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ABSTRACT

Inhalation of aerosols containing Legionella pneumophila, a water-borne bacteria commonly found
in natural and manmade water systems, is the main causative agent of Legionnaires’ disease (LD).
Approximately 10-15% of all reported cases of LD result in fatality, with susceptibility to the disease
being higher in immunosuppressed patients, men over 45 years of age, alcoholics, smokers and
individuals with underlying diseases. The World Health Organisation (WHO), European Centre for
Disease Prevention and Control (ECDC) and The United Kingdom (UK) Health and Safety
Executive (HSE) have implemented a strict code of practice and guidelines to minimise the risk
of the public from contracting LD. This paper provides a critical review of these three published
guidelines. Evidence suggests that the current detection methods for Legionella, by culture and
quantitative polymerase chain reaction (qPCR), show large disparities in the detection and
quantification of bacteria in water samples, raising concerns about the reliability of measures
needed to safeguard public health. Moreover, a survey of 20 residential building complexes in
different London boroughs highlights the need for a review of remedial action
recommendations and a more inclusive risk assessment strategy that protects ‘at risk’ people in
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Introduction

Legionnaires’ disease (LD) is a serious form of pneu-
monia caused by the bacterium Legionella pneumo-
phila, which naturally occurs in fresh water habitats
such as rivers, lakes and wet soil [1]. Importantly, Legio-
nella is increasingly detected at high levels in the
manmade environment, with contamination of dom-
estic hot and cold water storage systems, shower-
heads, cooling towers, spa pools, humidifiers, water
closet (WC) cisterns, water fountains, water features

400 600

and irrigation systems being reported [2]. More than
60 Legionella species, encompassing at least 70 ser-
ogroups (approximately half of which have been iso-
lated from, or detected in, clinical specimens), have
been identified so far, with the most common
species in the United Kingdom (UK), European Union
(EVU) and United States of America (USA) being L. pneu-
mophila serogroup-1 [3-6]. Legionella is capable of sur-
viving at temperatures ranging from <0°C to 60°C
(there is some evidence for survival up to even
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higher temperatures [7]), and can reproduce at temp-
eratures between 20°C and 45°C, with maximum viru-
lence at ~37°C.

Allegra et al. [8] proposed that Legionella bacteria
can become heat resistant, as some strains of Legio-
nella submitted to superheating in the environment
for a long time develop resistance to high tempera-
tures as demonstrated by the high proportion of cul-
turable cells and viable but non-culturable (VBNC)
cells still present after a 30-min treatment at 70°C. In
a separate study, a 30-min heat-shock treatment at
70°C performed twice in a test loop was unable to
remove the biofilm [9]. The results showed that
although Legionella diversity was reduced, pathogenic
Legionella species (Legionella pneumophila and Legio-
nella anisa) remained after the heat shock and also
after chemical treatments. The biofilm was not
removed, and the bacterial community structure was
transitorily affected by the treatments. It was con-
cluded that eradication of Legionella requires a better
understanding of the ecology of bacterial and eukaryal
species associated with Legionella-containing biofilms.

Factors positively associated with Legionella pro-
liferation in manmade systems include water stagna-
tion, water pH (between 6.0 and 8.0), the existence
of sludge, scale and corrosion products (possibly
acting as nutrients), and the presence of biofilms
including protozoa (within which it can persist
during extreme conditions) [10]. LD is contracted by
inhaling or aspirating aerosols (the importance of the
aspiration route is often underappreciated) containing
the bacteria, and once inside the lungs the normal
incubation period is typically 2-16 days and occasion-
ally even longer, after which the disease can be fatal if
not diagnosed and treated appropriately [11,12].
Approximately 10-15% of the reported cases of LD
are fatal, and this figure can be higher in certain
groups including the immunosuppressed (especially
patients in hospitals), men over 45 years of age, alco-
holics, smokers, and those with kidney disease, respir-
atory problems, cancer and diabetics [13]. Legionella
can also cause two non-fatal illnesses known as
Pontiac fever and the synonymous Lochgoilhead
fever, both showing milder flu-like symptoms [14].

