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ABSTRACT

BACKGROUND
Several outbreaks and pseudo-outbreaks of Pseudomonas aeruginosa and Serratia marcescens
infections associated with bronchoscopy have been reported. We conducted an inves-
tigation of P. aeruginosa and S. marcescens isolates related to bronchoscopy at a communi-
ty hospital.

METHODS
We reviewed the records of all bronchoscopic procedures at the community hospital
from July to October 2001. Environmental samples were obtained. Pulsed-field gel elec-
trophoresis (PFGE) was performed on isolates of P. aeruginosa.

RESULTS
From July 1 to October 31, 2001, 66 bronchoscopic procedures were performed in 60
patients, and 43 specimens were obtained for bacterial culture; 20 of the specimens (47
percent) were positive for P. aeruginosa. Six (30 percent) of the specimens that were pos-
itive for P. aeruginosa also yielded S. marcescens. All 20 P. aeruginosa isolates were associated
with procedures performed with three of four new bronchoscopes from the same man-
ufacturer. Contrary to manufacturing specifications, the biopsy-port caps on all four
bronchoscopes were easily removable, and P. aeruginosa was cultured from the biopsy
ports of the three implicated bronchoscopes. The PFGE patterns of P. aeruginosa iso-
lates from the bronchoscopes, patients, and two environmental samples were indistin-
guishable. One patient was hospitalized with P. aeruginosa pneumonia 11 days after
bronchoscopy. The manufacturer reported a design change instituted in 1997, and
production problems may have resulted in the distribution of bronchoscopes that did
not meet specifications.

CONCLUSIONS
We documented contamination of bronchoscopes with P. aeruginosa and S. marcescens
and possible infection of patients ata community hospital as a result of the inadequate
disinfection of bronchoscopes because of a manufacturing defect.
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N ADDITION TO VISUAL INSPECTION OF
the airway, laser therapy, electrocautery, and
placement of airway stents can now be done
by means of flexible bronchoscopy?; approximately
500,000 bronchoscopic procedures are performed
annually in the United States.2 One limitation to
the use of bronchoscopes is that sterilization be-
tween procedures is not practical because autoclav-
ing damages the instrument and ethylene oxide re-
processing requires an often unacceptable amount
of time.3 Therefore, cleaning and high-level disin-
fection are routinely performed instead.*> Howev-
er, even cleaning and disinfection have been a chal-
lenge because of the complex design of flexible
bronchoscopes,® prompting the publication of
guidelines.?-11 Several bronchoscope-related out-
breaks and pseudo-outbreaks of Pseudomonas aeru-
ginosa and Serratia marcescens infection have been re-
ported,12-17 all of which resulted from some breach
of the cleaning and disinfection guidelines.9-11,18
In September 2001, an infection-control practi-
tioner at a community hospital notified the Ten-
nessee Department of Health of an increase in the
number of P. aeruginosa and S. marcescens isolates as-
sociated with bronchoscopy. We report the results
of the subsequent investigation.

METHODS

We reviewed laboratory reports of all P. aeruginosa
and S. marcescens isolates at the community hospital
during 2001. A case was defined by the isolation of
P. aeruginosa or S. marcescens from a specimen ob-
tained during bronchoscopy in a patient at the com-
munity hospital from July 1 to October 31, 2001. We
reviewed the endoscopy records, which included
the serial numbers of the bronchoscopes used, for
all patients who underwent bronchoscopy during
this period. We reviewed the medical records of
all patients who underwent bronchoscopy during
the study period to determine whether any were
readmitted for infections caused by P. aeruginosa
or S. marcescens during the month after the procedure.

Environmental samples were obtained from the
bronchoscopes and other sites within the endosco-
py suite. Specimens were obtained from the bron-
choscopes by flushing them with sterile saline or
by using moistened swabs. Swab specimens were
obtained from the automated endoscope reproces-
sor and items used during procedures. In addition,
100-ml specimens of liquids were collected, includ-
ing source water, rinse water, and disinfectant used

in the automated endoscope reprocessor and tap
water and drain water from the cleaning sink. The
hospital’s endoscope-reprocessing procedures were
reviewed, and the bronchoscopes were inspected.

