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Since early May 2011, a large outbreak of haemolytic 
uraemic syndrome (HUS) and bloody diarrhoea related 
to infections with Shiga toxin-producing Escherichia 
coli (STEC) has been observed in Germany. The out-
break is focused in the north, but cases have been 
reported from all German states and other countries. 
Since our report last week, the number of HUS cases 
has increased to 470 and STEC serotype O104 has 
been confirmed in many cases.

Description of the ongoing outbreak 
Since the beginning of May 2011, 470 cases of haemo-
lytic uraemic syndrome HUS have been notified to 
the Robert Koch Institute (RKI). Our initial findings 
have been presented [1], including background infor-
mation on STEC infections and HUS. The clinical and 
laboratory case definitions used are available [2]. 
Here we give an update on the epidemiological char-
acteristics of the outbreak concerning cases of STEC 
and HUS notified to the Robert Koch Institute as of 
31 May 2011.

Of 470 HUS cases, 273 (58%) were clinical cases 
with laboratory confirmation of Shiga toxin-produc-
ing Escherichia coli (STEC) infection. The German 
National Reference Centre for Salmonella and other 
Bacterial Enteric Pathogens alone has detected STEC 
serotype O104, Shiga toxin 2 (stx2)-positive, intimin 
(eae)-negative in more than 60 samples from cases 
in the outbreak, indicating that this unusual sero-
type is the cause of the outbreak.

Geographical distribution of HUS cases
Cases of HUS have been notified from all German 
Federal states. The highest cumulative incidence of 
HUS, since 1 May 2011, continues to be observed 
in the five northern states: Hamburg, Schleswig-
Holstein, Bremen, Mecklenburg-Vorpommern and 

Lower Saxony (Table). A total of 66% of HUS cases 
have been notified from these states.

Epidemiological development
From 1 to 8 May 2011, the number of new HUS cases 
was between one and two cases per day, based on the 

Table 
Notified cases and cumulative incidence of HUS since  
1 May 2011, Germany (n=470)

Federal State Number of 
HUS cases

Cumulative 
incidence 

(per 100,000 
population)

Hamburg 97 5.47

Schleswig-Holstein 121 4.27

Bremen 22 3.32

Mecklenburg-Vorpommern 20 1.21

Lower Saxony 51 0.64

Hesse 33 0.54

Saarland 5 0.49

North Rhine-Westphalia 75 0.42

Berlin 9 0.26

Saxony-Anhalt 4 0.17

Thuringia 3 0.13

Baden-Württemberg 13 0.12

Brandenburg 3 0.12

Rhineland-Palatinate 4 0.10

Bavaria 9 0.07

Saxony 1 0.02

Total 470 0.57

HUS: haemolytic uraemic syndrome.
Data as of 31 May 2011, 3 pm.
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date of onset of diarrhoea (Figure 1). From 9 May, we 
observed an initially steady increase in the number of 
cases. This increase gained in intensity over the fol-
lowing days and reached a maximum of 39 notified 
HUS cases on 16 May. 

Age and sex distribution of HUS cases
As reported on 26 May 2011 [1], the age and sex distri-
bution of HUS cases remain conspicuous:  the major-
ity of patients were aged 20 years or older (88%) and 
female (71%).  Notably, between 2006 and 2010, the 
proportion of adults in reported STEC and HUS cases 
was only between 1.5% and 10%, and there were no 
marked differences in sex distribution [3]. Figure 2 
shows the age- and sex-specific cumulative incidence 
of notified cases of HUS since 1 May 2011.

Fatal cases
To date, 13 deaths have been notified: in nine cases, 
the deaths were in connection with HUS; in the remain-
der, the cases had had symptomatic STEC infection 
that was laboratory confirmed. The cases who died 
were between 22 and 91 years of age: five were aged 
between 22 and 40 years and eight between 75 and 91 
years of age.

Foreign cases with connection 
to the present outbreak
Further HUS cases have been communicated from 
Denmark, United Kingdom, France, Netherlands, 
Norway, Austria, Spain, Sweden (including one death), 

Switzerland and the United States. Nearly all of these 
cases had a travel history to northern Germany. For 
some cases, however, detailed investigations are 
ongoing.  After a stay in northern Germany between 
8 and 10 May 2011, 15 members of a Swedish travel 
group (30 members in total) developed symptoms 
of STEC infection and HUS was diagnosed in five of 
these cases.

Evaluation of the situation 
The present situation marks one of the largest out-
breaks ever described of HUS worldwide, and the larg-
est outbreak ever reported in Germany. Because of the 
delay in notification and reporting of cases, the current 
notification data cannot be interpreted as a decrease 
in case numbers.

The age and sex distribution of cases in this outbreak 
is highly unsual, as is the identified outbreak strain: 
STEC O104, Shiga toxin 2 (stx2)-positive, intimin (eae)-
negative. Serotype STEC O104 has caused food-borne 
outbreaks of diarrhoea and HUS, or isolated cases of 
HUS before [4,5], but is not known to have caused pre-
vious outbreaks in Germany.

Current epidemiological activities
RKI is currently conducting the following studies to fur-
ther investigate the outbreak: 

•	  representative online survey within the German 
population to describe the disease burden; 

Figure 1
Notified cases of HUS by date of onset of diarrhoea (only cases with a notified date of onset since 1 May 2011), Germany 
(n=421)

HUS: haemolytic uraemic syndrome.
Data as of 31 May 2011, 3 pm.
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•	  case–control study in heavily affected hospitals, 
in Lübeck (in Schleswig-Holstein) and Hamburg; 

•	  case–control study in hospitals that have observed 
a recent increase in cases numbers and had not 
been previously affected; 

•	  analyses of questionnaires on cases completed by 
nephrologists treating the cases; 

•	  Investigation of human-to-human transmission 
(and of information about purchases made by anal-
ysis of till receipts) within the setting of a special 
outbreak in a canteen; 

•	  cohort investigations of various groups, in which 
several members developed symptoms of STEC 
infection after dinner in a restaurant  (the members 
of the groups are questioned about the food prod-
ucts they consumed); 

•	  exploration of several events and festivities that 
can be related to cases. 

Furthermore, the RKI is cooperating with colleagues 
from Sweden and Denmark, who are performing cohort 
studies of groups in which several members developed 
symptoms of STEC infection.

The Federal Institute for Risk Assessment (BfR) has 
recommended that consumers in Germany abstain 
from eating raw tomatoes, cucumbers and leafy sal-
ads (based on results from an epidemiological study, 
conducted by the RKI in cooperation with regional and 
local health departments from Hamburg [1]). As long as 
the studies outlined above do not lead to new evidence 
and as long as the outbreak is still ongoing, these rec-
ommendations – concerning goods available in north-
ern Germany in particular – remain in effect.
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Figure 2
Cumulative incidence of HUS cases notified since  
1 May 2011, by age and sex, Germany (n=470)
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People with chronic hepatitis B (CHB) are a major 
source of incident hepatitis B virus (HBV) infection. 
The Department of Health in Victoria, Australia, recom-
mends household contacts of CHB cases to be screened 
and funds hepatitis B vaccination for those susceptible 
to infection. In July 2009, two cross-sectional surveys 
were conducted to assess the uptake of screening and 
vaccination: a postal survey of the treating doctors of 
a random sample of 65 CHB patients and a telephone 
survey of these patients. Twenty-six cases reported all 
adult household contacts had been screened, however 
only eight of these 26 patients reported that all sus-
ceptible adult contacts had been fully vaccinated. In 
contrast, child contacts of only three cases had been 
screened but 15 reported all child contacts to be fully 
vaccinated. Half of the surveyed doctors were unaware 
of state-funded hepatitis B vaccine for contacts and 
only 10 had conducted any contact tracing. This study 
highlights the need for health departments to play 
a greater role in the management of CHB patients in 
order to support doctors’ delivery of preventive serv-
ices to people at high risk of HBV infection. These find-
ings are relevant for all countries receiving immigrants 
from areas where hepatitis B is endemic.

Introduction 
Worldwide, about 2x109 people have been infected 
with the hepatitis B virus (HBV), and more than 350 mil-
lion live with chronic hepatitis B (CHB) virus infection 
[1]. Estimates of mortality attributable to CHB range 
from 600,000 to over 1 million deaths annually [1-3]. 
Australia is a low-prevalence country, with a hepati-
tis B surface antigen (HBsAg) prevalence of less than 
2% [4-6]. Over the last 20 years, however, the preva-
lence of CHB has increased, predominantly related to 
the increase in migration from highly endemic regions 
[7,8]. Currently there are an estimated 165,000 people 
with CHB infection in Australia, more than half of whom 
were born in other countries of the Asia-Pacific region 
[7-9]. About 55,000 of those infected are unaware of 
their diagnosis [10,11]. Predominant risk factors for 

CHB in Australia are birth in a high prevalence country 
or being an Aboriginal or Torres Strait Islander [7].

