
Vaccine 35 (2017) 412–418
Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vaccine
Epidemiology of hepatitis B infection in Finland: Implications for
immunisation policy
http://dx.doi.org/10.1016/j.vaccine.2016.11.090
0264-410X/� 2016 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail addresses: tanja.karvonen@thl.fi (T. Karvonen), kari.auranen@thl.fi

(K. Auranen), markku.kuusi@thl.fi (M. Kuusi), tuija.leino@thl.fi (T. Leino).
Tanja Karvonen a,⇑, Kari Auranen a,b, Markku Kuusi c, Tuija Leino a

aDepartment of Health Protection, National Institute for Health and Welfare, P.O. Box 30, FI-00271 Helsinki, Finland
bDepartment of Mathematics and Statistics, University of Turku, FI-20014, Finland
cDepartment of Infectious Diseases, National Institute for Health and Welfare, P.O. Box 30, FI-00271 Helsinki, Finland

a r t i c l e i n f o a b s t r a c t
Article history:
Received 20 September 2016
Received in revised form 27 November 2016
Accepted 28 November 2016
Available online 18 December 2016

Keywords:
Epidemiology
Hepatitis B
HBV
Vaccination
Immunisation
Objectives: We describe the current epidemiology of acute and chronic hepatitis B infections in Finland.
We estimate the total incidence of chronic hepatitis B following from the current incidence of acute infec-
tions and the influx of chronic carriers of hepatitis B associated with net immigration. We evaluate the
incidence of hepatitis B infections preventable by a universal vaccination programme among infants.
Methods: We analysed hepatitis B cases reported to the National Infectious Disease Register during
2004–2012 and used pre-developed methods to adjust for acute asymptomatic infections. We estimated
the projected incidence of chronic infection by applying age-specific risks of chronic infection to the esti-
mated incidence of acute infection. We estimated the influx of chronic carriers associated with immigra-
tion by utilising data on immigration during 2004–2012 and the WHO regional estimates of carriage
prevalence.
Results: The estimated incidence of acute hepatitis B infection in Finland, adjusted for asymptomatic
infections, was 1.67 per 100,000 per year (95% Crl 1.43–1.94) which is 4.2-fold to the register-based inci-
dence. The estimated lifetime risks of acute and chronic hepatitis B infections were 0.13% and 0.01%,
respectively. We estimated that annually seven new chronic infections would result from infections
acquired in Finland. These new chronic infections accounted for 1.2% of the total incidence of chronic
infections. We estimated that eventually three chronic infections per year would be potentially pre-
ventable by a universal infant vaccination programme.
Conclusions: Partly due to the fact that hepatitis B infections in neonates and in children are rare, a very
limited number of chronic hepatitis B infections resulted from infection acquired within the country. A
vast majority of chronic hepatitis B infections occurred among foreign-born persons and were therefore
not preventable by a universal infant immunisation programme in Finland. Even with a targeted immu-
nisation programme, the incidence of hepatitis B infection has remained low.
� 2016 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Initial infection with hepatitis B virus (HBV) may remain sub-
clinical or cause acute self-limited hepatitis and, in rare occasions,
fulminant hepatitis progressing to liver failure [1,2]. Infected indi-
viduals may develop chronic infection which can lead to cirrhosis
or hepatocellular carcinoma. The clinical picture of acute hepatitis
and the proportion of infected developing chronic infection are
age-dependent. Over 90% of perinatal infections remain asymp-
tomatic. However, infected infants have the highest risk of devel-
oping chronic infection [1,3,4].
Persistence of hepatitis B surface antigen (HBsAg) is the princi-
pal marker of chronic infection [3]. The prevalence of HBV infection
varies geographically from high (P8%), high intermediate (5–7%),
low intermediate (2–4%), low (<2%) to very low (<0.5%) [5–8]. Glo-
bal estimates of the number of people with chronic infection vary
from 240 to 360 million [6,7,9].