Isolates of P. aeruginosa were compared with the
use of pulsed-field gel electrophoresis (PFGE). Re-
striction-endonuclease digestion of bacterial chro-
mosomes was performed with Xbal (New England
Biolabs), and the relatedness of strains was exam-
ined with the use of Molecular Analyst software.19

We performed bivariate statistical analyses us-
ing chi-square tests calculated with Epi Info 2000
software.20

RESULTS

The community hospital is a 203-bed facility with
four pulmonologists who performed 267 bron-
choscopy procedures in 2001. From July 1 to Octo-
ber 31, 2001, 66 bronchoscopic procedures were
performed in 60 patients with eight different bron-
choscopes owned by the hospital, and 43 speci-
mens were obtained for bacterial culture. Of the 43
bacterial cultures, 20 specimens (47 percent) yield-
ed P. aeruginosa. Six of the 20 specimens (30 percent)
with P. aeruginosa also yielded S. marcescens.

Of the 20 patients with specimens positive for
P. aeruginosa, 11 (55 percent) were male; the medi-
an age of these patients was 59 years (range, 24 to
88). Evaluation of pneumonia was the primary in-
dication for bronchoscopy in the case of only four
patients (20 percent). None of the 20 patients were
discharged with a diagnosis of pneumonia caused
by P. aeruginosa or S. marcescens.

Between July 1 and September 17, when the in-
vestigation began, four of the hospital’s eight bron-
choscopes had been used, but P. aeruginosa was
isolated from specimens obtained from only two
(bronchoscopes A and B). Both were new broncho-
scopes of similar models (BF-1T160 and BF-160,
respectively) produced by the same manufacturer
(Olympus America).

Bronchoscopes A and B had been received by
the hospital on July 11, just eight days before the
collection of the first specimen that was positive
for P. aeruginosa (Fig. 1). They were first used on July
13 and July 24, respectively, and specimens positive
for P. aeruginosa were obtained by the time of the
third procedure performed with either broncho-
scope. Of the 16 specimens collected for bacterial
culture from patients during bronchoscopy with
bronchoscope A, 12 (75 percent) were positive for
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P. aeruginosa; 5 of 8 specimens (62 percent) collect-
ed from patients during bronchoscopy with bron-
choscope B were positive for P. aeruginosa. Bron-
choscopes A and B were removed from service on
September 18, and no P. aeruginosa isolates were re-
ported in specimens obtained during bronchosco-
py during the following five weeks.

Inspection of bronchoscopes A and B revealed
that the caps of the biopsy ports (Fig. 2) were not se-
curely fastened and were easily removable, contrary
to manufacturing specifications. The port caps
were loose enough to be unscrewed with two fin-
gers but not so loose that the problem was apparent
to the bronchoscopy staff. When the threads of the
biopsy ports and the inside of the caps of broncho-
scopes A and B (Fig. 3) were swabbed, a dark green
film was noted, and 9 of 12 swab specimens were
positive for P. aeruginosa and S. marcescens. The other
three swab specimens were positive for P. aeruginosa
alone, including one specimen obtained after three
cycles of cleaning and disinfection in the hospital’s
automated endoscope reprocessor.

On October 11, the community hospital received
two new bronchoscopes (C and D) from the manu-
facturer, which were the same two models as bron-
choscopes A and B. Bronchoscope C was used only
twice. On reprocessing, it was noted that the biop-
sy-port cap was loose, and the bronchoscope was
removed from service, but no specimen was collect-
ed from the biopsy port. P. aeruginosa was isolated
from all three specimens collected for bacterial cul-
ture from patients who underwent bronchoscopy
with bronchoscope D. The biopsy-port cap was
found to be loose, and all five swab specimens of
the biopsy-port cap yielded P. aeruginosa. Broncho-
scope D was removed from service on October 31.

