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Turkey is a country with intermediate endemicity for
hepatitis B, and approximately 4% of the population
are HBsAg-positive. A number of measures have been
implemented to prevent hepatitis B infection. In 1998,
hepatitis B antigen was included in the national immu-
nisation programme, and infants have since been
vaccinated with three doses. Catch-up strategies, vac-
cination for high risk groups and screening measures
were also adopted. The aim of this study was to evalu-
ate the impact of the prevention and control strate-
gies on hepatitis B notification rates in Turkey in the
period from 1990 to 2012, using data from the national
surveillance system. Secular trends revealed that
rates showed an initial increasing trend, followed by a
steady decline from 2005. The most dramatic decline
occurred among children younger than 15 years, high-
lighting the benefits of vaccination and catch-up strat-
egies. However, vaccination cannot fully explain the
decrease in this age group. Socioeconomic develop-
ment, through interrupting the horizontal transmis-
sion may also have contributed. After 2005, a steady
decline was achieved also among those 15 years and
older. The rates in adults were higher, which indicates
that stronger prevention measures are needed to tar-
get this group, particularly men.

Introduction

It is estimated that approximately 2 billion people in
the world have been infected with hepatitis B virus
(HBV) [1,2]. Among those, 360 million are chronic car-
riers and have a 15% to 25% risk of premature death
from consequences such as liver cirrhosis and hepato-
cellular cancer [1,3]. The burden of hepatitis B differs
worldwide. Countries in eastern and southern Europe
have a moderate prevalence of chronic hepatitis,
and Turkey is classified as a country of intermediate
endemicity with approximately 4% of the population
HBsAg-positive [2,4]. In a meta-analysis, evaluating
seroprevalence studies published between 1999 and
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2009, it was determined that the overall HBsAg posi-
tivity in Turkey was 4.6% [5].

Rates of HBsAg positivity vary within Turkey.
Seroepidemiological studies show a decreasing trend
from south-east to west in all age groups [5-12]. In a
meta-analysis evaluating studies published between
1999 and 2009, Toy et al. estimated that the prevalence
rates of HBsAg positivity in the west, middle and east-
ern regions were 3.5%, 4.9% and 6.8%, respectively.
In the same study, the authors concluded that the low-
est prevalence was in children who were younger than
15 years (2.8%) and the highest prevalence was among

25-34 year-olds (6.4%) [5].

In Turkey, hepatitis B vaccine has been on the market
since the late 1980s, yet a systematic vaccination pol-
icy was not adopted at that time [13]. Since 1998, when
hepatitis B antigen was included in the national immu-
nisation programme, infants have been vaccinated
with three consecutive doses. Although there have
been some changes regarding vaccination schedules,
infants have since 2003 received the antigen within
the first 72 h after birth, followed by two additional
doses at the end of the first and the sixth month of
age. Catch-up strategies targeting older age groups are
also used as a supplement to routine infant vaccination
because studies among children six to 17 years of age,
carried out in different parts of the country, indicate
a gradual increase in the seroprevalence with rising
age [4,10-12,14]. This finding suggests that horizontal
transmission, through close contact with infected fam-
ily members, is the main mode of transmission among
children [4,10,14-16]. Vaccination activities were there-
fore carried out in primary schools during the period
2005 to 2009. In Turkey, eight years of primary school-
ing is mandatory and children start school at the age
of six years. Target age groups which were included
in catch-up vaccinations are presented in the Table. In
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TABLE

Target age groups for catch-up vaccinations by school year,
Turkey, 2005-2009

School year Target group

2005-06 Primary school students at the eighth grade (13

5 years-old)
2006-0 Primary school students at the sixth, seventh

7 and eighth grades (11, 12 and 13 years-old)

2007-08 Primary school students at the third, fourth,

7 fifth, and sixth grades (8, 9, 10 and 11 years-old)

High school students at the fourth grade (17

2008-09 years-old)

Turkey, vaccination policies are adopted at the national
level and are the same in all geographic regions.

Also high-risk groups for contracting hepatitis B have
been vaccinated free-of-charge since 1998, namely
healthcare workers, people who inject drugs, persons
with high-risk sexual behaviour, persons who fre-
quently require blood or blood products, haemodialy-
sis patients, close contacts of HBsAg-positive persons,
persons residing in orphanages, detention centres and
prisons.

Strategies for screening were also adapted. In Turkey, it
has been mandatory since 1993 to screen all voluntary
blood donations for HBV. All registered sex workers are
tested for hepatitis B every three months. Since sex
workers are categorised as a high-risk group, vaccina-
tions are offered free of charge. Screening is also car-
ried out when an unregistered sex worker is arrested
by the police. Since 2002, couples who appeal for mar-
riage are asked whether they have hepatitis B infection,
and counselling is provided, but laboratory analysis is
carried out only among the ones who meet the defini-
tion of high risk as presented above. Vaccinations are
offered to people testing negative. Antenatal screening
for HBsAg among pregnant women is not mandatory.
Condom use is promoted as a preventive strategy. In
Turkey, condoms are freely available at the primary
level of care. Advertisements on visual and written
media are used for raising awareness about prevention
measures.

The aim of this study was to evaluate the impact of the
above prevention and control strategies on acute hepa-
titis B notification rates in Turkey. The main goal was to
assess the trend in acute hepatitis B notifications from
1990 to 2012, in order to address future prevention and
control activities.

Methods

In this study, data obtained from the National
Surveillance System (NSS) were used for evaluating
acute hepatitis B notification rates. In Turkey, acute
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hepatitis B has been notifiable since 1990, and data
were collected on a monthly basis by sex, age and
province. However, a national guideline encompassing
standard case definitions was not in use at that time.
In 2004, the Turkish Ministry of Health updated the
NSS and introduced standard case definitions for each
notifiable disease. According to the newly launched
definitions, patients compatible with the clinical pic-
ture and positive for anti-HBc IgM and/or HBsAg, were
identified as acute hepatitis B cases [17]. Notification
was restricted to acute cases. Practically, the newly
launched case definition for acute hepatitis B did not
differ from the criteria used for acute infections before
2004 in clinical practice. But this was the first time a
standard case definition was adopted and circulated
to all healthcare institutions throughout the country.
Training programmes for physicians were implemented,
introducing the case definitions and also emphasising
the importance of surveillance.

Notification rates were calculated per 100,000 popula-
tion. Age groups were defined as o, 1-4, 5—-9, 10-14
and =215 years. For calculating regional rates, the
Nomenclature of Territorial Units for Statistics (NUTS)
was used and provinces were categorised in 12 territo-
rial units [18].

In Turkey, healthcare providers report the number of
vaccinated children on a monthly basis to the Ministry
of Health through the district and provincial health
authorities. Reporting has been carried out electroni-
cally since 2011. Hepatitis B vaccination coverage
refers to the percentage of fully vaccinated children
reaching their first birthday. An infant that has received
three doses of hepatitis B vaccine is defined as fully
vaccinated. In this study, vaccine coverage data were
obtained from the Ministry of Health.

Results

Acute hepatitis B notification rates between 1990 and
2012 are presented in Figure 1. In 1990, the notification
rate was 4.8 per 100,000 population. Rates showed an
increasing trend and reached 12.3 per 100,000 in 2005.
After 2005, there was a steady decline, and the rates
in 2011 and 2012 dropped to 3.9 and 3.6 per 100,000,
respectively (Figure 1). Vaccine coverage rates between
1999 and 2012 are also presented in Figure 1. In 1999,
64% of infants had been vaccinated with three doses
of hepatitis B antigen. Coverage showed an increasing
trend and rates above 90% were maintained after 2006
(Figure 1).

Notification rates by age groups are presented in
Figure 2. Notification rates in 1997 for children aged <1
year, 1—4 years, 5—9 years and 10-14 years were 8.19,
5.21, 9.54 and 8.74 per 100,000, respectively. Rates for
children under the age of 15 years showed a decreasing
trend until 2004. In 2001 and 2005 there were small
peaks among those younger than 15 years. However,
after 2005 a steady decline was observed in all age
groups younger than 15 years. The notification rates



FIGURE 1

Notification rates for acute hepatitis B (1990-2012) and percentage of infants vaccinated with three doses of hepatitis B

virus antigen (1999-2012), Turkey*
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in 2012 for the 1-4, 5-9 and 10-14 year-olds were 1.8,
0.2, 0.5 and 0.9 per 100,000, respectively.

Since infant vaccination started in 1998, notification
rates for the under five years-old in 2002 and 2003
represent the first results for age groups that received
vaccination.

The notification rate for those 15 years and older was
6.45 per 100,000 in 1997. Unlike the younger popula-
tion, rates for this age group showed an increasing
trend until 2005 and declined thereafter. The rates
in 2005 and 2012 were 15.32 and 4.6 per 100,000,
respectively.

Notification rates by age and sex for 2012 are presented
in Figure 3. Notification rates for males and females in
2012 were 4.6 and 3.6 per 100,000, respectively. The
rates were higher among male than among female
infants for 2012, data from previous years showed sim-
ilar rates (data not shown). Rates were slightly higher
among boys during childhood after the first year. Men
older than 19 years had higher rates than women. The
highest rate difference between men and women was
observed in the age group of 30-44 year-olds. Among
this age group, the rate difference was 3.3 per 100,000
in 2012.
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Notification rates are also analysed by geographi-
cal region (Figure 4). Highest rates were observed in
Istanbul, west Marmara, northern regions and middle
Anatolia. Southern regions had lower rates. Eastern
Anatolia showed exceptionally low notification rates.
Vaccination rates were similar throughout the country,
but lowest rates were observed in the eastern regions.

Discussion

Notification rates of acute hepatitis B showed a
decreasing trend among those younger than 15 years
between 1997 and 2004. The most dramatic decline
was observed among children under the age of five
years, highlighting the benefits of vaccination which
had been introduced in 1998. However, in 2001 and
2005, the downward trend changed and notification
rates peaked among children under 15 years of age.
The trend change in 2005 could be related to the intro-
duction of the new notification system. In 2004 with
the change of the Communicable Disease Notification
System, a standard case definition was adopted
for acute hepatitis B infection [19,20]. Although the
newly launched criteria were not different from those
used in daily practice before, revisions may have cre-
ated awareness among health personnel and led to
an increase in notification rates. After 2005 and until
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FIGURE 2

Notification rates for acute hepatitis B by age group, Turkey, 1997-2012
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2012, the rates have been declining steadily among all
age groups under 15 years.

The first infant cohort was vaccinated in 1998 as part
of the national immunisation programme. This group
reached the age of five in 2003 explaining the decrease
in the rates for 5—-9 year-olds after 2003. Children
younger than 15 years had been vaccinated by 2007
through catch-up activities, therefore the decrease
after 2007 for children aged 10-15 years was also
expected. However, not all the decline can be explained
by vaccination activities. Epidemiological studies in
Turkey show that HBsAg positivity is more prevalent
among socioeconomically disadvantaged groups, and
that horizontal transmission is the main route of trans-
mission [4,9,10,12,14-16,21]. In a study carried out in
one of the hospitals in Turkey during 2001-05, it was

FIGURE 3
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determined that HBsAg carrier rate was higher among
fathers than among mothers. However, in the present
study, it was determined that the children of mother
index cases had higher rates of HBsAg compared with
the children of father index cases. So in intra-familiar
transmission, mother-to-child has been suggested as
the main route. Since mothers mostly are not working
and spend longer time with their children, their risk of
transmitting the virus is higher compared to fathers.
[16]. Socioeconomic development, leading to improved
living conditions, less crowded families, improved san-
itation and hygiene practices could have interrupted
intra-familiar transmission and contributed to the
decreasing trends [22-25]. A study in Italy showed that
the decrease in acute hepatitis B was more apparent
before the introduction of the mass immunisation. The
authors concluded that the improved socioeconomic

Notification rates for acute hepatitis B by sex and age group, Turkey, 2012
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FIGURE 4

Notification rates for acute hepatitis B cases per 100,000 and percentage of infants vaccinated with three doses of hepatitis B
virus antigen, by region, Turkey, 2012

Source: Kartenwerkstatt; http://commons.wikimedia.org

and sanitary conditions in the country had resulted in
declining rates [22].

The notification rates for those 15 years and older fol-
lowed an upward trend until 2005 and a decrease there-
after. Introduction of standard case definitions in 2004
and prevention activities among adults may have had
an impact, but are not sufficient to explain the trend
change after 2005. There is not any information on the
uptake of vaccination outside the national immunisa-
tion programme. Still, the continuing downward trend
after 2005 suggests that there is a true reduction in
hepatitis B infections also among this age group.

Adults still had relatively higher rates of hepatitis B
seroprevalence compared with children, highlighting
the need to strengthen vaccination services targeting
adults. In Turkey, hepatitis B vaccines are provided free
of charge to individuals at high-risk for contracting the
virus. It is therefore important to assess individuals at
every opportunity at consultations in primary care and
to offer vaccination for high-risk groups. It is important
to remember that both patients and healthcare provid-
ers can be reluctant to report high-risk sexual prac-
tices, particularly in traditional societies. Information
should therefore be provided about the risk factors for
contracting hepatitis B infection and benefits of vacci-
nation [26].

