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From 1 January to 14 April 2011, a total of 155 measles
cases were notified in Belgium, whereas throughout
2010, there were only 4o0. Of the 103 cases with known
vaccination status, 87% had not been vaccinated with
measles-mumps-rubella vaccine. The resurgence of
measles is the consequence of insufficient vaccine
coverage in previous years. Efforts to communicate
the benefits of measles vaccination to the public and
to advise health professionals on control measures
and outbreak management are ongoing.

Resurgence of measles in Belgium in 2011

Since the beginning of 2011, Belgium has seen an
increase in the number of measles cases. As of 14 April
2011, a total of 155 cases were reported through man-
datory notification. In 2009 and 2010, only 33 and 40
cases, respectively, were reported. This in contrast to
the period between April 2007 and May 2008, when
a large measles outbreak, with more than 130 cases,
occurred in Orthodox Jewish families in Belgium [1].

Background

Since 2003, paediatricians in a sentinel network sur-
veillance system (PediSurv) and general practitioners
in Belgium have recorded the number of measles cases
[2]. Mandatory notification of the disease was adopted
in the French-speaking community (in Wallonia) in
2006 and in the Flemish-speaking community (in
Flanders) and in Brussels in 2009, as recommended
in the national plan for elimination of measles and
congenital rubella [3]. Physicians and microbiologists
have to report suspected measles cases without delay
to the regional health authorities or to PediSurv [2].
Laboratory confirmation is strongly recommended
for sporadic cases, preferably by testing of oral fluid.
Samples are sent to the Belgian National Reference
Laboratory, where detection of measles virus-specific
IgM and measles virus detection by PCR is carried out,
as well as genotyping of the circulating viruses [4].
Notification forms are collected and analysed centrally
at the Belgian Scientific Institute of Public Health.

Vaccination of measles-mumps-rubella (MMR) vaccine
was introduced in Belgium in 1985 (one dose) and 1995
(two doses). The current measles vaccination strategy
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consists of two doses of MMR vaccine, the first at 12
months of age and the second between the age of 10
years and 13 years. Vaccination is free of charge and
systematically offered through the childhood immuni-
sation and school health programmes. Immunisation
status is verified by childcare and public school serv-
ices. If necessary, a catch-up dose is offered at the
age of 5—7 years and 14-16 years. Despite these pro-
grammes, vaccination coverage of more than 95% with
one dose of MMR vaccine — needed to meet the measles
elimination goal for 2010 [5] — was reached in 2008 in
only one of the three regions in Belgium (Flanders)
(Table). Coverage of two MMR doses is lagging further
behind. The coverage for children aged 18-24 months
and second-year secondary school students (aged
14—16 years) is estimated in Flanders by a stratified
multistage random sampling method; in Wallonia, a
cluster sample survey method is used [6-8], The cov-
erage shown in the Table is as reported by the commu-
nities, who are in charge of the vaccine programmes.

Outbreak description

Measles resurgence in Belgium this year began with
an outbreak in anthroposophical schools in Ghent
(Flanders) in February. A total of 56 children were
affected — most of their parents were opposed to MMR
vaccination. At the same time, outbreaks and spo-
radic cases were reported elsewhere in the country,
especially in Brussels and Wallonia (Figure 1).These
outbreaks often occurred after people had travelled
to France, with spread of the measles virus to unvac-
cinated family members or pupils at school. Besides
the outbreak in Ghent, we identified at least six small
interfamilial outbreaks, two in schools and one in a
Roma community. In 16 cases, an epidemiological link
or recent ski trip to France was reported, and one case
fell ill after travelling to Italy. In France, more than
3,700 measles cases were reported in January and
February 2011 [9].

Virus transmission is still ongoing, with 151 cases
reported in Belgium during January to March 2011,
compared with five for the same period in 2010 (Figure
2). A further four cases were reported during 1 to 14
April 2011.

www.eurosurveillance.org



TABLE
Vaccination coverage of measles-mumps-rubella vaccine in Belgium by region, 1995-2009*

Percentage MMR vaccination coverage

Region and MMR dose

2000 2003 2005 2006

Brussels

First dose 68.1 - 74.5 - - 91.1 - -
Second dose - - - - - 70.5 - -
Flanders

First dose - 83.4 - - 94.0 - 96.6 -
Second dose - - - - 83.6 - 90.6 -
Wallonia

First dose - 82.4 - 82.5 - 89.0 - 92.4
Second dose - - - - - 70.5 - 75.5

MMR: measles-mumps-rubella.
2Vaccine coverage as reported by the French-speaking and Flemish-speaking communities.
Source: [6-8].

FIGURE 1
Geographical distribution of measles cases in Belgium, January-March 2011 (n=151)
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The internal lines represent the provinces. The dots represent the number of cases by municipality.
Source: Scientific Institute of Public Health, Brussels, Belgium. Preliminary data.

www.eurosurveillance.org 3



Details of cases

Of the 155 Belgian cases identified between January
and 14 April 2011, 147 had known date of birth and date
of symptom onset. Their median age was nine years
(range: 0-20 years). The median age of the cases not
belonging to the outbreak in anthroposophical schools
(n=99) was 12 years (range: 0—49 years). One third of
all the cases were aged 15 years or older (Figure 3).

FIGURE 2

Among the 12 cases aged less than one year, eight
were laboratory confirmed. Four cases were younger
than nine months.

Vaccination status was known for 103 cases (66%). Of
these, 90 had not been vaccinated with MMR vaccine.
Of the 13 vaccinated cases, all had received one dose

Reported measles cases, by month of symptom onset, Belgium, January 2007-March 2011
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FIGURE 3

Reported measles cases with known date of birth, by age group, Belgium, 1 January 2008-14 April 2011
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of MMR vaccine (Figure 4), but sometimes this could
not be verified on the vaccination chart. No recently
vaccinated measles case was reported. In the cases
older than one year, and thus old enough to be vacci-
nated, the main reasons for non-vaccination were their
parents’ anthroposophical beliefs (55%), anti-vaccina-
tion counselling of the paediatrician resulting in paren-
tal refusal (26%) or vaccination could not be carried
out due to circumstances such as illness or travelling

(13%).

Complications

Hospitalisation was required for 19 patients. Seven
cases were diagnosed with pulmonary complications:
in one infant, this was followed by septic shock. One
case of encephalitis occurred in a man in his late thir-
ties. No deaths were reported.