The four recent-model bronchoscopes with
loose biopsy-port caps (bronchoscopes A, B, C, and
D) were used for 40 procedures; 28 specimens
were obtained for culture, and 20 were positive for
P. aeruginosa (Table 1). We compared these bron-
choscopes with four older-model bronchoscopes
by the same manufacturer (bronchoscopes E, F, G,
and H) that were in use during the study period and
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Figure 1. Number of Pseudomonas aeruginosa lIsolates Associated with Bronchoscopy at a Community Hospital Each

Arrows indicate the week bronchoscopes A, B, C, and D arrived at the community hospital from the manufacturer and
when they were removed from service. Dates shown are the dates on which each week began.
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Figure 2. Bronchoscope.

The insertion tube has a single channel through which sterile saline can be injected by means of the biopsy port. A bron-
choalveolar-lavage specimen can be recovered through the same channel by means of the suction port. The biopsy-port
caps of the implicated bronchoscopes were found to be loose.

that were never noted to have loose or removable
biopsy-port caps (Table 1). The risk that a speci-
men would be positive for P. aeruginosa was associ-
ated only with the use of recent-model broncho-
scopes with the loose biopsy-port caps (P<0.001).

The bronchoscopy-associated strain of P. aerugi-
nosa was resistant only to gentamicin. Isolates of
P. aeruginosa from 10 patients were available for
PFGE; no S. marcescens isolates were available. The
P. aeruginosa isolates from all 10 patients and from
the biopsy-port caps of bronchoscopes A, B, and D
were indistinguishable on PFGE (Fig. 4).

A total of 113 environmental samples were col-
lected within the bronchoscopy suite; 61 were from
bronchoscopes and 52 were from other environ-
mental sources. Of the 52 environmental samples,
2 specimens (4 percent) were positive for P. aerugi-
nosa. Both were from the sink trap where the bron-
choscopes were rinsed before being placed in the

automated endoscope reprocessor. The PFGE pat-
terns of the two environmental isolates matched
the bronchoscopy-associated strain.

The bronchoscopes were routinely processed in
an automated endoscope reprocessor (model MV-2,
MediVators) with use of a 0.55 percent solution of
ortho-phthalaldehyde (Cidex OPA, Advanced Ster-
ilization Products). A representative of the manu-
facturer of the automated endoscope reprocessor
reviewed the hospital’s reprocessing procedures
and indicated that they were satisfactory, except
that the source water filter for the reprocessor had
not been changed within the recommended six
months. No strains of P. aeruginosa were isolated
from either the source water or the filter.

A 50-year-old woman was readmitted 11 days
after bronchoscopy with new pulmonary infiltrates
in the right middle lobe. The specimen obtained
during bronchoscopy was positive for P. aeruginosa.
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Bushing
Biopsy
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Figure 3. Biopsy Port with Cap and Bushing Removed.

A biofilm was detected on the threads of the biopsy port and inside the cap;
specimens obtained by swabbing these areas were positive for Pseudomonas
aeruginosa and Serratia marcescens.

Table 1. Risk of Infection with Pseudomonas aeruginosa Associated
with the Use of Recent-Model Bronchoscopes, as Compared
with Older-Model Bronchoscopes.

P. aeruginosa

No. of No.of Isolated from
Bronchoscope Procedures  Cultures Culture P Value
no. (%)
Recent-model bronchoscopes with
loose biopsy-port caps

A 17 16 12 (75) <0.001

B 12 8 5(62)  0.002

C 2 1 0 —

D 9 3 3(100)  0.001

A, B,C,and D 40 28 20 (71) <0.001
Older-model bronchoscopes 26 15 0 —

(E, F, G, and H)*

* Older-model bronchoscopes served as the reference group.

