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ABSTRACT: An unusual increase in the frequency of isolation of Mycobacterium
chelonae subspecies chelonae from specimens of bronchial washings was found
between September and December 1992 in National Taiwan University Hospital. 

During this period, a total of 123 patients underwent fibreoptic bronchoscopy
with an Olympus P20.  Seventy six patients had bronchial washing for bacterio-
logical study and cytological examination.  Acid-fast bacilli were found in 21 patients,
in 18 of whom Mycobacterium chelonae were isolated from bronchial washing cul-
tures.  Eight patients were treated as mycobacterial infected, because of the pres-
ence of unexplained pulmonary lesion, positive acid-fast stain and culture for
Mycobacterium chelonae.   Diagnosis of lung cancer was delayed in one patient
because of the initial negative cytological study and positive bacterial culture.  The
fibreoptic bronchoscope was disinfected by automated washing machine (EW-20,
Olympus) using 2.3% glutaraldehyde according to a standard protocol.  From a
survey to search for possible sources of contamination, they were identified at the
suction channel of four different bronchoscopes.  This episode proved to be a pseu-
doepidemic.  The contamination was controlled by extensive suction and rinsing of
the channel with 70% alcohol immediately after disinfection by the automated bron-
choscope disinfection machine. 

This study shows that,  despite using the disinfection machine, the suction chan-
nel could still be contaminated with Mycobacterium chelonae.  This may cause diag-
nostic confusion and unnecessary antimycobacterial treatment.
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Mycobacterium chelonae, a rapid growing mycobac-
terium, is a member of the Runyon group IV of mycobac-
teria which are commonly isolated from water and soil.
They are generally regarded as commensals in human
[1].  M. chelonae most frequently causes cutaneous and
soft tissue infection following accidental trauma or surgery,
in a variety of clinical conditions [2].  Arthritis, lym-
phadenitis, pericarditis, mediastinitis and pulmonary dis-
eases have all been implicated [3, 4].  Rarely, disseminated
diseases in immune compromised patients have also been
reported [5].  Most clinical disease is sporadic and com-
munity-acquired, but nosocomial epidemics have been
described.  The possible source of outbreaks has been
identified as exposure to nonsterile water, ice and in-
adequately disinfected, reusable instruments [6–8].

An unusual increased frequency of isolation of  M. che-
lonae from specimens of bronchial washings was noted
between September and December 1992, in National
Taiwan University Hospital.  During this period,  M. chelo-
nae was isolated from 18 patients.  All 18 isolates of  M.
chelonae came from specimens of bronchial washing.  This
report describes the investigation of the outbreak, and the
measure taken to eradicate the source of contamination.

Materials and methods

National Taiwan University Hospital is a 2,000 bed
medical centre in which some 400 bronchoscopic exami-
nations are performed annually.  Bronchoscopy is per-
formed via the transnasal route with four flexible fibreoptic
bronchoscopes (Olympus BF, P20).  Bronchial washings
are regular diagnostic procedures for aspiration of bronchial
fluid for microbiological and cytological study.  The bron-
chial washings are carried out with injection of 30 mL
normal saline through a fibreoptic bronchoscope to the
affected bronchus.  Specimens are then aspirated and col-
lected in a sterile plastic tube for cytological and micro-
biological examinations, which include Gram stain,
acid-fast stain, common bacterial and mycobacterial cul-
tures.  The bronchoscope is cleaned and disinfected imme-
diately after each use.  

The routine cleansing and disinfection procedure is as
follows: the outside of the bronchoscope is immersed in
tap water and washed with gauze;  suction valves are dis-
mantled and, together with the suction channel, are also
brushed clean with tap water.  The instrument is then
disinfected in an automated washing machine (EW-20,



Olympus) using 2.3% glutaraldehyde (Cidex, Johnson-
Johnson) as a disinfectant.  The standard protocol to clean
and disinfect bronchoscopes is as follows: initial clean-
ing with neutral detergent and water; disinfection by
immersion in glutaraldehyde for 10 min, followed by a
final rinse in tap water.  The automated washing machine
was first used in June 1992.  Prior to that time, the bron-
choscopes had been manually disinfected.  The disin-
fectant was replaced every 4 weeks.  The machine itself
was not disinfected routinely.

