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During December 2008 to January 2009, two per-
sons contracted Legionnaires’ disease in a newly
built block of flats in a suburb of Copenhagen in
Denmark. Polymerase chain reaction and culture was
used to diagnose Legionnaires’ disease in this clus-
ter. Isolates from both patients tested positive for
Legionella pneumophila serogroup 1 subgroup
Philadelphia sequence type 1 and the same strain was
detected in hot water samples taken from the residen-
tial area indicating that the hot water supply system
was the most likely source of infection. Legionella was
not detected in the cold water. Two interventions were
conducted to limit the Legionella colonisation of the
piping and storage tanks and the effect was monitored
by investigating water samples from various sites in
the block of flats. Only the second intervention had
a sufficient effect on the Legionella colonisation. The
cluster described here points to several risk factors
regarding growth of Legionella in hot water systems:
(i) stagnancy of water from when the building is con-
structed and piping installed and until residents move
in, (ii) stagnancy and low temperature (from room tem-
perature to approximately 38 °C) of water in shower
hoses and (iii) failure in operation of and control
measures for the hot water system.

Introduction

Legionnaires’ disease (LD) is a severe pneumonia with
high mortality caused by the inhalation of aerosolised
Legionella bacteria. Legionella occurs naturally in
water sources but the bacteria multiply to high num-
bers at temperatures between 20 °C and 45 °C [1]. The
multiplication of Legionella is, associated with several
other factors apart from water temperature such as
water being stagnant, type of pipe material used, the
presence of a biofilm (@ micro-environment between
surface and water) and amoebae [1,2]. These factors
are the reasons why man-made water systems, often
harbour Legionella in high numbers. Outbreaks of LD
are often associated with aerosols from cooling towers
[3,4], spas [1,5,6], and hot and cold water systems at
hospitals [7,8] and hotels [9].Studies have shown that
domestic hot water systems are often colonised with
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Legionella [10,11] but outbreaks are rarely associated
with potable water distribution systems.

Each year 100-130 cases of LD are notified in Denmark
(approximately 20 per million) which is a rather high
incidence compared to other European countries [12].
Most of the cases are sporadic and only few outbreaks
have been identified. This study was conducted to
investigate factors associated with risk of Legionella
colonisation in new buildings and to monitor and inves-
tigate the effect of control measures.

Cluster description

A cluster of two culture-confirmed LD cases was identi-
fied during December 2008 to January 2009 in a sub-
urb of Copenhagen in Denmark. Neither case had any
recent history of travel. On 11 November 2008, the first
case (Case 1), a man in his early forties with an under-
lying condition, was hospitalised 250 km away from
the building that was later found to be the source of
infection. Case 1 was linked to the block of flats only
after the second case (Case 2) was diagnosed, since he
had only spent a few days in the newly built block of
flats, in an apartment which had not been used before.
On 30 December the second patient (Case 2), a man in
his mid-sixties who had been treated for an underlying
condition, was hospitalised and on 5 January 2009 he
was diagnosed with LD. He died 20 days after admis-
sion. Case 2 lived in the building later found to be the
source of infection. His family had earlier complained
about the low temperature of the hot water in the apart-
ment and the hot water of this apartment was therefore
the first to be investigated.

Both cases were positive for L. pneumophila by
polymerase chain reaction (PCR) on samples from tra-
cheal secretions and L. pneumophila was subsequently
isolated by culture by standard techniques. Isolates
were identified by agglutination test (Legionella latex
test DRo8ooM, Oxoid); and sero- and subgroup-
ing were performed with monoclonal antibodies [13].
Extracted DNA was analysed by sequence-based
typing (SBT) according to the European Working
Group for Legionella Infections (EWGLI) standard



procedure[14]. Both caseswerefoundto beinfected with
L. pneumophila serogroup 1 subgroup Philadelphia
sequence type (ST) 1.

