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The C18-carboxypropylbetaine (CB-18) procedure for processing respiratory specimens for the detection of
mycobacteria was shown to provide significant increases in sensitivity by smear and culture. However, the
procedure also produced increased contamination, a loss in liquid culture sensitivity, and a reduction in smear
specificity. Because of these observations, the toxicity of CB-18 and the nature of the contamination were
characterized. Preincubation in 1 mM CB-18 impacted viability in a time-dependent fashion, but the magni-
tude of the loss was species and isolate dependent. Mycobacterium tuberculosis isolates were the most suscep-
tible, losing 20 to 30% of the CFU within 30 min and 30 to 60% after 3 h, whereas Mycobacterium avium and
Mycobacterium fortuitum isolates were unaffected by CB-18. In liquid culture, when the concentration of CB-18
exceeded 5 mg/ml, there was an impact on growth characteristics for the most susceptible M. tuberculosis
isolate. In contrast, M. fortuitum isolates were able to grow in 100 mg of CB-18 per ml. In liquid culture, the
deleterious effects of CB-18 were enhanced in the presence of antibiotics, whereas growth on solid media was
not similarly affected. Supplementation of the resuspension buffer with 0.15% lecithin alleviated toxicity. Initial
attempts to modify the CB-18 procedure to control contamination incorporated acids or alkalis; however, losses
in culture sensitivity occurred. Studies to identify these contaminants led to the development of a sediment
resuspension buffer that contained lytic enzymes to combat contamination and lecithin to alleviate toxicity.
This formulation included lysozyme, zymolyase, and Cytophaga and Trichoderma extracts and was seen to
reduce contamination to acceptable levels (<5%).

In industrialized countries, the “gold standard” for evaluat-
ing the presence of mycobacteria in respiratory specimens is
culture. As with most diagnostic techniques, this method has
both advantages and disadvantages. For example, while culture
is extremely sensitive, it is also susceptible to contamination
problems and absolutely requires that the acid-fast bacilli
(AFB) survive specimen processing. The consequence of con-
tamination would be a false-positive result, and a false-nega-
tive result would be the outcome of compromising mycobac-
terial viability during processing. Specimen processing is an
essential prerequisite for culture because of the presence of
other saprophytic and infectious organisms. Most processing
agents impact viability to the extent that specimen processing
becomes a tradeoff between killing as many contaminants as
possible and trying not to kill all the mycobacteria (10, 12, 30,
32, 33). Yajko et al. (32) have shown that the efficacy of killing
Mycobacterium tuberculosis with NaOH-based processing can
exceed 90%.

In addition to the viability issue, all contemporary methods
for processing specimens impact diagnostic sensitivity because
of the buoyant nature of the mycobacteria. The loss of bacilli
sustained through inefficient collection by centrifugation has
been well documented (5–8, 15–20). A novel method for pro-

cessing human respiratory specimens was recently introduced
that increased smear sensitivity by 58% (P , 0.01) and aggre-
gate culture sensitivity by approximately 43% (P , 0.01), rel-
ative to specimens processed by a method combining NALC
and NaOH (NALC/NaOH) (24). In this study, statistically
significant reductions in the time to a positive result of over 12
days in liquid culture (P , 0.01) and over 8 days on solid media
(P , 0.025) were observed for tuberculous mycobacteria. This
method was based on the use of the zwitterionic detergent
N,N-dimethyl-N-(n-octadecyl)-N-(3-carboxypropyl) ammonium
inner salt (Chemical Abstract Service no. 78195-27-4), also
known as C18-carboxypropylbetaine (CB-18). The CB-18 pro-
cedure is the only method to date to compensate for the innate
buoyancy of the mycobacteria in order to minimize the loss of
mycobacteria (23) and maintain mycobacterial viability (22, 24)
during specimen processing. While the less harsh processing
conditions provided by the CB-18 method resulted in gains in
culture sensitivity (24), the contamination rate in liquid culture
for NALC/NaOH-processed respiratory specimens was 7.5%,
compared to 20.8% for CB-18-processed specimens. There was
also an unexplained reduction in liquid culture sensitivity of
33% with the CB-18 method, as well as a reduction in smear
specificity of either 3.1% (comparison between processing
methods) or 8.8% (comparison within the CB-18 method) rel-
ative to culture.

In order to optimize the gains in diagnostic sensitivity pro-
vided by this method, important parameters of CB-18 process-
ing with respect to CB-18 toxicity, mycobacterial viability, and
contamination were investigated. The contamination studies
discussed took place before, during, and after the CB-18 pilot
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study (24). The toxicity and mycobacterial viability studies took
place following the CB-18 pilot study in an effort to rationalize
the observed loss in liquid culture sensitivity and smear spec-
ificity. Analysis of CB-18 toxicity led to the finding that lecithin,
which has been shown to facilitate culture of mycobacteria (2,
9, 14, 29, 31), can also alleviate the deleterious effects of CB-
18. This analysis, combined with an understanding of the na-
ture of the contaminants breaking through the liquid culture
system and the fact that CB-18 processing does not yield the
same pH restrictions as contemporary methods, has led to the
development of a simple sediment resuspension buffer that
contains lecithin to alleviate toxicity and a series of lytic en-
zymes (lysozyme, zymolyase, Cytophaga extract, and Tricho-
derma extract [LZCT]) to reduce contamination to acceptable
levels.

MATERIALS AND METHODS

Specimens. Most specimens for this study were collected from either the
general microbiology laboratory or the AFB laboratory at Quest Diagnostics—
Baltimore, Baltimore, Md. (Quest). Other collection sites included the AFB
laboratories of the D.C. Department of Human Services Bureau of Laboratories,
Washington, D.C.; Johns Hopkins Medical Institutes, Baltimore, Md.; the Mary-
land Department of Health & Mental Hygiene, Baltimore, Md.; Quest Diagnos-
tics—Teterboro, Teterboro, N.J.; and the University of Maryland at Baltimore,
Baltimore, Md. (22, 24). Most AFB laboratory specimens were split such that
equal portions of a given specimen could be processed by two different methods
for comparative purposes (22, 24). Collection of respiratory specimens from the
general microbiology and AFB laboratories at Quest for the contamination
studies was performed as follows. On a daily basis, laboratory personnel collected
discarded respiratory specimens which had been submitted for routine analysis.
Typically, 2- to 3-ml portions of each specimen were removed for processing.

