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Abstract The goal of this study was to evaluate the prevalence of Legionella pneumophila specie in hot water samples
from tanks and ecological networks of production and distribution of domestic hot water in Morocco. To accomplish this
study, 156 samples of hot water, were collected from thirty four structures’ from January 2009 to December 2010, were
analyzed to search and enumeration of Legionella pneumophila by culturing onto a selective medium. The results of all
samples showed that Legionella pneumophila was detected in 31.5% of total samples analyzed 67.4% with a load above the
limit tolerated by the regulations. The serological survey showed that 37% of isolates are Legionella pneumophila sero-
group 1 while 63% correspond to serogroup 2-15 whose serogroup 6 was the most frequently isolated (37%). The results of
this study show that Morocco has a high frequency in Legionella pneumophila serogroup 1, which is primarily responsible
for the majority of Legionnaires’ disease, which will encourage the authorities to take necessary measures for the surveil-

lance and preventive actions for monitoring of the disease legionellosis in Morocco.
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1. Introduction

Legionella pneumophila, the agent responsible for Le-
gionnaires’ disease and Pontiac fever[1l], was first discov-
ered after a large outbreak in an American hotel in 1976. This
bacterium has been found in various aquatic environments,
e.g., ponds, rivers, lakes[2] as well as in soil and his survival
depend upon several factors, such as the presence of proto-
zoa[3], heterotrophic bacteria, pH, temperature, oxygen level,
and plumbing fixture materials[4]. L. pneumophila, for
which 14 serogroups have been identified, is the species
most commonly associated with disease outbreaks[5]. L.
pneumophila does not pose a serious health risk due to its
low amounts in natural habitats. However, man-made sys-
tems serve as amplifiers for L. pneumophila by providing
suitable conditions for growth and multiplication[6]. Nu-
merous epidemic investigations have convincingly demon-
strated that domestic hot water systems have served as
sources of legionellae infection[7]. Frequently, legionellae
has been isolated in high numbers from water, sediments[§]
and slimes in cooling water systems[6]. Contaminated
aerosols, acquire the infection and inhalation of these aero-
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sols presumably produces Legionnaires’ diseas[9], but No
interhuman transmission has yet been found[10]. In this
study, the existence and distribution of L. pneumophila were
investigated to find the sources of previously reported spo-
radic cases of Legionnaires’ disease in Morocco. The goal of
this study was to evaluate the frequency of colonization by
Legionella pneumophila in hot water systems of the different
structures’ in Morocco.

2. Materials and Methods

2.1. Sample Collection

From January 2009 through December 2010, a total of 156
water samples were collected from 26 hotels, 6 factories and
2 gyms of nine towns representative of different Moroccan
regions. The first jet of hot water was drawn from the bath-
room outlets (showers or taps) and placed in sterile bottles.
In order to neutralize the residual free chlorine, 10% sodium
thiosulphate was added in sterile bottles for bacteriological
analysis (I ml /L). Only sterile bottles were employed
throughout the study. Water samples were taken to the
laboratory and immediately processed.

2.2. Microbiologic Analysis

To detect Legionella pneumophila, 1-L water samples
were concentrated by sterile cellulose nitrate membrane
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filters whose a pore size is 45um (Sartorius AC, Goettingen,
Germany). The intact membranes were aseptically removed,
placed into sterile 5 mL screw-capped containers. Each
concentrated water sample was sonicated for tow min to
dislodge bacterial cells from the membranes using a model
B2 210-DTH ultrasonic cleaner (Danbury, USA). 2 ml of the
suspension was pre-treated with heat (50°C water bath dur-
ing 30 min) and the other 2 ml was pre-treated with acid (2ml
of HCI-KCI1 solution, pH 2.0). The heat and acid
pre-treatment of concentrated water samples were used as a
selective method to reduce the numbers of non-Legionella
bacteria as previously described[11,12]. Plates containing
selective medium for growth and isolation of Le-
gionella-CYE- agar (base) supplemented with BCYE «
growth-supplement and GVPC selective supplement (Le-
gionella-Combi-Pack, Merck E, Darmstadt, Germany) were
inoculated with a 0.1 ml of hot pre-treatment sample and
with a 0.2 ml of acid pre-treatment sample. All the samples
were incubated at 35°C = 2°Cwith 2.5% CO2 in a humid
atmosphere for 10 days and examined at 3, 5, and 10 days.
Colonies suspected of being of Legionella were subcultured
on BCYE and on blood agar plates; those that failed to grow
on the blood agar plates but grew on BCYE with cysteine
were identified by the latex agglutination method, which also
allowed us to distinguish serogroup 1 from serogroups 2—14
(Slidex Legionella- kit, BioMérieux, Lyon, France). Our
positive control was an antigen suspension of L. pneumo-
phila 1 (ATCC 33152) obtained from a separate culture. For
L.pneumophila serogroup subclassifications 2, 3, 4, 5, 6,..,
14 were identified by the agglutination technique of latex
particles sensitized with monoclonal antibodies (reagent
supplied by BioMérieux).

