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Abstract

Ten years have elapsed since routine vaccination of infants and of 12-year-old adolescent was implemented in Italy.

In this period, evidence has accumulated on the epidemiological impact of universal immunisation.

Coverage is on average >90% and~85% in many areas of the country. Incidence of acute hepatitis B, that was already declining
before 1991, was further decreased by routine vaccination programmes.

This is particularly evident in adolescents and young adults (cohorts involved by mandatory vaccination), while incidence shows little

changesin older subjects according to data of the last years. Prevalence of hepatitis B virus (HBV) markers detected by sero-epidemiological
studies on anonymous sera confirms both the very high coverage with hepatitis B vaccination and the virtual absence of chronic HBsAg
carriers in cohorts involved by routine vaccination programmes. The system of passive surveillance on adverse events following hepatitis

B vaccination supports the excellent safety record of hepatitis B vaccines.

In a hyperendemic area of Southern Italy, where a pilot programme was firstly implemented, it was also possible to document the decline

of the involvement of hepatitis B in chronic liver pathologies (from 48% in 1982 to 18% in 1997).
If coverage rates are maintained at the present levels, elimination of HBV transmission in Italy may be envisaged in few decades.
© 2002 Published by Elsevier Science Ltd.

Keywords:Hepatitis B; Vaccination programmes; Epidemiology

1. Introduction immunisation (infant and 12-year-old children) was chosem
together with active offer of free-of-charge vaccination tes
Hepatitis B is one of the major threats to public health in high-risk groups. The aim of the programme was to reduce,
the world. More than 350 million people are chronic carri- and, in the long term, to eliminate the transmission of the
ers and 1 million die each year for diseases caused by hep4infection by rapidly creating 24 generations of immune sulas
atitis B virus (HBV) infection. Among them, liver cirrhosis  jects within the first 12 years of implementation. Law n.16%
and hepatocellular carcinoma are the most important chronicintroducing compulsory vaccination was issued on 27 May
consequences. For this reason, hepatitis B vaccine is alscl991, but it was implemented in the whole country as of tha
rightly considered as the first largely used vaccine against beginning of 1992. Since 10 years have now elapsed, asxd
cancer. the end of the adolescent programme is foreseen for the year
In 1992, the World Health Assembly endorsed the recom- 2003 (when the first children immunised as infants will reach
mendations of the Global Advisory Group of the Expanded the year 12 of life), it seems useful to verify the impact ofs
Programme on Immunisation that hepatitis B vaccine be in- routine immunisation on the epidemiology of the infections
tegrated into national immunisation systems of all countries by analysing the trend and the change of several indicatoss.
by 1997.
Italy was one of the first industrialised countries to intro-
duce a programme of routine vaccination against hepatitis B 2. Steps for the control of hepatitis B through 58
[1]. After a careful evaluation of both epidemiological and routine vaccination 59
economic datg2,3], a double cohort policy of mandatory
When the decision to introduce a universal programme af

* Corresponding author. Tekt39-55-3262437; fax:-39-55-3262436.  hepatitis B vaccination is taken, the first step is to imples

E-mail addresshbonanni@dsp.igiene.unifi.it (P. Bonanni). ment it and to monitor coverage. This may be accomplished
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by comparing the vaccination register (humber of subjects cine according to a 0, 1, 6 months schedule, either at schasl

receiving the basic immunisation course) with the number or at vaccination services in health distriis. 116
of subjects of the same age group supplied by the birth reg-
ister of each municipality where the study is performed. If a 3.2. Monitoring of coverage 117

