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Abstract

South African laboratories are currently using various methods in a non-standardised approachliegietettaspecies in
environmental samples. In an attempt to provide guidelines for the development of a standard method, a number of currently
available detection methods were evaluated, using seeded samples of sterile and non-sterile tap water, cooling watep and make-u
water.

The samples were seeded with a type straln pheumophilaserogroup 1 (American Type Culture Collection 33152). The
effect of sample concentration by centrifugation and membrane filtration followed by either vortex or sonication for reauspensi
of organisms was studied. Three currently available culture methods were evaluated: the International standard method (ISO/DIS
11731), the Australian standard method (AS 3896 - 1991) and a locally-developed adaptation of the most probable number method
(MPN). In addition, the direct immunofluorescence test and a commercially available latex agglutination test kit werdrincluded
the evaluations. The usefulness of treatment with acid or heat prior to culture was also compared.

Our results indicated that concentration by membrane filtration using nitro-cellulose filters with a pore sizenf fad&ved
by sonication for 10 min, would be the most appropriate concentration and resuspension method for the samples. In the absence
of sample pretreatment with acid or heat, organism recovery from sterile seeded samples on BCYE ranged from 85.9 — 98.7%.
However, in the non-sterile samples, these figures dropped to 8.1 — 38.5%. Sample pretreatment resulted in a furtheasbss of at
50% of organisms in all the samples, regardless of the pretreatment method or culture medium used. In general, the ISO and AS
methods were more appropriate than the MPN method for organism recovery from sterile seeded samples. However, for the non-
sterile samples, the MPN method yielded better recovery.