Purified isolates. Several purified strains of bacteria, yeast, and fungi were
used in these studies. The following strains were obtained from the American
Type Culture Collection (Rockville, Md.): M. tuberculosis (ATCC 27294), My-
cobacterium avium (ATCC 25291), Mycobacterium kansaii (ATCC 12478), My-
cobacterium fortuitum (ATCC 6841), Mycobacterium xenopi (ATCC 19250), My-
cobacterium gordonae (ATCC 14470), and Proteus mirabilis (ATCC 12453). The
571/573-S1 isolate previously described (24) was also used in this study. All M.
tuberculosis isolates were confirmed by using molecular probes (Accuprobe
[Gen-Probe, San Diego, Calif.) and biochemical assays (7). Other laboratory
strains were derived from clinical specimens. These included Candida albicans,
an Aspergillus species, a soil saprophyte, Staphylococcus epidermis, Staphylococcus
aureus, Micrococcus luteus, a Bacillus species, Klebsiella pneumoniae, and Esch-
erichia coli. All of these organisms were purified, identified, and maintained
according to accepted procedures (13).

Liquid culture. All liquid cultures employed the BACTEC 12B/460TB system
(Becton-Dickinson, Cockeysville, Md.). All BACTEC 12B liquid cultures were
supplemented with either reconstitution fluid (12B/RF), PANTA (12B/PANTA),
or PANTA containing ceftazidime at a final concentration of 8 mg/ml (12B/
PANTA/caz). Ceftazidime was made and added to liquid culture as previously
described (24).

12B bottles inoculated with sediments from clinical specimens were monitored
every other day for 2 weeks and then weekly for the next 6 weeks before being
discarded. 12B bottles were considered positive when the growth index (GI) was
$15. All positive samples were subjected to acid-fast staining with auramine-
rhodamine (fluorochromes) according to the instructions of the manufacturer
(DIFCO Laboratories, Inc., Detroit, Mich.) to assess the presence of AFB.
Positive samples were also used to inoculate blood agar plates (Becton Dickin-
son) to assess the presence of contamination. Where indicated, contaminants
were purified and identified as described below.

For all in vitro experiments with liquid culture, four replicate 12B bottles were
inoculated (volumes indicated below) and checked every other day for growth.
When the GI became positive, samples were checked daily until the maximum GI
was achieved (GI 5 999). Samples that did not become positive were checked
every other day for 3 weeks and then for an additional 1 to 3 weeks before being
discarded. Several samples became positive but did not enter the exponential
phase of growth for the 4-week incubation. In those cases, samples were checked
weekly after the third week; however, readings were done on 2 consecutive days
to evaluate daily growth. The GI recorded on the second reading was used to plot
the growth curves, which were plotted as the average of the group and analyzed
with a two-tailed, heteroscediastic Student’s t test. All positive cultures from in
vitro samples were subjected to acid-fast smear analysis by the Kinyoun method
(7) to confirm the presence of AFB. Random isolates from each experiment were
confirmed by Accuprobe.

Culture on solid media. All processed clinical specimens, controls, or exper-
iments analyzing growth characteristics on solid media used 7H11-selective
plates (Becton Dickinson). Plates were placed in sealed plastic bags and incu-

bated in 5 to 10% CO2. Plates derived from clinical specimens were checked
weekly for growth for 8 weeks, and plates from in vitro experiments were checked
after 3 weeks. Colony counts for in vitro experiments were reported as the
average of the group 6 the standard deviation. All positive cultures were sub-
jected to acid-fast smear analysis to confirm the presence of AFB.

Identification of contaminants. All contaminants were identified by morphol-
ogy and/or Gram stain (Becton Dickinson) and then differentiated as either
catalase positive or negative by standard techniques (13) or as oxidase positive or
negative according to the manufacturer’s instructions (Becton Dickinson). Bac-
terial contaminants were then identified to the species level, and antibiotic
sensitivities were determined with MicroScan panels (Dade International, West
Sacramento, Calif.) according to the manufacturer’s instructions.

NALC/NaOH processing. NALC/NaOH-processed specimens were treated
with an equal volume of 3 to 4% NaOH containing 0.5% NALC–1.45% citrate
for 20 min at room temperature, diluted with sterile filtered water, and then
subjected to centrifugation at 3,800 3 g for 20 min at 4°C. Following centrifu-
gation, specimens were decanted and sediments were resuspended in 1 ml of
sterile, filtered water and inoculated into 12B/PANTA or MGIT tubes (Becton
Dickinson) and analyzed as described above or as described previously (24).

CB-18 stock. CB-18 (Ecochem Research, Inc., Chaska, Minn.) was made as a
100-fold concentrate (100 mM) in 1:1 isopropanol-water. Buffered CB-18 was
prepared and mixed with specimens as described below. Unused portions of
diluted CB-18 were discarded.

CB-18 processing of clinical specimens. The CB-18 protocol for processing
clinical specimens was described previously (24). Briefly, samples were first
treated with an equal volume of 0.5% NALC–1.45% citrate for 10 min at room
temperature and then brought to a final volume of 40 ml with 4 ml of a 10-fold
concentrate of buffered CB-18 and sterile, filtered water. The final concentration
of added components was 50 mM Tris-HCl (pH 8.0), 0.1 mM NaCl, 1.0 mM
CB-18, and 5 mM NALC. Specimens were then shaken (140 rpm) for 90 min at
37°C prior to centrifugation at 3,800 3 g for 20 min at 30°C. Specimens were
decanted, and sediments were resuspended in 0.5 ml of sterile, filtered water.

Acid and alkali modifications. Initial attempts to control CB-18 contamination
used either acid or alkali treatments before or after CB-18 addition. Pretreat-
ment with NaOH (NaOH/CB-18) was accomplished by first mixing the specimen
with an equal volume of 1% NaOH containing 1.45% sodium citrate and 0.5%
NALC and then incubating it for 20 min at room temperature. The specimen was
then neutralized with an amount of HCl equimolar to the amount of NaOH
originally added to the specimen. Following neutralization, specimens were
brought to a final volume of 40 ml with 4 ml of a 10-fold concentrate of buffered
CB-18 and sterile, filtered water and processed as described above. All sediments
were analyzed on 12B/PANTA.

Pretreatment with oxalic acid (OxAc/CB-18) was accomplished by first mixing
the specimen with an equal volume of 5% oxalic acid (7) and then incubating it
for 15 min at room temperature. The specimen was then neutralized with an
amount of NaOH equimolar to the amount of oxalic acid originally added to the
specimen. Following neutralization, specimens were brought to a final volume of
40 ml with 4 ml of a 10-fold concentrate of buffered CB-18 and sterile, filtered
water and processed as described above. All sediments were analyzed on 12B/
PANTA.

Treatments with acid following CB-18 processing (CB-18/Acid) were per-
formed as previously described (24). Briefly, contaminated cultures (4.5 ml) were
brought to a final volume of 10 ml with 1 ml of a 10-fold concentrate of buffered
CB-18 and sterile, filtered water and incubated with shaking (140 rpm) for 90 min
at 37°C. Following incubation, 500 ml of 10 N sulfuric acid was added to the
specimen, which was then incubated for an additional 15 min at room temper-
ature. The specimen was then neutralized with 1 ml of 5 N NaOH. Specimens
were then brought to a final volume of 40 ml with 50 mM Tris-HCl (pH 8.0) and
subjected to centrifugation and analysis on 12B/PANTA/caz.

