
www.eurosurveillance.org

Vol. 16  |  Weekly issue 31  | 4 August 2011

E u r o p e ’ s  j o u r n a l  o n  i n f e c t i o u s  d i s e a s e  e p i d e m i o l o g y ,  p r e v e n t i o n  a n d  c o n t r o l

Editorials 

Enterohaemorrhagic Escherichia coli O104:H4: are we prepared now?	 2
by AW Friedrich

Rapid communications

Ongoing measles outbreak in Romania, 2011	 4
by A Stanescu, D Janta, E Lupulescu, G Necula, M Lazar, G Molnar, A Pistol

Evidence of enzootic circulation of West Nile virus (Nea Santa-Greece-2010, lineage 2), 
Greece, May to July 2011	 8
by A Chaskopoulou, CI Dovas, SC Chaintoutis, I Bouzalas, G Ara, M Papanastassopoulou

Household transmission of haemolytic uraemic syndrome associated with Escherichia 
coli O104:H4, south-western France, June 2011	 12
by B Aldabe, Y Delmas, G Gault, B Vendrely, B Llanas, M Charron, C Castor, N Ong, FX Weill, P Mariani-
Kurkdjian , F Terrier, M Desjardin, J Simões, B Le Bihan, C Combe, P Rolland

Surveillance and outbreak reports

Secondary transmissions during the outbreak of Shiga toxin-producing Escherichia coli 
O104 in Hesse, Germany, 2011	 15
by AM Hauri, U Götsch, I Strotmann, J Krahn, G Bettge-Weller, HJ Westbrock, O Bellinger, H Upphoff

Review articles

Usutu virus – potential risk of human disease in Europe	 22
by A Vázquez, MA Jiménez-Clavero, L Franco, O Donoso-Mantke, V Sambri, M Niedrig, H Zeller, A Tenorio	



2 www.eurosurveillance.org

Editorials

Enterohaemorrhagic Escherichia coli O104:H4: are we 
prepared now?

A W Friedrich (alex.friedrich@umcg.nl)1

1.	 Department of Medical Microbiology and Infection Control, University Medical Centre Groningen, University of Groningen, the 
Netherlands

Citation style for this article: 
Friedrich AW. Enterohaemorrhagic Escherichia coli O104:H4: are we prepared now? 	
Euro Surveill. 2011;16(31):pii=19938. Available online: http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19938

Article published on 4 August 2011

It is over. The outbreak of the enterohaemorrhagic 
Escherichia coli (EHEC) O104:H4 infection that had 
its major focus in Germany [1] and affected people in 
many other European countries has officially come 
to an end [2]. While the media coverage has been 
decreasing, the scientific community has been work-
ing to understand the reason why this dramatic out-
break occurred. We have learnt that the pathogen 
is not a totally new clone, but is a slight variant of 
a known – although rarely described – EHEC, called 
HUSEC-41 [3] with an extended-spectrum beta-lacta-
mase (ESBL) resistance. Furthermore, the strain car-
ries genes typically found in two types of pathogenic 
E. coli, the enteroaggregative E. coli (EAEC) and EHEC 
[4,5]. It specifically carries the genes for the classi-
cal haemolytic uraemic syndrome (HUS)-associated 
Shiga toxin 2.

Despite the efforts that have been made, major ques-
tions currently remain unanswered, such as why 
women were affected more than men, why the attack 
rate was so high, what the primary source was and 
what the reservoir is, how long people are carriers, 
what the importance of the ESBL resistance is, what 
the infectious dose is for this outbreak strain and what 
the role of secondary transmission is via symptomatic 
or asymptomatic carriers, directly to other persons or 
indirectly via an index source, such as food.

It is known that up to 15% of EHEC cases can be a result 
of secondary transmission arising from household 
contact with people who have sporadic EHEC infec-
tions [6]. In this issue of Eurosurveillance, two articles, 
Aldabe et al. [7] and Hauri et al. [8] report on secondary 
transmission during the EHEC O104:H4 outbreak. The 
first reports on a symptomatic man who transmitted 
EHEC to his wife and young daughter during the EHEC 
O104:H4 infection in France [7]. Interestingly, the EHEC 
that was isolated from the mother apparently lost its 
ESBL resistance, confirming the known mobility of 
plasmids carrying resistance genes. This fact should 
be taken into consideration in diagnostic laboratories 
if ESBL resistance of EHEC O104:H4 is used for primary 
selection of the pathogen from stools without using 

also non-selective enrichment and detection of Shiga 
toxin genes.

The second article [8] illustrates in detail the history 
of six possible household transmissions, two possible 
nosocomial and one possible laboratory transmission 
in the German State of Hesse, where satellite clus-
ters occurred. These cases throw light on three crucial 
issues. First, secondary transmission of EHEC O104:H4 
was shown not to be more frequent than expected. 
Second, the importance of microbiological serotyp-
ing was highlighted, as EHEC of other HUS-associated 
serogoups (O157, O91, and O103) were also identified 
during the outbreak. Serotyping data are rarely avail-
able, due to the need for time-consuming techniques 
usually only carried out in specialised reference labs. 
This shows the need for the development of rapid sero- 
and pathotyping methods for all HUS-associated E. coli 
strains. Third, infection control in hospitalised patients 
with EHEC infection needs specific consideration, as 
does laboratory safety in the handling of EHEC. It is not 
without reason that in most countries of the European 
Union EHEC is classified as a biosafety level (BSL)-3** 
microorganism (but no high-efficiency particulate air 
(HEPA) filter is required).

Both articles illustrate the importance of personal 
hygiene in preventing secondary transmission. In gen-
eral, EHEC does not behave differently to any other 
organism transmitted via the faecal–oral route, but 
our ‘preventive doors’ for such organisms seem to stay 
wide open. We have become used to the fact that hun-
dreds of thousands of Europeans have diarrhoea every 
year and a certain lack of basic hygiene seems to be 
acceptable, as usually nothing very severe happens. We 
often lack time for hand hygiene as we consider it not 
to be of great importance. However, diarrhoea is not a 
normal state. We forget that most enteropathogens are 
less infectious than EHEC or do not lead to such severe 
disease with such social visibility. This brings us to the 
biggest challenge. Circulating highly pathogenic and/
or multiresistant microorganisms can be detected at 
a very early stage, before large outbreaks of disease 
occur. Preventive microbiology is a basis for preventive 
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medical advice and decision-making to protect people 
from infections. In future, European-wide coordina-
tion of preventive microbiology will be crucial for early 
detection of major health threats caused by infec-
tious diseases. Its success will depend on our interna-
tional and interdisciplinary efforts to foster protection 
against infection.

This outbreak is over. Let us get prepared!

References
1.	 Frank C, Werber D, Cramer JP, Askar M, Faber M, an der Heiden 

M, et al. Epidemic profile of Shiga-toxin-producing Escherichia 
coli O104:H4 Outbreak in Germany - preliminary report. N Engl 
J Med. 2011 Jun 22. [Epub ahead of print]

2.	 Robert Koch Institute (RKI).  Informationen zum EHEC/HUS-
Ausbruchsgeschehen – Ende des Ausbruchs [Information 
about the EHEC/HUS-outbreak– end of the outbreak ]. Berlin: 
RKI; 2011. German. Available from: http://www.rki.de/cln_117/
nn_467482/DE/Content/InfAZ/E/EHEC/Info-HUS,templateId=ra
w,property=publicationFile.pdf/Info-HUS.pdf

3.	 Mellmann A, Bielaszewska M, Köck R, Friedrich AW, Fruth A, 
Middendorf B, et al. Analysis of collection of hemolytic uremic 
syndrome-associated enterohemorrhagic Escherichia coli. 
Emerg Infect Dis. 2008;14(8):1287-90.

4.	 Bielaszewska M, Mellmann A, Zhang W, Köck R, Fruth A, 
Bauwens A, et al. Characterisation of the Escherichia coli 
strain associated with an outbreak of haemolytic uraemic 
syndrome in Germany, 2011: a microbiological study. Lancet 
Infect Dis. 2011 Jun 22. [Epub ahead of print]

5.	 Mellmann A, Harmsen D, Cummings CA, Zentz EB, Leopold 
SR, Rico A, et al. Prospective genomic characterization of the 
German enterohemorrhagic Escherichia coli O104:H4 outbreak 
by rapid next generation sequencing technology. PLoS One. 
2011;6(7):e22751.

6.	 Parry SM, Salmon RL. Sporadic STEC O157 infection: 
secondary household transmission in Wales. Emerg Infect Dis. 
1998;4:657-61.

7.	 Aldabe B, Delmas Y, Gault G, Vendrely B, Llanas B, Charron M, 
et al. Household transmission of haemolytic uraemic syndrome 
associated with Escherichia coli O104:H4, south-western 
France, June 2011. Euro Surveill. 2011;16(31):pii=19934. 
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=19934

8.	 Hauri AM, Götsch U, Strotmann I, Krahn J, Bettge-Weller G, 
Westbrock HJ, et al. Secondary transmissions during the 
outbreak of Shiga toxin-producing Escherichia coli O104 in 
Hesse, Germany, 2011. Euro Surveill. 2011;16(31):pii=19937. 
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=19937 



4 www.eurosurveillance.org

Rapid communications

Ongoing measles outbreak in Romania, 2011
A Stanescu (aurora.stanescu@insp.gov.ro)1,2, D Janta1,2, E Lupulescu3, G Necula3, M Lazar3, G Molnar4, A Pistol1,2

1.	 National Institute of Public Health, National Centre for Communicable Diseases Surveillance and Control, Bucharest, Romania
2.	 These authors contributed equally to this work
3.	 National Institute of Research and Development for Microbiology and Immunology ‘Cantacuzino’ – National Reference 

Laboratory for Measles and Rubella, Bucharest, Romania
4.	 Ministry of Health, Bucharest, Romania

Citation style for this article: 
Stanescu A, Janta D, Lupulescu E, Necula G, Lazar M, Molnar G, Pistol A. Ongoing measles outbreak in Romania, 2011. Euro Surveill. 2011;16(31):pii=19932. Available 
online: http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19932. 	
Euro Surveill. 2011;16(31):pii=19932. Available online: http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19932

Article published on 4 August 2011

Since January 2011 Romania has been experiencing 
a measles outbreak with 2,072 cases notified in 29 
of the 42 Romanian districts. Most cases occurred in 
the north-western part of the country among unvacci-
nated children with the highest number of cases (893 
cases) registered in children aged one to four years. 
This report underlines once more the need for addi-
tional measures targeting susceptible populations to 
achieve high vaccination coverage with two doses of 
measles-mumps-rubella vaccine.

Between January and June 2011, 2,072 measles cases 
were notified in 29 of the 42 Romanian districts with 
most cases registered in the north-western part of the 
country mainly among unvaccinated children. No mea-
sles-related deaths have so far been notified in 2011.

An outbreak of measles was first noticed in late August 
2010 in the north-eastern part of Romania [1] and by 
the end of the year, 193 cases were registered in the 
whole country.

Measles is a statutorily notifiable disease since 1978 
in Romania, and medical practitioners have to imme-
diately report all suspected measles cases to the local 
public health authorities. At national level, the National 
Centre for Communicable Diseases Surveillance and 
Control in Bucharest collects and analyses all notifi-
cations of measles cases. National case-based notifi-
cation was initiated in 1999 and the European Union 
(EU) case definition and case classification have been 
adopted since 2005 [2].