Data stratified by sex indicated that notification rates
were comparable until adulthood. From the age of 20
years, however, rate differences between men and
womenincreased. Intheage group 30-44 years, therate
difference was 3.3 per 100,000. Seroepidemiological

studies carried out in different parts of Turkey among
adults also show higher rates of HBsAg positivity
among men [5,9,21,27,28]. Sex differences suggest
a higher rate of exposure to risk factors among men.
Unfortunately in Turkey, routes of transmission are not
reported for notified cases, but we can consider sev-
eral reasons for men to predominantly contract the
infection. High-risk behaviours such as having multiple
sexual partners, male homosexual contact, using intra-
venous drugs, or sharing contaminated blades in bar-
ber shops may be more prevalent among men [6,29].
High-risk groups, particularly males, should be asked
about potential exposure and offered vaccination at
every opportunity.

Notification rates differed by geographical region,
with the highest rates identified in Istanbul, west-
ern Marmara, the Black Sea and middle Anatolia. We
need to be cautious in comparing these rates because
access to healthcare, diagnostic capacity and noti-
fication rates may vary widely. Seroepidemiological
studies show that residents of eastern, particularly
south-eastern, Anatolia have higher rates of HBsAg
positivity compared to the other regions [6,10,11]. Also
the meta-analysis carried out by Toy et al. which evalu-
ated studies published between 1999 and 2009, iden-
tified the highest rates in the eastern parts of Turkey
[5]. Our results for south-eastern Anatolia could there-
fore be an underestimation and may be related to low
access to healthcare, underdiagnosis and/or notifica-
tion practices. Eastern parts are the least developed
regions in Turkey. So we expect there a higher rate
of underestimation than in the other regions. Efforts
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should be made to understand the regional differences
and eliminate their causes.

In 2008 and 2012, notification rates for acute hepatitis
B in Turkey were 8.0 and 3.6 per 100,000, respectively.
In Europe (@among 27 European Union Member States
and three European Economic Area countries), the noti-
fication rate of acute hepatitis B was 0.8 per 100,000 in
2010 [30]. Among the countries reporting acute cases,
the Czech Republic (2.3 per 100,000), Romania (2.3
per 100,000) and Lithuania (2.1 per 100,000) had the
highest notification rates [30]. The rates notified from
Turkey were higher than in other European countries,
although direct comparison between countries is not
possible, due to differences in surveillance systems.
It is hard to predict the level of underestimation and
project the actual rates. However, a study conducted
in one Turkish city in 2003 provides a clue on the rate
of underestimation: Durusoy and Karababa compared
data obtained from serology laboratories with the noti-
fications received by the Provincial Health Directorate
in order to understand the completeness of acute hepa-
titis B notifications in 2003 in lzmir, the third largest
city in Turkey located in the west near the Aegean coast.
At that time, the notification rate of acute hepatitis B in
Izmir was 6.4 per 100,000. Yet by capture-recapture
analyses, the authors calculated the notification rate
as 52.2 per 100,000 (95% confidence interval: 39.9—
64.5 per 100,000) [31].

The reported rates therefore suggest an underestima-
tion. However, secular trends indicate that the rates
are declining. With the available data, it is not possi-
ble to determine the quantitative impact of each pre-
ventive measure on notification rates. Although it is
possible to assume that all measures had interacted
synergistically, the trend among the younger age
groups highlighted in particular the importance of uni-
versal vaccination and catch-up strategies. The impact
of infant and school vaccination on acute hepatitis B
notification rates had been demonstrated in a number
of studies [23,32-34]. Still, vaccination can only partly
explain the decline in hepatitis B infections among
children. Since horizontal transmission is an important
route particularly among groups with low socioeco-
nomic status, improved living conditions, interrupting
the horizontal transmission, may have contributed to
the downward trend.

Conclusion

Secular trends reveal that the notification of acute
hepatitis B is decreasing in all age groups in Turkey.
High vaccination coverage and catch-up strategies had
a positive impact among young age groups. Although
a decreasing trend was achieved for adults after 2005,
these rates remain high and demand strengthened pre-
vention measures targeting adults, particularly men.
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*Erratum:

The correct illustration for Figure 1 was uploaded on 25
November 2013.
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The prevalence of chronic hepatitis B virus (HBV)
infection in Denmark is not clear. The primary aim of
this study was to estimate the prevalence of chronic
HBV infection in Denmark. The capture-recapture
method was used to estimate the total population
diagnosed with chronic HBV infection in Denmark
using four nationwide registers. The population with
undiagnosed chronic HBV infection was estimated by
incorporating data from a two-year nationwide HBsAg
screening programme in pregnant women. We iden-
tified 4,466 individuals with chronic HBV infection
in the four registers until the end of 2007, and the
capture-recapture estimate of the total population
diagnosed with chronic hepatitis B was 7,112 (95%
confidence interval (Cl): 6,953-10,747). Only 17% of
the identified patients attended recommended clinical
care according to national guidelines. Including undi-
agnosed patients, the current population alive with
HBV infection was 10,668 (95% Cl: 10,224-16,164),
corresponding to a prevalence of 0.24% (95% Cl:
0.23-0.37%) in the Danish population older than 15
years. The estimated prevalence of chronic HBV infec-
tion among adults in Denmark was lower than reported
from other northern European countries. Only half of
the infected population had been diagnosed, and a
minority attended specialised clinical care.

Background

Hepatitis B virus (HBV) infection is a major global health
problem. More than 350 million people are chroni-
cally infected with HBV, causing 500,000 to 1,200,000
deaths annually [1,2]. The reported incidence of acute
hepatitis B in Denmark has been declining for the last
two decades to 0.4 per 100,000 per year; in contrast,
the incidence of diagnosed chronic hepatitis B has
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increased to 5.2 per 100,000 per year [3]. Universal
childhood vaccination is not a part of the Danish hep-
atitis B prevention programme, as this is targeted at
high prevalence groups. However, since November
2005, all pregnant women have been screened for HBV.
People who inject drugs (PWID) are offered a HBV test
and vaccination free of charge, and programmes for
this have been implemented in prisons and drug treat-
ment centres. Other high prevalence groups (migrants
from HBV-endemic countries, men who have sex with
men (MSM) etc.) are recommended for HBV testing and
vaccination, but the coverage of this intervention is
unknown [4,5].

The exact number of persons with chronic infection in
Denmark is unknown as a national seroprevalence sur-
vey has never been performed. Notification of chronic
HBV infection to the national register of notifiable dis-
eases has been mandatory since 2000, but reporting
rates are low [6]. The National Board of Health esti-
mated the prevalence of chronic hepatitis B in Denmark
at 0.28% (15,000 patients) in 2002 [7]. Based on the
national screening of pregnant women for hepatitis B
from 2005 to 2007, the prevalence of hepatitis B was
estimated at 0.2 to 0.3% (13,500 persons) in 2007 [8].

The primary aim of this study was to estimate the
prevalence of chronic hepatitis B (both diagnosed and
undiagnosed) in Denmark. A secondary aim was to esti-
mate the coverage of diagnosed patients by national
registers.

Methods
All persons with permanent residence in Denmark are
assigned a 10-digit personal identification number.



This number was used to identify patients with a diag-
nosis of chronic HBV infection in the four different
nationwide registers. Persons without a valid personal
identification number were excluded from the analysis
(mean: 1% in source registers).

Registers

Laboratory register (DANVIR)

This is a research database that includes patients
tested for hepatitis B and C in 14 of the 17 Danish lab-
oratories performing HBV and hepatitis C virus (HCV)
testing [9]. This database included data on 280,643
persons tested for hepatitis B as of 31 December 2007.
Samples reactive for HBsAg were retested with a con-
firmatory HBsAg assay, and only confirmed positives
were included in this analysis. All tests were commer-
cial kits approved by the health authorities, but each
laboratory chose its own supplier and thus the test kit
used varied between laboratories and over time in the
individual laboratories.

National patient register

This national register was established in 1977 and
records all discharge diagnoses from hospitals in
Denmark according to ICD-8 and, from 1994, ICD-10
codes. Since 1995, the register has also included diag-
noses from hospital outpatient visits. From this regis-
ter we extracted all individuals registered with chronic
HBV infection with or without delta agent (ICD-10 diag-
nosis codes DB18.0 and DB18.1).

The Danish database for chronic

hepatitis B and C (DANHEP)

This nationwide clinical database was established
in 2002. It includes patients older than 15 years with
chronic viral hepatitis attending medical care in one
of the 14 specialised medical units treating patients
with viral hepatitis in Denmark. From this database
we included all patients registered with chronic HBV
infection.

Communicable diseases register

This national register of notifiable diseases has been
recording acute hepatitis B since 1980 and chronic hep-
atitis B since 2000. Although reporting is mandatory
for any clinician diagnosing a patient with hepatitis B
infection, reporting rates are low [6,10]. We included all
patients reported with chronic HBV infection. The reg-
ister has been estimated to cover 35-40% of all diag-
nosed individuals [6,10].

The civil register

This register was established in 1968 and stores infor-
mation on vital status and residency as well as immi-
gration and emigration for all Danish residents. From
this register we extracted vital status and residency
data.
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Definition of chronic HBV infection

Classically, chronic hepatitis B infection is defined
as two positive HBsAg tests measured at least six
months apart. Anti-HBc IgM is positive in the early
state of infection and becomes negative after months
of infection [11]. Thus patients who are HBsAg-positive
and anti-HBc IgM negative are likely to be chronically
infected.

For DANHEP, the national patient register, and the
register for communicable diseases, the case defini-
tion was two positive HBsAg tests six month apart, as
specified by the National Board of Health [7]. This defi-
nition could not be used for the laboratory register, as
many patients had not been tested twice. In addition,
many HBsAg-positive patients with only one test had
not been tested for anti-HBc IgM. As the vast majority
of patients reported with acute hepatitis B are native
Danes, we included place of origin as a criterion in the
case definitions used for the laboratory register:

1. Definite chronic hepatitis B: two samples at least six
months apart positive for HBsAg;

2. Definite or likely chronic hepatitis B: As in 1., or one
sample positive for HBsAg and negative for anti-
HBc IgM;

3. Definite or possible chronic hepatitis B: As in 1. or
2., or one sample positive for HBsAg, anti-HBc IgM
not done, and the patient born in a country of high
endemicity.

Estimates were calculated with all three case defini-
tions, but detailed results are only presented for the
estimates based on definition 3.

Study population

We included all cases identified with chronic HBV
infection diagnosed before 31 December 2007 in any of
the registers described above. As the laboratory reg-
ister had three definitions, three different study popu-
lations were extracted. We linked these populations
with data from the civil register, extracting vital status,
residency, immigration and emigration information.
We excluded patients who were younger than 16 years,
had no assigned address, or were reported dead, miss-
ing or emigrated by 31 December 2007.

Statistical analysis
We estimated the prevalence of chronic HBV infection
in the Danish population in the following two steps:

Firstly, the population with diagnosed chronic hepa-
titis B was calculated by capture—recapture analysis
of an overlap table of the four source registers strati-
fied by age (three groups), sex, geographical region
(five) and calendar time (first diagnosis before versus
after year 2000) [12,13]. The calculation was based on
log-linear modelling using the statistical programme
GLIM 4 [14,15]. The model contained 60 strata, and in
total 113 different models, including all possible two-
way and three-way interactions, were fitted to the
overlap data for each individual stratum. The Akaike
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FIGURE

Capture-recapture estimate of patients diagnosed with hepatitis B and total population estimate end 2007 based on hepatitis
B virus test among pregnant women 2005-2007, Denmark (n=10,668)
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information criterion was used to find the best fitting
model, but we also calculated a weighted estimate for
each overlap pattern. This weighted estimate was aver-
aged across all fitted models using the Schwartz cri-
terion as a weight. Some of the 113 models produced
unrealistically high estimates; therefore, if an estimate
was more than five times the observed number, then a
weight of zero was attached to that estimate in order
to decrease the influence of what we considered to be
unrealistic estimates. If the best model suggested by
the Akaike information criterion resulted in an estimate
that differed markedly from the weighted estimate,
we used the Schwartz criterion to obtain the best fit-
ting model. When the choice between the Akaike and
Schwartz criterion was not clear, we chose the model
that gave an estimate closest to the ratio of known to
estimated number of infected patients found in other

www.eurosurveillance.org

> \

67% (254/381) test coverage

Unknown population =33%
(n=3,556)

10,668 (100%)

> Total hepatitis B-infected 4
population in Denmark

strata. The 95% confidence intervals (Cl) for the total
estimate were calculated by bootstrap analysis of
1,000 samples [13,15].

