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Molecular strain typing by pulsed-field gel electrophoresis and by randomly amplified polymorphic DNA
analysis was used to investigate a cluster of four Nocardia asteroides isolates associated with the BACTEC 460
TB system. An instrument motor drive misalignment resulted in inadequate needle sterilization and cross-
contamination of BACTEC vials. This pseudo-outbreak illustrates the importance of proper BACTEC 460
needle sterilization and maintenance and confirms the usefulness of molecular typing methods for epidemi-

ologic investigations.

Nocardia asteroides, a ubiquitous soil saprophyte, is a known
opportunistic pathogen in immunocompromised hosts (8, 16,
18). The organism has been reported to cause a variety of
infections, but primary pulmonary infection occurs most often
(2, 8). Disseminated infection, especially with central nervous
system involvement, and other localized extrapulmonary infec-
tions may also occur (2, 5). Outbreaks of infection due to
Nocardia species have been documented (4, 12), but there has
been only one previous report of a pseudoepidemic due to N.
asteroides (7). We report here a N. asteroides pseudo-outbreak
related to specimen processing with the BACTEC 460 TB
system (Becton Dickinson Diagnostic Instrument Systems,
Sparks, Md.). We also describe the application of molecular
typing techniques by pulsed-field gel electrophoresis (PFGE)
and randomly amplified polymorphic DNA (RAPD) PCR
analysis in the investigation of the pseudo-outbreak.

The Microbiology Laboratory at Sunnybrook Health Science
Centre processes approximately 120 specimens submitted for
mycobacterial culture each month with the BACTEC TB sys-
tem, a radiometric method for detection of mycobacterial
growth in media containing a '*C-labelled substrate. During 1
month, N. asteroides was isolated from specimens processed by
the BACTEC TB system from four patients, whereas Nocardia
organisms had been isolated only three times in the entire
previous year.

On 30 October 1995, a leg abscess aspirate from a patient
(patient 1) was processed through the BACTEC 460 instru-
ment for isolation of mycobacteria. An aliquot of the specimen
was also planted on standard agar and broth media for bacte-
rial culture. The patient was receiving chemotherapy for lym-
phoma and had a febrile illness with soft tissue, pulmonary,
and cerebral abscesses. The specimen was decontaminated and
treated with an antimicrobial solution, PANTA PLUS (Becton
Dickinson Diagnostic Instrument Systems), before inoculation
of a BACTEC 12B vial. On 7 November 1995, N. asteroides was
isolated from the BACTEC 12B vial of patient 1. The sample
was removed, decontaminated, and inoculated into a new
BACTEC vial with PANTA PLUS. No mycobacteria were
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subsequently isolated, but conventional bacterial cultures of
the leg aspirate and of bronchial washings also grew N. aster-
oides on blood agar plates. On 12 and 13 December, BACTEC
bottles inoculated with specimens from three other patients
yielded N. asteroides. Two of these specimens were blood cul-
tures from patients with AIDS that were obtained in October
1995 for detection of Mycobacterium avium complex and had
been inoculated into BACTEC 13A vials. The third specimen
was a skin biopsy that was also obtained in October and had
been inoculated into a BACTEC 12B vial. These three speci-
mens were processed on separate racks at positions far re-
moved from one another and from the vial of the index patient.
None of these specimens had been treated with PANTA
PLUS, and the organism was not recovered from conventional
culture media. These three patients had no clinical or radio-
graphic features of Nocardia infection.

A review of the BACTEC 460 instrument maintenance log
indicated that the needle heater was overdue for replacement,
as recommended by the manufacturer. Moreover, it was noted
that there had been an instrument needle jam in September
1995. Although the damaged needles had been replaced, a
motor drive realignment was thought to be unnecessary. How-
ever, a second needle jam occurred on 5 December 1995, 1
week prior to the cluster of three Nocardia isolates. A review of
laboratory records indicated that there had been no cross-
contamination with mycobacterial species during this time.

Environmental cultures were collected by using swabs moist-
ened with sterile saline from the BACTEC 460 instrument’s
needles, needle heater, and tubing; N. asteroides was isolated
from each of these sites. The BACTEC 460 instrument’s motor
drive was realigned, and the needle heater, tubing, and needles
were replaced. Following these interventions, no further No-
cardia isolates were recovered from BACTEC specimen vials
or from the instrument.

Each strain of N. asteroides was identified by standard tech-
niques (1). Molecular typing by PFGE and RAPD analysis was
undertaken to determine whether or not the N. asteroides iso-
lates were related. Three other, unrelated clinical isolates of N.
asteroides recovered in previous years were also typed by these
methods. For PFGE analysis, DNA extraction was performed
as described by Wallace et al. (15), with the following modifi-
cations. Bacterial growth from a blood agar plate was inocu-
lated into 1.5 ml of TE buffer (10 mM Tris-HCI [pH 7.6], 0.1
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mM EDTA [pH 9.0]) to a density of a no. 5 McFarland stan-
dard. Total genomic DNA was prepared in agarose plugs and
lysed in 3 ml of lysis buffer (2 mg of lysozyme per ml in TE
buffer) for 18 h at 37°C and then exposed to 3 ml of proteinase
K solution (0.5 M EDTA [pH 9], 1% sodium dodecyl sulfate,
1 mg of proteinase K per ml) at 55°C for 48 h. The plugs were
then digested with Xbal (Boehringer-Mannheim, Laval, Que-
bec, Canada) according to the manufacturer’s instructions.
DNA fragments were separated on a 1% gel in a CHEF Map-
per system (Bio-Rad, Mississauga, Ontario, Canada) with lin-
early ramped pulse times of 5 to 20 s over 20 h, 6 V/cm at 14°C
(11). PFGE profiles were visualized after ethidium bromide
staining under UV illumination.