The monovalent measles-containing vaccine was intro-
duced in 1979 in the Romanian immunisation schedule 
for children aged 9-11 months. In 1994, the second 
measles vaccine dose was introduced for children aged 
between six and seven years (first school grade). The 
combined measles-mumps–rubella (MMR) vaccine 
replaced the monovalent measles vaccine in 2004 and 
was recommended as a first dose for children aged 
12-15 months. The second MMR vaccine has been rec-
ommended for children aged between six and seven 
years since October 2005.

Between 2000 and 2008 the national measles vacci-
nation coverage for children aged between 18 and 24 
months with the first dose of measles-containing vac-
cine was estimated at 97%-98% and for children aged 
seven years, the vaccination coverage with the second 
dose of measles-containing vaccine was estimated at 
96%-98% [3]. In the last two years a constant decrease 
could be noticed in the measles vaccination coverage 
for children aged 12 months. According to the vaccina-
tion coverage reports, in 2009, the coverage for the 
first MMR vaccine dose was 85.1% (95% CI: 82.4–87.8) 
at the age of 12 months and reached the target of 
95% (95% CI: 93.4–95.8) coverage for children aged 
18 months. A high number of children remain unvac-
cinated not only in the hard-to-reach communities but 
also in the general population, due to parental refusal 
and scepticism regarding the benefits of the vaccina-
tion. Vaccination coverage for the second dose of MMR 
vaccine is reported every year by the school medical 
staff to the local health authorities after the school 
vaccination campaign. In 2010, the reported coverage 
for the second dose of measles-containing vaccine, 
calculated using the number of doses administrated 
divided by the total number of eligible children aged 
seven years was 93.4% (95% CI: 90.7–95.0).  

Here we report an ongoing measles outbreak in 
Romania by analysing measles data available from 1 
January to 30 June 2011. Descriptive analysis was per-
formed using the national surveillance standardised 
form sent by the public health authorities of each dis-
trict to the National Centre for Communicable Diseases 
Surveillance and Control.

Outbreak description
From the beginning of 2011 until 30 June, a total number 
of 2,072 measles cases were notified by the local pub-
lic health authorities. The highest number of cases was 
registered among children aged between one and four 
years (893 cases), followed by the five-nine year-olds 
(445 cases) and the infants under one year of age (303 
cases). Among the 10-14 year-olds there were 189 cases 
identified, 150 cases in those aged 20 years and above 
and 92 cases were registered among adolescents aged 
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between 15 and 19 years. Among the total number of 
cases, approximately half occurred in hard-to-reach 
communities. The monthly incidence increased from 
131 cases registered in January to a peak of 515 cases 
in May, and decreased in June when the number of noti-
fied cases was 437 (Figure 1).

The laboratory confirmation was performed by detect-
ing measles IgM antibodies in serum samples. Due to 
many local outbreaks, the laboratory confirmation was 
performed only in some of the first cases identified in 
a particular area until D4 genotype was confirmed. For 
those cases with clear epidemiological link with the 
outbreak, the epidemiological confirmation criteria 
were used.

Of the 2,072 notified measles cases, 898 were lab-
oratory-confirmed, 1,161 were probable cases with 

documented epidemiological link and 13 were clinical 
measles cases for whom sera could not be obtained 
due to parental refusal.
  
RT-PCR techniques to detect measles virus nucleic acid 
were also used to confirm the first cases from some 
affected districts. Twelve viruses were genotyped by a 
nested RT-PCR reaction which targeted a 450 nt region 
at the C-terminus of the N protein (Nc region). All of 
them belonged to D4 genotype currently circulating in 
Europe [4].

Measles spread in 29 districts (including Bucharest) of 
a total of 42 and the geographical distribution shows 
a concentration of measles cases in the north-western 
part of the country (Figure 2).

Of the total number of 2,072 measles cases, 800 
(38.6%) presented complications: 582 (72.8%) cases 
developed pneumonia, 203 (25.4%) diarrhoea, eight 
(1%) malnutrition, five (0.62%) convulsions and two 
(0.25%) encephalitis.

The median age was three years (range: three weeks 
– 43 years). The highest incidence (138.4 per 100,000 
population) was in infants not eligible for vaccination 
(under one year of age), followed by the one to four 
year-olds (103.4 per 100,000 population) and the five 
to nine year-olds (42.3 per 100,000 population) (Figure 
3). For the older age groups the incidence ranged 
between 17.1 per 100,000 population and 1.8 per 
100,000 population.

Figure 2
Distribution of notified measles cases, Romania, 1 January–30 June 2011 (n=2,072 cases)
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Figure 1
Monthly incidence of notified measles cases, Romania,  
1 January–30 June 2011 (n=2,072 cases)
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Most cases occurred among unvaccinated children rep-
resenting 72.8% from the total number of cases reg-
istered during period mentioned above. Of these, only 
19.8% were not eligible for MMR vaccination due to 
their age (under 12 months) (Figure 4).

Control measures
Several control measures have been implemented by 
the local health authorities in their efforts to stop this 
outbreak. An additional MMR vaccination campaign 
started in the affected areas targeting all children aged 
between seven months and seven years, irrespective 
of their measles vaccination status. Nevertheless, no 
change has yet been foreseen in the national immu-
nisation schedule regarding the administration of the 
first dose of MMR vaccine. The MMR vaccine is sup-
plied by the Ministry of Health and is offered free of 
charge through the routine immunisation services 
(family doctors) and special outreach teams. As of 30 
June 2011, 4,500 children have been vaccinated with 

measles-containing vaccine, following this additional 
vaccination campaign. Active case finding was initiated 
by general practitioners in the areas most affected by 
the outbreak, as well as contact-tracing in hospitals 
and in the community. Other activities such as meet-
ings with local public health representatives were 
undertaken by the national public health authorities in 
order to increase awareness on the ongoing outbreak 
not only among physicians but also in the general 
population.

Discussion and conclusions
In Romania, the measles incidence dropped from 16.3 
and 1.6 per 100,000 population in 2006–2007 respec-
tively, to less than 0.1 per 100,000 population in 2008–
2009 [5-7].

Despite the high national immunisation coverage with 
MMR vaccine reported during the last 10 years, this 
outbreak highlights the presence of pockets of indi-
viduals vulnerable to measles and particularly those 
members of hard-to-reach communities but not only. 
We observed that more parents, even among highly 
educated persons, lost their confidence in vaccination 
benefits for their children and this became an impor-
tant problem that needs to be addressed. The current 
measles outbreak in Romania and in other European 
countries reveal the need for increased awareness on 
the declining confidence that people have in vaccina-
tion benefits for their children and for public health 
intervention focused in hard-to-reach communities. In 
addition, after the pandemic influenza A(H1N1)2009, a 
constant scepticism and refusal regarding vaccination 
in general could be noticed, not only in hard-to-reach 
communities, but also in the general population.
In areas and communities where vaccine coverage 
remains sub-optimum, large cohorts of susceptible 
people accumulate and represent a potential for large 
outbreaks. The large proportion of cases observed 
in infants suggests an intensely circulating measles 
virus [7].
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Figure 4
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A West Nile virus (WNV) surveillance network includ-
ing sentinel chickens was deployed in Thessaloniki 
county, Greece, from May to July 2011. For the first time 
in summer 2011, a chicken WNV isolate from 6 July was 
molecularly identified. The partial NS3 sequence was 
identical to that of the Nea Santa-Greece-2010 WNV 
lineage 2, detected in central Macedonia in 2010. This 
suggests that WNV is actively circulating in central 
Macedonia and that it may have overwintered in north-
ern Greece.

During 2010, Greece underwent the second largest 
West Nile virus (WNV) epidemic in Europe in the last 
two decades with 262 clinical human cases and 35 
fatalities [1]. WNV lineage 2 was identified in two pools 
of Culex mosquitoes (Nea Santa-Greece-2010 virus) [2] 
and in wild birds [3] that were sampled during the epi-
demic season of 2010 from areas in close proximity to 
human cases.
No active vector and arbovirus surveillance system 
was in place in Greece before the epidemic in 2010. 
We initiated a monitoring programme in 2011, from 
May to November, in order to understand subsequent 
transmission, to document virus activity, and to bet-
ter assess the relative importance of vector species. A 
small scale mosquito and animal surveillance network 
was established in the county of Thessaloniki, one of 
the areas with the highest number of human cases dur-
ing the epidemic of 2010 [1]. The long term objective 
of this project is to design within the following years 
an optimum, large scale arbovirus surveillance pro-
gramme for Thessaloniki. We report here preliminary 
findings of the study that will have interest for public 
health authorities.

Methods

Sentinel chickens
Six chicken flocks (six chickens per flock) were placed in 
stationary cages along the western and eastern edges 
of Thessaloniki (three flocks on each side) to monitor 
WNV activity in areas suitable for potential enzootic 

transmission [4] (Figure 1). These areas combine abun-
dance of mosquito larval sites (e.g. rice fields) and 
potential habitat for migratory birds (e.g. Axios River 
delta) that may serve as reservoir populations for WNV. 
The flocks were placed within or in close proximity to 
residential communities that experienced abundant 
mosquito activity. All chickens were confirmed WNV 
antibody negative prior to placement in the field. For 
each flock, the chicken cage was divided in six com-
partments so that each chicken would be kept separate 
from the others. Chickens were bled through the ulnar 
vein weekly (about 1ml of blood sample per chicken).

Mosquito population monitoring
Carbon-dioxide (dry ice) baited Centers for Disease 
Control (CDC) light traps (John W. Hock, Gainesville, 
United States (USA)) were deployed once a week at 28 
sites in the Thessaloniki area beginning 20 May 2011 
(Figure 1). Traps were located at approximately equal 
intervals in order to provide a geographically repre-
sentative sampling.

Laboratory analysis
Chicken plasma (0.5 ml) and sera (0.25 ml) were col-
lected for virus detection and serology, respec-
tively. Serum samples were tested by ELISA for the 
detection of WNV-specific antibodies using a com-
mercial ELISA kit (ID Screen West Nile Competition, 
IDVET, France). After the detection of seroconver-
sion, RNA was extracted from selected plasma 
samples previously taken from the seroconverted 
birds. RNA extracts were examined using a one 
tube RT-PCR screening protocol employing a primer 
pair (WNPolUp: 5’-TTTTGGGAGATGGTGGATGARGA-3’ 
and WNPolDo2: 5’-CCACATGAACCAWATGGCTCTGC-3’) 
designed for the specific detection of WNV and tar-
geting a 144 bp part of the nonstructural protein 5 
(NS5) gene. Samples found positive by the RT-PCR 
screening protocol, were additionally subjected to 
RNA reverse transcription using random hexam-
ers, followed by two PCR assays employing a primer 	
pair (WN-NS3up1: 5’-GCTGGCTTCGAACCTGAAATGTTG-3’ 
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and WN-NS3do1: 5’-CAATGATGGTGGGTTTCACGCT-3’) 
targeting a 778 bp part of the nonstructural pro-
tein 3 (NS3) gene, and a nested primer pair 	
(WN-NS3up2: 5’-GCAAGATACTTCCCCAAATCATCAAGG-3’ 
and WN-NS3do2: 5’-TGTCTGGGATCTCTGTTTGCATGTC-3’) 
targeting a respective 423 bp part. The nested PCR 
products were bidirectionally sequenced. The NS3 
gene was selected for molecular characterisation 
because it is phylogenetically informative [5] and it 
encodes a protein residue (NS3-249) subject to adap-
tive evolution leading to increased viremia potential 
and virulence [6].