All residents of the block of flats, as well as visitors,
were informed about the outbreak and advised to go
and see their general practitioner and take blood
samples if showing symptoms of LD and 16 of these
chose to do so. These 16 samples were tested for
Legionella antibodies. Three of them were also tested
for Legionella urinary antigen but none of the samples
were positive. None had pneumonia but some may
have had Pontiac fever based on clinical symptoms
(influenza-like illness caused by Legionella infection),
although this was not confirmed by laboratory tests.

Methods

The water system

The building identified as the most probable source of
contamination had 225 apartments distributed in six
blocks. Of these 225 apartments, 210 were inhabited
at the time the cluster was detected. The hot water
system had two boilers in use and a circulation pump
in place to circulate the hot water. In each stairway,
proportional thermostatic adjusting valves set at 50 °C
regulated the flow of hot water. The water supply in the
area was based on ground water, which was not disin-
fected and distributed without disinfection residuals.

FIGURE 1

Sampling and analysis

Water was collected from the building on eight occa-
sions from 9 January to 7 September 2009. Two types
of water samples were collected each time from kitchen
and bathroom taps as well as from shower hoses:
A-samples - the first litre of water (first flush) — and
B-samples — one litre collected after flushing until con-
stant water temperature (warm or cold) was reached.
Apartments located as distant from and as close to the
boiler as possible and apartments with no, low or nor-
mal levels of water consumption, as well as apartments
associated with the cases, were sampled. B-samples
from shower hoses all had a temperature of 38 °C due
to the thermostatic mixing valves installed on shower
fixtures in all apartments.

The temperature ranges in the samples in the differ-
ent apartments are given at the top of the figure. The
first water samples were collected on 9 January 2009.
Unless otherwise indicated, each dot represents one
sample. The dotted lines indicate the two interventions.

The first water samples were collected on 9 January
2009. Unless otherwise indicated, each dot repre-
sents one sample. The dotted lines indicate the two
interventions.

Testing of water samples for the detection of environ-
mental Legionella by cultivation was done according

FIGURE 2

Concentration of Legionella spp. in the hot water

system (B-samples?), data collected from seven different
apartments, Copenhagen, Denmark, January - September
2009
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after flushing until constant temperature (B-samples), and the
temperature interval in the samples in the different apartments are
given at the top of the figure. Each dot represents one sample but
there are two samples with 8oo CFU/L on day 20, six samples with
no Legionella detected on day 38, four samples with no Legionella
detected on day 73, four samples with no Legionella detected on
day 74 and five samples with no Legionella detected on day 241.
The dotted lines indicate the first and the second intervention,
respectively. The first water samples were collected on 9 January
2009.
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Concentration of Legionella spp. in the first litre of water

sampled (A-samples?), data collected from seven different
apartments, Copenhagen, Denmark, January - September
2009
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dot represents one sample but there are two samples on day 73
and one sample on day 74 where no Legionella could be detected.
At day 241, there are two samples with no Legionella detected.
The dotted lines indicate the first and the second intervention,
respectively. The first water samples were collected 9 January
2009.
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to the ISO standard 11731:1998 [26]. One-litre water
samples were concentrated 1o0-fold and 100-fold
respectively by 0.2 pm membrane filtration and sub-
sequent centrifugation. Modified Wadowsky Yee and
Glycin,vacomycin, Polymyxin, Cycloheximide agar
plates were both seeded with o.5 ml water directly
from the sample before concentration, 0.1 ml after
filtration and o.1 ml after centrifugation Plates were
incubated at 37 °C for seven to 10 days before colonies
were counted. The highest colony count from any of the
three steps was considered the result and expressed
as colony-forming units (CFU) per litre.

Isolates from water were analysed as isolates from
clinical samples, but only two environmental iso-
lates of Legionella pneumophila serogroup 1 sub-
group Philadelphila from two different samples were
selected for further DNA typing as described above.
Isolates (>10) identified as Legionella species by OXOID
where identified to species level by sequencing of the
Legionella mip gene [15].

