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Following the declaration by the World Health Organization (WHO) 
of human cases of infection with a new influenza A(H1N1)v virus of 
swine origin, the Turkish Ministry of Health launched a case-based 
reporting of influenza A(H1N1)v throughout the country on 27 April 
2009. The index case was detected on 15 May 2009. As of 17 
July 2009 the number of laboratory-confirmed cases of influenza 
A(H1N1)v totalled 128 of whom 38 were indigenous cases.

Introduction 
Since the detection of the first human case of infection with 

a triple reassortant influenza A(H1N1)v virus in mid-April in 
California, United States [1], human cases of infection with this 
variant have been reported from countries throughout the world [2]. 

Here we report the first 128 cases of influenza A(H1N1)
v identified in Turkey along with control measures taken by the 
Ministry of Health (MoH) for containment of the epidemic from 
27 April to 17 July 2009.

Methods 
Surveillance
Sentinel surveillance for seasonal influenza has been conducted 

in Turkey since 2003 in 14 out of 81 provinces. On 27 April 2009, 
after the official declaration of the first human case of new influenza 
A(H1N1)v by the World Health Organization, the Turkish MoH 

implemented a case-based reporting of influenza A(H1N1)v that 
was extended throughout the year and included all 81 provinces 
of the country and the Turkish community in Cyprus. In this case-
based reporting system the local health authorities (LHAs) were 
supplied by the MoH with case definition and patient information 
forms to be disseminated to all healthcare institutions in their 
province. LHAs in each province designated hospitals and clinics 
where all suspected cases were directed to, in order to better track 
and contain the infection. These designated hospitals and clinics 
were asked to take samples from patients who fulfilled the case 
definition criteria and send them for confirmation to the designated 
reference laboratories. 

Laboratories
Turkey has two national influenza reference laboratories, the 

Refik Saydam National Public Health Agency (RSHM) that is located 
in Ankara and the National Influenza Reference Laboratory (NIRL) 
at Istanbul Faculty of Medicine that is located in Istanbul. Both 
reference laboratories were prepared for testing influenza A(H1N1)
v with the real-time RT-PCR protocol and reagents supplied by the 
United States Centers for Disease Control and Prevention (CDC). 
The reference laboratory in Ankara was assigned 58 out of 81 
provinces whereas the reference laboratory in Istanbul was assigned 
the remaining 23 provinces for testing samples from suspected 
cases. These 23 provinces include the cities that harbour major 

T a b l e  1

Case definition for influenza A(H1N1)v, Turkey, 2009

Clinical criteria
Any person with one of the following two symptoms:

•	 Fever >380C with symptoms of acute respiratory infection
•	 Infections accompanied with respiratory distress 

Epidemiological criteria •	 Travel to a country within the past 7 days where human to human transmission of influenza A(H1N1)v has been confirmed. 
•	 Close contact with persons of confirmed influenza A(H1N1)v within the past 7 day.

Laboratory criteria
Positive results with one of the following: 

•	 RT-PCR
•	 Viral culture (in BSL3 facilities)
•	 Fourfold increase in influenza A(H1N1)v virus specific neutralizing antibody  titer.

Case definition
A. Probable case
•	 Any person meeting the clinical and epidemiological criteria 
B.     Confirmed case
•	 Any person meeting the laboratory criteria
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air and sea ports and resort towns. Laboratories report the results 
directly to the MoH immediately after the results are obtained. The 
MoH then informs the LHAs who contact the physicians and give 
necessary guidance to the physicians for the care of the patients. 

Patients and samples
A probable case with influenza A(H1N1)v is defined as a person 

with high fever (≥38 °C) and/or at least two acute respiratory 
symptoms along with epidemiological criteria listed in the case 
definition protocol published by WHO [2]. Table 1 summarises the 
case definition that was prepared in light of the information released 
by WHO. However, during the first month of the pandemic, in 
addition to probable cases, samples were also taken from individuals 
with no detectable symptoms but with either travel history to areas 
of high prevalence and/or close contact with a confirmed case, 
who presented in hospitals and asked to be tested. Nasal and/or 
nasopharyngeal samples along with patient information forms from 
suspected cases were transported to reference laboratories in a viral 
transport medium (Virocult, Medical Wire&Equipment, UK). A total 
of 977 samples from suspected cases were sent to the reference 
laboratories between 27 April and 17 July 2009 from various cities 
in Turkey (n=899) and from the Turkish Cypriot community (n=78). 

Laboratory diagnosis (real-time RT-PCR)
Both laboratories used the same “in-house” real-time PCR 

protocol provided by CDC for detection of influenza A(H1N1)v. 
RNA extraction was done with QIAamp viral RNA mini kit (Qiagen, 
Valencia, CA, USA) or with a High Pure Viral RNA isolation kit from 
Roche. Real-time RT- PCR was performed on ABI 7000 and/or 
7500 [3]. NA, HA and M genes of the isolate from the index case 
were partially sequenced and the resulting sequences were analysed 
by CLC Main Workbench 4.1.1 Software program (Denmark).

Control measures and patient management
After the declaration of the pandemic by WHO on 11 June, 

the MoH held a meeting with its scientific advisory committee for 
revision of the pandemic plan. Revisions included the pandemic 
vaccination strategies (e.g. determining the priority order for 
vaccination), antiviral stockpiling and other measures. Two million 
doses of oseltamivir and 113,000 doses of zanamivir  were 
distributed to all local healthcare centres. Four hundred thousand 
protective healthcare kits (each containing masks, gloves, hand 
disinfectant, goggles and foot covers) were distributed to healthcare 
providers, giving priority to those working at designated hospitals 
and clinics.

Special attention was given to the country points of entry such 
as airports and seaports. A thermal camera system was installed 
at airports and seaports in order to detect probable cases entering 
the country from regions of high prevalence. All travellers from 
abroad were requested to declare their health status and those 
captured by thermal camera system were further examined by 
physicians and suspected cases were isolated for transfer to the 
designated hospitals. Co-travellers sitting at close proximity (three 
seat lines in the front and back and on the sides) to confirmed 
cases were contacted by phone, informed about the situation and 
offered guidance on what they needed to do in case they developed 
symptoms and supplied with prophylactic doses of oseltamivir.

Two million pamphlets providing information on the flu 
pandemic were distributed to all flight crews and made available to 
travellers at airports and seaports. In addition, informative posters 
were posted at prominent places at ports and all public hospitals. 

An interactive web page was designed to inform general public 

F i g u r e  1

Figure 1. Number of travel-associated and indigenous cases of 
influenza A(H1N1)v, by week of laboratory confirmation, Turkey, 
May-July 2009 (n=125*)

*Number of cases with available date of the laboratory confirmation
Case numbers collected by the Turkish Ministry of Health include cases 
from the Turkish Cypriot community.
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F i g u r e  2

Travel history of confirmed imported cases of influenza 
A(H1N1)v, Turkey, May-July 2009 (n=86*)

*Number of cases with available data on travel history
Case numbers collected by the Turkish Ministry of Health include cases 
from the Turkish Cypriot community.
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F i g u r e  3

Age and sex distribution of confirmed cases of influenza 
A(H1N1)v, Turkey, May-July 2009 (n=126*)

*Number of cases with available data on age and sex
Case numbers collected by the Turkish Ministry of Health include cases 
from the Turkish Cypriot community.
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and professionals about the pandemic influenza which included 
information on individual care for protection from contacting and 
transmitting influenza (www.grip.saglik.gov.tr). A telephone hotline 
was launched to serve public inquiries seven days a week 24 hours 
a day (Alo 184 SABIM). Television spots were prepared mainly to 
emphasise the importance of hand washing and usage of disposable 
tissue papers in protecting against contracting and transmitting 
the influenza virus. Daily press briefings were held during the 
first month of the pandemic to keep public informed about the 
pandemic status in Turkey.

Results
All samples received before the index case was detected on 15 

May 2009 were processed immediately and results were reported 
to the MoH regardless of the time of arrival of the sample to the 
laboratory. After 15 May both laboratories provided results seven 
days per week. The average time between the swabbing to final 
diagnosis was 24 hours.

The index case was a United States resident travelling from 
Tennessee to Iraq through Ataturk Airport in Istanbul where his high 
temperature was captured by thermal camera. He was hospitalised 
in a designated hospital in Istanbul and treated with oseltamivir 
until laboratory tests were negative for influenza A(H1N1)v. By 17 
July influenza A(H1N1)v was detected in 128 (13%) out of 977 

samples tested. Of these 128 positive samples, 17 were from 
the Turkish Cypriot community*, the remaining 111 were from 
various provinces in Turkey. The number of samples positive for 
influenza A(H1N1)v increased remarkably from June onward. Figure 
1 presents the number of travel-associated and indigenous cases 
of influenza A(H1N1)v, by week of laboratory-confirmation. Of the 
111 confirmed cases in Turkey, 25 were domestic secondary cases. 
Of the 17 confirmed cases in the Turkish Cypriot community, 13 
were indigenous. The travel history of the imported confirmed cases 
is summarised in Figure 2 and the age and sex distribution of all 
confirmed cases is shown in Figure 3.

The partial sequence analysis results of matrix, HA and NA 
segments were submitted to the National Center for Biotechnology 
Information (NCBI) GenBank with accession numbers GQ200600, 
GQ200598, and GQ200599 respectively. According to the 
topological phylogenetic analysis, results obtained from the partial 
nucleic acid sequencing isolate from the index case were closely 
related to isolates from the US and A/Catalonia/10/2009 (H1N1).

The majority of influenza A(H1N1)v-positive cases (n=80) were 
detected in samples received from Istanbul (Figure 4) which also 
included the majority of indigenous cases (n=22) The remaining 
three indigenous cases in Turkey were from Denizli, Antalya and 
Eskisehir.  Two indigenous cases from Istanbul were detected in 
healthcare workers, one in a physician examining a laboratory-
confirmed patient and another in a nurse responsible for taking 
the patient’s sample in a private hospital setting. The physician 
and the nurse developed symptoms five days after contacting the 
patient; subsequent laboratory analysis confirmed these cases as 
influenza A(H1N1)v-positive.

