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Abstract

Objective

Recent guidelines recommend the use by healthcare personnel of a fit-tested N95 particu-

late respirator or higher-grade respiratory precaution in a patient undergoing bronchoscopy

when pulmonary tuberculosis (PTB) is suspected. However, PTB may be unexpectedly

diagnosed in this setting and therefore not evaluated, resulting in the unexpected exposure

toMycobacterium tuberculosis (MTB) of healthcare workers in the bronchoscopy suite.

Here, we examined the incidence of unexpected exposure to MTB during flexible bronchos-

copy and determined the exposure-related factors.

Methods

Between 2011 and 2013, a retrospective study was conducted to evaluate unexpected

diagnoses of PTB in the bronchoscopy suite. During the study period, 1650 consecutive

patients for whom previous CT scans were available and who underwent bronchoscopy for

respiratory disease other than PTB were included. The results of bronchial washing,

bronchoalveolar lavage, and post-bronchoscopic sputum were reviewed.

Results

PTB was unexpectedly diagnosed in 76 patients (4.6%). The presence of anthracofibrosis

[odds ratio (OR), 3.878; 95% confidence interval (CI), 1.291–11.650; P = 0.016), bronchiec-

tasis (OR, 1.974; 95% CI, 1.095–3.557; P = 0.024), or atelectasis (OR, 1.740; 95% CI,

1.010–2.903; P = 0.046) as seen on chest CT scan was independently associated with

unexpected PTB. Patients with both anthracofibrosis and atelectasis were at much higher

risk of unexpected PTB (OR, 4.606; 95% CI, 1.383–15.342; P = 0.013).

Conclusions

The risk of MTB exposure by healthcare personnel in the bronchoscopy suite due to

patients with undiagnosed PTB has been underestimated. Therefore, in geographic regions
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with an intermediate PTB prevalence, such as South Korea (97/100,000 persons per year),

higher-grade respiratory precaution, such as a fit-tested N95 particulate respirator, should

be considered to prevent occupational exposure to MTB during routine bronchoscopy,

especially in patients with CT-confirmed anthracofibrosis, bronchiectasis, or atelectasis.

Introduction
Flexible bronchoscopy is a valuable diagnostic method for various neoplastic and non-neoplas-
tic lung diseases [1,2]. In patients with suspected pulmonary tuberculosis (PTB) in whom the
sputum smear is negative for acid-fast staining, bronchoscopy with bronchial washing or
bronchoalveolar lavage (BAL) is particularly useful to verify the diagnosis [3,4]. During bron-
choscopy of these patients, healthcare workers must take the necessary precautions to mini-
mize their risk of exposure toMycobacterium tuberculosis (MTB). According to the American
College of Chest Physicians and American Association for Bronchology Consensus Statement,
during bronchoscopy of patients with suspected PTB, the bronchoscopist should wear a fit-
tested N95 particulate respirator to minimize the risk of exposure to airborne MTB [5].

Besides patients with clinically or radiologically suspected PTB, those whose respiratory
pathologies are initially not thought to be PTB are indeed occasionally diagnosed with the dis-
ease based on routine culture or polymerase chain reaction (PCR) for MTB using bronchial
washing fluid or BAL [6,7]. The incidence of PTB and thus of the unexpected exposure of
healthcare personnel to MTB is likely to be higher in areas with an intermediate or high preva-
lence of TB than in countries where TB has a low prevalence, such as the United States. How-
ever, unexpected exposure to MTB has not been examined nor is it addressed by the above-
mentioned guidelines.

The aim of this retrospective study was to determine the incidence of unexpectedly diag-
nosed PTB using the bronchoscopy specimens (bronchial washing fluid and BAL) and post-
bronchoscopy sputum of patients not initially diagnosed with the disease. The results were
interpreted as an estimate of the unexpected exposure to MTB by healthcare workers in the
bronchoscopy suite. We also sought to identify the independent factors related to unexpectedly
diagnosed PTB.