Control measures

To control the Legionella contamination of the hot
water system, two interventions were conducted. The
first was initiated on 16 January 2009 (11 days after the
diagnosis of Case 2) when the temperature and the flow
of the water system were increased. On 20 January,
water in the boiler was heat-treated at 70°C for 12 hours
together, after which all residents were requested to
flush their taps for five minutes. Subsequently, the
water in the boilers was completely replaced with fresh
water and the temperature was reduced to 60 °C for
three weeks. Circulation pumps were set at maximum
flow.

The second intervention was performed on 10-11
February 2009. For 24 hours the water in the boilers
was heated to approximately 70°C and all taps were
flushed for five minutes. The hot water temperature in
the taps was kept at @ minimum of 65 °C. The boilers
were hyperchlorinated and the temperature was set at
65°C. All shower hoses in all apartments were replaced
with new ones and over the next month the boiler tem-
perature was regulated to ensure the water in the most
distant taps was kept at 50°C. To monitor how the sec-
ond heat treatment affected the Legionella level in the
long term, samples were collected one week, six weeks
and seven months after the intervention.

The design, dimensions and regulation of the hot water
system, including boilers, pumps, valves and control
procedures were evaluated by consulting engineers.

Information to residents

The residents were informed about the Legionella colo-
nisation of the water system by letters delivered to
each apartment on 15, 20 and 21 January 2009. In addi-
tion, posters were displayed on the entrance doors of
the building, and an information meeting for residents
and visitors was organised on 4 February 2009 by the
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administration . Residents and visitors to the block of
flats who had symptoms compatible with Legionella
infection (influenza-like symptoms and/or respiratory
symptoms) were asked to contact their general prac-
titioner for consultation and collection of samples for
laboratory testing.

Results

Water samples

The sample collected after flushing (B-samples) from
the tap in the apartment of Case 2 revealed a hot
water temperature below 50 °C (46 °C after 15 minutes
of flushing) and 5.5 x 104 Legionella CFU/L by culture
(Table 1) whereas the temperature should be above
50 °C as a minimum.

The apartment of Case 2 was situated far from the boil-
ers (only two apartments were placed further away in
that direction). The first flush samples (A-samples)
collected from shower hose in the apartment of Case
2 showed more than 6 x105 CFU/L. This shower hose
had rarely been in use, so water had been stagnant for
several days. L. pneumophila serogroup 1 subgroup
Philadelphia was found in both the A-sample and in
the B-sample tapped after 15 minutes. One B-sample
was collected from a tap in an apartment very close
to the boilers; the temperature measured 56 °C and
only 2 x 10% CFU/L were detected in that sample. Only
L. pneumophila serogroup 3 was found in the sample.
The subgroup Philadelphia isolated from the patient’s
apartment was also found to be ST 1.

The water system

During the investigation to reveal the cause of the low
hot water temperature in the apartment of Case 2,
operational problems were detected. These problems
were caused by a combination of low flow in the hot
water system and inadequate temperature in the boil-
ers. The circulation pump was adjusted to low capacity,
which made the circulation slow. The slow circulation
was also caused by small pipe dimensions. In fact
the resistance in the pipes was so high that the water
was prevented from circulating at the required flow.
The slow circulation caused heat loss, and despite the
thermostatic adjusting valves being opened, a circu-
lation speed high enough to compensate for the heat
loss could not be obtained. Thus, the temperature of
the water leaving the boilers was not high enough to
compensate for the low flow and the heat reduction
throughout the water system. The monitoring arrange-
ments were problematic as well, since a thermometer
installed to manually control the water temperature of
the hot water return, was found not to function as it
showed too high a temperature.