Laboratory results

More than two thirds (n=108) of the cases reported as
of 14 April 2011 have been confirmed, either by detect-
ing measles virus-specific IgM antibodies or viral RNA
by reverse transcription-PCR (67 cases) or by an epide-
miological link with a laboratory-confirmed case (41
cases). Preliminary results from the National Reference
Laboratory showed that all viruses had genotype D4.
However, two different subvariants of D4 were dis-
tinguished. The first subvariant strain MVs/Ghent.
BEL/09.11/1/[D4], isolated during the outbreak in
Ghent, is clearly related to MVs/Hamburg.DEU/03.09/
[Dg4]. A second subvariant strain, MVs/Brussels.
BEL/08.11/[D4], detected in Wallonia, is indistinguish-
able from strains reported by reference laboratories in
France (MVs/Paris.FRA/18.10/[D4]).

D4-Hamburg is a new strain of measles virus imported
from London, United Kingdom, to Hamburg, Germany,
in December 2008 [10]. D4-Hamburg has been present
in Europe for more than two years and has led to more
than 25,000 cases in 12 countries. Its spread was
mainly but not exclusively associated with travelling
Roma.

FIGURE 4

Known vaccination status of measles-mumps-rubella
vaccine of measles cases by age group, Belgium,
1 January-14 April 2011, preliminary data (n=103)
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Control measures

Several control measures were implemented by local
health authorities, according to the guidelines of the
public health surveillance of the regions. Vaccination
campaigns were organised in the anthroposophic
schools in Ghent. Targeted information to health pro-
fessionals and schools were sent. The national commit-
tee for the elimination of measles and rubella issued a
press release, gave interviews on television and pub-
lished articles in the press to inform the general pub-
lic about the outbreaks and the need to be vaccinated.
The main recommendations are for people to undergo
vaccination according to the national immunisation
schedule and to propose post-exposure vaccination,
depending on age, time since exposure and existence
of underlying diseases.

Discussion

Although measles incidence rate in 2009 was low, at 4
per 1,000,000 population, it did not meet the measles
virus elimination indicator of less than one measles
case per 1,000,000 population [5]. This suggests that
progress has been made in Belgium towards elimina-
tion, but the current measles resurgence is not unex-
pected, given the insufficient vaccination coverage of
MMR vaccine in Belgium in the past, allowing for silent
accumulation of susceptible individuals. Current cover-
age, as reported by the French-speaking and Flemish-
speaking communities, at 18-24 months of age with
at least one dose is 92.4% in Wallonia and 96.6% in
Flanders [6-8].

During outbreak investigations, several cases were
identified who had not been notified to the local health
authorities. This suggests that data available through
the routine notification system underestimate measles
incidence. Failure to notify such cases can be explained
by no medical consultation for secondary cases in the
same family plus insufficient knowledge or low motiva-
tion of some doctors regarding the notification proce-
dure. The fact that measles only became mandatorily
notifiable in 2009 for all the Belgian territory may also
contribute to the underreporting.

The existence of groups with low measles vaccine cov-
erage due to opposition to vaccination for religious
or philosophical reasons or fear of side effects has
been identified as one of the major barriers to achieve
measles elimination in Europe [11]. In Belgium, anthro-
posophical schools, in which most of the children are
unvaccinated, are mainly located in Flanders; only
few are in Brussels and Wallonia. Other groups were
affected by measles virus in Brussels and Wallonia -
for example. a Roma community and families opposed
to vaccination due to fear of side effects. Patients
attending medical practices in which attention is not
paid to their vaccination status, presumably due to
reluctance or negligence, can also play a role in low
vaccination coverage.

This resurgence of measles in Belgium highlights
the need to improve and maintain high vaccination



coverage, along with disease surveillance and out-
break-control capabilities. Our findings also draw
attention to the need to sensitise health profession-
als and raise their awareness of the issues through
medical education. Convincing parents and health pro-
fessionals reluctant to vaccinate children with MMR
vaccine will be a challenge. Case investigation of every
single measles case is a prerequisite to achieving the
goal of measles elimination by 2015, planned by the
World Health Organization Regional Office for Europe
[12].
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Multidrug- (MDR) and extensively drug-resistant (XDR)
tuberculosis (TB) are reported to gradually spread
across European countries with low TB prevalence
including France. Some isolates may even accumulate
traits of resistance in addition to the XDR profile, as a
result of therapeutic mismanagement. We report here
the first case of XDR TB in Marseilles and discuss the
potential effectiveness of sulfamide treatment in such
cases.

Extensively drug-resistant (XDR) Mycobacterium tuber-
culosis strains are defined as resistant to isoniazid and
rifampicin (multidrug-resistant, MDR) and at least to
one fluoroquinolone and one of the following antibiot-
ics: amikacin, capreomycin or kanamycin [1]. Hence,
treatment options become very restricted, further com-
plicating the management of cases and constituting a
potential public health threat calling for particular vigi-
lance [2]. By the end of 2010, 68 countries including 19
of the 27 countries in the European Union had reported
at least one XDR-TB case [1]. XDR-TB is an emerging
issue in Europe, illustrated by the present report of the
first case infected with an XDR M. tuberculosis strain
detected in Marseilles.

Case report

A 63-year-old Russian woman originating from the
Republic of Dagestan was admitted on 11 January
2011 to our Departement for Infectious Diseases and
Tropical Medicine in Marseille, France. The patient
had a medical history of pulmonary tuberculosis (TB)
first diagnosed in 2008 in Russia. She reported hav-
ing undergone three sequential lines of anti-tubercu-
losis treatments including a combination of isoniazid,
rifampicin, pyrazinamide, ofloxacin and kanamycin,
but could not provide any further details. At the time
of her arrival in France on 21 December 2010, she was
treated by levofloxacine alone and spent three weeks
in her daughter’s home before being admitted to our
department for persistent febrile cough and a major
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weight loss. At the time of her admission, the physical
examination found a body-mass index of 17 and diffuse
rhonchi. Chest radiography and computed tomogra-
phy scan highlighted multiple excavated lesions and
infiltrates of both upper lobes of the lungs. The first
sputum and stool specimens (a non-invasive specimen
replacing gastric fluid) processed in our laboratory [3]
on 13 January 2011 exhibited »100 acid-fast bacilli per
power field after Ziehl-Neelsen staining.