Introduction these methods were proven to be very successful, culturing remains
the method of choice for detectionlafgionellaspecies from the
Large numbers of legionellae in water distribution systems presestivironment. To improve the recovenlafgionellaby culturing,
a potentially serious health risk to workers and the public. Since ttiee use of certain treatment steps to minimise contamination by
first isolation of legionellae in 1976, numerous legionellosision-legionellae, have beenintroduced (Bopp etal., 1981; Groothuis
outbreaks have been documented and there has been a steadyVeenendal, 1983). However, despite these developments, no
increase in the incidence of sporadic cases (Lye et al., 1997). Boie method has thus far proven to be ideal for all samples in all
example, the two most recently reported outbreaks, one at a flovggven circumstances and environments.
show in the Netherlands (Den Boer et al., 2000) and the other in an Standard culture methods foegionelladetection have been
aquarium in Australia (Tallis et al., 2000), resulted in about 24#®rmulated in the USA, Britain and Australia, but such standards
confirmed Legionnaires’ disease cases. This clearly illustrates thave not been set for South Africa. Local laboratories have been
importance of the disease and highlights the need for appropritésting water samples using a variety of culture methods, using a
detection methods. non-standardised approach. Some of these methods are time-
Despite new developments in the detectioh@dionellain  consuming, require special reagents and culture media and a high
environmental sources, it remains problematic. Legionellae wedegree of technical skill in their application. The apparent preference
initially isolated by the inoculation of guinea pigs, but with theof Legionellafor biofilm conditions and the potential role of
development of suitable media, these expensive and time-consumnimgtozoa in their multiplication and distribution are not considered
techniques were replaced by culturing. Additional methods likie these conventional methodologies. This resulted in contradictory
radioimmunoassays (RIAs), enzyme-linked immunosorbent assagsults regarding water quality in South Africa and a lack of
(ELISAS), agglutination tests and nucleic acid probes have sincenfidence in local water testing, specifically for the presence of
been developed and tested in attempts to simpkfgionella legionellae.
identification. More recently, a number of polymerase chain With this in mind, a research project was launched in 1996 to
reaction-based (PCR) assays have been documented (Mahbulbaldiress some of the controversial issues regaidagipnella
et al., 1990; Bej et al., 1991; Lye et al., 1997). Although some dktection in South Africa. The first stage of the project dealt with
the evaluation of a number of isolation and identification methods,
using water samples seeded with a type strain pheumophila
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Australian standard (AS) method (AS3896-1991) and a locallyvas placed in 10 #sterile distilled water and mixed by vortex for
developed Most Probable Number (MPN) method (Grabow et a2 min. Serial tenfold dilutions of concentrated and non-concentrated
1991). In addition, the direct immunofluorescence (DFA) and portions were made in sterile distilled water, plated o BE€YE
commercially available latex agglutination (LA) test kit wereagar in duplicate and incubated as usual. Sample concentration by
evaluated. The ISO and AS methods require the isolation antembrane filtration and centrifugation was compared by
confirmation of Legionella species in environmental samples.centrifuging one portion of the sample at 6 000 g for 10 min. The
They are the same in principle, but make use of different cultusediment was resuspended in sterile distilled water. Thereafter,
media and sample pretreatment steps. After concentration, waserial dilutions were made and inoculated cmBCYE agar in
samples are treated with heat and/or acid to reduce the numbeduaplicate.
non-legionellae present. Appropriate dilutions of the sample
concentrates are then inoculated onto selective and non-selecBample pretreatment
agar media and incubated. Thereafter, confirmation tests are carried
out. Buffered charcoal yeast extract agar containing alph&@he sample concentrates were treated with acid or heat prior to
ketoglutarated BCYE) is used as a non-selective medium for botlnoculation onto the different agar media. Acid treatment was
methods. The ISO method makes usetBCYE supplemented carried out as previously described (Bopp et al. 1981). For heat
with cycloheximide, glycine, polymyxin B and vancomycin (GVPC)reatment, 1 #of the sample concentrate was incubated at 50°C in
as a selective medium. The AS method recommeBISYE a water bath for 30 min (Groothuis and Veenendal, 1983). After
supplemented with anisomycin, cefamandole and polymyxin Bicubation, serial dilutions were made and agar inoculated using
(BMPA); andaBCYE supplemented with anisomycin, glycine, Standard Methods.
polymyxin B, vancomycin, bromocresol purple and bromothymol
blue (MWY) as selective media. The MPN method involvegvaluation of culture media
sample concentration followed by dilution and inoculation in
triplicate onto aBCYE agar plates. No selective media orCulture media were prepared as indicated in the 1ISO and AS
pretreatment steps are used. After incubation, smears of growth arethods. Serial tenfold dilutions were made in sterile distilled
examined microscopically using the DFA for confirmation. MPNwater. The agar plates were inoculated with Q.tfreach dilution
statistical tables are used to calculate the numbéegibnella and incubated aerobically at 37°C. For evaluation of the 1SO
organisms in the original sample. method, sample concentrates were divided into three portions,
The results highlight the differential efficiencies ofnamely untreated, acid- and heat-treated, and dilutions were made
concentration, pretreatmentand culturing methods when appliecH® above. Each of the portions was inoculated o0B©OYE and
different types of samples. Following the equivalent comparison &VPC agar. For evaluation of the AS, serial dilutions made from
the above methods on a variety of specified samples, one was ahke untreated portion were inoculated onto MWY agar and those
to conclude with some specific and useful recommendations from the heat-treated portion were inoculated onto MWY, BMPA

Legionelladiagnostics. andoBCYE agar. The MPN was evaluated by inoculating serial
tenfold dilutions of the untreated portion or@8CYE agar in

Materials and methods triplicate (Grabow et al., 1991).

