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A single Legionella pneumophila genotype in the
freshwater system in a ship experiencing three separate
outbreaks of legionellosis in 6 years
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Background: Recurrent legionella outbreaks at one and the same location are common. We have identified a
single Legionella pneumophila genotype associated with recurrent Legionella outbreaks over 6 years.
Methods: Field emergency surveys following Legionella outbreaks were performed on a vessel in 2008, 2009
and 2013. Water samples from both the distribution and technical parts of the potable water system were
analyzed with respect to L. pneumophila [Real-Time PCR, cultivation, serotyping and genotyping (PFGE)]
and free-living amoebae, (FLA).

Results: Legionella pneumophila serogroup 1 was present in the ship’s potable water system during every
outbreak. Genotyping of the 2008 survey material showed two separate PFGE genotypes while those in 2009
and 2013 demonstrated the presence of only one of the two genotypes. FLA with intracellular L. pneumophila
of the same genotype were also detected. Analyses of the freshwater system on a ship following three separate
Legionella outbreaks, for L. pneumophila and FLAs, revealed a single L. pneumophila genotype and FLA
(Hartmanella).

Conclusions: It is reasonable to assume that the L. prneumophila genotype detected in the freshwater system
was the causal agent in the outbreaks onboard. Persistence of an apparently low-pathogenic L. pneumophila
genotype and FLA in a potable water system represent a potential risk for recurrent outbreaks.
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sources all over the world (1). Even if the bac-

terium is usually considered to be of low patho-
genicity, it is well known as a potential risk factor for
serious infections (2, 3). Legionella is highly fastidious as
regards the substrate it requires for growth (demands
cysteine and Fes) and can therefore be expected to survive
and multiply in other organisms such as freshwater free-
living amoebae (FLA) (4, 5).

FLA constitute reservoirs for many bacteria including
not only well-known pathogens but also emerging
pathogens responsible for respiratory diseases and con-
tribute to the protection, survival, and dissemination of
these bacteria in water systems, despite the application of
disinfection or thermal treatments.

The legionella bacterium is present in freshwater

Legionella may cause serious respiratory diseases in
humans through inhalation of aerosolized water contain-
ing the bacterium, for example, during showering with
contaminated water (6, 7). Infections caused by high-
virulence/pathogenic legionella bacteria are spontaneous
and unpredictable.

Outbreaks of legionellosis on board vessels have been
reported (8, 9). Studies of legionella contamination on
cruise ships and ferries show that various legionella
species occur in such water systems (10).

Following the Norwegian legionella regulations (11), in
2010, the Royal Norwegian Navy launched a project with
the aim of preventing legionella infections on board naval
vessels, and the results of this study were recently published
(12). The main conclusions were that: 1) Legionella
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pneumophila was a frequently occurring contaminant in
the potable water systems of Norwegian naval vessels
(approximately 50%); 2) FLA were present in all freshwater
systems with L. pneumophila, and the bacterium could also
be isolated from the FLA; 3) identical L. pneumophila
genotypes were present in the potable water systems of
several vessels; 4) L. pneumophila genotypes found in these
vessels’ water systems were also demonstrated in their
water-filling stations.

No legionella infections or outbreaks of Legionnaires’
disease were seen on board the naval vessels during the 2
years that the project lasted.

In this communication, we present data from a vessel
experiencing three separate legionellosis outbreaks be-
tween 2008 and 2013 and demonstrate that the freshwater
system was contaminated with one and the same L.
pneumophila genotype all through the observation period
despite repeated efforts to eliminate the bacterium.

The findings emphasize the potential of one genotype to
change qualitative attributes, for example, pathogenicity/
virulence, throughout persistence in a defined environment.