In Australia, hepatitis B infections are reported as 
acute or unspecified (non-acute). Unspecified hepati-
tis B (herein referred to as CHB) requires detection of 
HBsAg, or HBV by nucleic acid testing, in a patient with 
no prior evidence of HBV who does not meet criteria 
for acute infection [12.] In Victoria, from 1998 to 2008, 
there were a total of 19,024 cases of confirmed CHB 
reported through the notifiable disease surveillance 
system, with between 1,497 and 1,938 cases annually 
[13]. Notification rates for CHB in the Melbourne met-
ropolitan region were significantly higher than in non-
metropolitan regions of Victoria, reflecting findings of 
a recent serosurvey [14]. 

CHB is associated with significant morbidity and mor-
tality. Approximately 25% of people with CHB develop 
advanced liver disease including cirrhosis and/or 
hepatocellular carcinoma (HCC) [3,15]. This excess mor-
tality was demonstrated in a recent data linkage study 
in New South Wales, Australia that found that people 
living with CHB had standardised all-cause mortality 
1.4 times higher than those without CHB [10]. In New 
South Wales, HCC incidence is rising faster than any 
other internal cancer [16,17].

In Australia, universal hepatitis B vaccination for 
adolescents commenced in 1998 and for infants in 
2000, with the first of four doses given at birth [9]. 
In Victoria, in addition to the national immunisation 
programme, hepatitis B vaccination is funded for 
healthcare workers, people who inject drugs, and 
household or sexual contacts of patients with CHB 
and people living with human immunodeficiency virus 
or acquired immunodeficiency syndrome (HIV/AIDS) 
[18]. Serologic testing before vaccination is recom-
mended for families of CHB patients, as well as for 
members of families who have migrated from high-
prevalence countries [5].
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Chronically infected individuals are a source of inci-
dent infections (in low and high prevalence countries 
alike) [19-22]. Furthermore, persons with undiagnosed 
CHB can remain asymptomatic for years and unaware 
of their risk for transmitting the virus to others or 
having liver disease in later life [21,23]. Therefore an 
adequate public health response to incident HBV infec-
tions must reduce opportunities for transmission from 
those chronically infected to those who are susceptible 
[21,22]. 

Currently it is unknown whether or not tracing the 
household contacts of CHB patients takes place in 
accordance with Victorian recommendations, and the 
uptake of the funded hepatitis B vaccine for contacts 
of CHB patients has not been evaluated. Consequently, 
the objectives of this study were firstly, to ascertain 
the uptake of screening and vaccination in household 
contacts of patients with CHB, and secondly, to explore 
barriers to vaccination amongst household contacts of 
CHB cases.

Methods

Study population 
Patients were randomly selected from the Notifiable 
Infectious Diseases Surveillance database maintained 
by the Victorian Department of Health. Patients were 
eligible for the study if they were notified to the depart-
ment with CHB between 1 July 2008 and 31 December 
2008 (n=989). Our target sample size was 65 patients. 
Patients were excluded if no notifier details were 
recorded, or if no contact details for the cases were 
available after checking with the notifying doctor and/
or laboratory. 

Study design
In Victoria, if a patient is randomly selected from the 
surveillance database as part of a study, it is custom-
ary that treating doctors are contacted first to ensure 
the patient is aware of their diagnosis prior to invit-
ing their participation. We conducted two cross-sec-
tional surveys to gather information from doctors and 
patients about patients and their household contacts.

The first survey was a postal survey sent to the doctors 
of 65 patients randomly selected from the 989 CHB 
patients. The second was a telephone survey of those 
patients whose treating doctor had given consent for 
the investigators to contact their patient. On calling 
patients, a confidentiality statement was read to each 
patient, verbal consent obtained and an appointment 
was made to interview them.

The doctor survey assessed knowledge of the Victorian 
recommendations regarding the hepatitis B vaccine and 
attitudes about a doctor’s role in contact tracing. It also 
assessed whether the doctors had attempted to trace 
household contacts of their patient in the sample, and 
if so, whether they documented the screening and vac-
cination status of their patients’ household contacts. 

The patient survey assessed the uptake of screening 
and vaccination of household contacts following the 
index patient’s diagnosis. Interviews were conducted 
with an interpreter when necessary. The principal out-
come was the proportion of patients whose suscep-
tible household contacts had been fully vaccinated 
against hepatitis B. Patients were asked for each con-
tact’s age, screening history, and if susceptible to HBV, 
the number of doses of hepatitis B vaccine received. 
Vaccination of contacts and serologic confirmation of 
immunity were reported by the patients and not oth-
erwise verified, and reasons for non-vaccination were 
sought when applicable. 

A secondary aim of the patient survey was to assess 
knowledge regarding hepatitis B transmission by ask-
ing respondents to provide an example of how to pre-
vent the spread of hepatitis B infection. Patients were 
considered to have an understanding of preventing 
spread if they stated any one of the following methods: 
no sharing of certain household items such as razors, 
keeping wounds covered, practising safe sex, no dona-
tion of blood or organs, or vaccination of contacts. 

Data analysis
Data were entered into Microsoft Access and analyses 
conducted using STATA v9. Household contacts’ vacci-
nation status was analysed according to each patient 
because household contact observations are not inde-
pendent. If all adult and/or child contacts of a patient 
had been tested or vaccinated, this was considered a 
positive outcome. If a patient was uncertain about the 
status of any contact, all contacts of that patient were 
excluded from the analysis. 

Ethics
Human research ethics approval was granted by 
The Australian National University (Study number 
2009/552).

Results
The surveys were conducted in June and July 2009. 
Twenty-four doctors returned the surveys and two 
doctors were interviewed by telephone for a doctor 
response rate of 26 of 65. We telephoned the 39 doc-
tors who had not responded to the postal survey and 
obtained consent from 21 of them to call their patient. 
Therefore a total of 47 patients were eligible. Of these, 
four patients were unable to be contacted and doctors 
of five patients requested their patient not be con-
tacted by the investigators. The remaining 38 patients 
all agreed to participate in the study.

Doctor survey 
The majority of doctors who participated in the study 
were metropolitan general practitioners (GPs) (23/26). 
Others included two hospital-based doctors and one rural 
GP. Of 39 non-responders, 37 were metropolitan GPs and 
the remaining two represented private blood screening 
services. As our sampling frame was CHB patients, doc-
tors that did and did not participate in our study reflect 
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that CHB notifications are concentrated in metropolitan 
regions and largely managed in primary care settings.

Thirteen of 26 doctors were aware that hepatitis B vac-
cine for household contacts of CHB cases was funded 
by the Victorian Department of Health. All doctors 
agreed that general practitioners have a role in contact 
tracing for hepatitis B, however only 10 indicated that 
they had attempted contact tracing for their patient. 
Nine doctors suggested reasons for non-uptake of vac-
cination in household contacts: language and cultural 
barriers (n=3), the perceived impact of having hepatitis 
B on Australian residency applications (n=2), and dif-
ficulty systematically following up contacts (n=4).

Patient survey 
The study population consisted of 47 patients of which 
24 were male and 23 were female. The median age at 
notification for all patients was 34 years (interquartile 
range (IQR) 27–44 years).(Table 1). Forty-four patients 
lived in metropolitan Melbourne. Seven patients were 
interviewed with an interpreter. 

Forty-four patients were born overseas. Approximately 
half of them were born in Vietnam (n=12) and China 
(n=11) (Table 2). Information on the year of their arrival 
in Australia was available for 39 of these patients and 
ranged from 1958 to 2008. More than two thirds of the 
39 patients (n=26) had arrived since 2000. For patients 
born overseas, the median time between arrival in 
Australia and notification with CHB was five years (IQR 
1–17 years). 

Of 38 patients interviewed, 18 had been aware of 
their hepatitis B infection up to several years prior to 
notification in 2008. Eleven of these 18 patients had 
been tested in their country of birth prior to arrival 
in Australia. For patients diagnosed in their coun-
try of birth, the median time between first diagnosis 
and notification in Australia was 8.5 years (IQR 2.5–11 
years).

Of the 32 patients who answered the question 
about transmission of hepatitis B, the most common 
responses were avoiding unprotected sex (n=8) or 
avoiding blood donation (n=7). Thirteen patients were 
unable to give an example of how to prevent the spread 
of the virus. Two patients said that not sharing cups 
and spoons prevented the spread and one patient 
believed the virus was transmitted by food. Only one 
patient suggested vaccination of family members pre-
vented the transmission of the virus.