A review of the hospital's laboratory and bronchoscopic
records from January 1990 until December 1993 was
undertaken.  Medical records of all patients with posi-
tive culture for  M. chelonae were reviewed using a stan-
dardized questionnaire.  Information was obtained on
patient demographics, laboratory and pathology results,
medical history, including prior hospitalizations and pro-
cedures, radiographic and physical examination findings
at the time of specimen collection, history of smoking
or alcohol use, history of prior mycobacterial exposure,
disease, or treatment.  Instrument disinfection procedures
during the outbreak period were reviewed in detail.

A case-control study was performed to determine aspects
of the bronchoscopy procedure that might be associated
with M. chelonae pseudoepidemic.  Cases were defined
as patients, whose bronchial washing specimens yielded
M. chelonae.  Controls were randomly chosen from the
bronchoscopy log book covering the 36 month period.
They were patients who had bronchial washing speci-
mens sent for mycobacterial culture that did not yield  M.
chelonae.  Information about the physician performing
the procedure, nurse assistant, date, age of disinfecting
solution, and time elapsed since the bronchoscope was
cleaned, was collected for all cases and controls.

A survey to search for a possible source of contami-
nation was conducted by sampling the materials used
during bronchoscopy and subsequent cleaning and dis-
infection of the bronchoscope.  This included samples
of local anaesthetic, 14 and 28 day old glutaraldehyde

solution, hot and cold water taps in the room where bron-
choscopes were cleaned, and swab from the disinfecting
machine.  Samples of rinsing fluid from four already dis-
infected bronchoscopes were also obtained.  These speci-
mens were decontaminated and concentrated for acid-fast
smears, then inoculated onto Lowenstein-Jensen medi-
um.  All media were examined weekly for a total of 8
weeks.  The colonies grown were further identified by
subculture using Anti-Fast Set (Kyokuto, Japan) [9].

Patients were diagnosed as having M. chelonae pul-
monary infection if they fulfilled the American Thoracic
Society's (ATS) diagnostic criteria of nontuberculous
mycobacterial lung disease, which include two or more
specimens culture-positive for M. chelonae and exclu-
sion of other reasonable causes of disease [10].

Results

Between January 1990 and December 1993, 25 cul-
tures from 25 patients were positive for M. chelonae.
Five of the 25 positive isolates were from corneal swabs,
one from soft tissue pus, one from empyema, and 18
from bronchial washings.  The positive cultures of speci-
mens of all bronchial washings were clustered between
September and December 1992.  During this 4 month
period, 123 patients underwent fibreoptic bronchoscopy.
Seventy six patients had bronchial washing for bacterio-
logical study and cytological examination.  Acid-fast
bacilli on smears were found in 21 patients and M. che-
lonae subspecies chelonae was recovered in the culture
of bronchial washing in 18 patients.  The mean age of
the patients was 60 yrs (range, 45–79 yrs).  The under-
lying diseases were lung cancer in three, lung cancer
with pneumoconiosis in one, diabetes mellitus in one,
and pulmonary tuberculosis with bilobectomy in one.
The indications for bronchoscopy were chronic cough in
seven, abnormal chest radiograph findings in 10, and
haemoptysis in one.  Radiographic findings are shown
in table 1.  
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Table 1.  –  Clinical features of 18 patients whose culture of bronchial washing yielded M. chelonae

Case Age Sex Underlying Acid-fast stain Radiographic Sputum culture Anti-TB
No. yrs disease of bronchial washing finding mycobacteria treatment

1 65 F Nil + Normal - -
2 53 M Nil + LUL Nodule - +
3 65 M Nil - Normal - +
4 55 F Nil - Rt B6 pneumonia - -
5 74 M Lung cancer - Rt B3 tumour - +
6 45 M Nil - LUL Nodule - +
7 66 F Nil - Normal - -
8 79 M Lung cancer - RUL lobectomy - +
9 69 M Nil + Normal - -

10 71 M Lung cancer - LUL tumour - -
11 60 F Nil - Pleural thickening - +
12 69 M Nil - RUL collapse - -
13 57 M TB, bilobectomy - Lobectomy - -
14 66 M Nil - RUL infiltration - +
15 45 F Nil - LUL nodule - +
16 71 M DM - RUL consolidation - -
17 71 M Lung cancer - LUL tumour - -
18 51 M Nil - Normal - -

TB; tuberculosis; DM; diabetes mellitus; M; male; F; female; LUL: left upper lobe; Rt: right; RUL: right upper lobe.