Molecular anlayses

Subsequent molecular identification by 165-23S inter-
genic spacer-based real-time PCR [4] and the GeneXpert
system (Cepheid, Toulouse, France) [5] detected the
presence of M. tuberculosis complex (MTC) DNA and
drug resistance to rifampicin. Multispacer sequence
typing (MST) specified an MST4 profile [6] and the
pyrosequencing analysis of the Rvog927c gene and
the Rvog27c-pstS3 intergenic region showed a Beijing
genotype [7]. A bacterial growth was detected after 14
days of automated liquid culture (BD Bactec MGIT 960,
Sparks, Maryland); further culture in the presence of
drugs confirmed resistance to first-line anti-tuberculo-
sis drugs including isoniazid, rifampicin, streptomycin,
ethambutol, pyrazinamide, and further to kanamycin.
The minimum inhibitory concentration (MIC) of trimeth-
oprim-sulfamethoxazole (TMP-SMX) was determined
by the dilution method using the Bactec MGIT sup-
plemented medium tubes, in the presence of a growth
control. After a five-day incubation period, no bacterial
growth was detected at concentrations of TMP-SMX
21.6/8.3 pg/ml. Sequencing showed the -15C/T and
S315T mutation in the inhA regulatory region and in
the katG gene, which confirmed high level resistance
to isoniazid and associated resistance to ethionamide,
the D516Y mutation in the rifampicin resistance-deter-
mining region of the rpoB gene, the K43R mutation in
the rpsL gene (resistance to streptomycin) and the G to
A substitution at position 119 resulting in a nonsense
mutation in the pncA gene (locus associated with



resistance to pyrazinamide). While no mutation was
found in the gyrB gene, we detected two mutations
D94G and SgsY in the gyrA gene known to cause fluo-
roquinolone resistance. No additional mutation was
found in the 526 bp partial sequence of the embB gene
(including the 306 codons associated with ethambutol
resistance) or in the rrs gene (locus associated with
resistance to aminoglycosides).

Treatment

Based on these laboratory results, the treatment regi-
men was switched to the combination of ethambutol,
linezolid, para-aminosalicylic acid, cycloserin, ami-
kacin and TMP-SMX. At the time of publication of the
present report, the patient is still under treatment
with this antibiotic combination and a clinical improve-
ment has been observed so far including apyrexia.
Additionally, two sputum specimens collected eight
weeks after initiation of this antibiotic combination
treatment showed, for the first time, no acid-fast bacilli
after Ziehl staining and direct microscopic examination.

Discussion

The 1 % prevalence of resistant TB observed in
Marseilles has been unexpectedly low so far, even
compared to the prevalence reported at national level
in France [8]. Our mycobacteriology reference labora-
tory routinely collects respiratory tract specimens from
all four tertiary care hospitals of Marseilles cover-
ing a population of approximately 1 million. Between
1 January 2001 and 1 January 2011, 18,778 respiratory
tract samples yielded a low prevalence of 384 M. tuber-
culosis isolates (2%), including a very low prevalence
of five MDR isolates and no XDR isolate. In France,
between 38 and 60 MDR TB cases were reported annu-
ally from 2001 through 2009 [8]. The first XDR TB case
was detected in 2002, one to two cases were reported
annually from 2003 through 2008 and four cases in
2009 (@mounting to 8% of the MDR cases) [8].

Theisolate reported here had accumulated several phe-
notypic and molecular traits of resistance in addition to
the XDR profile. Such a highly resistance pattern may
have resulted from a multistep process combining both
primary and secondary resistance. The patient had
been treated in Russia, a country ranking third for the
prevalence of resistant tuberculosis [9]. The acquisition
of additional resistances may have been secondarily
facilitated by the sequential lines of anti-tuberculosis
treatments. The resulting resistance pattern inherently
limited the choice of anti-tuberculosis drugs available
for treating the patient, leading to the initiation of long-
term potentially harmful intravenous therapy.

The lack of active anti-tuberculosis drugs has recently
led to a renewed interest in neglected molecules such
as TMP-SMX [10], a combination known to be particu-
larly effective for the treatment of pulmonary infections
such as pneumocystosis. Currently, no standard-
ised method based on clinical correlation studies
has been validated to determine the susceptibility of

M. tuberculosis strains to sulfamides. Based on a daily
oral dose of 960 mg/4,800 mg TMP/SMX prescribed
to eight non-tuberculosis patients in our hospital, we
observed a mean serum concentration of 4.4/81.5
pg/ml, nearly 10 times higher than the MIC of the
M. tuberculosis isolate described here. TMP-SMX might
be considered as an alternative, cheap and overall
well tolerated second-line antibiotic to treat highly
resistant pulmonary tuberculosis, warranting further
investigations.
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German water guidelines do not recommend routine
assessment of cold water for Legionella in healthcare
facilities, except if the water temperature at distal
sites exceeds 25 °C. This study evaluates Legionella
contamination in cold and warm water supplies of
healthcare facilities in Hesse, Germany, and analy-
ses the relationship between cold water temperature
and Legionella contamination. Samples were collected
from four facilities, with cases of healthcare-associ-
ated Legionnaires” disease or notable contamination
of their water supply. Fifty-nine samples were from
central lines and 625 from distal sites, comprising 316
cold and 309 warm water samples. Legionella was iso-
lated from central lines in two facilities and from distal
sites in four facilities. 17% of all central and 32% of all
distal samples were contaminated. At distal sites, cold
water samples were more frequently contaminated
with Legionella (40% vs 23%, p <0.001) and with higher
concentrations of Legionella (21,000 colony-forming
unit/1200 ml) (16% vs 6%, p<o.001) than warm water
samples. There was no clear correlation between the
cold water temperature at sampling time and the con-
tamination rate. 35% of cold water samples under 20
°C at collection were contaminated. Our data highlight
the importance of assessing the cold water supply of
healthcare facilities for Legionella in the context of an
intensified analysis.

Introduction

Legionnaires” disease (LD) is an important cause of
hospital-acquired pneumonia [1]. Potable water was
recognised as the major environmental source of
healthcare-associated LD (hca-LD) in the early 1980s
[1]. After this discovery, almost all cases of hca-LD have
been linked to potable water [2-5]. For example, in the
United Kingdom, 19 of 20 hospital LD outbreaks from
1980 to 1992 could be attributed to the water distri-
bution system (WDS) [6]. Microaspiration is the major
mode of transmission of hca-LD [7]. Because the clini-
cal manifestations are non-specific, and specialised
laboratory testing is required, LD is easily underdiag-
nosed [1,8].
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Routine testing for Legionella of environmental water
samples by culture has emerged as an effective strat-
egy for prevention of hca-LD. Guidelines mandating
routine monitoring of Legionella contamination of the
WDS in hospitals and other healthcare facilities have
been implemented in many European countries, includ-
ing Spain, France, the United Kingdom, and Germany
[1,9]. In contrast, the Centers for Disease Control and
Prevention (CDC) recommends environmental cul-
tures only when cases of hca-LD are discovered [10],
an approach which remains controversial, taking into
account that a specific diagnostic for LD is not rou-
tinely performed in many laboratories. For example,
in the United States of America (USA) only 19% of
the hospitals that participated in the CDC National
Nosocomial Surveillance System did routinely provide
Legionella testing of patients at high risk for develop-
ing hca-LD [11]. In Germany, the Federal Environment
Agency (Umweltbundesamt) and the German National
Public Health Institute (Robert Koch Institute) recom-
mend periodical analysis of the WDS of hospitals,
nursing homes and other healthcare facilities [12]. If a
moderate to high level contamination is detected, i.e.
at Legionella concentration of 21,000 colony-forming
unit (cfu)/100 ml, an intensified analysis with addi-
tional sampling points according to the guidelines of
the German Technical and Scientific Association for
Gas and Water (DVGW) is recommended [12,13].