Household contact vaccination results
Household contact information was available for 41 
patients. Patients commonly had one adult household 
contact (n=19) and no contacts under the age of 18 

Table 1
Patient demographics, hepatitis B patients, Victoria, 
1 July–31 December 2008 (n=47)

a For whom this information as known.

    Number Percentage

Sex

Male 24 51%

 

Female 23 49%

Total 47 100%

Age (years)

10–17 1 2%

18–29 16 34%

30–49 22 47%

 

50–69 6 13%

70–89 2 4%

Total 47 100%

Region of residence

 

Metropolitan 44 94%

Rural 3 6%

Total 47 100%

Country of birth

 

Australia 3 6%

Overseas 44 94%

Total 47 100%

Years of arrivala

1950–1959 2 5%

1960–1969 1 3%

1980–1989 4 10%

 

1990–1999 6 15%

2000–2008 26 67%

Total 39 100%

Table 2
Countries of birth, hepatitis B patients, Victoria,  
1 July–31 December 2008 (n=44)

Countries of birth Number Percentage

Vietnam 12 27%

China 11 25%

New Zealand 3 7%

Burma 3 7%

Sudan 2 5%

Cambodia 2 5%

Thailand 2 5%

Afghanistan 1 2%

India 1 2%

Greece 1 2%

Romania 1 2%

Italy 1 2%

Liberia 1 2%

Bangladesh 1 2%

Kuwait 1 2%

Netherlands 1 2%

Total 44 100%
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(n=17). For 37 of these 41 patients, household contacts 
included family members only. 

Twenty-six patients reported that all adult household 
contacts had been tested for hepatitis B. Testing histo-
ries of all child contacts were available for 21 patients 
and of these, only three cases reported all eligible 
child contacts had been tested (Table 3). Children were 
considered eligible for testing if they were older than 
18 months of age.

Information about vaccination of all eligible adult con-
tacts was available for 26 patients, and of all eligible 
child contacts, for 20 patients. Eligible adult contacts 
of 8 (31%, 95% confidence interval (CI): 12–50%) of 26 
patients were reported to be fully vaccinated against 
hepatitis B. In contrast, the majority of patients with 
eligible child contacts (75%, 95% CI: 54–96%) reported 
that all had been fully vaccinated (Table 3). Child vac-
cination had occurred as part of the national immu-
nisation programme in 11 patients, whereas the child 
contacts of four patients had been vaccinated as part 
of contact tracing despite being eligible for participa-
tion in the national immunisation programme (Table 3).

Barriers to screening and vaccination of contacts
Patients were asked for the reasons why any of their 
contacts were not vaccinated. Of 38 eligible adult 

contacts, responses were provided for 34 contacts of 
22 patients. Most commonly, the patient reporting on 
the contact did not know the reason for non-vaccina-
tion (n=19) and least commonly the contact had refused 
vaccine (n=2). Four contacts were reported to be plan-
ning to start vaccination and ‘other’ reasons were 
stated for nine contacts. Only five patients expanded 
on ‘other’ reasons, which were fear of testing for hepa-
titis B, being unaware of the need for vaccination, liv-
ing overseas, awaiting blood test results, and difficulty 
attending the GP.

Discussion
Our study showed that, despite recommendations for 
contact tracing and funded hepatitis B vaccine, the adult 
household contacts of less than a third of CHB patients 
had been vaccinated against hepatitis B. In contrast, 
the child household contacts of 75% of patients were 
reported to be fully vaccinated, mostly attributable to 
universal vaccination. We found it concerning that only 
half of the surveyed doctors were aware that hepati-
tis B vaccine was funded for household contacts. This 
is likely to be a key provider barrier to vaccination of 
household contacts [24]. All surveyed doctors felt that 
GPs have a role to play in contact tracing, however only 
37% had conducted any contact tracing for their noti-
fied patient. We inferred that this was due to lack of 
knowledge of funded vaccination policy and to the dif-
ficulty of organising contact management, especially 
if contacts were not patients of the doctor’s practice. 
Currently the Victorian Health Department relies on 
doctors to manage the contact tracing, however our 
small study suggests this assumption may need revis-
iting. Doctors’ efforts to provide preventive services to 
populations at high risk for infection may benefit from 
public health collaboration [20].

Although 26 of 38 patients reported their contacts had 
been screened for hepatitis B, only a small number had 
been vaccinated. This suggests that being tested (and 
reported to be susceptible) is not necessarily sufficient 
to ensure participation in vaccination. It is worrying 
that only eight of 26 patients reported that all their 
adult contacts had been fully vaccinated, but it is con-
sistent with published findings from other countries: In 
the United States, a study in San Diego found less than 
20% of eligible contacts (including children) had been 
vaccinated, and in the United Kingdom (UK), a similar 
study found only 27% of contacts had been vaccinated 
[20,25]. A 10-year seroprevalence review of hepatitis B 
in Italy also found 28% of new HBV cases were house-
hold contacts of CHB patients and had been unaware 
that free vaccine was available [26]. 

The limitations of this study included the small sample 
size of doctors and of patients that provided vaccina-
tion status of all of their contacts. In addition, obtain-
ing a serological assessment of contacts’ vaccination 
status would have strengthened the study, but this was 
not feasible. Previous studies have shown poor patient 
recall of their own vaccination status [27], therefore 

Table 3
Testing and vaccination data of household contacts of 
hepatitis B patients, Victoria, 1 July–31 December 2008 
(n=41 patients)  

Number Percentage 95% CI

Patients for whom all adult contacts were screened

Yes 26 68% 53-84%

No 12 32% 16-47%

Total 38 100%  

Patients for whom all eligible child contacts were screened

Yes 3 14% 0-31%

No 18 86% 69-100%

Total 21 100%  

Patients whose adult contacts were all fully vaccinated

Yes 8 31% 12-50%

No 18 69% 50-88%

Total 26 100%  

Patients whose child contacts were all fully vaccinated

Yes 15 75% 54-96%

No 5 25% 4-46%

Total 20 100%  

Reason why children were vaccinated

National immunisation 
programme 16 80% 61-99%

Contact tracing 4 20% 1-39%

Total 20 100%  
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it is be reasonable to assume that recall of contacts’ 
vaccination would also be poor. However, this may not 
have affected parents’ recall of the vaccination history 
of their children as much as their recall of the status 
of other adult contacts. Uncertainty was partially man-
aged at the analysis stage by excluding patients who 
were unsure of the vaccination status of one or more of 
their contacts. 

Despite the study limitations, we feel that the findings 
build the argument for increasing public health collab-
oration in the management of chronic hepatitis B. It is 
a challenge for public health practitioners to increase 
participation in preventive programmes among high 
risk groups, who are often the most difficult to reach 
[28,29]. However for CHB in Australia, this relies on 
individual private doctors to implement public health 
policies. There is evidence that high participation 
(>90%) of contacts in screening and vaccination can be 
achieved when integrated into current clinical models 
[30,31]. In Victoria, one intervention that could be intro-
duced is direct communication of health information 
by mail or electronic mail between the health depart-
ment and notified CHB patients. This aligns with the 
principles of the Ottawa Charter that communicating 
important health information is necessary to empower 
patients to manage their health [32], and could have 
the secondary benefit of improving the success of con-
tact management [33]. Indeed, in a 2006 cohort study 
in the UK, receipt of written information about hepa-
titis B was positively associated with infants born to 
HBsAg-positive mothers completing hepatitis B vacci-
nation [34].

This issue is not limited to Australia. In Europe there is 
geographical variation in the prevalence of HBV infec-
tion given the mixture of countries with medium and 
low HBsAg prevalence [22,35]. Furthermore, an increas-
ing number of immigrants to Europe, often from highly 
endemic countries, is changing the hepatitis B epide-
miology in low endemic countries [35]. In 2009, a sur-
vey of 25 European Union Member States plus Norway 
and Iceland revealed that 20 had universal hepatitis B 
vaccination programmes in addition to targeting spe-
cific risk groups, while seven countries maintained 
hepatitis B vaccine for risk groups only [36]. Close 
family contacts of CHB cases were included in the risk 
groups in 18 of the 20 countries with routine immuni-
sation and in all seven countries with selective immu-
nisation programmes. Only 10 of 17 countries reported 
that vaccine was free to all people at increased risk by 
lifestyle, which included household contacts [36]. The 
experience in Australia suggests that the implementa-
tion of these targeted vaccination policies may need 
evaluation. 

