37 (56.1) 1 (3.4) 2 (5.4) 29 (100.0) 36 (97.3)

*As stated by study participants or their legal guardians.
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subject data on sex, age, previous varicella vaccination, and 
date of each dose, were collected.

All subjects discharged with the ICD-9-CM code 052.×, on 
any diagnosis position, have been considered as varicella cases. 
Hospitalization of Sicilian residents that occurred outside the 
region was also included in the analysis, while multiple hospi-
talizations due to transfers were combined. Neither ethics com-
mittee approval nor individual written consent were required 
according to the Italian law (anonymous aggregated data).

All the blood samples were centrifuged at 1500 × g for 15 
min, and sera were aliquoted and stored at −20 °C until anal-
yses. Serological laboratory analyses were performed at the 
national reference laboratory of the University of Salento, Lecce. 
Varicella antibodies were quantified using an immunoenzymatic 
micro-method (Enzygnost anti-VZV-virus/IgG, Dade Behring 
GmbH), which has a high sensitivity and specificity (respectively, 
99.3% and 100%). In accordance with the international stan-
dard for varicella-zoster immunoglobulin of the World Health 
Organization, the cut-off for the test was set at 50 mIU/ml.

The study was conducted in compliance with the Helsinki 
Declaration and with the Law Decree n. 196/2003, article 24 

(Code for the protection of personal data) and approved by 
the Institutional Review Board of the Azienda Ospedaliero 
Universitaria Policlinico “P. Giaccone” of Palermo, Italy.

Statistical analyses were performed by using EpiInfo ver. 
Seven and R software. Population data per year, age group and 
sex were collected from the DemoIstat.15 Vaccination coverage 
was calculated as the number of children vaccinated with at least 
1 dose of varicella divided by the total number of children aged 
12–24 mo per each year. Annual notification (per 1000 inhab-
itants) and hospitalization rates (per 100 000 inhabitants) were 
calculated.

Categorical variables were summarized as frequency (percent) 
and compared by using Pearson χ2 test, χ2 test for trend or Fisher 
exact test as appropriate. Median and interquartile range (IQR) 
was used for summarizing not normally distributed quantitative 
variables. Correlation between age and year of hospital admis-
sion was evaluated by Spearman rank correlation. All reported 
p-values were two-sided and P < 0.05 was considered significant.
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