Methods and Materials

Study population
This retrospective study was based on 2719 consecutive patients who underwent flexible bron-
choscopy between January 2011 and December 2013 at Pusan National University Hospital,
Busan, South Korea. This region of the country has an intermediate incidence of PTB (97/
100,000 person per year) [8]. Of these patients, 765 were excluded for the following reasons: 1)
hospitalization in the intensive care unit (n = 545); 2) bronchoscopy performed for airway
inspection only (n = 96); 3) bronchoscopic toileting performed without bronchial washing or
BAL (n = 89); and 4) chest CT scans had not been performed within 2 months before bron-
choscopy (n = 35). Thus, the electronic medical records of 1954 patients were reviewed to iden-
tify the initial diagnostic impression recorded by the pulmonary physician. A “suspicion of
PTB” was defined as PTB suspected by a pulmonary physician on review of clinical and radio-
logical data. Other patients were considered to be under suspicion of respiratory diseases other
than PTB. Finally, 1650 patients whose presumptive diagnosis was respiratory disease other
than PTB were selected to determine the incidence of unexpected exposure to MTB in health-
care workers in the bronchoscopy suite (Fig 1).
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The Institutional Review Board of Pusan National University Hospital approved this study,
including the review and publication of information obtained from the patients’ records. The
need for informed consent was waived, due to the retrospective nature of the study (IRB no. E-
2015059). All patients information were anonymized preceding the analysis.

Bronchoscopic procedure and post-bronchoscopy sputum
After conscious sedation with midazolam and fentanyl, the patients underwent bronchoscopy
transorally or transnasally. The examination was performed by board-certified respiratory phy-
sicians using a flexible fiber-optic bronchoscope (Olympus, Tokyo, Japan). Before the bron-
choscopy, oropharyngeal and laryngeal anesthesia was obtained by the administration of 2 mL
of nebulized 4% lidocaine, followed by 1 mL of 2% topical lidocaine sprayed into the patient’s
oral and nasal cavities. After the bronchoscope was advanced through the vocal cords, 2 mL of
2% lidocaine solution was instilled into the trachea and both main bronchi through the work-
ing channel of the bronchoscope. If needed, additional 2% lidocaine solutions were infused
during the procedure.

After the initial exploration of the tracheobronchial tree by the bronchoscopist, bronchial
washing fluid was obtained in the trap bottle by the instillation of 10 mL of sterile normal saline
into the affected segmental bronchus, followed by immediate suction. The procedure was
repeated two or three times until 10 mL of material was retrieved for microbiological and
cytological examination. BAL was performed using standard techniques as previously
described [9]. Collected bronchial washing or BAL fluids were analyzed by fluorescence
microscopy using auramine-rhodamine staining. Mycobacteria were cultured in liquid culture
medium (BacT/ALERT MP; bioMérieux, Durham, NC) and in 3% Ogawa medium. Real-time
PCR for MTB was performed using the AdvanSure TB/NTM real-time PCR kit (LG Life Sci-
ence, Seoul, South Korea).

Post-bronchoscopy sputum was collected immediately after bronchoscopy as described in a
previous study [10] and used for the staining, culture, and PCR analysis of MTB.

Diagnosis of PTB
The presence of MTB in cultured bronchoscopy samples confirmed a diagnosis of PTB
(bacteriologically confirmed PTB). PTB was also diagnosed in patients whose real-time PCR
was positive for MTB and who showed clinical and radiological improvement after standard
anti-TB treatment [9].

Fig 1. Study flow diagram. FB, flexible bronchoscopy; PTB, pulmonary tuberculosis.

doi:10.1371/journal.pone.0156385.g001
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Analysis of the CT scans
All chest CT scans were reviewed by one radiologist who was blinded to the final diagnosis and
to the results of MTB staining, culture, and PCR analysis. The CT-based diagnoses were as fol-
lows: 1) pneumonia, 2) bronchiolitis, 3) lung nodule, 4) lung mass, 5) anthracofibrosis of the
airway, 6) bronchiectasis, 7) atelectasis, 8) interstitial lung disease, 9) airway stenosis, 10) pleu-
ral effusion, and 11) fibrocalcific parenchymal PTB. The CT scan criteria used have been
described in previous studies. For example, bronchiectasis was considered present based on the
visibility of a bronchus in the outer one-third of the lung or an inner lumen diameter exceeding
that of the accompanying pulmonary artery [10]. Atelectasis was considered present when
there was increased attenuation of the affected lung associated with a reduced lung volume
[11]. Anthracofibrosis of the airways was defined as bronchial narrowing or obstruction and/or
bronchial wall thickening [12]. The others are listed in a table in S1 Table.