Secondly, the proportion of patients with chronic hepa-
titis B who had not been diagnosed (never tested) was
calculated from a complete two-year national screen-
ing programme for HBsAg among pregnant women
performed from 2005 to 2007 [8]. We identified the
overlap between the four source registers and women
identified in the screening programme. The proportion
of all HBsAg-positive women identified in the screen-
ing programme who were present in one or more of the
source registers, gave a direct estimate of the diag-
nosed fraction of the population with hepatitis B (as
well as a direct estimate of the prevalence of hepati-
tis B among pregnant women). We used the national
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estimate of the ‘hidden proportion’ (e.g. diagnosed
with hepatitis B but not present in any of the four
source registers) to calculate the total number of preg-
nant women diagnosed with hepatitis B. Assuming the
same proportion of diagnosed HBV infection outside
the national screening programme (e.g. among drug
users, MSM etc.) we calculated the total prevalence of
HBV in Denmark (Figure). A further bootstrap analysis,
which also included a binomial distribution to account
for the coverage rate, was used to obtain a 95% CI of
the total prevalence.

Statistical analysis was performed using SPSS version
19 and GLIM 4. The study was approved by the Danish
Data Protection Agency (J. 2008-41-2402).

Results

The four source registers identified 5,547 patients
with chronic hepatitis B of whom 1,081 (19.5%) were
excluded due to death, emigration, unknown address
or age under 16 years. A total of 4,466 patients were
included in the study. The 4,466 were identified as
cases of possible chronic HBV infection in one or more
of the four registers using definition 3 in the laboratory
database (“definite or possible HBV infection”) (Table
1).

TABLE 1

Of the identified population, 72% (n=3,192) were regis-
tered in DANVIR, whereas the other registers identified
28-41% (1,242-1,821) (Table 1). Women accounted
for around 50% of the population in all four registers.
Three quarters (n=3,345) of those who were regis-
tered with HBV infection were younger than 4o years
when first registered in any of the registers, and 69%
(n=3,095) of cases were registered after the year 2000.

The estimated total population diagnosed with chronic
HBV infection was 7,112 (95% Cl: 6,953-10,747), cor-
responding to a prevalence of 0.16% (95% Cl: 0.16%—
0.24%) among Danish adults [16] (Table 2). This
included a ‘hidden’ population of 2,646 (37%) indi-
viduals diagnosed with chronic HBV infection but not
registered in any of the registers. The prevalence was
a little higher among men than women and in most of
the regions the prevalence was lowest in the group
aged 16 to 25 years. Copenhagen represented 42%
(n=2,996) of all diagnosed cases, and only 4% (n=313)
came from the North Denmark region, corresponding
to, respectively, 0.23% and 0.07% of the adult popula-
tion. This is consistent with the regional distribution of
immigrants in Denmark: in 2008, 48% of immigrants
lived in the Copenhagen region and 6% in the North

Persons identified with chronic hepatitis B according to four nationwide registers on 31 December 2007 (n=4,466)

Laboratory database

(DANVIR)
register register

diseases

Communicable

National patient Hepatitis database
register (DANHEP)

Number 3,192 1,553 1,821 1,242 4,466
% of total 71.5 34.8 40.8 27.8 100.0
Male (%) 48.3 46.0 52.1 48.7 49.8
Age (%)

<25 years 36.8 48.5 31.6 39.7 35.2
25—40 years 40.8 36.0 39.2 38.7 39.7
240 years 22.4 15.5 29.2 21.6 25.1

Region (%)

North 5.7 3.7 5.1 10.3 5.6

Central 20.8 18.3 21.3 18.2 19.7
South 23.2 17.4 18.1 17.6 21.9
Zealand 6.5 10.2 8.5 6.3 8.2

Copenhagen 43.7 50.4 47.0 47.6 44.5
Year of inclusion (%)

2000 or earlier 30.4 24.3 39.5 24.2 30.7
After 2000 69.6 75.7 60.5 75.8 69.3
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TABLE 2

Capture-recapture estimate of patients with chronic hepatitis B alive on 31 December 2007, Denmark (n=7,112)

Central

South

Zealand Copenhagen

Proportion of estimate
for Denmark (%) Population
Prevalence (%) 0.07 0.13 0.18 0.12 0.23 0.16 previ/(l)ence
Population of Denmark
»15 years (x1,000) 465 993 959 658 1,321 4,396
Age
<25 years 88 (28) 386 (29) 495 (29) 206 (27) 841 (28) 2,016 (28) 0.35
25-40 years 147 (47) 440 (34) 658 (38) 304 (40) 1,230 (41) 2,779 (39) 0.25
240 years 78 (25) 486 (37) 581 (33) 247 (33) 925 (31) 2,317 (33) 0.08
Sex
Male 154 (49) 781 (60) 978 (56) 373 (49) 1,626 (54) 3,912 (55) 0.18
Female 159 (51) 531 (40) 756 (44) 384 (51) 1,370 (46) 3,200 (45) 0.14
Entrance in register
2000 or earlier 93 (30) 330 (25) 656 (38) 134 (18) 877 (29) 2,090 (29) NA
After 2000 220 (70) 982 (75) 1,078 (62) 623 (82) 2,119 (71) 5,022 (71) NA
Total 313 (100) 1,312 (100) 1,734 (100) 757 (100) 2,996 (100) 7,112 (100) 0.16
NA: not applicable.
Denmark region [17]. Among the 7,112 individuals with Discussion

chronic HBV infection, 50% were registered in the lab-
oratory register, 26% in the National patient register,
22% in the register of communicable diseases and 17%
in the clinical register (DANHEP).

By the stricter case definitions we identified 3,675
patients diagnosed with definite chronic HBV infection
(two HBsAg tests positive six months apart), and 4,003
patients diagnosed with definite or likely chronic HBV
infection (one sample HBsAg positive and anti-HBc IgM
negative). The corresponding estimates were respec-
tively 6,121, and 6,815 diagnosed patients.

Estimation of the undiagnosed population

with chronic hepatitis B infection

Of 140,376 pregnant women tested for HBsAg in
Denmark in the years 2005 to 2007, 381 were identified
with chronic hepatitis B, and of these, 185 were regis-
tered in one or more of the registers described above.
Adjusting for 37% diagnosed but not present in the
source registers, this corresponded to 66.6% (254/381)
(95% Cl: 62-71%) [12]. Assuming the same diagnostic
coverage among patients with chronic HBV infection
in the general population as in this group of pregnant
women, the total national estimate was 10,668 (95%
Cl: 10,224-16,164), corresponding to a prevalence of
0.24% (95% Cl: 0.23-0.37%) in the Danish population
older than 15 years.

www.eurosurveillance.org

In this large register-based study we estimated the
adult population alive and diagnosed with chronic
hepatitis B infection to be 0.16% in Denmark. Including
undiagnosed cases, the estimated prevalence of
chronic hepatitis B infection for persons aged 16 years
or older on 31 December 2007 was 0.24%.

The majority of patients were diagnosed after the year
2000, and unexpectedly, we did not find an increasing
prevalence with age. This probably reflects an increase
in immigration, and an increased focus on the disease,
as indicated by the fact that reporting of chronic HBV
infection to the register of communicable diseases
became mandatory in 2000, and antenatal screening
was implemented in 2005. Most patients were younger
than 4o years when first diagnosed with HBV infection.
Studies performed 10 to 30 years ago have found that
the population with chronic hepatitis B in Denmark
primarily consists of immigrants from high endemic
countries infected by vertical transmission, and immi-
grants are younger than the general Danish population
[6,18]. The population of foreign origin has increased
from 3% to 10% of the total Danish population during
the last 30 years [17]. This also explains why the over-
all prevalence of HBV infection among pregnant women
overall has increased from 0.11% in 1971 to 0.26% in
2007, while in the same period, the prevalence among
pregnant native Danes fell from 0.11% to 0.01% [8,18].
In accordance with this, a Norwegian study found that
chronic HBV infection was more likely to be diagnosed
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among immigrants than native Norwegians, and more
likely among 20 to 29 year-olds than among 5o to 59
year-olds [19].

It was disappointing to us that only 28% of the
observed population (corresponding to 17% of the esti-
mated population with the diagnosis) had attended an
outpatient clinic that specialised in viral hepatitis (reg-
istered in the clinical register, DANHEP). In accordance
with this, only one third of the observed cases were
reported to the public health register, as previously
reported [6,10]. This suggest that increased efforts will
be necessary to assure that chronic hepatitis B patients
receive the appropriate clinical care - as specified in
current Danish guidelines [5]. This is important, as
the treatment possibilities for hepatitis B have greatly
improved in the last decade [20].

Our study has several limitations: capture-recapture
analysis requires a closed population and the same
case definition in each register used in the analysis
[21]. Ideally there should be independency between
the different registers, although any dependencies
to some degree can be explained and accounted for
using log-linear modelling. The case definition was
assumed to be the same in the three clinical regis-
ters but expanded in the laboratory register, as 18%
of HBsAg positives did not have a follow-up test reg-
istered to fulfil the classical definition of chronic
hepatitis B. Patients who tested positive for anti-HBc
IgM were excluded to avoid inclusion of patients with
acute hepatitis B of whom more than 90% eventually
clear the infection [11]. However, it is well known that
patients with chronic hepatitis B may be intermittently
anti-HBc IgM-positive [11]. In contrast, using the geo-
graphical definition (patients with only one HBsAg-
positive sample and not tested for anti-HBc IgM) we
would include patients of foreign origin with acute
hepatitis B. This would underestimate the true number
of infected individuals. In a sensitivity analysis among
patients with definite chronic hepatitis B (two HBsAg
six months apart), we found that 92% (1,225/1,337)
of those tested were anti-HBc IgM-negative and 90%
(1,874/2,083) were immigrants (for 1,592 patients no
country of origin was registered). Among the pregnant
women identified in the national screening programme
96% (341/355) were immigrants (for 26 of 381, country
of origin was not available). By excluding patients with
chronic HBV infection who were anti-HBc IgM-positive
and chronically infected Danes with only one HBsAg
positive sample, our capture-recapture estimate would
become too large.

The issue of independency between the registers may
only have been partially resolved. A patient from the
clinical registers was more likely to be represented
also in the laboratory register because being tested
for hepatitis B is a prerequisite for entering any of the
other three registers. Those registered in the clinical
database (DANHEP) attended a specialised clinical unit
that should report to the register for communicable
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diseases (mandatory since 2000), and those patients
should also have a diagnosis of chronic hepatitis B in
the national patient register. It is obvious in Table 1 that
this was not always the case. We did adjust for inter-
actions between the registers in the statistical model,
but as appearance in one register increased the likeli-
hood of appearing in another register, the estimate of
the hidden population might still be too small. In addi-
tion, as our model did not produce stable estimates
for several of the cells in the final table, we truncated
these cell estimates at five times the observed number.
The truncation due to instability of the model may have
underestimated the true number of infected patients.

From the capture-recapture model, we were only able
to estimate the diagnosed number of patients with
chronic HBV infection, thereby missing the number of
patients in the population who had never been tested.
Therefore we estimated the test coverage in a national
cohort of pregnant women and used this to estimate
the prevalence in the adult population. Apart from
immigrants, major populations with chronic hepatitis
B in Denmark are PWID and MSM. It is very likely that
these populations have lower test rates than pregnant
women. For PWID, we have recently estimated the HCV
test coverage rate to 54%, and we believe this to be com-
parable to their HBV test rate as these tests are usually
performed simultaneously among drug users [9]. For
MSM, we have not been able to find any data on test
rate, but MSM have been targeted for HBV screening
and vaccination for decades. However when compared
to the estimated absolute size of these populations
in Denmark and their estimated prevalence of HBsAg
(497,000 immigrants: 2,7% HBsAg; 50,000,MSM: 1-3%
HBsAg; 13,000 PWID: 2-4% HBsAg), a 10% change in
test rate for MSM and PWID will add only 150 and 16
cases to the total estimate, indicating that our esti-
mate is rather robust to variation in test rates in these
groups. Calculating the total Danish population with
chronic hepatitis B based on subpopulation sizes and
prevalence of chronic hepatitis B resulted in a total of
16,000 persons (0.36% of the adult population), sug-
gesting that our estimate of the diagnosed population
(67%) may be too high. Private practitioners partici-
pating in the study on pregnant women reported that
58% of cases had been known before the survey, and
using this proportion, our national estimate would rise
to 12,626 [8]. Correspondingly, an estimate from the
United States (US) reported only 35% diagnosed HBV
patients [22].

We found that HBV was evenly distributed among men
and women and prevalence of infection decreased with
age. The majority of patients in our study were diag-
nosed before the age of 40 years. The cohort with the
pregnant women was almost completely younger than
40 years; therefore our estimate of test coverage may
not be valid in the older population. Our estimates cor-
responded to a prevalence of 0.53% for persons under
25 years-old, 0.39% for persons 25 to 39 years-old and
0.13% for persons 40 years and older. In particular,
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we expect the test rate among male immigrants to
be lower, as this group has less contact to the health
care system than pregnant women. Our total estimate
is sensitive to this because a 10% change in test rates
represents 1,000-1,300 cases. This may also explain
why our register-based estimate was 20% smaller than
the estimate based solely on the screening programme
of pregnant women (13,500 cases in Denmark) [8].