significant number of irregular immigrant is present, a pre-

cise estimate of their number and of their immunisation sta- pata on coverage with hepatitis B vaccine should theas
tus should be obtained in order to get the real coverage inretically be available through systematic collection of thes
that area. A possible verification of coverage data may be number of subjects immunised reported to the Department
obtained by evaluating the number of SUbjeCtS within a cer- of Prevention of each Local Health Agency' which, on turm
tain age group (whose vaccination status is unknown) Who should report data to each Regional Health Authority. 122
test positive for anti-HBs shortly after the presumed time of | reality, collection of data is almost always not comss
completion of the immunisation course. plete, is performed differently in the various regions of thes
A further short-middle term consequence of the imple- country, and in some cases only the number of doses admis-
mentation of routine vaccination is the decline of the inci- jstered is collected, with lacking information about numbes
dence of hepatitis B in the age cohorts covered by immu- of completed and incomplete vaccination courses. For these
nisation. As to this aspect, it is particularly important to in-  reasons, the administrative method is not a reliable system
vestigate the risk factors and reasons of possible cases oc¢except for some particular situations) for monitoring covers
curring in age groups subject to mandatory or recommendedage with mandatory and recommended vaccinations in Itaty.
vaccination. When a case occurs in a vaccinated subject, it ‘Ad hoc’ surveys based on the cluster sampling method
should be investigated whether this is due to a wild type or as defined by the World Health Organisation were therefase
to a mutant virus, in order to monitor the long term efficacy performed in 1993 and in 1998 on cohorts of children bors
and effectiveness of the currently used vaccine and foreseen different Italian regions in 1991 and 1996, respectively
possible need of changes in vaccine composition. [4,5]. In the last survey, data relative to compulsory vaccinas
Safety issues are becoming increasingly important in the tions showed a very good coverage throughout the countsy.
perception of the public with regard to acceptance of rou- |n particular, coverage with three doses of hepatitis B vaer
tine immunisation. Since frequent and minor side effects cines ranged from 89.1% in Molise to 100% in Val d’Aostas
are usually reported during clinical trials preceding vaccine (Taple 1. 139
registration, but rare and important adverse events are seen a study was also performed in 1998 in Tuscany (a regiop
only after a large use of the new product, it is necessary to with 3.5 million inhabitants) on more than 22,000 children;
perform a continuous post-marketing surveillance to verify and adolescent living in different municipalities representg,
the safety in the field. tive of the entire region. Birth certificates of newborns angh
In a later phase, it is important to check the changing of 12-year olds registered in such municipalities were usggl

prevalence of HBV markers in different age groups as a to calculate the yearly number of subjects eligible for thg
consequence of the implementation of immunisation pro-

grammes. Table 1
The last step consists in the verification of a decline in' coverage with three doses of hepatitis B vaccine (95%confidence intervals)
the incidence and prevalence of chronic liver diseases (par-at 24 months of age in 20 Italian Regions, 1998 (source: 5)
ticularly cirrhosis and primary liver cancer) consequent to Mean (95% ClI)
the wide use of routine immunisation in different cohorts of

population. Abruzzo 94.8% (91.4-98.2)
Basilicata 99.1% (97.8-100)
Bolzano 85.6% (80.6-90.7)
Calabria 94.8% (91.7-97.9)

3. Impact of hepatitis B routine vaccination in Italy Campania 97.6% (81.3-93.9)
Emilia R. 97.6% (95.7-99.6)
Friuli V.G 97.6% (95.7-99.6)

3.1. Schedule e
Liguria 97.6% (95.3-100)

Lombardia 97.6% (95.7-99.6)

In Italy, all pregnant women are subject to mandatory pmarche
screening for HBsAg during the third trimester of pregnancy. Molise
The Italian schedule of vaccination consists of three dosesPiemonte
given at 3, 5 and 11-12 months of life in infants born to HB- Z:?(;': .
sAg negative mothers. If born to a HBsAg positive mother, Sici"ag
the newborn is administered a dose of specific immune glob- 1oscana
ulin immediately after birth together with the first dose of Trento
vaccine at a different site. The vaccination course is com- Umbria
pleted by other three doses at 1, 2 and 11-12 months of life. V& d'Aosta

. Veneto
Twelve-year-old adolescents are given three doses of vac-

94.8% (90.4-99.1)
89.1% (82.0-96.3)
98.6% (95.8-100)
93.0% (89.1-96.9)

95.2% (92.4-98.0)
91.1% (86.1-96.1)