Statistical analysis
All results are presented as numbers (percentages) or medians (interquartile range, IQR), as
appropriate. The data were compared using the χ2 or Fisher’s exact test for categorical variables
and the Mann–Whitney U-test for continuous variables. Logistic regression analyses were per-
formed to re-examine the factors with a significance of P< 0.1 in the univariate analyses. P-
values< 0.05 were considered to indicate statistical significance. SPSS for Windows version
17.0 (SPSS Inc., Chicago, IL) was used for the statistical analyses.

Results

Study population
Of the initial 1,954 patients, 304 with presumptive diagnoses of PTB were excluded and 159
(52.3%) were ultimately diagnosed with PTB (Fig 1). Finally, 1,650 patients whose presumptive
diagnoses were respiratory diseases other than PTB were studied to determine the incidence of
unexpected exposure of healthcare workers to MTB in the bronchoscopy suite. The character-
istics of patients with suspected PTB and those suspected of having respiratory diseases other
than PTB are shown in Table 1.

In 1,650 patients whose presumptive diagnoses were respiratory diseases other than PTB, 76
(4.6%) were unexpectedly diagnosed with PTB; their baseline characteristics are summarized
in Table 2.

Bronchoscopy specimens
Of the 1650 patients whose presumptive diagnosis was respiratory disease other than PTB,
bronchial washing and BAL fluids were obtained from 1514 (91.8%) and 136 (8.2%), respec-
tively. Post-bronchoscopy sputum was collected in 1425 of the 1650 patients (86.4%). The
MTB culture and PCR results are presented in Table 3. PTB was diagnosed in 49 patients
(3.0%) based on the MTB culture. PCRs using any bronchoscopy specimen were MTB-positive
in 42 patients (2.5%). An additional 27 patients (1.6%) without bacteriological confirmation
were diagnosed with PTB based on the PCR results and radiological and clinical improvement
after standard anti-TB treatment. Thus, 76 of the 1650 patients (4.6%) were eventually diag-
nosed with PTB.

Factors contributing to an unexpected diagnosis of PTB
The characteristics of the patients with and without a diagnosis of PTB are compared in
Table 4. Among the patients with PTB, fewer were male (P = 0.001) and had a smoking history
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Table 1. Data on patients with suspected PTB and respiratory diseases other than PTB.

Variable Suspected to have PTB (n = 304) Suspected to have respiratory diseases other than PTB (n = 1650) P-value

Age, years 57 (44–68) 65 (57–72) < 0.001

Male gender 182 (59.9) 1040 (63.0) 0.295

Body mass index, kg/m2 21.6 (20.0–23.7) 22.9 (20.9–24.5) < 0.001

Current or ex-smoker 124 (40.8) 789 (47.8) 0.024

Comorbidities, overlapping

Malignancy* 48 (15.8) 746 (45.2) < 0.001

Cardiovascular disease 62 (20.4) 524 (31.8) < 0.001

Diabetes mellitus 44 (14.5) 236 (14.3) 0.921

Chronic kidney disease 7 (2.3) 32 (1.9) 0.671

Hematologic disease 2 (0.7) 12 (0.7) 0.627

Liver disease 8 (2.6) 45 (2.7) 0.932

Rheumatologic disease 5 (1.6) 21 (1.3) 0.598

Chest CT findings, overlapping

Pneumonia 95 (31.3) 487 (29.5) 0.622

Bronchiolitis 171 (56.3) 152 (9.2) < 0.001

Lung nodule 175 (57.6) 722 (43.8) < 0.001

Lung mass 30 (9.9) 556 (33.7) < 0.001

Anthracofibrosis 0 (0) 23 (1.4) 0.020

Bronchiectasis 50 (16.4) 221 (13.4) 0.157

Atelectasis 35 (11.5) 289 (17.5) 0.010

Interstitial lung disease 4 (1.3) 131 (7.9) < 0.001

Airway stenosis 17 (5.6) 66(4.0) 0.206

Pleural effusion 58 (19.1) 245 (14.8) 0.061

Parenchymal calcification 49 (16.1) 171 (10.4) 0.004

PTB, pulmonary tuberculosis.

* Lung cancer was detected in 12 (25%) and 646 (86.6%) of the patients with malignancy in the group of suspected to have PTB and respiratory diseases

other than TB, respectively.

doi:10.1371/journal.pone.0156385.t001

Table 2. Baseline characteristics of 76 patients who unexpectedly diagnosed with PTB.

