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Twelve methods for the isolation of mycobacteria were compared by applying them in parallel to 26 samples
of surface water and 109 samples of treated water. Each method was defined by a particular combination of
decontamination method, growth medium, and incubation temperature. For the decontamination of surface
water, we used cetylpyridinium chloride (CPC) (30 min, 0.05%), as well as sample preincubation in tryptic soy
broth (TSB) followed by decontamination with a cocktail of NaOH, cycloheximide, and malachite green.
Treated water was decontaminated with 0.005 and 0.05% CPC (30 min). After enrichment by filtration, all
samples were incubated on Lowenstein-Jensen medium (LJ), Ogawa egg yolk medium (OEY), and Ogawa
whole-egg medium containing ofloxacin and ethambutol (OEOE) at temperatures of 30 and 37°C. The efficacy
of each method was determined by calculating the positivity rate, negativity rate, contamination rate, mean
number of mycobacterial colonies grown, and mean number of different mycobacterial strains isolated. The last
value was determined by subjecting the isolates to PCR restriction analysis and mycolic acid thin-layer
chromatography. Statistical analysis demonstrated that both the TSB method and 0.05% CPC were appropri-
ate for the decontamination of surface water. Decontamination with 0.005% CPC was best for treated water.
The results for incubation on LJ were at least equal to those for incubation on OEY and always superior to the
results with OEOE. At an incubation temperature of 30°C, all methods achieved higher yields than at 37°C.

Mycobacteria other than the Mycobacterium tuberculosis
complex and M. leprae are often referred to as atypical or
nontuberculous mycobacteria. Some of them, such as members
of the M. avium complex and M. kansasii, have been reported
to cause infections and disease with increasing frequency, es-
pecially in immunocompromised patients (6, 13, 25, 26, 28),
and are thought to be transmitted not from person to person
but from the inanimate environment (10, 13, 17, 25, 26); hence,
they have been designated potentially pathogenic environmen-
tal mycobacteria (25). Water apparently plays a major role, as
it is the natural habitat as well as the source and vector of
transmission of this group of organisms (3, 4, 13, 20, 23, 24),
and further mycobacteriological studies of water may contrib-
ute to our knowledge about their ecology and epidemiology.

For the isolation of mycobacteria from water, many studies
have employed minor modifications of methods developed for
the diagnosis of tuberculosis, but these seem to be inadequate
for environmental samples. Thus, only a small percentage of
environmental mycobacteria will survive pretreatment with
higher concentrations of sodium hydroxide (NaOH) (4, 9, 19),
a decontamination procedure widely employed for sputum
samples. Likewise, standard growth media such as Lowenstein-
Jensen (LJ) medium have been developed for cultivation of
members of the M. tuberculosis complex, but these media have
a pH of 7.0, which lies well above the pH optimum of 5.4 to 6.5
found for many atypical mycobacteria (16). Moreover, incuba-
tion periods of 6 to 8 weeks are usually chosen for the primary
isolation of M. tuberculosis, whereas for environmental myco-
bacteria the incubation periods may have to be prolonged for
up to 6 months (8, 15).

Only a few authors have tried to compare different methods
for the isolation of mycobacteria from environmental samples.
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Two studies compared decontamination methods and found
formaldehyde (2) or cetylpyridinium chloride (CPC) (19) to be
more suitable for the isolation of mycobacteria from water
samples than NaOH and other substances. Portaels et al. (15)
compared different decontamination methods and culture me-
dia for the isolation of mycobacteria from soil specimens col-
lected in Louisiana. They obtained the best results by prein-
cubation of the soil samples in tryptic soy broth (TSB),
followed by decontamination with malachite green, cyclohexi-
mide, and NaOH and by inoculation of the samples onto
Ogawa medium containing cycloheximide. Kamala et al. (9)
also compared different methods for isolating mycobacteria
from samples of soil and water taken in Madras in southern
India. Those authors found that decontamination with 1%
NaOH and 3% sodium lauryl sulfate was significantly superior
to the use of higher concentrations of NaOH and other de-
contamination procedures and that inoculation of LJ medium
gave higher mycobacterial yields than inoculation of Falkin-
ham’s selective medium, a minimal agar medium containing
Tween 80 as the sole carbon source (5). The Madras study also
suggested that a larger spectrum of mycobacterial strains is
isolated with 37°C rather than 30°C used as the incubation
temperature. In a mycobacteriological study of tap water sam-
ples from Berlin, Germany, Peters et al. (13) obtained the
highest isolation rates and numbers of isolates by decontami-
nating with CPC rather than with a combination of NaOH and
N-acetyl-L-cysteine and by incubating the concentrates on LJ
medium rather than on Middlebrook 7H10 agar or in
BACTEC broth.