CB-18/Tris-citrate buffer. A Tris-citrate buffer was developed for use in con-
junction with the lytic enzymes and was composed of 50 mM Tris-HCl, 12.5 mM
citrate (pH 7.6), 1.5 mM NaCl, and 5 mM NALC. Tris-citrate buffer was pre-
pared as a 20-fold stock by using 1 M Tris-HCl (pH 9.10) (at 25°C) and then
adding citric acid monohydrate (Sigma, St. Louis, Mo.) to 0.25 M to adjust the
pH to 7.6 and then adding NaCl to 30 mM (all concentrations final). Preparation
of the CB-18/Tris-citrate buffer for use was accomplished by fully diluting the
Tris-citrate stock (20:1) and CB-18 stock (100:1) immediately prior to use and
then mixing with NALC to 5 mM. Prepared samples were mixed with this buffer
as described below.

Lecithin. A 100-fold concentrate of type X-E dried egg yolk lecithin (Sigma;
catalog P-5394) was made by dissolving lecithin in 95% ethanol to 7.5% (wt/vol).
Immediately prior to use, lecithin was diluted 50:1 in Tris-citrate buffer (with or
without lytic enzymes) and then added to the sediments as described below.

CB-18/LZCT processing. For CB-18/LZCT processing, specimens were pro-
cessed with CB-18 as described above, with the exception that the processing
solution was changed to the CB-18/Tris-citrate buffer described above, and
sediments were resuspended in the LZCT/lecithin buffer described below (CB-
18/LZCT).

A 10-fold stock of the LZCT lytic enzymes was made by diluting the 20-fold
Tris-citrate stock in half (2:1) and adding lysozyme (Sigma) to 10 mg/ml, zymol-
yase (also known as lyticase [Sigma]) to 5,000 U/ml, Cytophaga extract (Sigma),
to 1 mg/ml, and Trichoderma extract (Sigma) to 10 mg/ml. This stock was brought
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to the final volume with sterile, filtered water, gently mixed until all solid material
was dissolved, and then quickly divided into 0.5-, 1-, and 2-ml portions and
immediately stored at 220°C.

The LZCT sediment resuspension buffer containing lecithin (LZCT/lecithin)
was prepared for use as a twofold concentrate. Immediately prior to use, the
10-fold LZCT enzyme stock was thawed and diluted 5:1 with water. Lecithin
(above) was added by diluting the 100-fold lecithin stock 50:1 (to 0.15%) and
then adding NALC to 5 mM. To the decanted specimens that had been pro-
cessed with CB-18/Tris-citrate was added 1 ml of this twofold LZCT/lecithin
mixture. The resuspended sediments were incubated at 37°C for 20 min. Portions
(400 ml) of decontaminated sediments were removed directly to 12B/PANTA/
caz. The fully diluted LZCT/lecithin formulation consisted of lysozyme at 1
mg/ml, zymolyase at 500 U/ml, Cytophaga extract at 0.1 mg/ml, and Trichoderma
extract at 1 mg/ml in a combination of 50 mM Tris-HCl, 12.5 mM citrate (pH
7.6), 1.5 mM NaCl, 5 mM NALC, and 0.075% lecithin (all concentrations final).

Preparation of mycobacterial isolates. All in vitro experiments examining
CB-18 toxicity utilized bacilli that had been cultivated on 7H11-selective slants
for approximately 2 to 3 weeks. A 0.5 MacFarland standard equivalent of a given
isolate was prepared for use as follows: Cells were scraped off the slant, dispersed
in 5 ml of sterile water, subjected to sonication in a water bath at 35 kHz
(Gen-Probe, San Diego, Calif.) for 5 min, and then centrifuged at 1,000 3 g for
5 min. The top 3 ml of the supernatant was collected, and the optical density was
checked with a MicroScan Turbidity Meter (Baxter Diagnostics, Deerfield, Ill.)
and adjusted with water as necessary to a 0.5 MacFarland standard equivalent.
The suspension was diluted in Tris-citrate buffer for use as described below. All
in vitro experiments with liquid culture used four replicate 12B bottles to analyze
each sample. The inoculum was typically between 500 and 1,000 CFU. Quanti-
tative culture was performed on a dilution (20,000:1) of each MacFarland stock
in all experiments to determine bacterial load. Dilutions were made in Tris-
citrate buffer, and four replicates were inoculated onto 7H11-selective plates.

CB-18 titration assay. The CB-18 titration assay was designed to investigate
the consequences of having CB-18 as a liquid culture component under clinically
relevant circumstances. Growth of each isolate in increasing concentrations of
CB-18 was examined by preparing a series of concentrated stocks of CB-18
(45-fold) in isopropanol-water (1:50) and then diluting 100 ml of each directly
into 12B bottles. The final concentrations of CB-18 tested for M. tuberculosis, M.
avium, and M. kansasii isolates were 5, 10, 15, 20, 25, 30, and 35 mg/ml. The final
concentrations of CB-18 tested for M. fortuitum isolates were 5, 10, 20, 30, 40, 50,
and 100 mg/ml. A 1:50 solution of isopropanol-water was used as the positive
control in all experiments. The MacFarland stock of each isolate tested was first
diluted 1,000:1 in Tris-citrate buffer, and then 300-ml portions were used to
inoculate 12B/RF or 12B/PANTA/caz bottles containing the predefined amount
of CB-18. Four replicates of each CB-18 concentration were inoculated with the
diluted stock.

Lecithin neutralization assay. The neutralization capacity of lecithin in mon-
itoring CB-18 processing was evaluated with the 571/573-S1 isolate. In these
experiments, the MacFarland stock was first diluted 50:1 in Tris-citrate buffer.
Two 500:1 dilution stocks were then prepared by further diluting 10:1 into either
Tris-citrate buffer or CB-18/Tris-citrate to simulate processed sediments. From
each of these simulated sediment stocks, two 4-ml aliquots were placed in 50-ml
conical tubes to generate one series of two tubes with buffer only and one series
of two tubes with buffered CB-18. To one tube in each series was added 2 ml of
Tris-citrate buffer (resuspension fluid without lecithin), and to the other tube in
each series was added 2 ml of Tris-citrate buffer containing 0.15% lecithin. Each
of the four tubes (1:2 buffer-sediment, 1:2 lecithin-sediment, 1:2 buffer–CB-18
sediment, and 1:2 lecithin–CB-18 sediment) was then inoculated (400 ml each, in
quadruplicate) into 12B/RF and 12B/PANTA/caz.