95.2% (92.4-98.0)
98.1% (96.3-99.9)
98.6% (97.0~100)
100

97.6% (95.7-99.6)
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study. Coverage was defined as the proportion of eligible tween 97 and 100%. The increasing interval between i
subjects who completed the three-dose vaccination regimenmunisation and time of blood drawing explains the progress
within 6 months after the scheduled time of last vaccine sive decrease in the percentage of anti-HBs positive subjegts
administration according to a vaccination certificate regis- between 5 and 8 years that, however, remains at valuessof
tered at local health districts. Overall, 95.0% of children 79-93%. The clear drop of positive subjects between 9 apl
and 95.4% of adolescents belonging to cohorts subject to11 years of age is due to the fact that such samples belang
mandatory immunisation were vaccinated between 1992 andto cohorts not subject to mandatory immunisation (someiaf
1997[6]. Since that time, coverage has remained virtually them may have been immunised under request of their pat-
unchanged. This is confirmed by the last estimates of theents). The increase from 12 to 14 years reflects the progtes-
Italian Ministry of Health (February 2002) that indicate for sive completion of the vaccination course in adolescent ces
Tuscany a coverage of 94.7% with three doses of HB vac- horts. The proportion of seropositive subjects remains hig
cine in children<24 months of age in the year 2000 (data between 15 and 20 years (range 79-100%), while it is nes
not shown). However, there are still some areas where cov-tably lower in individuals aged 21-23 years, who belong i@
erage is sub-optimal; in particular, in some disadvantaged cohorts not subject to compulsory vaccination. Therefore,
regions of the South, some adolescents escape school atteralso an analysis of anonymous sera confirms the excellest
dance and are not reached by immunisation services. More-evel of immunity to HBV acquired by age cohorts includegs
over, these subjects belong to social classes where the riskn the programme of mandatory immunisation. 200
of HBV infection is higher{7].

As an indirect way to confirm the high immune coverage 3.3. Decrease in the incidence of acute hepatitis B
against hepatitis B infection of the children, adolescent and
young adults cohorts in our region, we analysed a sub-set of Two surveillance systems for acute hepatitis are availabie
data in a recently performed sero-epidemiological survey to in Italy. The first consists in the collection of official notifizos
investigate the prevalence of HBV markers in Tuscany. In cations for all infectious diseases at the Ministry of Healths
the year 2000, 681 sera from subjects aged 1-50 years werd\ccording to the data from this surveillance systdialle 9 205
collected in Florence. Samples from subjects of paediatric notified cases in Italy passed from 4124 in 1988 to 15ib
age were obtained from the emergency service of a paedi-in 1999 (cases reported in 1987 are not completely relialte
atric hospital after exclusion of subjects with immune defi- because that was the first year when differentiation amang
ciency or applying for acute infectious diseases. Sera from types of viral hepatitis was introduced). 209
older subjects were collected in two labs performing rou-  The other system of surveillance, called Integrated Epise
tine chemical chemistry analysis. Immune deficient subjects demiological System of Acute Viral Hepatitis (SEIEVA) wasi1
were excluded. started in 1985 with voluntary participation of local health2

All samples were made anonymous by laboratory person- districts throughout the country. They covered a large praos
nel, the only available data remaining age and sex. No in- portion of the Italian population and supplied informatiana
formation was available on vaccination status. The results on type of hepatitis, on demographic characteristics of cases
of anti-HBs tests on samples in the age range 1-23 yearsand on presumed sources of infection. Because the popula-
expressed as percentage of seroprotected subjectstitre tion covered was not the entire Italian population, data are
10 mlU/ml), are shown irFig. 1 It is possible to note that  expressed as rates of cases per 100,000 individBajsZ?). 218
between 1 and 4 years of age, seroprotection ranged beit should be underlined that the trend of acute hepatitisof

201
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Fig. 1. Prevalence of anti-HBs reactivity: {0 mIU/ml) in anonymous sera collected from subjects aged 1-23 years living in Florence (year 2000).
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Table 2 Madifications of incidence between 1994 and 2001 wers
Cases of viral hepatitis notified in Italy, 1982-1999 (source: Ministry of cglculated by 5-year age groups in the age range 0-29 years,
Health) 10-year age groups between 30 and 49 years, and glohaHy

