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In July 2012, a confirmed case of cutaneous anthrax
infection in a stockbreeder in the prefecture of Larissa,
Thessaly, Central Greece was reported. The investiga-
tion revealed five related deaths in animals (two dogs
and three sheep). Control measures have been taken
immediately in order to prevent further spread in
humans and animals.

On 7 July 2012, a stockbreeder in his early 6os was
admitted to the Department of Medicine, University
Hospital of Larissa, Greece with high fever up to 39.5 °C
accompanied by rigors, malaise and generalised weak-
ness that had been present for the previous six hours.
The patient reported the appearance of three pruritic
papular lesions on the left forearm five days earlier. He
further reported that he had slaughtered and flayed a
sheep six days before admission to hospital.

Case description

Upon hospital admission, the patient was febrile, his
vital signs were normal, and during the physical exam-
ination three painless ulcers on the left forearm with
surrounding vesicles and oedema, covered by black
eschars were observed (Figure). The left axillary lymph
nodes were significantly swollen. No other signs or
symptoms were found during the physical examination.

Laboratory results on the day of hospital admission
revealed elevation of acute phase response markers
(white blood cells: 17,100/pL (range: 4,000-10,000/
pL), neutrophils: 14,600/pL (range: 2,400-6,000/pl),
C-reactive protein: 3.5 mg/dL (range: o.5 mg/dL)). A
working diagnosis of cutaneous anthrax was estab-
lished on the basis of the patient’s place of residence
and typical clinical presentation. Therefore, intrave-
nous treatment with penicillin (24 million units per day)
was started immediately [1]. After 10 days of hospitali-
sation, he was discharged in good health with clinical
and laboratory results indicating complete recovery.
Although the possibility of inhalation exposure in this
case was very unlikely, the precise conditions of the
direct contact that took place during flaying are not
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known. Therefore, upon discharge from hospital, the
patient received amoxicillin (oral dose of 1,500 mg
per day) for an additional 45 days as a post-exposure
prophylaxis against the potential development of
anthrax pneumonitis.

Laboratory investigation

On 8 July, one day after hospitalisation of the patient,
biological samples (smears from pustules) were sent to
the Department of Microbiology at the Medical School
of the University of Thessaly. Microscopic examination
of the smears showed the presence of Gram-positive
rods, typical for Bacillus anthracis. However, bacte-
rial cultures remained negative; this finding could be
explained by the fact that, at the time the samples
were taken, the patient was already under penicillin
treatment at a high dose.

Blood samples were obtained by the local veterinar-
ian from two more sheep that have died in the same
herd after 7 July. These two were also inspected and
microscopic examination revealed the presence of

FIGURE

Skin lesions due to cutaneous anthrax infection, Larissa,
Thessaly, Central Greece, July 2012
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Gram-positive rods and bacterial cultures grown for
24 h on 5% blood agar produced grey-white colonies.
Preliminary identification was performed using con-
ventional methodology. Briefly, haemolysis detection
and motility testing was performed as described previ-
ously, using 5% horse blood and trypticase soy broth
(Bioprepare, BioPa Kerateas, Greece) [2]. Capsular test-
ing was performed using nutrient agar plates supple-
mented with 0.7% NaHCO, (Bioprepare), incubated in
5% CO, for 24 h, followed by McFadyen methylene blue
staining. Genus and species confirmation, as well as
detection of the two B. anthracis plasmids, pXO1 and
pX02, responsible for the species’ pathogenicity, was
performed using SYBR Green real-time PCR and the
primer pairs BA813F/R, PAG67/68 and CAP57/58, as
well as the Genesig Bacillus anthracis Real Time PCR kit
(PrimerDesign Ltd, Southampton, UK), which is based
on TagMan chemistry [3].

The microorganism isolated from the sheep was iden-
tified as B. anthracis and carried the two pathogenic
plasmids pX01 and pX02; the pX01 plasmid contains
the lef, cya and pag genes, which encode the lethal
factor, oedema factor and protective antigen, respec-
tively, while the pX02 plasmid contains the cap gene,
which encodes the capsule [3].

Epidemiological investigation

The stockbreeder was contaminated after having han-
dled the slaughtered sheep due to direct contact with
the infected animal. He had flayed the animal together
with his wife and then fed two dogs with the contami-
nated meat. These dogs died during the next day.
After 36 hours, the specific anthrax cutaneous lesions
appeared on the exposed area of the stockbreeder’s
skin. Since 7 July, two more sheep have died in the
same herd. No other death occurred in this or other
herd in the same village (Tsabournia).

It can be assumed that the stockbreeder’s wife was
also exposed to the spores of the infected animal.
However, she did not present any signs or symptoms of
infection and is now under post-exposure prophylactic
treatment.

Control measures

The stockbreeder’s wife hasn’t developed any symp-
toms during the maximum incubation period of 15 days,
but is currently receiving post-exposure prophylaxis.
The residents of the village (Tsabournia) have been
informed about this case in order to recognise early
clinical symptoms of anthrax and they were advised
to seek medical treatment immediately if anthrax was
suspected. The local health centre and general practi-
tioners are aware of this need for careful monitoring.
Special directions have been given to the stockbreed-
ers of Tsabournia regarding the use of protective
equipment. The local Veterinary Authority has taken
measures for the correct disposal of animal carcasses,
including disinfection of contaminated material and

www.eurosurveillance.org

decontamination of the environment. Mass vaccination
of 7,000 animals is currently in progress.

Background information

Anthrax is an acute infectious disease caused by a
large, spore-forming, toxin-producing bacterium B.
anthracis [4]. It is the oldest known zoonosis with
worldwide distribution and has been known to man for
hundreds of years, mostly as an animal disease, typi-
cally in agricultural areas [4,5]. The disease is endemic
in many countries of the world, particularly in tropical
and sub-tropical areas, such as southern Europe, Asia,
Africa, North and South America, and Australia [6,7]. It
commonly occurs in well defined endemic areas where
environmental conditions are particularly favourable
for the survival of the spores. In Europe, there is a defi-
nite declining trend: The number of reported human
cases remained at around 25 cases per year during a
ten-year period (1995-2004), and has since decreased
even more (2005: 10 cases, 2006: 16 cases, 2007: five
cases, 2008: three cases, 2009: 14 cases) [8-12]. In the
last four years, several reports of anthrax infections
in heroin drug users have been reported in European
countries [13-15].

Until 1979, Greece, particularly the northern part of
the country, was considered as an enzootic zone for
anthrax [6]. Although the number of animal outbreaks
between 1970 and 1979 had declined to almost a quar-
ter of that of the previous decade (1960-1969), there
were 300 outbreaks a year, mostly involving sheep.
During this period, there were 8,475 sheep and 1,675
bovine losses in 3,669 separate outhreaks. During the
same period, 482 human anthrax cases occurred in the
country and all patients were from rural areas [6]. The
highest incidences were observed in the prefectures of
Aetoloakarnania, Evros, loannina, Larissa, Rodopy and
Thessaloniki [6]. Since then, strict control measures
have eliminated the disease and only sporadic cases in
animals and humans have been reported. According to
the epidemiological reports from the European Centre
for Disease Prevention and Control (ECDC), only 38 con-
firmed human cases of anthrax were reported between
1994 and 2010 [8-12]. However, it should be stated
that although anthrax is included in the notifiable dis-
eases and every suspected case should be reported to
the Hellenic Center for Disease Control and Prevention
(HCDCP), there is some degree of underreporting and
the low number of reported cases does not allow gen-
eral conclusions regarding the accurate incidence
trend.

Thessaly is a rural region located in Central Greece and
includes four prefectures (Karditsa, Larissa, Magnesia,
Trikala). The estimated number of goats and sheep in
this region is above 2 million. The large majority of
them (more than 1 million goats and sheep) are farmed
in Larissa prefecture. According to the records of the
local Veterinary Authority of Larissa, three outbreaks
of anthrax have been reported in Larissa in the past
35 years (in 1978, in 2000, and in 2006) (unpublished



data). All of them occurred in herds kept in two villages
(Livadi and Tsabournia) situated at a distance of 35 km
from each other in the area of Elassona, Larissa prefec-
ture. Approximately 9o animals were affected in total,
and the outbreaks were contained after correct dis-
posal of animal carcasses and vaccination of exposed
animals. According to the epidemiological data of the
Veterinary Authority, no case of anthrax in animals or
humans has ever been declared in the other three pre-
fectures of Thessaly.

In 1978, anthrax infection had been confirmed in ani-
mals of three different herds in Tsabournia. However,
no human infection has been reported. Vaccination and
appropriate control measures have been taken; since
then until the incident described here no other anthrax
case in animals or in humans has been reported.

Conclusions

From a public health point of view, anthrax is important
for Europe as well as for other regions. Infections still
occur in Greece and clinicians should be aware of the
disease and of the need for immediate management
and reporting to the HCDCP [16].