Confirmed cases manifested moderate clinical symptoms. Three 
indigenous cases who contracted the virus from confirmed cases 
were asymptomatic. Clinical symptoms and their frequency in the 
confirmed cases are presented in Table 2. 

The average time elapsed between the onset of the symptoms 
and the visit to the hospital (including those detected by thermal 
camera) was 1.68 days. 

Of the 128 confirmed cases, 13 (10.2%) had received seasonal 
influenza vaccine in the past year. A similar proportion of vaccinated 
was found among patients who tested negative for influenza 
A(H1N1)v. All individuals who reported to the hospitals were closely 
monitored and those who were confirmed with influenza A(H1N1)v 
received antiviral treatment with oseltamivir. None of the confirmed 
cases developed any complications and no deaths occurred.

Conclusion
Influenza A(H1N1)v entered Turkey through travellers mainly 

coming from the United States and the United Kingdom. While 
the majority of confirmed cases in Turkey had a travel history to 
highly affected areas, confirmed cases from the Turkish Cypriot 
community* were mostly indigenous cases with no history of travel. 
The majority of the confirmed cases consisted of young adults 
as reported from other countries. This could be related to the 
frequency of travel among the young population [4]. The clinical 
manifestation of A(H1N1)v infection in the confirmed cases was 
similar to that observed in seasonal influenza. All cases manifested 
moderate clinical symptoms similar to those reported in other 
countries [5]. Cough was the most frequent symptom (68.7%) 
followed by fever >38ºC (62.5%)**. None of the confirmed cases 
developed complications and no death was reported. 

F i g u r e  4

Geographical distribution of confirmed cases of influenza 
A(H1N1)v, Turkey, May-July 2009 (n=128)

T a b l e  2

Clinical characteristics of confirmed cases of influenza 
A(H1N1)v, Turkey, May-July 2009 (n=128)*

Symptoms Number of cases with the symptom (%)

Cough 88  (68.7)

Fever (≥380C) 80  (62.5)

Sore throat 62  (48.4)

Headache 60  (46.8)

Coryza 59  (46.1)

Myalgia 56  (43.7)

Weakness  7    (5.5)

Pneumonia 3    (2.3)

*Case numbers collected by the Turkish Ministry of Health include cases 
from the Turkish Cypriot community.
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Two confirmed indigenous cases were healthcare providers who 
contracted the disease in hospital while attending a confirmed 
case. This type of transmission in a hospital setting has been rare 
to date and it may require special attention [6]. 

After the detection of the index case on 15 May all confirmed 
cases were kept at the designated hospitals for treatment with 
oseltamivir and all contacts of these cases were traced and 
prophylactic oseltamivir doses were administered to these persons 
regardless of the symptoms. However, with increasing number of 
confirmed cases and individuals reporting to hospitals the MoH 
revised its policy on case investigation and management of the 
suspected cases on 5 June. With the new policy, confirmed patients 
with no signs of complications were put on oseltamivir therapy at 
home instead of hospitalisation, and prophylactic oseltamivir was 
no longer given to asymptomatic contacts of confirmed cases. Also, 
the practice of following up co-travellers of confirmed cases was 
ended by 5 June.

The amount of pandemic vaccine doses needed for vaccinating 
healthcare providers, public service providers and risk groups 
has been determined and necessary budget plans have been 
developed for purchasing 20 million doses to vaccinate 10 million 
individuals when the pandemic vaccine becomes available. Based 
on current knowledge of the pandemic, elderly people over 65 
years were excluded from risk groups (in contrast with the seasonal 
vaccination recommendations) [7]. TV and radio spots have proven 
to be effective means of keeping the public calm and increasing 
awareness of pandemic influenza.

The MoH is planning to change its strategy and adopt measures 
for mitigation instead of containment of the pandemic in the 
coming weeks.

*Erratum: “Northern Cyprus” was replaced by “Turkish Cypriot community” 
throughout the text and the following information was added to the 
relevant tables and figures: Case numbers collected by the Turkish 
Ministry of Health include cases from the Turkish Cypriot community. 
These corrections were made on 17 August 2009.
**Author’s correction: On request of the authors, the percentages in the 
sentence “Cough was the most frequent symptom (68.7%) followed by fever 
>38ºC (62.5%)” were corrected on 20 August 2009.
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We present a preliminary analysis of 1,771 confirmed cases of 
influenza A(H1N1)v reported in Peru by 17 July 2009 including 
the frequency of the clinical characteristics, the spatial and age 
distribution of the cases and the estimate of the transmission 
potential. Age-specific frequency of cases was highest among 
school age children and young adults, with the lowest frequency 
of cases among seniors, a pattern that is consistent with reports 
from other countries. Estimates of the reproduction number lie in 
the range of 1.2 to 1.7, which is broadly consistent with previous 
estimates for this pandemic in other regions. Validation of these 
estimates will be possible as additional data become available.

Introduction
On 24 April 2009, the World Health Organization (WHO) 

informed about an epidemic caused by new swine-origin influenza 
A(H1N1)v virus originating from Mexico, and declared a public 
health emergency of international importance. The level of influenza 
pandemic alert was raised sequentially up to phase 6 on 11 June 
2009 after global spread of the pandemic virus was confirmed [1].

In this study we present an analysis of 1,771 confirmed cases 
of influenza A(H1N1)v who developed the disease by 17 July 
2009 and were reported to the National Surveillance Network in 
Peru, which since 2006 has conducted virological surveillance 
of influenza and other respiratory viruses by establishing sentinel 
sites throughout the country [2]. The patients’ age distribution, 
their clinical characteristics as well as their spatial distribution 
were studied. Estimates of transmission potential from the initial 
epidemic phase were also derived and compared with published 
estimates from other regions of the world.

Methods  
Surveillance system
On 24 April 2009, the public health authorities of Peru 

implemented new regulations for epidemiological surveillance and 
outbreak control of influenza A(H1N1)v defining the procedures of 

F i g u r e  1

Geographical distribution of confirmed cases of influenza 
A(H1N1)v in Peru, as of 17 July 2009 (n=1,771)
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detection, notification, investigation, follow-up and epidemiological 
control of A(H1N1)v cases in Peru. 

An active surveillance system was established at all airports 
(especially in travellers returning from affected areas) and 
healthcare facilities, including private clinics. Also a telephone 
hotline (INFOSALUD) was made available by the Ministry of Health 
for citizens reporting influenza-like illness. A suspected case 
was defined as a person with a sudden onset of fever (>=38ºC) 
and respiratory symptoms. Suspected cases and their contacts 
were visited in their homes for clinical evaluation and nasal or 
pharyngeal specimens were taken from symptomatic persons 
and submitted to the National Institute of Health or the United 
States Naval Medical Research Center Detachment for RT-PCR 
as described by the Centers for Disease Control and Prevention 
(CDC). Suspected cases were informed about control measures to 
limit spread (voluntary isolation, use of face masks, and increased 
hygiene). Contacts of cases were monitored daily via phone calls 
or home visits. Symptomatic contacts were subjected to the same 
procedure as suspected cases. Clinical and epidemiological data 
were collected utilising a case report form (CRF) from all patients 
who met the case definition. Antivirals were given to all suspected 
cases until early July when the containment strategy was replaced 
by mitigation approach and treatment began to be administered 
only to high-risk groups.

Descriptive epidemiology
Based on the clinical and epidemiological data of the 

National Surveillance Network, we characterised the descriptive 

epidemiological features of influenza A(H1N1)v infection in Peru. 
First, we described the distribution of cases as a function of 
space, age and gender. Time-dependent characteristics were more 
analytically examined to estimate the transmission potential (see 
below). We also examined travel history of cases returning from 
countries with ongoing epidemics of A(H1N1)v infection, and the 
age-distributions between imported and indigenous cases were 
compared by means of non-parametric Mann-Whitney test. Second, 
we characterised frequency of symptoms reported for confirmed 
cases. The clinical-epidemiological forms were entered into a 
database created in Microsoft (MS) Office Access 2003, and data 
were analysed using MATLAB (The Mathworks, Inc.).

Estimation of transmission potential
A key epidemiological quantity which informs the expected 

magnitude of an epidemic is the basic reproduction number 
(denoted by R0), defined as the average number of secondary 
cases generated by a primary case in an entirely susceptible 
population [3,4]. When R0>1 an epidemic can occur while R0<1 
cannot support an epidemic. The reproduction number, R was 
estimated exploring time-evolution of confirmed cases. Statistical 
methods were based on pure birth process (to estimate the intrinsic 
growth rate r) and renewal process (to estimate R using r), and 
were identical to those given elsewhere [5]. Whereas we analysed 
the temporal distribution including all possible primary cases (i.e. 
including imported cases) as the number of imported cases was 
in a negligible order, we also examined the estimate excluding 
imported cases (as it can then exclude imported cases from the 
category of secondary cases). 

F i g u r e  2

Age distribution of confirmed cases of influenza A(H1N1)v reported in Peru as of 17 July 2009 (n=1,765*)
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Results
The first influenza A(H1N1)v confirmed case in Peru was a 

Peruvian citizen returning from New York on 9 May with a respiratory 
disease. Since then the pandemic has quickly spread throughout 
the country. As of 17 July 2009, a total of 1,771 cases, involving 
eight deaths, have been confirmed. This yields a crude case fatality 
ratio of 0.33 % (95% confidence interval: 0.14, 0.65). Of the 
1,771 cases, 1,420 (80.1%) were from Lima, the capital city, 
84 (4.7%) from Piura and 81 (4.6%) from La Libertad. Figure 1 
shows the geographic distribution of confirmed cases of influenza 
A(H1N1)v in Peru.

A total of 78 (4.4%) confirmed cases had a history of recent 
travel to the United States, Dominican Republic or Argentina. 
Imported cases generated clusters of different sizes that established 
indigenous transmission in Peru. For example, between 8 and 30 
May, 600 private high school students travelled to Punta Cana 
in the Dominican Republic for vacations. One student presented 
influenza-like illness before returning and other 11 students 
developed symptoms upon returning to Peru.

 
Females (52%) were slightly more affected than males (48%). 