WHO recommends incorporating universal hepatitis B vaccina-
tion into national infant immunisation programmes [9]. However,
the hepatitis B vaccination programmes in several northern Euro-
pean countries (i.e. Denmark, Finland, Iceland, Norway, Sweden
and the United Kingdom) have targeted risk groups only [10,11].
These countries have very low HBV infection prevalence [8,12]
and most new hepatitis B infections are acquired by young adults
sexually or through injecting drug use [1].
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Finland’s national hepatitis B vaccination programme started in
1993. Up to 2015, the programme targeted close contacts of hep-
atitis B infected individuals, patients with bleeding disorders,
injecting drug users with their close contacts, sex workers and cer-
tain student groups. The vaccine coverage in all of these risk groups
is not well known, but among injecting drug users the coverage of
at least one dose of hepatitis B vaccine is 40–65% [13–15]. In addi-
tion, all pregnant women and blood donors are routinely screened
for HBsAg. Also refugees and asylum seekers from countries with
HBV infection prevalence higher than 2% are offered screening [16].

In this study we describe the current epidemiology of acute and
chronic hepatitis B infections in Finland. We estimate the projected
incidence of chronic hepatitis B following from the current inci-
dence of acute infections and the influx of chronic carriers of hep-
atitis B associated with net immigration. Based on this we also
evaluate the incidence of hepatitis B infections preventable by a
universal vaccination programme among infants in a country with
very low HBV infection prevalence.
2. Methods

2.1. Data and case definitions

In Finland, hepatitis B infections are notified to the National
Infectious Disease Register (NIDR) by both physicians and licensed
clinical microbiological laboratories. Notification is mandatory by
the Communicable Disease Act (583/86) and the Communicable
Disease Decree (786/86). Only microbiologically confirmed hepati-
tis B infections are registered. Separate notifications within
50 years concerning the same person are combined to a single case
using the personal identity code (ID). Other identification informa-
tion (name, gender, date of birth) is used if the person’s ID is miss-
ing or incomplete. The physician reports complement the
laboratory findings with more extensive details, including the
assumed route of transmission and the clinical diagnosis of hepati-
tis B infection. The NIDR data are routinely augmented with addi-
tional information (place of residence, date of death, country of
birth, most recent nationality) retrieved from the Population Regis-
ter Centre.

Cases reported to NIDR between 1 January 2004 and 31 Decem-
ber 2012, were included in the analyses. A case of acute hepatitis B
was defined as one with a positive laboratory finding of IgM anti-
bodies (S-HBc-AbM). All other hepatitis B cases were defined as
chronic.

2.2. Estimation of the true incidence of acute infection

The incidence of acute hepatitis B was first estimated based on
the numbers of registered acute cases in NIDR. These cases were
assumed to be symptomatic. The true incidence of acute hepatitis
B infection, including asymptomatic infections, was calculated by
dividing the register-based incidence by an earlier-derived age-
dependent proportion of infections which are symptomatic
[17,18].

2.3. Estimation of the projected incidence of chronic infection

A projected incidence of chronic hepatitis B infection following
acute infection was derived from the estimated true incidence of
acute hepatitis B infection. For infections acquired under 1 and
over 32 years of age, 88.5% [3] and 4.0% [4,17] risks of developing
chronic infection were assumed, respectively. For infections
acquired between those ages, a function describing the age-
dependent proportion of acute hepatitis leading to chronic infec-
tion was used [4,17].
2.4. Persons immigrating with chronic hepatitis B infection

Data on immigration to Finland during 2004–2012, stratified by
country of birth, gender and age (Statistics Finland), were multi-
plied by the corresponding proportions of chronic carriers in the
region using year 2005 estimates [6] to derive predictions about
the annual average of number of foreign-born persons immigrating
with chronic hepatitis B infection.

2.5. Vaccination scenario and preventable hepatitis B infections

We estimated the annual numbers of potentially preventable
infections in a universal hepatitis B vaccination programme among
infants. Vaccine efficacy and immunisation coverage were both
assumed to be 100%. No herd effect was considered. The reduction
in the incidence due to vaccination applies only to individuals born
in Finland who are one year old or older.

