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With the increasing significance of group IV atypical mycobacteria as etiological
agents in a variety of infections, studies were conducted to determine their growth
capabilities in water and their comparative resistance to disinfectants used to
decontaminate hospital equipment. Isolates of Mycobaterium chelonei (TM
strains) from peritoneal fluids of patients and peritoneal dialysis machines were
able to multiply in commercial distilled water, with generation times at 25°C
ranging from 8 to 15 h. Levels of 105 to 106 cells per ml were attained, and these
stationary-phase populations declined only slightly over a 1-year period. Results
of studies to determine resistance to disinfectants showed the following. (i) TM
strains of M. chelonei cultured in commercial distilled water showed survivors in
2% aqueous formaldehyde (HCHO) solutions up to 24 h; in 8% HCHO, only a 2-
log reduction in viable counts was observed over a 2-h sampling period. Reference
ATCC strains of M. chelonei and M. fortuitum were rapidly inactivated, with no
survivors after 2 h of exposure to 2% HCHO or 15 min of exposure to 8% HCHO.
(ii) In 2% alkaline glutaraldehyde, TM strains survived 60 min, whereas ATCC
strains showed no survivors after 2 min of contact time. (iii) All M. chelonei and
M. fortuitum strains survived 60 min of exposure to concentrations of 0.3 and 0.7
,ug of free chlorine per ml at pH 7.

Until the last decade, mycobacteria other than
the tubercle bacilli have only sporadically been
reported as etiological agents in human infec-
tions (18, 34). However, they have been demon-
strated as part of the normal flora in sputum
and feces of healthy animals and humans (8, 17,
29, 34), and their widespread distribution in na-
ture has been documented by isolations from
soil sources (8, 29), wastewater effluents (12, 13),
and a variety of municipal, laboratory, and other
freshwater sources (2, 11, 17, 18, 32).
The infective potential of the atypical myco-

bacteria has increasingly been recognized, and
Barksdale and Kim (3) recently described the
range of human infections now known to be
caused by these organisms. Opportunistic path-
ogens in the Mycobacterium fortuitum complex
(29, 34; formerly characterized as Runyon group
IV strains) produce primarily chronic, localized
injection and abrasion abscesses or corneal in-
fections, as well as pulmonary complications,
lymphadenitis, and occasional disseminated dis-
ease in compromised patients. There have been
further reports of problems ascribed to their
presence as contaminants in hemodialysis fluids
(19, 21) and in pharmaceutical preparations and
disinfectant solutions (4, 7, 19, 24, 30, 33). Al-
though it has been suggested that growth re-
quirements of the atypical mycobacteria are not

complex (8), studies on their ability to multiply
in water environments have been scarce (4, 22,
23). Moreover, relatively little information is
available on resistance characteristics of these
"rapid growers" to physical and chemical agents,
because studies reported have largely been di-
rected toward clinically significant pathogens in
Runyon groups I to III (9, 10, 26, 31, 34).
Organisms identified as M. chelonei strains

were isolated from the peritoneal fluids of pa-
tients experiencing episodes of peritonitis in a
hospital peritoneal dialysis center. Samples of
dialysate and other fluids from dialysis machine
reservoirs, sumps, and fluid pathways also
yielded M. chelonei strains even after disinfec-
tion of machines with a 2% formaldehyde solu-
tion. Studies were undertaken. (i) to determine
the growth capabilities of these organisms in
water environments and (ii) to examine their
resistance to disinfectants commonly used in
hospitals for decontamination of water treat-
ment systems and machines in hemodialysis and
peritoneal dialysis centers or for sterilization of
patient care materials.

MATERLALS AND METHODS
Organisms. The following strains of mycobacteria

and gram-negative bacteria were used for growth or

disinfectant studies: (i) 12 isolates (TM strains), in-
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cluding 8 from patient peritoneal fluids and 4 from
peritoneal dialysis machines in a hospital dialysis unit,
presumptively identified as M. chelonei by the My-
cobacteriology Branch, Center for Disease Control
Atlanta, Ga.; (ii) isolates from a human hand wound
(M. chelonei strain M77-385) and human abscess (M.
fortuitum strain M77-382), also received from the Cen-
ter for Disease Control, Atlanta, Ga.; (iii) reference
strains of M. chelonei (no. 14472) and M. fortuitum
(no. 6841) obtained from the American Type Culture
Collection; (iv) strains of Pseudomonas cepacia and
P. aeruginosa isolated in pure culture in distilled
water from hospital mist therapy units (5, 6, 14) and
maintained for 8 years solely by periodic transfer in
sterile distilled water; (v) strains of Klebsiella and
Escherichia coli isolated from the effluent of a sewage
treatment plant; and (vi) a mixed microbial flora in
water from a soft-water storage tank.