The even sex distribution and falling prevalence with
age in our study results are different from most pub-
lished studies where up to two thirds were men and
prevalence increased with age. In Sweden, a national
serosurvey performed in 1991 found only 0.06%
infected, but increasing exposure with age (anti-HBc
positives), 60% females, and no significant geo-
graphical variation [23]. In Germany, the prevalence
of chronic hepatitis B was 0.6% in 1998, with a three
times higher prevalence among males and exposure
(anti-HBc positives) increasing with age [24]. In France
(metropolitan areas), HBsAg prevalence was 0.65%,
and males were five times more likely to be infected
[25]. Finally, in the US from 1999 to 2008, the National
Health and Nutrition Examination Survey (NHANES)
survey reported an adult prevalence of 0.38%, with an
odds ratio for males of 2.3 and a maximum at 50 to 59
years of age [24]. Thus our estimated prevalence was
higher than the 1991 Swedish study but lower than the
French and German screening programmes.

Conclusion

We estimated the prevalence of chronic hepatitis B in
the adult population in Denmark to be 0.24%, confirm-
ing the low prevalence previously estimated. However,
one third of the infected were undiagnosed, and the
national registers showed low coverage, with only 17%
of identified hepatitis B patient attending specialised
clinical care. These data suggest that screening for
hepatitis B should be improved and that Denmark is far
from fulfilling the intention that all identified patients
with chronic hepatitis B should attend appropriate
specialist care. Our study is six years old, but unfor-
tunately ongoing research suggests that this has not
improved significantly since.
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The burden of chronic hepatitis B (CHB) is increasing in
Australia, particularly in those born in the Asia-Pacific
region, and nearly half are undiagnosed. Primary care
clinicians have a key role in diagnosing CHB, how-
ever identification of patients at risk is hindered by
lack of awareness and limited information on country
of birth in patient records. This study evaluates the
potential of a validated list of names associated with
Asian country of birth as a screening tool to predict
risk of CHB, by comparing it with surveillance records
for all people diagnosed with CHB or salmonellosis in
Victoria from 2001 to 2010, and analysed using stand-
ard screening tools. Name list match was associated
with CHB notification, with over 60% of cases having
one name matching the list (sensitivity), and nearly
one third matching both given name and surname;
less than 15% and 2% of salmonellosis notifications
matched for one name and both names, respectively
(false positives). These results show that more than
half of notified cases of CHB would have been iden-
tified by this name list, and that it could be used in
support of initiatives to improve diagnosis of patients
with diseases associated with country of birth when
limited information is available.

Introduction

The global prevalence of chronic hepatitis B (CHB) has
been estimated at 350 million people, with the greatest
burden amongst those living in Asia and the Pacific [1].
Despite comprising only around 5% of the Australian
population [2], migrants from the Asia-Pacific region
represent nearly 40% of estimated 218,000 Australians
living with CHB [3,4]. Without treatment, 15-40% will
suffer serious complications of liver disease [5] includ-
ing primary liver cancer, the fastest increasing cause of
cancer mortality in Australia [6].

Early detection of CHB enables positive interven-
tions for individual patients and the wider community.
Effective antiviral treatment can significantly reduce
the complications of chronic infection such as cirrhosis
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and hepatocellular carcinoma (HCC) [6,7], and diagno-
sisin anindividual facilitates screening and vaccination
of susceptible contacts. Such screening and treatment
initiatives have been demonstrated to be cost-effective
[8,9]. Clinical guidelines recommend routine screening
for those born in intermediate (2-8%) and high (>8%)
CHB prevalence countries [5,10], however undiagnosed
CHB is common [11,12]. It has recently been estimated
that 45% of those living with CHB in Australia have not
been diagnosed [3].

The need for improved identification and management
of CHB in the primary healthcare setting is well recog-
nised [13], however, the lack of information on country
of birth in patient records in Australian general prac-
tices is a substantial barrier to systematic identifica-
tion of those most at risk [14]. Improving recording of
country of birth is important, and educating clinicians
in which patients should be routinely offered testing is
a key consideration [15]. However, it is likely that fur-
ther decision support and prompting regarding test-
ing for hepatitis B virus (HBV) is necessary, given the
existing large number of undiagnosed Australians with
CHB despite these recommendations and education
programmes that have been in place for years.

The linking of country of birth to patient name is a
method that has previously been used for determina-
tion of ethnicity using a list of names derived from
census records, and has been shown to be predictive
of country of birth for both Hispanic [16] and Asian
American [17-19] patients. In addition, clinical indica-
tors (such as body mass index) were similar between
self-identified and name list-identified groups, sug-
gesting that this method identified a representative
sample of the population within each ethnicity [19].

In addition, software tools such as Nam Pehchan and
OnoMAP have been used in the United Kingdom to
assign ethnicity based on names for notified cases
of CHB [20] and cancer registry records [21]. However,
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there has been no examination of this approach in the
Australian context, nor, to our knowledge, has there
been an assessment of the utility of a name list as a
screening tool for risk of having a chronic communica-
ble disease associated with birth country.

This analysis aimed to determine whether a consider-
able proportion of people attending general practices
would be effectively identified using a name list as a
screening tool, by examining the sensitivity and speci-
ficity of the name list when compared with notifica-
tions. More broadly, this study aimed to bridge the gap
in evidence and evaluate the utility of the name list
in identifying risk of CHB associated with country of
birth, to promote and support systematic diagnosis in
general practice.

Methods

Asian-Pacific name list

The list of names used in this analysis was derived in
the United States from Social Security and Medicare
administration records containing country of birth
information on a pool of over 400 million applicants,
with the original aim of creating a method for classi-
fication of ethnicity within the broad group of Asian
Americans (the full process of which is described in
reference [17]).

Individual name lists were derived for the six major
Asian ethnic groups in the United States: Chinese
(including those from Hong Kong and Taiwan),
Japanese, Filipino, Korean (North and South), Indian
and Vietnamese. Names were chosen for inclusion on
the basis of their predictive quality, based on associa-
tion with the specific country of birth and frequency,
i.e. names were only included if the majority of peo-
ple of a certain name were associated with a given
origin, and names occurring less than five times were
excluded.

The full list contains a total of 20,693 unique names,
each associated with a specific country of birth but
aggregated for the purpose of this analysis as predic-
tive of birth in any of the countries included.

Data matching: surveillance notifications
Infection with HBV is notifiable to the Department of
Health in Victoria, with notification including limited
patient demographic and disease information required
of both the diagnosing clinician and laboratory within
five days [22]. Notifications are reported as either
newly acquired (acute infection) or unspecified (chronic
infection) according to patient history and serological
evidence. The case definition for hepatitis B notifica-
tion in Australia requires detection of hepatitis B sur-
face antigen (HBsAg) or hepatitis B DNA, with acute
infections differentiated by the presence of high levels
of IgM to hepatitis B core antigen (anti-HBc) and/or
demonstrated absence of prior infection [23].

18

TABLE 1
Screening test construct for name list analysis

Proportion of chronic hepatitis B

SRS notifications with a name match

Proportion of salmonellosis

Specificity notifications without a name match

Proportion of matches that were
chronic hepatitis B notifications

Positive predictive value

Proportion of non-matches that
were salmonellosis notifications

Negative predictive value

Notification data for CHB were extracted from the
Victorian Notifiable Infectious Disease Surveillance
(NIDS) database by staff from the Communicable
Diseases Prevention and Control Unit, Department of
Health, Victoria, and compared with the name list to
produce a de-identified dataset with a variable indicat-
ing a name match. Notified cases of salmonellosis were
subjected to the same matching procedure with the
name list and used as a control group. Salmonellosis is
an acute gastroenteritis with a short incubation period
and no particular association with country of birth [24].

Records were assessed for completeness in reporting,
and basic demographic characteristics (median age,
sex ratio, proportion born overseas) analysed for both
diseases.

To determine the effectiveness of the list for the identi-
fication of persons at risk of CHB, we tested the name
list as a screening tool (see Table 1). Notification data
were used as the source of diagnosed cases, with
notifications for CHB representing true positives, and
notified cases of salmonellosis representing true neg-
atives (analogous to a gold standard diagnostic test);
the presence of a name matching the supplied list in
a given case was considered a positive result in the
screening test. This construct was used to calculate
sensitivity and specificity of the name list when using
an algorithm that matched both given name and sur-
name (‘match both’) and one that matched either given
name or surname (‘match either’).

As the positive and negative predictive values (PPV and
NPV) of a screening tool are dependent on the preva-
lence of disease in the target population, and the sam-
ple of notifications used here included roughly equal
numbers of hepatitis B and salmonellosis notifications,
PPV and NPV needed to be adjusted to the prevalence
of hepatitis B that would be expected in the screened
population. CHB prevalence has been demonstrated in
a recent serosurvey to vary considerably by geographic
region, largely related to the proportion of residents
who were born in endemic areas [25]. Estimates of 1.5%,
3% and 6% prevalence were selected to reflect the
expected number of people living with CHB attending

www.eurosurveillance.org



a clinical practice within a general, moderate and high
prevalence area, respectively. Adjusted PPV and NPV
values were calculated using the following formulae:

PRV = Se * Pr
~ (Se*Pr)+ (1—Sp)(1—Pr)
S 1-P
NPV — p* ( )

(Sp* (1 —"Pr)) + (1 —Se)(Pr)

where Se is sensitivity, Sp is specificity, and Pr is
prevalence.

Statistical analysis

Sensitivity was estimated according to the ‘match
either’ algorithm by sex, age group and across the
time period of notifications used. For those notifica-
tions where country of birth information was available,
sensitivity measures were calculated individually for
each of the six name list countries, as well as for the 10
most commonly identified countries of birth that were
not originally used to develop the name list.

The chi-square test was used to test the significance of
differences in sensitivity according to notification type
(CHB compared to salmonellosis), sex, age group, year
of notification, as well as differences in country of birth
reporting according to sex and presence of name list
match. The Wilcoxon rank sum test was used to evalu-
ate differences in age distribution between groups.
Exact binomial 95% confidence intervals (Cl) were cal-
culated around screening test measures. Data were
handled and graphically presented using Microsoft
Excel, with statistical analyses conducted using Stata
11.

Ethics

Ethical approval for this research was granted by the
Royal Australian College of General Practitioners’
National Research and Evaluation Ethics Committee as
a component of a broader study (NREEC 10 — 011).

Results

Between 2001 and 2010, there were 17,438 notifications
of chronic HBV infection to the Victorian Department
of Health, and 14,865 notifications for salmonellosis
infection. Notifications differed in age distribution
according to disease, with those diagnosed with sal-
monellosis generally younger (median age 25 years
(interquartile range (IQR): 8-45 years) compared with
35 years (IQR: 27-46 years) for HBV, p<o.001) and less
likely to be male (47.7% of salmonellosis cases were
male, compared with 54.2% of CHB cases, p<0.001).

The majority of notifications for salmonellosis (83%)

were patients born in Australia; however despite rep-
resenting only around a quarter of the total Victorian
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population [26], those born overseas made up the vast
majority (91%) of CHB notifications. Completeness of
this information was similar for salmonellosis and CHB,
with greater than 99% of notifications reporting sex
and age of cases, but less than one in five recording
country of birth.

The sensitivity of the name list varied substantially
depending on the type of match assessed (Table 2).
While around 60% of those with a notification for CHB
had either a given name or a surname matching the
name list, just under one third had both names match-
ing the list. In contrast, less than 15% and 2% of sal-
monellosis notifications matched one name and both
names, respectively (p<o.oo1 for both comparisons).

Specificity was correspondingly higher for matching
both names instead of either name; in those with sal-
monellosis notification (i.e. not at increased risk of
CHB), only 1.8% of persons were identified as being at
risk based on this name list (specificity of 98.2%). This
proportion, a measure of false positives, increased to
nearly 15% when matching either given name or sur-
name (specificity decreased to 86.4%).

The differing sensitivity and specificity values for the
two types of match are reflected in the positive and
negative predictive values, with a patient who matched
both names much more likely to have a diagnosis of
CHB than one who matched either name (PPV in a high
prevalence population 51.8% for both names, com-
pared with 22.3% for either name). The inverse was
true for the NPV, which increased with improving sensi-
tivity; however, the difference was much less marked,
with the proportion of non-matches who were not CHB
(true negatives) only increasing from 95.7 to 97.2%
when matching either name instead of both (Table 2).