2.6. Statistical analysis

Analyses were performed using the Stata 14.0 and R softwares
(version 3.1.3). The incidence rates of hepatitis B infection were
estimated as Bayesian posterior distributions, based on the Poisson
likelihood and uninformative priors on the rate parameters in
5 year age-bands. Population-level estimates were calculated as
age-standardised rates. The estimated incidence rates are pre-
sented as posterior mean estimates and 95% equitail posterior
intervals (credible intervals, CrI).

2.7. Ethical approval

The study plan was approved by the Research Ethics Committee
of the National Institute for Health and Welfare (meeting protocol
5/2013 § 569).

3. Results

3.1. Acute hepatitis B

3.1.1. Age, gender, and demographics
The incidence of acute hepatitis B during the study period

(2004–2012) was stable and low (Fig. 1). The average number of
registered acute cases during 2004–2012 was 21 cases per year
(range 17–30), corresponding to 0.40 per 100,000 per year (95%
CrI 0.34–0.46).

Of all reported acute hepatitis B cases, 67% (N = 128) were males
(Table 1). The median age of acute cases was 37 years (range 11–
84) among males and 26 years (range 0–85) among females. The
register-based incidence was highest among males aged 20–
39 years (1.21 cases per 100,000 per year, 95% CrI 0.95–1.50) and
females aged 20–24 years (0.83 cases per 100,000 per year, 95%
CrI 0.43–1.35) (Fig. 2).

Overall, 35% (66/191) of the acute hepatitis B cases were
foreign-born. In this group, the country of acquisition was reported
for 52% of cases (34/66) and was predominantly outside Finland
(88%, 30/34). Among the 125 Finnish-born acute cases, the country
of acquisition was reported for 62% (77/125), and a third (27/77) of
these infections had been acquired abroad. The male-to-female
ratio was higher among the Finnish-born cases compared to the
foreign-born cases (2.1:1.0 vs. 1.6:1.0).

3.1.2. Route of transmission
The route of transmission was reported for 44% (84/191) of the

acute hepatitis B cases (Table 1). Sexual contact was the most com-
monly reported transmission route with 77% (44/57) among males



Fig. 1. The numbers of acute and chronic hepatitis B cases registered in the National Infectious Disease Register (NIDR) in Finland during 1995–2012. The analysis in this
paper is based on the data from the years 2004–2012. The data from the years 1995–2003 are shown for comparison.
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and 56% (15/27) among females. Finnish-born males with sexual
contact as the reported route of transmission had acquired the
infection mostly in Finland (15/36) or Thailand (14/36).

Intravenous drug use was reported as the route of transmission
in 13% (11/84) of acute cases. Almost all (9/11) were also registered
as hepatitis C positive (HCV) in NIDR. In addition, there were 17
hepatitis B cases with a registered HCV infection and in all except
one case the information on the route of transmission was missing.
During the last 4 years of the study period (2009–2012), only one
acute case was reported with intravenous drug use as the route
of transmission.

Information on the route of transmission was missing for 77%
(51/66) of foreign-born acute cases. However, 45% (23/51) of these
cases had information on the country of acquisition and in 91%
(21/23) it was outside Finland.

3.1.3. Childhood infection
During the study period, only 4 acute hepatitis B cases were

children aged less than 12 years (Table 2). Of these, one infant
(<1 year old) had been born in Finland to a foreign-born mother
who had chronic hepatitis B infection. The three other children
(P1 year olds) were foreign-born. Teenagers (12–17 years) con-
tributed to 5% (9/191) of the acute hepatitis B cases. Of the seven
female teenage cases, three were foreign-born as were the two
male cases. The route of transmission was known for only four
teenage cases and it was then sexual contact.

3.2. The estimated true incidence of acute hepatitis B infection

The estimated true incidence of acute hepatitis B infection in
Finland, adjusted for asymptomatic infections, was 1.67 per
100,000 per year (95% CrI 1.43–1.94). The estimated incidence
was thus 4.2-fold compared to the register-based data. The esti-
mated cumulative risk of infection by 40 years of age was 0.11%
and the lifetime risk 0.13%.

