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Introduction
Hepatitis B virus (HBV) is ubiquitous, but the 

prevalence of infection varies from region to region. In 
countries in which HBV is highly endemic (Africa and 
parts of Asia), the seroprevalence of hepatitis B surface 
antigen (HBsAg) is ≥8%, whereas it ranges from 2% to 
7% in southern Europe, the Middle East and South Asia, 
and is <2% in western Europe and North and South 
America (except for some Amazonian regions in Brazil 
and Peru)1. The median seroprevalence of antibodies 
to hepatitis B core antigen (anti-HBc) follows patterns 
similar to that of HBsAg, with reported values of 
50.2%-56.2% for the African Region, 29.7%-41% for the 
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Western Pacific Region, 25%-32.4% for the South-East 
Asia Region, 18.7%-31% for the Eastern Mediterranean 
Region, 7%-37.8% for the European Region and 
11.6%-15% for the American Region2. The pattern 
of isolated anti-HBc is also related to the prevalence 
of HBV infection, ranging among blood donors from 
0.4 to 1.7% in areas of low HBV prevalence3-8 to 
10-20% in high endemic areas9,10. The implementation 
of mass vaccination programmes recommended by 
the World Health Organisation since 1991 has greatly 
decreased the incidence of HBV infection among 
children and adolescents11, and the prevalence of 
HBsAg positivity has simultaneously decreased12,13.
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In Italy a selective vaccination of people at 
risk (intravenous drug users, male homosexuals, 
subjects with multiple sexual partners, the partners of 
HBsAg-positive patients, haemophiliacs, and infants 
of HBsAg-positive mothers) began on a regional 
basis in 1983. In 1991 (Law 165 of 27 May 1991), 
vaccination was made compulsory for all children 
aged 12 years and infants in the first year of life14,15. 
In a national survey in 1993-94 the overall vaccination 
coverage was 93.6%, with differences between 
northern (97.9%), central (96.6%) and southern Italy 
(65.1%)16. By the end of 2007, more than 15 million 
children had been vaccinated against hepatitis B17.

As a result of all these factors both the incidence 
of acute hepatitis and the prevalence of HBsAg 
carriers have decreased substantially18,19. From a 
prevalence of 3.5%17 in 1970-1980s, the prevalence 
of HBsAg carriers is now estimated to be less than 
2%20. In Lombardy (a region of northern Italy in 
which our hospital is located) the prevalence among 
blood donors decreased from 2.7% in the 1980s21 
to 0.14% in 200922. Other reasons that helped to 
change the epidemiology of HBV in Italy over the 
last 30-40 years include improved socio-economic 
conditions, better hygiene (screening of blood units 
and blood components, disinfection and sterilisation 
of medical and surgical instruments, introduction 
and use of disposable equipment, environmental 
education campaigns and better hospital care), smaller 
families, and educational campaigns against human 
immunodeficiency virus which encouraged the use 
of condoms and disposable syringes for intravenous 
drug users23.

The decrease in HBV infection was also evaluated 
on the basis of the prevalence of other serological 
markers, particularly anti-HBc, combined with 
antibodies to hepatitis B surface antigen (anti-HBs) 
indicating a past infection or isolated finding (with 
negative anti-HBs)24. For example, studies conducted 
in a hyperendemic area of southern Italy showed a 
decrease in anti-HBc levels from 66.9% in 1980 to 
7.6% in 200625. Among national service recruits, the 
level decreased from 16.8% in 1981 to less than 1% 
in 200117,26 and among blood donors it decreased 
from 30% in the 1970s and 1980s27 to 5% in 200028. 
Since the introduction of vaccination, a population 
of young adults aged less than 30 years has emerged 
with almost no markers of past HBV infection17.

However, despite the decreased frequency of the 
markers of a current or previous infection among 
native Italians, a previously unforeseen change in 
epidemiology seems to be emerging as a result of 
increasing numbers of immigrants from countries in 
which HBV is highly endemic29.