There are certain limitations in the designs of the two stud-
ies of water samples mentioned above. In the Madras study (9),
small numbers of water samples were tested in parallel (max-
imum number, 15). Furthermore, a great variety of water sam-
ples (from taps, wells, and water coolers) were processed by
using the same methods, and the volumes processed are not
exactly specified. In the Berlin study (13), 59 tap water samples
were tested in parallel, but the results were not subjected to
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TABLE 1. Isolation methods evaluated

I;:’;;Ef; Decontamination Medium ltréfrlllga;?g;l Water”
A CPC, 0.005% L) 30 ™
B CPC, 0.005% LJ 37 ™
C CPC, 0.005% OEY 30 ™
D CPC, 0.005% OEY 37 ™
E CPC, 0.005% OEOE 30 ™
F CPC, 0.005% OEOE 37 ™
G CPC, 0.05% L) 30 T™W, SW
H CPC, 0.05% LJ 37 W, SW
1 CPC, 0.05% OEY 30 T™W, SW
K CPC, 0.05% OEY 37 W, SW
L CPC, 0.05% OEOE 30 T™W, SW
M CPC, 0.05% OEOE 37 W, SW
N TSB L) 30 SW
(@] TSB LJ 37 SwW
P TSB OEY 30 SW
Q TSB OEY 37 SwW
R TSB OEOE 30 SW
S TSB OEOE 37 SwW

“Type of water for which the method was used. SW, surface water; TW,
treated water.

statistical analysis. In addition, only one temperature (37°C)
was chosen for incubation. In both studies, primary isolation
was carried out by incubating the growth media for 8 weeks or,
in the case of BACTEC broth used in the Berlin study, until a
growth index of =100 was reached.

The objective of the present study was to further optimize
methods for isolating environmental mycobacteria from water
by the parallel application of 12 isolation methods. The study
was conducted in such a way as to ensure, as the criteria of
evaluation, exact quantitative figures for the numbers of my-
cobacterial CFU and the spectra of different mycobacterial
strains isolated. It was found necessary to consider methods for
the investigation of treated water and surface water indepen-
dently from each other, since these types of water may differ
considerably in the extents and spectra of microbial coloniza-
tion.

MATERIALS AND METHODS

Samples. A total of 135 water samples were taken between July 1993 and
August 1994 in three different regions of Germany (North Rhine-Westphalia,
Saxony, and Berlin). The mean pH was 7.63 (standard deviation [SD], 0.42).
With regard to the isolation methods, two groups of samples were distinguished.
The first group consisted of 26 surface water samples from drinking water
reservoirs (n = 4) or from rivers, brooks, and ponds (n = 22). The second group
(referred to as the group of treated water samples) consisted of 109 samples of
water either taken from different water works (three in North Rhine-Westphalia,
two in Saxony, and one in Berlin) after having undergone incomplete treatment
such as flocculation and filtration but before chlorination (n = 44) or taken from
different peripheral domestic outlets (taps) after complete drinking water treat-
ment (n = 65). Of the 65 tap water samples, 40 were taken from cold water
distribution systems (temperature of water samples, 5 to 25°C; mean tempera-
ture, 15.1°C [SD, 4.5°C]), and 15 were taken from systems with heated water
(sample temperature, 30 to 68°C, mean temperature, 47.8°C [SD, 9.0°C]). The
samples were cooled to 4 to 8°C and processed within 1 week.

Isolation methods. All samples were subjected in parallel to 12 of the isolation
methods listed in Table 1, with each method being characterized by a particular
combination of decontamination technique, growth medium, and incubation
temperature. Methods A through M were applied to treated water samples, of
which 100 ml was processed for each isolation method, whereas methods G
through S were applied to samples of surface water, of which 10 ml was processed
for each isolation method, as they were expected to contain higher concentra-
tions of mycobacteria and nonmycobacterial contaminants.

Decontamination methods. Two different decontamination methods were em-
ployed. The CPC method was carried out as described previously (19) by adding
CPC to the samples to give a final concentration of 0.005 or 0.05% and shaking
the mixture for 30 s. After an exposure time of 30 min, the samples were
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immediately filtered (cellulose acetate membrane filters [no. 11106-50-ACN;
Sartorius, Gottingen, Germany]; diameter, 50 mm; pore size, 0.45 pm) and
rinsed with 100 ml of sterile water to remove residual CPC. A strip 10 mm wide
was then aseptically cut out from the center of the filter and placed on the
medium.