Materials and methods

This study deals with one particular Offshore Supply
Vessel, built for offshore construction and subsea opera-
tions all over the world. Its potable water system was in
accordance with the Norwegian regulations in effect by the
time for delivery and had been updated and improved
before 2008 with respect to barriers (filters and UV). With
a capacity of over 1000 m?, it provides an adequate supply
for a crew of about 70 in some 40 cabins. The technical part
of the system includes four freshwater tanks, a pressure
tank, and parallel UV systems as barriers to prevent
contamination entering the distribution system. The latter
is the component of relevance for legionella exposure and
comprises around 125 water supply point, 50 of which
aerosolized (showers and high-pressure washers). During
the period 2008-2013, the vessel experienced three sepa-
rate outbreaks of legionellosis onboard.

Actions related to outbreaks

In our legionella survey strategies, ordinary legionella
surveys are performed as screenings, that is, 10% of all
outlets selected for analysis (12). When outbreaks occur,
all aerosolized spots are sampled and analysed and such
surveys are called ‘emergency surveys’.

Emergency surveys were carried out during the vessel’s
operations in Nigeria in April 2008, in UK/Norway in
September 2009, and in The Netherlands in August 2013.
The 2008 survey took place after a third-part employee,
who joined the vessel on March 21, 2008, in Nigeria, went
down with a high fever on April 8 and was transferred to a
hospital in his own country on April 11. On April 18,
legionellosis was confirmed. The emergency survey on-
board, performed on April 24, was aimed at identifying a

possible source on board and to clarify whether there was a
risk of exposure to infection for the rest of the crew.

The immediate action following an outbreak is to
prevent exposure to aerosolized water. During the 2008
outbreak, this was done by removing showerheads and
showering using only hoses. Further efforts were in
accordance with procedures described in the legionella
guidance issued by the Norwegian Institute of Public
Health (11), that is, concentrating on water-heating
systems and chlorine.

The 2009 emergency survey, initiated on September 22
that year, was due to a hospital-confirmed case of legion-
ellosis in a crewmember 1 week after he had left the vessel.
During dry-docking in February 2009, the potable water
system had been treated with hydrochloric acid. By the
time for the 2009 outbreak, the recently developed
disposable showerhead filters (Kleenpak™ Pall) (0.2 um)
were introduced to prevent exposure to potentially patho-
genic microbes. Further efforts were in accordance to
NIPH guidance (11).

Between August 8 and 19, 2013, seven cases of
Legionellalpneumonia infections were confirmed among
the crew; one of these, who had been on board since July
24, was confirmed with legionellosis on August 8, and six
with Pontiac fever. In addition to heat treatment of the
water system, a second treatment by hydrochloric acid was
carried out on August 12 and 13, 2013. In view of the earlier
outbreaks in 2008 and 2009, the possible persistence of the
particular L. pneumophila genotype/FLA population was
considered, and a third survey was carried out on the
particular vessel. After the third survey, a new sanitation
strategy based on chlorine dioxide was initiated, and this is
still in effect.

Water sampling

Water samples were collected in 1-L sterile flasks already
dosed with sodium thiosulfate, from both the technical
component of the water supply system (water tanks) and
the distribution network (showers).

Microbiological analysis

Detection and cultivation of Legionella pneumophila

All the samples from the water supply systems were
analysed using real-time polymerase chain reaction
(PCR), as described previously (13). Positive samples
were cultured on legionella-selective agar (buffered char-
coal yeast extract) plates to demonstrate live L. pneumo-
phila, which is a prerequisite for infection. Legionella
pneumophila growths were serotyped using MONOFLUO
anti-Legionella Staining Reagent (Bio-Rad, Munich,
Germany). All isolates of L. pneumophila serogroup 1
were genotyped using pulsed-field gel electrophoresis (14)
in order to track potential collective routes of spread and
contamination.
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Free-living amoebae

The amoebic analyses were performed using cultiva-
tion and microscopic inspection, in accordance with
the methods described by Winiecka-Krusnell and Linder

(15).