On readmission, she had fever, leukocytosis, dysp-
nea, and increasing cough with darkening sputum.
Culture of a sputum sample yielded P. aeruginosa
with an antibiotic-susceptibility pattern similar to
that of the epidemic strain. No isolates were avail-
able for PFGE. The pneumonia resolved.
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DISCUSSION

A striking increase in the number of isolates of
P. aeruginosa and S. marcescens from bronchoscopy
specimens occurred ata community hospital from
July through October 2001. One bronchoscopy-
associated case of P. aeruginosa pneumonia was
identified. The likelihood of positivity for P. aeru-
ginosa or S. marcescens was associated only with the
use of recent-model bronchoscopes that had
loose biopsy-port caps. Strains of P. aeruginosa and
S. marcescens were isolated from the biopsy ports of
the implicated bronchoscopes. PFGE patterns
linked the P. aeruginosa isolates from the patients to
the isolates from the bronchoscopes.

Because the risk of a specimen’s being positive
for P. aeruginosa or S. marcescens was associated ex-
clusively with the use of the recent-model broncho-
scopes with the loose biopsy-port caps and because
a case of bronchoscopy-associated pneumonia was
identified, the manufacturer and the Food and
Drug Administration were notified on September
18 and October 8, respectively. At that time, the
Centers for Disease Control and Prevention indi-
cated that no related outbreaks had been reported.

In 1997, the manufacturer changed the design
of the biopsy port on at least 15 models of bron-
choscopes that were still in use in 2001. Part of the
new design involved changing the biopsy-port
housing to a removable cap that was screwed on
but fixed with adhesive. The manufacturer report-
ed that failure to conform to production standards
resulted in the distribution of bronchoscopes that
did not meet manufacturing specifications. This
might explain why problems with these models of
bronchoscopes had not been reported previously.
An alternative explanation is that infectious com-
plications related to bronchoscopes often go un-
recognized or unreported.921-23

Persistent bacterial contamination of the biopsy
port was probably not a result of a breach of the
cleaning and disinfection guidelines, because the
hospital’s reprocessing procedures were deter-
mined to be satisfactory. In addition, contamination
persisted even after three cycles of cleaning and dis-
infection in the automated reprocessor, and other
bronchoscopes in use during the study period were
not associated with positive cultures.

The loose biopsy-port caps most likely inter-
fered with three important steps in reprocessing
performed according to the current guidelines:
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mechanical cleaning, high-level disinfection, and
drying.” Mechanical cleaning is necessary to remove
the biofilm that can interfere with disinfection.24.25
Contaminated surfaces inside the hollow biopsy-
port caps could not be cleaned mechanically. High-
level disinfection requires an approved disinfectant
to be in contact with a contaminated surface for a
specified period of time.2¢ The loose biopsy-port
caps, which probably had air pockets when sub-
merged, might have prevented effective contact be-
tween the disinfectant and the microorganisms.
Finally, drying is recommended to prevent the
growth of microorganisms with a predilection for
moist environments.2” The design of the caps prob-
ably prevented thorough drying of surfaces inside
the caps.

The origin of the contaminating bacteria re-
mains elusive. One postulated sequence of events
is that the loose biopsy-port caps were contami-
nated in the sink when the bronchoscopes were
cleaned before being placed in the automated en-
doscope reprocessor. Once within the biopsy-port
caps, the bacteria were protected from the chemi-
cal-disinfection process. During subsequent use
of the bronchoscopes, sterile saline was flushed
through the biopsy ports, thereby becoming con-
taminated and further contaminating the broncho-
scope channels and the patients’ lower respiratory
tracts. The contaminated lavage specimens were
then suctioned back through the bronchoscope
channels by means of the suction ports and col-
lected for bacterial culture, yielding false positive
results.

Antibiotic therapy was initiated in five patients
(25 percent) after false positive culture results were
reported. If these results reflected contaminated
bronchoscopes rather than actual infections, the
patients may have received unnecessary antibiotic
treatment. Conversely, if patients were infected dur-
ing the bronchoscopic procedures, the antibiotics
may have prevented nosocomial illnesses.

After receiving our report, the manufacturer of
the bronchoscopes initiated a recall of certain mod-
els. The voluntary recall, issued on November 30,
2001, affected 15 models of bronchoscopes, in-
cluding the 2 models implicated in this investiga-
tion. The stated purpose was “to address a poten-
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