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SUMMARY

We conducted a seroepidemiological study to evaluate the potential impact of mass varicella

vaccination on the transmission of varicella-zoster virus (VZV) in Italy, where vaccination is

not mandatory. We tested 3179 serum samples, collected from September 1996 to October

1997, for specific anti-VZV antibodies using a commercially available ELISA. The results

confirmed that varicella typically involves children (82±1% seroprevalence among 10- to 14-

year-olds) and that the mean age of acquiring the infection seems to be increasing. The results

also revealed that southern Italy, compared to the rest of the country, has a greater circulation

of VZV and an earlier age of acquisition. The potential impact of mass vaccination among 12-

to 18-month-old children on the epidemiological trend of the infection must be carefully

considered, in that failure to reach high levels of coverage could lead to an increase in the

mean age of acquisition, which is already occurring in Italy.

INTRODUCTION

Varicella (chickenpox) is an acute, highly infectious

disease caused by the alpha-herpes virus varicella-

zoster virus (VZV), which has a worldwide dis-

tribution and is typically associated with epidemics

among children [1]. VZV is capable of persisting in a

latent form in the spinal and cranial ganglia and

reactivation can occur many years after the first

infection, resulting in the onset of herpes zoster

(shingles) [2].
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The postnatal form of varicella is usually acquired

between the ages of 5 and 9 years and generally has a

benign clinical course. However, the infection can lead

to serious complications that are sometimes fatal,

especially in immunocompromised individuals and in

the first year of life [3]. Furthermore, complications

occur more frequently in adults ; hospitalization and

length of stay reflect the age-specific severity of

varicella. The hospitalization rate per varicella case is

high in children under 2 years of age, becomes very

low in 2- to 18-year-olds and then increases sig-

nificantly throughout adult life [4, 5].

A neonatal form of varicella can occur if the mother

acquires the infection in the first months of pregnancy

[6, 7]. If the infection is acquired 15 days or less prior

to delivery, the newborn presents with typical rash in

at least 25% of cases, whereas if the infection is

acquired from 5 days before to 2 days after delivery,

the clinical course in the newborn becomes par-
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ticularly serious, with up to 30% mortality, since the

newborn is immunologically immature [8, 9].

However, since the incidence peaks among in-

dividuals between 5 and 9 years of age, complications

are relatively rare and there is only a low probability

that a woman will reach reproductive age and still be

susceptible to VZV. In these geographic areas,

varicella is endemic, with periodic peak years. Between

peak years, there are frequent local or regional reports

of varicella, with epidemic characteristics, within

closed communities consisting of a high number of

susceptible individuals (e.g. schools, military barracks,

and hospitals). Moreover, it is known that approx-

imately 15–25% of individuals will acquire herpes

zoster in their lifetime, over 70% of which are in

adults [2, 10].

By contrast, in tropical countries, the incidence of

varicella peaks at older ages and the disease is thus

associated with a greater rate of complications [11].

This delay in acquiring the infection could be due to

the fact that a larger proportion of the population

lives in rural, less densely populated areas ; the delay

could also be due to the interference of other

circulating herpesviruses (HSV in particular) or to the

aetiological agent being less resistant, in relation to

specific environmental conditions [12, 13].

A live-attenuated varicella vaccine has been avail-

able for several decades [14] ; it is safe and effective,

mainly in preventing severe disease [15]. The first

clinical trials on this vaccine were conducted among

immunocompromised children and later among

healthy children and adults [1]. The American Acad-

emy of Pediatrics currently recommends vaccinating

all infants 12–18 months of age (or in any case

performing vaccination before 13 years of age, if the

individual is still susceptible) [16, 17]. However, as

with any mass paediatric vaccination, the conse-

quences of the extensive use of varicella vaccine must

be thoroughly evaluated from an epidemiological

point of view. This entails evaluating how mass

vaccination, especially if there are low coverage rates,

can modify the transmission of the aetiological agent.