The estimated incidence of acute infection peaked at 20–
24 year olds (5.92 per 100,000 per year, 95% CrI 4.02–8.18), which
is 5.7 times higher than the register-based incidence (Fig. 2). Rela-
tive to the register-based data, the estimated incidence of acute
infection was more than ten times higher among <1 year old and
1–11 years old (2.68 and 0.55 per 100,000 per year, respectively).
However, the uncertainty intervals are wide in these age groups
due to the very small numbers of registered cases.
3.3. Estimated incidence of chronic hepatitis B infection

We calculated that annually seven new chronic infections
(66/9 = 7, Table 2) would result from the estimated incidence of
acute infections. The corresponding lifetime risk of chronic infec-
tion in Finland would thus be 0.01%.
3.4. Preventable hepatitis B infections

We estimated that 58% of acute infections would be potentially
preventable, i.e., acquired in Finland by a universal infant vaccina-
tion programme, corresponding to 51 (=460/9) acute infections per
year (Table 2). This amounts to eventually preventing 3 (=25/9)
chronic infections per year.
3.5. Chronic hepatitis B cases

The average annual number of registered chronic hepatitis B
cases during 2004–2012 was 264 (range 204–334), corresponding
to 4.96 cases per 100,000 per year (range 3.85–6.30, 95% CrI 4.76–
5.16). The register-based acute-to-chronic ratio was thus 1:12
(Fig. 1).

The median age of chronic cases was similar among males
(31 years, range 0–87) and females (30 years, range 0–91). Of the
Finnish-born individuals, 20–34 and 50–64 year olds had the high-
est notification rate of chronic hepatitis B (Fig. 3).

The majority of chronic cases (82%) were registered among
foreign-born individuals (Table 1). The proportion of foreign-born
individuals was higher among 18–39 year olds compared to those
chronic cases aged 40 years or more (90% vs. 60%) (Table 2). Other
than Finnish-born individuals notified to the register were mostly
15–34 years old (Fig. 4).

The country where the infection was acquired was reported for
60% of the foreign-born chronic cases. Of these, only 2% were
infected in Finland. Among the Finnish-born cases with informa-
tion on the country of acquisition, 68% (89/131) were infected in
Finland.



Fig. 2. Age-specific incidence of acute hepatitis B in Finland in 2004–2012. The
observed incidence in 5-year age bands is based on the registered cases of acute
hepatitis B infection in the National Infectious Disease Register (triangles: males;
circles: females; all: crosses). The estimated true incidence of acute hepatitis B
infection is shown by boxes with 95% Bayesian credible intervals.

Table 1
Characteristics of acute and chronic hepatitis B cases in Finland 2004–2012.

Characteristic Acute infection N = 191
(100%)

Chronic infection N = 2377
(100%)

Age (years)
Median 32 31
Mean 36 33
Std.dev. 15 15
Range 0–85 0–91

Gender
Male 128 (67.0%) 1421 (59.8%)
Female 63 (33.0%) 956 (40.2%)

Route of transmissiona

Sexual contact 59 (30.9%) 129 (5.4%)
Intravenous
drugs

11 (5.8%) 46 (1.9%)

Other 11 (5.8%) 59 (2.5%)
Blood products 2 (1.0%) 43 (1.8%)
Perinatal 1 (0.5%) 89 (3.7%)
Unknown 82 (42.9%) 1498 (63.0%)
Not reported 25 (13.1%) 518 (21.7%)

Family historyb

Yes 3 115
No 167 1253
Unknown 10 501
NA 11 508

Hepatitis B/Hepatitis C co-infectionc

Yes 26 79
No 154 1790
NA 11 508

Country of birth
Finland 125 (65.45%) 402 (16.9%)
Otherd 66 (34.55%) 1938 (81.5)
NA 0 37 (1.6%)

Country of acquisition
1. Most
reported

Finland 54 (28.3%) Somalia 164 (6.9%)

2. ” Thailand 18 (9.4%) Russia 127 (5.4%)
3. ” Russia 6 (3.1%) Finland 110 (4.6%)
4. ” Vietnam 3 (1.6%) Thailand 97 (4.1%)

Not reported 80 (41.9%) 1076 (45.3%)

Abbreviation: NA, not available.
a Notifications may have more than one route of transmission.
b Including acute (N = 180) and chronic (N = 1869) hepatitis B cases with a valid