Results
Seroconversion of the first sentinel chicken was 
detected in the agricultural area of west Thessaloniki 
in the city of Chalastra (40⁰37’37.27”N, 22⁰43’45.05”E) 
(Figure 1) on 29 June. On 13 July a second chicken sero-
conversion was detected in the city of Agios Athanasios 
(40⁰43’0.59”N, 22⁰44’7.04”E), followed by a third 
chicken seroconversion on 20 July in the same area.

All prior samples collected from the three sero-
converted chickens were tested using the one tube 

RT-PCR screening protocol targeting NS5. All RNA sam-
ples were negative except in the case of the sentinel 
chicken in the city of Agios Athanasios (40⁰43’0.59”N, 
22⁰44’7.04”E) which seroconverted on 13 July. More 
specifically, a band of expected size was obtained 
from one PCR product derived from a sample taken 
from that respective chicken, one week before sero-
conversion (6 July). The specific RNA extract was sub-
jected to nested PCR, targeting the partial NS3 gene 
sequence, which was subsequently determined. The 
sequence was deposited in GenBank database under 
accession number JN398476 and according to BLAST 
algorithm, it presented highest nucleotide sequence 
identity (99.73%) to that from Nea Santa-Greece-2010 
virus derived from a Culex mosquito pool tested dur-
ing the 2010 epidemic in Central Macedonia [7]. The 
inferred partial NS3 amino acid sequence was 100% 
identical to that of the Nea Santa-Greece-2010 WNV 
lineage 2. As in the Nea Santa-Greece-2010 virus NS3 
sequence, the inferred NS3 residue 249 was deter-
mined to be proline, similar to several neuroinvasive 
lineage 1 WNV strains [6]. In contrast, all other inves-
tigated lineage 2 viruses have a NS3 protein with a 
histidine at this position [7].

Figure 1
Location of mosquito traps (n=28) and sentinel chicken flocks (n=6) for West Nile virus surveillance, Thessaloniki county, 
Greece, 2011

Agios Athanasios and Chlalastra are the two cities where enzootic circulation of the virus was detected.
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The cumulative number of Culex mosquitoes trapped 
weekly in the agricultural area of Thessaloniki (Figure 
2) was low (n=142) during the last week of May and 
the first two weeks of June. The population rapidly 
increased during the second half of June, with a peak 
(n=23,867) at the end of the month. During the fol-
lowing two weeks, the population decreased and then 
started building up again during the third week of July. 
So far, the most prevalent mosquito species in both 
residential and agricultural areas (rice-fields) were 
Culex pipiens followed by Culex modestus Ficalbi. It 
should be noted that C. modestus populations started 
building up significantly in early July. Testing for WNV 
in mosquitoes is in progress but no results are avail-
able at this stage of the surveillance programme.

Discussion
This is the first report of enzootic circulation of WNV 
Nea Santa-Greece-2010 in Greece during 2011, one year 
after the WNV epidemic in Greece. The virus in 2010 
was detected in Nea Santa from a Culex mosquito pool 
[2], and in 2011 we detected an identical isolate (molec-
ular characterization based on NS3 gene) in the agri-
cultural area of west Thessaloniki in the city of Agios 
Athanasios, approximately 21 km southwest of Nea 
Santa. The 2011 Greek WNV isolate shows close genetic 
relationship to the lineage 2 goshhawk-Hungary-2004 
strain that emerged in Hungary in 2004 but differs 
from the latter in that it maintains the amino acid sub-
stitution H249P found in the Nea Santa-Greece-2010 
isolate, which may be associated with increased viru-
lence [7]. WNV lineage 1 strains are distributed in north 
Africa, Europe, America, Asia and Australia, whereas 
lineage 2 are mostly distributed in south Africa and 
Madagascar. Due to increased illness and death 
caused by WNV lineage 1 compared to lineage 2 in the 
past, lineage 2 strains were previously considered to 
be less virulent. However, recent evidence from Africa 
and Hungary demonstrated that lineage 2 strains may 
also result in severe disease [8,9].

Up to now, no WNV genomic sequences have been pub-
lished from the human cases during the 2010 epidemic 
and there is no direct evidence to incriminate the WNV 
Nea Santa-Greece-2010 strain as the cause of the 2010 
human epidemic. The discovery of the same strain in 
sentinel chickens in 2011 suggests that the virus was 
able to overwinter in this region, consistent with cur-
rent opinion on the endemicity of WNV in Europe [10]. 
Specifically, the reoccurrence of WNV in continuous 
years in the same places in Romania and Italy, involving 
humans and equines, is likely linked to the endemicity 
of the infection in the areas rather than to a new intro-
duction of the virus [10]. This situation appears to par-
allel that experienced in California, USA, which has a 
similar climate (warm temperate, seasonal winter rain-
fall) [11], where WNV was introduced in 2003, quickly 
spread throughout the state, and became endemic with 
the ability to overwinter in a cycle between winter mos-
quitoes and birds.

Transmission in the sentinel chickens occurred imme-
diately after the first significant Culex population peak, 
as has been observed in WNV outbreaks [11,12]. Two of 
the principal WNV vectors in Europe, C. pipiens and C. 
modestus [13], are highly abundant in the agricultural 
area of Thessaloniki and both species may be associ-
ated with the transmission of the virus. In Greece, so 
far, the virus has been isolated from two pools of C. 
pipiens mosquitoes during the epidemic of 2010 [2]. 
More studies are needed to increase our knowledge on 
the role of the aforementioned species in the enzootic, 
epizootic and tangential (e.g. to humans) transmission 
of WNV in Greece.

Monitoring disease activity by using sentinel ani-
mals can provide critical information regarding peri-
ods of increased transmission. Surveillance networks 
involving sentinel animals and mosquitoes have been 
used in many parts of the world as an early warning 
system aiming to identify periods and locations of 
elevated risk of WNV disease transmission [14,15,16]. 
The rationale behind these surveillance networks is (i) 
to increase our understanding of the epidemiology of 
arboviruses, (ii) to identify the circumstances favoura-
ble to the appearance of the disease in humans before 
this occurs, and (iii) to guide mosquito control efforts 
in time and space to reduce the impact or likelihood of 
an epidemic.

Arbovirus surveillance systems can be expensive and 
labour intensive, with weekly monitoring of chickens. 
This is nevertheless feasible and these systems have 
been successfully established in some regions [16]. In 
urban centres of increased vulnerability to mosquito 

Figure 2
Culex female mosquito abundance in the agricultural area 
of west Thessaloniki, Greece, 2011 (n=74,909)
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borne epidemics, such as Thessaloniki (approximately 
1 million inhabitants, in close proximity to prolific 
mosquito breeding environments), there is a need and 
demand for such systems and the benefits associated 
with their successful deployment outweigh the asso-
ciated costs. This is the first active arbovirus surveil-
lance system in place in Thessaloniki and in order to 
optimise its use, extensive data are required in the 
following years. These data could help create a useful 
disease surveillance tool that may increase our under-
standing of the disease transmission cycle and help the 
local authorities to design a local WNV response plan 
based on the disease transmission levels. It is encour-
aging, that through a small scale surveillance system, 
like the one described in this paper, we were able to 
detect WNV enzootic circulation in Greece before the 
onset of any human cases for the year of 2011.
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Following the outbreak of haemolytic uraemic syn-
drome (HUS) on June 2011 in south-western France, 
household transmission due to Escherichia coli 
O104:H4 was suspected for two cases who developed 
symptoms 9 and 10 days after onset of symptoms of 
the index case. The analysis of exposures and of the 
incubation period is in favour of a secondary transmis-
sion within the family. Recommendations should be 
reinforced to prevent person-to-person transmission 
within households.

Introduction
On 30 June 2011, an outbreak of haemolytic uraemic syn-
drome (HUS) and bloody diarrhoea was reported among 
attendees of an open day event at a children’s com-
munity centre that took place on 8 June in a town near 
Bordeaux, south-western France [1]. The identified strain 
was Shiga toxin 2-producing Escherichia coli O104:H4, 
with the same characteristics as the strain that caused 
the recent outbreak in Germany [2,3,4]. As of 26 July 
2011, 15 cases of bloody diarrhoea have been observed 
in relation with this event, nine of whom have devel-
oped HUS. An investigation was conducted to identify 
the vehicles of infection and to guide control measures. 
Preliminary results of interviews and trawling question-
naires suggested sprouts as the vehicle of transmission. 
Here we describe the two cases of HUS for whom house-
hold transmission of E. coli O104:H4 was suspected. The 
possibility of person-to-person transmission of E. coli 
O104:H4 has also been reported in the Netherlands [5].

Case descriptions

Patient A 
On 18 June, a man in his 40s was admitted in a hospi-
tal near Bordeaux, with abdominal pain and bloody 

diarrhoea of two days. Stool samples were sent to the 
National Reference Centre for E. coli and Shigella in 
Paris. Four days after admission, the patient left the 
hospital and returned home. On 27 June, he was hospi-
talised again in the nephrology department of Bordeaux 
University Hospital with a diagnosis of HUS. Test results 
from stool samples showed the presence of E. coli 
O104:H4 possessing the stx2 gene, encoding Shiga toxin 
2. The strain was negative for the gene coding for intimin 
(eae) but positive for aggR which regulates the expres-
sion of aggregative adherence fimbriae. The antimicro-
bial resistance pattern of the strain was similar to than 
seen in the outbreak strain in recent E. coli O104:H4 out-
break in Germany: ampicillin-resistant (R), cefotaxime-R, 
ceftazidime-R, imipenem-sensitive (S), streptomycin-R, 
kanamycin-S, gentamicin-S, sulfamethoxazole-R, tri-
methoprim-R, cotrimoxazole-R, tetracycline-R, chloram-
phenicol-S, nalidixic acid-R, and ciprofloxacin-R. The 
PCR analysis indicated the presence of the blaCTX-M-15 
gene, encoding an extended-spectrum beta-lactamase 
(ESBL), and the presence of the blaTEM gene, encoding 
a penicillinase. After treatment, the patient gradually 
recovered from HUS. He returned home on 6 July having 
received specific hygiene guidelines from the hospital, 
notably recommendations about hand-washing.

Patient A had participated in the open day event on 8 
June, accompanied by his three-year-old child (Patient 
B). His wife and his second five-year-old child did not 
attend. Patient A’s interview revealed that he had con-
sumed three kinds of sprouts (fenugreek, mustard, and 
rocket) during the event.

Patient B
The three-year-old child of Patient A presented first 
symptoms of illness on 26 June, i.e. 18 days after the 
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open day and nine days after the onset of symptoms 
in Patient A. At onset, the child had abdominal pain 
followed after three days by bloody diarrhoea. Shiga 
toxin 2-producing E. coli O104:H4 was isolated from 
stool samples. Some bacterial colonies produced the 
ESBL, whereas others only the penicillinase. However, 
both types of colonies were also resistant to strepto-
mycin, sulfamethoxazole, trimethoprim, cotrimoxa-
zole, tetracycline, and nalidixic acid, as observed for 
other outbreak isolates [1]. On 3 July, the child devel-
oped anaemia, haemolysis and high urine protein-to-
creatinine ratio, compatible with HUS and was admitted 
to the paediatric department of Bordeaux University 
Hospital. On 4 July, thrombocytopenia developed. The 
child gradually recovered after treatment and was dis-
charged from hospital on 8 July.

Patient B had participated in the open day event but, 
according to Patient A, did not consume sprouts. As the 
children had no access to the buffet unless accompa-
nied by an adult, it is unlikely that the child has eaten 
any sprouts without the father’s knowledge.