In conclusion, the findings from our study suggest that 
the vaccination of adult household contacts of CHB 
patients is inadequate. Although child contacts born 
in Australia were more likely to be fully immunised, 
this was largely due to the national immunisation 

programme. Our findings suggest that barriers to con-
tact tracing include a lack of patient knowledge regard-
ing CHB, limited awareness on the part of doctors of 
the funded vaccine, and limited capacity of individual 
doctors to organise systematic follow up of patients’ 
contacts. Although more information is needed about 
the uptake of, and barriers to, screening and vaccina-
tion of contacts of patients with CHB in Victoria, we 
believe that information from this study should inform 
policy and programme considerations. There is evi-
dence that active contact tracing for CHB patients can 
result in high participation rates in at-risk populations 
and that contact tracing is not always integrated into 
the core business of general practice. Improved com-
munication from the health department directly to CHB 
patients, better targeted screening, and integrated 
contact tracing programmes will be vital to tackling the 
growing burden of complications from CHB in Australia. 
These findings are relevant to other countries with high 
net migration from areas with medium to high HBsAg 
prevalence.
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Emergence of carbapenemase-producing Entero-
bacteriaceae (CPE) is currently a major public health 
concern worldwide. This study showed that 53 epi-
sodes of CPE infection or colonisation have been 
notified by French healthcare facilities since 2004. 
A sharp increase in the number of notifications was 
observed in the last three years. Oxacillinase (OXA)-
48 and Klebsiella pneumoniae carbapenemase (KPC) 
beta-lactamases were the most frequent enzymes 
reported in these episodes. The index cases in most 
episodes were patients with a history of hospitalisa-
tion abroad within the previous year. Around a third 
of the episodes (n=18) led to secondary transmission 
in hospitals but most of them were controlled due 
to reinforced measures. Reinforcement of screening 
and control measures at national level when there is 
cross-border transfer of patients, along with overall 
reinforcement of infection control and antimicrobial 
stewardship worldwide, is urgently needed to contain 
the spread of CPE.

Introduction 
As Enterobacteriaceae become increasingly resistant 
to antibiotics, carbapenems are among the few last-
line drugs available for therapy against serious infec-
tions, such as pyelonephritis or bacteraemia, caused 
by multidrug-resistant strains, particularly those 
expressing extended-spectrum beta-lactamases. 
Resistance to carbapenems, resulting from carbapene-
mases, reduces the possibility of treating infections of 
multidrug-resistant strains. Carbapenemase-producing 
Enterobacteriaceae (CPE) have been reported increas-
ingly worldwide and are becoming a major clinical and 
public health concern, as they constitute the last step 
towards a therapeutic dead end.

Carbapenemases belong to three molecular classes of 
beta-lactamases (A, B and D). Chromosome-encoded 
class A carbapenemases were first reported in 1994 
[1]. The first plasmid-encoded class A carbapenemase, 
Klebsiella pneumoniae carbapenemase (KPC), was dis-
covered in 1996 and reported for the first time in 2001 

from the United States in a K. pneumoniae clinical iso-
late [2]. Since then, KPC-producing isolates have spread 
worldwide, notably in Greece and Israel, where they are 
now endemic [3,4]. The metallo-beta-lactamases (class 
B), such as Verona integron-encoded metallo-beta-
lactamase (VIM) and imipenemase (IMP), are currently 
prevalent in Greece, Italy, Japan and Spain. Belonging 
to the same class, New Dehli metallo-beta-lactamase 
(NDM)-1 has recently emerged in India, Pakistan and 
the United Kingdom [5,6]. NDM-1 represents a seri-
ous threat of rapid dissemination of multiple antibi-
otic resistance since the majority of NDM 1-producing 
Enterobacteriaceae have been reported to remain sus-
ceptible only to colistin and tigecycline [5]. The first of 
the class D beta-lactamases with carbapenemase activ-
ity was described in 1995 [1]. Among this class, oxacil-
linase (OXA)-48, which was discovered in a clinical K. 
pneumoniae isolate in 2004, has been identified mostly 
in Mediterranean countries, especially Turkey [1,7].

In France, resistance of Enterobacteriaceae to carbap-
enems remains uncommon. According to data from 
the European Antimicrobial Resistance Surveillance 
Network (EARS-Net), the proportion of carbapenem-
resistant strains among strains isolated from patients 
with invasive infections in 2009 was 0.03% (2 of 7,731) 
for Escherichia coli and 0.16% (2 of 1,268) for K. pneu-
moniae [8]. However, CPE isolates have already been 
described in France and were involved in sporadic 
cases or limited outbreaks [3,9-15].

Since 2001, a national Healthcare-Associated Infections 
Early Warning and Response System (HAI-EWRS) has 
been implemented in France to quickly detect unusual 
and emerging events in hospitals, promote outbreak 
investigations and implement control measures [16]. 
Healthcare facilities are mandatorily obliged to notify 
such events to interregional infection control coordi-
nating centres (CClins), so they can receive technical 
assistance and to regional health authorities for the 
follow up of control measures. Notifications are then 
forwarded to the French Institute for Public Health 
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Surveillance (Institut de Veille Sanitaire, InVS) for 
second-line assistance and the monitoring of trends. 
For microbiological expertise, healthcare facilities can 
rely on a network of national reference centres (NRCs), 
funded and coordinated by InVS [17] or expert labora-
tories located in major university hospitals or research 
centres. 

The objectives of this study were to review, quan-
tify and describe the characteristics of CPE episodes 
reported to InVS during February 2004 (when the first 
CPE cases were notified) to 11 April 2011. 

Methods

Definitions
We defined a case as a patient infected or colonised 
by a CPE that was confirmed by a reference or expert 
laboratory. The clinical diagnosis of infection or colo-
nisation was made by the physician in charge of the 
patient.

An episode was defined as one sporadic case or sev-
eral cases related by an identified chain of transmis-
sion. A chain of transmission was established between 
two or more cases if they had been in contact, i.e. they 
shared the same healthcare workers (nurse, auxiliary 
staff or physician).

Epidemiological investigation
We included all the episodes that were notified by 
healthcare facilities through the French HAI-EWRS. 
We also included other episodes that were retrospec-
tively identified through a survey of French micro-
biologists known to have an interest and expertise in 
Enterobacteriaceae beta-lactamases, conducted by 
InVS by email in August 2010. Follow-up data on each 

notified episode were provided to InVS by CClins or 
laboratories. 

For each episode, we documented the patients’ demo-
graphic characteristics, number of infected or colo-
nised patients, site of infection/colonisation, number 
of reported deaths, bacterial species, types of carbap-
enemase (as identified by the Antimicrobial Resistance 
NRC, based at the Institut Pasteur in Paris, or expert 
laboratories), existence of an epidemiological link 
between the index case and a foreign country, name of 
this country and the nature of the link (previous stay or 
hospitalisation abroad within one year of hospitalisa-
tion in France).

Microbiological investigations
Antibiotic susceptibility was tested by disc diffusion 
on Mueller-Hinton agar according to standards of the 
Antibiogram Committee of the French Microbiology 
Society [18]. 

In carbapenem-resistant strains, carbapenemase pro-
duction was detected using Hodge test, and synergy 
test between carbapenems and ethylenediamine-
tetraacetic acid (EDTA) (for class B metallo beta-lacta-
mases) or clavulanic acid (for class A beta-lactamases) 
[19]. The genes encoding carbapenemases were identi-
fied by the Antimicrobial Resistance NRC or 13 expert 
laboratories using PCR and sequencing of the ampli-
fied product [20]. In every PCR analysis, a positive 
control strain was included. All expert laboratories 
were located in major university hospitals or research 
centres and were involved in external quality assess-
ment at the national level (through the French Health 
Products Safety Agency, Afssaps) or international level 
(through EARS-Net). The Antimicrobial Resistance NRC 
follows Institut Pasteur quality control policies.

Figure
Monthly number of episodes of carbapenemase-producing Enterobacteriaceae infection or colonisation, France,  
1 January 2004–11 April 2011 (n=53)
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Results

Number and location of CPE episodes
The first reported CPE episode occurred in France in 
February 2004 [12]. The yearly number of episodes 
remained low (1–3 episodes) until 2009, when a 
sharp increase was observed: 6, 26 and 13 episodes 
in 2009, 2010 and the first four months of 2011, 
respectively (Figure). A total of 53 CPE episodes were 
identified in France between February 2004 and April 
2011, most of which (n=50) were reported through the 
HAI-EWRS.

These 53 episodes were reported in the following areas 
of France: Paris and the north of the country (n=36), 
south-east (n=8), east (n=4), west (n=3) and south-
west (n=2).

Bacteria and resistance mechanisms
The CPE that were reported were mainly K. pneu-
moniae (n=33 episodes), but also E. coli (n=14), 
Enterobacter cloacae (n=6), Enterobacter aerogenes 
(n=3), Citrobacter freundii (n=2), Serratia marcescens 
(n=1) or Proteus mirabilis (n=1). Two or three species of 
Enterobacteriaceae were isolated in six episodes. 