Legionella can actively colonise and proliferate
within domestic hot and cold water systems, and
this presents one way for humans to come into
contact with Legionella thereby increasing their risk
of contracting the disease [15]. The World Health

Organisation (WHO), European Centre for Disease Pre-
vention and Control (ECDC), European Legionnaires’
Disease Surveillance Network (ELDSNet) and UK
Health and Safety executive (HSE) have published
guidelines used to manage the risk of contracting
Legionella, thereby protecting public health [15-18].
However, a number of inadequacies were identified
in these guidelines. The latest HSE guidance on the
legal requirements to control Legionella bacteria in
domestic hot and cold water systems HSG274 Part 2
(published in 2014) has addressed many of the critical
areas for practical Legionella control that were missing
in the WHO and ECDC guidelines. Despite the valuable
role of the HSE ACOP L8 [19] and HSG 274 Part 2 [20] in
managing the risks of exposure to Legionella, there are
still concerns and shortcomings that must be
addressed and planned for. This article looks critically
at the HSE ACOP L8 [19] and HSG 274 Part 2 [20] com-
pared with the WHO guidelines ‘LEGIONELLA and the
prevention of legionellosis’ [16] and ECDC TECHNICAL
DOCUMENT European Legionnaires’ Disease Surveil-
lance Network (ELDSNet) Operating procedures
(2011) from a practitioner’s perspective, and identifies
limitations in the current detection and management
of Legionella, in order to promote greater awareness,
dialogue and research in key areas.

Critical review of the HSE ACOP L8 2013 and
HSG 274 Part 2

Defining those who are most at risk

Legionella bacteria remain a continuous hazard to
human health due to their specialised characteristics
[21]. In the latest HSE guideline HSG274 Part 2 (pub-
lished in 2014), special consideration has been given
to healthcare premises and care homes. This includes
remedial action, such as investigation, for any detec-
tion of Legionella between 1 and 100 colony forming
units (cfu)/L in domestic water systems, whereas no
action is recommended for the same level of Legio-
nella detection in other premises such as residential
complexes with communal hot and cold water
systems, considered to be low-risk areas. Healthcare
premises (such as hospitals and care homes) are
deemed ‘high-risk’ areas due to the high proportion
of vulnerable groups with increased susceptibility to
LD due to existing illness and/or impaired immune
system [20]. Table 1 (an excerpt of HSG274 Part 2)



compares the guidance on remedial action in the
event of a positive Legionella result in both high-risk
areas (hospitals and care homes) and low-risk areas
(residential homes). According to this guidance, a
greater level of remedial action or investigation is
necessary if Legionella is detected below 100 cfu/L in
healthcare premises. However, in non-healthcare pre-
mises, the same result would require no remedial
action or intervention of any kind [22].

WHO guidelines [16] state a target level of
<1000 cfu/L Legionella spp. for patients with classical
individual risk factors and <50 cfu/L Legionella spp.
in some areas for high-risk patients in healthcare pre-
mises, which is arguably too high (Table 2). However,
similar to the HSE guideline HSG274 Part 2, there are
no guidelines given for Legionella detection in non-
healthcare premises. Furthermore, European guide-
lines recommend remedial action only between
1000 and 10,000 cfu/L (Table 3) regardless of
whether these are detected in healthcare or non-
healthcare premises [18,23]. This variability in the
stringency of control measures may further accelerate
the number of community-acquired pneumonia (CAP)
cases. A study carried out on the available European
data collated between 2005 and 2012 indicated CAP
to cost society around €10 billion annually due to hos-
pitalisation and lost working days [24]. Campese et al.
[25] have reviewed the current knowledge of LD in
France illustrated by the epidemiological situation in
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2013. In the United States, the Environmental Protec-
tion Agency (EPA) also provides guidance on the
control of Legionella bacteria in water systems.
However, updated guidelines for the control of Legio-
nella in Western Pennsylvania published in October
2014 state that ‘in the absence of more definitive evi-
dence or explicit US federal guidance, guidelines from
UK and EU can be considered’ [26].