Legionella can grow and amplify at temperatures
between 25 °C and 45 °C with an optimum between
32 °C and 42 °C. Legionella pneumophila is able to
withstand temperatures of 5o °C for several hours,
but does not multiply at temperatures below 20 °C
[9]. Therefore, keeping water temperature outside the
range for Legionella, i.e. 255 °C and <20 °C is an effec-
tive prevention and control measure for both warm and
cold water systems. In Germany, which has a temper-
ate climate, the temperature of cold water at entry to
a building is usually below 20 °C. The German guide-
lines do not recommend routine assessment of cold
water for Legionella contamination. In the context of
intensified analysis, assessment of cold water is rec-



ommended if the water temperature at the distal site
exceeds 25 °C [12].

The Hesse State Health Office (HSHO) is a federal insti-
tution in charge of surveillance, prevention, and con-
trol of LD in Hesse, a state with six million inhabitants
located in west-central Germany. The diagnostic labo-
ratories of HSHO offer a broad spectrum of chemical
and microbiological analysis for water samples. Our
institution is usually consulted by the communal health
authorities when cases of hca-LD are detected in a
healthcare facility or if routine environmental cultures
reveal a notable contamination by Legionella species.
We here present the results of the evaluation of the
WDS of four healthcare facilities, which had contacted
us for assistance to control and prevent Legionella con-
tamination of their WDS. Two cases of hca-LD had been
diagnosed in one facility, an acute care hospital with a
solid organ transplantation unit, whereas a moderate
to high Legionella contamination had been detected
upon routine assessment in the other facilities, which
included a rehabilitation centre and two nursing
homes. A multidisciplinary team was sent to each facil-
ity in order to determine the extent of contamination
of the WDS, to assess the contamination of cold and
warm WDS independently and to investigate a possible
correlation between the water temperature at sampling
time and the extent of Legionella contamination.

Methods

Healthcare facilities

The healthcare facilities included in this study con-
sisted of an acute care hospital specialised in thoracic
surgery and solid organ transplantation (260 beds),
a rehabilitation centre with cardiologic, orthopaedic
and psychosomatic departments (183 beds), a nursing
home for physically disabled individuals (47 beds), and
a nursing home for elderly people (220 beds). These
facilities had been requested by the Communal Health
Office to conduct intensified Legionella monitoring
because high Legionella concentrations had been
detected during periodical assessment and/or cases
of hca-LP had been reported. Each facility was visited
by a team of specialists of the Communal Health Office
and the HSHO several times (four to six times) between
March 2009 and August 2010. The results presented
in this study are derived from the analysis of samples

TABLE 1

that were obtained at the first visit of our team to the
facilities between March 2009 and February 2010.

Sampling procedure

Sampling points were selected by the team of spe-
cialists in cooperation with the technical teams of the
facilities to obtain a comprehensive sample of cold
and warm water for intensified analysis, in accordance
with the recommendations of DVGW [13]. Fifty-nine
samples were obtained from central lines (cold and
hot-water tanks, return lines) of all facilities, includ-
ing facility A (one warm sample), facility B (four cold
samples), facility C (24 warm, 25 cold samples), and
facility D (three warm, two cold samples). Six hundred
and twenty-five samples were obtained from distal
sites (467 showerheads, 155 taps, one pond and two
spring fountains) of the facilities, comprising facility
A (10 warm, 12 cold samples), facility B (15 warm, 16
cold samples), facility C (252 warm, 256 cold samples),
and facility D (32 warm, 32 cold samples). Cold and
warm water were generally sampled in parallel at distal
sites. The temperature was documented and samples
of approximately 200 ml were collected at central sites
after discarding 3 L of cold or 3 L of warm water, and at
distal sites after discarding 3 L of cold or 5 L of warm
water, according to recommendations of the Federal
Environment Agency [12]. It is noteworthy that the lat-
ter sampling method differs slightly from the European
guidelines, which recommend samples of one litre in
volume to be collected immediately after the opening
of the water outlet [14].

Laboratory investigation

Legionella culture was performed on GVPC agar
(Oxoid) according to recommendations of the Federal
Environment Agency [15]. Two aliquots of 0.5 ml water
were inoculated directly to GVPC agar and 100 ml was
filtered through a 0.45 pm cellulose-nitrate membrane.
The filter was overlaid with 20 ml 0.2 M HCI-KCl [pH 2.2]
and incubated for 4—5 min. The buffer was discarded,
the filter was rinsed with 10 ml sterile water and placed
on GVPC agar. The cultures were incubated at 37 °Cina
humidified atmosphere and examined after three, five,
seven and 10 days. The detection limit of our method
was one cfu/100 ml.

Legionella contamination rate in cold and warm water samples obtained from four healthcare facilities, Hesse, Germany,

March 2009-February 2010 (n=684)

sample collection site Sample type Leg/onf]ll(ci/gosmve Leg/onenllgj/or;egatlve TorEal

Central line Al 10 (17) 49 (83) 59
Cold water 1(3) 30 (97) 31
Warm water 9(32) 19 (68) 28

Distal All 197 (32) 428 (68) 625
Cold water 125 (40) 191 (60) 316
Warm water 72 (23) 237 (77) 309
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Identification was conducted by performing subcul-
tures of at least three colonies per sample on BCYE
agar (Oxoid) and sheep-blood agar. Legionella iso-
lates grew on BCYE agar but not on sheep-blood agar.
Serotyping was performed with a latex agglutination
kit (Legionella Latex Test, Oxoid), which allows the

identification of Legionella pneumophila serogroup 1,
L. pneumophila serogroups 2-14, and non-pneumophila

Legionella species.

Statistical analysis

Statistical analysis was performed with Stata, Version
11.1, 2009 (StataCorp LP, Texas, USA). Chi square test

FIGURE 1

Legionella contamination in cold and warm water
collected at distal sampling sites in four healthcare
facilities, Hesse, Germany, between March 2009 and

February 2010 (n= 625)
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or Fisher exact test were used for analyzing qualitative
data. Results were considered statistically significant

when the P value was <0.05.

Results

Contamination rate in cold and warm water

Fifty-nine samples were collected at central lines,
including 28 warm (temperature range: 46-75 °C) and
31 cold (temperature range: 7—14 °C) water samples. A
total of 10 of 59 central samples were contaminated,
comprising nine of 28 warm and one of 31 cold water
samples (Table 1). Hence, among the central samples,
warm water was more frequently contaminated with
Legionella than cold water (p<0.001).

