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Between 2003 and 2007, 21% (n=100/477) of accom-
modation sites linked to clusters of two or more cases 
of Legionnaires’ disease that were investigated by the 
European Surveillance Scheme for Travel-Associated 
Legionnaires’ Disease (EWGLINET) went on to be asso-
ciated with at least one further case, despite reporting 
that satisfactory control measures had been imple-
mented at the time the cluster was first detected. 
This paper examines these sites (termed reoffenders) 
in order to determine whether they share any charac-
teristics that may have contributed to the reoffence. 
All investigations conducted at cluster sites between 
2003 and 2007 were included in the analysis, giving 
a total of 615 investigations conducted at 477 sites. 
Every country that investigated more than three clus-
ter sites had to deal with at least one reoffence, and 
one site reoffended five times. The cases involved in 
the cluster that stayed elsewhere during their incuba-
tion periods could be used to help assess the prob-
ability of exposure, and therefore the risk, posed by 
particular cluster sites. A more extensive investigation 
and control regime may be needed in some instances 
to better control the risk of Legionnaires’ disease at an 
accommodation site.

Introduction 
Legionnaires’ disease is an atypical pneumonic ill-
ness caused by inhalation of aerosolised water drop-
lets containing Legionella spp. bacteria. The disease 
has an incubation period of two to 10 days and a 
case fatality rate of approximately 12% [1]. The bacte-
ria live naturally in the aquatic environment, and can 
cause outbreaks of disease if water systems become 
colonised. Stagnation, warm temperatures and the 
presence of nutrients can all lead to increased bacte-
rial growth and replication. Hotels and other public 
accommodation sites are particularly associated with 
the risk of Legionnaires’ disease because their water 
systems often include a large number of outlets (such 
as showers and washbasins). These outlets should all 
be flushed through at regular intervals to ensure there 

is no build-up of bacteria in the pipework. However, 
if a room is left unoccupied the flushing will depend 
upon routine control and maintenance procedures at 
the accommodation site, and there is therefore a risk 
that the water in the system may be allowed to stag-
nate [2]. In addition, there may often be long lengths 
of pipework and it can be difficult to ensure that water 
temperatures are maintained at a high enough level 
throughout the building to control bacterial numbers.

The European Legionnaires’ Disease Surveillance 
Network (ELDSNet), formerly known as the 
European Surveillance Scheme for Travel-Associated 
Legionnaires’ Disease (EWGLINET), collects informa-
tion on cases of Legionnaires’ disease in European 
residents who have stayed at a public accommoda-
tion site in the two to 10 days before the onset of 
symptoms [3]. If two or more cases of Legionnaires’ 
disease are associated with the same accommodation 
site within two years, a cluster is formed. In response 
to each cluster, the country of infection is required to 
conduct an environmental investigation that meets 
with the standards required by European guidelines 
for the control and prevention of travel-associated 
Legionnaires’ disease [4]. A risk assessment must 
be conducted and control measures initiated within 
two weeks, resulting in a so-called Form A report. 
Within a further four weeks (six weeks in total) these 
control measures should have been completed and 
environmental sampling for Legionella spp. carried 
out, resulting in a second report, a Form B report. If 
either of these reports is not submitted on time or if 
the investigations are inadequate, there are sanctions 
that can be applied; the name of the accommodation 
site is published on the ELDSNet website (formerly the 
EWGLI website), often resulting in the withdrawal of 
tour-operators.

In 2003, 632 travel-associated cases were notified to 
EWGLINET, and a total of 89 new clusters were identi-
fied [5-6]. In comparison, 946 travel-associated cases 
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were notified to EWGLINET in 2007, and a total of 112 
new clusters were identified [7]. 

Some sites that have been investigated to the stand-
ards required in the European guidelines are later 
associated with further cases. This paper examines 
these ’reoffending‘ sites in order to determine whether 
they share any characteristics that may have contrib-
uted to the reoffence. 

The European guidelines for the control and prevention 
of travel-associated Legionnaires’ disease were intro-
duced in July 2002 [4]. As the first six months were 
considered to be an acclimatisation period, this paper 
addresses accommodation sites with clusters of cases 
with symptom onset from 2003 to 2007. 