Type Total over 50 years of age. The results of the study are reported

A B NANB Non-specified in Fig. 31t 'is possible to note Fhat, while incidence rates?
o8 26,509 remained virtually unchanged in the age cohorts over 25
1083 _ _ _ sgo5y  Years, aclear decline was registered particularly in the age
1984 - _ _ _ 33815  groups 15-19 years (from 7.3 to 1.3/100,000) and 20-s24
1985 - - - - 18.386 years (from 14.3to 3.7/100,000). The decline in the latter age
1986 - - - - 16.085 group was particularly evident in 2001, when subjects ages
1987  2.007 2.189 662 10.062 14.920 20 and 21 years belonged to cohorts subject to mandatasy
1988  1.567 4.124 1.549 2.652 9.892 . cination oun
1989  1.295 3.915 1.510 1.510 8.230 o i L
1990 2.572 3.640 1.532 1.983 9.727 We-furthel’ |nve.St|gated the.VaC-Clnatlon status of acute
1991  2.764 3.260 1.560 1.363 8.947 hepatitis B cases in the same time interval (1994-2001) ard
1992 6.046 3.423 1.902 1724 13.095 found that only five subjects had received a full immunisa=
iggi ggg? gggg i;gg ggi gggi tion course (three doses). The two cases occurring in 1984
1095 1434 5 600 1455 390 5879 regarded a 11-month-old infant and a 36:year-0|d womas.
1996  8.651 2248 1149 394 12442 The former was a baby affected by Down’s syndrome wbe
1997  9.952 1.996 932 303 13.183  had received the second dose of vaccine later than schedsted
1998 2962 1796 845 122 5725  due to a cardiac surgery intervention. It is likely that infees2
1999  1.693 1575 788 101 4.157

tion was acquired during hospitalisation after a single doss.
The woman had received the last vaccine dose in September
1993, while acute disease occurred in March 1994. Hawss
notifications was already declining before the compulsory €ver, an anti-HIV reactivity had been occasionally detectesd
vaccination programme was introduced. The decrease wagluring hospitalisation for acute hepatitis B. One case agr
particularly evident in the age class 15-24 years, which tra- curred in the year 2000 in a 2-year-old girl of Chinese etiss
ditionally showed the highest incidence rates. The reason ofhicity. She was born to a HBsAg positive mother, and rese

such decrease have been analysed elsewWBgrelowever, sulted to have received three doses of vaccine at birth asd
a further acceleration occurred shortly after the implemen- at 1 and 3 months of age, respectively. No documentatien
tation of the routine immunisation programme. existed on administration of specific immune globulin ims2

In Tuscany, we recently collected data on notifications of mediately after birth and on receipt of the fourth dose abek
acute hepatitis B and information on disease cases thankye€ar of age, as required by the Italian law. The two cases
to the collaboration of regional health authorities. Vacci- reported in 2001 regarded two men of 50 and 36 yearscef
nation status and number and time of possible doses ad-age, respectively. The reason for vaccination was unknaws
ministered were collected for each notified case of acute for the former, and no post-vaccination testing had besn
disease. performed. The other man was an intravenous drug abuser

357
“¢= (0-14 YEARS
301 w1524 YEARS
] Mass Vaccination * >25 YEARS
25 - eenrail e e TOTAL

Introduced

Incidence / 100,000

Fig. 2. Incidence of acute viral hepatitis B in Italy by age groups (Data from SEIEVA—Integrated Epidemiological System of Acute Viral Hepatitis).
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Fig. 3. Incidence of acute hepatitis B by age in Tuscany, Central Italy (1994-2001).