Six hundred and twenty-five distal samples were
analysed, including 309 warm (temperature range:
32-70 °C) and 316 cold (temperature range: 7-29 °C)
water samples. A total of 197 of 625 (32%) distal sam-
ples were contaminated. Legionella was detected in 125
of 316 (40%) cold water samples and 72 of 309 (23%)
warm water samples (Table 1). Thus, among the distal
samples, cold water was more frequently contaminated
with Legionella than warm water (p<0.001).

We next evaluated the results at the level of individ-
ual facilities. The temperature of cold and warm water
differed slightly between the facilities. At distal sites,
cold water temperatures of 8—25 °C (facility A), 9—24 °C
(facility B), 7—28 °C (facility C), and 13-29 °C (facility D)
and warm water temperatures of 40-64 °C (facility A),
36-65 °C (facility B), 32—70 °C (facility C), and 50-66 °C
(facility D) were measured at sampling time. Legionella

Legionella contamination in distal cold and warm water samples collected in four healthcare facilities, Hesse, Germany,
March 2009-February 2010 (n=625)

Cold water

Warm water

Healthcare facility

Total

Legionella positive

Legionella 21,000 cfu/100 ml

Total Legionella positive Legionella 21,000 cfu/100 ml

Facility A (n=22) 12 3 o 10 6 o
Facility B (n=31) 16 14 8 15 11 5
Facility C (h=508) 256 99 37 252 47 15
Facility D (n=64) 32 9 4 32 8 o

TABLE 3

Legionella concentration and temperature range of cold and warm water collected at distal sites in four healthcare facilities,
Hesse, Germany, March 2009-February 2010 (n= 625)

_ . Cold water Warm water

Legionella concentration

Temperature range Temperature range P value?
(cfu/100 ml) n

(0 (0

1 7—-28 191 60 38-70 237 77 <0.001
1-99 8-25 13 4 39-65 18 6 0.361
100-999 11-27 63 20 37-64 34 11 0.003
21,000 11-29 49 16 32-62 20 6 <0.001
Total 7-29 316 100 32-70 309 100

2The P values were calculated by comparing the proportion of cold water samples displaying a distinct Legionella concentration among all
cold water samples with the proportion of warm water samples with the similar Legionella concentration among all warm water samples.
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contamination was detected in distal cold and warm
water of all facilities. The overall positivity rate was
nine of 22 (41%), 25 of 31 (81%), 146 of 508 (29%), and
17 of 64 (27%) in distal water of the facilities A, B, C,
and D, respectively. Remarkably, contamination was
more frequently detected in cold water than in warm
water in three facilities (Figure 1). The contamination

FIGURE 2

Relationship between the temperature of distal water
at sampling time and Legionella contamination, Hesse,
Germany, March 2009-February 2010 (n= 625)
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FIGURE 3

Relationship between contamination rate of distal water
and the threshold temperature for cold and warm water,
Hesse, Germany, March 2009-February 2010 (n= 625)
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rate of cold and warm water in the facilities A, B, C, and
D were 25% versus 60%, 88% versus 73%, 39 versus
19%, and 28 versus 25%, respectively (Table 2).

Legionella species and serogroups detected
Serological differentiation of the Legionella isolates
from the WDS revealed L. pneumophila serogroup 1
in facility A, C, and D, L. pneumophila serogroup 2-14
in facility B, and non-pneumophila Legionella spp. in
facility A and C. L. pneumophila serogroup 1 was also
isolated from the bronchoalveolar lavage fluid of the
index patient with hca-LD in facility C. The L. pneu-
mophila isolates obtained from the patient and the
water supply displayed the same geno- and serotype,
as determined by multilocus sequence typing (MLST)
and monoclonal antibody serotyping, which were
performed at the Legionella Reference Laboratory,
University of Dresden, Germany.

Legionella concentration in

cold and warm water

Of 316 distal cold water samples analysed, 60% were
tested negative for Legionella, 4% revealed mini-
mal contamination (colony count 1-99 cfu/100 ml),
20% moderate contamination (100-999 cfu/100 ml)
and 16% high contamination (21,000 cfu/100 ml). Of
309 distal warm water samples analysed, 77% were
negative, 6% displayed minimal contamination, 11%
moderate contamination, and 6% high contamination
(Table 3). In detail, a total of 69 samples comprising
49 cold and 20 warm water samples revealed a high
Legionella concentration (21,000 cfu/100 ml). Thirty
three of 49 (67%) highly contaminated cold water sam-
ples displayed a temperature of <20 °C at collection
time, whereas three of 20 (15%) highly contaminated
warm water samples displayed a temperature of 255 °C
at sampling time. Together, cold water samples were
more frequently contaminated with higher Legionella
concentrations compared to warm water samples. The
difference between cold and warm water was signifi-
cant in all categories except for minimal contamination
(Table 3).

We next evaluated the prevalence of high Legionella
concentrations, i.e. 21,000 cfu/100 ml, in cold and
warm water of different facilities. As shown in Table 2,
a high grade contamination was detected in three of
four facilities. Cold water samples were more frequently
contaminated with high Legionella concentrations than
warm water samples in three of four facilities (Table 2).

Relationship between temperature

and Legionella contamination

We next examined the relationship between the tem-
perature of distal water at sampling time and Legionella
contamination. Cold and warm water samples were
assigned to four groups, cold water <20 °C, cold water
220 °C, warm water <55 °C, and warm water 255 °C and
the contamination rate was calculated for each group.
The positivity rate was 94 of 265 (35%), 31 of 51 (61%),
45 of 52 (87%), and 27 of 257 (11%) in the latter groups,
respectively (Figure 2). It is noteworthy that 35% of
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cold water samples that displayed an optimal tempera-
ture in terms of Legionella prevention at sampling time,
that is <20 °C, were contaminated. In contrast, only 11%
of warm water samples that displayed an optimal tem-
perature in terms of Legionella prevention, that is 255
°C, were contaminated. Outside the temperature range
of Legionella growth, there was significantly less con-
tamination in warm water than contamination in cold
water (p<o.001).

We further examined whether we may find a threshold
temperature that would allow a reliable discrimination
between contaminated and non-contaminated distal
water. The threshold temperatures of 15 °C, 20 °C and
25 °C were tested for cold water, and 50 °C, 55 °C, and
60 °C for warm water. The contamination rate of sam-
ples beyond the selected temperature was calculated
separately. As shown in Figure 3, 43 of 156 (28%) of
water samples that were below 15 °C at sampling time,
which is below the lower limit (20 °C) of the range of
Legionella growth, were contaminated by Legionella.
This suggests that measuring cold water temperature
at sampling does not allow the defining of a reliable
temperature threshold, below which cold water would
be considered free from Legionella contamination.