ID who had at least one parent or child registered in NIDR 1995–2012 as hepatitis B
cases.

c The proportions of hepatitis B infections 2004–2012 per hepatitis C infections
registered in NIDR 1995–2012 were calculated only for valid IDs.

d Including acute (N = 6) and chronic (N = 356) hepatitis B cases with foreign
names but missing country of birth information.
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3.6. Chronic carriers of hepatitis B associated with immigration

During 2004–2012, the average annual immigration of foreign-
born individuals to Finland was 18,700. According to theWHO esti-
mates of the prevalence of hepatitis B infection by region [6], this
corresponds to 3.7% of immigrants being chronic carriers. The aver-
age annual net immigration, calculated as the difference between
foreign-born individuals immigrating to and emigrating from Fin-
land, was 14,400. The corresponding number of immigrating carri-
ers is 563 per year (Table 3). Chronic hepatitis B infections
resulting from acute infections acquired in Finland (N = 7) are
therefore estimated to account for only 1.2% of the total incidence
of chronic infections ((7/(7 + 563)) � 100).

In theory, if screened, every new hepatitis B positive chronic
carrier immigrating to Finland would be registered in NIDR.
According to our results, the average annual number of registered
chronic hepatitis B cases among foreign-born individuals during
2004–2012 corresponded to 31% ((1938/9/691) � 100) of the esti-
mated number of carriers immigrating to Finland each year. In
other words, more than two thirds of immigrating carriers would
escape adequate diagnostics and possible treatment.
4. Discussion

Based on national surveillance data, both the incidence of acute
and the prevalence of chronic hepatitis B infection have remained at
very low levels in Finland. The estimated incidence of acute infec-
tion, adjusted for asymptomatic infections, was 4.2-fold compared
to the register-based data, corresponding to 1.67 new infections per
100,000 per year. Even after the adjustment, the cumulative life-
time risk of acquiring acute hepatitis B infection in Finland is very
small (0.13%), only one quarter of the estimated 0.55% in England
and Wales [17]. In Finland, the number needed to vaccinate to pre-
vent 1 acute hepatitis B infection is then roughly 800 (1/0.0013).
The estimated cumulative risk of acute infection by 40 years is
0.11%. After accounting for the chronic carriers immigrating to Fin-
land, only 1.2% of chronic carriage was inferred to follow from
transmission in Finland. This follows from the fact that hepatitis B
infections in neonates and in children have been extremely rare.
In addition, four out of five chronic carriers were registered among
foreign-born individuals, a vast majority of which have immigrated
to Finland while already infected. Based on the estimated incidence
of acute infection, the cumulative lifetime risk of chronic infection
is 0.01%, i.e. 1 case per 10,000 individuals. For preventing 1 chronic
infection, roughly 10,000 infants thus need to be vaccinated in a
universal immunisation programme.

The estimated cumulative risk of acute infection by 40 years of
age (0.11%) is substantially lower than the prevalence of hepatitis B
antibodies in the most recent seroprevalence study in Finland, car-
ried out nearly 20 years ago using residual serum samples from
patients of Finnish origin having routine operations [12,14]. In that
study, 2.8% of patients had been exposed to the virus by 40 years of
age [12]. The difference may be explained by the different epidemi-
ological situation in the late 1990s when the incidence of acute
infection was substantially higher than today (Fig. 1).

Acute hepatitis B infection is typically acquired by young adults
via some type of risk behaviour. Among Finnish-born males, three



Table 2
Hepatitis B cases in NIDR 2004–2012 and numbers of estimated acute and chronic infections. The data for the 9 years is presented in part (a) of the table. In part (b), the estimated
annual numbers of preventable infections are presented in brackets.

