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Recovery of Burkholderia pseudomallei and B. cepacia from
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Abstract

Samples of drinking water were examined in order to evaluate the occurrence of two Gram-negative bacteria:
Burkholderia pseudomallei and B. cepacia. A total of 85 samples were collected from public and private buildings in the
province of Bologna (Italy). Other bacteriological indicators (heterotrophic plate count at 22 and 368C) were also examined,
together with physical and chemical parameters (temperature, pH, residual chlorine, total hardness and chemical oxygen
demand (COD)). High levels of B. pseudomallei were recovered (mean value 5 578 cfu /100 ml) in about 7% of samples,
while B. cepacia was recovered in 3.5% (mean value 5 , 1) of the samples. The two microorganisms were found to
correlate positively with heterotrophic plate counts at 22 and 368C, but not with the physical and chemical parameters taken
into consideration.  2000 Elsevier Science B.V. All rights reserved.

Keywords: Drinking water; Contamination; Burkholderia pseudomallei; Burkholderia cepacia

1. Introduction positive nitrate respiration, and in its mechanism of
pathogenicity (Wongwanich et al., 1996).

Burkholderia pseudomallei and B. cepacia are Two antigenically and biochemically distinct
common environmental Gram-negative bacteria biotypes of B. pseudomallei have been described,
which, according to reports in the literature, may be only one of which is virulent. The organism is
highly pathogenic. known to cause melioidosis, an infection described

B. cepacia has a wide geographic distribution, is for the first time in 1912 by Whitenore in Burma and
motile and grows in brain heart infusion at 308C. B. currently endemic in Southeast Asia (Smith et al.,
pseudomallei is distinct from B. cepacia in its 1995; Yang et al., 1995; Trakulsomboon et al., 1997;
capability to grow under anaerobic conditions, with Leelarasamee, 1998; Perret et al., 1998), Northern

Australia (Brook et al., 1997; Masoud et al., 1997;
Sirisinha et al., 1998) and several tropical zones
(Perret, 1997). It has also been diagnosed in Euro-*Corresponding author. Tel.: 1 39-51-209-4800; fax 1 39-51-
peans returning from India and Thailand (Riecke et209-4829.
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travel more, will probably be seen with increasing Philpott-Howard, 1996). The prevention of social
frequency in other parts of the world (Beeker et al., contact between cystic fibrosis patients by segrega-
1999). tion and cohorting of B. cepacia-colonized patients

Melioidosis is commonly found in many mammals has achieved some success in controlling the nosoco-
and in endemic areas affects 6–20% of the human mial and community spread of the organism (Pan-
population (Perret, 1997). The infection appears to khurst and Philpott-Howard, 1996).
occur fairly commonly from childhood onwards, As well as in iodinated drinking water (Pyle and
since in a seroepidemiological survey 80% of chil- McFeters, 1989) B. cepacia producing an antimicro-
dren were seen to have antibodies by the age of 4 bial substance active against filamentous fungi,
years (Leelarasamee, 1998). The natural reservoirs yeasts and Gram-positive bacteria has also been
for the germ are soil and water and humans are found in a water pond (el Banna and Winkelmann,
contaminated mainly through skin wounds (Perret, 1998). This characteristic of B. cepacia has resulted
1997). Conditions favouring infection include dia- in its use as a biopesticide for protecting crops
betes, renal diseases and various forms of immuno- against fungal diseases (Holmes et al., 1998). How-
depression and the symptoms may vary from pul- ever, given its potential pathogenic action, the use of
monary manifestations to acute septicemia, abscesses B. cepacia for such purposes should be considered
affecting almost all the organs (Perret, 1997; Yang et with extreme caution.
al., 1998) and neonatal meningitis (Halder et al., Despite the fact that it has been clearly demon-
1998). strated that these two bacteria may be responsible for

Infection with B. pseudomallei has a high mortali- serious infections in humans and are present in
ty rate (Beeker et al., 1999) and the factors sig- water, the Italian law (DPR 236/88) and EU regula-
nificantly associated with a higher case-fatality rate tions (Direttiva CEE 98/83) regarding water de-
are age ( . 55 years), septicemia, smoking and heart stined for human consumption still do not require the
or renal failure (Heng et al., 1998). search for B. pseudomallei and B. cepacia. We