The carbapenemases involved in the 53 episodes were 
OXA-48 (n=23), KPC (n=16), VIM (n=6), NDM-1 (n=7) 
and VIM plus IMP (n=1) (Table 1). 

Epidemiological description 
of the CPE episodes
The 53 episodes accounted for a total of 169 cases, 
comprising 52 infections and 112 colonisations (data 
available for 164 cases). Among the 169 cases, 43 
deaths were reported, giving an estimated crude 
lethality rate (deaths of all cases, whether infected or 
colonised) of 25%.

Of the 53 episodes, 36 included a single, sporadic 
case. Secondary cases were reported in 18 episodes: 
the total number of cases in these 18 episodes ranged 
from 2 (in six episodes) to 32 (one episode). The mean 
number of cases by cluster was seven (median: four 
cases).

A total of 54 index cases were identified. In one epi-
sode, two co-index cases (two members of the same 
family repatriated at the same time) were reported. Of 
the 54 index cases with available information, 37 were 
found to be colonised, at least at one site: digestive 
tract (n=27 episodes), urinary tract (n=5), skin (n=2), 
respiratory tract (n=3) abdominal tract (n=1) or gynae-
cological tract (n=1). A total of 16 were infected at least 
at one site: urinary tract (n=6), respiratory tract (n=3), 
abdominal or gastrointestinal tract (n=5), bloodstream 
(n=3) and skin or soft tissue (n=1). The clinical diag-
nosis of infection or colonisation was not available for 
one index case and the clinical site was not available 
for two colonised and one infected index cases.

Episodes of particular importance
Several episodes were of particular importance, con-
sidering their impact on healthcare activities. In 2004, 
an outbreak of eight cases with VIM-1-producing K. 
pneumoniae (including five infections) occurred after 
the transfer of a patient from a Greek hospital. This out-
break, which lasted six months, was finally controlled 
after implementation of extended control and screen-
ing measures and led to the screening of 277 contact-
patients [9,12]. In 2009, 13 cases with KPC-producing 
K. pneumoniae (two infections) were associated with 
a contaminated endoscope and transmission from 
patient to patient during healthcare in three hospitals. 
Controlling this outbreak also required implementation 
of extended control and screening measures and led to 

Table 1
Bacterial species and carbapenemase type in 53 episodes of carbapenemase-producing Enterobacteriaceae infection or 
colonisation, France, 1 January 2004–11 April 2011

Bacterial species
Number of episodes by type of carbapenemase

TotalOXA-48 KPC NDM-1 VIM VIM and IMP

Klebsiella pneumoniae 12 14 3 4 0 33

Escherichia coli 9 1 3 1 0 14

Enterobacter cloacae  4 1 0 1 0 6

Enterobacter aerogenes  2 0 0 0 1 3

Citrobacter freundii 1 0 1 0 0 2

Proteus mirabilis 0 0 1 0 0 1

Serratia marcescens 1 0 0 0 0 1

Total 23a 16 7b 6 1 53c

IMP: imipenemase; KPC: Klebsiella pneumoniae carbapenemase; NDM: New Dehli metallo-beta-lactamase: OXA: oxacillinase; VIM: Verona 
integron-encoded metallo-beta-lactamase.
a OXA-48 was involved in four episodes with two bacterial species and in one episode with three species.
b NDM-1 was involved in one episode with two bacterial species isolated from patients with a possible epidemiological link.
c Five episodes involved two species with the same carbapenemase and one episode involved three species with the same carbapenemase.
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the screening of 341 contact-patients in five healthcare 
facilities. The index case was a patient transferred from 
Greece [14,21]. In 2010, an outbreak of 13 cases with 
OXA-48-producing K. pneumoniae (seven infections) 
led to the screening of more than 280 contact-patients 
in 15 healthcare facilities. Interestingly, the index case 
in this episode did not report any travel abroad [22]. 
In addition, an ongoing episode of OXA-48-producing 
K. pneumoniae, which was notified in November 2010, 
has included 32 cases (infections or colonisations) to 
date and has led to the screening of contact-patients in 
more than 10 healthcare facilities.

Seven episodes were associated with NDM-1-mediated 
carbapenem-resistance: five were reported in 2010 
and two during the first three months of 2011. In 
these seven episodes, there were six index cases 
who reported travel within the previous year to India 
and one to Iraq [23-25]. Five were hospitalised abroad 
before their transfer to a French hospital. Two lived in 
India and had received healthcare in France, but had 
no reported hospitalisation in India within the previous 
year. Nine cases were associated with these episodes; 
the bacterial species involved are reported in Table 1. 
No deaths were reported. 

Association with cross-border transfer
Of the 53 episodes, 42 were associated with cross-
border transfers: the index cases had been transferred 
directly from a foreign hospital to a French hospital 
(n=27 episodes), or had been hospitalised in a foreign 
hospital a few days (n=1), a few weeks (n=1), between 
one and six months (n=4) or one year (n=1) before their 
hospitalisation in France. In three additional episodes, 
the index cases lived abroad and had no reported 

hospitalisation in the previous year (two of the index 
cases were colonised; the other was infected). In the 
other five episodes, the index cases had spent weeks 
or months in a foreign country before their hospitalisa-
tion in France, but without any reported hospitalisation 
abroad. These five index cases were colonised.

In the 42 episodes associated with cross-border trans-
fers, the countries where index cases had travelled, 
been hospitalised or had lived were Greece (n=14 epi-
sodes), Morocco (n=7), India (n=6), Italy (n=4), Algeria 
(n=3), Tunisia (n=2), Egypt (n=2), Turkey (n=2), United 
States (n=1) and Iraq (n=1). Of the 14 episodes involv-
ing cross-border transfer with North Africa (Morocco, 
Algeria, Tunisia and Egypt), 12 were associated with 
OXA-48-producing bacteria (Table 2).

In 11 of the 53 episodes, the index cases had not trav-
elled, been hospitalised or lived in a foreign country, 
before their hospitalisation in France. Among these 
index cases, one was reported from Réunion. The 
majority of these episodes (n=9) were associated with 
OXA-48 carbapenemase (Table 2).

Discussion and conclusion
Although national surveillance data demonstrate that 
Enterobacteriaceae resistance to carbapenems remains 
rare in France, our study, based on HAI-EWRS notifi-
cations and a survey among French microbiologists, 
strongly suggests that CPE are emerging in French 
healthcare facilities and have an important impact on 
the organisation of health care. It also demonstrates 
the ability of the French HAI-EWRS to detect unusual 
and emerging events in hospitals, since a large major-
ity of CPE episodes have been reported through this 

Table 2
Carbapenemase type in 53 episodes of carbapenemase-producing Enterobacteriaceae infection or colonisation, France,  
1 January 2004–11 April 2011, by country where index cases had been hospitalised or stayed abroad

IMP: imipenemase; KPC: Klebsiella pneumoniae carbapenemase; NDM: New Dehli metallo-beta-lactamase: OXA: oxacillinase; VIM: Verona 
integron-encoded metallo-beta-lactamase.
a The years in parentheses are the year the first case in this study was reported.

Country
Number of episodesa by type of carbapenemase 

Total
OXA-48 KPC NDM-1 VIM VIM and IMP

Greece 0 11 (2007) 0 3 (2004) 0 14

Morocco 7 (2010) 0 0 0 0 7

India 0 0 6 (2010) 0 0 6

Italy 0 2 (2010) 0 2 (2008) 0 4

Algeria 1 (2010) 1 (2010) 0 1 (2008) 0 3

Tunisia 2 (2011) 0 0 0 0 2

Egypt 2 (2009) 0 0 0 0 2

Turkey 2 (2010) 0 0 0 0 2

Iraq 0 0 1 (2010) 0 0 1

United States 0 1 (2006) 0 0 0 1

No stay or hospitalisation 
abroad reported 9 (2010) 1 (2010) 0 0 1 (2004) 11

Total 23 16 7 6 1 53
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system. The effectiveness of HAI-EWRS has also been 
demonstrated with other emerging pathogens in the 
recent past [26-28].