As expected, PPV was heavily impacted by reduced
CHB prevalence. Using an average CHB prevalence
(1.5%), PPV was calculated to be 6.39% for matching
either name and 20.4% for matching both, while using
moderate prevalence resulted in PPV values of 12.2%
(match either) and 34.2% (match both). As expected,
PPV was greatest in high prevalence areas, at 22.3%
(match either) and 51.8% (match both). Prevalence had
little impact on NPV, with all estimates above 95%
regardless of CHB prevalence or match type (see Table

2).

Although demonstrating no trend over time (data not
shown), the sensitivity of the name list differed sub-
stantially by age group, being only 33.6% in those
younger than 10 years compared with 61.0% in those
aged 10 years or older (p<o.0o1, Figure). Sensitivity
was also slightly higher in women (62.3% compared
with 59.5% in men, p<0.001).

The sensitivity of the name list varied substantially by

country of birth. The vast majority (over 96%) of those
with CHB born in China and Vietnam were identified
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TABLE 2

Sensitivity, specificity, and positive and negative predictive values based on estimated prevalence of chronic hepatitis B, by
type of match, Victoria, 2001-2010 (n=32,303)

Both surname and given names

5,279 of 17,438
30.3% (30.0-31.0%)

Number of CHB cases matching list
Sensitivity (95% Cl)

Either surname or given name

10,594 of 17,438
61.0% (60.0-61.5%)

Number of salmonellosis cases not matching list
Specificity (95% Cl)

14,598 of 14,865
98.2% (98.0--98.4%)

12,847 of 14,865
86.4% (85.9-87.0%)

Prevalence of CHB PPV

1.5% 20.4%

3.0% 34.2%

6.0% 51.8%

NPV PPV NPV
98.9% 6.39% 99.3%
97.9% 12.2% 98.6%
95.7% 22.3% 97.2%

CHB: chronic hepatitis B; Cl: confidence interval; NPV: negative predictive value; PPV: positive predictive value.

as matching either name on the list, and these two
countries alone made up around three quarters of total
CHB notifications with a name list match. Sensitivity
was moderate for those born in Korea (76.0%), India
(60.4%) and the Philippines (48.5%), as well as Asia-
Pacific countries not originally used to derive the name
list, such as Malaysia, Singapore, East Timor and Laos
(Table 3).

Analysis of factors potentially associated with the
country of birth not being reported in the notification
dataset found no difference according to sex; however
those with no country of birth recorded were on aver-
age older, and more likely to have a name matching the
list than those with a country of birth recorded (sensi-
tivity of 39.5% compared with 32.7%, p<0.001, Table 4).

FIGURE

Discussion

When assessed as a screening tool, the name list eval-
uated here detected the majority (61%) of the 17,438
notified cases of CHB in Victoria, Australia between
2001 and 2010. Sensitivity and PPV were highest when
either name was matched, at the cost of reduced speci-
ficity and NPV. Predictive values varied according to
the estimated prevalence of CHB among primary care
practices. Women and those in older age groups with
CHB were more likely to match the name list, and the
list was most sensitive for those born in Vietnam and
China, with moderate sensitivity for other name list
and a number of non-name list countries.

Proportion of chronic hepatitis B notifications matching name list (either surname or given name) by age group, with 95%

confidence intervals (n=20,693)

% matching name list

0-9 10 -19 20-29 30-39

20

40-49 50 -59 60-69 70-79 280

Age group (years)
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TABLE 3

Proportion of chronic hepatitis B notifications matching name list (either surname or given name), by country of birth,

Victoria, 2001-2010 (n=2,167)

Number of CHB
notifications

Country of birth

Number of CHB
notifications matching list

Proportion of total CHB

Proportion matching notifications with match

name list (‘sensitivity’)

(n=1,584)
China?® 690 665 96.4% 42.3%
Vietnam 351 339 96.6% 21.4%
Philippines 99 48 48.5% 3.04%
Korea? 76 58 76.0% 3.67%
India 53 32 60.4% 2.02%
Japan ¢5° [ 100% <0.32%"
TOTAL (name list?) 1,269 1,142 90.0% (1,142) 72.62% (1,150)
Australia 255 60 23.5% 3.85%
Malaysia 76 51 67.1% 3.23%
Burma 122 42 36.9% 2.85%
Sudan 161 43 26.7% 2.72%
Cambodia 61 25 41.0% 1.58%
Singapore 35 23 65.7% 1.45%
Afghanistan 51 22 43.1% 1.39%
Thailand 70 17 24.3% 1.08%
Indonesia 48 16 33.3% 1.01%
Somalia 19 11 57.9% 0.70%

CHB: chronic hepatitis B.

2 For the purposes of the name list derivation, Chinese names included those born in the People’s Republic of China, Taiwan and Hong Kong,
and Korean names included both the Republic (South) and Democratic People’s Republic (North).

> Suppressed for people born in Japan due to low numbers and excluded from name list total.

The use of surveillance data in this analysis provided a
very large sample of over 33,000 notifications, result-
ing in narrow confidence intervals around sensitivity
and specificity estimates as well as substantial power
to detect differences over time and between subgroups.

It is difficult to ascertain what proportion of diagnosed
cases are notified to health authorities, or if this varies
according to disease, clinic, or patient demographics,
but reporting is a legal requirement and compliance is
thought to be reasonably high, particularly for labora-
tories [27]. However, relying on passive surveillance
data limited control over quality and completeness,
demonstrated by the high proportion of notifications
with no country of birth reported, limiting sub-analysis
by country. The finding that records without a specified
country of birth were more likely to match the name
list may also indicate a bias in non-reporting towards
those from Asia-Pacific countries.

This validation study also necessarily limited evalu-
ation of the screening value of the name list to those
who have already been identified and diagnosed, and
therefore the results may not be generalisable to the
undiagnosed population that the screening test would
be applied to. The evidence of differences in name
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list sensitivity according to demographic factors such
as age and specific country of birth indicate that the
effectiveness of the name list screening tool is depend-
ent on the characteristics of the population.

In addition, other analyses of notifications data in
Victoria have shown that a notable proportion of diag-
noses arise from targeted testing programmes (such as
antenatal and humanitarian migrant screening), which
may be associated with birth in countries on the name
list and affect resultant sensitivity estimates. The effect
of targeted screening programmes on the representa-
tiveness of notification data has been observed previ-
ously, with women aged 20 to 29 years and migrants
from countries such as Sudan and Burma (Myanmar)
making up a greater than expected proportion of CHB
notifications in Victoria due to, respectively, antena-
tal and humanitarian entrant screening [4,28]. As the
migrants from countries on the name list currently
entering the country are not usually part of humanitar-
ian migration streams, they are under-represented in
notifications and therefore this may have underesti-
mated the sensitivity of the name list in detecting the
population with CHB. The higher sensitivity of the name
list for those born in China and Vietnam, observed here
and in other studies [17,19], is particularly valuable, as
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TABLE 4

Country of birth recording of chronic hepatitis B and
salmonellosis cases according to demographic factors and
presence of name list match (for all notifications), Victoria,
2001-2010 (n=32,303)

Country of birth recorded

p value
Yes No

I?Ig??)m years, median 29 (21-41) | 32 (22-46) <0.001
% male 53.5% 52.5% 0.133
% matching name list
(either given name or 32.7% 39.5% <0.001
surname)
TOTAL 6,378 27,114

IQR: interquartile range.

people born in these two countries combined represent
more than a third of people living with CHB in Australia
[13,28] and a substantial proportion of migrants with
CHB in other settings [29].

The screening test construct used here is also limited
by the categorisation of salmonellosis notifications as
those without disease, when in fact these people may
have undiagnosed CHB. However, given that the major-
ity of notifications for salmonellosis occurred among
those born in Australia and among young children,
the prevalence of undiagnosed CHB in this population
is likely to be considerably lower than in the general
population (e.g. less than 1%) [3] and would therefore
not have a had a substantial effect on estimates of sen-
sitivity and specificity.

Much of the difference in name list sensitivity accord-
ing to age can be explained by the differing migration
and demographic patterns according to country of
birth. Those born in Asian countries made up a much
smaller proportion of notifications in those aged o to 9
years compared with other regions of birth. In addition,
migrants from the Middle East/North Africa and Sub-
Saharan Africa regions are more likely to be younger
than 15 years than those from Asian countries [26]. The
name list may also be identifying younger people with
Asian names who were born in Australia and whose
risk of CHB may be lower, particularly since the imple-
mentation of universal infant vaccination.

This analysis is the first to investigate the validity of
the name list to identify CHB cases in an Australian
setting. The name list may have the potential for appli-
cation in other countries where migrants born in Asia
experience a disproportionate burden of CHB, and this
validation process could be carried out in jurisdic-
tions with similar communicable disease surveillance

22

systems. These results support the application of this
name list predictive tool in general practice manage-
ment software to trigger testing, an initiative that
is currently being piloted in practices in Melbourne,
Victoria situated in areas identified with a high preva-
lence of CHB [25]. The higher PPV of the name list as a
screening tool when applied in higher prevalence pop-
ulations suggests that practices serving communities
with a higher burden of CHB would be optimal sites for
implementing this approach.

The use of computer programmes to trigger testing in
primary care based on patient characteristics has been
shown to be effective in various contexts [30,31] and
may be particularly effective in this case, given the
need expressed by Australian clinicians for improved
knowledge about HBV, particularly regarding whom to
test [32,33]. The results of this pilot project will allow
assessment of the practical utility of the name list
as a screening tool, and estimation of the sensitivity
of the list in a previously untested clinical cohort, as
opposed to a surveillance registry of people known to
be infected. Post-implementation assessment could
also provide the opportunity for improvement such as
variation of match algorithm to balance sensitivity and
specificity, or expansion to other countries.

The implementation of this screening in primary care
settings with high CHB prevalence could help to
improve access to preventive care, which is particularly
imperative given the generally lower uptake of these
programmes (for example cancer screening) among
Australia’s migrant populations [34,35]. Supporting
improved delivery of primary care-based opportunis-
tic testing also minimises the potential for stigmatisa-
tion of minority groups that could result from broader
public campaigns highlighting their increased risk of a
chronic infectious disease.

Despite differences in the migration patterns between
the United States (where the name list was developed)
and Australia, the six ethnicities represented in the
list make up 65% of the total Asian-born population
of Victoria [2], and estimates put the total burden of
chronic hepatitis B in migrants from the name list coun-
tries at 60,000 to 100,000 people nationally [13,28].
However, there is still potential for inclusion of a more
complete selection of countries that people living with
CHB in Australia have migrated from, such as Thailand,
Fiji and Indonesia [4,13]. This novel screening concept
could also be applied to other diseases (communicable
and non-communicable) that are associated with coun-
try of birth or ethnicity, possibly involving the develop-
ment of name lists for other regions.

Systematically increasing diagnostic testing through
the application of any screening process, including
this name list, must consider the cost-effectiveness
of doing so. There has been increasing evidence that
screening and appropriate treatment for CHB is cost-
effective; a recent study from the United States [36]
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found that routine screening for CHB may be cost-
effective down to prevalence levels as low as 0.3%.
This is lower than the average Australian prevalence of
1.02% [3], and substantially lower than the prevalence
of CHB in several parts of Melbourne [25].

In conclusion, the name list evaluated here shows
potential as a screening tool to trigger testing of at-risk
patients for HBV in primary care situations, being asso-
ciated with CHB notifications and identifying a consid-
erable proportion of those diagnosed. Although the
links between name and country of birth, and country
of birth and disease risk have been individually estab-
lished, this analysis bridges the gap by clarifying the
direct association between name and disease, a find-
ing that may have relevance for public health screening
initiatives in the future.
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The aim of this study was to determine the geographi-
cal distribution of hepatitis C virus genotypes/sub-
types among people who inject drugs (PWID) recruited
at 22 needle exchange sites and drug outpatient ser-
vices in all seven Planning and Statistical Regions of
Hungary. Of 198 such PWID, 147 (74.2%), 45 (22.7%)
and six (3.0%) carried genotype 1, 3 or 4, respectively,
and 31 (72.1%) of the 43 genotype 1 sequences were of
subtype 1a. Genotype 3 was significantly more preva-
lent in provincial towns than in the capital, Budapest.
Injecting for a longer period and an older age both
correlated with a higher prevalence of genotype 3,
suggesting possible future changes in genotype dis-
tribution. The distributions of hepatitis C virus geno-
types/subtypes differed significantly between the
tested PWID and the general population. The identifi-
cation of genotype 3 reflected its worldwide occurrence
among PWID. Our results underline the importance of
genotyping before treatment, especially among peo-
ple who have ever injected drugs in Hungary.