In the management of the case described above, the
level of post-prophylactic treatment may be seen as
unusual according to the World Health Organization
(WHO) recommendations (no post—prophylactic treat-
ment required in a patient previously treated by intra-
venous penicillin) [1]. Here, post-exposure prophylaxis
was nevertheless recommended after hospital dis-
charge because the precise conditions of direct contact
which took place during flaying were not clearly known

[27].

Early recognition of this suspected human case and
reporting to the local authorities without delay have
led to the prevention of further spread of the disease
both in humans and animals.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

World Organisation for Animal Health (OIE), World Health
Organization (WHO), Food and Agriculture Organization of the
United Nations (FAO). Anthrax in humans and animals. Fourth
edition. Geneva: WHO; 2008. Available from: http://whglibdoc.
who.int/publications/2008/9789241547536_eng.pdf

Papaparaskevas J, Houhoula DP, Papadimitriou M, Saroglou G,
Legakis NJ, Zerva L. Ruling out Bacillus anthracis. Emerg Infect
Dis. 2004;10(4):732-5.

Fasanella A, Losito S, Trotta T, Adone R, Massa S, Ciuchini

F, et al. Detection of anthrax vaccine virulence factors by
polymerase chain reaction. Vaccine. 2001;19(30):4214-8.

Anthrax, In: Merck Veterinary Manual, National Publishing Inc.
eighth edition, 1998. Philadelphia, p 432-5.

Anthrax, In Veterinary Medicine, Saunders, eighth edition,
1997. London p. 671-6.

Velimirovic B. Anthrax in Europe. Rev Sci Tech Off Int Epiz.
1984;3(3): 527-59.

Dragon DC, Rennie RP. The ecology of anthrax spores: tough
but not invincible. Can Vet ). 1995;36(5):295-301.

European Centre for Disease Prevention and Control (ECDC).

Annual epidemiological report on communicable diseases in
Europe. Stockholm: ECDC. 2007. Available from: http://ecdc.
europa.eu/en/publications/Publications/0706_SUR_Annual_
Epidemiological_Report_2007.pdf

European Centre for Disease Prevention and Control (ECDC).
Annual epidemiological report on communicable diseases in
Europe 2008. Stockholm: ECDC. 2008. Available from: http://
ecdc.europa.eu/en/publications/Publications/0812_SUR_
Annual_Epidemiological_Report_2008.pdf

European Centre for Disease Prevention and Control (ECDC).
Annual epidemiological report on communicable diseases
in Europe 2009. Stockholm: ECDC. 2009. Available from:
http://ecdc.europa.eu/en/publications/Publications/o910_
SUR_Annual_Epidemiological_Report_on_Communicable_
Diseases_in_Europe.pdf

European Centre for Disease Prevention and Control (ECDC).
Annual epidemiological report on communicable diseases
in Europe 2010. Stockholm: ECDC. 2010. Available from:
http://ecdc.europa.eu/en/publications/Publications/1011_
SUR_Annual_Epidemiological_Report_on_Communicable_
Diseases_in_Europe.pdf

European Centre for Disease Prevention and Control

(ECDCQ). Annual epidemiological report 2011. Reporting on
2009 surveillance data and 2010 epidemic intelligence
data. Stockholm: ECDC. 2011. Available from: http://ecdc.
europa.eu/en/publications/Publications/1111_SUR_Annual_
Epidemiological_Report_on_Communicable_Diseases_in_
Europe.pdf

Radun D, Bernard H, Altmann M, Schoneberg I, Bochat V, van
Treeck U, et al. Preliminary case report of fatal anthrax in

an injecting drug user in North-Rhine-Westphalia, Germany,
December 2009. Euro Surveill. 2010;15(2):pii=19464.
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?Articleld=19464

Holzmann T, Frangoulidis D, Simon M, Noll P, Schmoldt

S, Hanczaruk M, et al. Fatal anthrax infection in a heroin
user from southern Germany, June 2012. Euro Surveill.
2012;17(26):pii=20204. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?Articleld=20204

Palmateer NE, Ramsay CN, Browning L, Goldberg DJ,
Hutchinson SJ. Anthrax infection among heroin users in
Scotland during 2009-2010: a case-control study by linkage
to a national drug treatment database. Clin Infect Dis.
2012;55(5):706-10.

Karpouzis A, Panopoulou M, Bazzano G, Grapsa A, Maltezos
E, Ktenidou-Kartali S, et al. Extensive cutaneous anthrax in an
immunocompetent patient. Eur ) Dermatol. 2007;17(5):443-5.

Weber DJ, Rutala WA. Risks and prevention of nosocomial
transmission of rare zoonotic diseases. Clin Infect Dis.
2001;32(3):446-56.

www.eurosurveillance.org



SURVEILLANCE AND OUTBREAK REPORTS

Travel-associated Legionnaires’ disease in residents from

England and Wales travelling to Corfu, Greece, August
to October 2011

R Maini (mainirishma@gmail.com)’, F Naik*, T G Harrison?, M Mentasti*, G Spala?, E Velonakis?, C Hadjichristodoulou?,

B de Jong3, A Vatopoulos?, N Phin*4
1. Health Protection Agency (HPA), London, United Kingdom

2. Hellenic Centre for Disease Control and Prevention (KEELPNO), Athens, Greece
3. European Centre for Disease Prevention and Control (ECDC), Stockholm, Sweden
4. Faculty of Health & Social Care, University of Chester, Chester, United Kingdom

Citation style for this article:

Maini R, Naik F, Harrison TG, Mentasti M, Spala G, Velonakis E, Hadjichristodoulou C, de Jong B, Vatopoulos A, Phin N. Travel-associated Legionnaires’ disease
in residents from England and Wales travelling to Corfu, Greece, August to October 2011. Euro Surveill. 2012;17(32):pii=20240. Available online: http://www.

eurosurveillance.org/ViewArticle.aspx?Articleld=20240

Fourteen cases of Legionnaires’ disease were con-
firmed in residents from England and Wales with
a history of travel to Corfu, Greece, in the 14 days
before symptom onset. These cases were reported
to the Health Protection Agency national surveil-
lance scheme for Legionnaires’ disease in residents
of England and Wales between August and October
2011. In addition, one case in a Greek national and
a case of non-pneumonic legionellosis in a resident
from Scotland were also reported. Few cases shared
the same accommodation site in Corfu during their
incubation period. Epidemiological investigations and
microbiological analysis of clinical and environmental
samples excluded a single source but rather implicated
several accommodation sites as sources of sporadic
infection. Control measures have since been imple-
mented at these accommodation sites and no further
cases have been reported. This incident highlights the
value of epidemiological typing and the importance of
effective international response to control and prevent
legionella infection.

Introduction

Legionnaires’ disease (LD) is a notifiable disease across
Europe. It presents as pneumonia with a case fatality
rate of 10-15% [1]. LD is caused by the inhalation of aer-
osolised legionellae and early treatment with appropri-
ate antibiotics may reduce the risk of complications [2].
Legionellae are widely distributed in the environment
being found in all types of water systems including
both natural sources, such as rivers and streams, and
man-made systems, such as cooling towers, domes-
tic water systems and spa pools [3-6]. When circum-
stances allow amplification of the organisms and their
dispersal through aerosols to the population, such
as in water systems which are not properly designed,
installed and/or maintained, then there is the poten-
tial for significant numbers of people to be exposed
and outbreaks to occur. Susceptible hosts include
the elderly, smokers and the immunosuppressed [7].
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Prompt investigation of early cases to identify the
source and institute control measures is vital to pre-
vent further cases.

Legionella pneumophila urinary antigen testing is fre-
quently used to obtain a rapid clinical diagnosis; how-
ever, this test provides very little information about
the infecting strain. Increasingly, DNA-sequence-based
typing (SBT) is being used to examine isolates of
L. pneumophila or, more recently, in conjunction with
polymerase chain reaction (PCR) directly on clinical
samples, to yield highly discriminatory epidemiologi-
cal typing data which can be used to compare against
environmental isolates and hence to more accurately
pin-point sources of infection [8,9].

This paper describes the investigation of an unex-
pected increase in cases from England and Wales with
LD associated with travel to Corfu Island, Greece, using
SBT analysis of environmental and clinical samples,
and the control and prevention measures implemented
as a result.

Background

In 2009, the overall rate of LD cases in Greece was
0.13/100,000 population compared with a rate of
1.30/100,000 population in the Netherlands and
2.63/100,000 in Spain [10]. Greece is among the top
10 destinations in Europe that United Kingdom (UK)
residents travel to, accounting for about 4% of the
4.7 million UK residents travelling within Europe each
year; similar numbers are reported to travel to the
Netherlands and Turkey [11]. Since 2000, the average
number of LD cases reported to the Health Protection
Agency (HPA) national surveillance scheme (for England
and Wales) associated with travel to Greece is 10 per
year compared with an average of 11 associated with
travel to Turkey and two to the Netherlands.