Methods
All investigations conducted in accordance with the 
European guidelines at accommodation sites with clus-
ters of cases between 2003 and 2007 were included 
in the analysis. Some sites appeared more than once 
in the dataset, representing either reoffences or the 
onset of new clusters at the site (if there is a period of 
more than two years between a cluster and a subse-
quent case, the case is classified as a single case and 
the site reverts to a non-cluster status).

Following each investigation, a Form B containing sum-
mary information is returned by the country to the 
ELDSNET coordinating centre in Stockholm, Sweden 
(formerly the EWGLINET coordinating centre in London, 
United Kingdom). This form includes information on 
the sampling results at the accommodation site and 
the control measures applied. The number of rooms 
available at each of the sites was found using Internet 
search engines.  

Between 2003 and 2007, 615 investigations were con-
ducted at 477 sites. The dataset of all the sites was 
linked with that of all the investigations to obtain data 
on mean length of stay, cluster size and whether travel 
to other sites occurred.  The covariates of interest were 
the country of the site, year of cluster and any reof-
fence, type of accommodation and number of rooms at 
the accommodation site, time between previous inves-
tigation and reoffence, length of time the case stayed 
at the site, results of environmental sampling, and 
the likelihood of the site being the source of infection 
(whether the cases involved in the cluster used other 
sites as well).  Variables were considered for inclusion 
as covariates in a logistic regression model if either 
the chi-square p value or Fisher’s exact test p value (as 
applicable) was less than 0.10. 

Results
A total of 477 accommodation sites in Europe with 
clusters of cases of Legionnaires’ disease were inves-
tigated during 2003 to 2007. Of these, 377 (79%) did 
not reoffend, leaving 100 sites that were associated 
with subsequent cases within two years of the first 

investigation. Of the reoffenders, 75 sites reoffended 
once, 16 reoffended twice (in France (n=3), Greece 
(n=3), Italy (n=5), Malta (n=2), Turkey (n=5)), six sites 
reoffended three times (in France (n=3), Italy (n=3), 
Poland (n=1), Turkey (n=1)), two sites reoffended four 
times (in Bulgaria and Turkey), and one site reoffended 
five times (in Turkey). This involved 238 investigations 
that were conducted at these reoffending sites (100 
original investigations and 138 reoffence investiga-
tions), giving a total of 615 investigations (Figure). 

The countries associated with the cluster sites and 
investigations included in this analysis are shown in 
Table 1. While Italy conducted the most investigations 
(n=194), only 24% of these (n=47) were initiated as a 
response to reoffences. In contrast, 34 of Turkey’s 102 
investigations (33%) were as a result of reoffences. 

The overall percentage of investigations associated 
with reoffending sites increased over time from 10% 
in 2003 to 28% in 2007 (Table 2). The proportion of 
Italian sites reoffending increased in 2006 and 2007, 
the proportion of French sites reoffending dropped 
markedly in 2007, while the proportion of Spanish sites 
reoffending in 2007 rose dramatically. The proportion 
of Turkish sites reoffending fell in 2006 and 2007, but 
remained high.

The most common type of accommodation site in the 
study were hotels (n=393, 88%), however holiday 
apartments were slightly more likely to reoffend (24% of 
apartments reoffended compared with 22% of hotels). 
None of the more unusual types of accommodation 

Figure 
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(classified as ‘other’, such as ships, university halls 
of residence and truck stops) reoffended during the 
study period (Table 3). The accommodation sites most 
likely to be associated with reoffences were those with 
200–299 rooms: 33% (n=18) of these sites reoffended 
at least once during 2003 to 2007 (Table 3). None of 
these results were statistically significant. 