In this survey of CPE episodes notified in France, most 
of the reported episodes comprised sporadic cases 
and were related to cross-border transfer, mainly 
after hospitalisation in countries abroad where CPE 
are endemic. OXA-48 was the most frequent type of 
carbapenemase and was often associated with index 
cases who had been previously hospitalised in North 
Africa and Turkey. The second most frequent carbapen-
emase was KPC, which was often associated with index 
cases previously hospitalised in Greece. The types 
of carbapenemase observed by country of origin for 
index cases are highly consistent with those previously 
described in these countries: NDM-1 in the Indian sub-
continent [5,23], KPC notably in Greece and the United 
States [3,4], OXA-48 in Turkey [29,30], Tunisia [31] and 
Morocco [32]. In Greece, the proportion of carbapenem-
resistant strains among K. pneumoniae increased from 
27.8% to 43.5% during 2005 to 2009 [8]. Interestingly, 
the origin of index cases was also highly consistent 
with population migration routes and countries most 
frequently visited by French tourists [33].

As cross-border transfer and globalisation are major 
trends in the world today, awareness of the risk of 
spread of multidrug resistance, such as carbapeme-
nase-mediated resistance of Enterobacteriaceae by 
cross-border transfer of patients, needs to be empha-
sised. Furthermore, appropriate control measures need 
to be strongly reinforced in countries where carbepen-
emase-producing Enterobacteriaceae are endemic 
[34,35]. In addition, in order to prevent or to delay 
emergence of carbapenemase-mediated resistance 
in countries with low prevalence, such as France, it is 
essential to rapidly identify CPE by screening carriers 
among patients transferred from hospitals in countries 
with high prevalence of these organisms and to imple-
ment adequate control measures.

In response to the trends observed, the French 
Healthcare Safety Advisory Committee issued in 2010 
national recommendations for screening and presump-
tive isolation with contact precautions of patients 
transferred from or hospitalised abroad. These recom-
mendations target two multidrug-resistant pathogens 
with a low prevalence in France (vancomycin-resistant 
enterococci, VRE, and CPE). Healthcare facilities are 
requested to notify immediately CClins and regional 
health authorities about any suspected episodes of 
VRE or CPE infection/colonisation and laboratories 
should send strains to the Antimicrobial Resistance 
NRC or an expert laboratory for confirmation [36]. If a 
case is confirmed, adequate control measures should 
be rapidly implemented: reinforcement of standard and 
contact precautions, contact tracing and cohorting of 
patients into three distinct sectors (one for cases, one 
for contact-patients and one for newly admitted VRE- 
or CPE-free patients) [36,37]. Such a strict strategy of 

cohorting patients – which had been developed and 
field-tested in healthcare facilities that experienced 
the first CPE outbreaks and was later disseminated 
through national recommendations – has limited the 
number of secondary cases and has led to the control 
of CPE outbreaks [9,21]. 

In 11 of the 53 reported episodes, the index cases had 
not crossed any border. Nine of the 11 were due to 
OXA-48 carbapenemase. Although a chain of transmis-
sion resulting from contact with an unknown traveller 
from abroad could have been missed, the beginning of 
autochthonous circulation of CPE in France cannot be 
excluded. Almost all of these 11 episodes (n=10) have 
been reported since 2010: this recent trend empha-
sises the need for sustained vigilance when carbap-
enem resistance is suspected in Enterobacteriaceae 
isolated from any patient. Moreover, it also under-
lines the need for better antimicrobial stewardship in 
France. In French healthcare facilities, carbapenem 
consumption increased from 2.0 defined daily doses 
per 1,000 bed-days in 1999 to 4.8 per 1,000 in 2009 (P. 
Cavalié, Afssaps, personal communication, November 
2010) and is most probably related to the spread of 
Enterobacteriaceae producing extended-spectrum 
beta-lactamases [8]. 

Our study has some limitations. First, the complete-
ness of reporting cannot be guaranteed since (i) all 
French healthcare facilities do not have the capac-
ity to identify patients with CPE and should therefore 
rely on the help of the Antimicrobial Resistance NRC 
or an expert laboratory, (ii) some healthcare facilities 
may not report them (despite reporting being manda-
tory and strongly encouraged) and (iii) data collected 
through HAI-EWRS could be incomplete. Conversely, 
recent emphasis on CPE in the scientific literature, 
national recommendations and media reports could 
have triggered better reporting and may partly explain 
the sharp increase in the number of reported episodes 
observed in 2010. 

Second, the impact of CPE on patients’ morbidity or 
mortality is difficult to assess. The crude mortality 
rate of cases in this study was high, as was reported 
in outbreaks with extended-spectrum beta-lactamase-
producing Enterobacteriaceae [38,39]. However, crude 
estimates of lethality are not easy to interpret because 
of the difficulties in ascertaining retrospectively the 
cause of deaths in patients with multiple pathologies, 
and as it is not known whether the patients who died 
had been infected or colonised.

Last, six episodes involved more than one bacteria 
species with the same resistance mechanism, but no 
microbiological data were available that could account 
for this. Such bacteria could have been identified 
among the same or different patients and, as reported 
previously, interspecies transmission of carbapen-
emase genes by transposons or by self-transferable 
plasmids could have occurred [40]. 
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Improving coordination between the Antimicrobial 
Resistance NRC and expert laboratories, healthcare 
facilities and InVS in the surveillance of CPE should 
allow episodes to be better documented, future trends 
to be monitored and the impact of current national  
recommendations to be assessed. 

In conclusion, emergence of CPE in France, Europe 
and worldwide is nowadays a major medical and pub-
lic health concern because it may lead to therapeutic 
dead-ends. The French HAI-EWRS demonstrated to be 
an effective tool to detect and monitor CPE emergence 
and to promote adequate recommendations for control. 
To date, most of episodes reported in France have been 
associated with a sporadic case who had been hospi-
talised, had travelled or had lived in foreign countries 
where CPE are prevalent.

The need to contain CPE emergence in France justifies 
reinforcing control measures when there is cross-bor-
der transfer. However, such measures might have a lim-
ited impact in the long term if no similar measures are 
implemented to control the sources abroad. Increasing 
laboratories’ capacities, infection control and anti-
microbial stewardship at a global level is therefore 
urgently needed for a successful fight against this new 
type of antimicrobial resistance.
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A prospective infection surveillance study was carried 
out among residents of seven nursing homes in and 
around Berlin, Germany, from October 2008 to August 
2009. A considerable number of infections were found 
to occur in clusters. Active surveillance was carried 
out using pre-established case definitions of infec-
tions in nursing homes (McGeer criteria). Case finding 
was based on routine nursing files. Infection rates were 
calculated per 1,000 resident days. Clusters were iden-
tified using a pre-established definition. In total 511 res-
idents were observed during 74,626 resident days (rd), 
and 393 infections occurred in 243 participants, giving 
an overall incidence of infection of 5.3 per 1,000 rd. The 
most common infections were gastrointestinal infec-
tions (n=122; 1.6/1,000 rd), acute respiratory disease 
(n=86; 1.2/1,000 rd) and urinary tract infections (n=71; 
1.0/1,000 rd). Seven clusters involving 74 infections in 
57 residents were observed: three of acute respiratory 
disease, three of acute gastrointestinal disease and 
one of conjunctivitis. Attack rates varied between 11% 
and 61%. Clusters occurred frequently in the observed 
nursing homes and could be detected by infection sur-
veillance based on routine documentation.

Background
Clusters of infectious diseases can have major impact on 
healthcare facilities resulting in increased morbidity and 
mortality [1]. Nursing homes pose unique challenges in 
early cluster identification and control as elderly people 
often present with atypical signs of disease. They are 
also likely to develop a more severe course of disease, 
often requiring hospitalisation [2-4]. Delivery of care can 
be compromised by associated illness and absenteeism 
among staff [5]. We focus here on clusters of acute respi-
ratory disease (ARD) and gastrointestinal disease (GID) 
as these seem to predominate in this setting [1].

Up to 60% of residents can be affected during outbreaks 
in nursing homes [6,7], many of whom develop compli-
cations or suffer functional decline [8]. Case fatality 
rates as high as 30–55% have been observed in clusters 
of ARD [7,9,10]. 

A wide range of viruses have been identified as aetio-
logical agents of ARD in nursing homes [11], including 
influenza viruses, respiratory syncytial virus, rhino-
virus and human metapneumovirus. The spectrum of 
bacteria causing outbreaks of pneumonia in nursing 
homes includes Bordatella pertussis, Streptococcus 
pneumoniae and Legionella pneumophila. Multiple 
routes of transmission have been identified in bacte-
rial outbreaks such as staff-to-resident transmission 
and transmission via contaminated environment. Viral 
outbreaks preceding outbreaks of bacterial pneumonia 
have been described [12], leading to prolonged illness. 