Tuberculocidal assay. The tuberculocidal characteristics of CB-18 processing
were evaluated by initially diluting respective MacFarland stocks 200:1 in Tris-

citrate buffer containing 1 mM CB-18 to a final volume of 20 ml. At 0, 30, 60, 90,
120, and 180 min, a 1-ml aliquot was removed and serially diluted 10:1 twice to
achieve a 100:1 dilution. The first dilution was in Tris-citrate buffer, while the
second dilution employed buffered lecithin (0.075% final). Aliquots of 200 ml
each were then analyzed on 7H11-selective plates (five replicates for each time
point). The number of bacilli surviving was calculated as a percent of the zero
time point (6 standard deviation).

Recovery on solid media. The effect of CB-18 relative to recovery on solid
media was accomplished with the 571/573-S1 isolate. In this assay, the MacFar-
land stock was first serially diluted to 1,000:1 in a final volume of 10 ml, and then
1-ml aliquots of this stock were transferred to two different series of 50-ml
conical tubes. Each series was composed of three 50-ml tubes. The first tube in
each series contained CB-18 at 255 mg/ml, the second tube in each series con-
tained CB-18 at 191 mg/ml, and the third tube in each series contained CB-18 at
77 mg/ml (all concentrations final). The second series also contained lecithin at
0.05, 0.075, and 0.12%, respectively. The positive control contained 1 ml of the
diluted MacFarland stock in an equivalent volume of Tris-citrate buffer. After
addition of the diluted MacFarland stock, each of these seven tubes was then
directly plated (200-ml aliquots) to 7H11-selective plates (five replicates each)
and analyzed. Recovery was expressed as a percentage of the control.

RESULTS

Attempts to control contamination. Prior to the CB-18 pilot
study (24), the CB-18 processing method was used to examine
489 specimens derived from five AFB laboratories (22). An
increase in culture sensitivity of 30% and a threefold increase
in contamination were reported (Table 1). Early attempts to
identify an acceptable procedure to control contamination in-
volved combining the CB-18 procedure with contemporary
acid-alkali processing methods. An alkaline pretreatment pro-
cedure (NaOH/CB-18) was developed and used to process 531
respiratory specimens from five AFB laboratories. Even
though the NaOH/CB-18 method used 0.5% NaOH (final con-
centration), which was half the recommended concentration
(7), the culture sensitivity among NaOH/CB-18-processed
specimens was decreased by approximately 38% relative to
NALC/NaOH-processed specimens (Table 1). Subsequently,
an acid pretreatment protocol (OxAc/CB-18) was developed
and evaluated using 224 specimens derived from five AFB
laboratories. This method was also found to be unacceptable
because it reduced the culture sensitivity by almost 62% (Table
1). The CB-18 pilot study described elsewhere (24) reverted to
the unmodified procedure and used ceftazidime-fortified
PANTA in an attempt to control contamination. Culture sen-
sitivity increased by over 43% with the core CB-18 processing
procedure, but the contamination rate again increased by al-
most threefold (Table 1). The CB-18/Acid protocol previously
described (24) was developed as a redigestion procedure for
contaminated liquid cultures in the CB-18 pilot study. The
CB-18/Acid protocol provided acceptable results on 119 con-

TABLE 1. Culture sensitivity and contamination rate comparisons on split specimens processed by NALC/NaOH (4) and different versions of
the CB-18 procedure

Processing method or study (n) No. of specimens
AFB positive

Result by decontamination method

NALC/NaOH CB-18

Contamination rate (%) Culture sensitivity (%) Contamination rate (%) Culture sensitivity (%)

CB-18 preliminary study (489) 37 5.0 62.2 16.1 81.1
NaOH/CB-18 study (531) 67 6.4 91.0 10.9 56.7
OxAc/CB-18 study (224) 27 5.9 96.3 6.7 37.0
CB-18 pilot study (573) 106 7.5 61.3 20.8 87.7
CB-18/Acid redigestion (119)a 18 16.0 27.7 6.9 22.2

a The 119 specimens described in this study represent the subset of contaminated liquid cultures subjected to CB-18/Acid redigestion in the CB-18 pilot study (24).
There were 18 AFB-positive specimens within this group. The corresponding 7H11-selective slants (from the original CB-18-processed specimens) identified 12 of these
18 (66.7%), and NALC/NaOH-processed specimens identified 5 of these 18 (27.7%), whereas CB-18/Acid-redigested specimens identified only 4 of these 18 (22.2%).
The contamination rate among NALC/NaOH-processed specimens represents the contamination rate within this subset of 119 specimens, and the contamination rate
among the CB-18/Acid-processed specimens represents subsequent contamination among liquid cultures following redigestion.
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taminated cultures, but the culture sensitivity was again unac-
ceptable (Table 1). Treatments with alkali following CB-18
incubation were untenable due to the fact that betaines (e.g.,
CB-18) precipitate at high pH (25).

Contaminant spectrum study. Fortification of the PANTA
antibiotic supplement with ceftazidime in the CB-18 pilot study
was based on the results of the contaminant spectrum study.
This study analyzed the spectrum of non-AFB organisms
breaking through the 12B/PANTA culture system following
CB-18 processing. All specimens in the contaminant spectrum
study were obtained from the general microbiology laboratory
at Quest. The majority of the contaminants were gram-nega-
tive rods (GNR), and 62% of these GNR were members of the
family Enterobacteriaceae (Table 2), suggesting that controlling
contamination required an antibiotic supplement directed

against GNR. Ceftazidime has excellent antipseudomonal pro-
peries and is also active against many other GNR (11). Based
on the MicroScan sensitivity panels, 40 of the 48 GNR were
sensitive to ceftazidime at 8 mg/ml (data not shown). Prelimi-
nary studies examined the result of culturing mycobacteria in
cephalosporin-fortified 12B/PANTA. These in vitro studies
used several mycobacterial isolates (M. tuberculosis ATCC
27294, M. avium ATCC 25291, M. kansasii ATCC 12478, M.
fortuitum ATCC 6841, M. xenopi ATCC 19250, and M. gordo-
nae ATCC 14470) and suggested that the 12B/PANTA/caz
culture system would not significantly impact the viability of
the mycobacteria under the conditions tested (data not
shown).