Of the 615 investigations analysed in this study, 355 
(57.7%) gave water samples that tested positive for 
Legionella spp., 245 (39.8%) were negative and 15 had 
unknown results (2.4%). Most of the investigations 
with unknown results were conducted towards the 
beginning of the study, when Form Bs were not always 
completed as fully as they were towards the end of the 
study. Of those investigations that had a known sam-
pling result, the proportion that were positive did not 
change over time (2003: 55.2%, 2004: 58.7%, 2005: 
57.6%, 2006: 68.1%, 2007: 54.7%). Of the 355 positive 

sites, 69 (19.4%) went on to be associated with further 
cases. In comparison, 66 of the 245 (26.9%) negative 
sites reoffended, suggesting that sites with nega-
tive sampling results are more likely to reoffend than 
those with positive results (chi-square test value: 4.26, 
p=0.039). Three of the remaining sites also reoffended 
(from those that had unknown sampling results). 

The median time to reoffence (the time between inves-
tigation and onset of a further case of Legionnaires’ 
disease) by country ranged from 65 days (England and 
Wales) to 408 days (Germany). A total of 32 cases that 
initiated the reoffence stayed at the accommodation 
site in question only one night, 62 stayed between 
two and seven nights, 42 stayed between eight and 14 
nights, and two cases stayed for longer.

The most recent sampling result at each site before the 
reoffence was extracted. (Six sites were excluded from 

Table 1 
European countries with accommodation sites, including reoffending sites, investigated following clusters of Legionnaires’ 
disease cases, 2003–2007a

Country

Accommodation sites Investigations conducted

Total number of 
sites investigated

Number of 
reoffending sites

Percentage of 
reoffenders

Total number of 
investigations

Number of repeat 
investigations

Percentage 
of repeat 

investigations
Austria 3 1 33 4 1 25
Belgium 1 0 0 1 0 0
Bulgaria 6 2 33 11 5 45
Croatia 1 0 0 1 0 0
Cyprus 2 0 0 2 0 0
Czech Republic 3 1 33 4 1 25
Denmark 1 0 0 1 0 0
England and Walesb 11 1 9 12 1 8
France 100 15 15 118 18 15
Germany 12 1 8 13 1 8
Greece 25 5 20 33 8 24
Italy 147 36 24 194 47 24
Latvia 1 1 100 2 1 50
Luxembourg 1 0 0 1 0 0
Malta 10 2 20 14 4 29
Netherlands 3 0 0 3 0 0
Poland 3 1 33 6 3 50
Portugal 7 1 14 8 1 13
Russia 2 0 0 2 0 0
Scotlandb 1 0 0 1 0 0
Spain 59 13 22 72 13 18
Sweden 2 0 0 2 0 0
Turkey 68 20 29 102 34 33
Total 469 100 21 607 138 22
Shipc 8 0 0 8 0 0
Total 477 100 21 615 138 22

a	 Accommodation sites in the European Surveillance Scheme for Travel-Associated Legionnaires’ Disease (EWGLINET) scheme.
b	 England and Wales (together) and Scotland are independently responsible for the investigation of clusters in their respective countries. 

Scotland is therefore listed separately in this table.
c	 This category mostly comprises cruise ships, where individuals have slept in cabins onboard. 
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this portion of the analysis because the results were 
not available.) Of the 69 sites that previously tested 
positive, 41 remained positive following the reoffence, 
while 26 tested negative (two sites had unknown 
results). Of the 66 sites that previously tested nega-
tive, 35 were also negative during the reinvestigation 
while 30 tested positive (one had unknown results). Of 
the three sites with unknown results on previous sam-
pling, one tested positive and two tested negative on 
reoffence (Table 4).

All cases involved in each cluster up to and including 
the reoffence were analysed to determine if they had 
also visited other accommodation sites during their 
2-10 day incubation period. In 66 of the 138 reoffend-
ing sites (excluding six sites as above), the cases had 
not stayed elsewhere. Of these 66 sites, 52 identified 
Legionella spp. in the water system either during the 
original investigation or during the reinvestigation (or 
both). In 41 reoffending sites, the cases involved in the 
cluster were a mixture of those who had stayed at that 

site only and those who had also stayed elsewhere. 
Legionella spp. were identified in the water system of 
31 of these 41 sites. For the remaining 25 reoffending 
sites, all of the cases involved had visited other sites 
during their incubation period.  Only 14 of these sites 
returned positive sampling results (Table 4). These 
results were not statistically significant. 