Variable No. (%) or median (interquartile range)

Age, years 65 (58–73)

Male gender 34 (44.7)

Height, cm 160.0 (153.0–169.0)

Weight, kg 57.5 (50.8–64.8)

Body mass index, kg/m2 22.4 (20.6–24.9)

Smoking history

Never smoked 49 (64.5)

Current or ex-smoker 27 (35.5)

Comorbidities, overlapping

Malignancy 24 (31.6)

Cardiovascular disease 20 (26.3)

Diabetes mellitus 9 (11.8)

Chronic kidney disease 1 (1.3)

PTB, pulmonary tuberculosis.

doi:10.1371/journal.pone.0156385.t002

Tuberculosis Exposure during Bronchoscopy

PLOS ONE | DOI:10.1371/journal.pone.0156385 May 26, 2016 5 / 10



(P = 0.028). Significantly fewer patients had an underlying malignancy, including lung cancer,
in the group with PTB compared with the group without PTB (P = 0.014), while other comor-
bidities did not differ significantly. There was also no significant difference between the groups
in terms of age or body mass index. However, patients with PTB were significantly more likely
than those without PTB to present with bronchiolitis (18.4 vs. 8.8%, P = 0.004),

Table 3. Results of MTB culture and PCR.

MTB-positive culture (%) MTB-positive PCR (%)

Bronchial washing* 31/1514 (2.0) 32/1514 (2.1)

Bronchoalveolar lavage 2/136 (1.5) 2/136 (1.5)

Post-bronchoscopy sputum† 36/1425 (2.5) 13/310 (4.2)‡

All bronchoscopy specimens§ 49/1650 (3.0) 42/1650 (2.5)

MTB, Mycobacterium tuberculosis; PCR, polymerase chain reaction.

*Fifteen patients had both MTB-positive cultures and MTB-positive PCR.
†Five patients had both MTB-positive cultures and MTB-positive PCR.
‡PCR for MTB was performed in 310 of the 1425 patient with post-bronchoscopy sputum specimens.
§Fifteen patients had both MTB-positive cultures and MTB-positive PCR.

doi:10.1371/journal.pone.0156385.t003

Table 4. Data of the patients with and without PTB.

With PTB (n = 76) Without PTB (n = 1574) P-value

Age, years 65 (58–73) 65 (57–72) 0.507

Male 34 (44.7) 1006 (63.9) 0.001

Body mass index, kg/m2 22 (21–25) 23 (21–25) 0.724

Current or ex-smoker 27 (35.5) 762 (48.4) 0.028

Comorbidities, overlapping

Diabetes 9 (11.8) 227 (14.4) 0.530

Malignancy* 24 (31.6) 722 (45.9) 0.014

Cardiovascular disease 20 (26.3) 504 (32.0) 0.297

Chronic kidney disease 1 (1.3) 31 (2.0) 0.686

Hematologic disease 0 (0.0) 12 (0.8) 0.445

Liver disease 0 (0.0) 45 (2.9) 0.266

Rheumatologic disease 0 (0.0) 21 (1.3) 0.621

Chest CT finding, overlapping

Pneumonia 26 (34.2) 461 (29.3) 0.358

Bronchiolitis 14 (18.4) 138 (8.8) 0.004

Lung nodule 31 (40.8) 691 (43.9) 0.593

Lung mass 17 (22.4) 539 (34.2) 0.032

Anthracofibrosis 6 (7.9) 17 (1.1) < 0.001

Bronchiectasis 20 (26.3) 201 (12.8) 0.001

Atelectasis 25 (32.9) 264 (16.8) < 0.001

Interstitial lung disease 4 (5.3) 127 (8.1) 0.377

Airway stenosis 7 (9.2) 59 (3.7) 0.029

Pleural effusion 10 (13.2) 235 (14.9) 0.671

Fibrocalcific parenchymal PTB 12 (15.8) 159 (10.1) 0.112

PTB, pulmonary tuberculosis.

* Lung cancer was detected in 18 (75%) and 628 (87%) of the patients with malignancy in the group with and without PTB, respectively.

doi:10.1371/journal.pone.0156385.t004
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anthracofibrosis (7.9 vs. 1.1%, P< 0.001), bronchiectasis (26.3 vs. 12.8%, P = 0.001), atelectasis
(32.9 vs. 16.8%, P< 0.001), or airway narrowing (9.2 vs. 3.7%, P = 0.029) as determined on
chest CT. Conversely, lung mass seen on chest CT was higher in the patients without than with
PTB (34.2 vs. 22.4%, P = 0.032).