The TSB method employed was a modification of the method described by
Wolinsky and Rynearson (27) and Portaels et al. (15). Ten milliliters of the
sample was mixed with the same volume of double-concentrated TSB (catalog
no. 0370-01-1; Difco, Detroit, Mich.) and preincubated at 37°C for 5 h to allow
spore-forming bacteria to germinate. If particles had sedimented during prein-
cubation, the supernatant was transferred into a new sterile screw cap glass
bottle. The following sterile aqueous solutions were then added to the mixture:
20 ml of malachite green oxalate (0.2%), 5 ml of cycloheximide (400 pg/ml), and
20 ml of NaOH (1 M [4.0%]). After exposure for 30 min, the mixture was
acidified by carefully adding a 1 M (3.65%) solution of HCI until it lost its
turbidity and the malachite green solution changed to yellow (pH 3). The mixture
was then immediately filtered and further processed as described for the CPC
method.

Growth media. For primary culture the following growth media were used: LY
medium containing glycerol (LJ) was purchased as slanted medium (catalog no.
913013; Biotest, Dreieich, Germany), Ogawa egg yolk medium (OEY) was pre-
pared as slanted medium as described by Ogawa and Motomura (11), and Ogawa
medium containing ofloxacin and ethambutol (OEOE) was prepared as Ogawa
whole-egg slanted medium, as described by Tsukamura et al. (22), with addition
of ofloxacin (final concentration, 2.5 mg/liter) and ethambutol (final concentra-
tion, 1 mg/liter) as described by Ichiyama et al. (7).

Incubation conditions. After inoculation, the media were incubated at 30 and
37°C for 12 weeks and checked for microbial growth at intervals of 2 weeks,
taking care that the screw caps of the culture tubes were loose enough to allow
a certain degree of gas exchange (judged by the gradual evaporation of the liquid
collected on the bottom of the tubes) and tight enough to prevent visually
observable desiccation of the media.

Isolation and characterization of mycobacterial strains. At the end of the
12-week incubation period, a representative number of the colonies grown were
selected and characterized. The selection was done by picking at least one colony
of each colony type grown in each tube. Different colony types were distinguished
by their pigmentation, size, and surface structure. The colonies were checked for
acid and alcohol fastness by the Ziehl-Neelsen technique, streaked out on
Middlebrook 7H10 agar containing oleic acid-albumin-dextrose-catalase supple-
ment (catalog no. 0627-17-4 and 0722-73-9; Difco), and again subcultured as
pure cultures on the medium on which they had grown in primary culture. In
cases where mycobacterial colonies were about to be overgrown by contaminants
or other rapidly growing mycobacteria, colonies were picked before the incuba-
tion period was terminated.

All of the 586 mycobacterial strains isolated were tested for their pigmentation
behavior and then characterized by mycolic acid thin-layer chromatography
(TLC), as described previously (18). The procedure included alkaline hydrolysis
of covalently bound cell wall lipids and esterification with iodomethane. The
mycolic acid methyl esters were then developed on silica gel sheets with, as the
solvent system, dichloromethane and a 95:5 mixture of petroleum ether and
acetone.

In addition, all isolates were subjected to PCR restriction analysis (PRA), as
described by Telenti et al. (21). For this purpose, a 439-bp fragment of the gene
coding for the 65-kDa heat shock protein was amplified by PCR and digested
with restriction endonucleases BstEIl and Haelll, yielding characteristic PRA
restriction fragment patterns for different mycobacterial species. For some spe-
cies (e.g., M. gordonae and M. flavescens) the procedure allows several subtypes
to be distinguished.

Evaluation. Of the total number of samples tested by each isolation method,
the positivity, negativity, and contamination rates were determined, which add up
to 100% for each method. The positivity rate indicates the proportion of samples
yielding mycobacterial colonies, the negativity rate indicates the proportion of
samples not yielding any microbial growth, and the contamination rate indicates
the proportion of samples from which no mycobacteria could be isolated during
primary culture because of nonmycobacterial overgrowth (contamination) of the
medium.

In addition, the total number of mycobacterial colonies grown and the number
of different strains isolated were determined for each culture tube. Isolates were
considered to be different if they had different PRA patterns. In rare cases in
which no PRA patterns were obtained, the presence of different pigmentation
behavior and mycolic acid TLC patterns was decisive. From these data, the mean
concentration (CFU per liter) of mycobacteria found and the mean number of
different mycobacterial strains isolated were determined for each method. For
calculation of the mean values, culture tubes with and without mycobacterial
growth were taken into consideration, excluding tubes that showed nonmyco-
bacterial contamination or yielded confluent growth. All tubes in which no
microbial growth was observed were included with a value of zero.