3. Results

Of the 156 samples analyzed above, 118 came from hotels,
33 from Factories and 5 from gyms of different areas in
Morocco; the results of all samples were negative for Le-
gionella only in 13 (38.2%) structures’. Legionella pneu-
mophila were detected in 49 samples (31.5%), 43 (36.5%) of
which were from hotels, 2(40%) of which were from gyms
and 4 (12.2%) of which were from Factories (Table 1).

Tablel. Prevalence of Legionella pneumophila in the hot water distribu-
tion systems.

Organisms(n) No, of water No, of positive Sejrogroups
samples samples (%) isolated

Lpl, Lp3,

Hotels (n=26) 118 43 (36.5) Lp4, Lp6,
Lp4-8 C.x

Gyms (n=2) 05 2 (40) Lpl, Lp6
Factories (n=6) 33 4(12.2) Lpl, Lp6

Total (n=34) 156 49 (31.5)

Lp: Legionella pneumophila; C.r.: Cross-reaction.

The most common species identified were L. pneumophila
serogroup 1 and 6 (each one 37%) (Table2). The structures’

positive for L. pneumophila serogroup 1 and 6 were distrib-
uted through all of the different geographical areas within the
country. The colony count was lower than 250 col-
ony-forming unit (CFU)/1L in 8 (16.3%) samples, between
250 and 1,000 CFU/1L in also 8(16.3%) samples, and higher
than 1,000 CFU/IL in 22 (45%) samples (Table 3). We
found that in 18 (53%) structures’ including 15 hotels, 2
factories and one gym, the colony count exceeded 250
CFU/1IL in at least one sample.

Table2. Distribution of serogroups of L. pneumophila from Moroccan
structures’ by isolated hot water samples.

Serogroups of Legionella pneumophila n (%)

Serogroup 1 18 (37)

Serogroup 3 24

Serogroup 4 7(14)

Serogroup 6 18 37)

Serogroup 4-8 cross-reaction 4(8)

4. Discussion

Legionella are readily found in natural aquatic bodies with
some species been recovered from soil[13,14]. Studies have
shown that Legionella species are present in all segments of
community water supplies, water treatment structures’[15].
The aquatic environment of this bacteria also includes man
made habitats such as cooling towers, evaporative condens-
ers, whirlpool spas, decorative fountains, air conditioner
water systems, and potable-water distribution systems, so the
colonization of this artificial habitats by L. pneumophila
depends on a combination of several factors, including water
temperature, sediments accumulation, and commensal mi-
croflora[16,17]. Bacterial transmission to humans is most
commonly accepted to be via droplets generated from these
environmental sources. The epidemiological evidence sug-
gests that the aerosol travels and remains infective from
several hundreds meters to a few kilometers[18]. Our study
showed that Morocco is not exempted from the list of coun-
tries where Legionella pneumophila is found (the most
virulent species of Legionella), this bacteria has been iso-
lated from a wide variety of water types, such as potable
water of hotels, factories and gyms. Moreover, several au-
thors have described the isolation of this bacteria from
showers, cooling towers and boilers[11,19], which is in
agreement with the findings of the present study.

The use of selective media like BCYE agar medium has
proven to be very important in the isolation of Legionella and
L. pneumophila in this study as demonstrated by other re-
searchers in this field[20,21]. Our study also showed that the
medium alone was not sufficient for the selective isolation of
L. pneumophila because environmental organisms seemed to
come through despite the incorporation of antibiotics that
selectively inhibit the growth of competing microflora of the
environments including fungi[13]. This study is in line with
other studies where the BCYE with antibiotics was used in
the detection and isolation of Legionella from the environ-
ments[13,22].
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Table 3. Concentration for each serogroup of L.pneumophila isolated by colony count from hot water samples.