Patient C
On 2 July, a woman in her 30s, wife of Patient A and 
mother of Patient B, was admitted to Bordeaux 
University Hospital with bloody diarrhoea of six days, 
i.e. she had had the first signs of disease on 27 June, 
respectively 10 and 1 days after the onset of illness 
in Patient A and Patient B. Shiga toxin 2-producing 
E. coli O104:H4 was isolated from her stool samples. 
It was resistant to ampicillin, streptomycin, sulfam-
ethoxazole, trimethoprim, cotrimoxazole, tetracycline, 
and nalidixic acid, but susceptible to extended-spec-
trum cephalosporins (i.e. only production of the 

penicillinase). The absence of the CTX-M-15 ESBL 
compared to the isolates from Patient A and some iso-
lates from Patient B might be due to the mobilisation 
of insertion sequences usually present in the vicinity 
of the blaCTX-M-15 gene. This might be in relation to the 
absence of selective pressure by this class of antimi-
crobials. Patient C developed symptoms of anaemia, 
haemolysis, thrombocytopenia and proteinuria on 8 
July. After treatment, she recovered gradually and she 
left the hospital on 12 July.

Patient C had not attended the open day event and not 
consumed any type of sprouts during the two months 
previously.

Family members
The five-year-old child spent the whole period at home. 
It did not develop any symptoms but was admitted to 
the paediatric department of Bordeaux University 
Hospital for observation from 3 to 4 July.

Two other relatives of Patients A, B and C shared meals 
in the family’s house on 26 June. One of them stayed 
in the family’s house between 29 June and 3 July and 
complained of severe fatigue. The other relative devel-
oped mild diarrhoea on 28 June. A rectal swab was per-
formed for both with an O104 serology for the relative 
with severe fatigue. Both relatives’ stool samples were 
negative for the presence of E. coli O104:H4.

Hypothesis of transmission
We hypothesised that Patients B and C both prob-
ably acquired HUS by secondary transmission from 
Patient A because they developed illness 9 and 10 
days, respectively, after Patient A’s symptom onset. 

Figure 
Two cases of probable household transmission of haemolytic uraemic syndrome due to Escherichia coli O104:H4, south-
western France, June 2011

home DSO

home DSO

DSO

17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4 5 6 7 8 9 10 11 12

10 days

H home

not at home

Meals in the
family’s house

  08

Open day
(community event)

H

9 days

18 days

9 days

not at home home H

home

home

home H

June 2011 July 2011

 Patient A (index case) Patient B Patient C
Time period between open day and DSO of Patients A and B (who attented the open day).
Time period between DSO of Patient A (index case) and Patients B and C

DSO: date of symptom onset; H: hospitalised (the day of discharge was not counted as day of hospitalisation).



14 www.eurosurveillance.org

Although Patient B attended the open day event, 
food-borne transmission from the sprouts to patient 
B is unlikely because she reportedly did not eat any 
sprouts. Moreover, an incubation period of 18 days 
would be unusually long. Both Patients B and C had 
spent time with Patient A on the day when he first 
experienced symptoms and after his return from hos-
pital. During his first hospitalisation, his family did not 
stay in Bordeaux and had no contact with him.

A recent study by the German outbreak investigation 
team showed that the median incubation period of E. 
coli O104:H4 in that outbreak was eight days (interquar-
tile range: 7–9 days) [3]. Therefore, two scenarios can 
be considered for the household described here: trans-
mission on 17 June when Patient A first presented symp-
toms at home, or transmission between 22 and 26 June 
after his return from hospital. Between 22 and 26 June, 
patient A had symptoms of diarrhoea and severe fatigue; 
during this period, he had prepared some meals.

Recommendations for hygiene 
and infection control
Following the detection of the outbreak on 22 June 
2011, recommendations for hygiene and infection 
control were disseminated, starting on 24 June, to 
the general population and to the participants of the 
open day through several press releases, the web-
site of the Ministry of Health, and local physicians. 
Furthermore, following the probable household trans-
mission described here, a letter was sent on 5 July to 
the participants of the open day. This letter stressed 
the importance of personal hygiene measures, and 
safe food preparation practices, to reduce the risk of 
transmission. No other secondary cases in connection 
with the community event have been reported to date.

Here, as in the household transmission of E. coli 
O104:H4 reported in the Netherlands [5], the index case 
was an adult. In our episode, one of the two secondary 
cases was also an adult. A review of 90 confirmed out-
breaks caused by classical E. coli O157, showed that a 
lower median age of the index case was associated with 
a higher rate of secondary cases and that young children 
were most likely to become infected [6]. The unusual 
transmission from adult to adult observed in our epi-
sode is in line with the preponderance of cases in adults 
reported in the German outbreak [3]. This unusual pat-
tern could be attributable to the specific properties of 
this strain [4,7]. Measures to prevent secondary trans-
mission among adults should be strictly implemented.
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During the recent outbreak of Shiga toxin-producing 
Escherichia coli (STEC) O104:H4 in Germany most cases 
notified in the State of Hesse (6 million inhabitants) 
were linked to satellite clusters or had travelled to the 
outbreak area in northern Germany. Intensified sur-
veillance was introduced to rapidly identify cases not 
linked to known clusters or cases and thus to obtain 
timely information on possible further contaminated 
vehicles distributed in Hesse, as well to describe the 
risk of secondary transmission among known cases. 
As of 2 August 2011*, 56 cases of haemolytic uraemic 
syndrome (HUS) including two fatal cases, and 124 
cases of STEC gastroenteritis meeting the national 
case definitions have been reported in Hesse. Among 
the 55 HUS and 81 STEC gastroenteritis cases that 
met the outbreak case definition, one HUS case and 
eight STEC gastroenteritis cases may have acquired 
their infection through secondary transmission. They 
include six possible transmissions within the family, 
two possible nosocomial and one possible laboratory 
transmission. Our results do not suggest an increased 
transmissibility of the outbreak strain compared to 
what is already known about E. coli O157 and other 
STEC serotypes.

Introduction
On 19 May 2011, the public health authority of Frankfurt, 
Hesse, and the Robert Koch Institute (RKI), Germany ś 
national public health authority, were informed about 
clusters of cases of haemolytic-uraemic syndrome 
(HUS) in Frankfurt and Hamburg [1,2]. These were 
the first notified cases of an outbreak of Shiga toxin-
producing Escherichia coli (STEC) serotype O104:H4. 
Between 1 May and 20 July 2011, 727 HUS cases and 
3,039 STEC cases with diarrhoea have been reported 
in Germany [3]. Epidemiological evidence suggested 
that STEC-contaminated sprouts were the vehicle of 
infection. Trace back studies carried out by the German 
Enterohaemorrhagic E. coli Task Force and authorities 
of Lower Saxony identified one sprout-producing farm 
in Lower Saxony (Establishment A) as being the most 

likely source of sprouts contaminated with STEC O104. 
In a second step, forward tracing established that all 
41 case clusters identified at that time in Germany 
were linked to consumption of sprouts originating from 
Establishment A [4].

The outbreak strain has been microbiologically char-
acterised in detail [5]: All outbreak strains investi-
gated belonged to serotype O104:H4 and contained 
the stx2 gene, encoding Shiga toxin 2 (Stx2). The eae 
gene, encoding adhesion intimin, and astA, encoding 
enteroaggregative E. coli Shiga toxin 1 (Stx1) were not 
present. All isolates displayed an extended-spectrum 
beta-lactamase (ESBL) phenotype.

The highest HUS incidences were reported from the 
northern German states of Hamburg, Schleswig-
Holstein, Bremen, Mecklenburg-Vorpommern and 
Lower Saxony, the so-called northern German outbreak 
area. Aside from satellite clusters in Hesse and eastern 
North Rhine-Westphalia, most of the HUS cases from 
other states could be linked to travel-related exposure 
in the outbreak area [1].

Identified clusters in Hesse included patrons of cafete-
rias run by Company A and guests of two private par-
ties. Sprouts served in the cafeterias and sprouts used 
in a salad brought by one of the guests from northern 
Germany to Party A were traced back to Establishment 
A. Foods supplied to Party B were prepared by a caterer 
who is likely to have acquired the infection through 
person-to-person transmission.

The first possible secondary cases were reported in 
Hesse at the end of May, and local public health author-
ities were requested on 1 June 2011 to systematically 
collect and report information on possible secondary 
cases to the Hessian state health office. Starting on 7 
June, testing for the outbreak strain of stool samples 
from patients notified with STEC infection and from 
symptomatic household members of outbreak cases 
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was offered free of charge at the state health office and 
performed according to RKI recommendations [6]. The 
aim was to rapidly identify cases not linked to known 
clusters and thus obtain timely information on possible 
further contaminated vehicles distributed in Hesse, as 
well as to describe the risk of secondary transmission 
among known cases.

Here we present data on reported cases of STEC gastro-
enteritis and HUS in Hesse with symptom onset since 1 
May 2011. We provide additional information on pos-
sible secondary outbreak cases and on cases without 
an epidemiological link to identified clusters or known 
outbreak cases.

Methods
Hesse is one of the 16 German states, with a popula-
tion of 6.0 million, subdivided into 26 counties.

We extracted from the Hessian database for notifiable 
diseases all cases of STEC gastroenteritis and HUS meet-
ing the national case definitions with disease onset on 

or after 1 May 2011. Data were extracted as of 2 August 
2011 and further updates are to be expected. Disease 
onset was defined as the onset of diarrhoea, regardless 
of whether the HUS developed at a later date. We sum-
marised data available at local public health authorities 
on exposures of cases, including possible epidemiologi-
cal links to known cases or clusters, and on laboratory 
reports. For (possible) outbreak cases without epide-
miological link (as defined below) we contacted the pri-
mary diagnosing laboratory or the national reference or 
consulting laboratories to obtain additional information 
on diagnostic tests done and their results.

Data analysis was done with STATA (StataCorp LP, 
United States, version 11.2). For statistical compari-
sons the Mann-Whitney U test was used for age distri-
bution and the Pearson chi-square test for proportions.

STEC gastroenteritis and HUS case definitions 
of the German surveillance system
According to the German Protection against Infection 
Act of 2001, the detection of a Shiga toxin (Stx) in E. coli 

Figure 1
STEC gastroenteritis and HUS cases and criteria for sporadic cases and outbreak cases with or without epidemiological link, 
Hesse, Germany, 1 May–2 August* 2011 (n=180) 

Eae: adhesion intimin; ESBL: extended-spectrum beta-lactamase; HUS: haemolytic uraemic syndrome; STEC: Shiga toxin-producing 
Escherichia coli; Stx: Shiga toxin.
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isolates or of a Shiga toxin gene (stx) in stool enrich-
ment culture or isolates must, by law, be reported by 
diagnosing laboratories to local health departments 
[2]. The German case definition of STEC gastroenteri-
tis (without HUS) requires the presence of at least one 
of the following symptoms: diarrhoea (three or more 
loose stools in a 24-hour period), abdominal cramps, 
or vomiting in addition to a laboratory confirmation (as 
defined above) or an epidemiological link to labora-
tory-confirmed case. Physicians are required to report 
clinical symptoms compatible with diarrhoea-associ-
ated HUS in a patient. The German case definition of 
HUS comprises thrombocytopenia (platelet count of 
<150,000 per mm3), haemolytic anaemia, and acute 
renal dysfunction [7]. Reported cases of HUS or STEC 
infection are investigated and recorded by the local 
health department and, if case definitions are met, the 
reports are forwarded electronically, without identify-
ing information, through the state to the federal level.