without post-vaccination testing. Samples from these two In 1998/99, 17/522 children (3.3%) had acquired amn
subjects were sent to the National Institute of Health (Isti- asymptomatic infection as shown by the presence of anii
tuto Superiore di Sanita) for molecular sequencing (results HBc alone ¢ = 14; none of them was HBV-DNA positive)so3
not yet available). Overall, it is possible to conclude that no or with simultaneous presence of HBsAg £ 3). Two of 304
evidence exists of a secondary failure of vaccination in Tus- the three carrier children had a wild type HBV (subtypes
cany in the last 8 years. Primary non-response seems theayw) similar to that of the respective mother. The thicde
most likely reason for cases occurring in adult age. child had a double mutation within tha'‘determinant and 307
high level of anti-HBs. His mother had a wild type HB\os
(subtype ayw). 309
Five to 14 years after immunisation, 79% of childreno
Viral mutations reflect attempts by the virus to evade the still had protective levels of anti-HBs. The authors of this:
mechanisms that potentially endanger its existence and tolarge study on subjects belonging to a risk group whete
survive in a hostile environment. HBV mutants may be nat- vaccine-induced escape mutants were firstly identified cers-
urally occurring or originate under the pressure of the host’s clude that HBV mutants does not raise concern at presant
immune system or as a reaction against introduced antibod-about the efficacy of universal vaccination programmessin
ies[9]. Several immune escape mutants have been describeditaly. Nevertheless, it is important to maintain a carefais
the most frequent of which involves the second loop of the surveillance on the possible expansion of already known
a determinant (substitution glycine—arginine at amino acid Vvariants and emergence of new mutants, particularly as -
145: G145R mutant). G145R was described as responsible ofnune populations grow in number. 319
breakthrough infections in passively/actively immunised in-
fants born to HBsAg/HBeAg positive mothg)] and dur-
ing passive immune prophylaxis after transplantafibh.
From a public health point of view, the problem is to verify In clinical trials preceding registration, all commerciallyz1
whether these mutants tend to spread and to become the preavailable hepatitis B vaccines proved to be safe, and to cause
dominant population of circulating viruses. In that case, a minor side effects in proportion not superior to those regs
change in the composition of currently used vaccines shouldistered in subjects receiving placebo, except for local paim,
be envisaged. A recently published study performed in Italy that was reported in up to 30% of vaccing#3—15] 325
was intended to address such probld]. The research in- As for all vaccines, only frequent adverse events cande
volved 522 children born to HBsAg positive mothers from identified during phase 2 and phase 3 clinical trials, whie
1985 to 1994 in three public hospital in the Campania re- rare effects £1/1000 doses) can only be evaluated durings
gion. All babies were immunised with passive plus active post-marketing surveillandd6]. 329
prophylaxis immediately after birth. Among mothers whose  The occurrence of anaphylaxis after hepatitis B vaccinas
complete serological status at delivery was traceable, 8.3%tion is proven, although it is a rare event (1/600,000 doses
were also HBeAg positive. distributed). However, no fatal case is reported. 332

3.4. Importance of mutant viruses

3.5. Surveillance on adverse events 320
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A number of other adverse events have been reported as/olved in routine immunisation (21-50 years) is statisticalyr
temporarily associated with hepatitis B vaccination. Most of highly significant (¢ = 0.0001). 388
them are represented by chronic syndromes with unknown With regard to HBsAg prevalence, only 6/644 (0.9%39
or partially known aetiology. Media attention is frequently tested samples resulted reactive, and all of them were inehi-
attracted by these allegations, causing a fall in the confi- viduals not belonging to cohorts subject to compulsory imw1
dence of the public in hepatitis B immunisation. However, munisation. 392
it must be distinguished between hypothesis generation and A clear decline of HBV markers after implementatioses
hypothesis testing. It should also be considered that when aof routine hepatitis B vaccination was demonstrated 3
possible association between vaccination and adverse evenf\fragola, an hyperendemic area in the Campania regigas,
is suggested by surveillance data, case reports and case savhere a pilot project of universal infant hepatitis B vaccinaes
ries, we only see one side of the overall picture. As a matter tion was introduced in 1983. Incidence of acute hepatitis&
of fact, we do not know whether the same event is occurring before vaccination was 63/100,000; anti-HBc and HBsAg
also in non-immunised subjects, and how many vaccineesprevalence rates were 66.9 and 13.4%, respectively. 399
are not experiencing the adverse event. In 1997, 15 years after the implementation of the prae

The recent allegations on the possible relationship be- gramme, the incidence had dropped to 3/1000,000 popuba-
tween hepatitis B vaccination and demyelinating diseasestion. Anti-HBc prevalence declined to 34.2%; HBSAg prevae2
like multiple sclerosis (MS) that had a large echo in France lence was only 3.7%, and the change was particularly exi
(where they caused a dramatic drop of coverage) had onlydent in young children and adolescents (from 6.8% in 1982
a very limited impact in Italy. to 0.7% in 1997)17]. 405

The US Institute of Medicine recently reviewed the data  Since chronic consequences of HBV carriage develop
of nine epidemiological studies and concluded that evidence over a long time interval, it is too early to document the ime?
favoured rejection of a causal relationship between hepati- pact of routine vaccination on chronic active hepatitis, cios
tis B vaccine administered to adults and incident multiple rhosis and hepatocellular carcinoma. 409
sclerosis or multiple sclerosis relapse. However, in the previously cited study in Afragola, it wago