The most affected age group was that of 5-14 years (Figure 2). The 
age of the cases ranged from 0 to 87 years with a mean of 18.5 
years and a median of 13 years. The mean age of the imported 
cases was 28 years while indigenous cases had a mean age of 18 
years (Mann-Whitney test, P<0.001).

Figure 3 summarises the clinical characteristics of the confirmed 
cases of influenza A(H1N1)v infection. The most frequent symptoms 
were fever (94%), cough (93%), sore throat (77%), general malaise 
(77%) and rhinorrhoea (76%). Gastrointestinal symptoms including 
abdominal pain (28%), vomiting (26%) and diarrhoea (16%) were 
not uncommon.

Epidemic curve and transmissibility
Figure 4A shows the temporal distribution of confirmed cases 

as a function of the date of onset. The number of cases greatly 
increased from mid-June to mid-July. It should be noted that cases 
in mid-July are likely underestimated due to reporting delay, and the 
temporal dynamics are also influenced by spatial spread from Lima 
to the rest of the country in the subsequent time periods. Based on 
the epidemic curve, the first three weeks (from 6 to 29 May) were 
considered as “random phase”. Informed by deviation of our simple 
model from the observed data (i.e. Akaike Information Criterion 
obtained from negative loglikelihood and a single parameter to be 
estimated), 30 May was assumed to be the starting time point of 
exponential growth (and called Day 1). We also assumed that the 
exponential growth phase continued up to 20 June (for three weeks 
which should capture the dynamics of the first 6-10 generations), 
while allowing plus/minus two days. Including all imported cases, 
the intrinsic growth rate, r was estimated at 0.117 (95% CI: 0.106, 
0.128) per day. Excluding all imported cases, r was estimated 
at 0.135 (95% CI: 0.122, 0.149) per day. Assuming that the 
mean generation time = 2.8 days, and coefficient of variation 
(CV) = 47.1%, R for these settings was estimated at 1.37 (95% 
CI: 1.33, 1.41) and 1.44 (95% CI: 1.39, 1.49), respectively. 
Figure 4B compares observed and predicted epidemic curves. We 
also examined the sensitivity of R for different lengths of mean 
generation time (ranging from 1.6 to 4.0 days) (Figure 4C), and 
the maximum likelihood estimate of R ranged from 1.2 to 1.6. 
When we use different windows (18 June to 22 June as the latest 
time points of exponential growth), R appeared to range from 1.3 
to 1.4 (Figure 4D). 

Discussion
The current pattern of spread of influenza A(H1N1)v in Peru is 

dominated by a wave that emanates from the capital city, Lima, the 
early dynamics of which may most likely be associated with high 
frequency of international travel, thereby increasing the chances 
of a  major epidemic in the capital city. 

Our early findings indicate that public health interventions need 
to be in accord with the epidemiological behaviours (e.g. temporal 
and spatial increase) and moderate severity of the disease. For 

F i g u r e  3

Clinical characteristics of confirmed cases of influenza A(H1N1)v 
reported in Peru as of 17 July 2009 (n=1,771)
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instance, while in some countries radical control measures aimed at 
rapid containment, such as contact tracing and complete proactive 
school closures, were conducted during the early phase of this 
pandemic, the epidemic in Peru without obvious school clusters 
during the early phase did not offer an opportunity to implement 
similar countermeasures. In such settings it may be more realistic 
to focus interventions on minimising mortality at the population 
level (e.g. early diagnosis and treatment of severe cases). 

Despite the lack of obvious large clusters, the great majority 
of cases were documented among school age children and young 
adults, with the lowest frequency of cases among seniors, a pattern 
that is consistent with reports form other countries [5-8]. It should 
be noted that the age-distribution of cases could change as the 
epidemic develops. Also, it should be noted that the impact of 
high school and university students (i.e. those aged from 15 to 
19 years) on the transmission dynamics is presumably smaller 

F i g u r e  4

A) Epidemic curve of confirmed cases of influenza A(H1N1)v in Peru by date of symptoms onset, 8 May 2009 to 17 July 2009; 
B) Exponential growth fit to the early epidemic phase of influenza A(H1N1)v in Peru. Data are the black dots, the solid line is 
the exponential fit to the data, and dashed lines correspond to uncertainty bounds of the expectation based on the confidence 
limits of the intrinsic growth phase; C) The reproduction number estimates from the early epidemic phase of the epidemic 
curve of influenza A(H1N1)v cases in Peru as a function of plausible mean generation times and D) using different end dates 
of the initial growth phase.
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than that observed in Japan [5]. While this age group, especially 
the presence of high-school clusters, may have contributed more 
significantly to generating a higher estimate of R in Japan [5], our 
estimate of R is probably less affected by such school clusters and 
therefore not so likely to be an overestimate.

The frequency of respiratory symptoms recorded for A(H1N1)
v cases in Peru is in line with those reported for other influenza-
like infections in Peru [8], but the gastrointestinal symptoms that 
included abdominal pain, vomiting and diarrhoea were remarkably 
more common among cases infected with the pandemic virus. 
Similar observations were made in other countries including Mexico 
[6] and Japan [9]. 

R was estimated at 1.37 in our setting in Peru. Sensitivity 
analysis revealed that the estimates lied in the range of 1.2 to 
1.7, which is broadly consistent with previous estimates for this 
pandemic in other regions [10-12] and in line with estimates for 
seasonal influenza in temperate countries [13]. Nevertheless, it 
must be remembered that due to antiviral treatment which was 
administered to a substantial fraction of confirmed cases in early 
June our R calculation might be slightly underestimated. In 
addition, there is significant uncertainty associated with estimation 
of R in a setting where the reporting biases are likely to be changing 
on a daily basis. Validation of these estimates will be possible 
as additional data become available on population-based sero-
surveys and growth patterns observed in individual community-level 
outbreaks.
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For the next influenza season (winter 2009-10) the relative 
contributions to virus circulation and influenza-associated morbidity 
of the seasonal influenza viruses A(H3N2), A(H1N1) and B, and 
the new influenza A(H1N1)v are still unknown. We estimated the 
chances of seasonal influenza to circulate during the upcoming 
season using data of the German influenza sentinel scheme from 
1992 to 2009. We calculated type and subtype-specific indices 
for past exposure and the corresponding morbidity indices for each 
season. For the upcoming season 2009-10 our model suggests that 
it is unlikely that influenza A(H3N2) will circulate with more than a 
low intensity, seasonal A(H1N1) with more than a low to moderate 
intensity, and influenza B with more than a low to median intensity. 
The probability of a competitive circulation of seasonal influenza A 
with the new A(H1N1)v is low, increasing the chance for the latter 
to dominate the next influenza season in Germany.

Background 
A new influenza A(H1N1) variant has spread globally since its 

first appearance in April 2009 [1] and its transmissibility has 
been estimated in a range similar to that known from seasonal 
influenza. Nevertheless it is unclear if this new influenza A(H1N1)v 
will replace seasonal influenza A or there may be co-circulation or 
successive circulation, in particular considering that A(H1N1)v has 
been circulating very early, ahead of the season. Cross immunity of 
the new influenza A(H1N1)v with seasonal influenza viruses is very 
low and probably negligible except for elderly people [2]. Hence 
a general susceptibility of the population to the new A(H1N1)v 
is assumed, even though not immunity-based mechanisms may 
additionally influence susceptibility [3,4]. For seasonal influenza 
A partial immunity of the population due to previous infections can 
be assumed. A rather constant drift with significant antigenetic 
changes - when a new successful lineage evolves - allows the 
virus to overcome this immunity [5]. The imbalance of population 
immunity and drift is seen as a driving force for intense virus 
circulation. The exact correlate of molecular or antigenic drift - as 
characterised by laboratory methods - on this balance is unknown.

In most European countries primary care sentinel surveillance 
systems are used to estimate the “intensity” of seasons and 
laboratory testing of a sub-sample indicates the viruses circulating. 
These data do not provide exact measurements of virus circulation 

and subsequent population immunity. However, assuming a stable 
relationship between population immunity and virus circulation, 
the latter can serve as a proxy measure of type- and subtype-
specific population immunity. For the upcoming season a seasonal 
influenza vaccine and a vaccine against the new influenza A(H1N1)
v will be available with some remaining uncertainties regarding 
the amount of each. Therefore anticipating the circulation of the 
different seasonal influenza viruses - still present in the population 
- and the new A(H1N1)v virus may be helpful for setting up the 
vaccination strategy. 

Materials and methods
We calculated type- and subtype-specific indices of past 

exposures and morbidity indices by season. We used data of 
the German influenza sentinel system (AGI) which has been 
registering acute respiratory tract infections in the winter seasons 
since 1992 (available at http://influenza.rki.de/). In this system 
the presence of influenza viruses is monitored through syndromic 
sentinel surveillance and, additionally, a sub-group of participating 
physicians swab patients with acute respiratory tract infections 
and send samples for testing to the national influenza reference 
centre (NIC). 

In order to allow the calculation of indices for as many seasons 
as possible, in addition, virological data from NIC for the five 
seasons before 1992-3 were used. 

For each season we estimated the total influenza-associated 
morbidity from weekly excess consultations (as percentage above 
baseline) during periods of laboratory-confirmed influenza activity 
[6]. Splitting this total excess morbidity by the percentages of 
detected influenza types and subtypes gave the type- and subtype-
specific morbidity index for each season. 

To calculate indices of past exposure we used the morbidity 
indices of the five preceding seasons. However, it is unclear for 
how long immunity acquired during past exposures persists. We 
therefore used weighting factors to adjust for the decreasing 
influence of more distant seasons. Each of the five included 
seasons was weighted with a factor that was kept constant for all 
calculations. The set of weighting factors giving the best linear 
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correlation for all seasons between the morbidity index of each 
season and the morbidity indices of the respective five preceding 
seasons was chosen. The sum of the five weighted morbidity indices 
gave the past exposure index for the respective season.