The US Waterborne Disease and Outbreak Surveil-
lance System (WBDOSS) has reported the increasing
importance of LD contracted from individual residen-
tial water systems since monitoring commenced in
2001 [27]. A domestic hot water system was also
shown to be responsible for an outbreak of LD orig-
inating from a residential block of flats in Copenhagen
(Denmark) [28]. In Germany, 93.9% of samples (n=
452) taken from domestic water systems of single
family residences supplied with treated groundwater
were positive for Legionella pneumophila (71.8% ser-
ogroup-1), and 12% samples showed the maximum
Legionella count of 100,000 cfu/100 mL [29,78]. These
studies illustrate that Legionella can occur at high
levels in private residential homes, and highlight the
need to manage the risks of exposure of susceptible
individuals in society to Legionella in non-healthcare
premises.

Major contributing factors affecting susceptibility to
Legionella bacteria are a weakened immune system,
being over 45 years of age, and suffering from existing

Table 1. Comparison of recommended actions following Legionella detection in water samples taken from hot and cold water systems
in healthcare and non-healthcare premises according to HSG274 Part 2.

Legionella bacteria

Recommended actions

(cfu/L) Healthcare premises

Non-healthcare premises

Not detected or In healthcare, the primary concern is protecting susceptible No action
up to 100 cfu/L patients, so any detection of Legionella should be investigated
and, if necessary, the system resampled to aid interpretation of
the results in line with the monitoring strategy and risk
assessment.
>100 cfu/L and up  Either: Either:
to 1000 cfu/L m  [f the minority of samples are positive, the system should be m  If the minority of samples are positive, the system should be

resampled. If similar results are found again, a review of the
control measures and a risk assessment should be carried out

to identify any remedial actions necessary
or

resampled. If similar results are found again, a review of the
control measures and a risk assessment should be carried out
to identify any remedial actions necessary

or

m if the majority of samples are positive, the system may be m if the majority of samples are positive, the system may be

colonised, albeit at a low level. An immediate review of
control measures and a risk assessment should be carried out
to identify any other remedial action required. Disinfection of

the system should be considered.
>1000 cfu/L

achieved.

The system should be resampled and an immediate review of the
control measures and a risk assessment carried out to identify any
remedial actions, including possible disinfection of the system.
Retesting should take place a few days after disinfection and at
frequent intervals thereafter until a satisfactory level of control is

colonised, albeit at a low level. An immediate review of the
control measures and a risk assessment should be carried out
to identify any other remedial action required. Disinfection of
the system should be considered.

The system should be resampled and an immediate review of the
control measures and a risk assessment carried out to identify any
remedial actions, including possible disinfection of the system.
Retesting should take place a few days after disinfection and at
frequent intervals afterwards until a satisfactory level of control is
achieved.
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Table 2. WHO guidelines used for verification and corrective action for Legionella detected in samples taken from hot and cold water

systems.
Process
step Indicator Monitoring Operational limit Corrective action
Verification  Legionella What  Legionella concentration  In areas for patients with classical individual ~ What  Raising temperature,
concentration in risk factors, target level of <1000 cfu/L disinfection, restriction of
water Legionella spp. In some areas for high-risk water use, use of filtered
patients, target level of <50 cfu/L Legionella water
How Employ documented, spp. How  Systematic search for failure
validated and quality- in the system
controlled methods
When 2 times/year (4 times/ When  Immediately
year in high-risk areas)
Where At the entry and at Who  Plumber (for pump) Building
selected point of use engineer (Calorifier)
sites
Who Infection control officer

or hospital hygienist

Table 3. EU guidelines for required action following Legionella detection in hot and cold water systems.

Legionella bacteria (cfu/litre)

Action required

More than 1000 but up to  Either:

10,000

(i) If a small proportion of samples (10-20%) are positive, the system should be resampled. If a similar count is found again, then
a review of the control measures and a risk assessment should be carried out to identify any remedial actions;

(ii) If the majority of the samples are positive, the system may be colonised, albeit at a low level, with Legionella. Disinfection of
the system should be considered but an immediate review of control measures and a risk assessment should be carried out
to identify any other remedial action required.