Data of passive surveillance on adverse events following possible to demonstrate that HBV was involved in 48% af
hepatitis B vaccination collected by the Italian Ministry of chronic liver pathologies in 1982, but only in 18% in 1994>
Health for the years 1991-1996 show that seven cases of17]. 413
paraesthesia, three cases of brachial plexus neuropathy, two
cases of Guillain-Barré and one case of convulsions were
reported as temporarily associated with immunisation. If we 4. Conclusions 414
consider these figures vis-a-vis the millions of doses admin-
istered each year in the country, we can understand that the Since Italy was the first industrialised country to intra4s
record of safety of hepatitis B vaccines is impressive. For duce universal hepatitis B vaccination in a double cohett
these reasons, in September 1999 the Ministry of Health of population (infant- adolescent), the surveillance on thaz
stated that, in view of a merely hypothetical and unproven changing epidemiology of HBV infection and related digis
damage, hepatitis B vaccination showed to be highly effec- eases may be of interest also for other countries. In thesid
tive, and, therefore, the recommendation to immunise all years of implementation, a set of data has become availabie

infants and adolescents remained unchanged. to document the impact of immunisation programmes. 421

A high coverage with three doses of vaccine in both coz
3.6. Changing prevalence of HBV markers and first horts was documented since the first years after introduse-
impact on chronic liver disease tion of routine vaccinatiorf5,6]. Coverage with hepatitis B4z24

in infants and adolescents is on average >90%, and exceexds
The previously cited sero-epidemiological study per- 95% in many areas of Italy. Sero-epidemiological data om
formed on sera collected from 681 subjects in Florence in anonymous sera collected in Tuscany confirm the high lexel
the year 2000 was mainly intended to verify the trend of of protection in the cohorts subject to mandatory vaccinas
HBV markers after implementation of routine vaccination tion. 429
programmes. Surveillance on acute hepatitis B cases consistently shaws
Anti-HBc prevalence analysed by 10-year age group be- a decline of natifications, especially in the 15-24 years age
tween 1 and 50 years showed that infection with HBV is group. Data from Tuscany and from the rest of Italy showe
extremely rare up to 20 years of age (no reactivity (0/239) the virtual absence of acute HB cases in subjects belong-
between 1 and 10 years, and 0.9% (1/206) reactive sam-ing to compulsorily vaccinated cohorts who completed tha
ples in the 11-20-year age group). On the other hand, inimmunisation course. 435
the age groups 21-40 years, 9.3% of subjects (15/161) were In Tuscany, no case of reactivity for HBsAg was detected
anti-HBc positive, and the prevalence rose to 17.3% (13/75) in age groups covered by universal immunisation, and omy
in the 41-50 age group. The difference between age cohortsone sample was anti-HBc positive in a series of samples
subject to mandatory vaccination (1-20 years) and not in- collected in the year 2000. The difference between imnags
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nised and non-immunised cohorts was statistically highly [6] Bonanni P, Colombai R, Gasparini R, et al. Impact of routine infaste

significant. Long-term surveillance on children born to HB-

sAg positive mothers shows the occurrence of a very limited

number of asymptomatic and almost always self-limiting

infections in vaccinees. At present, mutant viruses do not

and adolescent hepatitis B vaccination in Tuscany, Central Italyz
Pediatr Infect Dis J 1999;18:677-82. 478
[7] Stroffolini T, Cialdea L, Tosti ME, Grandolfo M, Mele A. Vaccination479
campaign against hepatitis B for 12-year-old subjects in Italy. Vaccis®
1987;15:583-5. 481

pose a threat to universal vaccination programmes in the [8] Bonanni P, Crovari P. Success stories in the implementation 46p

country.

However, the steady incidence in older age groups, and
the demonstration of the role of sexual and iatrogenic expo-

sureg[18] stress the importance to complement routine im-
munisation with non-immunological preventive measures.

In conclusion, the data presented in our paper consis-
tently demonstrate the deep epidemiological impact ‘on the

field’ of 10 years of implementation of the universal vacci-
nation programme against hepatitis B in Italy and confirm
that elimination of HBV transmission in the country in the
middle-long term is a feasible goal.
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