CB-18 pilot study. The CB-18 pilot study (24) examined 573
split respiratory specimens from five different AFB laborato-

TABLE 2. Spectrum of contaminants isolated from CB-18-processed respiratory specimens

Identification

No. (%) of specimens with resulta

Contamination spectrum study;
Quest microbiology laboratory

CB-18 pilot study LZCT studies

All AFB laboratories Quest AFB laboratory Quest microbiology
laboratory Quest AFB laboratory

Gram negative
Pseudomonas sp. 11b 31c 9d 13d 1d

Providencia stuartii 13 7
Proteus mirabilis 7 1
Alcaligenes sp. 3 2 4 1
Morganella morganii 3 1 2
Serratia marcescens 2 5 3
Klebsiella sp. 3 2
Xanthomonas maltophilia 1 5
Acinetobacter sp. 1 3 1
Enterobacter sp. 1 2
Escherichia coli 1 1
Citrobacter freundii 1
Flavobacterium breve 1
Cedecae davisae 1
Nonfermenter 1

Total 48 (84.2) 55 (38.2) 9 (25.7) 30 (73.2) 2 (100)

Gram positive
Staphylococcus 2 16 3 8
Cocci 3 1 2
Rods 3 10 2

Total 5 (8.8) 29 (20.1) 6 (17.1) 10 (24.4)

Yeast 3 (5.3) 50 (34.7)e 17 (48.6) 1 (2.4)

Fungal 1 (1.8) 9 (6.2) 3 (8.6)

Unknown 1 (0.7)f

Total contaminants isolated 57 144 35 41 2

Total specimens contaminated 40 (14.4g) 119 (20.8g) 31 (18.1g) 36 (18.6g) 2 (4.3g)

Total specimens processed 277 573 171 194 46

a The contamination spectrum study used CB-18/12B/PANTA, the CB-18 pilot study used CB-18/12B/PANTA/caz, and the LZCT studies used CB-18/LZCT/12B/
PANTA/caz.

b Of these 11 pseudomonads, 10 were P. aeruginosa.
c Of these 31 pseudomonads, 24 were P. aeruginosa.
d All of these pseudomonads were P. aeruginosa.
e Candida albicans was by far the most common yeast isolate ('90%).
f One isolate was lost before identification and was judged to be bacterial in nature.
g Contamination rate (percentage).
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ries. As in the contaminant spectrum study, GNR were the
most common isolates; however, in contrast to earlier results,
the percentage of yeast, fungi, and gram-positive contaminants
was markedly increased (Table 2). Yeast and fungi accounted
for 41% of the contaminating isolates and were present in
approximately 50% of the contaminated specimens. The in-
crease in mycologic contaminants (i.e., yeast and fungi) in the
CB-18 pilot study was originally thought to be an anomaly due
to the inclusion of different clinical sites or a delay in process-
ing between methods (24). However, examination of the 171
specimens from Quest’s laboratory revealed that the change in
contaminant spectrum was not an anomaly (Table 2), because
while the contamination rate from Quest was still high, approx-
imately 57% of the contaminants were mycologic.

CB-18/LZCT evaluation studies. Because mycologic con-
taminants were a significant source of contamination in AFB
specimens, and because CB-18 does not impose pH restrictions
as would acid- or alkali-based decontamination methods, a
procedure was developed using a mixture of lysozyme, zymol-
yase, Cytophaga extract, and Trichoderma extract as a means to
alleviate contamination. The buffer was modified to be more
compatible with the LZCT enzyme formulation (Tris-citrate),
but not impact the efficacy of the CB-18 procedure (data not
shown). Microscopic and cultural examination of purified lab-
oratory strains of fungi, Candida, Staphylococcus species, M.
luteus, Bacillus species, K. pneumoniae, E. coli, and P. mirabilis
(ATCC 12453), processed by the CB-18/LZCT procedure con-
firmed that this combination had significant efficacy against all
mycologic contaminants, some efficacy against certain gram-
positive bacteria, minimal efficacy against most gram-negative
bacteria, and no efficacy against mycobacteria (data not
shown). Mycobacterial isolates used in these studies included
M. tuberculosis (ATCC 27294), M. avium (ATCC 25291), M.
kansaii (ATCC 12478), M. fortuitum (ATCC 6841), M. xenopi
(ATCC 19250), and M. gordonae (ATCC 14470). The addition
of 0.15% lecithin to the lytic enzyme formula did not compro-
mise its ability to affect vulnerable organisms (data not shown).

The CB-18/LZCT procedure was then used on 194 speci-
mens from the general microbiology laboratory at Quest (Ta-
ble 2), and 46 specimens from the AFB laboratory at Quest
(Table 2). The contamination rate among CB-18-processed
specimens from the general microbiology laboratory was not
significantly impacted, whereas the contamination rate among
specimens from the AFB laboratory was reduced to acceptable
levels (,5%).

CB-18 titrations. The loss in liquid culture sensitivity and
smear specificity in the CB-18 pilot study (24) suggested that
CB-18 might be toxic. The concentration of CB-18 in liquid
cultures following inoculation depends on the quantity of the
processing fluid remaining after decanting, as well as the vol-
ume used to resuspend the sediment. The concentration of
CB-18 during specimen processing (24) was 1 mM (383 mg/ml).
In an extreme case (e.g., a thick, heavy sputum), resuspension
would provide little if any dilution, resulting in a CB-18 con-
centration of approximately 35 to 40 mg/ml following inocula-
tion. Conversely, in a thin bronchial wash, resuspension would
provide a significant dilution resulting in a concentration of
CB-18 of about 5 mg/ml following inoculation.

The titration assay was initially designed to examine CB-18
concentrations of 5 to 35 mg/ml in either 12B/RF or 12B/
PANTA/caz. A total of 11 M. tuberculosis isolates (10 clinical
isolates and the ATCC type strain), 4 M. avium complex iso-
lates (3 clinical isolates, and the ATCC type strain), 5 M.
fortuitum isolates (4 clinical isolates, and the ATCC type
strain), and the M. kansasii ATCC type strain were examined
in the titration assay described or an abbreviated version of this

assay. Two M. tuberculosis isolates were selected because they
represented the extremes in susceptibility to the experimental
parameters. Eight of the M. tuberculosis clinical isolates were
grouped with the ATCC 27294 type strain based on their
growth characteristics in CB-18, while the other three clinical
isolates reacted similarly to the 571/573-S1 isolates (two of
these three [571-S1 and 573-S1] were from the same patient
[24]). The M. avium complex isolates tested in this assay re-
acted similarly to the M. avium type strain, while the rapidly
growing mycobacteria exhibited characteristics similar to the
M. fortuitum type strain.

Statistical analysis of the growth curves of the M. tuberculosis
isolates ATCC 27294 (Fig. 1A and B) and 571/573-S1 (Fig. 2A
and B) showed significant differences between these two iso-
lates with respect to the CB-18 concentrations at which the
time to a positive result and the time to maximum GI were
affected (Table 3). These two isolates also differed with respect
to the concentration of CB-18 that completely suppressed
growth. Alternatively, the synergy between CB-18 and the an-
tibiotics affected the time to maximum GI similarly for both M.

FIG. 1. Growth curves of M. tuberculosis ATCC 27294 in reconstitution fluid
(A) or PANTA/caz (B) at various concentrations of CB-18.

2008 THORNTON ET AL. J. CLIN. MICROBIOL.



tuberculosis isolates. The 571/573-S1 isolate was the most sen-
sitive isolate tested, especially to changes in the time to max-
imum GI between 15 and 20 mg of CB-18 per ml (data not
shown).