The aim of this retrospective study was to evaluate 
the prevalence of the markers of past infection and 
of response to vaccination in Italian and non-Italian 
subjects living in the catchment area of the hospital 
of Legnano (an urban town in northern Italy) in 
2007-2008.

Materials and methods 
The hospital of Legnano is located in an urban 

area of northern Italy near Milan, and has a catchment 
area that includes approximately 250,000 people. 
It has general and specialised medical and surgical 
departments, and points for collecting blood samples 
from outpatients referred for a laboratory check-up by 
their general practitioners. It has a Blood Transfusion 
Centre that tests samples from blood donors and a 
Microbiology Unit that tests samples from in-patients 
and out-patients.

Between 1 January 2007 and 31 December 2008, 
samples from 22,758 subjects were received to be 
assayed for the presence of HBsAg, of which 22,270 
(97.9%) were HBsAg-negative (Hepanostika HBsAg 
Ultra and Hepanostika HBsAg Ultra Confirmatory, 
BioMérieux, Boxtel, The Netherlands). 

An assay for at least one other marker (enzyme 
immunoassay: anti-HBs [ETI-AB-AUK-3, DiaSorin, 
Saluggia, Italy] and/or anti-HBc total [HBc ELISA 
Test System, Ortho-Clinical Diagnostics, Raritan, 
USA]) had been requested for 8,018 of these subjects: 
3,332 (41.6%) in-patients (1,962 men and 1,370 
women; mean age 61.9 years, range 1-109 years), 
3,328 (41.5%) out-patients referred by their general 
practitioners for laboratory check-ups (1,431 men 
and 1,897 women; mean age 46.3 years, range 1-104 
years), and 1,358 (16.9%) candidate blood donors 
whose suitability for a first blood donation was 
being investigated (750 men and 608 women; mean 
age 33.1 years, range 18-62 years). Seven thousand 
five hundred and twenty-one of these subjects were 
Italians (93.8%) and 497 (6.2%) were non-Italians: 
164 came from Eastern Europe, 130 from Latin 
America, 58 from the Middle East and the Maghreb, 
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56 from South-Equatorial Africa, 40 from the Indian 
sub-continent, 33 from Western Europe and North 
America and 16 from China and the Far East. The 
non-blood donor patients are representative of the 
local population as most of them were born and are 
residents in our catchment area.

T h e  a n t i - H B c  p o s i t i v e  s a m p l e s  ( b u t 
HBsAg/anti-HBs negative) were also tested with an 
enzyme linked fluorescent assay (VIDAS Anti-HBc 
Total, BioMérieux, Boxtel, The Netherlands).

The data relating to the candidate blood donors 
were compared with those obtained from similar 
groups in 1991 and 199930. The findings were 
statistically analysed using the χ2 test and Fisher's 
exact test. 

Results
A search for anti-HBs had been requested for 

7,523 of the 8,018 subjects, and was positive in 2,654 
(35.3%; 95% confidence interval [CI]: 34.22-36.38): 
in 2,487 of 7,058 Italian subjects (35.2%; 95% CI: 
34.09-36.31) and in 167 of 465 non-Italian subjects 
(35.9%; 95% CI: 31.54-40.26). The difference in 
the prevalence between the two groups was not 
statistically significant. A search for total anti-HBc 
had been requested in 5,371 cases, and was positive in 
1,027 (19.1%; 95% CI: 18.05-20.15): in 931 of 5,078 
Italian subjects (18.3%; 95% CI: 17.24-19.36) and in 
96 of 293 non-Italian subjects (32.8%; 95% CI: 27.42-
38.18). The difference in the prevalence between the 
two groups was statistically significant (p<0.01). 