Discussion
Between 2003 and 2007, 21% (n=100/477) of accom-
modation sites investigated by EWGLINET and reported 
as having implemented satisfactory control measures 
went on to be associated with at least one further case 
of travel-associated Legionnaires’ disease within two 
years. Every country that investigated more than three 
cluster sites had to deal with at least one reoffence. In 
contrast, none of the eight clusters located on ships 
led to reoffences. It is possible that the more unusual 
cluster sites may be investigated more thoroughly and 
therefore are less likely to reoffend. 

Table 2 
Investigations conducted into European accommodation sites, including reoffending sites, with clusters of Legionnaires’ 
disease cases, by year, 2003–2007a (n=615) 

Country
Number of  investigations (percentage of reoffences)

2003 2004 2005 2006 2007 Total
Austria 0 2 (0) 0 1 (0) 1 (100) 4 (25)
Belgium 0 0 0 0 1 (0) 1 (0)
Bulgaria 4 (50) 2 (50) 0 3 (67) 2 (0) 11 (45)
Croatia 0 0 0 1 (0) 0 1 (0)
Cyprus 1 (0) 0 1 (0) 0 0 2 (0)
Czech Republic 0 0 1 (0) 1 (0) 2 (50) 4 (25)
Denmark 0 0 0 1 (0) 0 1 (0)
England and Walesb 4 (0) 1 (0) 2 (0) 4 (25) 1 (0) 12 (8)
France 22 (5) 24 (25) 20 (15) 29 (21) 23 (9) 118 (15)
Germany 1 (0) 2 (0) 2 (0) 5 (0) 3 (33) 13 (8)
Greece 7 (0) 4 (50) 10 (20) 8 (50) 4 (0) 33 (24)
Italy 21 (10) 22 (23) 38 (13) 46 (30) 67 (31) 194 (24)
Latvia 0 0 0 1 (0) 1 (100) 2 (50)
Luxembourg 0 0 0 1 (0) 0 1 (0)
Malta 3 (0) 6 (33) 1 (100) 2 (50) 2 (0) 14 (29)
Netherlands 0 1 (0) 0 2 (0) 0 3 (0)
Poland 0 1 (0) 2 (100) 3 (33) 0 6 (50)
Portugal 0 4 (0) 0 0 4 (25) 8 (13)
Russia 0 1 (0) 0 0 1 (0) 2 (0)
Scotlandb 0 0 0 0 1 (0) 1 (0)
Spain 12 (8) 9 (0) 11 (27) 25 (4) 15 (53) 72 (18)
Sweden 0 0 0 2 (0) 0 2 (0)
Turkey 26 (15) 15 (33) 29 (48) 12 (42) 20 (30) 102 (33)
Total 101 (10) 94 (22) 117 (25) 147 (24) 148 (28) 607 (23)
Shipc 3 (0) 1 (0) 1 (0) 0 3 (0) 8 (0)
Total 104 (10) 95 (22) 118 (25) 147 (24) 151 (28) 615 (23)

a	 Accommodation sites in the European Surveillance Scheme for Travel-Associated Legionnaires’ Disease (EWGLINET) scheme.
b	 England and Wales (together) and Scotland are independently responsible for the investigation of clusters in their respective countries. 

They are therefore listed separately in this table.
c	 This category mostly comprises cruise ships, where individuals had slept in cabins onboard.
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The overall proportion of reoffences increased from 
10% in 2003 to 28% in 2007, however it should be 
noted that this does not necessarily reflect an increase 
in risk over the study period. The number of reoffend-
ers occurring in the early years of the study may not be 
comparable to those occurring in the later years, since 
a site had to be investigated once under the European 
guidelines (introduced in July 2002) before a re-offence 
could occur. The number of reoffences occurring in the 
early years will therefore be artificially low. 