For RAPD PCR, DNA extraction was performed by the
method of Sritharan and Barker (10). Briefly, several colonies
of N. asteroides were resuspended in 100 pl of TE-Triton buffer
(100 mM NaCl, 10 mM Tris-HCI [pH 7.6], 0.1 mM EDTA [pH
9], 1% Triton X-100) and boiled for 30 min. Samples were
centrifuged for 1 min, and 5 pl of the lysate was used in a 25-p.l
reaction mixture containing approximately 25 ng of DNA; 1
M primer; 0.5 U of Taqg DNA polymerase (Life Technologies,
Burlington, Ontario, Canada) per ml; 200 pM each dCTP,
dGTP, dATP, and dTTP (Perkin-Elmer Cetus, Norwalk,
Conn.); 4 mM MgCl,, 20 mM Tris-HCI (pH 8.4); and 50 mM
KCI. The mixture was subjected to 94°C for 2 min, followed by
35 cycles of 94°C for 30 s, 35°C for 30 s, and 72°C for 30 s. The
10-mer primer used was UBC157 (5'-CGTGGGCAGG-3')
(Nucleic Acid-Protein Service Unit, University of British Co-
lumbia, Vancouver, British Columbia, Canada). PCR products
were separated by using a 1% agarose gel and visualized under
UV illumination after staining with ethidium bromide. To as-
sess the reproducibility of the procedure, the RAPD PCR was
repeated with a new preparation of the organisms.

Figure 1A shows the Xbal-digested DNA PFGE profiles of
the four Nocardia strains recovered in November and Decem-
ber 1995, the environmental isolates from the BACTEC in-
strument, and the three unrelated clinical isolates. The four
recent isolates from the BACTEC TB system and the environ-
mental isolates all had the same DNA profile, which was dis-
tinct from those of the three epidemiologically unrelated
strains. Figure 1B shows the RAPD profiles of the same iso-
lates; these results were reproducible (data not shown). The
two molecular typing methods produced concordant DNA pro-
files that were able to clearly distinguish the pseudo-outbreak
strains from epidemiologically unrelated isolates.

The BACTEC 460 TB system has proven to be an extremely
valuable adjunct for the laboratory diagnosis of tuberculosis.
However, cross-contamination of specimens processed through
the instrument has been described. Most of the reported in-
stances of cross-contamination have involved mycobacterial
species (3, 6, 9, 14, 17) and have been related to inadequate
needle sterilization, although contamination of commercially
distributed PANTA PLUS solution has also been described
(13). We now report only the second pseudo-outbreak of N.
asteroides associated with processing of specimens with the
BACTEC 460 TB system. In the previous report by Patterson
et al. (7) describing a Nocardia pseudoepidemic, no source of
contamination was identified; the outbreak was interrupted
only when the BACTEC needle sterilizer was changed and the
sterilization time was prolonged. The source of contamination
in the current report appeared to be related to a specimen
from a patient (patient 1) that was inoculated into a BACTEC
12B vial and processed through the BACTEC 460 instrument.
Due to an oversight in the routine maintenance schedule, a
misalignment of the motor drive and overused needle sterilizer
were undetected for at least 4 to 6 weeks. These problems
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FIG. 1. Xbal-digested PFGE and RAPD PCR DNA profiles of N. asteroides.
(A) PFGE profiles. Lanes: 1, lambda DNA ladder; 2, isolate from the index case,
patient 1; 3 to 5, pseudo-outbreak isolates; 6, BACTEC needle heater isolate; 7,
BACTEC needle isolate; 8 to 10, unrelated clinical isolates of N. asteroides. (B)
Corresponding RAPD PCR profiles. Lanes: 1, 1-kb DNA ladder; 2, isolate from
the index case, patient 1; 3 to 5, pseudo-outbreak isolates; 6, BACTEC needle
heater isolate; 7, BACTEC needle isolate; 8 to 10, unrelated clinical isolates of
N. asteroides.

likely contributed to contamination of the needle heater, nee-
dles, and tubing, leading to contamination of BACTEC vials
containing samples from patients. We believe that only three
vials became contaminated with Nocardia organisms because
most of the specimens processed through the BACTEC instru-
ment were respiratory samples that were pretreated with
PANTA PLUS, containing antimicrobial agents that could
have suppressed the growth of Nocardia organisms. Our expe-
rience with a Nocardia pseudo-outbreak associated with pro-
cessing through the BACTEC 460 TB system emphasizes the
importance of rigorous and timely instrument maintenance to
ensure adequate needle sterilization.

This report also confirms the value of molecular typing
methods in the investigation of possible laboratory-based con-
tamination. Both PFGE and RAPD PCR were able to clearly
differentiate the pseudo-outbreak strain from epidemiologi-
cally unrelated clinical isolates. The RAPD PCR analysis was
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technically easier to perform and provided results within a day,
whereas PFGE took several days to perform. These prelimi-
nary results, obtained by molecular typing of a small number of
N. asteroides strains, should be validated with a larger number
of isolates.

We thank E. Mandarino for technical assistance and L. Cook for
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