Residents of England and Wales have been associated
with 10 clusters in Greece since 2000, seven of which



have been at sites on Corfu Island. This compares to
11 clusters identified in Turkey over the same period
of time and one cluster identified in the Netherlands
[12]. Of these clusters, only three of the 10 clusters in
Greece and three of the 11 clusters in Turkey had envi-
ronmental results reported to the HPA national surveil-
lance scheme. There were no environmental results
from the cluster in the Netherlands. As a consequence,
no source could be confirmed in any of the clusters in
the three countries, highlighting the great difficulty in
identifying the source of travel-associated clusters.

On average, five cases of LD associated with travel to
Corfu Island are reported annually to the HPA national
surveillance scheme. The highest number of cases
reported in a year has been nine cases in 2005 and
2006 (Figure 1) [12].

However in 2011, by 4 October, the HPA national sur-
veillance scheme had identified eight cases of LD in
residents of England and Wales with onset of symp-
toms in the 14 days following travel to Corfu. As this
exceeded the annual average, and all cases had an
onset of symptoms within four weeks of each other,
an incident meeting was convened involving repre-
sentatives from public health authorities in the UK
and Greece and from the European Centre for Disease
Prevention and Control (ECDQ).

Methods

Information from the national enhanced surveillance
questionnaire for LD [13] was collected for each case
and a further trawling questionnaire was administered
in order to identify any common links between the
cases in either Corfu or England and Wales. Regular

FIGURE 1

teleconferences were held with the Hellenic Center
for Disease Control and Prevention (HCDCP), Greece,
whereby data from questionnaires were shared in order
to facilitate field investigations. Data exchange was
also facilitated using the Epidemiological Intelligence
Information System (EPIS), an international platform
through which a network of experts can rapidly share
data with other countries. Active case finding was
undertaken by alerting the 29 member countries of the
European Legionnaires’ Disease Surveillance Network
(ELDSNet) [14]. Both the UK and Greece enhanced case-
finding activity by alerting clinicians and public health
professionals through their national channels.

Environmental investigations in Corfu were undertaken
by the Greek authorities. Where possible, hotel rooms
and pool showers in all accommodation sites where
cases reported having stayed overnight were sampled.
In addition, samples were collected from public areas,
including Corfu airport and fountains in Corfu city. A
risk assessment was also carried out at each accom-
modation site.

In England and Wales, no public area was identified as
a potential source of infection but Health Protection
Units carried out, where possible, domestic sampling
of cases’ households through local environmental
health departments.

Primary diagnosis of all patients was made in local
microbiology laboratories using commercial L. pneu-
mophila urinary antigen Kkits. Following standard
practice, the local laboratories were asked to for-
ward all clinical samples from cases to the national
legionella reference laboratory in the HPA Respiratory
and Systemic Infections Laboratory (RSIL) in London.

Cases of Legionnaires” disease in residents of England and Wales, with reported travel to Corfu, Greece, 2000-2011
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Urine samples from all cases were examined using the
RSIL in-house assay which is specific for L. pneumoph-
ila serogroup 1 strains of the mAb3/1 subgroup [15].
Sputum samples were requested for all urinary antigen
positive patients for culture and any isolates obtained
were characterised using monoclonal antibody (mAb)
subgrouping [16] and SBT [9]. Samples which yielded
a positive result in the L. pneumophila specific PCR but
were culture-negative, were examined using nested-
direct SBT [10].

Environmental samples were cultured by standard
methods [17] in either the Central Laboratory of Public
Health in Vari-Attica or the Laboratory of Public Health
of Thessaly, Greece. At the time of this investigation
these laboratories did not have the capacity to under-
take full epidemiological typing of isolates, a repre-
sentative selection of positive isolates obtained were
then submitted to RSIL, as the ELDSNet co-ordinating
laboratory, for further characterisation by mAb sub-
grouping and SBT.

Results

Fourteen confirmed cases of LD were detected in resi-
dents of England and Wales; a Greek national with
LD was also identified. One case of non-pneumonic
legionellosis was identified in a resident from Scotland.
All cases had been in Corfu in the 14 days before onset
of symptoms.

The earliest date of onset of symptoms of cases from
England and Wales was 2 August 2011 and, the latest
date was 12 October 2011 (Figure 2). The median age
of cases was 61 years (range: 39-79), and eight of the
cases were male. Seven patients had known co-mor-
bidities. All cases were hospitalised and seven cases
were admitted to intensive care units; one patient
required extracorporeal membrane oxygenation. One
case died 27 days after onset of symptoms.

Atrawling questionnaire was completed for all 14 cases
from England and Wales. Thirteen of the 14 cases had
stayed in tourist accommodation. The remaining case
had stayed in a private villa owned by a friend. In total,
10 different accommodation sites associated with cases
were identified, and the locations of these were scat-
tered across Corfu. There were three accommodation
sites where more than one case had stayed: two cases
stayed at Site A (early August and late September),
two cases stayed at Site D (early September and mid-
September) and three cases stayed at Site H (two in
mid-September and one in late September): only the
two cases in Site H stayed in accommodation at the
same time. Cases did not appear to share a common
airline tour company, or airport of departure or arrival
in England or Wales, and no other common potential
exposures were identified.

For three of the cases, domestic sampling of home
residences in England and Wales was undertaken but

FIGURE 2
Cases of Legionnaires’” disease in residents of England and Wales associated with travel to Corfu, Greece®, August-October
2011 (n=14)
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legionellae were not recovered from any of these. The
environmental investigations undertaken by the Greek
authorities highlighted deficiencies in the disinfection
and maintenance of water systems of the accommoda-
tion sites in Corfu. Issues with water temperature con-
trol were also identified. Environmental samples were
obtained from nine of the 10 accommodation sites
although for one site sampling was confined to sam-
ples taken from an external water tank, the pool filter
and a pool shower since the business was insolvent and
access to the hotel rooms was not possible. Excluding
this latter site, sampling revealed that L. pneumophila
serogroup 1 was present in all but one accommodation
site, often in association with other L. pneumophila
serogroups or Legionella species. The source of posi-
tive samples and the number of positive samples are
indicated in the table. Samples from the airport and
local town fountain were negative for legionellae.

TABLE

All 14 cases were reported as L. pneumophila urinary
antigen positive and samples from 13 of these were
submitted to RSIL for confirmation. All 13 were con-
firmed as positive for L. pneumophila serogroup 1
mAb3/1+ve antigen. Sputum samples were requested
from all the patients but were received from only
nine: legionellae were grown from seven of these, the
remaining two were both culture and L. pneumophila
PCR negative. The typing results of both the clinical
and environmental samples submitted by the Greek
authorities to RSIL are summarised in the table. In four
instances, clinical isolates and corresponding environ-
mental isolates were available for comparison, and in
two of these (Sites C and G) they were indistinguish-
able, having the same mononclonal antibody (mAb)
subgroup and sequence type. Furthermore, for four
of the five patients who stayed in Sites A, D and F,

Results from the typing of environmental and clinical samples of England and Wales cases of Legionnaires’ disease

associated with travel to Corfu, Greece, August-October 2011

Sources of positive
environmental samples
submitted by Greek
laboratories

Number of
Accommodation  positive
samples

Environmental isolates recovered Patient  Clinical microbiology result

/ Cold and hot water L.p Sgp1, mAb ‘Oxford/OLDA’, ST1 12 L.p Sgp1, mAb3/1+ve
Site A? 719 shower, swimming pool L.p Sgp1, mAb ‘Philadelphia’, ST1
shower L.p Sgp3, ST388 11° L.p Sgp1, mAb3/1+ve
Site B 2/12 Cold water shower L.p Sgp1, mAb ‘Oxford/OLDA’, ST1 2 L.p Sgp1, mAP Allentown/
France’, ST23
. . s L.p Sgp1, mAb ‘Allentown/
b b
Site C 1/4 Hot water shower L.p Sgp1, mAb ‘Allentown/France’, ST23 3 France’, ST23
L.p Sgp1, mAb ‘Allentown/France’, ST23 4 L.p Sgp1, mAb3/1+ve
. Cold and hot water
Site D 5/20 h L.p Sgp6, ST461
shower Legionella anisa 5° L.p Sgp1, mAb3/1+ve
. L.p Sgp1, mAb ‘Oxford/OLDA’, ST1 L.p Sgp1, mAb ‘Allentown/
Site E 4/8 Hot water shower L.p Sgpé, ST461 6 France’, STé62
L.p Sgp1, mAb ‘Benidorm’, ST42
Site F? 11/19 Cold and hot water L.p Sgp6, ST1260 7° L.p Sgp1, mAb3/1+ve
shower
L.p Sgp1o, NT
Site G 6/8 Cold and hot water L.p Sgp1, mAb ‘Philadelphia’, ST1 gb L.p Sgp1, mAb
shower L.p Sgp6, NT ‘Philadelphia’, ST1
L.p Sgp1, mAb ‘Allentown/
9 France’, ST23
Legionellae not recovered from No samples submitted to
Site He o/3 None identified 10 Respiratory and Systemic
external samples .
Infections Laboratory
s L.p Sgp1, mAb ‘Allentown/
3 France’, ST23
. Cold and hot water L.p Sgp1, mAb ‘Oxford/OLDA’, ST1
Sitel 5/9 shower, swimming pool L.p Sgp3, NT 12 L.p Sgp1, mAb3/1+ve
. . - Legionellae not recovered from any L.p Sgp1, mAb ‘Knoxville’,
Site ) 0/12 None identified samples? 14 ST20

NT: not tested.