Discussion

We here present the results of assessment of the water
supplies of four healthcare facilities in Germany. The
investigation was initiated because cases of hca-LD
were diagnosed in one facility (Facility C) or because
periodical analysis had suggested a severe contami-
nation of the WDS with Legionella (facilities A, B, and
D). The contamination rate of distal water samples was
41%, 81%, 29% and 27% in the four facilities exam-
ined. The very high rate in some cases (81%) was not
entirely unexpected in light of the circumstances that
had led to the enrolment of the facilities in this study.

We found higher contamination rates and higher
Legionella concentrations in cold water samples than
in warm water samples collected from distal sites in
three facilities (Figure 1, Table 2). Legionellosis has
been traditionally associated with inadequately heated
warm water [1]. There is a common belief that only the
warm water supply may serve as a source of infection.
Nonetheless, previous studies have shown that the
cold water supply of healthcare facilities may be heavily
contaminated with Legionella species [16]. Other inves-
tigators have reported cases of hca-LD that were attrib-
uted to contamination of the cold water supply. Hoebe
et al. [17] reported two cases of fatal LD in a rehabilita-
tion centre linked to the cold water supply. Johansson
et al. [18] described a case of hca-LD in Sweden that
was clearly linked to the cold WDS. Graman et al. [19]
reported a case of hca-LD that was traced back to a
contaminated ice machine. Our data show that the cold
water supply of healthcare facilities may be even more
heavily contaminated by Legionella species than the
warm water supply. We found Legionella concentrations
of up to 10,000 cfu/100 mlin distal cold water samples
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(data not shown). Different factors may have contrib-
uted to this interesting phenomenon. It is possible that
a thermal disinfection of warm WDS was performed
shortly prior to our visit to the facility. This could have
resulted in a temporal suppression of Legionella in the
warm water supply. Another possible explanation is
a “warming-up” of cold water, which may occur after
long intervals of stasis or when the cold and warm
water pipes are closely fitted in the same shaft and run
together over a long distance without appropriate insu-
lation. The warming-up effect may not be detectable at
the time of sampling, which is usually during daytime
on a weekday. In the latter case, hot water flushing of
warm water tubes may even have a paradoxical effect
on contamination of the cold WDS by aggravating the
warming-up effect.

Analysis of the temperature of distal samples revealed
that only 16 of 316 (5%) cold water samples displayed
a temperature of 25 °C or more at sampling time,
which is the threshold temperature recommended by
the German water guidelines for assessment of cold
water [12]. We therefore tested other threshold tem-
peratures. We found that 94 of 265 (35%) and 43 of 156
(28%) of the distal cold water samples that displayed
a temperature of <20 °C and <15 °C at sampling time
were contaminated (Figure 3). Taken together, our data
show that high Legionella concentrations may be found
in cold water samples displaying a temperature of as
low as 11 °C at sampling time, whereas no or very low
Legionella concentrations may be associated with cold
water temperatures of up to 28 °C at sampling time
(Table 3). Hence, our data suggest that there is no reli-
able correlation between the temperature of cold water
at sampling time and the extent of Legionella contami-
nation. A possible explanation for this incoherence is
that the temperature at sampling time, which is usually
a busy time on a working day, is not representative of
the temperatures that the sampled water has under-
gone prior to sampling.

After release of the results of our investigation, the
infection control precautions were reassessed in all
facilities and additional decontamination measures
and prevention strategies were initiated for the warm
and cold WDS. The results of the intervention activities
were controlled by follow-up investigation.

In conclusion, our data suggest that the cold water
supply of healthcare facilities may be heavily contami-
nated with Legionella species. We did not find a reli-
able correlation between cold water temperature at
sampling time and Legionella contamination rate or
concentration. If we had restricted our analysis to cold
water samples that displayed at least 25 °C at sampling
time, we would have missed many cases of severe con-
tamination. Our results highlight the importance of
assessment of cold water in the context of intensified
analysis of the water supply of healthcare facilities.
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In order to assist national public health authorities
in the European Union to assess the risks associated
with the transmission of infectious agents on board
aircrafts, the European Centre for Disease Prevention
and Control initiated in 2007 the RAGIDA project (Risk
Assessment Guidance for Infectious Diseases trans-
mitted on Aircraft). RAGIDA consists of two parts:
the production of a systematic review and a series of
disease-specific guidance documents. The system-
atic review covered over 3,700 peer-reviewed articles
and grey literature for the following diseases: tuber-
culosis, influenza, severe acute respiratory syndrome
(SARS), invasive meningococcal disease, measles,
rubella, diphtheria, Ebola and Marburg haemorrhagic
fevers, Lassa fever, smallpox and anthrax. In addition,
general guidelines on risk assessment and manage-
ment from international aviation boards and national
and international public health agencies were sys-
tematically searched. Experts were interviewed on
case-based events by standardised questionnaires.
Disease-specific guidance documents on tuberculosis,
SARS, meningococcal infections, measles, rubella,
Ebola and Marburg haemorrhagic fevers, Lassa fever,
smallpox and anthrax were the result of consultations
of disease-specific expert panels. Factors that influ-
ence the risk assessment of infectious disease trans-
mission on board aircrafts and decision making for
contact tracing are outlined.

Background

With increasing numbers of passengers travelling inter-
nationally by air the potential risk of introduction and
spread of infectious diseases by travellers increases.
In 20009, the global airport traffic reported 4.796 x 109
passengers arriving and departing from 1,354 airports
located in 171 countries worldwide, with passengers
on international flights accounting for 42 percent [1].
Almost 800 million passengers are carried on national/
international flights annually within the European
Union (EU) alone [2].

The outbreak of SARS in 2003 and pandemic influenza
A(H1N1) in 2009 illustrated how infectious diseases
can suddenly appear, spread, and threaten the health,
economy and social lives of citizens even in countries
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that are not or not yet affected by the epidemic itself.
When passengers and/or crew members become
exposed to an infectious or potentially infectious per-
son during a flight, early recognition of disease and
coordinated risk assessment among the affected coun-
tries is needed to initiate appropriate public health
response without unnecessarily alarming the public
and disrupting air traffic.

There are legal obligations for the member states
of the World Health Organization (WHO) to report
events of public health concern in accordance with
the International Health Regulations (IHR) [3] and for
the Member States of the EU to provide information to
the Community Network in accordance to the Decision
No 2119/98/EC [4]. However, very limited international
guidance exists for the public health management of
infectious diseases related to air travel, both aboard
aircrafts and at airports [5]. Existing international guid-
ance, e.g. the WHO international guidelines for the con-
trol of tuberculosis [6], does not necessarily reflect the
epidemiologic situation in the individual EU Member
States, while the national guidelines, e.g. for meningo-
coccal diseases [7], are frequently inconsistent.