Results

Emergency survey 2008

Legionella pneumophila PCR detected genetic material
in 40 of the 45 water samples (89%), of which 13 showed
live L. pneumophila serogroup 1. Two separate L. pneu-
mophila genotypes (Lp-gta and Lp-gth) were identified
from the material (Fig. 1). The genotype Lp-gta was also
found intracellularly in the amoeba population. A follow-
up survey in mid-June, after a couple of months of
treatment, showed L. pneumophila PCR positives in 12 of
the 45 (27%), of which seven were live L. pneumophila
serogroup 1 of the same genotype L. pneumophila (Lp-
gta). Figure 1 shows the results from genotyping of the
first 18 L. pneumophila isolates analysed from the 2008
survey. Two separate genotypes of L. pneumophila (Lp-
gta and Lp-gtb) were identified in the potable water
distribution system.

Emergency survey 2009

Legionella pneumophila PCR detected genetic material
from five of 45 samples (11%), of which three out of five
showed live L. pneumophila serotype 1. Only one of the
two previously identified genotypes was present (Lp-gta)
(Fig. 2). FLAs were isolated from 32 of the 45 samples
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A sole L. pneumophila genotype in outbreaks through 6 years

(71%), and in one of these, live intracellular L. pneumophila
(iLp) of the same genotype was identified. Figure 2 shows
the genotype patterns of L. pneumophila population in
water by the time for the second emergency survey.

No full follow-up study was carried out following this
outbreak as the cleaning and disinfection regimens had
been continuously in place since the 2008 outbreak.

Survey 2013

Legionella pneumophila PCR detected genetic material
in 34 of 45 samples (76%), 21 of which showed live L.
pneumophila, serogroup 1. FLAs were present in 19 of the
45 samples, and intracellular L. pneumophila in 16 of the
19 FLA-positive samples (84%). Among these iLp, three
samples showed live L. pneumophila, serogroup 1. All L.
pneumophila isolates in the 2013 survey, that is, from both
water and FLAs, showed the identical genotype, Lp-gta
(Fig. 3). Figure 3 shows the genotype patterns of L.
pneumophila population in the potable water distribution
system by the time for the third survey.

All legionellosis cases were caused by L. pneumophila,
serogroup 1. We have not so far succeeded in tracing the
sources of the particular infection isolates, mainly
because individuals with legionellosis were all contract
personnel working for other companies and/or from
other countries.

Discussion

We present data from a vessel that experienced three
separate legionella outbreaks in the course of 6 years, in
spite of extensive efforts to eliminate legionella from the

Fig. 1. The results from genotyping of the first 18 Legionella pneumophila isolates analysed from the 2008 survey. Two separate
genotypes of L. pneumophila ( Lp-gta and Lp-gtb) identified in the potable water distribution system. Lane 1, 11 and 21 are Lambda
Stds. Lanes 2-5, 7, 8, 10, 13, 15, 19-20 are Lp-gta. Lanes 6, 9, 12, 14, 1618 are Lp-gtb.
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Fig. 2. The results from genotyping of the five Legionella pneumophila isolates analysed from the 2009 survey. Only one genotype of L.
pneumophila (Lp-gta) was seen in the potable water distribution system by the time for outbreak. Lanes 1 and 9 are Lambda Stds.
Lanes 2-6 are isolates from the 2009 survey and show Lp-gta. Lanes 7 and 8 are Lp-gta isolates from the 2008 survey.

potable water system. Legionella infections usually pre-
sent as two distinct clinical entities: Legionnaires’ disease,
a severe form of pneumonia with an approximately 30%
mortality rate, and Pontiac fever, an influenza-like illness
of short duration (4). L. pneumophila is the dominant
species in infections caused by the Legionellaceae family,
being identified in 95% of outbreaks and sporadic cases

of legionellosis. Of these, 85% of the L. pneumophila
isolates belonged to serogroup 1 (16, 17). In all the three
outbreaks reported here, legionellosis with L. pneu-
mophila, serogroup 1 was the cause of infection.