Seeding of samples Comparison of culture methods

A type strain ofL. pneumophilaSG 1 was obtained from the For comparison of the three methods (ISO, AS and MPN), agar
American type culture collection (ATCC 33152). Fresh sub-culturasedia were inoculated as follows: For the ISO method, sample
were prepared on BCYE medium before each experiment. Platemcentrates were divided into 3 portions: no pretreatment, acid
were incubated aerobically at 37°C for 3-5 d. Stock solutions f@retreatment and heat pretreatment. Tenfold serial dilutions of each
seeding of samples were prepared by inoculating sterile distilled these portions were inoculated oaBCYE and GVPC agar.
water with this culture, to an optical density of 0.1 (wavelengtidnly cysteine-dependent colonies were confirmed by DFA and/or
620 nm), representing 8 x 6rganisms per mas determined latex agglutination and reported. For the AS method, tenfold
previously by colony counts oaBCYE agar using standard dilutions of each portion were inoculated onto MWY and BMPA
methodology. The final seeding was done by inoculating 6fm agar.
this stock into 500 #of sample. Sterile and non-sterile samples of
tap water, cooling water and make-up water were seeded fOonfirmation tests
evaluation. Evaluations were carried outimmediately after seeding.
SingleLegionellalike colonies were tested for cysteine dependence
Sample concentration (CD), by inoculation and incubation aBCYE and nutrient agar
plates until growth was observed on the BCYE agar. Colonies
Sample concentration was conducted using @udbcellulose growing onaBCYE, but not on nutrient agar, were regarded as
membrane filters. After concentration, the membranes wenysteine dependent (CD+) and reported as presumptive legionellae.
aseptically removed, cut into smaller pieces and placed into steritae CD+ colonies were confirmed by DFA testing and/or latex

containers with 10 #rsterile distilled water. agglutination.
The direct immunofluorescence test (DFA) was carried out as
Sample resuspension follows: For the MPN method, representative smears were made

from each of the thre@BCYE plates of each dilution. For the ISO
To evaluate the effect of sample concentration and resuspensioralpg AS methods, only CD+, single colonies were confirmed by
vortex on organism recovery, sterile tap water was seeded willFrA. Suspensions were made in sterile distilled water, of which
L. pneumophiland concentrated as described above. The membrebgl was placed onto a 12-well glass microscope slide, air-dried and

524 ISSN 0378-4738 = Water SA Vol. 27 No. 4 October 2001 Available on websitéttp://www.wrc.org.za



heat fixed. An equal volume (8) of DFA reagentl(. pneumophila The method of resuspension of the organisms after sample
serogroups 1-6 and. micdadeipolyvalent conjugate A, Zeus concentration may influence the accuracy of organism recovery
Scientific, Raritan, USA) was added and the slides incubated fabm environmental samples. Organisms can be resuspended after
37°C in a moist chamber for 30 min. After incubation, the slidefiitration by either producing a vortex for a minimum of two min,
were rinsed twice for 10 min in phosphate buffered saline (PBS)a@tby placing the concentrate in an ultrasound tank for a maximum
pH 7.6, air-dried and mounted in IFA mounting fluid (Zeusof ten min. However, to ensure optimal recovery by sonication, it
Scientific, Raritan, USA). The slides were read on an Olympus recommended in the ISO method that the time of immersion
Model BH2 standard fluorescence microscope, equipped with ahould be adjusted for different sample types and ultrasound tanks.
HBO-100 mercury-incident light source. Observations were mad&outh African laboratories generally accept sonication for 10 min
under a dark field using 10x ocular, 100x objective, oil immersioas being appropriate.
lenses. Only strongly fluorescent, typical shortrod-shaped organisms Different combinations of concentration and resuspension
were reported as DFA positive. methods were compared. Results (not shown) indicated a recovery
A latex agglultination test kit (LA) (Oxoid DR800M) was rate of 14.4% in the filtered portion and 35.4% in the centrifuged
evaluated according to the manufacturers’ instructions. Reageptstion after resuspension by vortex. However, when membrane
supplied with the kit are specific fdr. pneumophilaSG 1, filtration was followed by sonication, the organism recovery rate
L. pneumophilaSG 2-14, and Legionella species (includingincreased to 85.6%. These results correlated well with previously
L. longbeacheaesG 1-2,L. bozemanniiSG 1-2,L. dumoffii, published reports of recovery rates of between 39% and 93% from