Introduction

The hepatitis C virus (HCV) may rarely cause sympto-
matic acute hepatitis. The infection becomes persis-
tent in ca. 85% of these cases, and its persistence may
be responsible for liver cirrhosis, end-stage liver dis-
ease and hepatocellular carcinoma. HCV has been sug-
gested to have six genotypes, which differ from each
other by 31-33% at the nucleotide level and are further
classified into several subtypes [1]. These genotypes
have different susceptibility to treatment [2]. Each
genotype and subtype exhibits a certain geographical
distribution, e.g. genotypes 1, 2 and 3 occur virtually
worldwide. On the American continent subtype 1a is the
most prevalent, in Europe it is subtype 1b. Genotype 4
is mainly present in North and Central Africa and in the
Middle East [3]. Genotype 3 originates from Asia, but
subtype 3a is widely distributed among people who
inject drugs (PWID) around the world [4]. In Hungary,
subtype 1b has been reported in 85%, subtype 1a in
4.5%, and genotype 3 in 0.5% of chronic HCV carriers
among the general population, with mixed infections in
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the remainder [5]. A similar genotype distribution, but
without mixed infections, has been observed in south-
ern Hungary [6].

Since the screening of blood products for HCV was
introduced in Europe in the 1990s, HCV transmission
has become closely associated with the sharing of
injection equipment among PWID [7]. In Hungary, 126
acute HCV cases were reported to the National Center
for Epidemiology (NCE) from 2006 to 2010. In 72 cases,
the epidemiological investigations revealed potential
risk factors, and injection drug use was reported in
20 of these patients [8,9]. The seroprevalence of HCV
among PWID is high (22.6% in 2008) relative to similar
age groups in the general population (<1%) [10,11].

No data are available on HCV genotypes in Hungarian
PWID. The aims of the present study were therefore to
determine the genotype and subtype distributions in
this group, to predict possible changes in such distri-
butions, and to examine the phylogenetic relatedness
of the HCV sequences.

Methods

Patients and samples

From 2006 to 2011, capillary blood samples were col-
lected through the use of self-retracting single-use lan-
cets from 2,133 PWID appearing at 22 needle exchange
sites and drug outpatient services in all seven Planning
and Statistical Regions of Hungary(Central and Western
Transdanubial Regions were underrepresented relative
to their inhabitants). Participation was voluntary; a
meal ticket was offered to motivate contribution. The
samples were dried on Guthrie cards (Macherey-Nagel
GmbH), and sent to the NCE. The dried blood spots
(DBSs) were stored at 20 °C until analysis. From PWID
who donated multiple samples during the study period,
only one sample was included in the analysis. As a
comparison group (referred to as the general popula-
tion), 89 treatment-naive HCV carriers seen by hepa-
tologists were randomly selected between 2006 and
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2011from all Statistical Regions of the country (evenly
represented relative to PCR-positive PWID).

This study was approved by the Ethics Committee of
the NCE.

Serology

Each DBS, cut out for serology, was placed into 200
pl of PBS containing 0.05% TWEEN 20 and 0.08%
Na-azide, vortexed and eluted overnight at 4 °C. For
anti-HCV antibody detection, HCV Ab (Dia.Pro) ELISA
was used. The results were confirmed by Innotest HCV
Ab IV ELISA or HCV Inno-LIA (Innogenetics).

Questionnaire

After informed consent had been obtained from the
PWID, they voluntarily completed anonymous question-
naires on risk behaviour relating to the transmission of
HCV, with the help of trained social workers. The ques-
tionnaire had been compiled on the basis of the rec-
ommendations of the European Monitoring Centre for
Drugs and Drug Addiction. The determined genotype/
subtype was linked to the corresponding questionnaire
through a unique anonymous identification code.

Detection of HCV RNA, sequencing,
genotyping and subtyping

Each DBS was placed into 500 pl of TRI REAGENT BD
(Sigma), 166 pul of RNase/ DNase-free water (Gibco) and
14 pl of 5 N acetic acid (Reanal). Tubes were vortexed,
and incubated for 1 h at room temperature. Further
steps were carried out according to the Sigma instruc-
tions. Pellets were dissolved in 8 pl of water and sub-
jected to reverse transcription through the use of a
GeneAmp RNA PCR kit with random hexamers (Applied
Biosystems). The protocol was modified: the final con-
centration of each dNTP was 0.4 mM. The presence
of HCV RNA was determined by a previously reported
nested PCR, which detects all known genotypes with
primers specific for the 5’UTR [12]. PCR products were
purified and directly sequenced as described earlier
[12]. HCV subtyping was carried out via Line Probe
Assay (LIPA; Siemens Versant HCV Genotype 2.0
Assay).

Phylogenetic analysis

For the analysis of the NS5B coding region of genotype

3 viruses, the published primers [13] were modified as

follows:

e HCV3a outer sense: 8,504-8,527
(5’ACAATCACTTGTTACATCAARGCC),

e HCV3a outer antisense: 9,051-9,072
(5’TCTACTGGAGAGTAACTGTGGA),

e HCV3ainner sense: 8,556-8,575
(5’GGRACCCGGACTTTCTTGTQ),

e HCV3ainner antisense: 9,012-9,033
(5’CCATGGAGTCTTTCAATGATTG).

The PCR conditions were not changed [13]. The prod-

ucts were purified and directly sequenced [12]. NS5B
nucleotide sequences obtained from PWID have been
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deposited in GenBank (accession numbers JQ821321-
JQ821345). These and other sequences from 11 coun-
tries were analysed and phylogenetic trees were
constructed as described earlier [12], with the differ-
ence that the Jukes-Cantor model was selected, and
subtype 3b isolate (accession number D49374) was
used as an outgroup.

Statistical analysis

All analyses were conducted using STATA 11 software
(StataCorp. 2010. Stat Statistical Software: Release 11.
College Station, TX: StataCorp LP).

Baseline characteristics of study participants (age,
sex, geographical distribution, duration of drug use,
type of drug) and HCV genotypes and subtypes were
compared using the chi-squared test or Fisher’s exact
test, as appropriate. Association between injecting
drug use and HCV genotype/subtype was assessed by
computing crude odds ratios (ORs). Bivariable analysis
was performed by using the Mantel-Haenszel summary
chi-squared statistics to further explore any potential
confounding effect. Effect modification was assessed
by comparing ORs across the strata, and by the use
of the test of homogeneity. A multivariable logistic
regression model was used to determine the adjusted
odds ratios (AOR) with 95% confidence interval (Cl). In
the statistical analysis, a p value of <0.05 was consid-
ered indicative of a significant difference.

Results

Of the 2,133 PWID tested, 509 proved to be positive
for anti-HCV antibodies. Viral RNA was detected in 211
(65%) of 323 HCV antibody-positive samples that were
available for PCR analysis. RNA-positive samples were
obtained in six of the seven Regions. For 198 of the 211
PCR-positive samples conclusive genotyping results
were obtained. Among those 198 PWID, 74.2% (n=147)
were infected with genotype 1, 22.7% (n=45) with gen-
otype 3, and 3.0% (n=6) with genotype 4. Of the 89
HCV RNA-positive patients from the general population
sample, 96.6% (n=86), 2.2% (n=2) and 1.1% (n=1) car-
ried genotype 1, 3 or 4, respectively (Figure, panel A).
The prevalence of genotype 3 among PWID was signifi-
cantly higher than in the general population (p<o0.001).
The frequency of genotype 1 was significantly lower
(p¢0.001) among PWID, while that of genotype 4 was
similar in both groups.

Subtyping was performed for 91 samples from PWID.
The HCV subtype was identified in 79 samples, in six
cases the assay did not reveal precisely whether gen-
otype 1 or 6 was present, and all of the six genotype
4 viruses were genotypable, but not subtypable with
LIPA.

Of the 147 samples from PWID with HCV genotype 1, 43
were subtyped: 31 were found to be of subtype 1a, and
12 of subtype 1b, with no significant geographical dif-
ference in subtype distribution between the capital and
elsewhere. In the general population, three subtype 1a
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FIGURE

Distribution of hepatitis C virus genotypes (A) and subtypes of genotype 1 (B) among people who inject drugs and the

general population, Hungary, 2006-2011

A

PWID (n=198)

General population (n=89)

B Genotype 1 B Genotype 3 mm  Genotype 4

PWID (n=43) General population (n=71)

%

n=68
95.8%

B Subtype 1a Subtype 1b

PWID: people who inject drugs.

and 68 subtype 1b viruses were detected, again with
no significant difference between Budapest and else-
where. Subtype 1a was significantly more frequent
among PWID than in the general population (p<o.0o01,
Figure, panel B). Of the 45 genotype 3 viruses detected
in PWID, 36 were subtyped, and all were of subtype 3a.
Genotype 3 was significantly more prevalent in the pro-
vincial towns (p<o.001).

Genotype 3 was significantly more prevalent among
those who had been injecting drug for a longer period
of more than five years or belonged to older age groups
(25-34 and »34 years), than among those who had
started injecting more recently (less than five years
before testing) or belonged to younger age groups
(Table).

After data were adjusted to age and geographical
distribution, the difference in the prevalence of geno-
type 3 HCV remained significant between PWID and
the general population (p<o.001, AOR: 52.88, 95% Cl:
11.21-249.39). Multivariable logistic regression con-
firmed that among PWID, genotype 3 were significantly
more prevalent in provincial towns than in Budapest
after the data were adjusted to age (<34 or »34 years)
and duration of drug use (p<o0.001, AOR: 0.22, 95% Cl:
0.10-0.47).

A correlation was observed between the HCV genotype
and the type of drug injected (opiate: n=145, other:
n=47, unknown: n=6). Genotype 3 was significantly
associated with opiate drug use (39/145 versus 5/47,
p=0.022), although after adjusting the data to the
duration of injection drug use and geographical dis-
tribution, the assumed difference was not confirmed
(p=0.053, AOR: 3.22 95% Cl: 0.99-10.54).
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Phlyogenetic analysis of the NS5B regions revealed
that the HCV genotype 3 sequences of Hungarian PWID
did not form a separate clade, but certain sequences
were grouped together, forming at least three subclus-
ters (data not shown).

Discussion

This study has furnished the first data on the HCV
genotype and subtype distributions among PWID in
Hungary. Approximately one third (2,133 individuals)
of the estimated population of Hungarian PWID [8] was
examined. We consider these individuals as repre-
sentative of the overall population of PWID in Hungary.
We used DBS, which can also be collected by trained
social workers. The willingness to donate DBS is better
than in the case of venous puncture [14]; moreover, it
permits large-scale field studies because sample stor-
age and transportation do not require a special infra-
structure [15]. In agreement with other authors [16,17],
we have demonstrated that DBSs samples are suitable
for molecular epidemiological investigations of HCV in
the population of PWID. The use of DBSs has the limita-
tion that some samples may give false-negative results
[18], but this is not likely to have a significant influence
on the genotype and subtype prevalence data.

The genotype and subtype distributions of HCV were
found to differ between PWID and the general popu-
lation. The abundance of genotype 3 and subtype 1a
among PWID was in accordance with data on PWID in
industrialised nations worldwide [4,19-22]. Since geno-
type 3 and subtype 1a are rare in the general Hungarian
population [5,6], we assume that Hungary is involved
in the worldwide epidemic of these genotypes among
PWID, and that genotype 3 and subtype 1a may pos-
sibly have entered the Hungarian population of PWID
from abroad. Genotype 3 proved to be significantly
more frequent among PWID who entered the study in
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TABLE

Prevalence of hepatitis C virus genotypes among people who inject drugs, by age and duration of drug use, Hungary, 2006-

2011 (n=198)

Age group Genotype 1 Genotype 3 Genotype 4
(years) n (%) n (%) n(%)
<25 35 (89.7) 1(2.6) 377
25-34 74 (81.3) 17 (18.7) 0 (0.0)
34 38 (55.9) 27 (39.7) 3 (4.4)
Exact p <0.001% <0.001% 0.021

Duration of drug

injection use (years)

5 33 (94:3) 1(2.9) 1(2.9)
>5 111 (69.8) 43 (27.0) 5(3.1)
Unknown 3 (75.0) 1 (25.0) 0 (0.0)
Exact p 0.002 0.001 1.000

2 with strong evidence of linear trend.

the provincial towns than in Budapest. This observa-
tion suggests that PWID communities with different
genotype frequencies exist in Hungary.

Three of the four HCV genotype 4-infected PWID out-
side Budapest were residents of the same town,
Veszprém (ca. 64,000 inhabitants). Only four PWID in
Veszprém were found to be positive for HCV: three of
them carried genotype 4 and one genotype 3. Although
few viruses were genotyped, our data suggested a
possible epidemic of HCV genotype 4 among PWID in
Veszprém. In contrast, all five HCV RNA-positive indi-
viduals detected in the general population of Veszprém
carried genotype 1. HCV genotype 4 is often associated
with drug injection use in Europe [23].

A shorter duration of drug injection use was found to
correlate with a higher prevalence of genotype 1 and
a lower prevalence of genotype 3. The prevalence
of genotype 1 was significantly higher in the young-
est age group (<25 years old). Younger PWID are most
likely to present with a more recently acquired infec-
tion. These data suggest that the prevalence of HCV
genotypes may drift towards genotype 1 in the future
among Hungarian PWID. In contrast, the genotype
recently emerging among PWID in the Czech Republic is
genotype 3 [22]. No other publication was found about
changes in genotype distributions in other neighbour-
ing countries.