B. cepacia, on the other hand, is an opportunistic therefore decided to investigate the prevalence of
pathogen, being a very important contaminant in the these microorganisms in drinking water and how of
pharmaceutical industry (Gregory and Mc Nabb, the occurrence the bacteria is related to certain water
1986) and responsible for nosocomial infections characteristics.
(Roberts et al., 1990; Rodriguez et al., 1995; Rutala
et al., 1988; van Laer et al., 1998). The bacteria may
be particularly dangerous in cystic fibrosis (CF) 2. Material and methods
patients (Holmes et al., 1998; Hutchison et al., 1998;
Lewenza et al., 1999); 38% of Italian CF patients are 2.1. Sampling
in fact colonized by B. cepacia and this prevalence
does not differ significantly from that of other A total of 85 samples of drinking water were
countries (Taccetti and Campana, 1997). In about collected from public (44) and private (41) buildings
20% of these patients the colonization leads to a in Bologna and province (Italy) during a 10-month
fulminant pneumonia (cepacia syndrome) sometimes period (about eight samples /month). In order to
associated with septicemia (Hutchison et al., 1998) simulate everyday practice the sampling took place
and is responsible for significant mortality (Pan- first thing in the morning and was not preceded by
khurst et al., 1995; Zughaier et al., 1999), therefore heat sterilization of the taps or the running off of
having a strong impact on infection control practices water. Favourable conditions were thus created for
(LiPuma, 1998). the development of undemanding bacteria such as

The transmission of the bacteria due to social those under investigation.
contact has been reported in CF patients (Ledson et The samples were kept at a temperature of 1 48C
al., 1998), in hospitalized CF patients and non-cystic and were processed within 2 h of sampling. The
fibrosis patients (Holmes et al., 1998) and through aliquots of water to be examined were mixed with
the hands of medical personnel (Quinn, 1998; Rutala sodium thiosulphate in order to neutralize the re-
et al., 1998) or respiratory equipment (Pankhurst and sidual chlorine. Water temperature and total residual
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chlorine content were measured at the time of of B. cepacia and B. pseudomallei were calculated
collection. by means of correlation test (r). All statistical

calculations were made using SPSS Package for
2.2. Examination Macintosh.

For the recovery of the microorganisms of the
Burkholderia genera, 100-ml water samples were 3. Results and discussion
filtered trough 0.45-mm pore-size Millipore mem-
branes. The membranes (four per sample) were The results of the examination for the two species
placed on MacConkey agar no. 3 (CM 115-Oxoid, in question are shown in Table 1. It can be seen that
Milan, Italy) and Pseudomonas CFC agar (CM 559 B. cepacia was recovered three times and in low
and SR 103-Oxoid). The plates (two for each numbers while B. pseudomallei was found six times
medium) were incubated for 24 h at 368C (MacCon- and at high levels.
key) and for 24–48 h at 308C (Pseudomonas CFC). The frequency of isolation of B. pseudomallei
All colony types observed on the two media were (7.1%) was slightly lower than that reported in
counted and isolates of each colony type were Australia by Merianos et al. (1993) (9%). In the past
subcultured onto tryptone soy agar (CM 131-Oxoid). this microorganism has rarely been found in the
For the identification of the oxidase-positive isolates waters of the region of Bologna. This fact should be
the API 20 NE system (20050-Biomerieux, Rome, considered carefully, especially since in recent years
Italy) and the motility test (motility test medium; melioidosis has appeared in areas outside the en-
105-15-7-Difco, Milan, Italy) were used. demic zones, in particular in France (Perret et al.,

Heterotrophic plate counts at 36 and 228C were 1998), Puerto Rico (Dorman et al., 1998), Guadalupe
made by the pour plate method (APHA, 1995) with (Perez et al., 1997) and in Queensland (Scott et al.,
plate count agar (CM 325-Oxoid). Standard method 1997), even though reports in Thailand have shown
techniques (APHA, 1995) were also used for the that the frequency of isolation of B. pseudomallei is
physical and chemical parameters (water tempera- not directly related to the incidence of melioidosis in
ture, pH, residual chlorine, chemical oxygen demand an area (Trakulsomboon et al., 1997). Such dis-
COD, and total hardness). crepancies can be partly attributed to phenotypic

differences between clinical and some environmental
2.3. Statistical analysis isolates (Anuntagool et al., 1998).