Binary logistic regression analysis was performed to identify the independent risk factors
associated with an unexpected diagnosis of PTB in patients undergoing bronchoscopy
(Table 5). The presence of anthracofibrosis [odds ratio (OR), 3.878; 95% confidence interval
(CI), 1.291–11.650; P = 0.016], bronchiectasis (OR, 1.974; 95% CI, 1.095–3.557; P = 0.024) or
atelectasis (OR, 1.740; 95% CI, 1.010–2.903; P = 0.046) diagnosed on the basis of chest CT was
independently associated with an unexpected diagnosis of PTB.

Subgroup analysis
Based on the results of the logistic regression analysis, we further analyzed the data to deter-
mine whether a combination of chest CT findings resulted in an even higher risk of an unex-
pected diagnosis of PTB. The presence of both anthracofibrosis and atelectasis, detected in 15
(0.9%) of our patients, independently increased the risk of an unexpected diagnosis of PTB
(OR, 4.606; 95% CI, 1.383–15.342; P = 0.013), whereas the combination of bronchiectasis and
atelectasis, detected in 47 patients (2.8%), did not (OR, 1.900; 95% CI, 0.746–4.840; P = 0.179).
None of the chest CT scans of the patients demonstrated combined anthracofibrosis and bron-
chiectasis such that the effect of these two diseases could not be evaluated.

Discussion
In this retrospective study, the incidence of unexpected diagnosis of PTB in the bronchoscopy
suite was 4.6%. The independent risk factors associated with an unexpected diagnosis of PTB
were anthracofibrosis, bronchiectasis, and atelectasis, diagnosed based on the chest CT find-
ings. Patients with a combination of CT-confirmed anthracofibrosis and atelectasis were at
much higher risk of an unexpected diagnosis of PTB. This is the first report regarding the risk
of unexpected diagnosis of PTB in patients undergoing bronchoscopy and the related risk fac-
tors in a country with an intermediate TB burden. It thus demonstrates the incidence of unex-
pected occupational MTB exposure by healthcare workers in the bronchoscopy suite.

Table 5. Logistic regression analysis to identify factors associated with PTB.

Odds ratio (95% confidence interval) P-value

Age 1.010 (0.989–1.032) 0.338

Male 1.559 (0.850–2.861) 0.151

Body mass index, kg/m2 1.000 (0.999–1.001) 0.595

Smoking status 0.964 (0.522–1.782) 0.907

Malignant disease 0.777 (0.429–1.406) 0.404

Bronchiolitis 1.680 (0.870–3.244) 0.122

Lung mass 0.860 (0.444–1.666) 0.656

Anthracofibrosis 3.878 (1.291–11.650) 0.016

Bronchiectasis 1.974 (1.095–3.557) 0.024

Atelectasis 1.740 (1.010–2.903) 0.046

Airway stenosis 1.580 (0.640–3.903) 0.321

PTB, pulmonary tuberculosis.

doi:10.1371/journal.pone.0156385.t005
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Several previous studies reported the usefulness of routine culture for MTB using bronchial
washing fluid. In their study of a group of patients in the US, Kvale et al. reported a low inci-
dence of PTB diagnosed from bronchial washings (3/859 patients, 0.3%) [13]. On the other
hand, in India, a high-prevalence area, Sarkar et al. found that 9.1% of patients (15/164) had
PTB, which was diagnosed using routine MTB culture of bronchial washing fluid. Overall, the
proportion of patients in the bronchoscopy suite who had MTB-positive cultures was 0.3–1.3%
in countries with a low PTB prevalence and 3.7–9.1% in countries with an intermediate or high
PTB prevalence [14]. However, these studies were based on patients with suspected and unsus-
pected TB, such that they cannot be used to deduce the incidence of unexpected exposure to
MTB.