L. gormanii, L. jordanis, L. micdadendL. anisg. environmental samples, using different types of membrane filters.
It was concluded that concentration by membrane filtration using
Reporting and interpretation of results nitro-cellulose filters with a pore size of 0.48n, followed by

sonication for 10 min, would be the most appropriate method for
Colony counts were performed on all agar media, for all of thde samples.
dilutions. For the ISO and AS methods, counts of confirmed (i.e. Direct plating on artificial media has been shown to be more
CD and DFA and/or latex positiveggionellacolonies as well as sensitive than the animal inoculation methods initially used and is
non-legionellae were recorded wherever possible. For the MR¥nsidered to be the gold standardliegionelladetection from
method, the DFA result for each dilution was recorded (i.e. DFAnvironmental sourcesBCYE agar has been in use since the late
positive plates were not confirmed by latex agglutination)seventies and is still the most commonly used agar medium for
Overgrown plates were recorded as yielding a colony count b&gionellaculture. To improve the selectivity of this medium,
>300. For final calculations, colony counts of between 30 and 3@dpplements have been added in various combinations and quantities
were used. Where <30 colonies were observed in all dilutions, the preferred by different workers. Since the early eighties, sample

number of colonies in the highest dilution was recorded. pretreatment with acid and/or heat has been incorporated in the
majority of culture techniques (Bopp et al., 1981; Dennis et al.,
Results and discussion 1984). Despite extensive testing of these culture media and

pretreatment methods in a number of countries, no culture medium
For optimal recovery of legionellae from the environment, watesr pretreatment method has yet been proven ideal for all samplesin
samples have to be concentrated before culturing. Although baitt conditions.
membrane filtration and centrifugation are widely accepted and The data summarised in Table 1 represent a comparison of the
used for this purpose, there is no consensus among workegsults obtained from sterile and non-sterile seeded samples, cultured
regarding the efficiency and accuracy of either of these methods each of the four mediaBCYE, GVPC, BMPA and MWY) in
(Brindle et al., 1987; Boulanger and Edelstein, 1995). For filtratiothe absence of pretreatment, after acid treatment and after heat
to be effective, several factors have to be taken into account whegatment. In the absence of sample pretreatment, the recovery of
choosing the type of filter and the pore size to use. The resuspensionfirmedL. pneumophilérom the sterile samples was high on the
method used after filtration, the presence of biocides in the sampleen-selective BCYE plates (85.9, 98.7 and 89.7% for tap water,
the type of samples analysed and certain physical characteristice@bling water and make-up water respectively). The use of selective
the filters, like the brittleness, composition and pore structuraedia resulted in a considerable decrease in organism recovery,
(Brindle et al., 1987) may also influence the accuracy of organisdepending on the culture medium used (Table 1). Acid treatment
recovery through filtration. The Centers for Disease Control (Atlantasulted in a further loss of organisms from the sterile samples,
GA) recommends the use of polycarbonate filters with a pore siespecially after culture on selective media. The number of organisms
of 0.2um but it was found to be difficult to concentrate cooling- andecovered after heat treatment was negligible in all the sterile
makeup water samples through membranes with such a small psaenples that were evaluated, regardless of the culture medium
size. The efficiency of different filter types was not investigatedsed. These results were not surprising, given the fact that laboratory-
and nitro-cellulose filters with a pore size of O that are adapted type strains bégionellaare known to be more sensitive
commercially available and used by most laboratories in South adverse conditions such as sample pretreatment than
Africa were used throughout the study. environmental strains (Roberts etal., 1987). In view of the sensitivity