To this end, we conducted a seroepidemiological

study in Italy, where varicella vaccination is not

mandatory.

METHODS

Although varicella vaccination is not mandatory in

Italy, the Ministry of Health has actively recom-

mended vaccinating anti-VZV-negative individuals

who belong to risk categories (e.g. individuals affected

by chronic renal failure and lymphoproliferative

diseases, in particular leukaemia; and candidates for

liver, bone-marrow, and kidney transplant) [18]. The

notification of varicella in Italy is mandatory [19], and

all notified cases are also recorded by the Italian

National Institute for Statistics (ISTAT).

To determine the morbidity of varicella in Italy, we

reviewed data from ISTAT on all cases reported in

Italy’s 20 geographical regions for the period 1961–96

(the most recent available data). To evaluate time

trends in morbidity (per 100000 individuals), we

reviewed data from censuses conducted in the years

1961, 1971, 1981, and 1991 (in Italy, national censuses

are conducted every 10 years). The standardized rates

were computed using the 1991 census population as

reference population. Time trends were also evaluated

for specific age-groups (i.e. 0–4, 5–9, 10–14, 15–24,

25–44, and & 45 years), and we identified eventual

changes in the percentage of varicella cases notified in

the various age-groups in the period considered.

Finally, for the period 1980–96, we studied the trend

of varicella morbidity by geographic area (i.e. north-

ern, central and southern Italy).

For the seroprevalence analysis, we collected anony-

mous unlinked samples of residual sera from routine

laboratory testing, provided by a reference laboratory

in each region. We excluded samples from individuals

known to have an immunosuppressive or acute

infectious disease and those from individuals who had

recently undergone a blood transfusion. All indiv-

iduals who provided serum samples gave verbal

informed consent ; consent for minors was provided

by parents or legal guardians.

Based on a previous document [20], we calculated

that a minimum of 3400 sera samples would be needed

for the seroprevalence analysis. Specifically, we needed

100 samples for each 1-year interval in the age range

0–19 years (a total of 2000 samples) and 200 samples

for each 5-year or 10-year interval for ages 20 years

and over (i.e. 20–24, 25–29, 30–34, 35–39, 40–49,

50–59, and 60 and over, for a total of 1400 samples).

Eighteen of Italy’s regions provided serum samples,

which were divided by age-group (for samples from

individuals less than 1 year of age, the age in months

was specified). A total of 3569 samples were collected

from September 1996 to October 1997 and were

stored at ®20 °C until tested for varicella antibodies.

Anti-VZV specific antibodies were detected using a

commercially available ELISA (Enzygnost anti-

VZV}IgG, Dade Behring GmbH), which according to
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Fig. 1. Varicella morbidity in Italy 1961–96.
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Fig. 2. Varicella morbidity by age-group in Italy 1961–96.

the manufacturer has a sensitivity of 99±3% and a

specificity of 100%. Sera were classified as negative if

the OD was less than 0±100 and as positive if higher

than 0±200; sera with OD reproducibly between 0±100

and 0±200 were classified as borderline. The antibody

status, expressed in mIU}ml, was based on the

International Standard for Varicella-Zoster Immuno-

globulin (50 IU) of the World Health Organization.

The statistical comparison of data was performed

using the χ# test (comparison among percentages) and

the Student t test (comparison among means).

Geometric mean titres (GMT) were computed on all

antibody titres as arithmetic means of logarithmically

transformed values.

RESULTS

The trend of morbidity showed that in Italy varicella

is endemic-epidemic (Fig. 1) ; from 1982 to 1996 there

was a trend of increase in morbidity. The age-specific

trend of morbidity, comparing data from the periods

1961–70, 1971–80, 1981–90 and 1991–6, showed

significant changes [0–4 years (P! 0±01); 5–9 years

(P! 0±01); 10–14 years (P! 0±01); 15–24 years
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Fig. 3. Percentage of varicella notification by age-group in Italy 1961–96.
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Fig. 4. Varicella morbidity by geographical area in Italy 1961–96.