For statistical analysis of the results, McNemar’s test was applied for compar-
ing the positivity, negativity, and contamination rates of the isolation methods.
This test was used to compare the positivity and the overall negativity rates (i.e.,
negativity plus contamination rates) of the methods in order to establish a rank
list. The mycobacterial concentrations and numbers of different mycobacterial
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TABLE 2. Performance of methods for the isolation of mycobacteria from treated water?

Rate (%) Mean no. of:
Isolation method n® - - - -
Positivity Negativity Contamination M)éclg)%a}lcittz;lal Dlﬁeir:;ll;g gcf(; l())?nct;r)loalniltrams
A 55.0 34.9 10.1 98 383 1.3
B 11.9 82.6 5.5 103 55 0.2
C 43.1 32.1 24.8 82 329 1.2
D 11.0 78.9 10.1 98 49 0.2
E 25.7 65.1 9.2 98 83 0.5
F 2.8 95.4 1.8 107 16 0.03
G 56.0 33.9 10.1 98 323 1.2
H 11.0 82.6 6.4 102 56 0.2
1 45.0 38.5 16.5 91 200 1.2
K 9.2 81.7 9.2 99 12 0.1
L 28.4 62.4 9.2 99 44 0.4
M 2.8 95.4 1.8 107 2 0.03

“ For the evaluation, 109 samples were tested in parallel.

® n, number of samples tested to calculate the mean mycobacterial CFU per liter and the mean number of different mycobacterial strains, excluding samples in which

contamination or confluent growth occurred.

strains were compared by using the Wilcoxon signed rank test. Both tests were
performed with the Statistical Analysis Systems (SAS) program.

RESULTS

For each isolation method employed, Tables 2 and 3 give the
positivity, negativity, and contamination rates, as well as the
mean concentration of mycobacteria found and the mean num-
ber of different mycobacterial strains isolated.

In general, samples testing positive for mycobacterial growth
by isolation methods with low positivity rates also tested pos-
itive by methods with high positivity rates. A significant excep-
tion was samples that tested positive by the isolation methods
with an incubation temperature of 37°C. Of these samples,
18% were rated as contaminated by the corresponding method
with an incubation temperature of 30°C. Similarly, 12 and 15%
of the samples that tested positive with OEOE were rated as
contaminated with L] and OEY, respectively.

The data show that for any combination of decontamination
method and growth medium, incubation at 30°C yielded higher
positivity rates, higher mean numbers of mycobacterial CFU
per liter, and higher mean numbers of different mycobacterial
strains than incubation at 37°C. For any of the different com-
binations of decontamination method and growth medium, the

differences between positivity rates at 30 and 37°C proved to be
statistically significant (P < 0.001 for treated water and P =<
0.03 for surface water by McNemar’s test [data not shown)),
with the only exceptions being the differences between meth-
ods N and O and methods R and S. Similar statistical results
were obtained by analyzing the differences between the myco-
bacterial concentrations and the numbers of different myco-
bacterial strains at 30 and 37°C.

Since the statistical difference between the results at the two
incubation temperatures was obvious, the results were further
tested within four groups of methods characterized by the two
types of samples collected (treated and surface water) and the
two different incubation temperatures employed (30 and
37°C). According to the test results, Table 4 lists the methods
with the highest performance within the four groups of isola-
tion methods. Statistically, these methods were not different in
terms of positivity rate, mean mycobacterial concentration, or
mean number of different mycobacterial strains (P > 0.05; data
not shown). For each of these criteria, the methods are ranked
according to the data given in Tables 2 and 3. Table 4 also
summarizes the performance of the methods by all three cri-
teria in terms of their overall performance.

The mycolic acid TLC patterns of all 586 isolates were char-

TABLE 3. Performance of methods for the isolation of mycobacteria from surface water”

Rate (%) Mean no. of:
Isolation method n® - - - -
Postvty  Negatiy  Contamination Mycobacterial  Diffrent mycobacteril srsins
G 50.0 15.5 34.6 17 932 1.65
H 19.2 69.2 11.5 23 100 0.3
I 30.8 19.2 50.0 13 660 0.85
K 7.7 34.6 57.7 11 90 0.2
L 385 46.2 15.4 21 173 0.5
M 7.7 88.5 38 25 145 0.1
N 50.0 30.8 19.2 21 1,461 1.6
(0] 30.8 53.8 15.4 23 165 0.5
P 50.0 23.1 26.9 17 1,048 1.5
Q 19.2 46.2 34.6 17 291 0.5
R 7.7 80.8 11.5 23 43 0.1
S 3.8 96.2 0.0 26 13 0.04

“ For the evaluation, 26 samples were tested in parallel.