There are several reasons why a site might reof-
fend. The control measures applied might have been 

inappropriate and/or inadequate, or there may have 
been a lack of long-term control measures and/or 
ongoing monitoring after the initial introduction of con-
trol measures. Cano et al. studied Spanish hotels and 
described the persistence of Legionella spp. in 29% of 
their reoffender accommodation sites. They concluded 
that there had most probably been failures in the 
action carried out by environmental inspectors at these 
sites [8]. Some countries do not have strong reference 
facilities for microbiological testing for Legionella spp. 
and may incorrectly determine that Legionella spp. 
cannot be detected in the water system, or the origi-
nal sampling may not have been conducted properly. 
In these instances, negative sampling results may lead 
public health officials to be less stringent about con-
trol measures than they should be. There is some sup-
port for this hypothesis in the data: sites with negative 
sampling results were statistically more likely to reof-
fend than sites with positive sampling results. 

Even when the initial set of control measures have been 
carried out correctly, the accommodation site may still 
reoffend if there is a change of staff and the new staff 
are not correctly trained in these procedures. This was 
one of the reasons identified for the ongoing problems 
experienced by a hotel in Turkey [9]. Alternatively, if 
an accommodation site closes over the winter period, 
control measures may not be reapplied as rigorously 
when it reopens. It is also possible that a site may reof-
fend despite the best efforts of public health teams, as 
Legionella spp. can be very difficult to eradicate from 
systems. It can become endemic and resist multiple 
rounds of chlorination and thermal disinfection, or 
there may be a change in the quality of the incoming 
water supply to an accommodation site that disrupts 
the system. Alternatively, the bacteria may hide in 
dead legs of pipework so that a site can test negative 
and still have Legionella spp. present in the system, 
which then reseeds the water system. 

This analysis shows that, if the cases involved in the 
cluster have not stayed elsewhere during their incu-
bation period, the likelihood of achieving at least one 

Table 3
Characteristics of European accommodation sites, 
including reoffending sites, investigated following clusters 
of Legionnaires’ disease cases, 2003–2007a (n=477)

Characteristic Total number 
of sitesb

Number of 
reoffenders

Percentage 
of sites 

reoffending
Number of rooms
0–99 230 43 19
100–199 108 25 23
200–299 55 18 33
300–399 22 4 18
400–499 10 1 10
≥500 18 5 28
Not known 34 4 12
Total 477 100 21
Type
Holiday 
apartment 25 6 24

Campsite 44 6 14
Hotel 393 88 22
Otherc 15  0 0
Total 477 100 21

a	 Accommodation sites in the European Surveillance Scheme for 
Travel-Associated Legionnaires’ Disease (EWGLINET) scheme.

b	 Every cluster site included in dataset. Two clusters at same site 
included twice.

c	 Includes ships, university halls of residence, truck stops, etc.

Table 4
Investigations conducted in reoffending European accommodation sites with clusters of Legionnaires’ disease cases, by 
sampling results, 2003–2007a (n=132)

Sampling results (previous 
result/reoffence result)

All cases  
went to site only

Some cases  
went to other sites

All cases  
went to other sites

Total 
number of 

investigationsn % n % n %
Positive/Positive 23 35 15 37 3 12 41
Positive/Negative 13 20 9 22 4 16 26
Negative/Positive 16 24 7 17 7 28 30
Negative/Negative 14 21 10 24 11 44 35
Totalb 66 100 41 100 25 100 132

a	 Accommodation sites in the European Surveillance Scheme for Travel-Associated Legionnaires’ Disease (EWGLINET) scheme, 
b	 Does not include three sites with unknown results on previous sampling (one tested positive and two tested negative following reoffence) 

and three sites that were closed and have not yet been resampled.
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positive water sample result from the accommodation 
site (the original investigation, the reinvestigation, or 
both) is higher than if all of the cases had also stayed 
at other sites (although the difference was not statisti-
cally significant). This could be a useful proxy for the 
probability of exposure at a particular cluster site, and 
could be used by investigators to identify cluster sites 
that pose a higher than normal risk.

Over 20% of sites reoffending is an unacceptably high 
proportion and it may be that a more extensive inves-
tigation and control regime is needed at reoffending 
sites. Programmes of continuous monitoring may also 
need to be introduced in order to better manage the 
risk associated with these sites.
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