2 No clinical isolate available for typing but the urinary antigen result is consistent with infection being due to an isolate recovered from the

site.
b Clinical and environmental isolates match.

¢ No samples could be obtained from hotel rooms but three swabs were collected from the pool and water tank outside the building.
4 Sampling was not performed according to protocol as the hotel was closed due to foreclosure procedures.
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although no clinical isolates were obtained, the RSIL
urinary antigen assay result confirmed that they were
all infected with L. pneumophila serogroup 1 strains
expressing the mAb3/1 epitope and among the envi-
ronmental isolates recovered from each of these sites,
there were strains that carried the same epitope (i.e.
mAb Philadelphia, Allentown/France and Benidorm).
Given that mAb3/1+ve strains are generally uncommon
in the environment [16], these data are consistent with,
and supportive of the view that these accommodation
sites were the source of these patients’ infection.

Control measures

In response to the outbreak, the HCDCP issued guide-
lines to all health professionals in the region under-
lining the importance of early recognition, prompt
diagnosis, timely management and notification of
LD. The Greek authorities started a communication
campaign aimed at providing information on the use
of effective measures to prevent legionellosis on all
Greek islands at the beginning of the 2012 tourist sea-
son. Communication material has been forwarded to
Hotel Associations and other tourist accommodation
providers and information seminars for these groups
were organised on several islands.

In addition to the communication campaign, all regional
public health laboratories, in collaboration with local
public health authorities, have been conducting risk
assessments and environmental sampling in a repre-
sentative number of hotels in touristic areas of Greece,
for example, Crete, Halkidiki, Skiathos and Corfu.

Along with environmental sampling, a risk assessment
for each accommodation site was carried out in accord-
ance with the European Working Group for Legionella
Infections (EWGLI) guidelines and recommendations
made on control measures to be taken [18].

Conclusions

Historically, of all the clusters identified in Greece
between 1980 and 2010, 12 occurred in different
accommodation sites in Corfu Island and involved
between two and four cases of LD in residents from
England and Wales. There were no environmental sam-
ples for any of the 12 clusters, but two of the historic
sites were involved in the 2011 cluster of cases. This
paper highlights the improvement in reporting environ-
mental samples to the HPA national surveillance sys-
tem and the benefits of collaborative working between
European countries.

An interesting observation made early on in this inves-
tigation was the absence of cases reported in residents
outside England and Wales. We would have expected
to have seen more cases in residents from other coun-
tries visiting the island or perhaps among the local
population. ELDSNet alerted all collaborating countries
of the increase in case numbers and requested imme-
diate submission of any cases associated with travel
to Greece; however, no cases were reported. There is
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no evidence or reason to believe that travellers from
England and Wales to Corfu Island are more susceptible
to LD than travellers from any other country. Therefore,
the reason behind this difference may be case ascer-
tainment between health systems of other countries
and England and Wales.

It is also important to note that only one death was
associated with this incident. A plausible reason for
this is that not all cases had clinically relevant comor-
bidities. In addition, increased awareness of the dis-
ease as a result of media interest may have altered
clinical practice resulting in improved clinical outcome.

Given the high number of cases over a short period
of time, initial concerns focused on the possibility of
a point-source outbreak. The results of laboratory typ-
ing, however, indicated that simultaneous clusters
of disease were occurring, as opposed to a common
source outbreak. In most similar investigations few
clinical isolates, few environmental isolates, or few of
both, are available for comparison and this restricts
the ability of investigators to detect multiple sources
[19]. In this investigation we obtained clinical iso-
lates from over 50% of cases and environmental sam-
ples from almost all potential sources. This high rate
allowed us to obtain very strong evidence of the source
for two cases and good, albeit indirect, evidence for a
further five cases. This investigation illustrates both
the value of subtyping in the corroboration of envi-
ronmental results with clinical results, and the impor-
tance of obtaining sputum samples from patients in
the context of an investigation. In six of the accommo-
dation sites, multiple strains of L. pneumophila were
recovered from the environment. While this is not an
uncommon finding, it does illustrate that unless exten-
sive environmental sampling, followed by characterisa-
tion of multiple isolates, is undertaken from potential
sources, the infecting strain could easily be missed.

As the incident occurred during late summer and early
autumn, the temperate weather conditions of that
period may have encouraged the proliferation of the
Legionella bacteria in water [20]. In combination with
the lack of disinfection regimes in the accommodation
sites, this may have been the underlying cause of the
incident. All accommodation sites sampled were posi-
tive for Legionella indicating that, in general, stand-
ards for preventing Legionella colonisation were not
adequate. It is therefore imperative that steps are
taken to educate, support and inform all those working
in the tourism industry about how to reduce the risk
of Legionella infection, in particular during the summer
season.

It is hoped that the communications campaign initiated
by the Greek authorities will succeed in raising aware-
ness. If it is demonstrated to have a positive impact on
the number of cases of travel-associated Legionnaires’
disease, there may be added value in further annual
campaigns in reducing the burden of this infection
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Despite extensive childhood immunisation, pertussis
remains one of the world’s leading causes of vaccine-
preventable deaths. The current methods used for
laboratory diagnosis of pertussis include bacterial
culture, polymerase chain reaction (PCR) and enzyme-
linked immunosorbent assay (ELISA) serology. We con-
ducted a questionnaire survey to identify variations in
the laboratory methods and protocols used among
participating countries included in the European sur-
veillance network for vaccine-preventable diseases
(EUVAC.NET). In February 2010, we performed the sur-
vey using a web-based questionnaire and sent it to
the country experts of 25 European Union countries,
and two European Economic Area (EEA) countries,
Norway and Iceland. The questionnaire consisted of
37 questions which covered both general informa-
tion on surveillance methods and detailed laboratory
methods used. A descriptive analysis was performed.
Questionnaires were answered by all 27 contacted
countries. Nineteen countries had pertussis reference
laboratories at the national level; their functions var-
ied from performing diagnosis to providing technical
advice for routine microbiology laboratories. Culture,
PCR and serology were used in 17, 18 and 20 countries,
respectively. For PCR, nine laboratories used insertion
sequence 1S481 as the target gene, which is present
in multiple copies in the Bordetella pertussis genome
and thus has a greater sensitivity over single copy
targets, but has been proved not to be specific for B.
pertussis. Antibodies directed against pertussis toxin
(PT) are specific for B. pertussis infections. For ELISA
serology, only 13 countries’ laboratories used purified
PT as coating antigen and 10 included World Health
Organization (WHO) or Food and Drug Administration

www.eurosurveillance.org

Article submitted on 4 November 2011 / published on 9 August 2012

(FDA) reference sera in their tests. This present survey
shows that methods used for laboratory confirmation
of pertussis differ widely among European countries
and that there is a great heterogeneity of the reference
laboratories and functions. To evaluate the effects
of different pertussis immunisation programmes in
Europe, standardisation and harmonisation of the lab-
oratory methods are needed.

Introduction

Bordetella pertussis is an exclusive human pathogen
which causes whooping cough or pertussis. Before the
introduction of childhood vaccination, pertussis was
a major cause of infant deaths in the world including
Europe [1-4]. However, despite the extensive vaccina-
tion, pertussis has remained endemic [1-4]. The dis-
ease has resurged in the last decade and remains the
least controlled of vaccine-preventable disease world-
wide [5-13].

Surveillance of pertussis in European countries
Within Europe, the reported incidences vary widely.
In 2010, the highest rate (97/100,000) was reported
in Norway and zero cases were reported from Cyprus,
Iceland and Luxemburg [14]. Data collected by the
European surveillance network for vaccine-preventa-
ble diseases (EUVAC.NET) from 28 European countries
conducting surveillance on whole population showed a
stable number of pertussis cases in the period 2003-
10, and an increase in incidence in adolescents [14]. In
France, where pertussis surveillance at whole-popula-
tion level is complemented by surveillance in infants
below the age of six months in selected hospitals, a
national incidence of 276/100,000 in 0-2 month-old
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infants was extrapolated for the period 1996-2005 [7].
This epidemiological picture underlines the need for
both better surveillance and control of the disease and
careful interpretation of the surveillance data.

Surveillance of 47 diseases and two health conditions
is mandatory in the European Union (EU) and European
Economic Area/European Free Trade Association (EEA/
EFTA) countries and EU case definitions should be
used for reporting [15]. Pertussis is included among
those diseases [16]. The case definition includes clini-
cal, epidemiological and laboratory criteria. However,
laboratory procedures and completeness of reporting
may differ between countries and through time, and
therefore direct comparability of laboratory-confirmed
or clinically-diagnosed cases across Europe, and
between years cannot be assumed. Laboratory con-
firmation is always warranted when there is a clinical
suspicion of pertussis, because atypical symptoms
often occur in infants, vaccinated adolescents and
adults. Furthermore, co-infections with other microbial
pathogens have been reported [17,18], and no clinician
can differentiate symptoms caused by B. pertussis and
other Bordetella species such as B. parapertussis [1].