A simultaneous search for anti-HBs and 
anti-HBc had been requested for 4,873 patients. 
Five hundred and seventy-eight subjects (11.9%; 
95% CI: 10.99-12.81) were anti-HBs positive/
anti-HBc positive, 1,235 (25.3%; 95%CI: 24.08-26.52) 
anti-HBs positive/anti-HBc negative and 345 
anti-HBs negative/anti-HBc positive with results 
confirmed for 344 (7.1%; 95% CI: 6.38-7.82) by 
enzyme linked fluorescent assay.

In 1,543 in-patients, 1,972 out-patients and 
1,358 candidate blood donors the prevalence of 
the anti-HBs positive/anti-HBc positive pattern 
was respectively 18.4% (85% CI: 16.47-20.33), 
12.2% (95% CI: 10.76-13.64) and 3.9% (95% CI:          
2.87-4.93). The prevalence of the anti-HBs positive/
anti-HBc negative pattern was 9.1% (95% CI: 7.66-
10.54), 26.0% (95% CI: 24.06-27.94) and 42.9% 
(95% CI: 40.27-45.53), respectively, while that of 
the anti-HBs negative/anti-HBc positive pattern 
was 13.1% (95% CI: 11.42-14.78), 6.7% (95% CI: 
5.60-7.80) and 0.7% (95% CI: 0.26-1.14), 
respectively. The differences in the prevalence for 
these patterns in the three groups were all statistically 
significant (p<0.01) (Figure 1).

Table I and Figure 2 present the differences in 
antibody patterns between Italian and non-Italian 
subjects stratified by age. The difference in the 
prevalence between Italian and non-Italian subjects 
was statistically significant for all these patterns in 
subjects ≤30 years old, while it was not in older age 
classes.

Figure 1 - HBV serological patterns in HBsAg-negative in-patients, 
outpatients and candidate blood donors (2007-2008).
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Figure 2 - Prevalence of HBV serological patterns by age in Italian and non-Italian HBsAg negative subjects (2007-2008).

 Table I - HBV serological patterns by age in Italian and non-Italian HBsAg-negative subjects (2007-2008).

Age classes 
(years)

N Anti-HBs+/anti-HBc+
(95% CI)

Anti-HBs+/anti-HBc−
(95% CI)

Anti-HBs−/anti-HBc+
(95% CI)

Italians Non-Italians Italians Non-Italians p Italians Non-Italians p Italians Non-Italians p

≤30 950 75 9 (0.9%)
(0.30-1.50)

5 (6.7%)
(1.04-12.36) <0.01 773 (81.4%)

(78.93-83.87)
23 (30.7)

(20.26-41.14) <0.01 1 (0.1%)
(0.00-0.30)

2 (2.7%)
(0.00-6.37) <0.05

31-50 1,690 153 93 (5.5%)
(4.41-6.59)

42 (27.5%)
(20.42-34.57) <0.01 321 (19.0%)

(17.13-20.87)
22 (14.4%)
(8.84-19.96) NS 45 (2.7%)

(1.93-3.47)
17 (11.1%)

(6.12-16.08) <0.01

>50 1,971 34 417 (21.2%)
(19.39-23.00)

12 (35.3%)
(19.24-51.36) NS 96 (4.9%)

(3.95-5.85)
0 (0%)

(0.00-0.00) NS 272 (13.8%)
(12.28-15.32)

7 (20.6%)
(7.01-34.19) NS

Total 4,611 262 519 (11.3%)
(10.39-12.21)

59 (22.5%)
(17.44-27.56) <0.01 1,190 (25.8%) 

(24.54-27.06)
45 (17.2%)

(12.63-21.77) <0.01 318 (6.9%)
(6.17-7.63)

26 (9.9%)
(6.28-13.52) NS

NS=not significant

Fi 2 P l f HBV l i l b i I li d I li HB A i bj (2007 2008)

Table II - HBV serological patterns in Italian and non-Italian HBsAg-negative candidate blood donors (2007-2008).