Preparation of cell suspensions. Mycobacterial
strains were initially subcultured on heart infusion
agar (Difco) at 37°C for 72 h. Cells were washed three
times in commercial sterile distilled water ([CDW]
Cutter Laboratories), resuspended, and diluted to ap-
proximately 105 cells per ml in 100 ml of CDW in
screw-capped milk dilution bottles. These suspensions
in CDW were held for 5 days at 25°C to allow for
metabolic depletion of trace nutrients carried over in
washed cells and for stabilization of cells stressed in a

distilled-water environment. Viable cell counts were

determined by the membrane filter technique (0.45
,Lm, Millipore Corp.); filters were incubated on Stan-
dard Methods (SM) agar and on Middlebrook and
Cohn 7H10 agar base with OADC enrichment (Balti-
more Biological Laboratory). Colony counts on filters
incubated at 37°C for 2, 3, and 7 days were comparable
on the two media, and SM agar was routinely used
thereafter. Other experiments in which cells were ex-
posed to 2, 5, 10, and 20 min of ultrasonic energy
(model A-300, Branson Instruments, Stamford, Conn.)
to effect dispersal of cells before filtering and plating
on SM agar showed no increases in viable cell counts
compared with cells dispersed by mechanical agita-
tion, and cultures were routinely filtered after a 10-s
agitation on a Vortex mixer. The 5-day CDW suspen-
sions were diluted in CDW to approximately 102 cells
per ml, and after 7 days at 25°C assays showed popu-
lation levels of 105 to 106 cells per ml. These cultures
were thereafter maintained in CDW and used as stock
cultures.
To obtain stable populations of waterborne fecal

coliforms without carry-over of excess nutrients from
standard laboratory growth media, isolates of Klebsi-
ella and E. coli from filtered samples of sewage ef-
fluent incubated on FC agar (Difco) were streaked
onto water agar (CDW with 0.9% Ionagar no. 2 [Colab
Laboratories]) and incubated at 37°C for 72 h. Bacte-
rial growth was harvested in CDW and transferred to
approximately 500 ml of CDW in sterile, 1-liter bottles
held at ambient room temperature. Assays with mem-
brane filters on SM agar showed initial viable counts
of 105 to 106 cells per ml, with no significant decreases
in population levels after 12 and 21 days.
Growth and resistance studies. For determina-

tion of mycobacterial growth patterns, cells from the
CDW stock cultures were diluted decimally to obtain

populations of 101 to 102 cells per ml in 100 ml ofCDW
in screw-capped milk dilution bottles. Cultures were
incubated in stationary positions at 25°C.

Cells from CDW stock cultures of mycobacterial
strains and strains of P. cepacia and P. aeruginosa
were transferred to fresh CDW and incubated 5 to 7
days at 25°C to obtain cultures for disinfectant resist-
ance tests. For studies with glutaraldehyde, 2%
(vol/vol) alkaline solutions of Cidex (CS-250, Arbrook,
Inc.) were prepared as directed by the manufacturer.
One milliliter each of cultures in CDW or softened
water containing the mixed microbial flora was added
at 25°C to 50 ml of 2% activated glutaraldehyde (AG)
solution in 125-ml Erlenmeyer flasks covered with
aluminum foil. In one series of tests, AG solution was
added to CDW cultures to attain 0.2% final AG con-
centrations. For formaldehyde (HCHO) tests, CDW
cultures were diluted 1:2 in CDW, and sufficient 37%
HCHO (certified ACS, Fisher Scientific Co.) was
added at 25°C to obtain concentrations ranging from
0.5 to 10% (vol/vol) HCHO in a total volume of 100 ml
per flask. After preliminary tests showed that sodium
bisulfite was not consistently effective in neutralizing
AG or HCHO, aliquots of test samples in approxi-
mately 50 ml of APHA phosphate-buffered distilled
water (1) (pH 7) were passed through membrane filters
and then rinsed three times with 50-ml portions of
phosphate-buffered distilled water to remove final
traces of these disinfectants before plating on SM agar.