(P! 0±01); 25–44 years (P! 0±01); and & 45 years

(P! 0±01)] (Fig. 2). Specifically, the morbidity for the

0–4 years age-group progressively increased in the

various periods considered, whereas that for the 5–9

years age-group decreased in the period 1971–80 and

significantly increased in the following periods. In the

age-groups of 10–14, 25–44 and & 45 years, there was

a progressive increase in morbidity, whereas in the

15–24 years age-group, there was a decrease in the

period 1991–6, though the morbidity in this period

remained significantly higher with respect to the

periods 1961–70 and 1971–80.

When combining the data into two age-groups (i.e.

0–14 years and & 15 years), the morbidity per 100000

inhabitants in the 0–14 years age-group was 303±9 in

1961–70, 271±9 in 1971–80, 533±8 in 1981–90, and

925±6 in 1991–6 (P! 0±01). The morbidity per 100000

inhabitants in the & 15 years age-group was 6±3 in

1961–70, 10±5 in 1971–80, 40±2 in 1981–90, and 38±9 in

1991–6 (P! 0±01). Beginning in the 1970s, there was

an increase in the percentage of varicella cases notified

in the & 15 years age-group [i.e. 6±0% in 1961–70,

10±5% in 1971–80, 21±1% in 1981–90, and 17±7% in

1991–6 (P! 0±01)] (Fig. 3).
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Fig. 5. Varicella-zoster virus seroprevalence by age-group and gender in Italy 1996–7.
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Fig. 6. Varicella-zoster virus seroprevalence by age-group and geographical area in Italy 1996–7.

The analysis of geographic trends in morbidity

showed that although the temporal trend was prac-

tically identical, there was a significant difference in

terms of the number of cases notified, and thus in

morbidity, with a significantly lower number of

notified cases in southern Italy, compared to northern-

central Italy (Fig. 4).

Of the 3569 serum samples collected from the 18

participating regions, 3179 were tested; 1±3% of these

samples were borderline and were not considered in

the data analysis. The national seroprevalence is

shown in Figure 5: it progressively decreased among

children in their first months of life, who were initially

passively protected by the mother ; it then began to

increase following the first year of life and continued

to increase, from 26±0% in the 2–4 years age-group to

61±8% in the 5–9 years age-group, reaching 82±1% in

the 10–14 years age-group. The seroprevalence was

identical by gender for all age-groups.

When considering the regions by age-group, the

statistical analysis did not reveal any significant

differences, except in the 2–4 years age-group

(P! 0±05). When dividing Italy into three geographic

areas (i.e. northern, central, and southern Italy) (Fig.

6), the trend of seroprevalence was similar among the

three; however, the percentage of persons with specific

anti-VZV antibodies tended to increase earlier in

southern Italy, with respect to the other areas. In fact,
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Fig. 7. Geometric mean titre of varicella-zoster virus antibodies by age-group and gender in Italy 1996–7.

the seroprevalence in the 2–4 years age-group was

significantly greater in southern Italy, with respect to

northern and central Italy (P! 0±05).

These results are indirectly confirmed by the

analysis of trends in GMT in the various age-groups

(Fig. 7) ; the GMT began to increase in the 2–4 years

age-group, with an abrupt increase in the 5–9 years

age-group. This trend of increase continued in all age-

groups, indicating a persistent circulation of VZV in

the population. No significant differences by gender

were observed in the GMT.

DISCUSSION

In designing this seroprevalence study, we attempted

to ensure that the sample was representative, following

indications provided by the European Project for the

Sero-epidemiological Surveillance of Vaccine-Prev-

entable Diseases [20]. Although the samples from very

young participants could have been collected from

children with health problems (i.e. problems that

would lead to varicella vaccination being recom-

mended), the inclusion and exclusion criteria used in

this study should have resulted in these children being

excluded, thus avoiding an overestimation of sero-

prevalence.