Markers Origin

Italian Non-Italian p Total

N (%) 95% CI N (%) 95% CI N (%) 95% CI

Anti-HBs neg /anti-HBc neg 698 (52.3) 49.62-54.98 14 (58.3) 38.57-78.03 NS 712 (52.4) 49.74-55.06

Anti-HBs pos /anti-HBc pos 46 (3.4) 2.43-4.37 7 ( 29.2) 11.01-47.39 <0.01 53 (3.9) 2.87-4.93

Anti-HBs pos /anti-HBc neg 581 (43.6) 40.94-46.26 2 (8.3) 0.00-19.34 <0.01 583 (42.9) 40.27-45.53

Anti-HBs neg /anti-HBc pos 9 ( 0.7) 0.25-1.15 1 ( 4.2) 0.00-12.23 NS 10 (0.7) 0.26-1.14

 Total 1,334 24 1,358

NS=not significant

The data relating to the candidate blood donors 
are shown in Table II and are compared to data 
from 1991 and 1999, stratified by age, in Figure 3. 
The prevalence of the anti-HBs positive/anti-HBc 
negative pattern increased from 2.2% (95% CI: 
0.92-3.48) in 1991 to 21.4% (95% CI: 18.04-76) in 
1999 and 42.9% (95% CI: 40.27-45.53) in 2007/2008. 
Conversely, the prevalence of the anti-HBs positive/
anti-HBc positive pattern decreased from 11.0% 
(95% CI: 8.28-13.72) in 1991 to 8.1% (95% CI: 

5.86-10.34) in 1999 and 3.9% (95% CI: 2.87-4.93) in 
2007/2008. The prevalence of the anti-HBs negative/
anti-HBc positive pattern varied from 1.6% (95% CI: 
0.51-2.69) in 1991 to 2.3 % (95% CI: 1.07-3.53) in 1999 
and 0.7% (95% CI: 0.26-1.14) in 2007/2008. This trend 
was present in all age classes (Figure 3). In 2007/2008 
the difference in the prevalence of the anti-HBs positive/
anti-HBc positive and anti-HBs positive/anti-HBc 
negative patterns in Italian and non-Italian candidate 
blood donors was statistically significant (p<0.01).
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Discussion
The epidemiology of HBV in Italy has changed 

considerably over the last 20 years. Improved    
socio-economic conditions and hygiene and the 
introduction of the anti-HBV vaccination campaign 
led Italy to become a low HBV endemic country, with 
a prevalence of HBsAg carriers in the population of 
less than 2%20.

On the other hand, increasing immigration from 
highly endemic countries has led to changes in HBV 
epidemiology. In addition to the higher prevalence 
of HBsAg among these subjects, even those who are 
negative display the highest prevalence of the markers 
of past infection31,32. The global prevalence of anti-
HBc in our study was 19.1%. This figure was partly 
due to the presence of non-Italians, among whom 
the prevalence was almost twice that among Italian 
subjects, thus reflecting their origin from countries 
in which HBV is still endemic. 

There was no between-group difference in 
the prevalence of anti-HBs but, in the case of the 
simultaneous presence of anti-HBs and anti-HBc, 
the anti-HBs was more related to past infections 
among the non-Italians and to vaccinations among 
the Italians. This is best appreciated by observing 
the pattern of markers according to age. Among the 

Italians, the frequency of markers of past infection was 
low up to 30 years, but it was higher in the older age 
groups. This is due to a cohort effect, as the majority 
of the infections were acquired in the past. In contrast, 
the prevalence of anti-HBs alone (as a marker of a 
response to vaccination) was higher in the younger age 
groups mainly targeted by the vaccination campaign. 
In comparison with Italians, a smaller percentage of 
non-Italians had anti-HBs due to vaccination in all the 
age groups, whereas the prevalence of markers of past 
infection was always higher. 