Results 
The figures show the distribution of the value pairs of the 

estimated past exposure and morbidity indices for each season 
(1992-3 to 2008-9), by influenza type and subtype. Estimates 
obtained using data exclusively of the NIC are plotted in grey, 
estimates obtained using data of the AGI are in blue, and the 
estimate for the past exposure index for the upcoming season 
(2009-10) is plotted as a blue arrow. For influenza A(H3N2) and 
B the best linear correlation (-0.55 for A(H3N2) and -0.62 for B) 
was seen when the morbidity index of just the directly preceding 

season was used to estimate the past exposure index. For seasonal 
influenza A(H1N1) the best correlation (-0.46) was obtained with 
weighting factors that left a greater relative contribution to more 
distant seasons (preceding season: weighting factor = 1; two years 
ago = 1.4-1; three years ago = 1.9-1; four years ago = 2.7-1; five 
years ago = 3.8-1).

For all seasonal influenza viruses the distribution pattern is 
similar: the probability of a high excess morbidity - as correlate of 
intense virus circulation - is low when the past exposure index is 
high. For median past exposure indices low to moderate seasons 
can be expected and for low past exposure indices severe seasons 
may but do not need to occur. These distributions of the value pairs 
(past exposure and morbidity indices) are typical of distributions 
which reflect a limiting influence, i.e the past exposure indices 
represent a kind of upper bound for the morbidity indices of the 
corresponding seasons. Seasons with no measurable intensity are 
rare for influenza A(H3N2), frequent for seasonal A(H1N1) and 
occur with intermediate frequency for influenza B. 

Influenza A(H3N2) reaches the highest indices of past exposure 
and morbidity. However, direct comparability of past exposure 
indices is only given between influenza A(H3N2) and influenza 
B. Their respective past exposure indices are based on the same 
number of seasons and the identical weighing factors.

For the next influenza season in Germany the results of our 
model suggest that it is very unlikely that influenza A(H3N2) 
will circulate with more than a low intensity. The same can be 
concluded for seasonal A(H1N1) with a slight chance to reach a 
moderate intensity level. Influenza B may circulate with up to a 
median intensity. 

Discussion 
Predictions of the circulation of influenza viruses in upcoming 

seasons are highly desirable but generally accepted models are still 
lacking [7-9]. This is mainly due to the multitude of factors involved 
and limited data availability and quality. The data we used on 

F i g u r e  3

Estimates of past exposure and morbidity indices of 
influenza B, Germany, 1992-3 to 2008-9

Note: Estimates obtained using only virological data from the national 
influenza reference centre (NIC) are plotted in grey, estimates obtained using 
data of the influenza sentinel system (AGI) are in blue, and the estimate for 
the past exposure index for the upcoming season (2009-10) is plotted as a blue 
arrow. 
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Estimates of past exposure and morbidity indices of seasonal 
influenza A(H1N1), Germany, 1992-3 to 2008-9

Note: Estimates obtained using only virological data from the national 
influenza reference centre (NIC) are plotted in grey, estimates obtained 
using data of the influenza sentinel system (AGI) are in blue, and the 
estimate for the past exposure index for the upcoming season (2009-10) is 
plotted as a blue arrow. 
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Estimates of past exposure and morbidity indices of 
influenza A(H3N2), Germany, 1992-3 to 2008-9

Note: Estimates obtained using only virological data from the national 
influenza reference centre (NIC) are plotted in grey, estimates obtained 
using data of the influenza sentinel system (AGI) are in blue, and the 
estimate for the past exposure index for the upcoming season (2009-10) is 
plotted as a blue arrow. 
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morbidity and virus circulation have been collected systematically 
for 17 years, thus providing a reasonable basis for the approach 
we used. 

This analysis is based on the assumption of a type- and subtype-
specific link between past exposure and virus circulation in the 
following season. In our results for influenza A(H3N2) and B a short 
lived “protection” of past exposure is suggested. These results are 
in line with a short-lived strain overlapping immunity as suggested 
by modelling studies [7].

We consider the chances for the seasonal influenza viruses 
to lead to considerable morbidity during the upcoming influenza 
season 2009-10 to be very low. Should the A(H1N1)v virus 
circulation during the upcoming season 2009-10 be high enough, 
the expected low seasonal activity may lead to a rapid total 
replacement, as seen in previous pandemics (except for the 1977 
H1N1). However, if the activity of the A(H1N1)v during the season 
2009-10 is a pre-wave and a severe circulation of A(H1N1)v will 
be seen in the following season 2010-1, the possibly low past 
exposure index for the 2010-1 season in Germany may hamper a 
total replacement [7]. 

This model has several limitations. Regional differences in virus 
circulation are not taken account of. The frequency of laboratory 
testing varies during one season and, additionally, depends on type- 
and subtype-specific disease severity, thus potentially biasing the 
relative contributions of the different virus types and subtypes. In 
addition, a relatively short time series (17 value pairs for each type/
subtype) limit the applicability of complex statistics.

In conclusion, our systematic approach may reduce the 
unpredictability of influenza activity and thus contribute to strategic 
planning, e.g. regarding vaccination priorities. These results should 
be confirmed with data obtained from different surveillance 
systems. Further improvements of this model may then address its 
current limitations and additionally offer the possibility to include 
other factors, such as weather conditions [8], holidays or historical 
experiences regarding timing and trend [9].
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The May 2009 round of INSTAND’s ring trial “Chlamydia 
trachomatis detection PCR/NAT” included a sample with high 
amount of the Swedish new variant of C. trachomatis (nvCT). A 
spectrum of at least 12 different commercial diagnostic nucleic 
acid amplification tests (NAATs) and many different in house NAATs 
were applied by the 128 participating laboratories which reported 
152 results. Approximately 80% of the results correctly reported 
the presence of C. trachomatis in the nvCT specimen. The nvCT 
sample was mainly missed, as expected, by participants using the 
Roche COBAS Amplicor CT/NG (15.5% of reported results) but also 
by several participants using in house NAATs. The trend towards 
using nvCT-detecting NAATs is obvious and in addition to the new 
dual-target NAATs from Roche and Abbott, and BD ProbeTec ET, 
also a number of new CE mark-certified commercial tests from 
smaller diagnostic companies as well as many different in house 
NAATs were used. Laboratories using commercial or in house NAATs 
that do not detect the nvCT are encouraged to carefully monitor 
their C. trachomatis incidence, participate in appropriate external 
quality assurance and controls schemes, and consider altering 
their testing system. The reliable detection of low amounts of the 
wildtype C. trachomatis strain in other samples of the ring trial set 
indicates a good diagnostic performance of all applied commercial 
NAATs while also detecting the nvCT strain.

Introduction
With the increasing acceptance of nucleic acid amplification 

tests (NAATs) in the field of diagnostic microbiology and the 
broad availability of open platforms to perform an exponentially 
growing spectrum of in house and/or commercially prefabricated 
NAATs, there is a growing demand for appropriate internal and 
external quality control (QC) activities. One comprehensive 
external quality assessment scheme (EQAS) for diagnostic NAATs 
was established in 2002 by the German Society for Promotion of 
Quality Assurance in Medical Laboratories, INSTAND e.V. (www.
instand-ev.de). This subscheme of INSTAND’s well-established 
quality control initiatives, named “bacterial genome detection 
PCR/NAT”, offers certified proficiency testing panels for prominent 
bacterial pathogens on a biannual basis. A detailed discussion 
of the current and the previous EQAS schemes can be found at: 
http://www-nw.uni-regensburg.de/~.reu24900.mmh.klinik.uni-
regensburg.de/INSTAND_e.htm.

 
In 2006, a new variant of Chlamydia trachomatis (nvCT) was 

identified in the Swedish county of Halland by Ripa and co-workers 
[1]. This mutant strain is characterised by a 377-bp deletion in 
ORF-1 of the multicopy cryptic plasmid, which includes the target 
region of both the Roche and Abbott C. trachomatis NAATs available 
at that time [2]. The currently available new redesigned dual-target 
assays, namely the Abbott RealTime CT/NG (CE mark-certified 
in January 2008) that targets another cryptic plasmid sequence 
in addition to the sequence affected by the nvCT deletion, and 
the Roche COBAS TaqMan CT v2.0 (CE mark-certified in June 
2008) that detects the chromosomal ompA gene in addition to 
the sequence affected by the nvCT deletion, have replaced the 
former assays [3]. 

Immediately after the first report on the nvCT, international 
studies were conducted to determine whether the nvCT was present 
in different settings across Europe, the United States, Australia [3-
5]. Only sporadic cases have so far been reported outside the Nordic 
countries [3-5], however, current knowledge regarding the presence 
and prevalence of nvCT in other countries is highly limited due to 
few recent studies and the fact that many European laboratories can 
still not detect the nvCT [4], and those that can are not aware of it 
because no nvCT-specific or other distinguishing NAATs are used. 
Ideally all laboratories should use NAATs that detect nvCT, because 
a wider geographic spread of this variant can not be excluded.

To supplement a recent Eurosurveillance publication on a United 
Kingdom National EQAS (UK NEQAS) distribution [4], the present 
report provides a concise reflection on diagnostic performance 
and NAATs used by European laboratories participating in the May 
2009 INSTAND e.V. ring trial regarding detection of the nvCT. 
Assuming that most diagnostic laboratories are participating in one 
external QC scheme only, the intersection between UK NEQAS and 
INSTAND ring trials should be very limited and the present study 
represents an additional exploratory piece in the jigsaw puzzle of 
European C. trachomatis NAAT testing regimens. 

Materials and methods
The May 2009 round of INSTAND’s EQAS “bacterial genome 

detection PCR/NAT” included two panels for C. trachomatis 
detection. One set of four lyophilised blinded samples was offered 
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for participants using combined detection of C. trachomatis and 
Neisseria gonorrhoeae (RV 530), and a separate set for those 
detecting C. trachomatis only (RV 531). 

The latter set (C. trachomatis; RV 531) contained a sample with 
~105 inclusion forming units (IFUs) of the nvCT strain per ml of 
reconstituted lyophilised specimen. This set was completed by two 
samples containing ~103 IFUs/ml of a wildtype C. trachomatis strain 
and one sample without C. trachomatis in a natural background 
of human and bacterial cells. The laboratories were requested to 
reconstitute the specimen in 300 µl of molecular grade water and 
analyse a 100 µl portion of the specimen, according to their routine 
protocols for detecting C. trachomatis from an endocervical swab.