® 5, number of samples tested to calculate the mean mycobacterial CFU per liter and the mean number of different mycobacterial strains, excluding samples in which

contamination or confluent growth occurred.
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TABLE 4. Test results®

Method(s) with:

Water type :
and incubation  Highest Highest mean rglg:fe diforent olvsfrs":u

temp (°C) positivity mycobagterlal mycobacterial perfor-

rate CFU/liter strains isolated  mance

Treated water

30 G, A A, C A C G, 1 A

37 B, D, H, K H, B, D B, D, H, K B, D, H
Surface water

30 G,N,P,LLI N,P,G G,N, P, 1 G, N, P

37 O, H, Q Q,O0,M,H K OQHKS O,QH

@ Statistically equal methods with the best performance regarding positivity
rate, mean number of mycobacterial CFU/liter, and mean number of different
mycobacterial strains isolated, ranked according to the data given in Tables 2 and
3.

acteristic of members of the genus Mycobacterium. Of these
isolates, 287 strains (49%) were identified at the species level.
The remaining isolates yielded PRA patterns which so far
cannot be attributed to certain mycobacterial species. For each
isolation method, Tables 5 and 6 list the strains identified and
the numbers of samples in which these species were found.

DISCUSSION

In the present study we compared methods for the isolation
of mycobacteria from water which, based on the literature
available, were expected to be most appropriate for this pur-
pose. In addition to the positivity rates and numbers of differ-
ent mycobacterial strains isolated, we used the numbers of
mycobacterial colonies grown (CFU per liter) as a third crite-
rion to assess the overall performance of the isolation meth-
ods. This criterion was added since sample concentration by
membrane filtration and primary isolation by direct incubation
of the filters on solid media provide good quantitative results,
which cannot be obtained by using other methods such as
centrifugation and liquid media. The mean numbers of CFU
per liter and the mean numbers of different mycobacterial

TABLE 5. Mycobacterial species isolated from 109 samples
of treated water

Isolatio
n method

Species isolated
(no. of samples from which species was isolated)

A..... M. avium (1), M. chelonae (11), M. fortuitum (1), M. gordonae
(25), M. mucogenicum (10), M. peregrinum (2)

B...... M. chelonae (1), M. gordonae (4), M. kansasii (2), M. peregri-
num (1), M. xenopi (1)

[ M. chelonae (4), M. fortuitum (1), M. gordonae (24), M. kan-
sasii (1), M. mucogenicum (9), M. peregrinum (1)

D..... M. avium (1), M. gordonae (2), M. kansasii (2), M. xenopi (1)

E..... M. chelonae (8), M. intracellulare (1)

F.. M. chelonae (2)

G M. avium (2), M. chelonae (14), M. gordonae (31), M. intracel-
lulare (1), M. kansasii (4), M. mucogenicum (15), M. peregri-
num (2)

M. gordonae (4), M. intracellulare (1), M. kansasii (1)

M. chelonae (5), M. fortuitum (1), M. gordonae (20), M. kan-
sasii (1), M. mucogenicum (10)

K. M. avium (1), M. chelonae (1), M. gordonae (1), M. kansasii

(1), M. peregrinum (1)
L. M. chelonae (11), M. gordonae (1), M. intracellulare (1)
M........ M. chelonae (1)
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TABLE 6. Mycobacterial species isolated from 26 samples
of surface water

Isolation
method

Species isolated
(no. of samples from which species was isolated)

G e M. chelonae (2), M. gordonae (6), M. kansasii (1), M. muco-
genicum (4), M. nonchromogenicum (1), M. peregrinum (3)

H..... M. gordonae (2), M. nonchromogenicum (1)

) M. chelonae (3), M. fortuitum (2), M. gordonae (8), M. mu-
cogenicum (2), M. peregrinum (1)

K. M. chelonae (1)

Lo M. chelonae (2)

M

J\\ JE M. fortuitum (1), M. gordonae (10), M. hiberniae (1)

(@) .M. gordonae (2), M. hiberniae (1), M. peregrinum (1)

P.......M. gordonae (4), M. peregrinum (1), M. fortuitum (2),

Q... M. gordonae (2)

R

S

strains (Tables 2 and 3) were calculated from data sets of
different sizes, excluding contaminated samples. Samples rated
as contaminated by one isolation method usually yielded high
numbers of mycobacterial colonies by other methods. In meth-
ods with high contamination rates, the mean counts therefore
probably underestimate the real values, thus stressing the in-
feriority of the method.