The high concentration of Legionella in some parts of
the hot water system resulted in the first intervention
which unfortunately failed to eradicate Legionella from
the hot water system. The concentration of Legionella
decreased in the hot water B-samples (taps), but they
remained present, with an average of more than 3x103
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" CFU/L (Figure 1). In the A-samples (first flush) from
= S 5 T shower hoses, the number of Legionella was high: 8.0
g S X 103 to 8.8 x 10 CFU/L (Figure 2).
§D % E .é [ A I R : A : H
o RE Since Legionella remained present in the water system
'% after the first intervention, a second intervention was
& - conducted. Samples were collected one week (day 38)
o § s ] and six weeks after the second heat treatment (day 73
2 b % and 74) and revealed none or only very few Legionella in
QE’ o £ c samples collected from the taps after flushing to con-
E L 3= e+ stant temperature (B-samples). This indicated that the
o == increased temperature suppressed Legionella growth
% 5 in the circulating water. However, Legionella remained
B E s Ll ne present in some A-samples although in low numbers.
‘-*_g 7| = Of seven samples from shower hoses, only one con-
£ = tained Legionella (5 x103 CFU/L) (Table 1). The detection
§ £ of Legionella in A-samples but not in B-samples, from
£ 2 oA ] the same tap or shower hose, indicated local growth.
& < Local growth can be established when the most dis-
= -~ tant parts of the pipework (shower hose or tap) have
2 =S not been effectively included in an intervention or if
=5 £ g P I O this habitat is particularly favoured for rapid regrowth.
ot S5 Legionella was not detected in the cold water sys-
3 2 = tem probably because water temperatures (less than
2 o 20 °C) were outside the optimal growth temperature for
L <5 Legionella (Table 1).
% 2 'g o+
% E s Seven months after the second heat treatment, only
k| I E a few Legionella (five Legionella CFU/L in one sample)
S Ec NN were detected by culture of B-samples from taps. Only
- S o 50 CFU/L were detected in one of three A-samples from
= o shower hoses. The second heat treatment and the
;g - continuing flow and temperature regulation seemed
=z S s to control the number of Legionella in this newly built
g 5 block of flats.
5 = o'n y . .
k5, o 25 sl s £ The composition of Legionella species and serogroups
o = = Z changed during the course of the treatments (Table 2).
& £ <
'3 B z
2 g % ?g Before and after the first heat treatment only
b= = A R B IR © L. pneumophila was detected (dominated by serogroup
2 2 % 3 and serogroup 1 subgroup Philadelphia) in both A-
2 o 2 and B-samples but after the second heat treatment
5 5 P I Y R E only L. anisa was detected, and mainly in A-samples.
S 3 =2 Seven months after the second heat treatment,
5 : Etz L. pneumophila serogroup 3 and serogroup 1 sub-
3 g é S group Philadelphia were found again, but serogroup 1
o P e = E Philadelphia was only detected in one A-sample, at a
% 2 < é < very low (5 CFU/L) concentration.
5S = s S
§0:‘,3 E s L]l - Discussion and conclusion
j-g @ S5 The hot water in the building was not kept at tem-
58 @ 58 peratures outside the range within which Legionella
o & o - ;N © . . .
Lo o a ) can multiply. Two interventions were conducted to
R, ki 5 o ltiply. Two intervent ducted t
S = ° 3 g% eradicate the Legionella contamination but only the
= g‘ = o3 gl 82 second intervention (water in the boilers heated to
B 2 3 s s| 83 . 70 °C for 24 hours followed by 65 °C for three weeks)
= 2 =S - = 2 >0 .
5= g SE = gl 222 followed by a generally increased temperature of the
o ‘3—5 3 g o £ < s .§ 5 22 whole warm water system compared to before any of
w ﬁ = ° $2 | . Sl a[E]3] 22 g the interventions.was effective with only very limited
E é’g = f% - d I j § g7 < regrowth after seven months. Other studies [16-18]
s + |
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have investigated different kinds of heat treatments
but none of them have proven to be effective over a
longer period of time. These studies showed that an
important factor common to all treatments was that the
normal day-to-day operation of the water systems was
not adjusted after the different interventions. In this
case permanent changes were made in the functioning
of the water system after the second heat treatment
(higher circulation speed and flushing in unoccupied
apartments).