B. cepacia (3.5% of the samples), on the other
The effect of the heterotrophic plate counts and hand, was isolated in much lower numbers despite its

the physical and chemical parameters on the counts proven capacity to multiply in water (Rutala et al.,

Table 1
Bacteriological and physical-chemical characteristics of the samples positive for B. cepacia or B. pseudomallei

Sample

1 2 3 4 5 6 7 8 9

B. cepacia (cfu /100 ml) 19 1 1 – – – – – –
B. pseudomallei (cfu /100 ml) – – – 13 000 10 800 4500 15 000 4800 1020
368C Heterotrophic
plate count (cfu /ml) 40 000 12 050 9 26 560 23 120 3220 2024 2865 370
228C Heterotrophic
plate count (cfu /ml) 50 54 31 22 400 20 000 2406 12000 3501 921
Water temperature (8C) 25.0 24.0 23.9 19.8 19.9 19.7 20.0 19.6 20.8
pH 7.45 7.55 7.90 7.40 7.60 7.81 8.00 7.50 7.82
Residual chlorine (mg/ l) 0.06 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.02
Total hardness (mmol / l) 1.40 1.51 2.42 2.30 2.61 2.31 1.90 1.61 1.90
COD (mg/ l) 3.30 3.96 4.21 9.24 1.32 3.59 3.71 2.05 6.28
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1988). In previous studies, moreover, its presence in particularly contaminated samples which had been
water supplies was actually higher (5.5%) (Romano collected, at different times, from private neigh-
et al., 1997). bouring buildings served by the same water network

The two species were never recovered from the (results not shown). B. pseudomallei presence, in
same samples. B. pseudomallei was isolated exclu- fact, correlated positively both with the plate count at
sively on Pseudomonas CFC agar; B. cepacia on 368C (r 5 0.67; P , 0.0001) and with the plate count
Pseudomonas CFC and MacConkey media (results at 228C (r 5 0.67; P , 0.0001). B. cepacia was
not shown). found in both public and private buildings, but

On the whole, considering the sampling methods correlated positively only with the plate count at
used, the level of contamination was quite low 368C (r 5 0.63; P , 0.0001).
(Table 2) even if high counts were found in some The two Burkholderia species were seen to be
samples. The heterotrophic plate count at 228C of affected differently by temperature. In fact, although
environmental origin was on average higher, al- 24–328C is generally considered to be the ideal
though only slightly, than the heterotrophic plate temperature range for the survival of environmental
count at 368C. As was to be expected, the hetero- B. pseudomallei strains (Tong et al., 1996), in the
trophic counts correlated significantly (r 5 0.44; P , water examined in our study the microorganism was
0.0001). isolated at a lower temperature (208C). These data

As far as the other parameters are concerned it is confirm the findings of Yabuuchi et al. (1993) who
worth noting that, unlike the pH, the interval of maintain that B. pseudomallei is able to survive in
temperature ranged quite widely (from 108 to environmental conditions that are not typically tropi-
30.58C). Levels of chlorine and total hardness were cal. B. cepacia, on the other hand, was found in
generally quite low, as was the amount of organic water with a temperature of around 248C.
matter (COD). With the exception of the chlorine, The failure to find any association between the
this can probably be attributed, together with the low two Burkholderia species and residual chlorine are in
seasonal variation, to the frequently deep under- agreement with the observations of other authors
ground origin of the piped water. Moreover, correla- who have reported that B. cepacia shows an intrinsic
tion analysis showed a negative association between resistance to various disinfectants and antibiotics
temperature and residual chlorine (r 5 0.33; P , (Gregory and McNabb, 1986; Anderson et al., 1991;
0.01). Hancock, 1998; Quinn, 1998).

While bearing in mind the fact that the organism The microbial contamination did not appear to be
was recovered on only few occasions, it was never- associated with the COD, meaning that the bacteria
theless observed that B. pseudomallei was present in do not necessarily feed on the nutrients dissolved in

the water, but most probably use organic matter
present in the biofilm normally attached to the inner

Table 2
walls of the waterpipes. Similar results were ob-Mean value and range of bacteriological and physical-
tained by Romano et al. (1997).chemical characteristics of the 85 drinking water samples

As far as the overall level of microbial contamina-Mean Min–Max
tion is concerned, the stagnation of the water in the

bB. cepacia (cfu /100 ml) , 1 0–19 pipes for at least a night, together with the fact thatbB. pseudomallei (cfu /100 ml) 578 0–15 000
the water was not run off before sampling, may368C Heterotrophic

a explain the values of the heterotrophic counts (espe-plate count (cfu /ml) 172 1–40 000
228C Heterotrophic cially at 368C), which were higher than the limits

aplate count (cfu /ml) 178 1–22 400 established by Italian guidelines (DPR 236/88). In a
bWater temperature (8C) 20.8 10.0–30.5 study by Barbeau et al. (1996), it was observed thatbpH 7.76 7.45–8.10

b after a run off of only 2 min the load was reduced byResidual chlorine (mg/ l) 0.03 0.01–0.20
b 96%.Total hardness (mmol / l) 2.12 1.40–2.61

bCOD (mg/ l) 5.33 1.32–14.32 In conclusion, the results of our study underline
a the importance of extending investigations of drink-Geometric mean.
b Arithmetic mean. ing water to include microorganisms belonging to the
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