For chlorine resistance tests, desired levels of free
chlorine were obtained by adding approximately 1 ml
of concentrated sodium hypochlorite solution (reagent
grade; Matheson, Coleman and Bell Co.), appropri-
ately diluted in chlorine demand-free CDW, to each
flask containing 74 ml of CDW test culture adjusted
to pH 7 with APHA phosphate buffer. Free chlorine
assays were performed spectrophotometrically using
the N, N-diethyl-p-phenylenediamine (DPD) method
(1), and calibrations for spectrophotometric assay were
conducted with a standardized solution of free chlorine
(Hach Chemical Co.). To determine levels of free
chlorine in test flasks, a premeasured amount of com-
mercial powdered DPD reagent (Hach Chemical
Co.) was added to each 5-ml test sample, and percent
transmittance at 530 nm was measured immediately
after the addition of the chlorine reagent and again
either at 5 min or at 30 and 60 min. The level of free
chlorine exposure for each set of tests was considered
to be the mean value of all chlorine determinations in
that set. Fluids for microbiological assay were with-
drawn at intervals and neutralized with 0.1% sodium
thiosulfate before membrane filtration.

Colony counts were made after incubation for 72 h
at 37°C, and the data were used to construct growth
or survival curves. Plates showing no survivors at 72
h were held up to 7 days; these continued to show no
growth and were recorded as no survivors.

RESULTS
Figure 1 shows growth patterns in CDW of 4

of the mycobacterial strains (TM strains) iso-
lated from a hospital peritoneal dialysis unit,
and four reference mycobacterial strains, over a
period of 4 weeks. Cells of all 12 TM strains of
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FIG. 1. Comparative growth ofM. chelonei and M. fortuitum strains in distilled water at 25°C.

M. chelonei tested attained stationary-phase
levels ranging from 5.0 x 104 to 5.0 x 106 orga-
nisms per ml within 10 days, with an average
generation time of 12 h. Growth patterns of
reference strains of M. chelonei and M. fortui-
tum were similar, although maximum popula-
tion levels attained even after 30 days were
slightly lower than those with TM strains. As we
have reported previously with gram-negative
water bacteria (6, 14, 15), acid-fast cells grown
in CDW do not produce visible turbidity at
levels of 105 to 106 cells per ml. Furthermore,
cultures in CDW do not appear to enter phases
of decline and death typically seen after growth
in standard laboratory media, and assays con-

ducted over a 1-year period showed that popu-
lation levels remained fairly constant at 104 to
105 cells per ml.

Results of initial tests with HCHO showed
that cells of a TM strain of M. chelonei cultured
in CDW (1.6 x 103 cells per ml) were highly
resistant, with viable counts reduced less than 2
logs after 24 h of exposure to 0.5, 1, or 2% HCHO.
However, reference strains of M. chelonei (M77-
385) and M. fortuitum (M77-382) showed no

survivors after 2 h of exposure to 2% HCHO.
Cells of the TM strain also were resistant to
higher HCHO concentrations, with 10% survi-
vors in 4% HCHO and 3% survivors in 5% HCHO
after 4-h exposure times. In 10% HCHO solu-

tions, the TM strain did not survive 2 h of
exposure. Further studies were conducted with
8% HCHO, and Fig. 2 presents inactivation
curves for five of the TM strains and two refer-
ence ATCC mycobacterial strains. TM strains
were relatively resistant to 8% HCHO, with two
strains showing survivors at 2 h and three strains
showing survivors at 4-h exposure times. Refer-
ence strains of M. chelonei (ATCC 14472) and
M. fortuitum (ATCC 6841) were rapidly inacti-
vated, with <10' cells per ml surviving 5 min
and no survivors detectable after 15 min of ex-
posure. Cultures of P. aeruginosa, P. cepacia,
Klebsiella, and E. coli ranging from 1.4 x 104 to
2.4 x 106 cells per ml in CDW showed no survi-
vors in 2% HCHO at 10 min of exposure or in 8%
HCHO at 2 min of exposure. Other gram-nega-
tive bacterial strains in a mixed flora in softened
water (6.6 x 104 cells per ml) were slightly more
resistant, with survivors detected up to 8 h in
2% HCHO and up to 15 min in 8% HCHO.
Survivor curves for five mycobacterial TM

strains in 2% AG are presented in Fig. 3. Four of
the five strains showed at least small numbers
of survivors (<1 ml) at 40 min, and one strain
showed low levels (10' cells per ml) remaining at
60 min of exposure. With ATCC reference
strains of M. chelonei and M. fortuitum, as well
as cells of P. aeruginosa, P. cepacia, Klebsiella,
and E. coli, no survivors were detected after 2
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min of exposure to 2% AG. In 0.2% AG (Fig. 4),
TM strains were capable of prolonged survival,
with viable cell counts ranging from 100 to 102
cells per ml after 96 h of exposure. Cells of M.
chelonei also were resistant to the lower AG
concentration, with survivors detected at 96 h,
whereas with M. fortuitum no survivors were
detected at 24 h.