If ranked according to performance by each of the three
criteria (Table 4), the isolation methods do not always occupy
the same ranks, but there is good agreement between the
results; i.e., the high positivity rate of a method usually coin-
cides with high numbers of different mycobacterial strains iso-
lated and high numbers of mycobacterial colonies grown.

The TSB method was originally developed for decontami-
nation of soil samples heavily colonized by fungi and spore-
forming bacteria (15), and decontamination of surface water
with CPC (0.05% for 30 min) was not expected to perform
almost as well as the TSB method (differences in performance
were statistically not significant in most cases). Thus, appar-
ently bacterial spores and fungi within surface water samples
were sufficiently inactivated by low CPC concentrations. Table
3 indicates that the performance of these methods for the
decontamination of surface water might be improved by in-
creasing the concentration of and/or time of exposure to CPC
or, with the TSB method, by decreasing the concentration of
NaOH: with the CPC method the contamination rate (34.6%
with LJ at 30°C) was higher than the negativity rate (15.5%
with LJ at 30°C), whereas with the TSB method the contami-
nation rate was lower than the negativity rate (19.2 and 30.8%,
respectively, with LT at 30°C). As the load of bacterial spores
and fungi within treated water is generally much lower than
that in surface water, there will not be much point in using the
TSB method for decontamination of treated water. Here, the
CPC method seems to be the method of choice; in other
studies this method also proved to result in higher mycobac-
terial yields than decontamination methods using NaOH with-
out sample preincubation (13, 19). The differences in the per-
formance of the two CPC concentrations compared for the
decontamination of treated water were insubstantial, and in
most cases the performances did not differ statistically. Appar-
ently, CPC concentrations have to be changed by a factor of
100 rather than by a factor of 10 (as in this study) in order to
achieve marked effects on the positivity and contamination
rates or on the numbers of mycobacteria cultivated. More
significant effects might be achieved by a prolongation of the
time of exposure to CPC. Still, in view of the best overall
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performance (Table 4), the lower concentration of CPC
(0.005%) seems to be favorable for decontaminating samples
of treated water. It is difficult to give clear statements on the
influence of the decontamination procedure on the spectrum
of mycobacterial species isolated. Table 5 does not suggest any
significant effect of the CPC concentration on the spectrum of
mycobacterial isolates. However, the data given in Table 6
suggest that decontamination with CPC and TSB does not
yield the same spectrum of mycobacterial isolates: M. hiberniae
was not isolated with the CPC method, whereas M. chelonae,
M. nonchromogenicum, and M. mucogenicum were not isolated
with the TSB method.

Three media (LJ, OEY, and OEOE) were included in this
study. Of these, LJ gave the best results in the Madras (9) and
Berlin (13) studies compared with Falkinham’s selective me-
dium as well as with Middlebrook 7H10 agar and BACTEC
broth, respectively. We included OEY because of its good
performance (highest positivity rates) when methods for the
isolation of mycobacteria from soil samples were compared by
Portaels et al. (15). OEY, with its pH of 6.0, is said to meet the
pH requirements of most atypical mycobacteria better than LJ,
with its pH of 7.0 (16), and our finding that LJ had equal (if not
superior) performance was not anticipated. However, there is
a marked difference between the mycobacterial spectra in soil
and water (17), and mycobacteriological data obtained from
the investigation of soil specimens from Louisiana may not
automatically be valid for European water samples with neu-
tral to slightly alkaline pHs. OEOE was included as a medium
for the selective isolation of members of the M. avium complex
and M. scrofulaceum. Its contents of ofloxacin and ethambutol
are said to suppress most rapidly growing mycobacteria and
mycobacteria belonging to the M. ferrae complex, which often
overgrow or suppress other slow growers (7). Tables 5 and 6
show that the growth of the rapid grower M. chelonae was not
markedly suppressed on OEOE. Interestingly, none of the M.
avium strains were isolated on OEOE, but two of four samples
testing positive for M. intracellulare were examined with this
medium. OEOE was not expected to perform better than the
other two media tested. However, Tables 2 and 3 show that the
positivity rates are reduced less by the use of OEOE (reduction
by approximately 40 to 80% in comparison to the other two
media) than the mycobacterial concentrations and numbers of
different mycobacterial strains (reduction by approximately 60
to 90%). The reduction in all three performance criteria was
most distinct when the TSB decontamination method was com-
bined with the use of OEOE in isolation methods R and S
(reduction by 80 to 97% in comparison to the other two me-
dia). In addition to the inhibitory effect on mycobacterial
growth, the antimicrobial agents present in OEOE resulted in
a marked reduction of contamination rates (Tables 2 and 3).