More than 10,000

The system should be resampled and an immediate review of the control measures and a risk assessment carried out to identify

any remedial actions, including possible disinfection of the system.

illness such as respiratory problems, kidney disease,
diabetes and cancer [15,30]. Currently, one in six
people (17%) living in the UK are aged 65 and
above, and it is estimated that this figure will be one
in four (25%) by 2050 [31]. Data from Eurostat on
population structure and ageing clearly show an
increasing trend for an ageing population within EU
countries (Table 4). By 2080, the total proportion of
people over 65 years of age residing in the EU is
expected to reach 28.7% compared to 18.9% in 2015
[32]. In 2009, 23% of the total population of Japan
was over 65 years of age, and this is expected to rise
above 33% by 2030 [33]. Also, in the USA, people
aged 65 and above is expected to reach 20% of the
total population by 2030 compared to 13% in 2010,
with further increases by 2050 [34]. In a recent
report by the WHO, it states that ‘as people get
older, they become less active and the overall evi-
dence for adults aged 65 years and above showed
that they become more susceptible to disease com-
pared to active individuals’ [35]. However, once men
reach 45 years they are known to be at higher risk of
contracting LD [36], and this risk increases with age
up to 65 years of age and above. All these projections

indicate the necessity of precautionary measures to be
implemented to protect the health of this potential
vulnerable population in terms of CAP. Among the
over 65-year olds, diabetes and chronic kidney dis-
eases (CKD) are the most common risk factors for LD
[37], and about 40% of individuals aged 65 and
above living in the UK suffer from long-standing ill-
nesses [38]. In 2013, 11.1 million people in the UK
were reported to be over 65 years old, and forecasts
suggest that this figure will rise to approximately
16.9 million by 2035 [31]. As revealed by the 2011
Census Analysis, only 3% of over 65-year olds reside
in care homes across England and Wales, and 2.5%
in London [39]. A recent estimate suggests that
there are 5153 nursing homes and 12,525 residential
homes in the UK and approximately 405,000 people
aged 65 and above live in these homes [38]. By infer-
ence, approximately 10.7 million over 65-year olds in
the UK, therefore, reside within their own flats and
apartments of residential estates sharing communal
hot and cold water facilities.

Exposure of people over 65 years of age to Legionella
in their homes, even at relatively low concentrations,
and at levels that are considered to be acceptable



Table 4. Ageing population trend in Europe during the period
2005-2015 taken from Eurostat.

15-64 years 65 years old or
0-14 years old old over

2005 2015 2005 2015 2005 2015

EU-28 (1) 16.3 15.6 67.2 65.6 16.6 18.9
Belgium® 17.2 17.0 65.6 64.9 17.2 18.0
Bulgaria 13.7 13.9 68.9 66.2 174 20.0
Czech Republic 149 15.2 71.1 67.0 14.1 17.8
Denmark 18.8 17.0 66.1 64.4 15.0 18.6
Germany? 14.5 13.2 66.9 65.8 18.6 21.0
Estonia® 15.4 16.0 68.0 65.2 16.6 18.8
Ireland 20.7 22.1 68.2 64.9 1.1 13.0
Greece 15.1 14.5 66.7 64.5 18.3 20.9
Spain 14.5 15.2 69.0 66.3 16.6 18.5
France® 187 18.6 65.1 63.0 16.3 18.4
Croatia® 159 14.7 66.7 66.5 17.3 18.8
Italy 14.1 13.8 66.4 64.5 19.5 21.7
Cyprus 19.9 16.4 68.0 69.0 12.1 14.6
Latvia 15.0 15.0 68.4 65.6 16.6 19.4
Lithuania 17.1 14.6 67.1 66.6 15.8 18.7
Luxembourg® 18.6 16.7 67.3 69.2 14.1 14.2
Hungary® 15.6 14.5 68.8 67.6 15.6 17.9
Malta 17.6 14.3 69.0 67.2 13.3 185
Netherlands 18.5 16.7 67.5 65.4 14.0 17.8
Austria 16.1 14.3 67.9 67.2 159 18.5
Poland® 16.7 15.0 70.2 69.5 13.1 15.4
Portugal 16.0 14.4 66.8 654 17.2 20.3
Romania 17.5 15.5 68.4 67.5 14.2 17.0
Slovenia 14.4 14.8 70.2 67.3 153 17.9
Slovakia 17.1 153 713 70.7 1.7 14.0
Finland 17.5 16.4 66.6 63.7 15.9 19.9
Sweden 17.6 17.3 65.2 63.1 17.2 19.6
United Kingdom 18.1 17.7 65.9 64.6 159 17.7
Iceland 223 20.4 65.9 66.1 1.8 135
Liechtenstein 17.6 15.1 713 68.9 1.1 16.0
Norway 19.7 18.0 65.6 65.8 14.7 16.1
Switzerland® 16.3 14.9 67.9 67.3 15.8 17.8
Montenegrob 20.8 18.5 66.7 67.8 12.5 13.7
FYR of Macedonia® 20.0 16.8 69.1 70.5 10.9 12.7
Albania 26.5 18.6 65.1 69.0 83 12.5
Serbia® 15.8 14.4 67.0 67.2 17.1 18.5
Turkey 27.5 243 65.9 67.8 6.7 8.0