Slow-growing, nontuberculous mycobacteria tested in this
assay exhibited interesting characteristics (Table 3). The M.
avium type strain, ATCC 25291, was less susceptible to the
deleterious effects of CB-18 (Fig. 3A), but the time to a posi-
tive result was affected to a greater degree when CB-18 was
combined with PANTA/caz (Fig. 3B). The M. kansasii type
strain, ATCC 12478, was affected by CB-18 in a manner similar
to that of M. tuberculosis (data not shown), but the combina-
tion of CB-18/PANTA/caz was not synergistic. For example,
the concentration of CB-18 required to produce a statistically
significant change in the time to a positive result was increased
in the presence of PANTA/caz (Table 3). Growth characteris-
tics of the rapidly growing mycobacteria, exemplified by the M.
fortuitum type strain, ATCC 6841 (Fig. 4A and B), were mark-
edly different from those of the slow-growing mycobacteria.
The titration assay was adjusted to examine increased CB-18
concentrations for the rapid growers. Growth in CB-18 at lev-

els relevant to the CB-18 pilot study insignificantly affected the
growth of the M. fortuitum isolates; however, the synergy be-
tween CB-18 and the antibiotics affected the time to maximum
GI more than for the M. tuberculosis isolates (Table 3).

Experiments with the ATCC 27294 and 571/573-S1 M. tu-
berculosis isolates and various inocula with respect to the
CB-18 concentration showed that above ;105 CFU, the effects
of CB-18 could be overcome (data not shown). The greatest
variation between isolates within a given group was in the
degree of induced susceptibility caused by CB-18.

Lecithin neutralization buffer. Based on reports that lecithin
can neutralize quaternary ammonium compounds (14, 29) and
support growth in liquid media (2, 9, 31) a lecithin buffer was
formulated for use as a sediment resuspension solution. In
order to create the worst possible situation that might be en-
countered in a clinical laboratory, the most susceptible isolate,
571/573-S1, was added to 2 parts of processing solution (mock
supernatant) at 383 mg/ml and mixed with 1 part of resuspen-
sion buffer containing 0.15% lecithin. Following inoculation,
this produced a CB-18 concentration of approximately 20
mg/ml and a lecithin concentration of approximately 0.05%.
Analysis of this condition against the appropriate controls (Fig.
5) showed that there were no statistically significant differences
in the time to a positive result between 12B/RF (3.8 6 0.5
days), 12B/PANTA/caz (5.2 6 1.5 days), lecithin/RF (4.0 6 0.8
days), lecithin/PANTA/caz (5.2 6 1.0 days), CB-18/RF (6.5 6
2.9 days), CB-18/PANTA/caz (5.2 6 2.5 days), CB-18/leci-
thin/RF (5.0 6 1.2 days), and CB-18/lecithin/PANTA/caz
(3.8 6 0.5 days). However, this was due to larger-than-normal
variations in a few replicates in this experiment. The difference
in the time to reach maximum GI between 12B/RF (12.2 6 1.5
days) and CB-18/RF (26.0 6 2.0 days) was both large and
statistically significant (P , 0.0001), whereas the difference
between 12B/RF and CB-18/lecithin/RF (15.2 6 0.5 days),
while statistically significant (P 5 0.022), was much less. The
differences in the time to reach maximum GI among 12B/
PANTA/caz (14.2 6 0.5 days), lecithin/PANTA/caz (13.0 6 0.0
days), CB-18/PANTA/caz (.28 days), and CB-18/lecithin/
PANTA/caz (16.8 6 0.5 days) were all statistically significant
(P , 0.01). Lecithin appeared to restore growth characteristics
of the 571/573-S1 isolate to some degree. Based on the work of
Woodley and Smithwick (31) and others (2, 9), the expectation
that the lecithin resuspension buffer would not have a signifi-
cant impact on the sensitivity of the BACTEC 12B/460TB
assay, even if used directly, was confirmed (data not shown).

Tuberculocidal action of CB-18. These experiments were
designed to examine the time-dependent tuberculocidal action
of CB-18 at the concentration used (1 mM or 383 mg/ml) to
process specimens in the clinical study (24). Losses in CFU
with respect to time were statistically significant (P , 0.01) for
the M. kansasii isolate and both M. tuberculosis isolates, but
changes in CFU with respect to time for the M. avium and M.
fortuitum isolates were not statistically significant (P . 0.1). As
was seen in the titration assays, the isolates most sensitive to
these experimental conditions were the two M. tuberculosis
isolates, with the 571/573-S1 isolate the most susceptible to
CB-18 exposure (Fig. 6). Among susceptible isolates, the great-
est percentage of bacilli was lost in the first 30 to 60 min.
Thereafter, the slope gradually declined and approached zero
at approximately 3 h. There appeared to be a refractory pop-
ulation of bacilli that was isolate and species independent.

CB-18 and solid media. The action of CB-18 on M. tubercu-
losis viability on solid media was evaluated with the 571/573-S1
isolate because of its particular susceptibility to CB-18. In
these experiments, there was a minimal incubation period in
order to avoid complications associated with the tuberculocidal

FIG. 2. Growth curves of M. tuberculosis 571/573-S1 in reconstitution fluid
(A) or PANTA/caz (B) at various concentrations of CB-18.
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action of CB-18, and yet also duplicate CB-18 concentrations
that might be encountered in a clinical laboratory. For exam-
ple, if 250 ml, 1 ml, or 2 ml of the supernatant (at a concen-
tration of 383 mg/ml) remained in the specimen following de-
canting and standard operating procedure called for 1 ml of
resuspension fluid to be added to all specimens, then the con-
centrations of CB-18 in the inoculum would be 77, 191, and 255
mg/ml, respectively. When lecithin was added to the assay, the
concentration of lecithin in the resuspension buffer was as-
sumed to be 0.15%, which would result in lecithin concentra-
tions of 0.12, 0.075, and 0.05%, respectively, in the inoculum.
At the highest concentration of CB-18 tested, in the absence of
lecithin, only two-thirds of the input bacilli were recovered
(Table 4). This was the only statistically significant loss in
viable CFU relative to the control (P , 0.01). Even at 191
mg/ml, CB-18 in the absence of lecithin losses could not be
considered significant (P 5 0.066). At 255 mg of CB-18 per ml
in the presence of lecithin, the loss in CFU was not statistically
significant (P 5 0.22). As in the liquid culture results, lecithin
alleviated the deleterious effects of CB-18. It was also observed
that at 255 mg/ml, in the absence of lecithin, the colonies
appeared mucoid as well as smaller, rounder, and more petite

than normal. At the lower CB-18 concentrations, or in the
presence of lecithin, colonies appeared more normal.

DISCUSSION

As observed in the CB-18 pilot study, the method used for
processing specimens significantly impacted all diagnostic pa-
rameters (24). When CB-18 was used to process human respi-
ratory specimens, there were increases in both smear and ag-
gregate culture sensitivity relative to NALC/NaOH-processed
specimens, as well as statistically significant reductions in the
time to positive results by liquid and solid culture for M. tu-
berculosis. Unfortunately, there were also a reduction in smear
specificity, a loss in liquid culture sensitivity, and an increase in
the contamination rate. The focus of these experiments was to
understand and overcome these problems.