The correlation between the HCV genotype and the
type of drug injected was not confirmed after adjusting
the data to the duration of injection drug use and geo-
graphical distribution. Consequently, the correlation
between opiate use and infection with genotype 3 was
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probably due to an association of opiate use with the
users’ older age and the duration of drug use.

The prevalence of different genotypes that Gervain
et al. observed in the general population in Hungary
was similar to our results [5]. Importantly, none of the
individuals in our study was infected with more than
one genotype or subtype, either in the general popu-
lation or among the PWID, whereas Gervain et al. did
identify mixed infections [5]. This difference might be
due to the use of different versions of the LIPA kit for
subtyping.

Phylogenetic analysis of the NS5B nucleotide sequences
of the genotype 3 viruses confirmed previous findings
that genotype 3 HCVs from PWID in different geograph-
ical areas do not form well-defined clades [4]. However,
some clear sub-clusters with strong bootstrap values
were apparent in the Hungarian sequences, suggesting
that the individuals in the sub-clusters were infected
by each other, probably through unsafe practices of
drug injection.

The limitations of our study include that we had HCV
PCR-positive samples only from six of the seven
Statistical Regions. Also, when genotyping is carried
out by sequencing a region of the 5’ UTR, genotypes 1
and 6 are not distinguishable. However, genotype 6 is
prevalent only in the area of Hong Kong [3] and, of the
45,462 sequences in the HCV sequence database for
Europe, only six strains belonged to genotype 6 [24].
Moreover, 43 of the 49 type 1/6 viruses from PWID sub-
typed by hybridisation in this study were of genotype
1, and none of them were shown to be of genotype 6.
Further limitations are that only 49 of the 147 geno-
type 1 HCV of PWID were subtyped, and that we did
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not sequence the whole genomes, thus recombinant
viruses may not have been recognised if they were pre-
sent, and may have been misclassified.

The determination of HCV genotypes in PWID is of more
than epidemiological significance. More than 95% of
the HCV carriers in the Hungarian general population
are infected with HCV genotype 1. The current National
Treatment Protocol specifies that genotyping is not
compulsory before treatment and is strongly recom-
mended only for foreign nationals living in Hungary
[25]. Our findings lead us to propose that the Treatment
Protocol should be modified to include Hungarian PWID
in addition to foreigners. Since genotype 3 is relatively
susceptible to treatment and is common among PWID,
it is possible that the shorter treatment time (24 versus
48 weeks) and the higher cure rate (>75% versus ca.
45%) can help convince people who have ever injected
drugs to accept and complete a course of treatment,
and would also reduce costs. We assume that genotyp-
ing and subtyping will remain or become a more impor-
tant tool for individualised therapy in the future in view
of upcoming treatments with direct acting agents [26].
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Descriptive and geographic information system meth-
ods were used to depict the spatial and temporal char-
acteristics of the outbreak of human infection with a
novel avian influenza A(H7N9) virus in mainland China,
the peak of which appeared between 28 March and 18
April 2013. As of 31 May 2013, there was a total of 131
reported human infections in China, with a cumulative
mortality of 29% (38/131). The outbreak affected 10
provinces, with 106 of the cases being concentrated
in the eastern coastal provinces of Zhejiang, Shanghai
and Jiangsu. Statistically significant spatial cluster-
ing of cumulative human cases was identified by the
Cuzick-Edwards’ k-nearest neighbour method. Three
spatio-temporal clusters of cases were detected by
space—time scan analysis. The principal cluster cov-
ered 18 counties in Zhejiang during 3 to 18 April (rela-
tive risk (RR): 26.39;p<0.0001), while two secondary
clusters in March and April covered 21 counties along
the provincial boundary between Shanghai and Jiangsu
(RR: 6.35;p<0.0001) and two counties in Jiangsu (RR:
72.48;p=0.0025). The peak of the outbreak was in the
eastern coastal provinces of Zhejiang, Shanghai and
Jiangsu that was characterised by statistically signifi-
cant spatio-temporal aggregation, with a particularly
high incidence in March and April 2013.

Introduction

A novel avian influenza A(H7Ng) virus emerged in China
in February 2013, causing an outbreak of human infec-
tions characterised by rapidly progressive severe ill-
ness and fatal outcome [1,2]. After the first case of
human infection was confirmed in the Minhang district
of Shanghai on 31 March 2013, the disease gradually
spread to the three neighbouring provinces of Zhejiang,
Jiangsu and Anhui during the following four weeks.
The number of cases was very low in this period but
then began to increase rapidly, which raised serious
concern throughout the world [3]. The Chinese govern-
ment responded swiftly and the containment measures
applied (shutting down live poultry markets) effectively
controlled the outbreak — an approach strongly com-
mended by the international community [4,5]. To date,
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the influenza A(H7N9) virus has not been detected in
people or birds outside China.

Currently, the outbreak has entered in a stationary
state in China and new infections appear only rarely [6].
However, scientists and authorities are still concerned
that there might be a risk of a pandemic developing [6].
Strong efforts to date have been made to understand
this new virus and substantial progress in epidemiol-
ogy, diagnosis, therapy and aetiology of the infection
has been achieved [1,7-12]. However, much remains to
be discovered [13], particularly with regard to the spa-
tial and temporal pattern of this emerging infectious
disease. Understanding such patterns is essential for
effective surveillance and control. A sound descrip-
tion of the dynamic progress of the outbreak is needed
to refine control strategies and optimise resource
allocation.

Advances in geographic information system (GIS) and
related technologies have fostered new opportunities
for examining diseases. As a distinct, useful tool for
spatio-temporal analysis, GIS has been widely applied
in controlling emerging infectious diseases, such as
severe acute respiratory syndrome (SARS) [14,15],
avian influenza A(Hg5N1) [16] and influenza A(H1N1)
pdmz2oo9 [17].

In the present study, we concurrently used descriptive
analysis and GIS methods to depict the spatial and tem-
poral characteristics of the outbreak of human infec-
tion with influenza A(H7N9) virus in mainland China.
This work was conducted with the expectation that
the results might provide some clues for further epi-
demiological research and help scientists and health
authorities to more effectively target and improve their
surveillance and control efforts in the future.
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FIGURE 1

Population densities in mainland China (A)* and spatio-temporal cluster analysis of human cases of influenza A(H7N9)
virus infection in three eastern provinces, China (B and C)
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Methods

Case definition

The case definition was based on The diagnosis and
treatment programs of human infection with influ-
enza A(H7N9) virus[18] issued by National Health and
Family Planning Commission of the People’s Republic
of China, in which a confirmed case of human infection
with influenza A(H7N9) virus is defined as a patient
with influenza-like illness, or a suspected case with
respiratory specimens, testing positive for the influ-
enza A(H7Ng) virus by one of the following laboratory
diagnostic tests: isolation of influenza A(H7Ng) virus or
real-time reverse transcription polymerase chain reac-
tion (rRT-PCR) assay for influenza A(H7N9) virus.

A suspected case is defined as a person presenting
with unexplained acute lower respiratory illness with
fever (238 °C) and cough, shortness of breath or dif-
ficulty breathing or infiltrates or evidence of an acute
pneumonia on chest radiograph plus evidence of res-
piratory failure (hypoxemia, severe tachypnoea), and
either (i) positive laboratory confirmation of an influ-
enza A virus infection but insufficient laboratory evi-
dence for influenza A(H7N9) virus infection because
of lack of specimens or (ii) epidemiologically linked to
a confirmed influenza A(H7N9) case, but without any
respiratory specimens available for influenza A(H7N9)
virus testing [18].

Data source

As of 31 May 2013, a total of 131 confirmed human
infections with influenza A(H7N9) virus including 38
deaths had occurred in mainland China. For each case,
we collected the following data: sex, age, place of
residence (postal address), the date of symptom onset
and, in case of fatal outcome, the date of death. This
information was extracted from the influenza A(H7N9)
outbreak reporting released by National Health and
Family Planning Commission of the People’s Republic of
China. We obtained population data from the Scientific
Data Sharing Center of Public Health [19], developed by
Chinese Center for Disease Control and Prevention. The
maps were downloaded from the National Geomatics
Center of China [20].

Study areas and study period

A total of 10 provinces in east China, representing more
than a million square kilometres and approximately
570 million inhabitants (Figure 1) reported cases of
influenza A(H7N9) virus infection. The study period
was from 19 February to 31 May 2013.

Statistical analysis

Descriptive statistics were used to illustrate the char-
acteristics of the population distribution and temporal
distribution of the cases of human influenza A(H7N9)
virus infection and related deaths. Pearson correla-
tion analysis was conducted to examine the presumed
association between the incidence of human infec-
tion and population density at the county level using
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FIGURE 2

Daily (A) and weekly® (B) distribution of human cases of
influenza A(H7N9) virus infection (n=131) and related
deaths (n=38), China, 19 February-31 May 2013

12 4 B Human case WM Death
10
8
@
Q 6 4
£
2
4-
o |...|..|..|.|...|.|..|..|...|..|..|..L.'..‘.'.l..‘ ......... |
AR
g g S S22 88228882
QQMQ‘TSRNwSSﬁN‘”ﬁS‘S
Date of symptom onset (2013)
40 -
BN Human case  HEE Death
35 1
30 A
25 4
2
20
£
=]
= 154
10 -
5.
0 4

T 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Week of symptom onset (2013)

2 Week 1 started 19 February 2013.

SAS software version 8.1 (SAS Institute Inc., Cary, NC,
United States).

Spatial autocorrelation analysis

Spatial autocorrelation provides an analysis of the
degree of the dependency among various observations
in geographical space [21]. In this study, the Cuzick-
Edwards’ k-nearest neighbour method was used
to identify the possibility of spatial clustering [22].
Existence of potential spatial clustering was analysed
at each of the first 10 neighbourhood levels, and the
overall p value was adjusted for multiple comparisons
with the Simes approach based on ClusterSeer soft-
ware version 2.5.1 (BioMedware, Ann Arbor, MI, United
States).

Space-time scan statistic

SaTScan software version 9.0 [23] was employed to
conduct a retrospective space-time scan statistic to
identify whether or not the human influenza A(H7N9)
virus infections were randomly distributed over space
and time in Zhejiang, Shanghai and Jiangsu, the three
eastern coastal provinces with the highest number of
cases. The method is based on the use of a cylindrical
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FIGURE 3

Population density at county level* (A) and spatial distribution of human cases of influenza A(H7N9) virus infection (n=131)

(B) in 10 eastern provinces, China, 19 February-31 May 2013
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window, which represents the circular geographical
base of a cylinder, the height of which corresponds to
time. The null hypothesis assumes that the relative risk
(RR) of human infections is the same within the win-
dow compared with outside it. In this study, the human
influenza A(H7Ng) virus infections were assumed as
having a Poisson distribution in each location. The spa-
tial size of scan window was limited to 25% of the total
population and the length of time was limited to half
of the whole study period. The statistical significance
of each cluster was based on comparing the log like-
lihood ratio (LLR) against a null distribution obtained
through Monte Carlo simulation, with the number of
replications set to 999 and the significance level set as
0.05. The window with the maximum LLR was deemed
the cluster least likely to be due to chance. Other win-
dows with a statistically significant LLR were consid-
ered as secondary clusters [24,25].

Results

Demographic characteristics of cases

During the study period, a total of 131 confirmed human
cases were reported, 93 of which were male (71%) and
38 female (29%). The age of the cases ranged from
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two to 91 years, with a median of 61 years. Male cases
aged 60 years or older accounted for 39% (51/131) of
all cases. Of the 131 cases, 38 (29%) had died from
the infection. Full data were not available for one case,
but of the remaining 37 fatal cases, 29 were male
and 8 female. Their ages ranged from 27 to 91 years,
with a median of 67 years, with 28 aged 60 years or
older. The sex-related mortality was 31% (29/93) for
the male cases and 21% (8/38) for the female cases.
No statistically significant difference was observed
between the two groups (chi-square test statistic:
1.3660;p=0.2425). The interval between the date of
symptom onset and the date of death ranged from six
to 67 days, with a median of 20 days.

Temporal characteristics of cases

We divided the study period into 15 weeks of seven
days (with week 1 starting 19 February 2013) except the
last week, which included only four days (i.e. 28-31
May 2013) and calculated the number of cases for each
week (Figure 2). The first two cases developed symp-
toms simultaneously on 19 February. The outbreak was
highly sporadic in the four weeks after the first cases
developed symptoms, with just 11 sporadic cases, after
which the number of cases increased substantially.
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Weeks 5 to 9 (19 March-22 April) included the great
majority of cases (n=113), with most of the mortality
occurring during weeks 7 to 12 (2 April-13 May). There
was a peak of incidence between 28 March and 18
April, with76% (100/131) of all cases. From week 10, the
incidence decreased rapidly. Only two cases occurred
in May, the last month of the study period.