Our results showed that patients with bronchiectasis, as seen on chest CT scan, have a sig-
nificantly increased risk of an unexpected diagnosis of PTB during bronchoscopy
(OR = 1.974). The most common etiologies of bronchiectasis include postinfectious conditions
(bacteria, Aspergillus species, mycobacteria, viruses), genetic diseases, and immune deficiency
[15]. Although MTB infection can induce traction bronchiectasis, the current guidelines do not
recommend higher-grade respiratory precaution during bronchoscopy [5]. However, in areas
with a relatively high incidence of TB, bronchiectasis may be more often associated with the
disease than is the case in regions where the incidence is low [16,17]. Also, our study patients
who had anthracofibrosis (OR, 3.878) on chest CT scans were at higher risk of an unexpected
diagnosis of PTB. In fact, PTB is one of the most common diseases associated with bronchial
anthracofibrosis [18]; in endobronchial TB without lung parenchymal lesions it can be difficult
to distinguish between TB and anthracofibrosis. Indeed, on chest CT, anthracofibrosis could
instead be or coexist with endobronchial TB [19]. Atelectasis on chest CT scans also increased
the risk of an unexpected diagnosis of PTB during bronchoscopy (OR = 1.740). Atelectasis
itself is included in the CT findings of anthracofibrosis [19]. In patients with subtle endobron-
chial TB not seen on CT, only distal atelectasis will be detectable. In addition, the presence of
atelectasis will mask findings suggestive of PTB (such as a cavity or the tree-in-bud sign) [20].

PTB may be associated with atelectasis, bronchiectasis, and anthracofibrosis. Although
none of these conditions are specific for PTB, they may coexist with it [21]. Therefore, when
PTB is suspected in a low prevalence area of the disease, recent guidelines recommend the use
of a fit-tested N95 particulate respirator during bronchoscopy examination of these patients.
However, our results indicate that in intermediate-to-high prevalence areas, high-grade respi-
ratory precaution should be considered when bronchoscopy is performed in patients with
bronchiectasis, anthracofibrosis, or atelectasis as these patients may have undiagnosed PTB.

Several studies have examined the association between PTB and lung cancer. The associa-
tion between PTB and lung cancer is controversial. Wu et al. found that lung cancer patients
have a higher incidence of PTB [22], while Denholm et al. reported that there was no associa-
tion between tuberculosis and lung cancer [23]. We analyzed the difference between the pro-
portion of unexpected tuberculosis in patients with and without lung cancer. Interestingly, the
incidence of unexpected PTB was higher in the group without lung cancer than in the lung can-
cer group (5.8% vs. 2.8%). We believe that further large-scaled prospective studies are needed
to verify the association between pulmonary tuberculosis and lung cancer.

The limitations of this study included a retrospective design and exclusion of patients who
did not undergo CT prior to bronchoscopy, such that selection bias may have influenced our
results. A prospective study would be needed to fully validate our findings. Second, our study
was conducted at a single institution in an area of intermediate PTB burden, which may limit
the application of our findings in areas of differing PTB prevalence. Third, we diagnosed PTB
in patients with MTB-negative cultures but MTB-positive PCR findings when clinical and
radiological improvements were evident after standard anti-tuberculosis treatment. As our
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work was retrospective in nature, potential misdiagnoses (false-positive PCR data) could not
be excluded. Fourth, analysis by two or more radiologists, who are in good agreement, is gener-
ally required when radiological data are evaluated. Here, however, one radiologist reviewed all
chest CT scans. Fifth, post-bronchoscopy sputum was not collected from all patients. Finally,
whether patients with an unexpected diagnosis of PTB actually expose healthcare workers in
the bronchoscopy suite to MTB is not clear. However, because flexible bronchoscopy is a
cough-inducing procedure, the probability of MTB transmission to healthcare workers at bron-
choscopy by patients with undetected PTB cannot be ruled out.

In conclusion, the incidence of an unexpected diagnosis of PTB as determined from bron-
choscopic specimens or post-bronchoscopy sputum was relatively high, which points out the
underestimation of possible exposure to MTB during bronchoscopy. Our study also demon-
strated that patients with CT-confirmed anthracofibrosis, bronchiectasis, or atelectasis have a
higher risk of PTB, which, if left undiagnosed, may lead to the exposure of healthcare workers
in the bronchoscopy suite to MTB. Thus, in regions with intermediate TB prevalence, we sug-
gest the use during routine bronchoscopy of a fit-tested N95 particulate respirator or higher-
grade respiratory precaution to prevent occupational exposure to MTB in patients with bron-
chiectasis, atelectasis, or anthracofibrosis evident on CT.
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(DOCX)
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