Results 
Response rate
NAAT results for distribution RV 531, which included the nvCT 

sample, were returned by 128 laboratories (100% of participants), 
including 115 laboratories from Germany, 12 from nine other 
European countries and one from United Arab Emirates (Table). 
For unknown reasons, some laboratories applied more than one 
C. trachomatis NAAT, which probably does not reflect their routine 
diagnostic workup for C. trachomatis. Due to this reporting of 
results from multiple assays and/or lack of assay specifications in 
the reports, the effective number of results (n=152) is higher than 
the number of participants (n=128). 

Nucleic acid amplification tests (NAATs) used for C. trachomatis 
diagnostics
The change in the spectrum of NAATs applied by the participants 

in the German INSTAND schemes from 2006 to 2009 is depicted 
in Figure 1. Especially in the current round (2009), the spectrum 
of NAATs used in the German INSTAND ring trial substantially 
differed from the recent UK NEQAS ring trial [4]. In 2009, Roche 
COBAS Amplicor CT/NG (15.5% of participants) and BD ProbeTec 
ET (Becton Dickinson; 15.5%) were the most commonly used 
main NAATs, followed by Roche Cobas TaqMan (14.8%) and 
Abbott RealTime CT (11.0%). Nevertheless, from 2006 to 2009, 
the use of Roche COBAS Amplicor CT/NG and Roche Amplicor 

CT/NG rapidly decreased from 37.4% to 15.5%, and 6.8% to 
0%, respectively. In contrast, the numbers of laboratories who 
have shifted to the new dual-target assays Abbott RealTime CT/
NG and Roche COBAS TaqMan CT v2.0 significantly increased. 
Furthermore, especially in the recent years several new or at least 
less popular commercial C. trachomatis NAATs as well as many in 
house NAATs were in use (Figure 1). 

Detection of the Swedish new variant of C. trachomatis (nvCT) 
Twelve different commercial assays were used for reporting 

results (n=106) on the nvCT sample. Furthermore, use of “other 
commercial assays” was indicated in 19 results, in house real-
time PCR assays in 23, and in four results the NAAT was not 
specified (Figure 2). In 80% (n=122) of the results the presence 
of C. trachomatis was reported correctly. As expected, the nvCT 
sample was missed by those using the Roche COBAS Amplicor 
CT/NG (n=15). One laboratory that used the Abbott system 
reported a negative result, which suggests that the older single-
target RealTime CT/NG test (not detecting the nvCT) was used. 
Furthermore, participants using “other commercial kits” (n=5), 
in house PCRs (n=7), and completely unspecified assays (n=2) 
reported negative results (Figure 2).

Aside from the nvCT sample, a very good performance was 
observed for the detection of small amounts of the wildtype 
C. trachomatis strain in the other two positive specimens (~103 
IFUs/ml) and the negative specimen of the QC panel RV 531. 
Ninety-two percent of all laboratories reported correct results for 
these three samples. A mean accuracy rate of 97% was observed 
among participants using commercial assays, whereas the mean 
accuracy rate was 86% when in house or “other” assay formats 
were used. 

Discussion and conclusions  
Pathogen- and method-specific ring trials (EQAS) organised by 

independent institutions have repeatedly proven to be valuable 
external quality control measures. In addition to assessing the 
diagnostic performance (analytical sensitivity and specificity) of 
different assays at individual laboratories, the statistical analysis of 
the results provides an actual snapshot on the technology and use 
of commercial or in house NAATs for detection of a given pathogen 
among the participants. 

The results of the latest UK NEQAS [4] and German INSTAND 
(present study) quality assessment distributions for molecular 
detection of C. trachomatis clearly show that a substantial number 
of laboratories can still not detect the nvCT. A broader spectrum of 
NAATs, including many different internationally less popular and 
recognised commercial NAATs and in house NAATs, was applied 
in the INSTAND ring trial. This may reflect a trend, at least in 
Germany (90% of participants), towards the use of individual PCR 
assay formats and amplicon detection platforms mainly observed 
in smaller laboratories. These laboratories are typically facing a 
smaller number of samples per day but still try to keep the test 
frequency high enough to end up with short turn-around-times for 
their PCR results. Under these circumstances, diagnostic tests 
(or assay platforms) designed for really large sample numbers can 
usually not be operated economically and the use of customised 
kits and/or assay formats indeed makes sense, i.e. as long as they 
are thoroughly validated and reliable. As an aid to orientation, the 
inclusion of as many assays as possible from “smaller companies” 
in challenging EQAS schemes is appreciated in this respect. 

T a b l e

Number and geographic location of the laboratories 
participating in the INSTAND scheme “bacterial genome 
detection PCR/NAT”, distribution RV 531, May 2009

Country Number of participants

Germany 115

Czech Republic 3

Slovakia 2

Austria 1

Bulgaria 1

Cyprus 1

France 1

Hungary 1

Russian Federation 1

Switzerland 1

United Arab Emirates 1

Total 128
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F i g u r e  1

Main nucleic acid amplification tests (NAATs) used by participating laboratories in the German INSTAND schemes RV 530 
and 531 for molecular detection of Chlamydia trachomatis from 2006 to 2009
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Methods and corresponding results regarding detection of the new variant of Chlamydia trachomatis (nvCT). Data from the INSTAND’s RV 
531 distribution were analysed (152 results from 128 laboratories in 11 countries)
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As also reported from the previous UK NEQAS study [4], the 
use of the former versions of Roche Cobas Amplicor CT/NG and 
Amplicor CT/NG, which do not identify the nvCT, has rapidly 
declined. However, a substantial number of laboratories are still 
using Roche Cobas Amplicor CT/NG [4, present study] and these 
laboratories should consider changing their testing system. Another 
worrying aspect revealed by the present study is the continued use 
of some in house NAATs, which were not specified in detail by the 
participants, that also miss the nvCT. In order to detect the nvCT, 
laboratories using these in house PCR assays are recommended 
to consider changing their testing system, altering the probe and/
or primer set in their in house NAAT, introducing an additional 
target in their in house NAAT, or introducing an additional assay 
not affected by the mutation, i.e. for dual testing. Dual testing is 
however often restricted by a more complicated workup procedure, 
including specimen splitting, different methodological protocols, 
and additional costs. Considering the currently still presumed low 
prevalence of the nvCT strain outside northern Europe, routine 
diagnostic application of nvCT-specific NAATs is not necessary. 
Nevertheless, as already mentioned above, at present the true 
prevalence of the nvCT outside the Nordic countries is mainly 
unknown.

In conclusion, laboratories using commercial or in house 
NAATs that do not detect the nvCT are encouraged to (a) carefully 
monitor their C. trachomatis incidence for unexplained declines, 
(b) frequently participate in effective internal and external quality 
assurance and control schemes, and (c) ideally to consider changing 
their testing system. This is crucial for an early detection as well 
as reliable surveillance of the nvCT, but also of other possibly 
undetected mutants, and, accordingly, the first two points are 
advisable for all diagnostic laboratories. 

The nvCT strain will certainly be included again in one of the 
future rounds of INSTAND’s PCR/NAT C. trachomatis-specific 
ring trials. It will be interesting to see whether the “affected” 
laboratories have learnt their lessons and switched to NAATs that 
also detect the nvCT. 
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An outbreak of Escherichia coli O157 involving four people in North 
Wales is currently being investigated. Laboratory typing shows all 
the isolates belong to phage type 2. All four cases reported eating 
different products from a fast food outlet in the area. The possibility 
of other common exposures is being explored.

The National Public Health Service for Wales (NPHS) and 
Environmental Health Officers from Wrexham County Borough 
Council (WCBC) are currently investigating four cases of 
verocytotoxin-producing Escherichia coli O157 (VTEC O157) in 
the Wrexham area. 

The cases are all females, aged 3, 23, 32 and 32 years. Case 
1 had an onset date of 20 July and was reported to the NPHS on 
22 July after a positive stool sample result. She later developed 
haemolytic uraemic syndrome and thrombocytopaenic purpura 
and was admitted to hospital on 28 July. She is currently receiving 
renal dialysis and ongoing plasmapheresis. Case 2 had an onset 
date of 21 July and was reported to the NPHS on 24 July. She is 
recovering at home. Case 3 and 4 are a mother and daughter, both 
with onset of symptoms on 21 July. The child was admitted to 
hospital on 27 July with haemolytic uraemic syndrome and required 
dialysis for five days. She has now been discharged. Samples were 
taken from mother and child at the hospital, and the results were 
reported to the NPHS on 30 July. All four cases reported eating 
different products (chicken, beef and vegetarian burgers) from a 
fast food outlet in the area in the week before becoming unwell. 
The possibility that the cases have links involving other common 
exposures is still being explored.

Faecal samples from all the cases were confirmed as positive 
for E. coli O157. Confirmation and typing at the Laboratory of 
Gastrointestinal Pathogens (LGP) at the Health Protection Agency 
in London have shown them all to belong to phage type (PT) 2 and 
to possess genes encoding verocytotoxin VT2. The isolates were 
indistinguishable from each other by pulsed field gel electrophoresis 
(PFGE) of XbaI fragments. Variable number tandem repeat typing 
showed that they had the same profile that was not found in other 
isolates of PT2 from 2009 tested so far.

The food outlet was visited by Environmental Health Officers 
from WCBC on 30 July.  Several problems were identified, such as 
poor food handling techniques, lack of hand washing equipment, 
no evidence of food hygiene training for staff and no food safety 
management system in place. As a precaution the outlet is 

currently the subject of a Hygiene Emergency Prohibition Order, 
and is closed until further notice. This means that the owners 
have to demonstrate that systems are in place to correct the 
deficiencies identified and satisfy the Environmental Health Officers 
that food handling practices will change before reopening. Food 
and environmental samples were taken from the food outlet for 
laboratory investigations. Results are pending.

Active case finding has been pursued using local general 
practitioners, but there have been no further cases reported to date. 

VTEC O157 PT2 strains may be associated with the development 
of serious illness.  They have represented around 10% of isolates in 
England and Wales since 2005, compared with the most prevalent 
type, PT21/28, that accounted for up to 40% of reports [1,2].    