The presence of saprophytic and infectious microorganisms
in respiratory specimens necessitates a decontamination step.
Specimen processing amounts to balancing the killing of my-
cobacteria with that of the contaminants. This is also true with
the CB-18 processing method. While the loss of mycobacteria
due to exposure to CB-18 was not as severe as the 90% loss

TABLE 3. Culture results for statistically significant concentrations of CB-18 (P , 0.05)

Critical parameter for isolate

Time [days] to positive result [GI $ 15]
(CB-18 concn [mg/ml])

Time [days] to max GI [999] (CB-18
concn [mg/ml])

CB-18 concn [mg/ml] with
no growth

12B/RF 12B/PANTA/caz 12B/RF 12B/PANTA/caz 12B/RF 12B/PANTA/caz

M. tuberculosis ATCC 27294
Control 8.8 6 0.5a 10.2 6 0.5 13.5 6 1.0 16.8 6 0.5
Time at significant concn of CB-18 .35 35

First 10.5 6 0.6b (20)c 12.5 6 1.0 (20) 17.5 6 0.6 (20) 18.8 6 0.5 (10)
Second 12.5 6 1.0d (30)e 15.0 6 1.6 (25) 21.8 6 2.5 (25) .28 (20)

M. tuberculosis 571/573-S1
Control 9.2 6 0.5 10.8 6 1.0 15.0 6 0.0 16.0 6 0.8
Time at significant concn of CB-18 25 25

First 11.0 6 0.8 (10) 12.5 6 1.0 (10) .28 (20) 17.8 6 0.5 (5)
Second 18.2 6 1.0 (20) .28 (20)f .28 (25) .28 (20)

M. avium ATCC 25291
Control 6.0 6 0.0 8.8 6 1.0 10.2 6 0.5 16.8 6 2.1
Time at significant concn of CB-18 .35 .35

First 7.5 6 0.6 (30) 11.8 6 1.0 (15) 11.2 6 0.5 (15) 21.0 6 2.4 (15)
Second Not tested (.35) 16.0 6 2.7 (20) 13.8 6 1.0 (20) .28 (25)

M. kansasii ATCC 12478
Control 3.0 6 0.0 4.5 6 0.6 7.0 6 0.0 8.8 6 0.5
Time at significant concn of CB-18 30 .35

First 4.5 6 0.6 (20) 5.8 6 0.3 (25) .28 (25)g 24.0 6 2.0 (20)
Second 6.2 6 0.5 (25) Not tested (.35) .28 (30) .28 (25)

M. fortuitum ATCC 6841
Control 1.0 6 0.0 1.0 6 0.0 2.0 6 0.0 3.2 6 0.5
Time at significant concn of CB-18 .100 .100

First 2.5 6 0.6 (30) 6.8 6 1.7 (30) 4.8 6 1.7 (30) 5.0 6 0.8 (10)
Second 7.2 6 0.5 (100) 10.0 6 1.4 (40) 8.8 6 1.5 (40) 10.5 6 1.7 (30)

a This is the average time (6 standard deviation) to a given result in the absence of CB-18.
b This time represents the average time (6 standard deviation) to a given result at the lowest CB-18 concentration at which the first statistically significant change

occurred.
c This is the CB-18 concentration at which the first statistically significant change occurred for a given result relative to the control result.
d This time represents the average time (6 standard deviation) to a given result at the second statistically significant CB-18 concentration.
e This concentration represents the next, or second, statistically significant change that occurred relative to the CB-18 concentration at which the first statistically

significant change occurred.
f Although the graph of this result appears to be positive, only one of the four replicates became positive during the 4-week incubation.
g The time to maximum GI result at 20 mg/ml (17.8 6 8.8 days) was not significantly different (P 5 0.081) from the control result because of the wide

replicate-to-replicate variation in this series of bottles.
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described by Yajko et al. (32), the bactericidal action of CB-18
depended on the time of exposure, as well as the mycobacterial
species, and even the isolate. The bactericidal and bacteriosta-
tic activity of the n-alkyl betaines has been known for some
time. Voss (28) reported on the activity of C16-sulfopropylbe-
taine, and Tsubone et al. (25–27) studied the action of phos-
phobetaines, particularly C16-phosphoethylbetaine (PB-16).
PB-16 proved to be very active against gram-positive microor-
ganisms, ineffective against gram-negative bacteria, and vari-
able with respect to mycologic organisms (26). Regardless,
while CB-18 processing could be expected to provide some
decontamination capacity, the contamination rates were unac-
ceptably high, and CB-18 appeared to be toxic to some degree.

Prior to the CB-18 pilot study, in an effort to control con-
tamination, the core CB-18 protocol was modified to resemble
contemporary acid-alkali processing procedures. While these
attempts succeeded in controlling contamination, they did so at
the expense of culture sensitivity. Ceftazidime was added to the
culture system for the pilot study (24) to reduce gram-negative
contamination while avoiding caustic chemicals. It was difficult

to ascertain the impact of ceftazidime on contamination. The
redigestion procedure used in the CB-18 pilot study (24) was
the CB-18/Acid method. The poor sensitivity observed among
redigested specimens possibly resulted because CB-18, used
under acidic conditions, may have functioned as a quaternary
ammonium salt (25).

A comparison of the results between the CB-18 pilot study
and the contaminant spectrum study suggested that there was
an innate difference in the potential contaminant that would
break through PANTA/caz in CB-18-processed specimens, and
the difference depended on whether the specimen was ob-
tained from the general microbiology laboratory or the AFB
laboratory. This suggested that an impact on the contamina-
tion rate could be affected by eliminating mycologic contami-
nants. While discontinuing contemporary decontamination
methods increased the magnitude of the contamination prob-
lem, it eliminated the pH restriction and created a new oppor-
tunity to solve this problem with lytic enzymes. The LZCT
formulation contained lysozyme, a muraminidase; zymolyase, a
combination of endoglucanase and protease activities; Cyto-

FIG. 3. Growth curves of M. avium ATCC 25291 in reconstitution fluid (A)
or PANTA/caz (B) at various concentrations of CB-18.

FIG. 4. Growth curves of M. fortuitum ATCC 6841 in reconstitution fluid (A)
or PANTA/caz (B) at various concentrations of CB-18.
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phaga extract, a combination of protease and amidase activi-
ties; and Trichoderma extract, a combination of cellulase, pec-
tinase, and protease activities (1). This combination
successfully minimized mycologic contamination in CB-18-pro-
cessed respiratory specimens. While gram-negative contami-
nants still pose a significant problem, there are extracts such as
the Micromonospora extract of Suzuki et al. (21) that degrade
the capsules of gram-negative bacteria. Unfortunately, this ex-
tract is not commercially available.