Source: Eurostat (online datacode: demo_pjanind).

®Break in time series in various years between 2005 and 2015.

b- . . N .

The population of unknown age is redistributed for calculating the age
structure.

according to HSG274 Part 2, raises serious concerns
about possible health implications [40]. There are
already clear warnings in the literature about the
increasing burden of age-related disease in the UK
society, with more than 6 million people aged 65 and
above with long-standing serious illness expected by
2030 based on the current trends [38].

In order to verify this concern, we conducted a
survey of 20 residential building complexes in differ-
ent London boroughs (Table 5). These buildings con-
sisted of flats or apartments of varying size from 64
to 645 units. On average, 18% of the residents were
found to be 65 years of age or over (confirming Gov-
ernment statistics), and most reported suffering from
impaired immune systems or underlying diseases
such as diabetes, cancer, respiratory problems and
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kidney diseases making them susceptible to Legionella
infection. Importantly, the ageing population tend to
prefer these shared dwellings over detached or semi-
detached houses due to the increased security, variety
of communal facilities (such as leisure centres, water
features and gardens) which they can enjoy without
responsibility for the day-to-day maintenance [41].
However, the ageing residents within these complexes
are as vulnerable to Legionella infection as care home
residents due to continuous use of domestic hot and
cold water systems [42]. Therefore, it is our opinion
that residential complexes should also be categorised
as ‘high-risk’ settings for LD based on the percentage
of the elderly and vulnerable population inhabiting
each building.

Quantifying Legionella to inform remedial
actions

HGS274 recommends that water sample analysis for
Legionella should only be performed in United
Kingdom Accreditation Service (UKAS)-accredited lab-
oratories and most of these laboratories currently use
culture methods as their standard analysis method
[43,44]. Quantitative data presented in the form of
colony forming units per litre water (cfu/L) then form
the basis for remedial action, if any, according to
Table 1. Culture methods using Buffered Charcoal-
Yeast Extract (BCYE) agar is still the ‘gold standard’
diagnostic procedure used [45]. It can take up to 11
days for the full diagnosis and report to become avail-
able using the culture method, thereby increasing the
likelihood of exposure to Legionella in contaminated
buildings following delays in taking preventative
actions [44,46]. Recent studies comparing culture
methods to molecular biology approaches (quantitat-
ive polymerase chain reaction, qPCR) report large
differences in Legionella count, with the BYCE Agar
culture method often underestimating the presence
of Legionella in around 50% of cases [47]. Indeed, a
sample recently analysed by AlLcontrol Laboratories
for Aqua Technologies produced a culture result
<100 cfu/L whilst the molecular determination by
PCR reported 2448 genomic unit per litre (GU/L)
(2015 personal observation of the authors; unrefer-
enced, data not shown). Thus, significant challenges
exist even today in reliably quantifying Legionella bac-
teria using culture methods due to the growth of other
microorganisms and the presence of 'VBNC' forms
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Table 5. Survey report of 5924 residents in 20 residential complexes from different boroughs in London for Legionella risk factors,

including age and pre-existing long-term illness.