In order to assist national public health authorities in
EU Member States in the evaluation of risks related to
the transmission of various infectious agents on board
aircrafts and to help in the decision on the most appro-
priate, operationally possible public health measures
for containment, e.g. on whether or not to contact-
trace air travellers and crew in case of exposure, the
European Centre for Disease Prevention and Control
(ECDQ) initiated in 2007 the project Risk Assessment
Guidance for Infectious Diseases transmitted on
Aircraft (RAGIDA) [8].

The RAGIDA project consists of two parts: (i) a system-
atic review of the literature of documented past events
of infectious disease transmission on aircrafts, guid-
ance documents and expert interviews assessing case-
based information on events (produced by the Robert
Koch Institute, Germany in response to an ECDC open
call for tender 0J/2007/06/20- PROC/2007/009) [8], and
(ii) a series of disease-specific guidance documents
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produced by external disease-specific expert panels
[9] on which this article will mainly focus. This guid-
ance does not address contacts at the airport or occur-
ring during transit.

Methods

Part I: Systematic review and expert interviews
In the first part of the RAGIDA project a systematic
review of over 3,700 peer-reviewed articles and grey
literature was performed for the following 12 infec-
tious diseases: tuberculosis, influenza, SARS, invasive
meningococcal disease, measles, rubella, diphtheria,
Ebola and Marburg haemorrhagic fevers, Lassa fever,
smallpox and anthrax. The aim was to evaluate the
exact circumstances that led to the transmission of
these infectious diseases on board aircrafts. For peer-
reviewed publications, PubMed and the database of
the German Institute of Medical Documentation and
Information (DIMDI) were searched, using the following
two combinations of search terms: (aircraft OR airplane
OR flight OR flight crew OR air travel OR airline OR air
passenger) AND (epidemiology OR microbiology OR
transmission), (aircraft OR airplane OR flight OR flight
crew OR air travel OR airline OR air passenger) AND
(infectious).

Grey literature was searched in ProMed using the search
terms ‘airline OR air travel OR air passenger’. In addition,
general guidelines on risk assessment and manage-
ment were systematically searched from international
aviation boards, the Airport Council International (ACI),
International Air Transport Association (IATA) and
International Civil Aviation Organisation (ICAO) and
several national and international public health agen-
cies such as the WHO, the United States Centers for
Disease Control and Prevention, Health Canada, the
Health Protection Agency in the United Kingdom and
the Robert Koch Institute in Germany. Standardised
questionnaires were used to interview an international
group of experts to collect case-based information on
events.

Contacts were defined as persons with relevant expo-
sure to an infectious or potentially infectious index
case. The credibility of an exposure was assessed
by referring to event-specific factors such as patho-
gen, infectiousness of the index case, infectious
period, availability of information on on-board expo-
sure, possible alternative exposures, and risk factors
for infection. The evidence of on-board transmission
was assessed for each event according to a set of
established criteria. These criteria took into account
the validity and relevance of diagnostic tests (index
case(s)/contacts), the validity and relevance of infor-
mation for exposures or alternative exposures of con-
tacts, and the susceptibility of contacts. Evidence for
transmission was graded into four categories: high,
probable, possible and none. If no transmission was
concluded, the level of evidence for non-transmission
was assessed using the proportion of the success-
fully traced contacts among all susceptible contacts
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on board the flight. The evidence was assessed as low
if the proportion was smaller than 35%; medium if the
proportion was between 35% and 75%, and high if the
proportion was larger than 75%.

Part II: Disease-specific guidance

Within the second part of the RAGIDA project, the pro-
duction of a series of operational guidance documents
for assisting in the evaluation of risk for transmission
of diseases was initiated. In June 2009, ECDC convened
the first RAGIDA disease-specific expert meeting that
focused on tuberculosis, SARS and invasive meningo-
coccal infections. In 2010 a second meeting followed
that concentrated on measles, rubella, Ebola and
Marburg haemorrhagic fevers, Lassa fever, smallpox
and anthrax.

For both meetings, small, multidisciplinary disease-
specific expert panels were established. The par-
ticipants were selected to include representatives of
national public health authorities, particularly those
with experience in the investigation and follow-up of
incidents involving infectious diseases in travellers,
European and international experts for the disease(s)
under investigation, experts in microbiology and math-
ematic modelling, and representatives of the ECDC,
the European Commission and the WHO International
Health Regulations Coordination Programme. No
conflicts of interest were declared by any of the
participants.

Evidence obtained included the review of the pub-
lished literature by disease related to air travel, the
review of data on air travellers obtained from national
public health authorities (from RAGIDA part 1), and
expert opinions from the members of the expert panel.
Experts discussed basic elements of the Scottish
Intercollegiate Guidelines Network (SIGN) approach
for developing guidelines [10] and reviewed the evi-
dence base taking into account the available scientific
evidence for disease transmission as well as other
relevant aspects such as disease severity, the poten-
tial for public health intervention, and availability of
treatment.

Each disease-specific chapter contains a short litera-
ture review, outlines an approach for contact tracing
including an algorithm and a template for questions
and answers.

Results

Part I: Systematic review and expert interviews

The available information published in peer-reviewed
journals was very limited for most of the diseases for
which only a few on-board transmission events were
described, limiting the power for evidence-based deci-
sion making. With the exception of tuberculosis no
international guidance for contact tracing was identi-
fied [7,11,12]. A detailed report of this first part of the
project has been published [8].
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Part II: Disease-specific guidance

Overall the expert panels agreed that for each of the
diseases contact tracing should be recommended only
after careful risk assessment. Contact tracing was con-
sidered as reasonable if the probability of an infectious
disease causing a secondary infection and/or further
spread in the population was high in conjunction with
an assessment that the impact on human health in
terms of an adverse outcome (the scale of harm caused
by the infectious threat in terms of morbidity and mor-
tality) was also high. Several additional factors were
identified that influence the decision making regarding
contact tracing.

Factors that affect the probability of

disease transmission on board aircrafts

The probability that a certain infectious disease is
transmitted on board an aircraft depends on charac-
teristics of the causative agent and the host, and on
environmental factors. These include:

e infectivity of the index case during the flight in the
symptomatic or pre-symptomatic stage, taking into
account epidemiological attributes such as Ro,
period of shedding, infectiousness period, mode
of transmission, as well as signs and symptoms of
disease;

e susceptibility of the passengers, considering their
level of natural immunity and vaccination status;

e effectiveness of exposure, depending on proximity
to the index case, duration of exposure as well as
the technical specifications of the airplane and the
quality of the cabin air.