Outbreak case definitions
For cases fulfilling the case definition for STEC gas-
troenteritis or HUS we further distinguished between 
sporadic cases and outbreak cases. To define spo-
radic cases we used a set of exclusion criteria based 
on laboratory results [8,9]: detection of a non-O104 
serogroup, of Stx1 or its encoding gene stx1, detection 
of eae, or of an E. coli strain not displaying an ESBL 
phenotype. Therefore, by definition, outbreak cases 
included possible outbreak cases, i.e. cases without 
any epidemiological link to known cases and for which 
the outbreak strain could not be detected in a stool 
sample (Figure 1).

Outbreak cases were considered epidemiologically 
linked if they were patrons of a canteen served by 
Company A, guests of Party A or B, if they had trav-
elled to the northern German outbreak area during 
their incubation period or were linked to an STEC 
O104:H4-cluster outside Hesse, or if they were 
thought to have acquired their infection through 
secondary transmission. Secondary transmissions 
included contacts of epidemiologically linked per-
sons as defined above and possible nosocomial and 
laboratory transmission.

For surveillance purposes, the RKI defined combina-
tions of at least two laboratory results to be sufficiently 
specific for the outbreak strain [9]. For example, in case 
of detection of the stx2 gene in an ESBL-positive isolate 
or detection of stx2 gene and serotype O104, detection 
of the outbreak strain was assumed. The RKI requested 
all local public health authorities to interpret labora-
tory results and to forward reports accordingly.

Results
As of 2 August 2011*, 56 HUS cases, including two fatal 
cases, and 124 STEC gastroenteritis cases meeting 
the national case definitions were reported in Hesse, 
with onset dates of 1 May or later (Figures 2 and 3). Of 
these, 55 HUS cases and 81 STEC gastroenteritis cases 
met the outbreak case definitions (Figure 1). 

Among the 55 HUS outbreak cases, 49 were epidemio-
logically linked:   27 cases linked to Company A, two 
cases to Party A, two cases to Party B, 17 cases with 
travel history and one case of secondary transmission. 

Figure 2
Epidemic curve of HUS cases meeting the case definition for (possible) outbreak cases, Hesse, Germany, 1 May–21 July 2011 
(n=55) 

HUS: haemolytic uraemic syndrome. 
(Possible) outbreak cases include epidemiologically linked cases (canteen served by Company A, Party A and B, exposure history to the 
northern German outbreak area, secondary transmission) and epidemiologically unlinked cases. Date of hospitalisation was used when date 
of onset of diarrhoea was not available. 
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The age of epidemiologically linked HUS cases ranged 
from 21 to 75 years (median: 39 years). The six epidemi-
ologically unlinked HUS cases were 5, 7, 41, 42, 64 and 
73 years-old. Thirty-four of the 55 cases were female. 
The sporadic case was a four year-old girl with STEC 
O157 infection.

Among 81 STEC gastroenteritis outbreak cases, 72 
were epidemiologically linked to the outbreak: 27 
cases linked to Company A, no case at Party A, eight 
cases at Party B, 29 cases with travel history and eight 
cases with possible secondary transmissions. For 43 of 
the 81 cases the outbreak strain could be detected in a 
stool sample (Figure 1). Sporadic cases had symptom 
onsets from 3 May until 8 July 2011. For 15 of the 43 spo-
radic cases information on the identified serotype was 
available: five were serotype O157, three were sero-
type O91, and two were serotype 103. The median age 
of all patients reported to have STEC gastroenteritis 
was 44 years and did not differ significantly between 
outbreak and sporadic cases (44 and 42 years, respec-
tively). Among the STEC gastroenteritis cases, 44 of 77 
outbreak cases and 26 of the 43 sporadic cases were 
female. Information on sex was missing for four out-
break cases.

The outbreak strain was detected in stool samples of 
four of the nine epidemiologically unlinked STEC gas-
troenteritis cases. They are described below together 
with the unlinked HUS cases.

Cases with epidemiological link: 
possible secondary transmissions
Among outbreak cases, eight of the 81 STEC gastroen-
teritis cases and one of the 55 HUS case were possi-
ble secondary cases. They included six transmissions 
within the family, two nosocomial and one laboratory 
transmission. The strength of the epidemiological 
and laboratory evidence linking these cases to their 
respective index cases or the known clusters differs. 
Therefore, these possible secondary transmissions are 
described in detail.

Family 1
On 24 May 2011, a woman in her 40s, whose husband 
had eaten at a cafeteria served by Company A, fell sick 
with bloody diarrhoea and stomach cramps. She was 
hospitalised on 26 May 2011 and subsequently the out-
break strain was isolated from a stool sample. On 27 
May 2011, the local public health authority took stool 
samples from the husband, and the one and eight year-
old children. Stool samples were tested in a private 
microbiology laboratory using broth enrichment cul-
ture for STEC and an ELISA test for Stx1/2. They were 
repeatedly negative for the husband and the eight year-
old child. Stool samples of the one year-old child had 
a positive ELISA Stx1/2 result in all three samples. No 
further laboratory tests were done. The father reported 
light stomach pain but no diarrhoea on 18 May 2011 
and for the one year-old child light non-bloody diar-
rhoea some time before symptom onset of the mother. 
No foods sold at the Frankfurt canteen were eaten by 

Figure 3
Epidemic curve of STEC gastroenteritis cases meeting the case definition for (possible) outbreak cases, Hesse, Germany,  
1 May–21 July 2011 (n=81) 

STEC: Shiga toxin-producing Escherichia coli. 
(Possible) outbreak cases include epidemiologically linked cases (canteen served by Company A, Party B, exposure history to the northern 
German outbreak area, secondary transmission) and epidemiologically unlinked cases. Date of hospitalisation was used when date of onset of 
diarrhoea was not available.
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the mother and the two children and no travel to other 
outbreak areas was reported.

Family 2
A woman in her 30s fell ill on 12 May 2011 with bloody 
diarrhoea and was hospitalised on the same day. 
During her hospital stay she had a colonoscopy, which 
included clearing of the colon of solid matter. She was 
discharged on 14 May and subsequently readmitted on 
23 May 2011. Starting on 25 May 2011, three stool sam-
ples were taken, but all tested negative for STEC. She 
and her husband had eaten meals at a canteen served 
by Company A during the two weeks before symptom 
onset. The husband and a two year-old child did not 
report any gastrointestinal symptoms. After being dis-
charged from the hospital the family left for vacation 
and no further stool samples could be taken before 
their departure. 

The woman’s mother was hospitalised on 1 June 2011 
for HUS. The outbreak strain was isolated from a stool 
sample. She had visited her daughter during her first 
hospital stay and taken case of her two year-old grand-
child on five days from 16 to 25 May 2011. The grand-
mother attended the child in the household of her 
daughter, who reported having used a separate toilet. 

The grandmother’s husband fell ill with diarrhoea on 6 
June 2011 and was hospitalised the following day. The 
outbreak strain was isolated from a stool sample. He 
had not visited his daughter or grandchild. He and his 
wife had not travelled to northern Germany.

Family 3
On 14 May 2011, a woman in her 40s living in an On 
14 May 2011, a woman in her 40s living in an assisted 
accommodation became ill with bloody diarrhoea and 
was hospitalised for HUS on 17 May 2011. She had eaten 
meals prepared in a cafeteria served by Company A. 
Her mother, a woman in her 70s, assisted in caring for 
her in the first days after symptom onset. The mother 
fell sick with bloody diarrhoea on 28 May 2011 and was 
hospitalised on the same day. The outbreak strain was 
isolated from stool samples from both patients.

Family 4
A woman in her 20s became ill with bloody diarrhoea 
on 10 May and subsequently developed HUS. She had 
eaten meals from Company A during the two weeks 
before symptom onset. On 13 May 2011 she moved to 
the house of her mother, who took care of her until the 
daughter’s hospitalisation on 15 May. The mother, in 
her 50s, developed bloody diarrhoea on 24 May 2011 
and was hospitalised on 26 May 2011 for STEC gastro-
enteritis. The outbreak strain was isolated from stool 
samples from both patients.

Nosocomial transmission 1
A man in his 70s became ill with bloody diarrhoea on 
28 May 2011. E. coli was isolated from a stool sample 
and confirmed as the outbreak strain at the national 

reference centre. The patient had been hospitalised 
from 12 to 16 May 2011 with a diagnosis of diverticuli-
tis. He reported generally eating only at home. During 
the incubation period he had not eaten sprouts and 
not travelled to northern Germany. He did not know of 
any diarrhoeal illness among his family members or 
acquaintances or any link to known clusters or the out-
break-associated cafeterias. No further outbreak cases 
are known to have been hospitalised on the same ward 
or among the staff. However, given the long incubation 
period of the outbreak strain, nosocomial transmission 
cannot be excluded with certainty.

Nosocomial transmission 2
A woman in her 30s was hospitalised until 10 June 
2011 for a neurological diagnosis unrelated to the STEC 
outbreak. She had had meals in a canteen served by 
Company A and became ill on 17 May 2011 with STEC 
gastroenteritis. Isolation precautions were followed in 
the hospital, given that at the time of hospitalisation 
she was a known asymptomatic carrier of the outbreak 
strain. Nevertheless, the patient once spread faeces on 
the ward during a delirious episode. A man in his 20s 
was an inpatient of the same ward on 9 and 10 June 
2011. He continued to be hospitalised until 25 June 
2011 when he developed bloody diarrhoea. An stx2+, 
stx1- E. coli of an ESBL phenotype was isolated from a 
stool sample and confirmed as the outbreak strain at 
the national reference centre.

Laboratory infection
A woman in her 20s fell ill with bloody diarrhoea on 1 
July 2011. She had been in contact with the outbreak 
strain during the incubation period while working in a 
microbiology laboratory. The outbreak strain was iso-
lated from her stool sample. She had not travelled to 
northern Germany and not eaten sprouts during the 
incubation period. She lives in an area without known 
outbreak clusters and had no known link to Company A 
or the two private parties.

Cases without epidemiological link
Among outbreak cases, nine of the 81 STEC gastroen-
teritis cases and six of the 55 HUS cases had no epide-
miological link to known clusters or possible secondary 
cases (Figures 1–3). Among epidemiologically unlinked 
outbreak cases, the outbreak strain was detected in 
stool samples of three HUS and four STEC gastroen-
teritis cases. The three HUS cases fell ill on 19 and 25 
May and 6 June 2011. They were 7, 42 and 73 years-
old. None of them had recently travelled to northern 
Germany or had any known contact to outbreak cases 
or known clusters. Only one of them reported hav-
ing eaten sprouts once during the incubation period. 
The four STEC gastroenteritis cases with the outbreak 
strain detected in a stool sample fell ill on 21 May, and 
on 9, 24 and 28 June 2011. They were 10, 24, 32 and 55 
years-old. None of them reported having eaten sprouts, 
any recent travel to northern Germany or known con-
tact to outbreak cases or known clusters. Of the seven 
epidemiologically unlinked cases with the outbreak 
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strain detected in a stool sample, five live (four cases) 
or work (one case) in the two cities in Hesse with the 
highest incidences of outbreak cases.