Number and % (round
figure) of residents aged 65

Post Total number of Total number

Number of people (65+) with long-
lasting illness (diabetes, cancer,

Number of people (65+) with
other non-communicable disease

No.  code flats/apartments of residents and above asthma and CKD?) (NCD)
1 TW3 48 142 18 (13%) 13 3
2 TW10 24 77 15 (20%) 14 0
3 KT1 30 102 21 (21%) 18 3
4 W1 44 99 8 (8%) 5 0
5 NW1 96 256 57 (22%) 41 7
6 W5 25 79 17 (22%) 8 6
7 SE19 186 468 93 (20%) 62 10
8 SW17 645 1674 492 (29%) 320 45
9 E16 78 161 29 (18%) 14 4
10 Nw8 28 77 20 (26%) 16 2
11 SW11 54 132 16 (12%) 9 4
12 SW9 28 67 8 (12%) 3 3
13 N2 64 157 29 (19%) 14 8
14 N3 58 139 14 (10%) 8 2
15  SWI1P 54 128 23 (18%) 19 4
16  WIC 42 103 11 (11%) 5 2
17 E14 390 978 219 (22%) 145 27
18 W1J 32 68 13 (19%) 4 3
19 Nw7? 109 259 67 (26%) 43 9
20 SE20 244 710 129 (18%) 71 30

“Chronic kidney disease (CKD).

[43,48]. Other often overlooked concerns are the
sampling protocol, the associated sample preservation
procedure and sample transport conditions to the
receiving laboratory carrying out the analysis. If a
sample is taken in a way that makes it unfit for
purpose (e.g. without immediate neutralisation of
any biocides present), then the analysis result used
for regulatory action will be unfit for purpose. This
also applies to ensuring fit for purpose sample preser-
vation and transport. Typically, sample bottles of 500-
1000 mL should be suitable. Sampling guidance is
available [49,50]. Ultimately, imprecision in the quanti-
fication of Legionella will negatively impact the effec-
tiveness of enforcing authorities to recommend
sensible practical guidelines for interpreting monitor-
ing results.

A comparative study of 3967 environmental
samples analysed for Legionella using both culture
methods and gPCR found large differences, with
only 34% (n=1331) of samples testing positive with
culture methods compared to 72% (n =2856) using
gPCR [47]. Culture methods may therefore (i) under-
estimate the presence of Legionella in samples [51],
(ii) struggle to detect low concentrations of bacteria
in environmental samples that fall within the regulat-
ory framework, and (iii) introduce delays between
monitoring and remedial action [46]. Inaccurate
quantification of Legionella (especially at concen-
trations below 1000 cfu/L) and underestimation of
viable bacteria in water samples (used for informing

remedial action) raise important questions about
the appropriateness of measures used in certain set-
tings to protect human health, as well as the appro-
priateness of ‘no action’ in non-healthcare premises
where Legionella counts below 100 cfu/L are
detected [51,52].

An alternative rapid and sensitive testing method
for quantifying Legionella bacteria in water is qPCR
[53]. However, gPCR often overestimates the concen-
tration of Legionella as this approach detects both
living and non-living Legionella cells [46]. Another
reported disadvantage of gqPCR is that the ampilifica-
tion reactions can be inhibited by certain substances
found in the environmental samples thereby produ-
cing inaccurate results [54]. Calcium ions, rust, bile
salts, urea, phenol, ethanol, polysaccharides, sodium
dodecyl sulphate, humic acids, tannic acid, melanin,
different proteins such as collagen, myoglobin, hae-
moglobin, lactoferrin, immunoglobin G (IgG) and pro-
teinases are some of the inhibitors possibly present in
environmental samples [55,56]. The problem of
environmental inhibitors can be addressed by simply
measuring them in water samples prior to analysis,
and if present, diluting the DNA extract a further 10-
fold prior to gPCR [57,58]. However, regardless of the
approach used, the variability in measures to quantify
Legionella in environmental samples is a barrier to
effective monitoring and protection of public health.
More accurate, reliable and rapid standard testing
methods are therefore needed for the effective



control of Legionella bacteria in domestic water systems
[52]. As stated above, appropriate robust sampling pro-
tocols need to be applied. Finally, laboratory clients
should request long-term proficiency test results of
their testing laboratory. Also, it is worth bearing in
mind that in the authors’ opinion most proficiency
samples reporting tend to be ‘best case’ examples.