Another common problem among residents of long-
term care facilities is GID [13]. The aetiology of 
diarrhoea and/or vomiting in the elderly may be non-
infectious, a fact that can complicate the detection 
of communicable GID in nursing homes [13]. In infec-
tious GID, viruses frequently are the causative agents, 
most notably norovirus, but also bacterial outbreaks 
of gastrointestinal disease have been reported [14-16]. 
Clostridium difficile seems to play an increasing role 
in diarrhoeal disease in nursing homes and outbreaks 
have been reported [17]. Other infectious diseases 
that have caused outbreaks in long-term care facilities 
include conjunctivitis, scabies and skin infections [1]. 

Prospective surveillance for infections was carried out 
among residents of seven nursing homes in and around 
Berlin. As a considerable number of infections turned 
out to occur in clusters, these clusters are described 
here in more detail, and we estimate their impact on 
total infection rates. 

Methods
In each of seven nursing homes in Germany, a prospec-
tive infection surveillance study was carried out over 
a period of six months between October 2008 and 
August 2009. The nursing homes were situated in or 
near Berlin. The project was introduced during lec-
tures for nursing home personnel responsible for hygi-
enic matters. Interested institutions were included if 
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they fulfilled the following criteria: institutions with a 
majority of elderly (>75 years) permanent residents, for 
whom constant supervision and nursing care are pro-
vided. Specialised facilities (e.g. facilities for mentally 
handicapped residents or for patients needing assisted 
ventilation) were excluded. The study included only 
residents who were in a stable medical condition, did 
not need constant specialised care (e.g. assisted ven-
tilation) and showed no signs of infection at the start 
of the observation period. Residents newly admitted to 
the nursing home during the observation period were 
also asked to participate (open cohort study). 

Data collection and case finding
At the beginning of the study, we collected for all par-
ticipants demographic data, diagnosis of chronic dis-
eases, score on the Braden scale (a multidimensional 
scoring system assessing a person’s functional status 
in order to estimate the risk of developing pressure 
ulcers) and information on currently used medical 
devices such as urinary catheters. 

Infections were identified either by the attending phy-
sician or by abstracting data from nursing files using 
previously described definitions for infection surveil-
lance in long-term care patients  (McGeer criteria) [18]. 
Residents’ charts were reviewed for signs and symp-
toms of infection every second week by two exter-
nal doctors. Antibiotic treatment and microbiological 
results that had been ordered by the attending physi-
cian were documented to further characterise infec-
tions. The study was observational only and no attempt 
was made to influence the routine documentation of 
physicians or nurses.

Cluster analysis 
A cluster was defined as infections of the same type 
according to the applied criteria for infection (McGeer 
criteria) affecting at least 10% of the study population 
within a time span of 21 days. As the case definitions 

of influenza-like illness, bronchitis and pneumonia are 
similar these diagnoses were combined as ARD. 

One cluster of respiratory infections was characterised 
by a high attack rate and case fatality rate. In a ret-
rospective cohort study of that cluster, additional data 
for all residents living in the affected nursing home 
were collected using routine documentation. 

Cases in this cluster were defined as all residents ful-
filling, between 15 December 2008 and 15 February 
2009, the following case definition: two or more of 
the following symptoms: body temperature higher 
than 37.5 °C, acute cough, acute shortness of breath, 
deteriorating mental or functional status. Absenteeism 
among staff was estimated using sick-reports.

Ethical considerations
The regional committee for medical research ethics 
consented to the study. The study did not entail any 
direct contact with patients. Residents or their legal 
guardians had to give informed consent in order to 
participate. 

Statistical analyses
All data were analysed using the statistical programmes 
Epi Info version 3.5.1 and OpenEpi. Incidences of infec-
tion were calculated as the number of infections per 
1,000 resident days (rd), (days that a resident is actu-
ally present in the home and not infected). The 95% 
confidence interval (CI) for infection rates was calcu-
lated using Mid-P exact test with Miettinen’s modifica-
tion as described elsewhere [19]. The odds ratio was 
calculated as described by Martin et al. [20]. 

Results
Seven nursing homes participated in this prospective 
cohort study, all situated in or near Berlin. In total 408 
residents entered the study on day 1. Another 102 resi-
dents were enrolled at various points later during the 

Table 1
Characteristics of facilities and patient cohorts, infection incidence study, Germany, October 2008–August 2009

Nursing home A B C D E F G Total

Period of observation Oct 08– 
Mar 09

Dec 08– 
May 09

Dec 08– 
May 09

Mar 09– 
Aug 09

Mar 09– 
Aug 09

Feb 09– 
Jul 09

Mar 09– 
Aug 09

Oct 08– 
Aug 09

Number of beds 40 28 115 108 56 115 196 658
Number of wards 1 1 3 5 2 3 7 22
Residents day 1 38 28 105 104 54 113 130 572
Bed occupancy rate day 1 (%) 95 100 91 96 96 98 66 87
Participants day 1 38 28 68 61 36 47 130 408
Participation rate day 1 (%) 100 100 65 59 67 42 100 71
Total number of participants 44 36 72 63 36 49 211 511
Resident daysa 6,951 4,691 10,853 10,483 6,541 8,151 26,956 74,626
Deaths during study 6 9 15 7 1 4 37 79
Termination of study due to other reasons 1 0 1 1 0 1 6 9

a Days on which a resident is present in the nursing home and not infected.
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study. Seventy-nine of the 506 participating residents 
died during the study and nine moved away from their 
nursing home. Data about the facilities are presented 
in Table 1. In one nursing home (G) medical care was 
provided by one physician based in the facility. In the 
remaining nursing homes medical care was provided 
by various community-based general practitioners. 

From October 2008 to August 2009, 511 residents with 
74,626 rd were observed. The mean age of residents 
was 85 years (median 86 years, range 31-104 years), 
and 410 (80%) were female. The median length of stay 
of residents in their respective nursing home was 1.6 
years. Some 134 residents (26%) had diabetes mellitus 
and 62 (12%) of them were insulin-dependant. Thirty-
eight patients (7%) suffered from chronic obstructive 
pulmonary disease. Twenty-eight (5%) had pressure 
sores and 12 (2%) leg ulcers. Thirty-six (7%) had a 
urinary catheter and 20 (4%) an enteral feeding tube. 
Some 314 (61%) of the residents were to some degree 
disoriented in time or space. In total 282 (55%) could 
walk independently, 187 (37%) were dependant on a 
wheelchair and 40 (8%) were bedridden. 

Overall infection rate
A total of 393 infections occurred in 243 participants. 
The overall incidence of infection was 5.3 per 1,000 rd 
(95% CI: 4.77–5.81). Nursing home-specific incidence 
rates varied considerably (range: 3.0–13.4/1,000 rd). 
The most common infections were gastrointestinal 
(n=122; 1.6/1,000 rd; 95% CI: 1.36–1.94), acute respira-
tory disease (n=86; 1.2/1,000 rd; 95% CI: 0.93–1.42), 
urinary tract (n=71; 1.0/1,000 rd; 95% CI: 0.75–1.19), 
viral and bacterial conjunctivitis (n=35; 0.5 /1,000 rd; 
95% CI: 0.32–0.65), common cold (n=27; 0.4/1,000 rd; 
95% CI: 0.24–0.52) and soft tissue infection (n=24; 
0.3/1,000 rd; 95% CI 0.21– 0.47).

Clusters of infection
Seven clusters could be identified in four of the seven 
observed nursing homes (Table 2), three ARD clusters, 
three GID clusters and one of infectious conjunctivitis. 

Clusters of other diseases such as skin infections or 
urinary tract infections could not be identified. 

Six clusters occurred in winter months, five of them 
in January. Attack rates based on case finding using 
McGeer criteria varied between 11% and 60% (Table 
2). The contribution of infections occurring in clusters 
to the overall infection incidence rate was 19%. Some 
31 ARD infections (36%), 38 GID infections (31%) and 
five conjunctivitis infections (14%) occurred in clus-
ters. We systematically recorded the microbiological 
probes ordered by the attending physicians and to our 
knowledge, only one cluster (G-GID) was investigated 
further with microbiological methods. Thirteen GID 
cases occurred in one ward in nursing home G between 
2 and 5 May, and norovirus was identified in the stool 
of three symptomatic residents.   

One cluster of ARD (B-ARD) showed high attack and 
case fatality rates. The population of the affected nurs-
ing home (B) consisted of 29 very old women (mean age 
91 years). They were moderately impaired according to 
the Braden scale (n=21 at low risk), with few underly-
ing diseases. Only one resident had a medical device 
(urinary catheter).  Fifteen nurses and three commu-
nity-based general practitioners provided medical care 
to the residents. All resident rooms were single rooms 
with shower and toilet. 