Discussion
As of 2 August 2011, a total of 55 HUS and 124 STEC 
gastroenteritis outbreak cases have been reported in 
Hesse. Among these cases, at least nine cases may 
have acquired their disease through transmissions 
within the family, nosocomial or laboratory transmis-
sion. These nine cases are a minimum estimate of 
possible secondary transmissions. Given the long incu-
bation period of this pathogen (median eight days) [2], 
distinction between co-primary cases and secondary 
transmission is difficult for family members with a 
common exposure history. Whenever we were unable 
to distinguish between co-primary and secondary 
person-to-person transmission, cases were catego-
rised as co-primary, i.e. epidemiologically linked to the 
northern German outbreak area, cafeterias served by 
Company A, or to Party A or B. Therefore, while mis-
classification of secondary cases as co-primary cases 
is possible, we know of no cases that occurred more 
than 10 days apart among family members linked to 
the northern German outbreak area or the two private 
parties.   In addition, risk of secondary transmissions 
within Hesse may have been reduced if travel-associ-
ated cases became sick and were hospitalised while 
still on travel outside Hesse. It has previously been 
shown that hospitalisation of STEC cases reduces the 
risk of household transmissions [10,11].

All six transmissions within the family described 
here were linked to Company A. Three of these six 
transmissions occurred among non-regular house-
hold members, i.e. family members who had moved 
in temporarily to provide or receive assistance dur-
ing sickness. Many cases linked to cafeterias served 
by Company A live in small households of one or two 
persons and without children. This may have contrib-
uted to limiting the number of secondary cases, espe-
cially among children. The presence of siblings and the 
young age of the index cases has been associated with 
increased transmission risk [10-12], and transmissions 
between families have been described previously in 
outbreak settings [13].

While the outbreak strain was present in stool samples 
of five secondary cases within families, it could only be 
detected in stool samples of three of the four respec-
tive index cases. In Family 1, the index case – who had 
eaten at a cafeteria served by Company A – reported 
only light stomach pain for one day during the two 
weeks before symptom onset of his wife. It remains 
unclear if the stomach pain was related to an STEC 
infection, if he had an asymptomatic STEC infection, or 
if – in our view less likely – he was not infected. The 
first cases linked to Company A fell ill on 9 May 2011 
and the index case’s stool samples may have become 
negative by the time they were first tested (on 27 May). 
For non-outbreak STEC infections, identification in 

patient ś faeces late in the illness has been shown to 
be difficult [14].

Secondary transmissions frequently occur in outbreaks 
caused by E. coli O157 [15] and have been described 
to occur in 4–15% of households following sporadic 
infection [11]. In a population-based study in Scotland, 
11% of O157 cases were identified as secondary [12]. 
In addition, nosocomial and laboratory-acquired infec-
tions with E. coli O157 have been reported [16,17]. They 
underline the need for strict adherence to standard 
infection control precautions [18].

Several episodes of secondary transmissions and 
asymptomatic carriage have already been described 
for the recent O104 outbreak in Germany [19-21]. In the 
three instances where we could calculate a serial inter-
val, the time span between symptom onset of primary 
and secondary cases was 14, 14 and 20 days, confirm-
ing previous reports for the outbreak strain [21] and for 
E. coli O157 [10] that, considering the relatively long 
incubation time for the outbreak strain, household 
transmission occurs early during disease.

We have here described seven epidemiologically 
unlinked cases for whom the outbreak strain could be 
detected in a stool sample. Several possibilities may 
explain these seven cases: (i) our definition of out-
break strain may have been too generic, i.e. the E. coli 
strains identified may not have been outbreak strains, 
(ii) these infections may have been acquired from food-
borne transmission, and (iii) secondary transmission. 
Several of the laboratory results for the seven epidemi-
ologically unlinked cases have been confirmed by the 
national reference and consulting laboratories (while 
others are pending) and we have no further evidence 
suggesting that contaminated foods were circulating 
in Hesse outside the identified clusters. Direct or indi-
rect secondary transmission among non-close contacts 
may therefore be the most likely explanation for most 
of these seven cases.

We extracted from the Hessian database for notifiable 
diseases only data on cases meeting the national case 
definitions for STEC gastroenteritis and HUS.   Data 
cleaning and analysis on asymptomatic cases and on 
cases with symptoms not meeting the national case 
definition (e.g. only one episode of loose stool) from 
the restaurant outbreaks is still ongoing.

From 3 May to 8 July 2011, 43 non-outbreak cases of 
STEC gastroenteritis were reported in Hesse. In com-
parison, during the five-year period from 2006 to 2010, 
only 76 cases of STEC gastroenteritis were reported. 
Serogroup O157 was the most commonly detected 
serogroup in the European Union in 2008 and 2009, 
representing about 52% of STEC cases with known 
serotypes [22]. Reported cases represent a subset of 
infections in the community [23] and testing for STEC 
infection increased considerably during the outbreak. 
Therefore, in outbreak settings, the timely distinction 
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between sporadic and outbreak cases is important in 
orienting further investigations and control measures 
of public health and veterinary authorities.

The current outbreak strain is a very rare serogroup 
in humans in Europe and worldwide [22]. This and its 
other unique characteristics may be part of the reason 
why the possible nosocomial and laboratory infections 
were identified and why we considered the unlinked 
cases as probable secondary transmissions. Adult age 
of index patients and transmission among non-regular 
household members are particular characteristics of 
the described secondary transmissions. They should 
not be interpreted as indicative of a particular high 
transmissibility of the outbreak strain. The majority of 
the transmissions involve patients residing in different 
counties. We believe that the particular characteristics 
of the outbreak strain together with the structure of the 
German surveillance system (including local and state 
levels and a national level) facilitated the identification 
and description of possible secondary transmissions.

In conclusion, the outbreak strain can be easily trans-
mitted but our preliminary results do not suggest an 
increased transmissibility of the outbreak strain com-
pared to what is already known about E. coli O157and 
other STEC serotypes.

*Authors’ correction: 
On request of the authors the phrase “As of 21 July” was 
changed to “As of 2 August” in the abstract and the first sen-
tence of the results. This date was also corrected in the title 
of Figure 1. These changes were made on 1 Sept 2011.
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Usutu virus (USUV) is an African mosquito-borne 
flavivirus, member of the Japanese encephalitis 
antigenic group. This avian virus is transmitted by 
arthropod vectors (mainly mosquitoes of the Culex 
pipiens complex). It is well known that free-living 
birds, including migratory species, have the poten-
tial to disperse certain pathogenic microorganisms. 
Usutu virus has recently been introduced to Europe 
and is spreading through Austria, Hungary, Italy, 
Spain and Switzerland, causing disease in birds and 
humans. Like West Nile virus, USUV may become a 
resident pathogen in Europe and the consequences 
for public health should be considered. Many differ-
ent biotic and abiotic factors affect the survival of 
the virus in a new environment and influence the effi-
ciency of its geographical dispersal. In this article, 
we consider the possibility of including USUV infec-
tions among the vector-borne diseases to be moni-
tored in Europe.

Background
Usutu virus (USUV) is an African mosquito-borne virus 
of the family Flaviviridae, genus Flavivirus, belonging 
to the Japanese encephalitis serocomplex [1]. From an 
ancestral flavivirus with a bird/mosquito natural cycle 
evolved the different flaviviral species present today, 
such as USUV and West Nile virus (WNV) in Africa, Asia 
and Europe, Japanese encephalitis virus (JEV) in Asia, 
Murray Valley encephalitis virus in Australia and Saint 
Louis encephalitis virus in the American continent. 
USUV was originally isolated from a mosquito (Culex 
neavei) in 1959 in South Africa. Further USUV strains 
were detected from different bird and mosquito spe-
cies in Africa in subsequent years, but human dis-
ease (rash and fever) has only been reported once, in 
the Central African Republic [2,3]. In the past, USUV 
was not considered as a potential threat for humans 
because the virus had never been associated with 
severe or fatal diseases in animals or humans, and it 
had never before been observed outside tropical and 
subtropical Africa.

Avian, horse and vector surveillance
In the summer of 2001, USUV emerged in Austria, caus-
ing deaths in several species of resident birds, espe-
cially among birds of the order Passeriformes [4-6]. 
In the following years, the virus has been detected in 
dead birds and/or mosquitoes in several countries, 
including Hungary (2005) [7], Italy (2009) [8], Spain 
(2006 and 2009) [9,10] and Switzerland (2006) [11]. 
USUV infection has also been demonstrated serologi-
cally in wild bird hosts in the Czech Republic (2005) 
[12], England (2001–2002) [13], Germany (2007) [14], 
Italy (2007) [15], Poland (2006) [16], Spain (2003–2006) 
[17] and Switzerland (2006) [18] (Figure). The recurrence 
of the virus over several years in Austria (2001–2006) 
[19], Hungary (2003–2006) [7], Italy (2006–2008) [8] 
and Spain (2006, 2009) [9,10] suggests either frequent 
reintroduction of the virus or, more likely, persistence 
of the transmission in the affected areas, possibly 
through overwintering mosquitoes. Comparisons of 
pathologic alterations revealed similar lesions in birds 
infected in the Austrian, Hungarian, Italian and Swiss 
USUV outbreaks, and these findings were supported by 
partial nucleotide sequence analysis with >99% identity 
between the viruses which emerged in Vienna in 2001, 
in Budapest in 2005, and in Zurich and Milan in 2006. 
A one-time introduction of USUV from Africa to Europe 
(Vienna) is therefore highly likely, and this particular 
strain has since been spreading in Central Europe [11]. 
However, a two-year study carried out in 2008 to 2009 
in Italy to monitor the USUV circulation within the West 
Nile Disease (WND) national surveillance plan suggests 
a different scenario [20]. In that work, sentinel horses 
and chickens, wild birds and mosquitoes were sampled 
and tested for serological and virological evidence of 
USUV. Seroconversion in sentinel animals proved that 
the virus had circulated in Italy in these two years. In 
addition, the study demonstrated USUV infection in 
horses for first time in Europe. Sequence comparison 
of USUV detected from different species in different 
counties showed that two different strains of USUV 
are likely to have circulated in Italy between 2008 and 
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2009, and these strains have adapted to new hosts 
and vectors to become established in new areas.

Recent human cases and 
clinical characteristics
In the end of the summer 2009, the virus was associ-
ated with neurological disorders in two immunocompro-
mised patients (both had received blood transfusions) 
in Italy [21,22]. In addition, USUV was isolated from 
the blood obtained from one of these subjects during 
the acute stage of disease. The patients were detected 
concurrently with the active surveillance programme 
of blood and organ donations that the public health 
authority of the Emilia Romagna region had initiated in 
August 2008, based on several veterinary and entomo-
logical reports of WNV circulation in north-eastern Italy 
[23]. The two infections could be consistent with local 
transmission, either directly through a mosquito bite 
or indirectly through an infected donor. Both patients 
had in common that they were immunosuppressed and 
had received blood transfusions in the same period of 
time (August 2009). As transmission for WNV through 
blood products and transplantation has been docu-
mented [24,25], screening for WNV was performed of 
blood samples and organ donations from 15 June to 
31 October, with negative results. The two patients 
were the first human cases of USUV neuroinvasive 
illness described worldwide. The common clinical 
symptoms were persistent fever of 39.5 °C, headache 
and neurological disease (impaired neurological func-
tions). One patient developed a fulminant hepatitis, a 
pathology that had been described previously in rare 
cases of WNV infection [26,27]. In both patients, the 
clinical picture was similar, with a clear involvement 
of the central nervous system, resembling the related 
WNV neuroinvasive disease. Whether this new tropism 
was associated with new characteristics of the infect-
ing viruses, with a possible inoculation route through 
transfusion, and/or to the underlying diseases of the 
patients still remains unclear, but these findings rein-
force the need for further investigations. The partial 
sequences obtained from cerebrospinal fluid (CSF) 
and plasma samples of these patients were more than 
98% identical with the viruses that had emerged in 
Vienna and Budapest  (in 2001 and 2005, respectively) 
[21,22]. In a recent phylogenetic study of sequences of 
USUV strains obtained in Italy in 2009 from mosqui-
toes, birds and humans, the sequences obtained from 
human hosts clustered with the sequences obtained 
from birds, which would indicate an endemic distribu-
tion of USUV in Europe [20].