In tests to determine comparative resistance
to chlorine, sufficient sodium hypochlorite was
added to flasks containing cells of Klebsiella, E.
coli, P. aeruginosa, or P. cepacia in CDW (5.1
X 104 to 3.7 x 105 organisms per ml) to obtain
mean levels of 0.15 and 0.35 ,ug of free chlorine
per ml. At the lower chlorine levels, Klebsiella
and P. aeruginosa showed some survivors (2.2
x 10° and 1.0 x 10-1, respectively) at 5 min; E.
coli and P. cepacia were rapidly inactivated,
with no survivors at 2 min of contact time. All
gram-negative bacterial strains tested failed to
survive 1 min of exposure to 0.35 ,tg of free
chlorine per ml. Results of comparative tests
with mycobacterial strains, presented in Fig. 5,
show that these acid-fast bacteria constitute a
much more resistant flora, with all strains sur-
viving 60 min of exposure to 0.3 ,ug/ml, and four
of five strains surviving 30 min of exposure to
0.7 ,Lg of free chlorine per ml.

z

0
-i

HOURS
FIG. 4. Comparative resistance of mycobacterial organisms cultured in distilled water to 0.2%oAG at 25°C.

DISCUSSION

The potential health hazards of microbial con-
tamination in fluids associated with dialysis pro-
cedures in hemodialysis and peritoneal dialysis
centers have previously been related (15, 16, 20,
25, 27, 29, 32) to a variety of causal factors
including: (i) high levels of gram-negative bac-
teria or associated endotoxins in source waters
used to prepare dialysis fluids; (ii) the efficacy of
various types of water treatment systems (i.e.,
softening, deionization, reverse osmosis) in har-
boring or reducing microbial contaminants or in
removing endotoxins; (iii) the effectiveness of
disinfection procedures in eliminating or pre-
venting colonization of filters, membranes, and
modules in water treatment systems or piping in
fluid distribution systems; and (iv) the problems
of specific machine designs associated with fail-
ure of disinfection procedures.

Natural and treated waters also are increas-
ingly being recognized as reservoirs and poten-
tial sources of human infections involving atyp-
ical mycobacteria. Kazda (22, 23) reported the
ability of strains of M. intracellulare and M.
avium to multiply in moorland water filtrates,
in which maximum population levels of 104 to
105 cells per ml were attained in 21 days. Growth
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FIG. 5. Comparative resistance of mycobacterial organisms cultured in distilled water to 0.3 and 0.7 uig of
free chlorine per ml atpH 7.

appeared to be pH dependent, with lower pH
values (4.2 to 4.7) favoring multiplication and
pH values> 6 being somewhat growth inhibitory
for these acid-fast organisms. Chapman (8)
noted, however, that most strains of atypical
mycobacteria appear to be nonfastidious in
growth requirements and are able to survive and
multiply in simple media under a wide range of
environmental conditions of pH and tempera-
ture. Goslee and Wolinsky (18) reported the
isolation of 51 strains ofM. fortuitum in samples
collected from city water supplies, lakes, rivers
and ponds, and also from reservoirs, swimming
pools, and ice machines. Acid-fast organisms also
have been isolated from the back-flush contents
of water-softening units in private homes and
hospitals (32). Borghans and Stanford (4) re-

ported that strains of M. fortuitum and M. che-
lonei isolated from abscesses after injection of
diphtheria-pertussis-tetanus-polio (DPTP)
vaccine were able to survive up to 9 weeks at
4°C in sterile tap water and in DPTP vaccine
containing 20 jig of a quaternary ammonium
compound per ml. Other studies (19, 21) have
implicated source waters and hemodialysis fluids
in cases of septicemia and disseminated subcu-
taneous abscesses and osteomyelitis caused by
organisms in the M. fortuitum group.