Factors that affect the impact on human health
The impact on human health, the scale of harm that a
certain infectious disease causes in terms of morbidity
and mortality, depends on characteristics of the patho-
gen and the host, and on the available means for detec-
tion and intervention. The relevant factors include:

e pathogen-specific attributes for disease manifes-
tation such as virulence, resistance pattern and
case fatality;

e underlying condition associated with severity, con-
sidering compromised immune system, comorbid-
ity or pregnancy;

e means for detection and possibilities for diagno-
sis, taking into account the availability and reli-
ability of diagnostic tests;

e effectiveness of intervention, e.g. availability of
prophylaxis and/or treatment.

Factors that influence the decision on

contact tracing

In addition to the probability of transmission and the
impact on human health, there are several additional
factors that influence the decision making regarding
contact tracing, such as:

e susceptibility of the passengers for the disease,
taking into account the level of natural immunity
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and the vaccine coverage in the population of the
countries of origin and destination;

e the maximum incubation period, i.e. the time
period during which it is possible to intervene with
public health measures; contact tracing at a later
time could be initiated for scientific purposes;

e ethical aspects, e.g. whether treatment is avail-
able or whether containment and/or mitigation
measures are acceptable for the contacts;

e means for response, i.e. the public health actions
taken after identification of infected individuals,
the options that can be offered to the infected indi-
viduals identified by contact tracing;

e alternative actions instead of contact tracing such
as risk communication including leaflets for pas-
sengers of the flight and information on airports;

e media coverage and public attention;

e political sensitivities in the involved countries;

e available resources.

Discussion

In a globalised world, the risk for transmission and
spread of infectious diseases through travel and trade
needs to be addressed. In terms of passenger num-
bers, Europe has four of the eleven airports receiving
the highest passenger numbers worldwide: London,
Paris, Frankfurt and Madrid. Each of them receive more
than 5o million passengers a year (with the larger pro-
portion of passengers on international flights) [1,2],
some of whom are likely to have or incubate infectious
diseases. Airline cabins, as confined spaces, may pro-
vide an environment for disease transmission. There is
some evidence from studies examining microbial con-
taminants in cabin air, that suggest air quality in an air-
line cabin is better than in most buildings [13-15] and
most other means of public transportation (e.g. buses,
trains, subways). Most modern airplanes operate a
ventilation system with laminar air flow with exchange
rates of 20 air exchanges per hours during cruising.
Before re-entering the cabin, the air is filtered through
a set of high-efficiency particulate air (HEPA) filters,
which remove at least 99.97% of airborne particles
between 0.1 and 0.3 pm in diameter and 100% of par-
ticles larger than 0.3 pym in diameter. However, when
an aircraft is parked at the gate with the engines off
for more than 30 minutes with passengers on board,
adequate cabin ventilation should be ensured [16].

According to the IHR which legally bind 194 States
worldwide, events of disease transmission among pas-
sengers on international flights require notification
to the WHO [3]. Member States of the EU must further
provide information on such cases through the appro-
priate designated structures and/or authorities in a
timely manner to allow an effective joint response of
the affected countries [4].

Assessing the risk of transmission of infectious dis-

eases on board an aircraft is not always easy and often
has to rely on individual expert opinion. The available
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evidence is limited and assessing the publicly avail-
able evidence retrieved from the literature/grey litera-
ture is challenging. For most of the infectious diseases
only a small number of studies are available on a lim-
ited number of events. The majority of the studies are
observational, lack an appropriate control group and
do not control for biases. In most of the reported stud-
ies the proportion of passengers (contacts) success-
fully traced and followed up is small, and for diseases
with a long incubation period such as tuberculosis,
asymptomatic passengers are often not followed up
long enough to document seroconversion. For diseases
with a high proportion of asymptomatic or mild cases
or with an atypical presentation, cases are less likely
to be detected because diagnostic tests are less likely
to be performed. In addition, studies not showing
transmission or disease outcome are less likely to be
published (publication bias).

The decision on public health action and contact trac-
ing has to be made fast and is influenced by several
factors that differ between countries, such as the avail-
able resources, the purpose of contact tracing, its fea-
sibility and the perception of the risk of the disease
when evidence is lacking or when media attention or
political pressure is high. Contact tracing requires sig-
nificant resources in terms of manpower, money, and
time. The amount of resources needed further depends
on the objective of the tracing, e.g. whether it is done
to initiate disease containment measures, disease mit-
igation measures, to delay the spread of the disease
or to eradicate the disease. Only a limited number of
studies are available on the cost-effectiveness of con-
tact tracing in this regard. In the case of tuberculosis
several studies indicate that the costs are high and the
outcome is poor [17,18]. It must also be considered that
adequate contact tracing in resource-poor countries
may come at the expense of other more effective health
measures [18]. Contact tracing is often complicated
when passenger information is lacking. Aircraft mani-
fests are not standardised across airlines and passen-
ger lists are rarely kept for more than 48 hours. Legal
matters and data protection issues could hamper the
exchange of information between countries and organ-
isations. Communication and coordination between the
different national authorities can be complex and the
proportion of contacts that can be successfully traced
is often rather small [19,20].

Finally the perception of a risk plays a crucial role in
its assessment and the decision for contact tracing.
Assessments are influenced not only by the societal
environment in which events occur and decisions are
being made, but also by politics and the economic situ-
ation in a country. An infectious disease assessed at
low risk, for instance, can have a significant economic
and political impact in a certain context.

Conclusions

Considering the lack of published data available on
evaluating the risk of transmission of most infectious
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agents on board aircrafts, and taking into account the
key factors that influence the decision making, the
RAGIDA guidance provides a viable evidence-based
tool for public health authorities determining triggers
and making decisions on whether to undertake contact
tracing in air travellers or crew. These guidance docu-
ments may be adapted to the local situation, national
and international regulations or preparedness plans.
To improve the evidence base for contact tracing and to
conclude on the cost-effectiveness of this public health
intervention, information on the outcome of disease
events during air travel needs to be collected continu-
ously as initiated by this project.
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On 16 April 2011, a working group of World Health
Organization (WHO) member states agreed on a pan-
demic influenza preparedness framework [1]. It regu-
lates the sharing of viruses within the WHO Laboratory
Global Influenza Surveillance Network (GISN) [2] and
the access to vaccines, antiviral drugs, diagnostic kits,
and other benefits, in particular with regard to lower-
income countries. It foresees mandatory regular contri-
butions from industry partners.

The four-year negotiations by 193 WHO member states
began in November 2007, at a time when concerns
about the fair distribution of benefits impaired the
timely global sharing of influenza sequences.

The agreed framework will be presented to the World
Health Assembly in May 2011 for its consideration and
approval. The agreement will strengthen global prepar-
edness for potential future influenza pandemics.

More detailed background information and a comment
on the implications of this achievement has been pub-
lished by the European Centre for Disease Prevention
and Control [3].
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