Diagnostics
Clinical suspicion of USUV infection requires labora-
tory confirmation. Within laboratory methods, we can 
distinguish between direct methods (detecting the 
virus by cell culture or genomic amplification) and 
indirect methods (detect the antibody response to the 
infection). Serological diagnosis of USUV infections in 
humans will require an approach similar to the one used 
for WNV. Although there is a lack of experience about 

USUV infection in humans, it is assumed that its incu-
bation period will be two to 14 days, that USUV will be 
detectable in CSF and serum in the acute stage of the 
disease, and that IgM antibodies will appear five days 
after onset of fever, in analogy to the current knowl-
edge about the pathogenesis of WNV-related illness 
in humans. Antibodies may persist in serum for many 
months after infection [28]. Diagnosis of USUV will not 
be easy, particularly in areas where circulation along 
with others cross-reacting flaviviruses occur. That is 
the case for WNV and tick-borne encephalitis virus in 
several European countries [29]. Until more specific 
diagnostic methods are developed and made avail-
able for diagnostic laboratories, antibody detection 
could be carried out using cross-reacting ELISA meth-
ods designed for WNV diagnosis.   It is also expected 
that cross-reactivity will be higher for IgG than for 
IgM detection; consequently, development of tests 
for USUV-specific IgM is needed more urgently. As an 
already available alternative, acute and convalescent 
sera should be tested for seroconversion of IgG anti-
bodies using in-house or commercial ELISA tests based 
on WNV antigens. Cross-reactions can be resolved by 
parallel titrations against various flaviviruses in assays 
for neutralising antibodies, which are more specific 

Figure
Diagnostic capacities for Usutu virus in European 
countries in the ENIVD network and detection of the 
virus in mosquitoes, birds, horses and/or humans 

ENIVD: European Network for Diagnostics of Imported Viral 
Diseases.
Colour code indicates diagnostic capacities: direct methods detect 
the virus by cell culture or genomic amplification, indirect methods 
detect the antibody response to the infection. 
Animal symbols indicate detection of Usutu virus in these species: 
geographical distribution is indicated either by virus detection 
(species in white) or by evidence of neutralising antibodies (dark 
grey).

Direct and indirect methods

No information
No methods
Direct methods
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than ELISAs but can be performed only in specialised 
laboratories that can handle hazardous viruses [30].

The possibility of USUV to infect and cause severe neu-
rological syndromes in humans makes it necessary to 
develop new affordable and rapid molecular methods 
for its detection. Recently, a specific real-time RT-PCR 
assay has been developed to identify USUV in human 
plasma, serum and CSF samples. This technique has 
allowed the detection of USUV in three CSF specimens 
that were collected in the summers of 2008 and 2009 
from 44 patients with suspected meningoencephalitis 
and were negative for WNV [31]. However, serological 
testing is still needed and important to identify infec-
tion after the viraemic stage. In Europe, most of the 
countries are prepared for detecting USUV genome in 
human or bird samples (Figure), generally using cross-
reactive or generic methods for detecting flaviviruses. 
More specific techniques are required, especially for 
those countries with direct evidence for WNV and/or 
USUV circulation (Austria, Belarus, Bulgaria, Czech 
Republic, France, Hungary, Italy, Moldova, Portugal, 
Romania, Russia, Slovakia, Spain and Ukraine) [32], 
and new methods are being designed to identify and 
distinguish USUV from other arboviruses, particularly 
from members of the JEV group that have been circulat-
ing in Europe [31,33]. In fact, a false-positive result of a 
WNV RT-PCR was reported in Italy in 2009 in a patient 
with viraemia caused by USUV [23].

Surveillance and control
The number of recent notifications of mosquito-borne 
diseases in the European Union in 2010 is a reason 
for concern. These events involved different types of 
pathogens like WNV, USUV, dengue virus, chikungunya 
virus and Plasmodium sp, some of which are consid-
ered typical for tropical areas. This current situation 
triggered a request from the European Commission 
for a risk assessment [34]. The overall objective of 
this consultation was to acquire a comprehensive 
understanding of the transmission potential for mos-
quito-borne diseases in Europe in order to propose 
recommendations for preparedness actions. The final 
conclusion was to develop a tool for decision making in 
WNV infection preparedness and control, which would 
guide countries through the complexities of respond-
ing to any alerts or outbreaks of this disease.

In Europe, WNV re-emerged in Romania, where it was 
first associated to neurological disease [35]. Since 
then, the virus has been detected with increasing 
activity in several European countries [36], includ-
ing Italy, where it was circulating at least in 2008 and 
2009, with eight and 16 human cases, respectively, of 
West Nile neuroinvasive disease [37]. Because of WNV 
circulation in Italy with neuroinvasive cases in humans 
and horses [38,39], a regional surveillance plan was 
implemented starting from 2008 [40]. Thanks to, these 
WNV surveillance activities antibodies against WNV 
and USUV were detected in Italy in 2009 in sentinel 
animals (horses and chickens), wild birds and provided 

evidence of cocirculation of WNV and USUV in mosqui-
toes and birds in the same area [20,41,42].

That five human USUV infections have recently been 
detected in areas where an effective surveillance for 
WNV exists, suggest that this disease may also be 
under-recognised in some other areas where the sur-
veillance for WNV is lacking or poorly implemented. 
Both viruses seem to be able to cause neurological 
disease in humans under certain circumstances. The 
emergence of USUV in Europe, even if not presently 
considered a major threat warrants the enhancement of 
surveillance plans for neuroinvasive illness during the 
summer season, corresponding to the peak of activity 
of potential vectors. The extension of surveillance to 
flaviviruses other than WNV will require new diagnostic 
procedures and the development of more specific sero-
logical tests that can be used in the field [42]. As WNV 
and USUV viruses share many eco-epidemiological 
and virological characteristics, WNV surveillance pro-
grammes could be easily adapted to survey also USUV 
in birds, horses, mosquitoes and human samples. 
This approach should be based on the development 
of adequate and standardised differential laboratory 
diagnosis using validated methods (serological and 
molecular) enabling the differential detection of WNV 
and USUV infections, especially in those countries with 
demonstrated co-circulation of both viruses (at least 
Austria, Hungary, Italy, and Spain). A specific real-
time RT-PCR assay to identify USUV in human plasma, 
serum, and CSF that has been developed [31] is very 
helpful for donor screening and diagnostics. Some of 
the molecular techniques designed to detect WNV can 
also amplify the signal for USUV due to false positive 
results by lack of specificity in the technique.

A surveillance programme for USUV in Europe could 
be very similar to national surveillance systems for 
WNV that are already implemented in some countries 
in Europe. In fact, in those European countries which 
have implemented a national WNV surveillance plan, 
this could be used in parallel for USUV surveillance. 
These programmes consist of human, veterinary and 
entomological surveillance. The objective of passive 
and active human surveillance systems would be the 
early detection of infection in humans. This activity 
should be performed by serology and/or detection 
of the viral genome in blood and cerebrospinal fluid 
from all suspected cases suffering from acute menin-
goencephalitis. In this regard, it would be important 
to raise the awareness of clinicians for this emerging 
disease, which may improve the sensitivity of the sur-
veillance system. Since the diagnosis of encephalitis 
is of general importance, the inclusion of USUV diag-
nostics for differential diagnosis in cases of unknown 
origin should be considered for extended screening 
of aetiologies. Key requirements for a possible future 
surveillance study at European level have already been 
suggested [30]. Animal surveillance should be per-
formed on the basis of passive and active surveillance 
of horses and non-migratory wild birds. Entomological 
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surveillance should be based on the weekly to monthly 
(frequency depending on local resources) collection of 
mosquitoes in fixed stations and at sites where USUV 
activity has been demonstrated ascertained in birds, 
humans or horses.

As suggested by Chvala et al. [5], mosquito monitor-
ing and screening of wild birds are suitable to detect 
USUV circulation and could replace surveillance of 
dead birds when bird mortality drops because of herd 
immunity. Although virological surveillance (with 
molecular techniques) may be preferable over sero-
logical monitoring because it avoids cross-reactions 
with other flaviviruses, they are impeded by short-
lived viraemia, when serology is still possible due to 
long-lasting serum antibodies. Sera reacting to both 
WNV and USUV were detected in other studies using 
tests with low specificity such as haemagglutination 
inhibition [19] or ELISA [15]. Plaque reduction neutrali-
sation has to be performed to confirm positive sera, 
but this test is complex, costly, time-consuming and 
not accessible for laboratories lacking high biocon-
tainment facilities.

As for WNV, surveillance of wild birds and vectors will 
be used in the coming years to forecast the spread 
of USUV. The information gathered will be used to 
develop actions to prevent virus transmission, such as 
vector monitoring and control, information campaigns 
to improve personal protection, and screening tests for 
donor blood, tissue and organs.

Conclusions
In Europe the risk exists that potential emerging infec-
tious diseases, such as those caused by WNV or USUV, 
will not be recognised in time by existing surveillance 
infrastructures of the various European countries [43]. 
As treatments for USUV and WNV are not available, 
there is a need to strengthen surveillance. Circulation 
of USUV in Austria, Hungary, Italy and Spain dur-
ing consecutive years and seroconversions reported 
recently in sentinel animals and detection of virus in 
wild birds in Italy, show that these territories are suit-
able to support USUV circulation between vectors and 
vertebrate hosts, as well as overwintering, enabling the 
establishment of endemic cycles. This indicates a need 
to organise standard surveillance measures and early 
warning systems to detect WNV and USUV activity, 
and to assess the risk for public health. Establishing 
a European surveillance system by grouping the exist-
ing resources and introducing a standardised reporting 
and diagnostic system is essential for future prepared-
ness and response. This surveillance system should be 
sensitive and able to detect USUV and WNV circulation 
at an early stage. A multidisciplinary approach should 
be considered when evaluating the risk of USUV and 
WNV transmission, and the contribution of the differ-
ent components (mosquitoes, birds, horses, humans) 
should be carefully assessed.

Acknowledgements
The ENIVD is part of the ECDC “Outbreak Assistance 
Laboratory Network” and received funding as the ENIVD 
Collaborative Laboratory Response Network (ENIVD-CLRN) 
under the contract no. ECDC/2008/011. We are indebted 
for the participation of the ENIVD-CLRN members: Aberle 
S, Austria; Alves MJ, Portugal; Avšič T, Slovenia; Barzon 
L, Italy; Ceianu C, Romania; Charrel R, France; Christova I, 
Bulgaria; Ciufolini MG, Italy; Connell J, Ireland; Detlev S, 
Switzerland; Di Caro A, Italy; Dobler G, Germany; Doornum 
G, Netherlands; Dudman S, Norway; Emőke F, Hungary; 
Eßbauer S, Germany; Grandadam M, France; Griskevicius A, 
Italy; Heyman P, Belgium; Hukic M, Bosnia and Herzegovina; 
Klempa B, Slovakia; Kolupajeva T, Latvia; Leparc-Goffart I, 
France; Kostrikis LG, Cyprus; Lundkvist A, Sweden; Monaco 
F, Italy; Opp M, Luxembourg; Papa A, Greece; Pfeffer M, 
Germany; Sánchez-Seco MP, Spain; Schutten M, Netherlands; 
Van Esbroeck M, Belgium; Vapalahti O, Finland; Zelená H, 
Czech Republic.