As far as the isolated anti-HBc pattern is concerned 
(anti-HBs negative/anti-HBc positive), its prevalence 
in the Italian subjects increases with age, and is as 
high as about 14% in those aged more than 50 years 
(probably due to a loss of anti-HBs in subjects infected 
long before). It is stated in the literature that an isolated 
anti-HBc pattern should be carefully evaluated 
because of false positive results of anti-HBc reactivity 
tests (particularly with enzyme immunoassays)33,34. 
We used a screening enzyme immunoassay with a 
declared specificity of 99.75% and, in case of an 
isolated anti-HBc pattern, the positive results were 
confirmed by an enzyme linked fluorescent assay 
with a declared specificity of 99.94%, so our results 
can be considered sufficiently reliable.

Figure 3 - Prevalence of HBV markers in candidate blood donors by age in 1991, 1999 and 2007/2008.
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It is possible that some of our cases with isolated 
anti-HBc may have had occult infection as there 
are published data on blood donors indicating an 
association between an isolated anti-HBc pattern 
and the concomitant presence of HBV DNA and 
infectious blood units35,36. Moreover, HBV DNA 
has been found in the presence of anti-HBs as well 
as anti-HBc in the case of occult infections in blood 
donors37,38. However, we could not investigate this 
any further because of the retrospective nature of our 
study. Another limitation of our work is the very small 
number of subjects younger than 11 years (only 31 
subjects, data not shown) and the lack of data about 
the percentage of individuals with anti-HBs and anti-
HBc or isolated anti-HBc who had been vaccinated.

In candidate blood donors the prevalence of 
markers of past infection and of vaccination are 
respectively lower and higher than in in-patients 
and out-patients, especially in the 31 to 50-year old 
age class, in which the major part of candidate blood 
donors can be found. However this group represents 
an healthy population, while (in- and out-)patients 
constitute a more varied population. 

The comparison of data concerning Italian 
candidate blood donors with those obtained in a 
previous study on similar subjects in 1991 and 
1999 clearly shows the decrease in the markers of 
past infection over time in all age groups, and a 
corresponding increase in the number of anti-HBs-
positive subjects due to vaccination. The prevalence of 
HBsAg among the subjects who represent the generally 
healthy population in our area was 0.6% (currently in 
the course of publication). Non-Italians blood donors 
accounted for 1.8% of the total and, once again, they 
had a higher prevalence of markers of past infection 
than the Italians. The number of non-Italian blood 
donors is still very low in our area. Blood donation in 
Italy is not paid and does not, therefore, attract people 
seeking a means of increasing their income as in some 
other countries, but requires a certain level of cultural 
and economic integration. Probably only in the coming 
years will there be an increase of blood donors from 
recent waves of immigration. Unfortunately we have 
no data for anti-HBs and anti-HBc prevalence in the 
regular donors of 2007/2008, unlike those in 1991 and 
199930, since these tests were recently performed only 
on candidate blood donors.

In conclusion, as expected after the introduction 
of vaccination, the prevalence of the markers of 

past HBV infection in the Italian population of 
our area has decreased, but the increasing number 
of largely unvaccinated immigrants from highly 
endemic countries who show a high prevalence of 
the serological markers of active and past infections 
is redefining the epidemiology of HBV infection. 
This could be particularly important in transfusion 
medicine. The guidelines of the Italian Society of 
Transfusion and Immunohaematology (SIMTI) do not 
currently recommend an anti-HBc test to determine 
the eligibility of donors or blood components because 
its addition to testing for HBsAg and HBV-DNA 
seems to give no advantage to transfusion safety in 
the current epidemiological situation22. The arrival 
of larger numbers of people from countries in which 
HBV is highly endemic, in association with a residual 
risk of transfusional HBV transmission which is still 
higher than that for other viruses (hepatitis C virus 
and human immunodeficiency virus), may lead in the 
near future to a revision of the prevention strategies 
for reducing transfusion risk.

The Authors declare no conflicts of interest.
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