Twenty four isolates of VTEC O157 were confirmed from Welsh 
laboratories in 2009 up until 3 August.  Prior to the cases reported 
here, there were only two sporadic infections with PT2 (in mid-
March) and neither was from North Wales. Food or animal sources 
were not investigated for these unlinked cases.
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We describe a severe gastroenteritis with non-O1, non-O139 
Vibrio cholerae in an immunocompromised patient returning from 
a holiday in Spain in July 2009. Predisposing factors and possible 
cholera enterotoxin production could explain the unusually grave 
symptomatology. The patient recovered after doxycyclin treatment.

In July 2009, a Dutch man in his fifties presented to an 
emergency department in Amsterdam with profuse diarrhoea. He 
had recently been diagnosed with systemic sclerosis complicated 
by a renal crisis, myositis and reduced motility of the stomach and 
small bowel (especially the duodenum). His medication included 
prednisone and esomeprazole. 

The patient became ill the day before presentation with 
severe diarrhoea (more than 30 evacuations per day), vomiting 
and abdominal cramps. One day before onset of symptoms he 
had returned from Canary Islands, Spain. He had not swum in 
natural water nor eaten seafood during his stay. None of his family 
members who had accompanied him on his holiday had symptoms 
of gastroenteritis. On examination he was afebrile with normal pulse 
and blood pressure. He was severely dehydrated having lost more 
than 10% of his bodyweight. Laboratory tests showed an acidosis, 
hypokalaemia and elevated creatinine and C-reactive protein. He 
was hospitalised and treated with intravenous fluids and potassium.

A faecal culture was sent to the microbiology department. Its 
rice water appearance guided the technician to include testing for 
Vibrio cholerae. A lactase-negative, oxidase-positive, Gram-negative 
rod was identified by the Vitek system (Biomerieux, France) as 
V. cholerae. Serotyping classified it as non-O1, non-O139 serotype. 
Disk diffusion results showed susceptibility to cefotaxime, 
ciprofloxacin, trimethoprim-sulfamethoxazole and tetracycline.

When culture results became available six days later, the patient 
was still having diarrhoea (diminished to 10 evacuations a day) 
and was feeling unwell. Antibiotic treatment was started with oral 
doxycycline 100mg for three days and this led to quick recovery 
from his gastroenteritis. Further worsening of the systemic sclerosis 
prevented the patient from being discharged in the following days.

In contrast to V. cholerae serotype O1 and O139, the 
non-O1, non-O139 V. cholerae (NCV) are not associated with 
cholera epidemics but with sporadic cases or small outbreaks 

of gastrointestinal disease [1,2]. Occasionally these can cause 
extraintestinal disease including wound infections and septicaemia 
[1,2]. Few NCV strains produce cholera enterotoxin, the toxin 
responsible for massive dehydrating diarrhoea. Some strains 
can have other virulence genes leading to less severe intestinal 
symptoms [1,2]. The presence of typical choleric rice water stools 
and the extent of dehydration in our patient are uncommon in 
NCV infection and suggest cholera enterotoxin production [3]. The 
predisposition of this patient may have contributed to the severity 
of disease. He was on immunosuppressive medication, his gastric 
acid production was blocked by esomeprazole and the intestinal 
mobility was impaired [4,5].

NCVs are part of the normal bacterial ecosystem of estuaries and 
coastal areas and these strains seem to persist in the environment, 
similar to V. cholerae O1 and O139 strains [5]. NCVs are found 
in salt and fresh water in both the Mediterranean and temperate 
parts of Europe. Warm summer months favour Vibrio growth and 
it is in late summer and early fall that most cases occur, either 
through eating contaminated seafood or by direct contact with 
contaminated water [6-8]. A recent study in Italy, in a population 
with high dietary seafood intake, showed that 3.4% of the acute 
diarrhoea cases admitted to hospital were caused by NCV infection 
[7]. Most European countries do not routinely check for the 
presence of NCV in clinical samples, foodstuff or the environment. 
Our case underlines the importance of testing for V. cholerae in 
potentially exposed patients with acute diarrhoea, especially when 
predisposing factors like immunosuppression and acid-blocking 
medication are present.
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The objective of this study was to investigate changes in the 
epidemiology of hepatitis B virus infection in the general population 
and selected groups of immigrants in the region of northeastern 
Greece over the last decade in relation to the introduction of 
hepatitis B vaccination programmes. Two population-based 
seroprevalence surveys were carried out during the years 1992-
1994 and 1998-2006. In total, 25,105 individuals were tested 
for the presence of hepatitis B virus markers: HBsAg, anti-HBs 
and anti-HBc. Childhood/adolescence immunisation programmes 
began early in 1994 in selected groups of immigrants and were 
complemented by the national vaccination programme in 1998. 
Between 1992-1994 and 1998-2006, the HBsAg carrier rate 
declined from 5.4% [95% CI: 4.5-5.9] in adults (20-60 years 
old) and 1.9% [95% CI: 1.6-2.4] in children/adolescents (5-19 
years old) of indigenous residents to 3.4% [95% CI: 2.9-3.8] 
and 0.6% [95% CI: 0.2-1.4] respectively (p<0.05). In spite of a 
decrease compared with 1992-1994, the percentage of HBsAg 
carriers was still relatively high in 1998-2006 among the Muslim 
religious minority group (8.2% [95% CI: 8.0-8.7] in adults and 
2% [95% CI: 1.7-2.4] in children/adolescents) and in immigrants 
from the former Soviet Union (4.3% [95% CI: 3.6-4.7] in adults 
and 1.1% [95% CI: 0.8-2.4] in children/adolescents) (p<0.05 for 
both selected groups versus general population). The decline of 
the prevalence of HBsAg in the general population and selected 
groups of immigrants in northeastern Greece over the last decade 
supports the effectiveness of the ongoing immunisation programme 
although the information on the actual number of cases of acute 
HBV infection is not available.

Introduction
Although hepatitis B virus (HBV) infection is a major public 

health problem throughout the world, the geographic variation in 
the epidemiology of this infection is considerable. 

The prevalence of hepatitis B surface antigen (HBsAg) in the 
general population varies widely between European countries with 
high to intermediate HBsAg carrier rates in Turkey (8%), Bulgaria 
(4%), and Greece (2%) [1]. Furthermore, the prevalence of HBV 
infection in the Russian Federation and Ukraine is classified as 
intermediate with prevalence of HBsAg ranging from 2% to 7% [2]. 

In Greece, several recent studies investigated the prevalence 
of hepatitis B virus markers in certain risk groups, such as blood 
donors, healthcare workers, injecting drug users, alcoholics, 
pregnant women and small size populations [3-8]. In addition, 
a few prevalence studies in the general population are available 
which show a geographic variation of HBsAg seropositivity from 
1.9% to 5% [9-11].

In 1994, a comprehensive hepatitis B immunisation programme 
was implemented only in the region of Thrace in northeastern 
Greece which covers three prefectures: Xanthi, Rodopi and Evros. 
The programme included vaccination of first generation immigrants 
from former Soviet Union and of the Muslim religious minority group 
of all ages. In 1998, a national vaccination programme for hepatitis 
B was started, including vaccination of pregnant women, infants 
(0-2 years old), children 5-6 years old and adults at high-risk of 
infection such as hospital workers, sexually active heterosexuals 
(more than one partner in the past six months), men who have 
sex with men, individuals diagnosed with a sexually transmitted 
infection (STI), illicit drug users (injecting, inhaling, snorting, pill 
popping), sex contacts or close household members of an infected 
person, children adopted from countries where hepatitis B is 
common (in Asia, Eastern Europe, and the Middle East), families of 
children adopted from the countries listed above, immigrants from 
countries where hepatitis B is common (listed above), individuals 
born to parents who have emigrated from countries where hepatitis 
B is common (listed above), recipients of a blood transfusion before 
1992, renal dialysis patients and those in early renal failure [12]. 
Both vaccination programmes (regional and national) are free of 
charge.

The aim of this study was to evaluate the effectiveness of the 
HBV vaccination strategies in Thrace by analysing the data from 
two large population sero-surveys that were conducted in this 
region, one before and one after the vaccination programmes. 
Another objective was to identify variables that were independently 
associated with HBV infection, such as age and origin of residents.
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Material and methods 
Study population
Two community-based sero-surveys were conducted during 

the years 1992-1994 and 1998-2006 in Thrace. The estimated 
population of this region is 368,993 inhabitants [13]. A total of 
25,105 individuals were investigated by physicians of the Unit of 
Preventive Medicine of Social Security Institute in Alexandroupolis: 
14,483 during the first survey of 1992-1994 and 10,622 in the 
second survey of 1998-2006. People counted twice in the same 
serosurvey, foreigners or Greek visitors and adults older than 60 
years were excluded from the sample population. The mobile survey 
unit visited almost all areas of the three prefectures of Thrace: 
Xanthi, Rodopi and Evros, including urban and rural areas, hard 
to reach mountains and plains. The adult population consisted of 
interested volunteers who were informed about the study by the 
local media. Young people 5-19 years old were included through 
screening organised stepwise by visiting all schools in the region 
and stratified according to geographic region (stratified random 
sampling).

The population sample was divided into the following groups: 
1) immigrants born in countries of the former Soviet Union 
(‘immigrant group’), 2) indigenous residents of Greek origin 
(‘majority population group’ or ‘indigenous residents’) and, 3) 
Muslim Thracians of Turkish origin (‘Muslim religious minority 
group’). The above groups were further divided according to age 
into two groups: 5-19 and 20-60 years old. Children younger than 
5 years of age were not included because the screening for children 
was organised in schools, while adults older than 60 years did not 
show interest to participate in the screening program.

Ethical approval
The study protocol was approved by the Research and Ethics 

Committee of the Unit of Preventive Medicine of the Social Security 
Institute of Greece and the Research Committee of the Ministry of 
Health and Welfare. The purpose and the protocol of the study were 
clearly explained. Informed consent was requested before a blood 
specimen was collected from each participant. For children and 
young participants <18 years old, informed consent was obtained 
from the parents or guardians. Only consenting volunteers, or 
children and young participants of consenting parents/guardians 
were included in the study. 

The study was carried out in accordance with guidelines of the 
Declaration of Helsinki and was approved by the Hellenic Center for 
Infectious Diseases Control. All participants remained anonymous 
throughout the survey. 