Future perspectives — climate change

A study carried out by the ELDSNet found that 10,582
out of 11,836 suspected cases of LD were confirmed
between 2009 and 2010 in the EU. Out of the 10,582
confirmed cases, 71% (n=7397) were community
acquired. Healthcare-related cases were only 8% (n
=893) and the remaining 20% (n=2187) were
travel-related. The UK Health Technical Memorandum
for Safe water in healthcare premises — Part B also con-
firms that ‘the incidence of healthcare associated
waterborne illness, including Legionnaires’ disease, is
relatively low’ [59]. Forty-three per cent of total
reported cases (n=5100) were found in individuals
aged 65 and above [60]. This study also confirmed a
significant increase of reported cases in 2010 (n=
775) possibly as a result of the exceptionally warm
summer that year [61]. Long-term climate predictions
indicate that EU and UK temperatures and precipi-
tation are likely to increase in the near future as a
part of global warming [62,63] and environmental
conditions are likely to become increasingly favourable
to the proliferation of Legionella bacteria in water
systems [64]. Indeed, warmer domestic cold water
temperatures would enhance Legionella survival and
replication, and the likelihood of exposure could be
exacerbated further by increased humidity which
may prolong L. pneumophila survival in aerosols
[65,66]. Investigations carried out in Netherlands and
the UK confirm that warm and wet weather conditions
can lead to a greater incidence of community-acquired
LD due to changes in the rate of Legionella proliferation
[67-69], suggesting possible increases in community-
acquired LD cases in EU and in the UK, and more
widely, as a result of predicted global warming.

Understanding the real extent of LD in society

The significant number of people classed as vulner-
able/more susceptible/high risk residing in non-
healthcare premises is not presently adequately
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protected by HSE ACOP L8 [19] and HSG 274 Part 2,
combined with the possible role of changing external
factors (e.g. climate change) in the UK, clearly indicates
that a greater number of people are likely to be
exposed to Legionella than presently thought. The
latest report from the British Lung Foundation
showed that 0.5-1.1% of adults in the UK get pneumo-
nia each year [70], and 0.1% of UK adults receive treat-
ment for pneumonia every year by the National Health
Service (NHS) [71]. However, in most instances, these
cases are treated primarily based on their symptoms,
and a specific diagnosis of the cause of the illness is
not routinely made. Therefore, it is likely that the
306 cases of Legionella reported annually [72]
are not a reflection of the true extent of LD in the
England and Wales. These findings can further be sup-
ported by a study in Germany led by The Competence
Network for Community Acquired Pneumonia
(CAPNETZ); thus reported that Legionella species was
the causative pathogens in 3.8% of CAP cases but
only 3.7% in hospitalised patient-related cases. Legio-
nella pneumophila was the predominant species in
both community-acquired and hospitalised cases.
According to a recent clinical review of the diagnosis
and management of pneumonia in the UK, 2-8% of
all CAP cases are caused by Legionella pneumophila
[73]. It is vital to understand that this 2-8% reported
is excluding pneumonia in immunocompromised
groups or pneumonia as a pre-terminal event. This
reported percentage of LD cases would be much
higher if immunocompromised groups also included.
Reports indicate that 261,000 cases of CAP have
been diagnosed annually during 1992-1993 in the
UK, costing £4407 million to the NHS based on
1992/1993 prices [74]. Furthermore, two large-scale
studies investigating the incidence of pneumonia in
hospitals in England reported significant increases in
admissions between 1998-2014 and 2002-2009,
respectively [22]. Moreover, 2012 NHS reports
showed that the costs of pneumonia-related admis-
sions in hospitals account for £1,700-£5,100 per
each admitted patient [73]. It is likely, therefore, that
the current financial burden on the NHS, related to
CAP, is much higher than the 1992/1993 cost of
£440.7 million [75]. If cases of pneumonia are treated
with normal antibiotics without proper diagnosis for
LD, the health consequences can be extremely
serious, leading to long-term morbidity, and creating
additional cost burdens to the NHS [74,76]. Indeed, a
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long-term study carried out of 122 survivors of LD in
the Netherlands found persistent symptoms of
fatigue (in 75% of patients), neurologic symptoms (in
66%) and neuromuscular symptoms (in 63%) after 17
months despite the original diagnosis of LD [77].