Centrifugation is often used as an alternative for filtration, bugf the laboratory-adapted strainslafgionellaused to seed the

differences in opinion regarding the optimal centrifugation speeshmples in this investigation, these results might not necessarily be
and time have been reported (Brindle et al., 1987; Boulanger adidectly applicable to environmental samples. However, this aspect
Edelstein, 1995). Some workers prefer centrifugation at 6 000 x\geds to be investigated further. The recovery rate of confirmed
for 10 min while others consider 3 000 g for 30 min to be moregionellae from the non-sterile seeded samples was considerably
appropriate. Brindle et al. (1987) reported a good correlatidawer than that of the sterile samples (Table 1). In the absence of
between centrifugation at 6 000 g for 10 min and filtration througsample pretreatment, culture on BCYE yielded confirmed
0.45um pore size, nitro-cellulose filters, with centrifugation having-. pneumophildan only 8.1% of tap water samples, 23.1% of the
the added advantage of saving on time and effort. makeup and 38.5% of the cooling water samples. Pretreatment
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TABLE 1
Recovery (%) of L. pneumophila from seeded samples: Comparison of culture
media and methods
Sample Treatment MPN Culture media
Non-selective Selective
BCYE GVPC BMPA MWY
(1SO, AS) (1SO) (AS) (AS)
Sterile TW N 59.0 85.9 4.9 48.7 -
A 76.9 14 44.9 20.0
H <1 <1 <1l <1
Sterile CW N 26.9 98.7 6.7 18.2 42.3
A 8.5 <1 2.3 <1
H <1 <1 <1 -
Sterile MW N 3.6 89.7 3.1 6.8 57.8
A 35.9 15 28.2 -
H <1 <1 <1l <1
Non-sterile TW N 59.0 8.1 <1 4.5 10.1
A <1 <1 <1 <1
H <1 <1 <1 <1
Non-sterile CW N 59.0 38.5 <1 2.6 1.5
A <1 <1 <1 <1
H 12.8 <1 <1 2.6
Non-sterile MW N 99.5 23.1 <1 14.4 20.5
A 12.8 <1 <1 <1
H 9.9 2.2 4.6 1.2
- Not done; A: acid treatment; H: heat treatment; N: no treatment; TW: tap water;
CW: cooling water; MW: make-up water

resulted in a further loss of approximately 50% of organisms in albn-sterile), the sample pretreatment steps required by the ISO and
the samples, regardless of the pretreatment method or culté® decreased the recovery of organisms significantly.

medium used. The confirmation of single colonies was complicated

to some extent by the presence of non-legionellae on all the cult@enclusion

media, even after sample pretreatment with acid or heat.

When these results are interpreted in accordance with the I&%Qvas found that the methods used for sample concentration and
and AS specifications and compared with the MPN method, thesuspension may influence the outcome of culture experiments
following observations were made: Whereas the ISO and AS bdttgnificantly. For the conditions and the sample types tested, the
provide a means of confirming legionellae to species level, thisise of membrane filtration followed by sonication was preferred.
not possible using the MPN. In general, the ISO and AS were madrke use of heat and acid treatment had a detrimental effect on the
useful than the MPN for organism recovery from the sterile seedestovery of legionellae from seeded environmental samples.
samples (e.g. 99.5% vs. 26.9% with the sterile cooling wat@herefore, the application of the MPN method, which excludes
samples). This may have been due to the increased specificity ofthese pretreatment methods, resulted in higher recovery rates and
ISO and AS methods which made it possible to perform colorgccounted for more accurdtegionellanumbers in the samples
counts of confirmed legionellae, a step that is excluded from tlevaluated.

MPN method. However, for the non-sterile seeded samples, the These findings provided a basis for further study, in which a
MPN method consistently yielded a higher recovebyegfionella  survey of the prevalence of legionellae in specific industrial and
In explanation, it is likely that the legionellae could have beeenvironmental water samples, not seeded with laboratory-adapted
masked by non-legionellae on the non-selective agar plates usetégionellastrains, is investigated.

the ISO and AS which complicated the recovery of single colonies

for confirmation. Because the confirmation of single colonies a&cknowledgements

legionellae is not required by the MPN method, it was more
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