References
1.	 Kuno G, Chang GJ, Tsuchiya KR, Karabatsos N, Cropp CB. 

Phylogeny of the genus Flavivirus.  J Virol. 1998;72(1):73-83.
2.	 Williams MC, Simpson DI, Haddow AJ, Knight EM. The isolation 

of West Nile Virus from man and of Usutu virus from the bird-
biting mosquito Mansonia aurites (Theobald) in the Entebbe 
area of Uganda. Ann Trop Med Parasitol. 1964;58:367-74.

3.	 Adam F, Digouette JP. Virus d’Afrique (base de données). 
[Viruses of Africa (database)]. Dakar: World Health 
Organization Collaborating Reference and Research Centre for 
arboviruses and haemorrhagic fever viruses (CRORA), Institut 
Pasteur de Dakar; Jul 2005. Available from http://www.pasteur.
fr/recherche/banques/CRORA

4.	 Weissenböck H, Kolodziejek J, Fragner K, Kuhn R, Pfeffer 
M, Nowotny N. Usutu virus activity in Austria, 2001–2002. 
Microbes Infect. 2003;5(12):1132– 6.

5.	 Chvala S, Bakonyi T, Bukovsky C, Meister T, Brugger K, Rubel 
F, et al. Monitoring of Usutu virus activity and spread by using 
dead bird surveillance in Austria, 2003-2005. Vet Microbiol. 
2007;122(3-4):237-45.

6.	 Weissenböck H, Kolodziejek J, Url A, Lussy H, Rebel-
Bauder B, Nowotny N. Emergence of Usutu virus, an African 
mosquitoborne flavivirus of the Japanese encephalitis virus 
group, central Europe. Emerging Infect Dis. 2002;8(7):652-6.

7.	 Bakonyi T, Erdélyi K, Ursu K, Ferenczi E, Csörgo T, Lussy H, 
et al. Emergence of Usutu Virus in Hungary. J Clin Microbiol. 
2007;45(12):3870-4.

8.	 Manarolla G, Bakonyi T, Gallazzi D, Crosta L, Weissenböck H, 
Dorrestein GM, et al. Usutu virus in wild birds in northern Italy. 
Vet Microbiol. 2010;141(1-2):159-63.

9.	 Busquets N, Alba A, Allepuz A, Aranda C, Núñez JI. Usutu Virus 
Sequences in Culex pipiens (Diptera: Culicidae), Spain. Emer 
Infect Dis. 2008;14(5):861-3.

10.	 Vázquez A, Ruiz S, Herrero L, Moreno J, Molero F, Magallanes 
A, et al. West Nile and Usutu viruses in mosquitoes in Spain, 
2008-2009. Am J Trop Med Hyg. 2011;85(1):178-81.

11.	 Steinmetz HW, Bakonyi T, Weissenböck H, Hatt JM, Eulenberger 
U, Robert N, et al. Emergence and establishment of Usutu 
virus infection in wild and captive avian species in and around 
Zurich, Switzerland-genomic and pathologic comparison 
to other central European outbreaks. Vet Microbiol. 
2011;148(2-4):207-12.

12.	 Hubálek Z, Halouzka J, Juricová Z, Sikutová S, Rudolf I, Honza 
M, et al. Serologic survey of birds for West Nile flavivirus in 
southern Moravia (Czech Republic). Vector Borne Zoonotic Dis. 
2008;8(5):659-66.

13.	 Buckley A, Dawson A, Gould EA. Detection of seroconversion 
to West Nile virus, Usutu virus and Sindbis virus in UK sentinel 
chickens. Virol J. 2006;3:71.

14.	 Linke S, Niedrig M, Kaiser A, Ellerbrok H, Müller K, Müller T, et 
al. Serologic evidence of West Nile virus infections in wild birds 
captured in Germany. Am J Trop Med Hyg. 2007;77(2):358-64.

15.	 Lelli R, Savini G, Teodori L, Filipponi G, Di Gennaro A, Leone A, 
et al. Serological evidence of USUTU virus occurrence in north-
eastern Italy.  Zoonoses Public Health. 2008;55(7):361-7.



26 www.eurosurveillance.org

16.	 Hubálek Z, Wegner E, Halouzka J, Tryjanowski P, Jerzak L, 
Sikutová S, et al. Serologic survey of potential vertebrate 
hosts for West Nile virus in Poland. Viral Immunol. 
2008;21(2):247-53.

17.	 Figuerola J, Soriguer R, Rojo G, Gómez Tejedor C, Jimenez-
Clavero MA. Seroconversion in wild birds and local circulation 
of West Nile virus, Spain. Emerg Infect Dis. 2007;13(12):1915-7.

18.	 Steinmetz HW, Bakonyi T, Chvala S, Weissenböck H, 
Eulenberger U, Hatt JM, et al. Emergence of Usutu virus in 
Switzerland. Proceedings 43rd international symposium on 
diseases of zoo and wild animals; 16-20 May 2007; Edinburgh. 
P. 129-31.

19.	 Meister T, Lussy H, Bakonyi T, Sikutová S, Rudolf I, Vogl W, 
et al. Serological evidence of continuing high Usutu virus 
(Flaviviridae) activity and establishment of herd immunity in 
wild birds in Austria. Vet Microbiol. 2008;127(3-4):237-48.

20.	 Savini G, Monaco F, Terregino C, Di Gennaro A, Bano L, Pinoni 
C, et al. Usutu virus in Italy: An emergence or a silent infection? 
Vet Microbiol. 2011;151(3-4):264-74.

21.	 Cavrini F, Gaibani P, Longo G, Pierro AM, Rossini G, Bonilauri 
P, et al. Usutu virus infection in a patient who underwent 
orthotropic liver transplantation, Italy, August-September 
2009. Euro Surveill. 2009;14(50):pii: 19448. Available 
from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=19448

22.	 Pecorari M, Longo G, Gennari W, Grottola A, Sabbatini 
A, Tagliazucchi S, et al. First human case of Usutu virus 
neuroinvasive infection, Italy, August-September 2009. Euro 
Surveill. 2009;14(14):pii: 19446. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?ArticleId=19446

23.	 Gaibani P, Pierro AM, Cavrini F, Rossini G, Landini MP, Sambri 
V. False-positive transcription-mediated amplification assay 
detection of West Nile virus in blood from a patient with 
viremia caused by an Usutu virus infection. J Clin Microbiol. 
2010;48(9):3338-9.

24.	Iwamoto M, Jernigan DB, Guasch A, Trepka MJ, Blackmore 
CG, Hellinger WC, et al. Transmission of West Nile virus from 
an organ donor to four transplant recipients. N Engl J Med. 
2003;348(22):2196-203.

25.	 Pealer LN, Marfin AA, Petersen LR, Lanciotti RS, Page PL, 
Stramer SL, et al. Transmission of West Nile virus through 
blood transfusion in the United States in 2002. N Engl J Med. 
2003;349(13):1236-45.

26.	 Campbell GL, Marfin AA, Lanciotti RS, Gubler DJ. West Nile 
virus. Lancet Infect Dis. 2002;2(9):519-29.

27.	 Georges AJ, Lesbordes JL, Georges-Courbot MC, Meunier DM, 
Gonzalez JP. Fatal hepatitis from West Nile virus. Ann Inst 
Pasteur Virol. 1987;138:237-44.

28.	Solomón T. Flavivirus encephalitis. N Engl J Med. 
2004;351:370-8.

29.	 Süss J. Tick-borne encephalitis in Europe and beyond-the 
epidemiological situation as of 2007. Euro Surveill. 2008 
13(26):pii: 18916. Available from: http://www.eurosurveillance.
org/ViewArticle.aspx?ArticleId=18916

30.	 Donoso Mantke O, Vaheri A, Ambrose H, Koopmans M, de 
Ory F, Zeller H, et al. Analysis of the surveillance situation 
for viral encephalitis and meningitis in Europe. Euro 
Surveill. 2008;13(3):pii: 8017. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?ArticleId=8017

31.	 Cavrini F, Della Pepa ME, Gaibani P, Pierro AM, Rossini G, 
Landini MP, et al. A rapid and specific real-time RT-PCR 
assay to identify Usutu virus in human plasma, serum, and 
cerebrospinal fluid. J Clin Virol. 2011;50(3):221-3.

32.	 Hubálek Z. Mosquito-borne viruses in Europe. Parasitol Res. 
2008;103 (Suppl 1):S29-43.

33.	 Johnson N, Wakeley PR, Mansfield KL, McCracken F, Haxton B, 
Phipps LP, et al. Assessment of a novel real-time pan-flavivirus 
RT-polymerase chain reaction. Vector Borne Zoonotic Dis. 
2010;10(7):665-71.

34.	European Centre for Disease Prevention and Control (ECDC). 
Expert consultation on West Nile virus infection, Stockholm, 
21–22 April 2009. Meeting report. Stockholm: ECDC; 2009. 
Available from: http://www.ecdc.europa.eu/en/publications/
Publications/0909_MER_Expert_consultation_on_WNV.pdf

35.	 Cernescu C, Ruţă SM, Târdei G, Grancea C, Moldoveanu L, 
Spulbăr E, et al. A high number of severe neurologic clinical 
forms during an epidemic of West Nile virus infection. Rom J 
Virol. 1997;48(1-4):13-25.

36.	 Calistri P, Giovannini A, Hubalek Z, Ionescu A, Monaco F, 
Savini G, et al. Epidemiology of West Nile in Europe and in the 
Mediterranean basin. Open Virol J.  2010;4:29-37.

37.	 Rizzo C, Vescio F, Declich S, Finarelli AC, Macini P, Mattivi A, 
et al. West Nile virus transmission with human cases in Italy, 
August - September 2009. Euro Surveill. 2009;14(41):pii: 
19353. Available from: http://www.eurosurveillance.org/
ViewArticle.aspx?ArticleId=19353

38.	Macini P, Squintani G, Finarelli AC, Angelini P, Martini E, Tamba 
M, et al. Detection of West Nile virus infection in horses, 
Italy, September 2008. Euro Surveill. 2008;13(39):pii: 18990. 
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=18990

39.	 Rossini G, Cavrini F, Pierro A, Macini P, Finarelli AC, Po C, 
et al. First human case of West Nile virus neuroinvasive 
infection in Italy, September 2008 – case report. Euro 
Surveill. 2008;13(41): pii: 19002. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?ArticleId=19002

40.	Angelini P, Tamba M, Finarelli AC, Bellini R, Albieri A, 
Bonilauri P, et al. West Nile virus circulation in Emilia-
Romagna, Italy: the integrated surveillance system 2009. Euro 
Surveill. 2010;15(16):pii: 19547. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?ArticleId=19547

41.	 Calzolari M, Bonilauri P, Bellini R, Albieri A, Defilippo F, Maioli 
G, et al. Evidence of simultaneous circulation of west nile and 
usutu viruses in mosquitoes sampled in emilia-romagna region 
(Italy) in 2009. PLoS One. 2010;5(12):e14324.

42.	 Tamba M, Bonilauri P, Bellini R, Calzolari M, Albieri A, Sambri 
V, et al. Detection of Usutu Virus Within a West Nile Virus 
Surveillance Program in Northern Italy. Vector Borne Zoonotic 
Dis. 2011;11(5):551-7.

43.	 Ahmed J, Bouloy M, Ergonul O, Fooks A, Paweska J, Chevalier 
V, et al. International network for capacity building for the 
control of emerging viral vector-borne zoonotic diseases: 
ARBO-ZOONET. Euro Surveill. 2009;14(12):pii: 19160. 
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=19160