Laboratory methods to diagnose

pertussis in European countries

At present, the laboratory methods available to diag-
nose pertussis include bacterial culture, polymerase
chain reaction (PCR) and enzyme-linked immunosorb-
ent assay (ELISA) serology.

Culture is the basic method for the diagnosis of per-
tussis. The specimen collection for the bacterial testing
is a critical part of the diagnosis. Because B. pertussis
binds to the ciliated epithelial cells of the human upper
respiratory tract, that are found in the nasopharynx,
culture specimens should be taken from the posterior
nasopharynx, either by nasopharyngeal (NP) swabs or
aspiration. Calcium alginate, dacron and rayon swabs
can be used. Because B. pertussis is a fragile bacte-
rium, NP swabs or aspirates should be sent to the
laboratory within four hours of collection, at room tem-
perature. The swab or the tip of the catheter can also be
placed in Reagan—Lowe transport medium. The other
critical part for a successful diagnosis based on culture
is an accurate identification of bacterial species.

Polymerase Chain Reaction (PCR) has proved to be
more sensitive and faster than culture. Its advan-
tages over culture include detecting bacterial nucleic
acid fragments from both dead and viable bacteria.
Specimens for PCR should be taken from the poste-
rior nasopharynx by NP swab or aspiration. Dacron or
rayon swabs are recommended, whereas swabs made
of cotton or calcium alginate are not suitable. Insertion
sequence 15481, pertussis toxin promoter region (ptxA-
Pr) and porin gene can be used as amplification tar-
gets in PCR for B. pertussis. Since porin can be found in
other bacteria, a positive PCR result is not specific for
B. pertussis. The most frequently used target gene is
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IS481 because of its high copy number in the genome of
B. pertussis. However, the 1S481-based PCR is not
able to differentiate B. pertussis from B. holmesii and
B. bronchiseptica [19,20]. Compared to 1S481 PCR, the
ptxA-Pr based PCRis found to be specific for B. pertus-
sis but is less sensitive due to its single copy number
in the genome of B. pertussis. A positive result for both
IS481 and ptxA-Pr based PCRs can be considered as a
definite B. pertussis infection.

In terms of serological tests, those detecting IgG anti-
bodies to purified pertussis toxin (PT) are the most
specific for B. Pertussis, so PT is recommended as a
coating antigen in both in house ELISA and commercial
kits [21-23].

Both culture and PCR are suitable diagnosis methods
during the early stage of the disease (i.e., < 3 weeks
of onset), making them more suitable for children and
infants with severe disease [21]. Enzyme-linked immu-
nosorbent assay serology has shown to be useful for
the late stage of disease (i.e., > 3 weeks of onset),
especially in older children and adults, who may seek
healthcare treatment later due to a milder clinical
presentation, and for whom the higher maturity of the
acquired immune system allows more reliable ELISA
results [21]. It is known that many factors can affect
specificity and sensitivity of these methods [24]. In
many laboratories, PCR and ELISA serology used are
usually validated in-house and therefore results are
not comparable across laboratories. There is also con-
siderable variation in criteria necessary for validation.
Methods to identify the bacteria in bacterial culture
can also differ between laboratories.

Aims of the study

EUVAC.NET was a European surveillance network for
vaccine preventable diseases, based at the Statens
Serum Institut, Copenhagen, Denmark. From September
2011, the coordination of the activities was transferred
to the European Centre for Disease Prevention and
Control (ECDC), Stockholm, Sweden. EUVAC.NET activi-
ties included epidemiological surveillance of pertussis
and the development of laboratory-based surveillance
of pertussis. This study was part of the latter activity.
The aims were to identify the availability of pertussis
reference laboratories established in respective EU
and EEA/EFTA countries and the functions of these lab-
oratories, and to identify and describe methods used
for laboratory confirmation of pertussis.

Methods

Design of the survey

A questionnaire was designed by the European
Bordetella expert (EUpertstrain) group in collabora-
tion with the EUVAC.NET hub. The EUpertstrain group
consists of representatives of the Bordetella reference
laboratories in their respective EU countries [21].

www.eurosurveillance.org



TABLE 1

Presence or absence of pertussis reference laboratories in
EU and EEA/EFTA countries, 2010 (n=27)

Number of
countries

Reference

laboratory Countries

Cyprus, Estonia, Greece,
Iceland, Ireland, Lithuania,
Malta and Poland

Austria, Belgium, Bulgaria,
Czech Republic, Denmark,
England, Finland, France,

Germany, Hungary, ltaly, Latvia,
Luxembourg, Netherlands,
Norway, Romania, Slovakia,

Slovenia and Sweden

Absent 8

Present 19

EEA: European Economic Area; EFTA: European Free Trade
Association; EU: European Union.

Countries participating in the survey

As part of the EUVAC.NET activities to develop labora-
tory-based surveillance in EU member states, a group
of laboratory experts on pertussis was included in
the network in 2010. In this manuscript this group is
referred to as pertussis country experts. The experts
were appointed by national health authorities as
requested by the ECDC. As of February 2010, 25 EU
countries and two EEA countries, Norway and Iceland,
had identified one respective expert. Bulgaria, Cyprus
and Latvia identified two experts. All pertussis coun-
try experts were invited and agreed to respond to the
questionnaire.

Data collection and analysis

The web-based questionnaire consisted of 37 specific
questions. The questionnaire covered general infor-
mation and asked about the existence of a national
reference laboratory for pertussis and its function.
Questions on detailed laboratory methods used for
the diagnosis of pertussis were also included. Of the
37 questions, 25 required single answer, nine required
multiple answers and three required description. Data
was analysed in a descriptive way.

This study was funded by ECDC, Statens Serum Institut
(Denmark) and National Institute for Health and Welfare
(Finland). Sponsors of this study had no role in study
design, data collection, data analysis, data interpreta-
tion, or writing of the report. The summary of the find-
ings and the manuscript was approved by the country
experts before submission.

Results
All of the contacted countries responded (27/27), such
that the response rate to the survey was 100%.
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Reference laboratories and their

functions at national level

Nineteen of 27 countries stated to have pertussis refer-
ence laboratories at the national level, whereas eight
countries did not (Table 1).

An inventory of a reference laboratory’s functions was
not available at the time the survey was undertaken,
accordingly we asked the countries to list the functions
in a descriptive manner. Thereafter, the reference func-
tions were categorised as following: diagnosis, bacte-
rial typing, surveillance and technical advice for routine
microbiology laboratories (Table 2). Fourteen of 19
countries’ laboratories had responsibility for diagno-
sis, seven for surveillance and 11 for technical advice.
Only eight reference laboratories performed bacte-
rial typing, an important method to monitor emerging
B. pertussis strains as well as to compare vaccine anti-
gens to bacterial antigens in circulating isolates. Of the
19 reference laboratories, twelve laboratories had two
functions, three laboratories had three functions, and
the laboratory for England had all four functions. Of
the 12 laboratories having at least two functions, only
three had both functions for diagnosis and bacterial

typing.

Estimated number of laboratories
performing pertussis diagnostics
Among countries, the number of estimated labora-
tories performing pertussis diagnostics per country
varied a lot. Two countries (Hungary and Luxembourg)

TABLE 2

Functions of the pertussis reference laboratories, in the
countries (n=19) where a pertussis reference laboratory is
present, EU and EEA/EFTA countries, 2010

Functions of the Number of

. Countries
countries

pertussis reference
laboratories

Austria, Belgium, Bulgaria,
Cyprus, Czech Republic,
Denmark, England,
Germany, Hungary, Latvia,
Luxembourg, Netherlands,
Romania and Slovakia

Diagnosis 14

Austria, Belgium,
England, Finland, France,
Netherlands, Norway and

Sweden

Bacterial typing 8

Denmark, England,
Hungary, ltaly, Latvia,
Norway and Romania

Surveillance 7

Czech Republic, England,
Finland, France, Germany,
Hungary, ltaly, Norway,
Romania, Slovakia and
Sweden

Technical advice 11

EEA: European Economic Area; EFTA: European Free Trade
Association; EU: European Union.
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had only one respective laboratory performing pertus-
sis diagnostics. Thirteen countries (Austria, Belgium,
Bulgaria, Cyprus, Denmark, Finland, Greece, Iceland,
Ireland, Latvia, Lithuania, Malta and Slovenia) had less
than 10; four countries (Estonia, Norway, Slovakia and
Sweden) had 10 to 30; three countries (Czech Republic,
Italy and the Netherlands) had from 30 to 100; and
three countries (England, France and Germany) had
more than 100. The number of estimated laboratories
was not known in Romania and Poland.

Laboratory methods for diagnosis of pertussis
When the laboratory methods for diagnosis of pertus-
sis were surveyed, 17 countries had laboratories per-
forming culture, 18 PCR and 20 ELISA (Table 3).