Age group Acute hepatitis B cases
(NIDR)

Estimated acute infections
(true)

Estimated chronic infections
(projected)

Chronic hepatitis B cases
(NIDR)

(a) The total number of cases in NIDR during 2004–2012 and derived estimates of infections
All
Infant (<1 year) 1 14 13 8
Children (1–11 years) 3 32 9 81
Teenagers (12–17 years) 9 66 7 164
Young adults (18–39 years) 113 527 31 1468
Middle and old aged

(P40 years)
65 160 6 656

Total 191 799 66 2377a

Finnish-born
Infant (<1 year) 1 14 13 4
Children (1–11 years) 0 0 0 11
Teenagers (12–17 years) 4 29 3 4
Young adults (18–39 years) 65 297 17 124
Middle and old aged

(P40 years)
55 134 5 259

Totala 125 474 38 402

Foreign-born
Infant (<1 year) 0 0 0 3
Children (1–11 years) 3 32 9 63
Teenagers (12–17 years) 5 37 4 158
Young adults (18–39 years) 48 230 14 1322
Middle and old aged

(P40 years)
10 26 1 392

Totalb 66 325 28 1938

(b) Potentially preventable infections in total (per year) by universal infant vaccination
Infant (<1 year) 0c 0 0
Children (1–11 years) 0 0 0
Teenagers (12–17 years) 4 (0.4) 29 (3.2) 3 (0.3)
Young adults (18–39 years) 65 (7.2) 297 (33) 17 (1.9)
Middle and old aged

(P40 years)
55 (6.1) 134 (14.9) 5 (0.6)

Total 124 (13.8) 460 (51.1) 25 (2.8)

a Including 37 chronic cases which could not be categorised as foreign- or Finnish-born individuals.
b Including acute (N = 6) and chronic (N = 356) hepatitis B cases with foreign names but missing country of birth information.
c Infections among infants were excluded from the analysis since they should be prevented by the current targeted vaccination programme in Finland.

Fig. 3. Average annual notification rate of chronic hepatitis B in NIDR 2004–2012 among Finnish-born individuals.
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quarters of the acute infections with information on the route of
transmission were via sexual contact. Although injecting drug
use has been an important risk factor in the past [19], it accounted
for only 13% of the acute infections during 2004–2012. It is likely
that targeted immunisations together with an extensive needle
exchange programme have limited the role of injecting drug use
in hepatitis B transmission in Finland. The needle exchange pro-
gramme has limited the use of contaminated needles while provid-
ing an opportunity to vaccination at low-threshold services.

Due to the high proportion of hepatitis B transmission occurring
via sexual contact, vaccinations among men who have sex with
men (MSM) might be indicated. Finland has been the only northern
European country not targeting MSM [10], although an increased
risk in this group has been identified [20,21]. Nearly all pregnant



Fig. 4. Average annual notification rate of chronic hepatitis B in NIDR 2004–2012 among foreign-born individuals. All other than Finnish-born chronic cases were included in
the calculations.

Table 3
Annual average migration of foreign-born individuals during 2004–2012 from regions with different HBV infection prevalence and the number of chronic carriers. Persons
immigrating with chronic infection were calculated using age- and gender-specific WHO estimates of hepatitis B prevalence [6] by geographic region.

To Finland Net immigration
Prevalence of HBV infectiona Prevalence of HBV infectiona

Low Low inter-mediate High inter-
mediateb

High Low Low inter-mediate High inter-
mediateb

High

3 Main
countries
of birth

Sweden,
Germany,
USA

Russia or former Soviet
Union, Estonia, Irak

China,
Thailand,
Somalia

Nigeria,
Ghana,
Cameroon

Sweden,
Germany,
UK

Russia or former Soviet
Union, Estonia, Irak

China,
Thailand,
Somalia

Nigeria,
Ghana,
Cameroon

Age (years) Persons (carriers, %)

All 3772 10,966 3513 430 1878 9096 3030 383
(68, 1.8%) (371, 3.4%) (212, 6.0%) (41, 9.5%) (35, 1.9%) (312, 3.4%) (180, 5.9%) (36, 9.4%)

Males
<1 88 (2) 73 (3) 61 (4) 1 (0) 75 (2) 71 (3) 60 (4) 0
1–9 332 (8) 610 (28) 255 (13) 7 (1) 224 (6) 554 (25) 244 (12) 7 (1)
10–19 170 (4) 632 (26) 274 (15) 19 (2) 77 (2) 582 (24) 255 (14) 19 (2)
20–39 1312 (26) 3488 (120) 785 (54) 276 (27) 672 (13) 2838 (98) 639 (44) 251 (25)
P40 358 (6) 1022 (30) 159 (11) 15 (1) 102 (2) 707 (21) 89 (6) 4 (0)
Total 2260 5825 1534 318 1151 4752 1287 281