The first case of respiratory infection among the resi-
dents of nursing home B occurred on 11 January 2009. 
In total, 19 of 29 residents fulfilled the case defini-
tion, all within seven days after onset of disease in 
the index case. The epidemiological curve shows a 
sharp rise of new infections on two subsequent days. 
Six of the affected residents died, all within 10 days 
after presentation of first signs of illness. Seven 
residents had to be hospitalised and another eight 
received systemic antibiotic treatment as prescribed 
by their general practitioner. The cluster stopped 
within seven days without specific control measures. 
To our knowledge no attempt was made to isolate an 
aetiological agent.

Table 2
Time span, type of infection and attack rates for clusters of infections, nursing homes, Germany, October 2008–August 2009

Nursing home Disease First case(date) Last case (date) Number of 
cases 

Number of 
exposed Attack rate

A Acute respiratory disease (A-ARD) 18 Jan 2009 26 Jan 2009 6 38 16%
A Gastrointestinal disease (A-GID) 21 Jan 2009 31 Jan 2009 9 38 24%
B Acute respiratory disease (B-ARD)a 15 Jan 2009 24 Jan 2009 13 28 46%
B Gastrointestinal disease (B-GID)a 17 Jan 2009   8 Feb 2009 17 28 61%
B Conjunctivitis (B-Con) 9 Jan 2009 10 Jan 2009 5 28 18%
C Acute respiratory disease (C-ARD) 10 Jan 2009 26 Jan 2009 12 72 17%
G Gastrointestinal disease (G-GID) 2 May2009   3 May 2009 12 29 41%

a Clusters which were further analysed
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Seventeen of the 29 residents had received seasonal 
influenza immunisation in the autumn of 2008. There 
was no significant difference in the number of cases 
or case fatality rate between the vaccinated and the 
unvaccinated group. No significant risk factor could be 
identified for development of disease. A lower score on 
the Braden scale (i.e. greater functional disability) and 
incontinence were factors significantly associated with 
fatal outcome (Table3).

Concomitantly with this respiratory cluster, a cluster 
of gastrointestinal disease occurred in nursing home 
B, which affected both staff and residents. Overall, 17 
residents were sick and presented primarily with vom-
iting and diarrhoea. Five of the residents affected by 
GID also suffered from ARD.  In addition, seven of 15 
staff members reported sick with ARD or GID during the 
cluster. The first three cases of ARD among staff mem-
bers occurred before the first case among residents. 
No fatal cases occurred among staff members.

Discussion
Although clusters of infections in nursing homes have 
been widely described, the systematic recognition of 
increased rates of certain diseases is hampered by 
the lack of established infection surveillance systems. 
Furthermore, systematic laboratory investigations of 
infections or clusters of infection in the context of pro-
spective infection surveillance studies are rare in this 
setting. When surveilling the population of seven nurs-
ing homes for the development of infections we iden-
tified seven clusters of infections including one with 
high attack rate and mortality. The spectrum of clus-
ters included acute respiratory disease, gastrointes-
tinal disease and conjunctivitis. This is in accordance 
with the patterns described in the published literature 
[1,2,7,11,13,14]. 

Only one cluster of gastrointestinal disease was inves-
tigated microbiologically and norovirus was detected 
in the stool of three symptomatic residents. In this 
nursing home (G), medical care was provided by a 

nursing home-based physician, for whom it may be 
easier to recognise higher rates of infection among the 
residents. 

Due to the high number of affected residents as well as 
the severity of the disease, one outbreak of ARD was 
investigated in more detail. Although no aetiological 
agent was identified, we assume that viral pulmonary 
disease was the most probable cause of the cluster, 
based on the rapid spread of disease, the high case 
fatality rate and the fact that both residents and staff 
members were affected. It can be assumed that the 
very high age of the population (mean age 91 years) 
has contributed to the high mortality rate. As resident-
to-resident contact was limited within the institution, 
staff-to-resident transmission could have been an 
important mode of transmission [21]. As exact infor-
mation concerning start and duration of illness among 
staff members could not be obtained, we were not able 
to fully investigate this question. The cluster was fur-
ther complicated by a concurrent cluster of gastroin-
testinal disease.

Study limitations 
Since any intervention including systematic microbio-
logical analyses was beyond the scope of this study, 
aetiological diagnosis could only be based upon diag-
nostic steps taken by the attending physicians. In 
addition, the evaluation of infection control measures 
during a cluster was beyond the scope of this study. As 
documentation was not standardised and the vigilance 
of nurses was not influenced in an active way infec-
tions with minor symptoms may have been underre-
ported, which may explain the relative low incidence of 
common cold. During clusters staff awareness could be 
higher, resulting in increased reporting and documen-
tation of symptoms. Thus the contribution of clustered 
infections to overall infection rates could have been 
overestimated. Furthermore, inter-facility comparison 
of infection rates cannot be performed because docu-
mentation was not standardised and the periods of 
observation (seasonality) were different. 

Conclusions
Infection surveillance based on routine nursing files 
can detect clusters of infections, enabling staff to 
report them to infection control professionals quickly. 
However, there is need to educate staff at the point of 
care in order to fully take advantage of this possibil-
ity [22,23]. Training should aim at standardising symp-
tom documentation and at the correct evaluation of 
the documentation by designated staff members. In 
our experience the weekly surveillance of nursing files 
takes a few hours and could be performed by a quality 
assurance representative or a nurse in charge of hygi-
enic matters.

Clinical features of infections are often unspecific 
and cannot usually be used to identify aetiology [2]. 
Therefore nursing homes need to have plans in place in 
the event of a cluster including pre-established access 

Table 3
Univariate analysis of risk factors for development of acute 
respiratory disease and fatal outcome, nursing home B, 
Germany, 11–19 January 2009 (n=19)

Disease OR (95% CI) Fatal outcome OR 
(95% CI)

Age ≥90 years 2.1 (0.4–11.0) 3.0 (0.3–88.3)
Disorientated 2.0 (0.4–10.7) 5.3 (0.5–157)
Incontinence 1.4 (0.2, 12.6) 18.5 (1.6–633.6)
High level of care 0.7 (0.1, 3.9) 4.0 (0.4–117.7)
Not able to walk 2.3 (0.2, 65.6) 2.6 (0.2–32.5)
Low Braden Score 1.4 (0.2–12.6) 18.5 (1.6–633.6)
Influenza vaccina-
tion 0.7 (0.1–3.7) 2.2 (0.3–22.8)

CI: confidence interval; OR: odds ratio.
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to rapid laboratory testing for aetiological agents caus-
ing respiratory and gastrointestinal infections as well 
as structures enabling them to quickly initiate appropri-
ate antimicrobial therapies and infection control meas-
ures [24]. Identifying pathogens for gastrointestinal 
disease is important as some pathogens may require 
modification of hygienic standards such as improved 
environmental cleaning in the case of C. difficile, the 
change of antiseptic hand rub in the case of norovirus 
or specific medical treatment [17]. Furthermore, know-
ing the aetiological agent will direct the search for the 
source of an outbreak. 

Control measures are most effective if initiated early 
during the course of an cluster [5,25] and early symp-
tomatic treatment is crucial in the treatment of acute 
respiratory tract infection and severe gastrointestinal 
disease. Thus, active surveillance under real-time con-
ditions is most desirable. As clusters in nursing homes 
can occur throughout the year, continuous vigilance is 
needed, but it may be of additional benefit to intensify 
surveillance during the winter months.
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The fifth European Scientific Conference on Applied 
Infectious Disease Epidemiology (ESCAIDE) will take 
place in Stockholm, Sweden, from 6 to 8 November 2011. 
 
As every year, ESCAIDE 2011 will draw together profes-
sionals from around the world to present and discuss 
developments in infectious disease epidemiology. 
 
The call for abstracts for the conference is now open, 
and abstracts can be submitted via the dedicated 
‘call for abstracts’ portal on the ESCAIDE website  
(http://www.escaide.eu/). The closing date for submis-
sions is 8 July 2011.
 
The conference programme includes planned keynote 
sessions on:

•	  enhancing health and health equality through vac-
cination programmes 

•	  the hospital as an infectious disease amplifier 
•	  parasitic infections of increasing relevance for Europe 
•	  infectious disease control in complex emergency 

situations. 

Selected abstracts will be presented in oral sessions 
covering influenza, tuberculosis, HIV and other infec-
tious diseases, and more general topics related to 
disease identification and intervention, including 
disease outbreak investigation methodology and out-
comes, surveillance, antimicrobial resistance, vaccine 
preventable diseases and methods for microbial iden-
tification. Other accepted abstracts will be presented 
as posters.

The final programme details and conference  
registration instructions will be posted soon 
on the ESCAIDE website. It is expected that 
ESCAIDE 2011 participants can receive Continuing 
Medical Education (CME) credits for attending the 
conference.

For further information, contact: 
escaide.conference@ecdc.europa.eu