Culture

In the reference laboratories of 17 countries, culture
was performed for diagnosis (Table 3). In 10 countries
both NP aspirates and swabs were accepted as speci-
mens by laboratories, in six countries (Czech Republic,
Latvia, Lithuania, Malta, Romania and Slovenia) only
swabs were accepted, and in one country (Greece) only
aspirates. A dacron swab for sampling was the most
common type. Although cotton wool swabs are not
recommended, these were utilised in three countries.
The common media used for culture were Regan-Lowe
and Bordet-Gengou (either medium in 7 countries and

TABLE 3

Methods to laboratory confirm a pertussis case in EU and
EEA/EFTA countries, 2010 (n=27)

Method to Number of

. Countries
countries

confirm a
pertussis case

Belgium, Czech Republic,
Denmark, Finland, France,
Germany, Greece, Hungary,
Iceland, Ireland, Italy, Latvia,
Lithuania, Malta, Romania,
Slovakia, Slovenia

Culture 17

Austria, Belgium, Bulgaria,
Czech Republic, Denmark,
England, Estonia, Finland,
France, Germany, Greece,
Hungary, Iceland, Ireland,

Italy, Luxembourg, Slovakia,

Slovenia

PCR 18

Austria, Belgium, Czech
Republic, Cyprus, Denmark,
England, Estonia, Finland,
France, Germany, Greece,
Hungary, Latvia, Lithuania,
Netherlands, Norway, Poland,
Romania, Slovakia, Slovenia

ELISA® 20

ELISA: enzyme-linked immunosorbent assay; EEA: European
Economic Area; EFTA: European Free Trade Association; EU:
European Union; PCR: polymerase chain reaction.

2 In Italy, ELISA was implemented for diagnosis after the
questionnaire survey was done; and in Sweden, ELISA is used
for seroepidemiology studies.
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both in 2). For bacterial identification, specific meth-
ods were used in 12 countries and PCR was performed
in five (Austria, Bulgaria, Luxembourg, Slovakia and
Slovenia). In Greece, only gram stain was performed for
bacterial identification and in Romania only biochemi-
cal characters were analysed (e.g. oxidase and urease).

Polymerase chain reaction

According to our survey, 18 countries had laboratories
using PCR (Table 3). Twelve countries had laboratories
using real-time PCR, whereas five (Belgium, Bulgaria,
Denmark, Finland and Hungary) had laboratories using
block-based PCR. In Estonia both types of PCR were in
use. The most common instrument used for real-time
PCR was the LightCycler (Roche). The preferred sam-
ple type for PCR was a NP swab in four countries, NP
aspirate in two countries, or both in 11 countries. The
following NP swabs were used: dacron in seven coun-
tries, rayon in four countries and nylon (copan) in two
countries. Solubilisation of the samples before deoxy-
ribonucleic acid (DNA) extraction was applied in 12
countries. For DNA extraction, a commercial kit was
used in 17 countries and a respective in house prepara-
tion in one (Denmark). Among commercial DNA extrac-
tion kits, the Qiagen kit was used in 11 countries and
other kits (AmpliSens, Argene, Biomerieux, Chemagen
and Roche) were used in six countries. Of the 18 coun-
tries where PCR was employed, 15 had laboratories
using extraction control (water or PBS) alongside the
real sample to check for contamination. Laboratories in
Czech Republic, Iceland and Italy did not have any such
controls.

Of the target genes used in B. pertussis PCR, 1S481 was
used in 14 of 18 countries’ laboratories (Table 4). The
PCR targeting 1S481 was the sole assay in eight coun-
tries’ laboratories while six countries had laboratories
using this PCR in combination with a PCR targeting the
ptxA-Pr. The laboratories in Bulgaria and Luxembourg
had ptxA-Pr and porin gene as targets, respectively.
Ten countries’ laboratories used internal probes to con-
firm the amplified PCR products. For ten countries, the
PCR reaction had a volume of 20 pl, for four (Belgium,
Estonia, France and Ireland) 25 pl, for one (Finland)
50 pl, and for three (Czech Republic, Denmark and
Germany) other reaction volumes not indicated above.
In all of the 18 countries’ laboratories both positive
and negative controls in each PCR run were included.
However, only in nine countries was an extraction
control done, and in seven, an internal amplification
control, to check for the presence of inhibitors in the
extracted DNA.

Of the 18 countries whose laboratories performed PCR
for detection of B. pertussis, 16 also did PCR for detec-
tion of B. parapertussis. Insertion sequence [S1001
was used in laboratories in 13 countries, either as sole
assay in nine countries, or in combination with ptxA-Pr
in France and Germany, to confirm B. parapertussis.

Enzyme-linked immunosorbent assay serology
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TABLE 4

Targeted genes by polymerase chain reaction for diagnosis of pertussis, EU and EEA/EFTA countries, 2010 (n=27)

Polymerase chain reaction target genes?

Country .
1S481 PtxA-Pr 1S481 and ptxA—Pr Porin
Austria Yes No No No
Belgium Yes No No No
Bulgaria No Yes No No
Cyprus - - - -
Czech Republic No No Yes No
Denmark Yes No No No
England No No Yes No
Estonia ND ND ND ND
Finland Yes No No No
France No No Yes No
Germany No No Yes No
Greece Yes No No No
Hungary No No Yes No
Iceland ND ND ND ND
Ireland No No Yes No
Italy Yes No No No
Latvia - - - -
Lithuania - - - -
Luxembourg No No No Yes
Malta - - - -
Netherlands - - - -
Norway - - - -
Poland - - - -
Romania - - - -
Slovakia Yes No No No
Slovenia Yes No No No
Sweden - - - -
Total 8 1 6 1

EEA: European Economic Area; EFTA: European Free Trade Association; EU: European Union; ND: not defined; ptxA-Pr: pertussis toxin

promoter.

In the table, ‘yes’ indicates ‘used’, ‘no’ indicates ‘not used’ and ‘~‘ indicates ‘not performed’.
2 In a single assay, which can be either a reaction targeting one gene, or a reaction targeting two genes simultaneously.

Altogether, ELISA serology was performed for diag-
nosis in the laboratories of 20 countries (Table 3).
Of these, 13 used single serum testing and 11 paired
serology. In two countries (Denmark and Romania),
laboratories performed paired serology only if the first
sample indicated no evidence of pertussis infection.
In thirteen countries, laboratories used purified PT as
coating antigen in ELISA, in three countries commercial
kits were used, in two (Finland and Greece) whole-cell
bacteria, in one (Slovenia) filamentous haemagglutinin
(FHA), and in one (Czech Republic) the coating antigen
was not defined (Table 5). Only in six countries did
laboratories use the World Health Organization (WHO)
international reference sera [25] and in four the Food
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and Drug Administration (FDA) reference sera (Table
5) [26]. In each run of the ELISA, laboratories in 12
countries had both in house positive and negative con-
trol sera included, in three countries (Belgium, Czech
Republic and Germany) only in-house positive control
sera were present, in one country (Poland) only buffer,
and in three countries (Estonia, Norway and Slovenia)
controls were not specified.

For the antibody class measured in ELISA, 19 coun-
tries’ laboratories tested for IgG, 17 for IgA and 12 for
IgM. The ELISA units of the test serum calculated were
based on: (i) comparison of the response curve of the
test serum to that of the reference sera in laboratories
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TABLE 5

Coating antigens and standard sera used in ELISA for diagnosis of pertussis, EU and EEA/EFTA countries, 2010 (n=27)

Country Coating antigen Standard sera
Kit? Others® FDA Others®

Austria No Yes No No No Yes
Belgium Yes? No No Yes No No
Bulgaria - - - - - -
Cyprus Yesd No No Yes No No
Czech Republic No No Yes No No Yes
Denmark Yes No No Yes No No
England Yes No No Yes No No
Estonia No Yes No No No Yes
Finland No No Yes No No Yes
France Yes No No Yes No No
Germany Yese No No Yes No No
Greece No No Yes No No Yes
Hungary Yes No No No Yes No
Iceland - - - - - -
Ireland - - - - - -
Italy - - - - - -
Latvia Yes No No No Yes No
Lithuania Yes No No No Yes No
Luxembourg - - - - - -
Malta - - - - - -
Netherlands Yesf No No No Yes No
Norway No Yes No No No Yes
Poland Yes No No No No Yes
Romania Yes No No No No Yes
Slovakia Yes No No No No Yes
Slovenia No No Yes No No Yes
Sweden - - - - - -
Total 13 3 4 6 4 10

ELISA: enzyme-linked immunosorbent assay; EEA: European Economic Area; EFTA: European Free Trade Association; EU: European Union;
FDA: Food and Drug Administration; FHA: filamentous haemagglutinin; PT: pertussis toxin; prn: pertactin; WHO: World Health Organization.

In the table, ‘yes’ indicates ‘used’, ‘no’ indicates ‘not used’ and ‘-* indicates ‘not performed’.

2 For kits the coating antigen is not specified.

® Includes FHA, pertactin, whole bacteria or not defined.
¢Includes in-house controls or not defined.