(46, 2.1%) (206, 3.6%) (97, 6.2%) (31, 10%) (24, 2.1%) (171, 3.6%) (80, 6.2%) (28, 10%)

Females
<1 83 (1) 61 (3) 65 (4) 1 (0) 72 (1) 58 (2) 63 (4) 0
1–9 313 (5) 563 (24) 259 (12) 9 (1) 219 (4) 517 (22) 249 (12) 9 (1)
10–19 161 (2) 546 (20) 299 (15) 11 (1) 65 (1) 489 (18) 284 (14) 11 (1)
20–39 818 (11) 2795 (87) 1148 (72) 86 (7) 353 (5) 2308 (72) 989 (61) 78 (7)
P40 136 (2) 1176 (31) 208 (13) 5 (0) 17 (0) 972 (25) 158 (10) 3 (0)
Total 1513 5141 1979 112 727 4344 1743 102

(22, 1.5%) (165, 3.2%) (115, 5.7%) (10, 8.8%) (11, 1.5%) (141, 3.2%) (100, 5.7%) 9 (8.8%)

Total 18,681 (691, 3.7%) 14,387 (563, 3.9%)

a Map 2 for adults (19–49 years) [6] was used for country classification into HBV infection prevalence levels.
b Including 8% individuals with missing country of birth information.
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women (98%) in Finland [22] take part in antenatal screening of
hepatitis B. Because such organised screening is not carried out
among men, the gender difference is likely to be even larger than
what is routinely detected by surveillance. During 2004–2012,
both acute (67%) and chronic (60%) infections were more common
among men.

The proportion of foreign-born population has increased stea-
dily in Finland during the last decades [23]. The increasing num-
bers of foreign-born individuals was not seen as increasing
notification rates for hepatitis B cases during the study period
(2004–2012). The majority of persons immigrating to Finland orig-
inate from countries with low-to-intermediate hepatitis B
endemicity and several years’ experience of universal immunisa-
tion programmes (Russia, Estonia). It can thus be expected that
the number of carriers moving to Finland from these countries
decreases rather than increases in the coming decades.

Electronic notification, received directly from laboratory soft-
ware, is the foundation of data accuracy. In 2002, more than 70%
of laboratory notifications were sent electronically to NIDR. In
2013, the corresponding proportion was already 96%. Because of
the highly developed notification system, we estimated the inci-
dence of acute infection assuming no underreporting. In fact, it is
likely that we have overestimated the true incidence of acute infec-
tions since not all reported acute hepatitis B cases are symptomatic
as now assumed. On the other hand, the limited number of acute
cases among children elicits uncertainty to the assessment.
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We estimated the number of acute and chronic hepatitis B
infections preventable by an infant immunisation programme
based on present force of infection. During the next decades,
immunisation programmes elsewhere should diminish the num-
ber of carriers immigrating to Finland. As has been noted earlier,
efforts outside a low-endemicity country will have a larger effect
than interventions within [17,24]. A possibly changing epidemiol-
ogy due to increasing immigration in the future is clearly an issue
to account for when considering the possibility of a universal hep-
atitis B vaccination programme. Currently, however, there is no
indication of a rising trend of hepatitis B transmission in Finland
due to immigration alone. Nevertheless, it is of utmost importance
that immigrating chronic carriers are recognised and treated and
their next of kin vaccinated. In particular, young children should
be vaccinated since they are at the highest risk of developing
chronic infection. Based on the findings described in this paper,
the targeted programme in Finland has recently been extended
to include infants with either parent from a country with high to
high intermediate HBV infection prevalence. This protects infants
in families where screening is not carried out properly. Also
MSM were included in the programme in 2016. To conclude, the
functioning antenatal screening remains vital in preventing
chronic hepatitis infection, which all in all is the major target of
hepatitis B immunisation.
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