All methods using an incubation temperature of 30°C re-
sulted in higher positivity rates, higher mean numbers of my-
cobacterial colonies grown, and higher mean numbers of dif-
ferent mycobacterial strains isolated than did methods using
37°C. On the other hand, incubation at 30°C was usually also
associated with higher contamination rates than incubation at
37°C. These findings do not fully confirm the data reported by
Kamala et al. (9), who found a greater variety of mycobacterial
strains at 37°C than at 30°C. It remains unclear whether this
discrepancy reflects the difference in mycobacterial strains oc-
curring in the environments of southern India and central
Europe or whether it is due to the different techniques of
differentiation (traditional methods used by Kamala et al. ver-
sus molecular methods used in this study). However, our re-
sults correspond to the findings of other authors (1, 14) that
incubation of environmental samples at 30°C results in higher
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yields of mycobacterial isolates than incubation at 37°C. Fur-
thermore, the data given in Table 5 confirm the findings of
Portaels (14) that mesophilic mycobacterial species, such as
members of the M. avium complex with a growth optimum of
approximately 37°C, may well be isolated at 30°C if the time of
incubation is long enough. However, 30°C will not support the
growth of M. xenopi.

In summary, our findings indicate that the best results (high-
est mycobacterial yields and highest number of different my-
cobacterial strains) can be achieved by employing the following
isolation methods. Surface water can be decontaminated either
by the TSB method or by CPC at a concentration of 0.05% (for
30 min). For treated water the favorable decontamination
method seems to be 0.005% CPC (30 min), although this
concentration is not crucial, as explained above. The incuba-
tion temperature with the best results is 30°C. Concerning the
culture media for treated water, the overall performance of LJ
was superior to that of OEY. For surface water we can also
recommend LJ and, alternatively, OEY, which performed
equally. As expected, the use of OEOE results in a significant
decrease in the variety of mycobacterial strains isolated.

ACKNOWLEDGMENT

This study was supported by the Bundesministerium fiir Bildung und
Forschung (grant no. 02WT9307/5).

REFERENCES

. Caroli, G., E. Levre, G. Armani, S. Biffi-Gentili, and G. Molinari. 1985.
Search for acid-fast bacilli in bottled mineral waters. J. Appl. Bacteriol.
58:461-464.

2. Carson, L. A,, L. B. Cusick, L. A. Bland, and M. S. Favero. 1988. Efficacy of
chemical dosing methods for isolating nontuberculous mycobacteria from
water supplies of dialysis centers. Appl. Environ. Microbiol. 54:1756-1760.

3. Du Moulin, G. C., K. D. Stottmeier, P. A. Pelletier, A. Y. Tsang, and J.
Hedley-Whyte. 1988. Concentration of Mycobacterium avium by hospital hot
water systems. JAMA 260:1599-1601.

4. Falkinham, J. O., III, B. C. Parker, and H. Gruft. 1980. Epidemiology of
infection by nontuberculous mycobacteria. I. Geographic distribution in the
eastern United States. Am. Rev. Respir. Dis. 121:931-937.

5. George, K. L., and J. O. Falkinham IIL. 1986. Selective medium for the
isolation and enumeration of Mycobacterium avium-intracellulare and M.
scrofulaceum. Can. J. Microbiol. 32:10-14.

6. Horsburgh, C. R., Jr. 1991. Mycobacterium avium complex infection in the
acquired immunodeficiency syndrome. N. Engl. J. Med. 324:1332-1338.

7. Ichiyama, S., K. Shimokata, and M. Tsukamura. 1988. The isolation of
Mycobacterium avium complex from soil, water and dusts. Microbiol. Immu-
nol. 32:733-739.

8. livanainen, E. K., P. J. Martikainen, P. K. Viinidnen, and M. L. Katila.
1993. Environmental factors affecting the occurrence of mycobacteria in
brook waters. Appl. Environ. Microbiol. 59:398-404.

9. Kamala, T., C. N. Paramavisan, D. Herbert, P. Venkatesan, and R. Prab-
hakar. 1994. Evaluation of procedures for isolation of nontuberculous my-
cobacteria from soil and water. Appl. Environ. Microbiol. 60:1021-1024.