Serological testing and interpretation
All serum samples were stored at –200C until testing for 

HBV markers. The number of samples collected from the study 
population at first and second survey period is shown in Tables 
1, 2 and 3. All blood samples in both studies were tested for 
the presence of hepatitis B surface antigen (HBsAg). Testing for 
antibodies to HBsAg (anti-HBs) and antibodies to hepatitis B core 
antigen (anti-HBc) was performed on all samples in the second 
serosurvey and on samples from the age group 5-19 only in the 
first serosurvey. Adults in the first serosurvey were tested for the 
HBsAg marker only. The tools used were enzyme immunoassay 
(EIA, Abott Diagnostics, Germany) during the first survey period 
and a fully automated microparticle enzyme immunoassay (Abbott 
AxSYM System version 3.0, Abbott Diagnostics, Germany) during 
the second period. 

Individuals with anti-HBs antibodies alone [HBsAg(-)/anti-
HBc(-)/anti-HBs(+)] were considered to have evidence of post 
vaccination immunity whereas those with positive anti-HBc and 
anti-HBs antibodies [HBsAg(-)/anti-HBc(+)/anti-HBs(+)] were 
considered to have evidence of past infection. In case of individuals 
who tested only anti-HBc-positive it was assumed that HBsAg had 
disappeared in long-term virus-carriers and the titer of anti-HBs 
was very low (undetectable) or HBsAg seroconversion to anti-HBs 
would occur later. Finally, individuals with HBsAg (+) only were 
considered to have evidence of acute HBV infection. 

Statistical analysis
The sample was considered representative of the general 

population of Thrace between 5-60 years of age, as compared with 
age and other parameters. Statistical comparisons were performed 
using chi-squared (X2) test with SPSS software (SPSS Inc.). The 
level of significance was set at 5%.

The method of log-linear models, a type of stepwise logistic 
regression for discrete variables, was used to identify variables that 
were independently associated with HBV infection, such as age 
and origin of residents. The risk of infection for each variable was 
investigated by measuring both the unadjusted and the adjusted 
relative risk (RR). 

Results 
First epidemiological survey (1992-1994): Prevalence of HBV 
markers in selected groups compared to general population
The results of the first survey are shown in Tables 1, 3, and 4. 

Among the indigenous residents, 205 of the 3,789 adults (5.4%) 
[95% CI: 4.5-5.9] and 152 of the 7,864 children/adolescents 
(1.9%) [95% CI: 1.6-2.4] were HBsAg (+). Seroprotection rate 
varied with age from 1.7% (58/3408) [95% CI: 1.4-2.2] in 
adolescents to 10% (45/4456) [95% CI: 8.5-12.6] in children 
(Table 4). Interestingly, the prevalence of HBsAg among adolescents 
was higher than among children - 2.9% (101/3408) [95% CI: 1.9-
2.8] compared with 0.92% (41/4456) [95% CI: 0.7-1.4] (Table 4).

Among the Muslim religious minority group, the prevalence of 
HBsAg was 9.9% (116/1165) [95% CI: 8.5-9.9] in adults and 
5.1% [95% CI: 4.1-5.9] (33/643) in children/adolescents. In the 
group of immigrants from the former Soviet Union the rates were 
5.3% (32/610) in adults [95% CI: 4.7-5.8] and 1.7% (7/412) 
in children/adolescents [95% CI: 1.1-2.4] (Table 1). The HBsAg 
prevalence was higher in adults and children/adolescents of 

T a b l e  1

Prevalence of hepatitis B surface antigen (HBsAg) before 
and after the introduction of vaccination programme: results 
of two seroprevalence studies in Thrace, northern Greece 
(period A: 1992-1994, period B: 1998-2006), according to 
ethnic origin and age (n=25,105)

HBsAg seroprevalence (%)

Age group 5-19 years old 20-60 years old

Period A B A B

Indigenous residents 1.9
(152/7,864)

0.6
(211/3,538)

5.4
(205/3,789)

3.4
(113/3,338)

Immigrants from the 
former Soviet Union  

1.7
(7/412)

1.1
(4/363)

5.3
(32/610)

4.3
(20/463)

Muslim religious minority  5.1
(33/643)

2
(33/1,632)

9.9
(116/1,165)

8.2
(106/1,288)
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Muslim religious minority group than in immigrants and indigenous 
residents (p<0.001) but the differences between the prevalence 
rates in immigrants and indigenous residents were not significant.

Seroprotection rate was low among children/adolescents of 
Muslim religious minority 7.7% (50/643) [95% CI: 6.0-8.4] and 
4.6% (19/412) [95% CI: 4.1-5.4] among immigrants of the same 
age group (Table 3).

Second epidemiological survey (1998-2006): Prevalence of 
HBV markers in selected groups compared to general population 

The findings of HBV markers of people screened in the second 
epidemiological survey are shown in Tables 1-4. 

The prevalence of HBsAg was significantly higher in immigrants 
from the former Soviet Union both in adults and children/
adolescents (p=0.03 in 5-19 and p=0.001 in 20-60 years age 
group) and in the Muslim religious minority group (p=0.0001 
for adults and p=0.0002children/adolesdcents) compared to 
indigenous residents. In details, prevalence of HBsAg was 8.2 % 
[95% CI: 8.0-8.7] in adults and 2% [95% CI: 1.7-2.4] in children 
of Muslim religious minority group, 4.3% [95% CI: 3.6-4.7] and 
1.1% [95% CI: 0.8-2.4] of immigrants from the former Soviet 
Union and, 3.4% [95% CI: 2.9-3.8] and 0.6% [95% CI: 0.2-1.4] 
of indigenous residents, respectively (Table 1). The prevalence of 
HBsAg was higher in adults and children/adolescents of Muslim 

religious minority group than those of indigenous residents and 
of immigrants from the former Soviet Union (p=0.0001 and 
p=0.0007 for adults and p=0.0002 and p=0.006 for children/
adolescents, respectively).  

The highest proportion of individuals with anti-HBs only 
positivity was found in the group of 5-19-year-old members of 
the Muslim religious minority group (73%) [95% CI: 69.5-78.3], 
followed by children of the indigenous residents (45%) [95% CI: 
42.9-48.8] and of the immigrants from the former Soviet Union 
(38%) [95% CI: 34.9-41.2], (p=0.001) (Table 3). No significant 
differences were observed among immigrants and indigenous 
residents (p=0.26). 

Risk factors for HBV infection
Multivariate analysis showed that older age and the origin of 

residents (immigrants from the former Soviet Union and residents 
from Muslim religious minority group) were independent risk factors 
for HBV infection (HBsAg positivity) (Table 5). 

Effect of vaccination on pattern of HBV infection
In the indigenous residents the prevalence of HBsAg dropped 

significantly after the vaccination period, as shown from the two 
prevalence studies, from 5.4% (205/3789) [95% CI: 4.5-5.9] to 
3.4% (113/3338) [95% CI: 2.9-3.8] in the adult group and from 
1.9% (152/7864) [95% CI: 1.6-2.4] to 0.6% (211/3538) [95% 
CI: 0.2-1.4] in the 5-19 years age group (Table 1). 

T a b l e  3

Prevalence of hepatitis B virus (HBV) markers in children and adolescents aged 5-19 years, divided by ethnic origin, in the first (period A: 
1992-1994) and second (period B: 1998-2006) seroprevalence study in Thrace, northern Greece (n=14,452)

HBV markers

Study population HBsAg (+) anti-HBc+ only anti-HBc (+) and
anti-HBs (+) anti-HBs (+)

Groups Period (n) (%) (n) (%) (n) (%) (n) (%)

Immigrants from the former Soviet 
Union

A
(n=412) 7 1.7 7 1.7 14 3.4 19 4.6

B
(n=363) 4 1.1 4 1.2 9 2.6 14 38

Muslim religious minority 

A
(n=643) 33 5.1 15 2.3 44 6.8 50 7.7

B
(n=1,632) 33 2.0 13 0.8 49 3 1,197 73.3

Indigenous residents

A
(n=7,864) 152 1.9 102 1.3 197 2.5 103 1.3

B
(n=3,538) 21 0.6 30 0.85 68 1.9 1,581 44.7

T a b l e  2

Prevalence of hepatitis B virus (HBV) markers among adults aged 20-60 years, divided by ethnic origin, in the second 
seroprevalence study in Thrace, northern Greece, 1998-2006 (n=5,089)

HBV markers

Groups HBsAg (+) anti-HBc(+) only anti-HBc (+) and 
anti-HBs (+) anti-HBs (+)

Immigrants from the former Soviet Union 
(n=463)

(n) (%) (n) (%) (n) (%) (n) (%)

20 4.3 31 6.7 77 16.6 15 3.2

Muslim religious minority 
(n=1,288) 106 8.2 80 6.2 234 18.2 190 14.8

Indigenous residents
(n=3,338) 113 3.4 200 6 551 16.5 213 6.4
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Furthermore, despite the relatively low percentages of immunised 
immigrants of 5-19 years old the prevalence of HBsAg decreased 
from 1.7% (7/412) [95% CI: 1.1-2.4] to 1.1% (4/363) [95% 
CI: 0.8-2.4] with a concurrent increase in immunised children/
adolescents (5-19 years old) from 4.6% (19/412) [95% CI: 4.1-
5.4] up to 38% (14/363)[95% CI: 34.9-41.2] (Table 3). 

Moreover, the percentage of immunised individuals in the 
5-19 years old group of Muslim religious minority group has 
markedly increased from 7.7% (50/643) [95% CI: 6.4-8.4] to 
73% (1197/1632) [95% CI: 69.5-78.3] while the prevalence of 

HBsAg decreased from 5.1% (33/643) [95% CI: 4.1-5.9] to 2% 
(33/1632) [95% CI: 1.7-2.4] (Table 3).  