The sputum cultures were all negative for mycobac-
teria.  Eight patients were treated as mycobacterial infec-
tion initially because of the presence of unexplained
pulmonary lesion, positive acid-fast stain and culture for
M. chelonae from bronchial washings.  Anti-tuberculous
drugs were discontinued after a pseudoepidemic was con-
firmed.  No patient met the ATS criteria for M. chelonae
pulmonary disease.  Diagnosis of lung cancer was delayed
for 4 months in one patient because of the initial nega-
tive cytology study and positive bacterial culture.  The
case-control study did not show difference between the
18 case-patients whose bronchial washings yielded M.
chelonae and the 30 control subjects whose bronchial
washings did not yield M. chelonae in terms of bron-
choscopist performing the procedure, date, nurse assis-
tant, age of disinfecting solution, and time elapsed since
the bronchoscope was cleaned.

The systematic search for a possible source of con-
tamination led to the suction channel of four different
bronchoscopes when all samples of rinsing fluid yield-
ed M. chelonae.  Cultures of tap water at the inlet of the
washing machine and specimens from the tank of the
washing machine were all negative for M. chelonae.  The
bronchoscopes were all examined by air leak test, but no
puncture damage was found.

After this survey, the bronchoscope disinfection pro-
cedure was modified by extensive suctioning and rins-
ing of the suction channel with 70% alcohol immediately
after machine disinfection.  No additional episodes of
cross-contamination or infection have occurred, and surv-
eillance cultures were negative for M. chelonae in the
next 12 month period.  Follow-up cultures of patients in
this episode have been negative, and no one has develo-
ped disease with M. chelonae.

Discussion

The flexible fibreoptic bronchoscope has been widely
used for diagnosis and therapy of pulmonary diseases.
However, transmission of pathogenic bacteria by improp-
erly disinfected bronchoscopes can be a problem.   Conta-
mination of bronchoscopes with Proteus species [11],
Klebsiella pneumoniae [12], or Pseudomonas aeruginosa
[13] has been reported.  From some of the contamina-
tions, pulmonary infection can develop.  Transmission
of  M. tuberculosis by contaminated bronchoscope, result-
ing in active disease, has also been documented [14].
Mycobacterial disease manifesting as a nosocomial out-
break which is bronchoscopy-related is often pseudo-
epidemic, i.e., "real clustering of false infection" [15].
Several episodes of pseudoepidemic caused by M. che-
lonae have been reported [16–21]: one episode came
from contamination of a damaged suction channel [16],
three outbreaks were caused by contaminated automat-
ed bronchoscope disinfection machines [17–19].  In this
pseudoepidemic episode, the bronchoscopic suction chan-
nel was the possible source of contamination.

A review of the Hospital's laboratory records showed
that the isolation of M. chelonae had been quite rare,
occurring in fewer than 10 specimens annually.  Most
commonly, it came from specimens of eye or soft tissue

infection.  With the exception of this episode, no posi-
tive culture for M. chelonae was found from bronchial
washing.  The alertness both of clinicians and laboratory
personnel noted the unusual increase in frequency of iso-
lation of  M. chelonae from specimens of bronchial wash-
ings.  After thorough investigation, this episode proved
to be a pseudoepidemic.  According to the study of
WEINSTEIN and STAMM [15], pseudoepidemics come from
errors in specimen processing, surveillance artefacts and
clinical misdiagnosis.  Of these, errors in speci-men pro-
cessing are most common, as demonstrated in this study,
where contamination of the suction channel of the bron-
choscope was the apparent cause of the outbreak. 