No. of each serogroups L.pneu mophila (%)

CFU/IL

SGI (n=18)  SG3 (n=2)  SG4 (n=7) SG6 (n=18) SG4-8 C.r(n=4)  Total,n (%)
X<250 2(11) - 2(28.5) 4(22.2) - 8(16.3)
250> X <10° 2(11) 1 (50) 1(14.5) 4(22.2) - 8(16.3)
10°> X <10° 3 (16.6) - 2(28.5) 5(27.8) 1(25) 11(22.4)
X >10* 11 (61) 1 (50) 2 (28.5) 5(27.8) 3(75) 22(45)

CFU: Colony-Forming Unit; SG: Serogroup

Our study provide information about the prevalence of L.
prneumophila in hot water distribution systems, which are
located in Morocco. Therefore, it is best to assume that any
given system can harbor the organism, and that routine,
continuous microbiological control practices should be
implemented to minimize the risk of L. pneumophila ampli-
fication and associated disease. In European hotel water
systems, Legionella colonization ranged from 27% to 75% in
several studies[23,24].

In Moroccan hot water distribution systems Thai and
colleagues in 2009 reported L. pneumophila colonization
rates as 32.5%][25], this result is similar to the value reported
by our study which is 31.5%. L. pneumophila 2-14 accounted
for 63%, whose the serogroup 6 is most commonly isolated
(37%), a similar result was found by Thai and colleagues
(60% for serogroup 2-14)[25]. The percentage of hot water
sampled in this study with a L. pneumophila count > 10.000
ufc/L was higher (45%) than that found in the literature
13.5% in Italy, 7.8% in Turkey and 4.2% in
Greece[26,16,27]. Our study evidenced also a high per-
centage (37%) for L. pneumophila serogroup 1 with 61% of
value is more than 10.000 ufc/L. Although the distribution of
serotypes causing community-acquired or hospital-acquired
Legionnaires’ disease varies by geographic region, about
90% of Legionnaires’ disease cases are due to L. pneumo-
phila, and predominant serogroup 1 of L. pneumophila
accounts for 84% of the case[28,29]. Moreover the sero-
group 6 is more common in nosocomial strains and more
likely to be associated with poor outcome[30]. In contrast to
clinical specimens, L. pneumophila serogroups 2 to 14
accounted for more than 50% of the isolates obtained from
environmental water systems in several studies.

From the literature and result obtained in this study we can
supported the idea that some of organisms that were included
in this study posed a risk for Legionnaires’ disease at the
time of the study, due to the high concentrations of L.
pneumophila serogroup 1 and the number of positive water
distribution systems which exceeded the safety levels of the
European Surveillance Scheme for Travel Associated Le-
gionnaires’ Disease guidelines.

The incidence of Legionnaires’ disease depends on the
degree of contamination of the aquatic reservoir, the sus-
ceptibility of people exposed to that water, differences in
virulence among Legionella species, and the intensity of the
exposure [30].

In a previous study in Morocco 2009, two cases were
identified for legionellosis, this group of patients consisted
of a man and a woman aged respectively 39 and 72 years old.

Patients had the following risk factors: the man wasa
smoker and the woman was diabetic and had heart dis-
ease, renal disease and a pulmonary. Another suspected case,
that of an elderly woman 50 years old working in a hospital
and stayed in a hotel; it has similar symptoms to Legion-
naires' disease such ashigh fever, myalgia, headache
and digestive  disorders. Urinary antigen detection (more
than three weeks after onset of symptoms)

in the patient was negative[25]. Legionellosis can easily
be confused with symptoms of flu[31], and is clinically
indistinguishable from other causes of pneumonia, so the
diagnosis of Legionnaires’ disease requires specific diag-
nostic tests. The World Health Organization observed since
Twenty one years ago, that the morbidity and mortality due
to sporadic and epidemic legionellosis was under-reported in
most health statistics[32]. We believe that this scenario still
exists in many countries especially in Africa. In Morocco,
the direction of Epidemiology and the fight against the
diseases do not have to date data on this disease. The results
of our study show that the L. pneumophila exists in Morocco.
However, there is no routine and periodic surveillance and
reporting of this bacteria’s infection.

5. Conclusions

we suggest that clinicians should apply the whole spec-
trum of laboratory methods for the diagnosis of legionnaires ’
disease and take samples for culture wherever possible, and
we recommend that targeted behavioral control messages be
directed at the sectors of population in order to warn them
against the possible risks of L. pneumophila infection from
environmental sources. Routine monitoring of environ-
mental water for L. pneumophila is expected to prove helpful
in efforts to reduce the bacterial contamination of water
systems and is also expected to facilitate the development of
a more active prevention strategy for Legionnaires’ disease.
Additionally, further study will require that the focus be kept
on correlation analysis by clustering between environmental
and clinical isolates of Legionella species. Thus, the findings
of this study highlight the importance of understanding the
epidemiology and ecology of L. pneumophila from public
facilities in terms of public health; in this regard, our findings
corroborate and reinforce the recommendations made in
several previous studies[33,34].
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