Spatial characteristics

In the study period, 10 provinces successively reported
human infections of influenza A(H7Ng) virus. More than
80% of cases (106/131) occurred in Zhejiang, Shanghai
and Jiangsu, the three eastern coastal provinces. At the
county level, just 70 counties had ever reported cases,
accounting for approximately 7% (70/971) of the total
number of counties in the 10 provinces, most of which
are located along the provincial boundaries among
Zhejiang, Jiangsu and Shanghai. Of these 70 counties,
43 had only one case, while five had five or more (Figure
3). Although a relatively high population density was
observed in the regions with human infections, the
Pearson correlation analysis (r: 0.17;p=0.1702) sug-
gested that there was no statistically significant asso-
ciation between the incidence and population density.
The Cuzick-Edwards’ test identified statistically sig-
nificant spatial clustering of cases, not only for each
level of neighbourhoods, but also for a summary test
at the significance level of 0.05, implying that the dis-
tribution of human cases was spatially autocorrelated.

Dynamic progress of the outbreak

Cases of confirmed influenza A(H7Ng) virus infection
were initially very rare in weeks 1-4 (19 February—18
March). The outbreak started in Shanghai and spread
to Zhejiang, Jiangsu, and Anhui in this period. A period
of high incidence appeared subsequently between
weeks 5 and 9 (19 March—22 April). In this stage, the
outbreak gradually spread to another six provinces:
Henan, Beijing, Hunan, Jiangxi, Shandong and Fujian,
in that order. But Zhejiang, Jiangsu and Shanghai were
the most affected areas, with 87 cases. After that, the
outbreak decreased rapidly. In the last six weeks of the
study period, only seven new infections occurred and
the outbreak did not spread to any other provinces.
Notably, no infections occurred during this period in
the highly endemic regions of Zhejiang, Shanghai and
Jiangsu. No infections occurred from weeks 12 to 13
(7—20 May) throughout the study area. For details, see
Figure 4.

Spatio-temporal cluster analysis

Figure 5 shows the results of the space-time scan sta-
tistic analysis in the three eastern coastal provinces,
which had the highest number of human cases. Three
clusters were detected: one principal and two sec-
ondary. The principal cluster (LLR:77.72) had a RR of
26.39: it included 37 cases and covered 18 counties in
Zhejiang, lasting from 3 to 18 April. One of the second-
ary clusters, with an LLR of 25.06, included 21 counties
(17 in Shanghai and four in Jiangsu). With 28 cases, it
lasted from 25 March to 11 April and had a RR of 6.35.
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FIGURE 4

Spatial diffusion of human cases of influenza A(H7N9)
virus infection in 10 eastern provinces, China, 19
February-31 May 2013 (n=131)

—— Provincial boundary

Jiangsu

Zhejiang

1 Mar

Jiangxi

15 Apr

Fujian

17 Apr

The numbers in circles represent the order in which cases
appeared in the provinces. The dates shown are the dates of
symptom onset of the first case in the province.

Source of map: [20].

The other secondary cluster (LLR:16.37) covered just
two counties in Jiangsu: it lasted from 4 to 8 April, had
five cases, with a RR of 72.48.

Discussion

The outbreak of human infection with influenza A(H7N9)
virus has attracted considerable attention because it
is an emerging infectious disease caused by a novel,
reassortant avian-origin influenza virus [26,27]. As this
virus does not have the ability to be transmitted from
person to person, it is unlikely to lead to a pandemic,
but gene sequences analysis has indicated that it is
better adapted than other avian influenza viruses to
infect mammals [9,28]. Scientists are therefore con-
cerned about the possibility of a pandemic if there is
further gene mutation [29,30].

In the study period, the outbreak caused 131 confirmed
human infections in mainland China. As reported
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FIGURE 5

Spatio-temporal clusters of human cases of influenza
A(H7N9) virus infection at county level in Zhejiang,
Shanghai and Jiangsu provinces, China, 19 February-31
May 2013 (n=106)

25 Mar—11 Apr
RR: 6.35
p¢0.0001

3-18 Apr
RR: 26.39
p¢0.0001

—— Provincial boundary

No cluster

Principal cluster
mm Secondary cluster
mm Secondary cluster

RR: relative risk.
Source of map: [20].

previously [2], most cases were male, mainly aged 60
years or older. In contrast, the influenza A(H5N1) virus
mainly affected children, adolescents and young adults
(aged between 4 and 29 years, with a median of 18
years) [31]. As of 31 May, 38 cases of influenza A(H7Ng)
virus infection had died, with accumulative mortality
of 29%, much higher than the 21% (17/82) in a previ-
ous report on the outbreak [2]. In comparison with the
influenza A(HiN1)pdm2o009 virus infections (mortality:
2.5%), the mortality of cases of influenza A(H7Ng) virus
infection was higher[32], although it was clearly lower
than that of cases of highly pathogenic avian influenza
A(H5N1) virus infection (mortality: 56%) [31]. As shown
in a former case study [2], most of the human cases of
influenza A(H7N9) virus infection had a severe illness
(77/82), while others manifested as mild illness (4/82).
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In addition, a four year-old child in Beijing was identi-
fied as an asymptomatic carrier of influenza A(H7N9)
virus [33]. This has been the only asymptomatic infec-
tion of influenza A(H7N9) virus to date. Thus, human
infections with influenza A(H7N9) virus may result in
fatal disease, mild illness as well as silent infection.

Our study shows that the influenza A(H7N9) outbreak
in mainland China can be divided into 3 stages: early
(weeks1-4), high-incidence (weekss—9) and late sta-
tionary (weeks10-15). In the early stage, the outbreak
was considered as non-threatening and highly spo-
radic. However, the high-incidence stage (in March-
April) represented a peak, with 76% (100/131) of the
cases during this stage. Furthermore, the three spatio-
temporal clusters of cases identified were all during
this period. Increased surveillance and control should
be carried out in this period in future, to find out if there
is an association with climate. In the late stationary
stage, transmission was effectively controlled, lead-
ing to the ending of the outbreak in the most severely
affected areas. This is now believed to be mainly due to
the closure of live poultry markets [5].

Some studies have claimed that climatic factors, par-
ticularly temperature, have a clear impact on seasonal
influenza outbreaks [34,35]. The weather in eastern
China is very cold between December and January,
and temperatures begin to rise in late February. It is
usually relatively warm in March and April, and starts
to get hot from May. The temporal characteristics of
human infections with influenza A(H7Ng) virus suggest
that temperature has some association with incidence
of this disease. The prevailing mild climate may have
been particularly suitable for influenza A(H7N9) virus
infection since there was an increase in the number of
cases in March—April. If there is a relationship, atten-
tion must be paid as there could be a potential out-
break in the same period (March—April) in the future.

The outbreak was limited to 10 provinces in eastern
China. In-depth studies of the factors driving the spa-
tial diffusion of cases are essential to prevent future
outbreaks. It is notable that when the first human
infections appeared in Beijing and Henan, there were
no cases in the neighbouring provinces. What is the
reason for this? Were the two regions new, natural foci
of the influenza A(H7Ng) virus strain? Alternatively, and
perhaps more probable, could they be attributed to the
regional poultry trade or migration of infected wild
birds? These possibilities need to be further studied.

The three coastal provinces of Zhejiang, Shanghai
and Jiangsu were the most severely affected areas.
Understanding the main factors causing this spatial
concentration is critical in the approach to control this
type of emerging disease. Some studies report that
the spatial distribution of human infection with highly
pathogenic avian influenza A(H5N1) is mainly associ-
ated with human population density, poultry density,
elevation and the proportion of land covered by water
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bodies [16,36]. However, our study suggests that popu-
lation density does not influence the spatial pattern of
human infection with influenza A(H7N9) virus. Further
studies are needed to confirm whether or not there are
other counterintuitive correlations involved in the spa-
tial distribution of human infection due to this virus.

The SatScan method has become an increasingly
popular adjunct for exploring the spatio-temporal dis-
tribution of infectious diseases [37]. We selected this
method in the hope of identifying clustering of cases
and found three clusters in the three coastal provinces
with a high incidence, which were proposed to be the
most probable place of the viral reassortment [12,38].
Two of the identified clusters represent the most impor-
tant hotspots of the outbreak in China and were found
in the counties along the boundaries between these
three provinces. Surveillance should be focused on
these regions to identify any future emergence of this
or other new virus strains and monitor possible further
mutation or reassortment that may alter the risks to
animals or humans. The third cluster covered just two
counties within Jiangsu province and was situated far
from the other two clusters. In addition, its duration
was very short. The risk factors that contribute to clus-
tering warrant further study.

This study, using spatio-temporal methods in conjunc-
tion with classic descriptive analysis, found evidence
of clustering, in both space and time. The results can
provide clues for further developments and serve as
a reference and basis for the surveillance and control
of human infection with influenza A(H7Ng) virus in the
future.
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According to the Special Eurobarometer 407,
‘Antimicrobial resistance’ published in November 2013,
most Europeans (84%) are aware that the overuse of
antibiotics makes them ineffective [1]. However, the
general knowledge of Europeans about antibiotics
remains quite low and results in the misuse of these
drugs. When asked questions about antibiotics and
how they work, 49% of respondents replied that anti-
biotics kill viruses whereas 40% correctly replied that
antibiotics do not kill viruses. More than one in ten
(11%) could not answer the question. Only slightly
more than half of those polled (52%) could reply cor-
rectly that antibiotics are not* effective against colds
and influenza. Most respondents (66%) are aware that
the use of antibiotics can cause side-effects but nearly
one fifth (19%) cannot answer the question. The above
responses illustrate the challenge of those who try to
make Europeans have a more prudent attitude towards
antibiotic use.

The survey concludes that media campaigns are effi-
cient sources of information but that they need to be
targeted better in order to reach the desired audi-
ence and that the public regard healthcare workers
and pharmacies as trusted sources of information for
advising on the proper use of antibiotics.

The Eurobarometer is an instrument used by the
European Commission to map public opinion in the
European Union (EU). The standard Eurobarometer
is based on about 1,000 face-to-face interviews per
Member State and reports are published twice a year.
Special Eurobarometer reports such as the above are
based on in-depth thematical studies [2].

e The 2013 Special Eurobarometer used the same
questions and addressed the same objectives as
a previous one published in 2010 [3]. It aimed to:

e map the use of antibiotics in the EU: how often users
took them, how they were obtained and why they
were taken;

e measure how much the public knows about the
effectiveness of antibiotics and the risks linked to
their inappropriate use
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e determine the impact of antibiotic awareness
campaigns.

Encouraging findings are that the use of antibiotics
has declined among respondents who reported hav-
ing taken antibiotics in the last 12 months from 40%
in 2009 to 35% in 2013; still there is a two-fold differ-
ence in this percentage among EU countries The large
majority of those who used antibiotics in the time cov-
ered by the survey got them from a healthcare provider
but 3 % of users obtained them without prescription.
Antimicrobial resistance represents a serious threat
to public health and patient safety and is a worldwide
problem [4].

The European Antibiotic Awareness Day (EAAD) is a
European health initiative, coordinated by the European
Centre for Disease Prevention and Control (ECDC) since
2008, which aims to provide a platform and support
for national campaigns on the prudent use of antibi-
otics. The European Commission adopted an ‘Action
plan against the rising threats against Antimicrobial
Resistance’ in 2011 [5]. One important aim of the action
plan is to conduct research about effective ways to
fight antimicrobial resistance and to ensure that anti-
microbials are used appropriately.

*Erratum:

The sentence ‘Only slightly more than half of those polled
(52%) could reply correctly that antibiotics are not* effective
against colds and influenza.” was corrected on 22 November
2013.

References

1. European Commission. Special Eurobarometer 407
‘Antimicrobial resistance’. TNS Opinion &Social, at the request
of the European Commission, Directorate-General for Health
and Consumers. 2013. Available from: http://ec.europa.eu/
public_opinion/archives/ebs/ebs_407_en.pdf

2. European Commission. Public Opinion. Available from: http://
ec.europa.eu/public_opinion/index_en.htm

3. European Commission. Special Eurobarometer 338
‘Antimicrobial resistance’. Survey commissioned by the
Directorate-General for Health and Consumers and coordinated
by the Directorate-General Communication (“Research
and Political Analysis” Unit). 2010. Available from http://

39



40

ec.europa.eu/health/antimicrobial_resistance/docs/
ebs_338_en.pdf.

Eurosurveillance editorial team. CDC publishes report on
antibiotic resistance threats in the United States for the
first time. Euro Surveill. 2013;18(38):pii=20588. Available
online: http://www.eurosurveillance.org/ViewArticle.
aspx?Articleld=20588

Communication from the Commission to the European
Parliament and the Council. Action plan Against the
rising threats from Antimicrobial Resistance. Available
from: http://ec.europa.eu/dgs/health_consumer/docs/
communication_amr_2011_748_en.pdf

www.eurosurveillance.org