The source of the original contamination is unclear.
There are five possibilities: 1) tap water, because  M. che-
lonae is a common isolate from tap water; 2) a source
patient who had had bronchoscopy without culture for
M. chelonae some time before the outbreak occurred and
may have contaminated the bronchoscopes; 3) contami-
nated glutaraldehyde, because repetitive cycles of disin-
fection cause decreased bactericidal effect from dilution
and age of the activated glutaraldehyde; 4) automatic dis-
infecting machine, due to difficulty of cleaning, which
may become a reservoir of mycobacteria; 5) local anaes-
thetic or a damaged suction channel (even with a negative
air leak test).  Since the suction channels of all four bron-
choscopes were contaminated, the most likely source of
contamination was the tap water used to rinse the broncho-
scope.  However,  M. chelonae could not be isolated from
tap water nor the automated washing machine.  To resolve
such problems here, 70% alcohol was used to rinse and for
extensive suctioning through the suction channel of the
bronchoscope after disinfection by the automated broncho-
scope disinfection machine, a method also suggested by
other studies [19, 22].  STIN et al. [20] suggested instal-
lation of a 0.2 µm filter for tap water used in the auto-
mated washing machine.  No further isolates of  M. chelonae
have been identified in 12 months of surveillance.

It has recently been reported that restriction fragment
length polymorphism (RFLP) analysis of mycobacterial
deoxyribonucleic acid (DNA) can help to explore the pos-
sible mechanism of spread of the organism, as well as
identifying outbreak associated cases [23].  However, it
is still difficult to verify the real source of the original
contamination.

Although  M. chelonae pulmonary disease has not dev-
eloped in any of the patients, all patients should be fol-
lowed.  Previous study has shown that M. chelonae can
cause transient colonization as well as pulmonary infec-
tion in patients who have undergone bronchoscopy with
contaminated equipment [16].  The patients who develop
clinical diseases are immunocompromised hosts.  Accord-
ing to the recommendation of The Research Committee
of the British Thoracic Society: before performing bron-
choscopy on an immunocompromised patient, the bron-
choscope should be washed in detergent, soaked for 60
min in 2% alkaline glutaraldehyde and rinsed in sterile
water (or alcohol) to avoid contamination with oppor-
tunistic environmental mycobacteria [22].

The pseudoepidemic of bronchoscopy-related mycobac-
terial disease may lead to: 1) unnecessary potential toxic
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antituberculous therapy; 2) potential risk of pulmonary
infection, especially in an immunocompromised patient;
3) unnecessary diagnostic procedures or delay in diag-
nosis, as occurred in this study; 4) time and energy con-
sumed in the search for the source of the outbreak; and
5) waste of medical resources.  However, bronchoscopes
are difficult to disinfect, and suction valves, even biopsy
forceps, have all been implicated in infection outbreaks.
Two percent glutaraldehyde was thought to be effective
for machine cleaning to eradicate M. tuberculosis where
disinfection with ethylene oxide is not feasible [24, 25].
However, contact time and the temperature also influ-
ence the activity of sterilization [22, 24, 25]; the recom-
mended times have ranged 10–60 min. [22, 24, 25].  Even
then, some rapidly growing mycobacterial strains can
survive in 2% glutaraldehyde [18].  Prolonged exposure of
activated glutaraldehyde may damage or at least shorten
the life of a bronchoscope.  Therefore, it is necessary to de-
termine a balance point between safety, instrument avail-
ability and duration of life of the bronchoscope.  Since
automated washing and disinfection machines for bron-
choscopes play an important role in large medical cen-
tres, an optimal protocol and good surveillance system
should be established.  Recommendations for cleansing
and disinfection procedure are summarized in table 2 [18,
22].  Most important, however, is being alert to any pos-
sibility of pseudoepidemic because, even with strict infec-
tion control procedures, contamination is still possible.
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Table 2.  –  Summary of recommended procedures for
cleaning and disinfection of flexible bronchoscopes

1. Dismantle the valve accessories and thoroughly wash and
brush all parts of the bronchoscopes in neutral detergent.

2. Autoclave removable, heat stable parts.
3. Fit bacterial filters to the mains water inlet.
4. Prolonged exposure of bronchoscope to 2% glutaralde-

hyde in immunocompromised patients.
5. Extensive suction and rinse the bronchoscope with 70%

alcohol after disinfection or immediately before use.
6. Thorough drying with pressurized air before storage.
7. Storage in sterile environment.
8. Regularly clean and replace the tubing in the machine.
9. Periodically send an aliquot of bronchoscope rinsing fluid

for surveillance microbiological study.