Bacterial biofilms are important for the survival of
Legionella and may limit the effectiveness of any inter-
mittent systemic disinfection regime [18]. If not totally
erased they constitute a serious factor for potential
regrowth. The change we found in the composition
of Legionella species before and after the different
heat treatments indicated a higher heat tolerance for
L. anisa than for L. pneumophila as only L. anisa was
cultured immediately after the second heat treatment.
Another explanation for this change could be a faster
colonisation of L. anisa than other Legionella species.
When investigating the composition of species it was
also shown that L. pneumophila either had survived in
the biofilm or had been supplied with the water from
the waterworks since this species was detected seven
months after the second heat treatment when the tem-
perature was lowered. The finding of L. pneumophila
serogroup1 subgroup Philadelphia emphasises the
importance of keeping the water system under strict
temperature control. L. pneumophila serogroup 1 sub-
group Philadelphia was not found in water with tem-
peratures above 55 °C.

L. anisa, which was detected right after the second
heat treatment, is common in Danish residential water
systems [19], but has only very rarely been associated
with infections in humans) [20]. . To get a real picture
of the risk of a given water system, it is important to
be able to discriminate between different species and
serogroups. In this specific cluster, we would prob-
ably not have seen any LD cases had L. pneumophila
serogroup 1 subgroup Philadelphia not been part of
the Legionella flora in the residential area. The sub-
group Philadelphia belongs to a virulent subgroup of
L. pneumophila serogroup 1 (called Pontiac or MAb 3/1
positive) [21], which is seldom cultured from hot water
systems (< 5% in Denmark) [20].

L. pneumophila serogroup 1 subgroup Philadelphia ST
1 is uncommon in hot water systems. The finding of
this particular strain in both patients and in the water
system of the new block of flats where both cases had
lived or spent time during the incubation period, clearly
points to the water as the infectious route.

Legionella is often found in private houses and apart-
ments [11,23,24]. In old buildings with old water instal-
lations, the risk of Legionella contamination is normally
considered to be larger compared with newer build-
ings with newly established water systems [10,11,25].

However, this cluster demonstrated that newly built
blocks of flats can present a risk of Legionella infec-
tion. From when a building is finished and water is
let into the system until all apartments are inhabited,
water may be stagnant in the pipes at ambient temper-
ature, and a biofilm with Legionella can be established
in the system. This was probably the situation in the
apartment of Case 1. In order to prevent high levels
of Legionella in the water pipe systems in new build-
ings, standard procedures to clean the systems should
be applied before occupation. Treatment with biocides
could be a solution. In a newly built residential area
with many unoccupied apartments, it should also be
taken into consideration that the water consumption
(both cold and hot water) is lower than the consump-
tion the system is designed for. Hence the water sys-
tem should be designed to accommodate varying levels
of water consumption.

Shower hoses were found to be important risk fac-
tors in this study since we found a high number of
Legionella in them. This may be due to the material
of the hose, temperature and flow of the water. If not
regularly flushed with hot water, the low temperature
and stagnancy of water in them could pose a risk for
infection.

Another risk factor — obvious but nevertheless often
overlooked, as in this newly built block of flats -
is the control and regulation of the water system.
Thermostatic heating systems should be properly con-
trolled and correctly sized, including adequate boilers
and pumps to run the system optimally. Circulation
pumps should have the capacity to keep the water cir-
culating sufficiently also during periods of low water
consumption, when the circulation pumps provide
the main force in circulating the water. Water should
leave the boiler at a temperature hot enough to main-
tain the temperature above 50 °C even at the most
distant tap and in the return water. Pipe dimensions
should be scaled according to the size of the building
and flow should be adjustable according to the water
consumption.

In the building described in this study, some of the
pipes have been changed in order to reduce the resist-
ance. The water system has now two separate re-cir-
culation systems each with a pump, and taps in the
apartments that are not occupied are flushed once a
week.
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