Studies reported here have shown that iso-
lates of M. chelonei were able to multiply in
distilled water, attaining population levels of 105
to 106 cells per ml. Over a period of 1 year,
moreover, total viable counts of CDW stock
cultures of these organisms declined only

slightly. The prolonged maintenance of these
stationary levels presumably reflects the ability
of these bacterial organisms to utilize trace
amounts of volatile or other nutrients which are

inevitably introduced when bottled distilled wa-
ter is added periodically to maintain constant
fluid volumes in stock cultures.
The presence of low levels of free available

chlorine (0.2 to 0.4 jig/ml) in municipal water
supplies has been shown to reduce both the rate
and extent of gram-negative bacterial coloniza-
tion of reverse osmosis units, preventing the
development of high levels of bacteria in reverse-
osmosis product water (15, 16, 25). Acid-fast
organisms, however, have been found in rela-
tively high numbers in raw wastewater (1.5 x

104/100 ml), with chlorine-resistant strains ofM.
fortuitum, M. phlei, and M. smegmatis persist-
ing (5.0 x 103/100 ml) in treated effluents (12,
13). These organisms were found to be 20 to 100
times more resistant than coliforms and other
gram-negative bacteria to free chlorine residuals
up to 1.0 ,ug/ml. Furthermore, cells of M. fortui-
tum survived 60 min of exposure to 2.0 ,ug of free
chlorine per ml.

Results of disinfectant studies showed that
CDW-grown cells of M. chelonei and M. fortui-
tum were markedly resistant to chlorine, with
up to 60% survivors at 60 min of exposure to 0.3
,ug of free chlorine per ml and up to 2% survivors
at 60 min of exposure to 0.7 yg of free chlorine
per ml. In tests to determine the comparative
resistance ofwaterborne gram-negative bacteria,
Pseudomonas and coliform bacteria were inac-
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tivated by c 5 min of exposure to 0.15 or 0.35
,tg of free chlorine per ml. These results would
tend to explain why atypical mycobacteria can
be isolated from municipal and hospital water
supplies that are considered to be adequately
disinfected.
Routine disinfection of both reverse osmosis

units and dialysis machines with 1.5 to 3.0%
HCHO solutions has similarly been shown to
prevent colonization of fluid pathways with
gram-negative water bacteria (15, 16, 27, 28),
and Katz (20) reported effective reduction of
gram-negative bacterial contaminants in deion-
izers disinfected with 1.5% HCHO solutions.
However, strains of M. chelonei (TM strains)
associated with episodes of peritonitis among
patients in a hospital peritoneal dialysis center
were not eliminated from dialysis machines after
overnight disinfection with 2% HCHO solutions.
In laboratory studies these TM strains of M.
chelonei demonstrated high resistance to
HCHO. In 2% aqueous solutions survivors were
detected up to 24 h, and in 8% HCHO only a 2-
log reduction in viable counts was observed over
a 2-h sampling period.

Reports of studies from other laboratories (9,
26) have shown 2% AG solutions to be highly
effective for disinfecting various types ofhospital
equipment contaminated with tubercle as well
as atypical mycobacterial organisms, although
greater variation in inactivation rates was ob-
served at AG concentrations of 1.0 or 0.5%. M.
chelonei organisms have been reported as intrin-
sic contaminants of porcine prosthetic heart
valve tissues treated and stored, respectively, in
1 and 0.2% buffered glutaraldehyde solutions
(24, 33). As reported here, TM strains of M.
chelonei showed survivors remaining after 60
min of exposure to 2% AG, although no survivors
of ATCC strains of M. chelonei or M. fortuitum
were detected in fluids assayed at 2 min of
contact time. Whether the comparatively
greater resistance of TM strains to aldehyde
disinfectants reflects differences in their culture
history as opposed to reference strains main-
tained in subculture over prolonged periods, or
whether TM strains are, in fact, variant strains
in the M. fortuitum complex could not be deter-
mined. With 0.2% AG, both TM and ATCC
strains showed survivors at 96 h of exposure
time. These results suggest that disinfectant so-
lutions used in treating or packing of materials
and/or equipment for patient use must be care-
fully evaluated in terms of their potential for
harboring rather than eliminating microbiologi-
cal contaminants.
The results of studies demonstrating the abil-

ity of acid-fast bacteria to persist for prolonged
periods in fluids of low nutrient content or fluids

containing disinfectant residues suggest that a
variety of water sources can serve as reservoirs
and transmission routes of infection. The studies
reported here demonstrate that strains of M.
chelonei and M. fortuitum are able not only to
survive but also to multiply in distilled water,
attaining levels of 104 to 106 cells per ml. These
acid-fast organisms also appear to constitute a
significantly more resistant flora with respect to
certain disinfectants than do gram-negative wa-
ter bacteria typically encountered in hospital
water supplies. Inadequate disinfection of equip-
ment and fluids in the hospital or dialysis envi-
ronment may, therefore, result in the accumu-
lation or amplification of mycobacterial contam-
inants, thereby constituting a health hazard to
compromised patients.
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