4 Both PT and FHA are used.

¢ Both PT and prn are used.

fFor 1gG: PTis used; for IgA: whole bacteria is used.
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of eight countries, (ii) comparison of the absorbance of
the test serum to that of the in-house positive human
serain laboratories of two countries, (iii) comparison of
the absorbance of the test serum to that of a response
curve of the in-house positive human sera in laborato-
ries of two countries, or (iv) other alternatives in labo-
ratories of eight countries. The cut-off values used to
define recent pertussis infection were »100 1U/ml for
IgG-anti PT (referred to the WHO international refer-
ence sera) in France, Lithuania and Romania; »>50 1U/ml
for IgG-anti PT and »12 IU/ml for IgA-anti PT in Austria,
Cyprus and Latvia; and other criteria in 14 countries.

Discussion

We performed a survey among 27 EUVAC.NET partici-
pating countries and found a significant variation in
the procedures used to confirm B. pertussis infection.

In this study, the participants were the country experts
for pertussis appointed by the health authorities of
the respective countries, and therefore the answers
most likely reflect the situation of pertussis diagno-
sis in their countries. However, only up to two experts
per country were included in this network, with one
expert for most countries (24 of 27) and therefore the
answers were probably related to the laboratory of his/
her affiliation. In larger countries or in countries where
pertussis diagnosis is performed by more than one lab-
oratory, this might have contributed to a less accurate
description.

Having and sustaining a reference laboratory is a criti-
cal part of laboratory-based surveillance and quality
control. In this present survey, we found that only 19
countries had pertussis reference laboratories at the
national level. Routine primary diagnosis was found
to be the main function among the reference labora-
tories. Only eight reference laboratories performed
bacterial typing. Bacterial typing is perhaps the most
specific and important function of the reference labo-
ratories. Indeed, marked changes have been found in
the B. pertussis population and differences have been
observed between vaccine strains and circulating iso-
lates [3,4]. It is important to monitor emerging B. per-
tussis strains. This is especially important for Europe
since almost all European countries have changed from
whole cell vaccines to acellular vaccines. Acellular
vaccines contain only one to five antigens. Variations
between vaccine strains and current circulating iso-
lates have been found in four of the five antigens [3,4].
Further, a new, more virulent B. pertussis lineage (des-
ignated P3 lineage) has been recently described and
has spread worldwide [27]. The P3 lineage now pre-
dominates in many European countries and its emer-
gence was found to be associated with increased
notifications in the Netherlands. Moreover, in France,
where the surveillance of clinical isolates has been
performed since 1990 and where acellular vaccines
have been introduced since 1998 regular increased
isolation of B. pertussis without expression of vaccine
components is observed since 2006 [28]. B. pertussis
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isolate without expression of pertactin (Prn) was also
reported in Italy [29]. This observation demonstrates
the importance of microbial surveillance in order to fol-
low the effectiveness of the pertussis vaccines used in
the field. It is then of high importance to monitor the
expression of vaccine antigens in currently circulat-
ing isolates. Another noteworthy phenomenon is the
increased reporting of pertussis-like disease caused
by other Bordetella species such as B. holmesii [30,31].
This is important because B. holmesii can cause false
positivity in 1S481-based PCR most commonly used
for detection of B. pertussis. Therefore, the capacity
by a reference laboratory to perform bacterial typing
remains essential to monitor emerging isolates or spe-
cies, and to inform and guide vaccine development and
vaccination policies.

It is difficult to evaluate what functions each reference
laboratory should have. Ideally, however, a national
reference laboratory should be capable to carry out
bacterial typing, diagnosis, surveillance and provide
and disseminate technical advice. The technical advice
should also include training of personnel who perform
routine diagnosis in clinical microbiology laboratories,
making data and laboratory diagnostic criteria compa-
rable at the national level. In an ECDC published report
on ‘Core functions of microbiology reference labora-
tories for communicable diseases’, the core functions
were identified as: (i) reference diagnostics, (ii) ref-
erence material resources, (iii) scientific advice, (iv)
collaboration and research, (v) monitoring, alert and
response [32]. These functions are partially overlap-
ping and elaborate further on the functions identified
in our survey. Our assessment offered the opportunity
to confirm that there is need to disseminate informa-
tion with the functions suggested and implement them
across Europe. This will require a coordinated approach
and both technical and political commitment.

Culture has been the basic tool for the diagnosis of
pertussis, although PCR and ELISA serology are the
main diagnostic methods today. In this present study,
throat swab is still in use for culture in one country,
and non-specific methods are used for bacterial iden-
tification in two countries. It should be kept in mind
that bacterial culture is important not only for diagno-
sis but also for continuous monitoring of emerging B.
pertussis antigenic variants and of antimicrobial resist-
ant strains [33,34]. Therefore, performing bacterial cul-
tures in diagnostic laboratories should be encouraged.

In this study, a wide variation was observed in meth-
ods and protocols for PCR. Guidelines for B. pertussis
PCR methods are needed across Europe to ensure accu-
rate diagnosis of pertussis as well as other Bordetella
infections.

The development of ELISA serology in the early 1980s
allowed a new understanding of pertussis epidemiol-
ogy. In vaccinated older children, adolescents and
adults, pertussis is a rather common infection and is
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usually not suspected before they have had cough for
several weeks [1,2]. Culture and PCR are then often
negative but many of the patients can be diagnosed by
single-point ELISA serology. Indeed, of the 6,876 labo-
ratory-confirmed cases in Finland from 1999 to 2006,
82% were diagnosed by serology and 18% by culture
and PCR [35]. Most of the young patients, less than
two years of age, were diagnosed by culture and PCR,
whereas the older patients were more often diagnosed
by serology. This increasing use of serology testing
is likely, at least in part, to have influenced reported
increases in pertussis in adolescents and adults:
previously these cases were not being confirmed. In
Norway, a total of 49,052 pertussis cases were notified
from March 1996 to October 2010 [36]. About 80,000
to 90,000 pertussis tests were performed each year,
resulting in about 5% positivity rate. Serology was
frequently used throughout the entire time period
and about 65-70% of the reported cases were diag-
nosed by serology. Some of the serology tests were
in young children who had recently been vaccinated,
thereby potentially leading to false positive diagno-
ses. Moreover, serological diagnostic cut-offs used
were not standardised among counties, nor were they
consistent through time. All of the facts mentioned
above may contribute to the high incidence reported in
Norway. For countries with low incidence rates, factors
may include the level of awareness of the disease in
clinicians and/or lack of laboratory diagnostic tests.

Because serological tests detecting IgGs to purified
PT are the most specific for B. pertussis, PT is recom-
mended as a coating antigen in ELISA [21]. In the pre-
sent study, only 13 of the 20 countries’ laboratories
performing serology used PT as the coating antigen.
When the performance of 11 ELISA kits commercially
available in Europe was recently compared by a German
group [22], the study clearly shows that kits with puri-
fied PT as an antigen should be used and IgG antibod-
ies to PT should be measured.

For the serological diagnosis, a significant increase
in anti-pertussis antibodies between the paired sera
would be the most reliable method. However, many
patients do not consult a physician until they have
had symptoms for several weeks, and the first serum
is often taken too late to detect a significant increase
in a second sample. Therefore, the single-point ELISA
serology is commonly used and in clinical practice,
one-point serology is a diagnostic tool with interpreta-
tion difficulties due to lack of standardisation. In this
present study, more than 60% of countries’ laborato-
ries performing serology used single serum testing.
However, only 32% of the laboratories included the
WHO international reference sera in their ELISA [25].
Obviously, the cut-off values used to define recent
pertussis infection in many of these laboratories were
not based on the WHO international reference sera.
Furthermore, a number of these laboratories still meas-
ured anti-pertussis IgA and IgM antibodies, which have
been proved to be less specific and sensitive [1,2,22].
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The number of laboratories performing pertussis diag-
nostics varied among the countries. About half of the
countries reported less than 10 laboratories perform-
ing pertussis diagnosis, whereas three countries had
even more than 100 such laboratories. Since about half
of countries have a small number of pertussis diagnos-
tic laboratories, it might be possible to standardise the
laboratory methods by means of organising training
workshops among these countries first.

Clearly, small countries, in terms of population num-
ber, might not be able to offer all diagnostic services.
Since infants may have severe and life-threatening
illness due to pertussis, the order of importance for
surveillance should be infants, children and adults.
As recommended by the European Bordetella expert
group EUpertstrain [21], PCR and/or culture should
be performed in neonates and infants. Therefore, the
diagnostic service with rapid real-time PCR should be
considered.