Even if we have not had the opportunity to genotype the
infectious isolates, it seems reasonable to suggest that the
genotype established in the potable water system is the
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Fig. 3. The results from genotyping of random Legionella pneumophila isolates analysed from the 2013 survey. Only one genotype of
L. pneumophila ( Lp-gta) was seen in the potable water distribution system by the time for the survey. Lanes 1 and 11 are Lambda Stds.
Lanes 2—-10 are random isolates from the 2013 survey, all isolates Lp-gta.

causal agent as the persons infected had been on board for
weeks before the outbreaks. Based on this assumption, our
observations indicate that one genotype of L. pneumophila
may change with respect to pathogenicity over time even
when growing in a defined microbial environment.
Analyses of the living L. pneumophila isolated from
various aerosolized supply points in the freshwater

system on every outbreak demonstrated the presence
of one and the same genotype. This was also the only
genotype detected by the follow-up surveys. Only one
genus of FLA (Hartmanella) could be identified in the
distribution system. It is worth mentioning that the vessel
had been in service all over the world and had thus taken
on board water from many bunkering stations. From our
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experiences regarding bunkering plants around the world,
we often see a mix of different L. pneumophila genotypes
and different FLAs (e.g. Acanthamoeba, Naegleria, and
Hartmannella). The efficacy of this particular vessel’s
upgraded and improved barrier systems was strengthened
by the fact that the microflora in the distribution system
remained constant even when the bunkering water was
documented to be contaminated with other legionellas
and FLA than Hartmanella (data not shown).

After the first two legionella outbreaks, the potable
water system was analysed for microbial contamination,
followed by treatment with heat, chlorine, and detergents
as well as chemical sanitation, for example, hydrochloric
acid. Obviously, the treatment and efforts used after the
two earlier outbreaks had had no effect on the infectious
population.

After the third outbreak in August 2013, a new
strategy for sanitation using chlorine dioxide was in-
itiated. Chlorine dioxide has been reported as a treatment
for legionella contamination, but to the best of our
knowledge, treatment aimed at elimination of FLA from
a potable water system has never been reported. Labora-
tory studies have shown chlorine dioxide to have biocidal
effect on FLAs — including both their trophozoite and
cyst forms (18).

The ClO, sanitation process on board this vessel was
started in October 2013 by using a mobile ClO, unit
(Desin-Comb). Assessment of effect of the treatment was
done every third month by use of full surveys of L.
pneumophila [FLA. Status upon start was L. pneumophila
in 66% of the water spots, FLAs in 40%, and intracellular
L. pneumophila in 80% of the FLAs. All L. pneumophila
isolates of one and the same genotype.

Eighteen months later, no L. pneumophila genetic
material was detectable and after another 3 months,
only a couple of spots still showed FLAs but none
containing intracellular genetic material from L.
pneumophila. Preliminary data were presented at the 3rd
ESGLI Congress, London, September 16—18, 2015 (19).

Our survey strengthens the earlier report from labora-
tory studies showing biocidal effect on both trophozoites
and cysts of the resistant FLAs. Sanitation aimed at
elimination of the hosts for potential pathogens in po-
table water systems is from our point of view a paradigm
shift in preventive medicine.

Conclusions

Between 2008 and 2013, the vessel described here experi-
enced three separate outbreaks of legionellosis. The
individuals infected were all contract personnel working
for other companies and/or from other countries, and we
have not succeeded in tracing the sources of the particular
infection isolates, but all isolates were L. pneumophila,
serogroup 1. Nonetheless, it seems a reasonable assump-
tion that the genotype identified in the potable water

system was the cause of these outbreaks. Based on this
assumption, the spontaneous outbreaks indicate that one
genotype of L. pneumophila may change with respect to
pathogenicity/virulence in the course of time, even when it
is growing in a defined microbial environment.

Based on this study, and other legionella surveys we have
conducted throughout the last decade, we suggest that
potable water systems with established but apparently non-
infectious populations of a single L. pneumophila serotype
1 genotype together with its survival and propagation
hosts represent a potential risk for outbreak of legionellosis
and should consequently be a target for elimination using
products aimed to eliminate the amoeba population, for
example, chlorine dioxide.
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