The results of the present study confirm that in

Italy, varicella typically involves children. In fact, the

seroprevalence markedly increased from 25% among

the 2–4 years age-group to 61±8% among the 5–9

years age group (P! 0±01). Nonetheless, there was a

significant increase (P! 0±01) from the 5–9 years age-

group to the 10–14 years group (61±8 and 82±1%,

respectively), whereas the seroprevalence remained

stable among older individuals. These findings in-

dicate that there is extensive circulation of VZV in

Italy even among those age-groups not considered to

be the most exposed, as already observed in other

countries [21] ; thus there is the possibility that the

mean age of infection is increasing. Only age-specific

time trends can demonstrate a shift in the age at

infection.

This increase in age seems to be confirmed by the

trend of varicella notifications: since the 1970s, there

has been an increase in the percentage of cases

reported among young adults. This could be due to

the marked decrease in births, which has hindered the

transmission of the virus from one susceptible in-

dividual to another. Nonetheless, there seems to have

been a trend of progressive increase over time in

varicella morbidity (Fig. 1). However, this increase

can probably be attributed to a greater tendency of

health care workers to notify cases, although it is

known that for all communicable diseases, and in

particular for childhood exanthems, there is still a

great degree of undernotification. The notification

data presented in this paper may not be an absolutely

accurate record of events, since there is acknowledged

to be variation of notification practice in different

parts of Italy and the trend over time may not be

accurate.

Taking these considerations in account, the increase

in the percentage of cases notified among young

adults may be a cause for alarm since the clinical

course of varicella is generally more serious in adults

and the incidence of complications is higher. Among
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specific population groups [e.g. among individuals

with chronic renal failure or lymphoproliferative

diseases ; liver, bone-marrow and kidney transplant

recipients ; and immunocompromised individuals in

general] varicella can be most severe or fatal [22–24].

The percentage of females of reproductive age who do

not have specific anti-VZV antibodies (17±2% among

the 15–19 years age-group and 9±2% among the 20–39

years age-group) indicates the risk of having pregnant

women susceptible to VZV and confirms the above-

reported epidemiological trend.

Of note is the different seroepidemiological trend

found in the diverse geographic areas of Italy, which

seems to indicate a greater circulation of VZV in

southern Italy, compared to the rest of the country.

However, this finding apparently contradicts the

notification data, which show that morbidity is

significantly higher in northern-central Italy. A poss-

ible explanation could be the lower age of acquisition

in southern Italy and a particularly high degree of

undernotification. It is also probable that in the

regions of northern-central Italy, the spread of the

virus has been facilitated by the fact that a greater

percentage of the population lives in large urban and

industrial areas.

These findings lead to several conclusions. First of

all, the mandatory notification of communicable

diseases in Italy must be improved. In fact, Italy’s

epidemiological surveillance system, like those of

many other countries [16], is known to suffer from a

great degree of undernotification [16]. To confirm the

trend of progressive increase in the age of acquisition

observed in this study, it is crucial to have precise and

reliable age- and gender-specific data. These data are

also fundamental for evaluating the suitability of

establishing mass varicella vaccination programmes,

as proposed by several countries [16]. The impact that

a mass vaccination programme among children 12–18

months of age could have on the epidemiological

trend of the infection must be carefully considered. In

fact, programmes that fail to reach high levels of

coverage could lead to an increase in the mean age of

acquisition of the infection, which should be avoided

for communicable diseases in general [25] and es-

pecially for varicella.

That varicella already seems to be following this

trend [26] emphasizes the need to be even more

prudent before planning interventions of this type,

despite the fact that a safe and effective vaccine is

available [27]. In particular, Italy’s varicella not-

ification data needs to be properly verified. In light of

the information available, it would apparently be

more productive to limit the use of varicella vaccine to

those individuals at risk, as currently recommended in

Italy [18], and to verify the epidemiological and cost-

benefit impact of eventual vaccine campaigns target-

ing, for example, susceptible women of reproductive

age or health-care personnel [28].
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