This present survey clearly demonstrates that the
methods and protocols used for laboratory confirma-
tion largely differ among European countries and that
there is a need for standardisation and harmonisation
of the laboratory methods in Europe. Furthermore, sur-
veillance reporting laboratory-confirmed cases via a
European case definition will be much more valuable if
laboratory methods are comparable. The survey high-
lighted that there is a need to implement and organ-
ise the functions of the European National reference
laboratories. After the present survey, we organised
two external quality assurance (EQA) studies to assess
performance of the in-house PCR and ELISA for diag-
nosis of pertussis used in these reference laboratories
within the EU [23,37]. Data from the two EQA studies
confirmed the results obtained from this questionnaire
survey. Since it is a big challenge for an EU-wide stand-
ardisation and harmonisation of laboratory methods
for diagnosis of pertussis, the following steps should
be considered: (i) to establish consensus protocols for
both PCR and serology; (ii) to set up a reference labora-
tory or functions in each country and do standardisa-
tion first in the reference laboratories; and (iii) to have
reference laboratories in each country in turn conduct
standardisation among diagnostic laboratories. The
EUpertstrain group consists of 12 pertussis reference
and research laboratories within 10 European countries
(see appendix). Because the third step is critical, it is
important to set up some European pertussis reference
centres, e.g. among the EUpertstrain group. The refer-
ence centres may help the national reference laborato-
ries across Europe to organise regular workshops and
carry out EQA survey at national level.

This present survey shows that the methods used
for laboratory confirmation of pertussis differ widely
among European countries and that there is a great
heterogeneity of the reference laboratories and in their
functions. To evaluate the effects of different pertussis
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immunisation programmes in Europe, coordinated
activities for laboratory-based surveillance are needed
for the European diagnostic laboratories. The activities
should include standardisation of real-time PCR meth-
ods for detection of the genus Bordetella (in particu-
lar B. pertussis), standardisation of ELISA methods for
determination of IgG anti-PT antibodies, and regular
EQA studies for the diagnostic methods. Besides being
important from the infectious disease surveillance per-
spective, standardisation and harmonisation of meth-
ods would be beneficial for the clinical diagnosis in
terms of both specificity and sensitivity. In addition,
long-term molecular surveillance of B. pertussis circu-
lating isolates across Europe is needed.
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To the editor:

Autochthonous cases of Japanese encephalitis (JE) have
never been reported in Europe, where there is virtually
no circulation of the virus [1]. However, in the issue of
Eurosurveillance published on 12 July 2012, Ravanini et
al. [2] reported the detection of an RNA sequence of the
Japanese encephalitis virus (JEV) NS5 gene in one pool
of Culex pipiens mosquitoes collected in north-eastern
Italy during the summer of 2010. Unfortunately, the
sequence was relatively short (167 bp), and attempts
to amplify longer sequences using primers targeted to
E, NS5 and NS3 genes and to isolate the virus on cell
cultures failed.

To support their findings, the authors cited a previous
study reporting the identification of JEV RNA in bird
samples collected in Tuscany, a neighbouring lItalian
region, a decade before [3], and noted the lack of
information on viral sequences in that study. Here we
provide the results of molecular testing on bird tissue
samples, which appear to confirm recent findings on
JEV presence in Italy.

Between 1997 and 2000 dead birds were collected
to investigate episodes of bird mortality observed in
Padule del Fucecchio, a wetland area in Tuscany where
cases of West Nile virus (WNV) infection in horses were
observed in 1998 [4]. The episodes involved mainly
blackbirds (Turdus merula) and song thrushes (Turdus
philomelos). Other species, less affected by mortality,
were also sampled such as rock doves (Columba livia),
redwings (Turdus iliacus), sparrows (Passer italiae),
and starlings (Sturnus vulgaris).

In May 2001 formalin-fixed tissue samples from seven
birds collected in 2000 that tested positive for JE group
antigens by immunohistochemistry, were sent to the
Central Research Institute of Epidemiology in Moscow,
Russia to carry out molecular testing for flaviviruses.
Later, in early 2003, samples from 14 birds collected in
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1997 which had also tested positive, were sent to the
same Institute.

The samples were subjected to RT-PCR assays, one tar-
geting the nonstructural NS5 gene for the detection of
most flaviviruses [5] and the other for detection of the
WNV and JEV envelope (E) genes (the details of these
in-house assays are available from the authors on
request).

None of the samples tested positive for WNV, but PCR
amplicons of the JEV NS5 gene (expected size, 215 bp)
were obtained from tissues of six birds collected in
2000. Amplicons of the JEV E gene (expected size, 687
bp) were obtained from the same six birds and in one
of the birds collected in 1997. Sequencing of 552 bp
fragments of the JEV E gene from five of the samples
(GenBank accession numbers AF501311-AF501315) and
of NS5 amplicons from two samples showed maximum
similarity (99%) with JEV genotype Ill, for example with
the Nakayama strain [6].

Importantly, the JEV nucleotide sequence found
in Italian Culex pipiens [2] differed from the JEV
RNA sequence found in Italian birds only at two
positions, which are shown bold and underlined
(Italian birds, NS5 gene fragment:

CTTGGAGCACGGTATCTAGAGTTTGA
AGCTTTGGGGTTCCTGAATGAAGACCATT
GGCTGAGCCGAGAGAAYTCAGGAGGT
GGAGTGGAAGGCTCGGGCGTCCAAAA
GCTAGGATACATCCTCCGTGACATAG
CAGGAAAGCAAGGAGGGAAAATGT).

However, it remains undefined whether the viruses
were the same in the two episodes. To this date no
human cases of JE have been reported in Italy. Thus,
two different hypotheses may be considered:

e Unidentified flaviviruses highly similar to JEV but
less or not virulent for humans, are circulating in Italy
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(southern Europe). This hypothesis cannot be com-
pletely ruled out until further analyses are performed.

Limited JEV circulation has occurred between birds
and mosquitoes in Italy but no human cases have
been observed, as in Australia since 1995 [7]. This
may be due to the relatively low availability of ampli-
fying hosts (pigs) in that area, low vector competence
of European Culex pipiens [8], low capability of local
birds to maintain a persistent JEV circulation or other
factors suppressing the JEV epidemic cycle [1,6], and
limited or absent human exposure.

In conclusion, our results seem to support the hypoth-
esis of long distance spread of JEV from endemic areas
to Europe (Italy) [1,7]. However, sporadic introduction
of JEV to new areas by migratory birds or by other
ways may not necessarily lead to local viral circulation.
Moreover, the circulation of other flaviviruses closely
related to JEV cannot be completely ruled out. Whether
JEV represents a human health threat in Europe merits
further investigation.
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To the editor:
P. Ravanini et al. recently detected a small fragment of
Japanese encephalitis virus (JEV)-like RNA in a Culex
pipiens mosquito pool collected in autumn 2010 in
northern ltaly [1].

JEV is the prototype of a group of closely related flavi-
viruses which include West Nile virus (WNV) and Usutu
virus (USUV). These viruses are circulating in birds,
which are amplifying hosts, and in Culex sp. mosqui-
toes. Ardeid wading birds and pigs are amplifying
hosts for JEV in Asia; humans and horses are sensitive
hosts. Five genotypes of JEV have been described in
Asia and some of them are widely distributed and most
frequently associated with JE outbreaks and epidemics

[2].

The spread of WNV in Europe over the last two decades
with co-circulation of different viral lineages, as well
as the emergence of USUV, initially in Austria in 2001,
demonstrate that arboviral diseases of tropical origin
may spread in temperate regions [3]. Environmental
and climatic changes may also influence the distribu-
tion of these viruses in relation with migration patterns
of birds.

As a consequence of the recent spread of WNV, entomo-
logical, and human/animal surveillance has increased
in the recent years in several European and neigh-
bouring countries. In addition, the use of generic PCR
amplification techniques has widened the spectrum of
viral investigations in collected specimens. Meanwhile
the single detection of an RNA fragment of 157 bp with
a sequence compatible with JEV has to be treated very
cautiously in the absence of additional genomic ampli-
fications of JEV RNA from the initial positive mosquito
pool. In addition, contamination of the PCR cannot be
completely excluded. This finding requires complemen-
tary studies to confirm the presence of JEV in Europe.

Previously Mani et al. [4] had reported JEV-like infec-
tion in passerine birds collected in Tuscany in 1996.
The authors claimed that fragments on the viral E gene
amplified from the organs of these birds were closely
related to the Nakayama strain of JEV. This strain has
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been commonly used for vaccine production in Asia.
Additional studies in Tuscany were inconclusive.

Research into the possible introduction of JEV to
Europe should be conducted. Entomological investiga-
tions should be strengthened in habitats potentially
suitable for JEV transmission in Europe and the use of
generic flavivirus RT-PCR assays should be extended.
Serological surveys in birds (in particular Ardeid wad-
ing birds) should include the differential diagnosis
between WNV, USUV and JEV antibodies. Suspected
neuroinvasive infections in humans and/or horses
not confirmed as WNV or USUV infections, should be
tested for JEV. As a second priority, serosurveys in pig-
breeding farms located in the proximity of potential
mosquito-breeding habitats such as rice paddies may
also be conducted.

If the presence of JEV is confirmed in northern lItaly, a
risk assessment at the human/animal interface would
need to be conducted to evaluate the public health con-
sequences. As a result, the strategy for the laboratory
differential diagnosis of neuroinvasive cases occurring
in humans and also horses during the mosquito season
may have to be modified to include JEV in the panel of
viruses under investigation.
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