Shortcomings in the Legionella risk assessment

The first two important steps in Legionella control are
(i) to carry out a detailed Legionella risk assessment to
identify the possible risk factors and (ii) establish a
regular monitoring programme on the basis of the
highlighted risks [15]. WHO guidelines, EU guidelines
and HSE regulations all require a suitable and suffi-
cient risk assessment and a regular review of the
assessment to make necessary changes to keep the
risk assessment up to date. There are proper guide-
lines given in HSG274 Part 2 to consider all aspects
of Legionella control while carrying out a risk assess-
ment. However, consideration of the type of popu-
lation residing in buildings with communal domestic
hot and cold water systems is presently missing. HSE
ACOP L8 (fourth edition) published in 2013 has pro-
vided the guidelines to consider when to carry out a
risk assessment review. This includes changes to the
water system or its use, changes to the use of the
building in which the water system is installed (e.g. a
toilet and/or a wash basin is no longer ‘in use’ and
rooms containing these items being used as store-
rooms instead), the availability of new information
about risks or control measures, the results of checks
indicating that control measures are no longer effec-
tive, changes to key site responsible personnel and a
case of LD or Legionellosis associated with the
system [19]. Within this guideline, we propose that
the proportion of individuals in residential buildings
with a weakened immune system, and/over 45 years
of age and/or suffering from existing illnesses are
also important factors to consider. New legislation
enabling the collection of health and demographic
data on individuals in residential buildings by the
Duty Holder for the purposes of risk management of
LD is therefore needed.

Recommendations

Based on a comprehensive review of (i) known and
emerging risk factors for LD in society and (ii) the inter-
national guidelines and regulatory measures currently

used to protect the public from Legionella, we offer the
following recommendations:

1. In light of increasing evidence for community-
acquired LD, the adequacy of measures used to
protect residents occupying non-healthcare pre-
mises from exposure to Legionella bacteria should
be examined.

2. In order to protect society at large, we propose
greater harmonisation of the Legionella standards
that form the basis for regulatory action, in both
healthcare and non-healthcare premises.

3. In order to adapt to ageing populations within
society, risk management strategies to prevent LD
in residential building complexes are needed that
consider the proportion of inhabitants over 65
years of age and vulnerable groups.

4. The ability to reliably quantify Legionella in water
samples forms the basis of risk management. In
view of current shortcomings in the quantification
of Legionella, we encourage the development and
approval of novel rapid test methods for quantify-
ing live Legionella in water samples for use by
accredited laboratories.

5. The potential future impact of global warming on
the risk of exposure to Legionella bacteria in
society and public health consequences should
be investigated.

Conclusions

Legionella bacteria are ubiquitous in the manmade
environment and remain a serious threat to public
health. Discrepancies in quantification of Legionella,
shortfalls in remedial action recommendations, more
emphasis by practitioners on the ageing population
residing in normal residential complexes when under-
taking a risk assessment, and potential long-term
issues (such as climate change) means that prac-
titioners must be ever more vigilant in protecting
the public against the threat of LD. The requirement
of a more accurate, reliable and rapid standard
sampling and testing method to quantify viable Legio-
nella, and a review of remedial action recommen-
dations is needed for the effective control of
Legionella bacteria in domestic water systems. The
present lack of consideration of the ageing population
in the Legionella risk assessment guideline highlights



the need for a more focussed risk assessment strategy
to manage the risk of Legionella infection in vulnerable
individuals throughout society at large.
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