The lytic enzyme solution appears to reduce contamination
in several ways. First, these enzymes may simply lyse vulnera-
ble organisms. Second, if the LZCT enzymes do not lyse the
contaminants, they may destabilize their structural integrity so
that the antibiotics function more effectively. Third, the inoc-
ulum may be so reduced by the process of lysing or destabiliz-
ing structural integrity that it allows the antibiotics to function
more efficiently on organisms that are not vulnerable to the
enzymes. For example, Eng et al. (4) have shown that the MIC
of ceftazidime for Pseudomonas aeruginosa increases with in-

creasing inoculum. If the LZCT procedure reduced the inoc-
ulum to the degree that the antibiotics, particularly ceftazi-
dime, overcame the inoculum effect, then the gram-negative
contamination might be affected by LZCT decontamination as
well. Finally, the enzymes may have been active when the
sediment was inoculated into the 12B bottle so that it affected
the integrity of these contaminants during incubation. Several
specimens exhibited initial rapid growth, which then subsided
within 24 h. LZCT-treated samples were not examined until
the GI rose above 100. It should be noted that the contaminant
spectrum is particularly dependent on specimen type; the
LZCT formulation used here is likely not effective on all spec-
imen types.

The reduction in liquid culture sensitivity and loss in smear
specificity in the pilot study (24) also suggested that CB-18 was
somewhat toxic. An in vitro analysis of CB-18 toxicity sug-
gested that the critical diagnostic factor was not so much that
the bacilli had been processed in CB-18 at a high concentration
(383 mg/ml), but that the cells had been prepared and inocu-
lated in such a manner that the concentration of CB-18 during
culture was above a critical level. In other words, while CB-18
had tuberculocidal activity and exposure to CB-18 reduced the
number of viable organisms, this action appeared to be sec-
ondary to the deleterious effects caused by the presence of
CB-18 during growth in liquid media. The CB-18 level in liquid
culture must exceed 5 mg/ml to begin to affect the growth
characteristics of the most susceptible mycobacteria. The time
to maximum GI was more sensitive to increasing concentra-
tions of CB-18 than the time to a positive result. This was
consistent with the times to positivity reported in the clinical
study (24), and the reduction in these times was probably
associated with increased recovery. While the critical amount
of CB-18 in liquid culture is species and isolate dependent,
CB-18 must be at .20 mg/ml to substantively affect viability.

Altering the chemical structure of CB-18 (23) or reducing
the concentration of CB-18 below 20 mg/ml would likely ensure
growth of all mycobacteria, although some would grow more
than others. The concentration of CB-18 during culture can be
minimized either by reducing the inoculum, by diluting the
remaining supernatant, or by washing the sediment. Reducing
inoculum size or increasing the resuspension volume would
diminish culture sensitivity on smear-negative specimens by
enhancing sampling error. Washing the sediment would not
affect culture sensitivity, but would add an unwelcome step.
Alternatively, lecithin can be used as a resuspension buffer
component. Lecithin may neutralize CB-18 in a manner similar
to its interaction with quaternary ammonium compounds (14,
29), stabilize the cell walls of mycobacteria (3), or support
mycobacterial growth (2, 9, 31).

The susceptibility to CB-18 and synergy between CB-18 and
PANTA/caz in these experiments was surprising and may ex-
plain the unusual results observed in the clinical study (24);

FIG. 5. Growth curves of 571/573-S1 resuspended in and planted in buffer/
RF, buffer/PANTA/caz (P/caz), lecithin/RF, lecithin/PANTA/caz, CB-18/RF,
CB-18/PANTA/caz, lecithin (Lec)/CB-18/RF, and lecithin/CB-18/PANTA/caz.

FIG. 6. Time-dependent kill curves of M. tuberculosis (MTB) ATCC 27294,
M. tuberculosis 571/573-S1, M. avium ATCC 25291, M. kansasii ATCC 12478, and
M. fortuitum ATCC 6841 following incubation in 1 mM CB-18.

TABLE 4. Percent survival of 571/573-S1 on 7H11-selective plates
at different CB-18 concentrations in the presence or absence

of lecithin

Concn (mg/ml) of CB-18 in
inoculation solution

% Survival (6SD) after inoculation
onto 7H11 ina:

CB-18/buffer CB-18/lecithin

255 67.7 6 9.1 92.7 6 4.1
191 87.9 6 4.1 100 6 7.6
77 95.9 6 2.8 100 6 9.3

a Bacilli were diluted to 2,385 6 260 CFU/ml in inoculation solution.
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specifically, the loss in both liquid culture sensitivity and smear
specificity. Of the 41 smear-positive (including smear 6) and
culture-negative specimens, only 32% could be confirmed. The
571/573-S1 isolates were investigated further, because both
specimens from this patient were smear positive and yet neg-
ative in 12B/PANTA/caz (24). Unconfirmed smear-positive
and culture-negative specimens may have been either false
positives or false negatives. Based on the concentration-depen-
dent susceptibility to CB-18, the synergistic effects between
increasing CB-18 concentrations and the PANTA/caz antibi-
otic supplement, and the historical specificity of acid-fast stain-
ing, the majority of these specimens were probably false neg-
ative by culture. This suggests that further increases in
sensitivity are possible with CB-18 processing. In light of the
differential effects of CB-18 on slowly growing versus rapidly
growing mycobacteria, it is interesting to note that the 14
smear-positive and liquid culture-negative specimens identi-
fied by solid media only included 5 M. tuberculosis, 4 M. avium
complex, and 2 M. fortuitum isolates and 1 M. chelonae, 1 M.
szulgai, and 1 M. kansasii isolate (24).

The results on solid media were consistent with the results of
the pilot study. No further refinements are required to employ
this diagnostic mode. The agar in solid media may neutralize
CB-18 in some manner, or capillary action may remove CB-18
from the microenvironment of the bacilli during growth, both
of which affect the reliability of solid media. While we did not
test other media such as Lowenstein-Jensen (L-J) Gruft or L-J
Mycobactosel, the 7H11-selective media was preferred be-
cause it is effective against mycologic contamination and con-
tains the broadest combination of antibiotics. Regardless, the
addition of lecithin to the resuspension buffer should ensure
the reliability of culture on solid media.

Culture techniques in mycobacteriology will be required for
the foreseeable future because of the need for susceptibility
testing. While the CB-18 method provided improved diagnos-
tic sensitivity, the original report indicated potential complica-
tions related to contamination and liquid culture sensitivity, as
well as smear specificity (24). The experimental data presented
explain the loss in liquid culture sensitivity and indicate that
the loss in smear specificity also might result from toxicity and
the induced susceptibility caused by the presence of CB-18 in
antibiotic-containing media. When used in combination with
lecithin and the appropriate lytic enzymes, the CB-18 method
can be employed without excessive contamination or reduc-
tions in either smear specificity or liquid culture sensitivity.
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