10. Kubica, G. P., R. E. Beam, and J. W. Palmer. 1963. A method for the
isolation of unclassified acid-fast bacilli from soil and water. Am. Rev. Re-
spir. Dis. 88:718-720.

11. Ogawa, T., and K. Motomura. 1970. Studies on murine leprosy bacillus, 1.
Attempt to cultivate in vitro the Hawaiian strain of Mycobacterium leprae-
murium. Kitasato Arch. Exp. Med. 43:21-36.

12. Pattyn, S. R., and F. Portaels. 1972. Identification and clinical significance of
mycobacteria. Zentralbl. Bakteriol. Parasitol. Infekt. Hyg. Abt. 1 Orig. 219:
114-140.

13. Peters, M., C. Miiller, S. Riisch-Gerdes, C. Seidel, U. Gobel, H. D. Pohle, and
B. Ruf. 1995. Isolation of atypical mycobacteria from tap water in hospitals
and homes: is this a possible source of disseminated MAC infection in AIDS
patients? J. Infect. 31:39-44.

14. Portaels, F. 1973. Contribution a I’étude des mycobactéries de I’environ-
nement au Bas-Zaire. Ann. Soc. Belge Med. Trop. 53:373-387.

15. Portaels, F., A. De Muynck, and M. P. Sylla. 1988. Selective isolation of
mycobacteria from soil: a statistical analysis approach. J. Gen. Microbiol.
134:849-855.

16. Portaels, F., and S. R. Pattyn. 1982. Growth of mycobacteria in relation to
the pH of the medium. Ann. Microbiol. (Paris) 133B:213-221.

17. Schulze-Rébbecke, R. 1993. Mycobacteria in the environment. Immun. In-

fekt. 21:126-131.

Ju—



552

18.

19.

20.

S

21.

22.

NEUMANN ET AL.

Schulze-Rébbecke, R., C. Feldmann, R. Fischeder, B. Janning, G. Wahl, and
M. Exner. 1995. Dental units: an environmental study of sources of poten-
tially pathogenic mycobacteria. Tuberc. Lung Dis. 76:318-323.
Schulze-Robbecke, R., A. Weber, and R. Fischeder. 1991. Comparison of
decontamination methods for the isolation of mycobacteria from drinking
water samples. J. Microbiol. Methods 14:177-183.

Slosarek, M., M. Kubin, and J. Pokorny. 1994. Water as a possible factor of
transmission in mycobacterial infections. Cent. Eur. J. Public Health 2:103—
105.

Telenti, A., F. Marchesi, M. Balz, F. Bally, E. C. Bittger, and T. Bodmer.
1993. Rapid identification of mycobacteria to the species level by polymerase
chain reaction and restriction enzyme analysis. J. Clin. Microbiol. 31:175-178.
Tsukamura, M., H. Shimoide, N. Kita, K. Kawakami, T. Ito, N. Nakajima, H.
Kondo, Y. Yamamoto, N. Matsuda, M. Tamura, K. Yoshimoto, N. Shirota,
and A. Kuse. 1981. Epidemiologic studies of lung disease due to mycobac-
teria other than Mycobacterium tuberculosis in Japan. Rev. Infect. Dis. 3:997-
1007.

23.

24.

25.

26.

27.

28.

APPL. ENVIRON. MICROBIOL.

von Reyn, C. F., J. N. Maslow, T. W. Barber, J. O. Falkinham III, and R. D.
Arbeit. 1994. Persistent colonization of potable water as a source of Myco-
bacterium avium infection in AIDS. Lancet 343:1137-1141.

Wallace, R. J., Jr. 1987. Nontuberculous mycobacteria and water: a love
affair with increasing clinical importance. Infect. Dis. Clin. N. Am. 1:677-
686.

Wayne, L. G., and H. A. Sramek. 1992. Agents of newly recognized or
infrequently encountered mycobacterial diseases. Clin. Microbiol. Rev. 5:1-
25.

Wolinsky, E. 1979. Nontuberculous mycobacteria and associated diseases.
Am. Rev. Respir. Dis. 119:107-159.

Wolinsky, E., and T. K. Rynearson. 1968. Mycobacteria in soil and their
relation to disease-associated strains. Am. Rev. Respir. Dis. 97:1032-1037.
Woods, G. L., and J. A. Washington II. 1987. Mycobacteria other than
Mycobacterium tuberculosis: review of microbiologic and clinical aspects.
Rev. Infect. Dis. 9:275-294.