Discussion
This study describes the prevalence of HBV markers in the 

general population of northeastern Greece (Thrace) and in selected 
immigrant groups and investigates the impact of vaccination 
programmes – a regional one started in 1994 in northeastern 
Greece and a national one implemented in 1998. Two large 
population-based surveys involving in total 25,105 individuals were 
carried out, the first one in the period 1992-1994 preceding the 

T a b l e  5

Independent risk factors for HBsAg carrier state. Multivariate analysis of data from the second seroprevalence study in 
Thrace, northern Greece, 1998-2006

Risk factors Sample HBsAg(+) RR [95% CI] Adjusted p

Age groups

5-19 years 3538 21 (0.6%) 1*

20-30 years 800 7 (0.9%) 2.97 [0.19-13] >0.05

31-40 years 1010 15 (1.4%) 5.19 [0.19-19.2] <0.01

41-60 years 1528 91 (5.8%) 16.72 [2.34-57.3] <0.001

Age group 20- 60 years by ethnic origin

Indigenous residents 3338 113 (3.4%) 1*

Muslim religious minority 1288 106 (8.2%) 10.82 [1.78-89.2] <0.0001

Immigrants from
the former Soviet Union 463 20 (4.3%) 1.98 [0.34-19.3] >0.05

Age group 5-19 years by ethnic origin

Indigenous residents 3538 21 (0.6%) 1*

Muslim religious minority 1632 33 (2%) 23 [4.9-136.2] <0.0001

Immigrants from the former Soviet Union 363 4 (1.1%) 17.9 [2.1-98] <0.001

*Reference group

T a b l e  4

Prevalence of hepatitis B virus (HBV) markers in different age groups of indigenous residents in the first (period A: 1992-
1994) and second (period B: 1998-2006) seroprevalence study in Thrace, northern Greece (n=18,529)

HBV markers

Age groups (in years) Period (n) HBsAg (+) anti-HBc (+) anti-HBc (+) and anti-HBs(+) anti-HBs (+)

(n) (%) (n) (%) (n) (%) (n) (%)

5-12
A 4,456 41 0.92 43 0.9 48 1.1 45 10

B 1,714 5 0.23 14 0.08 14 0.8 1,063 62

13-19
A 3,408 101 2.9 59 1.7 148 4.3 58 1.7

B 1,824 16 0.9 16 0.8 54 3 518 28

20-30
A 930 17 1.8 * * * * * *

B 800 7 0.9 7 1.3 64 8 41 5.1

31-40
A 1,240 40 3.2 * * * * * *

B 1,010 15 1.4 60 5.9 158 15.6 77 7.6

41-50
A 912 85 9.3 * * * * * *

B 930 57 6.1 67 7.2 207 22.3 70 7.5

51-60
A 707 63 8.9 * * * * * *

B 598 34 5.5 66 11 122 20.4 25 4.1

*In the first seroprevalence study (period A: 1992-1994) the adult population was not tested for anti-HBc and anti-HBs 
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vaccination programmes and the second one in the period 1998-
2006 following the implementation of vaccination programmes. 

We have observed an impact of the immunisation programmes on 
the prevalence of HBsAg in all the study groups. Indeed, the HBsAg 
prevalence declined significantly in children and adolescents of 
all groups: indigenous residents (from 1.9% in 1992-1994 to 
0.6% in 1998-2006), immigrants from the former Soviet Union 
(from 1.7% to 1.1%) and Muslim religious minority (from 5.1% to 
2%). In the adult population, the HBsAg prevalence of indigenous 
residents also declined from 5.4% to 3.4%, of immigrants from 
5.3% to 4.3% and of Muslim religious minority from 9.9% to 
8.2%. However, this decline may also be related to factors other 
than vaccination, such as improvement of quality of life, use of 
disposable medical equipments and screening of blood donors and 
pregnant women.

The 3.4% prevalence of HBsAg in the adult indigenous residents 
(majority population group) obtained in the second survey was 
within the range reported by other studies (1.9%-5%) in Greece 
[9-11]. 

However, compared to other European countries, the burden 
of hepatitis B in northeastern Greece is higher. The prevalence of 
HBsAg in the general population varies widely between European 
countries with high to intermediate HBsAg carrier rates: in Turkey 
(8%), Romania (6%), Bulgaria (4%), Latvia (2%) and Greece (2%) 
[1]. In the Slovak Republic, Poland, Czech Republic, Belgium, 
Lithuania, Italy and Germany the HBsAg prevalence is 0.5%-1.5% 
and in the Netherlands, Estonia, Hungary, Slovenia and Norway 
below 0.5% [1,14]. Various studies in the past decade and recent 
years make comparisons difficult [1,2,14-19]. In France, the 
prevalence of anti-HBc and HBsAg in persons of French origin 
was 2.2% and 0.2% [16], in Belgium 6.9% and 0.7% [17], in 
Spain 10.2% and 0.9% [18], in Germany 8.71% and 0.62% [19], 
respectively. This might reflect differences in the epidemiology such 
as lower infection rates in newborns and infants corresponding to 
lower rates of chronicity. 

The incidence of reported HBV cases in the European Union (EU) 
and European Economic Area / European Free Trade Association 
(EEA/EFTA) countries has declined over the past ten years from 6.7 
cases per 100,000 population in 1995 to 1.5 cases per 100,000 
population in 2006 [20]. However, although a notification system 
exists in Greece for acute and chronic HBV infection, there is 
significant underreporting because of the lack of compliance 
of doctors and unclear case definition and therefore changes in 
epidemiology of hepatitis B cannot rely on the reported incidence 
of acute hepatitis as in other countries. 

In indigenous residents the HBsAg prevalence in age groups 5-19 
and 20-60 years old (0.6% and 3.4% respectively) was somewhat 
higher than usually assumed (0.33-2.3%) in Greece [1]. However, a 
statistically higher prevalence of HBsAg was observed in age group 
13-19 years (0.9%) compared with age group 5-12 years (0.23%), 
reflecting differences in the proportion of immunised children of 
these groups (28% and 62%, respectively). These findings support 
the fact that horizontal transmission from child to child and from 
mother to child has been eliminated due to vaccination and medical 
checks. Universal prenatal screening and infant immunisation will 
contribute to a further decline of HBV infection.

In many European countries immigrants from highly endemic 
regions are from 5 to 90 times more frequently affected by HBV 

than the general population [21-23]. Indeed, in our study, the 
prevalence of HBsAg among both the adult (4.3%) and the 5-19 
years old (1.1%) groups of immigrants from the former Soviet 
Union was higher compared to the rates in the general population 
(3.4% and 0.6%, respectively). However, the prevalence of HBsAg 
among the immigrants of age group 5-19 (1.1%) was lower than 
that among children of the Muslim religious minority group (2%). 
Two Greek studies reported prevalence of HBsAg of 2.8% and 
2.7% in groups of immigrants aged 12-18 years [22,24]. Higher 
rates of HBsAg positivity have been reported in other studies such 
as from the United States and Israel which reported prevalence 
of HBsAg of 4% in immigrants aged <20 years and 9% in 20-70 
years age group [25,26]. Moreover, the children of first generation 
immigrants continue to have high prevalence of HBV infection as 
those of Muslim religious minority group. The overcrowded families 
may facilitate child to child transmission of HBV in the family. 

We have also found a high rate of HBsAg prevalence (8.2%) in 
adults of Muslim religious minority. This high rate may be explained 
by higher risk of exposure such as poor adherence to standard 
control measures such as absence of screening pregnant women, 
childbirth at home, early weddings at the age of 12 years.

With respect to the strength of our study we should clarify that the 
sample adult population consisted of all interested adults whereas 
for the younger participants aged 5-19 years old samples stratified 
by age and geographic area were collected without selection bias 
from the participants at schools. We consider this study group to be 
representative of the general population of Thrace as compared with 
age and other parameters. Finally, this standardised methodology 
has been widely used and allows future comparative analyses to 
be performed [27]. 

Our study has several limitations. The results relied on serological 
data collected in the two surveys. The registration reporting system 
from the results recorded did not distinguish acute from chronic 
HBV infection for adults in the first survey since they were only 
screened for the marker HBsAg. Therefore, also some adult patients 
with a resolved or past infection could not be in the register. 
Incidence data and data regarding complications of chronic HBV 
infection are lacking. However other studies from this area provide 
such information [28,29]. 

In conclusion this study indicates the decline of the prevalence 
of HBsAg in the general population and selected groups of 
northeastern Greece over the last decade reflecting the effectiveness 
of HBV vaccination. Despite that, HBsAg prevalence remains high 
in certain communities such as immigrants and Muslim religious 
minority. Prevention programmes based on education and specific 
precautions for transmission along with vaccination are important.
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Editorial team (eurosurveillance@ecdc.europa.eu)1
1. European Centre for Disease Prevention and Control

An updated version of the European Monitoring Centre for 
Drugs and Drug Addiction (EMCDDA) Guidance on provider-
initiated voluntary medical examination, testing and counselling 
for infectious diseases in injecting drug users (IDUs) was published 
on 22 July 2009 [1]. The document advocates preventing drug-
related infectious diseases through evidence-based measures and 
issues a set of recommendations in order to create and ensure the 
necessary conditions for provider-initiated testing.

The Guidance recommends a health care provider-initiated 
approach that enables safe and ethical voluntary and confidential 
medical examination and testing and counselling of IDUs. The 
document is principally intended for health care providers in the 
public and private sectors which provide primary health care to 
IDUs. Typically these are general practitioners, substance abuse 
and drug rehabilitation centres, health care centres in prisons 
and hospital emergency services. The recommendations may be 
used by policy-makers, drug use and HIV programme planners 
and coordinators and non-governmental organisations providing 
services for drug users. The recommended methods, background 
and rationale behind them, and their implementation in health 
facilities, are described in the second part of the document.

In order for the implementation of the recommendations to be 
successful, the situation in each country should be assessed with 
regard to the epidemiological situation, the health care system, 
financial and human resources. The recommendations are primarily 
aimed at countries with low level or concentrated HIV epidemics 
where recorded infections are largely confined to individuals with 
risk behaviour, such as IDUs, as is the case for most European 
Union countries.

This Guidance is the result of discussions at annual EU expert 
meetings on drug-related infectious diseases (DRID), organised by 
the EMCDDA. The DRID testing guidelines are based on an ongoing 
review of many types of source materials such as clinical guidelines, 
research reports and journal articles to name a few.
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