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Background: Higher rates of diagnosis of pulmonary Mycobacterium avium-intracellulare complex (MAC) disease by bronchoscopy
(BS) in patients who could not diagnose by sputum cultures have been suggested, but the detailed utility of BS, especially in
combination with anti-glycopeptidolipid-core IgA antibodies (anti-MAC Ab), is still unclear.

Methods: A total of 111 patients at our hospital with suspected MAC who underwent BS because they were sputum-negative from
April 2018 to March 2022 were analyzed prospectively. These patients were also divided into two groups, anti-MAC Ab-positive and
anti-MAC Ab-negative, and compared.

Results: A total of 111 patients underwent BS, though 95 (38.0%) of 250 enrolled patients were sputum smear/culture-positive. The
age of the 111 patients was 69.14 (31.0-89.0) years, and 90 (81.0%) were female; 69 (62.2%) of 111 patients were either smear-
positive (n = 42, 37.8%) or culture-positive (n = 27, 24.3%) by BS. Of the total 111 patients, 69 (62.2%) were anti-MAC Ab-positive
and 57 (82.6%) of 69 patients were also positive by BS. In contrast, only 12 (28.6%) of the 42 anti-MAC Ab-negative patients were
positive by BS. The sensitivity and specificity of anti-MAC Ab for positive by BS were 82.6% and 71.4%, respectively, and the area
under the curve (AUC) on receiver-operating characteristic (ROC) curve analysis was 0.807.

Conclusion: BS and anti-MAC Ab showed similar usefulness to confirm the diagnosis in patients who could not be diagnosed by
sputum examination, but pulmonary MAC disease was strongly suspected based on chest radiography/CT findings. These two
examinations were correlated, and their combination appeared to provide more accurate diagnosis and earlier therapy.
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Introduction

Mycobacterium avium complex (MAC) is the most commonly isolated non-tuberculous mycobacterium (NTM) in Japan
and Eastern Asia, and it has become a major issue as the cause of chronic lung disease leading to hemoptysis, cough, and
dyspnea in middle-aged women.'

Although the patients show the characteristic chest radiograph (X-ray) and computed tomography (CT) findings, such as
fibro-cavitary (FC) radiographic changes or bronchiectasis with nodular and reticulonodular radiographic changes, termed the
nodular bronchiectatic (NB) type, these chest imaging presentations are sometimes similar to those of pulmonary tuberculosis
and lung cancers; therefore, a definitive diagnosis by culture is important for determining the appropriate therapeutic agents,
such as azithromycin (AZM)/clarithromycin (CAM), rifampicin (RIP), and ethambutol (EB).*"
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However, the detection of MAC from sputum smear/culture might unfortunately fail because the number of
mycobacteria is few in the lungs, and some patients, especially elderly patients, cannot produce sputum. Therefore,
bronchoscopy (BS) and/or surgery is performed to isolate the mycobacterium from bronchial lavage fluid and dissected
tissue sections. Gene analysis is also required to detect MAC in tissue sections that have already been embedded in
paraffin.* In addition, serum biomarkers, such as anti-glycopeptidolipid (GPL)-IgA antibodies (anti-MAC Abs), support
the diagnosis of MAC and are used worldwide.” The GPL core antigen is an important epitope of the cell wall of MAC,®
and, currently, an anti-MAC Abs assay kit for diagnosing MAC is commercially available; a systematic review and meta-
analysis examined the precise diagnostic accuracy of the anti-MAC Abs for MAC pulmonary disease, with estimates of
sensitivity and specificity of 0.696 and 0.906, respectively, with a cutoff value of 0.7 U/mL.’

In the present study, patients whose chest X-ray/CT findings strongly suggested pulmonary MAC diseases, but no
mycobacteria could be detected by sputum examinations, were prospectively analyzed. These patients underwent BS,
and the bronchial lavage fluid was collected. Anti-MAC Ab levels in the sera were also measured, and the detection
rates of MAC from the bronchial lavage fluid were compared between the serum anti-MAC Ab-positive and anti-MAC
Ab-negative groups.

Methods

Patients and Bronchoscopy Procedures

Patients who visited Tohoku Medical and Pharmaceutical University Hospital from April 2015 to March 2022 were
analyzed. Outpatients who fulfilled the following three criteria were enrolled: (1) age >20 years; (2) symptoms suggestive
of pulmonary MAC diseases; and (3) findings suggestive of MAC on chest X-ray or CT. Bronchial lavage was performed
in patients suspected of having pulmonary MAC disease based on chest X-ray or CT findings, but in whom a diagnosis
could not be obtained because of negative cultures from at least 3 consecutive sputum samples or the absence of
expectorated sputum even though sputum induction was conducted by inhalation of nebulized sterile saline solution fol-
lowed by coughing and expectoration of airway secretions.

The BS procedures were as follows: the segmental or subsegmental bronchus with abnormal lesions on chest CT was
wedged after brushing twice, 20 mL of sterile normal saline was injected, and the lavage fluid was aspirated via BS, as
previously reported.® Collected samples were cultured by MIGT (Mycobacterium growth indicator tube, Becton-
Dickinson, Franklin Lakes, NJ, USA) and Ogawa culture media (Kyokuto Pharmaceutical Industries CO. LTD, Tokyo,
Japan) to isolate the mycobacteria, in addition to Ziehl-Neelsen staining to detect mycobacteria. Definition and
differentiation of the MAC were performed by polymerase chain reaction (PCR) methods and/or matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) (Bruker Daltonics, Billerica, MA, USA).>'°

Ethics

This study was approved by the Committee for Clinical Scientific Research of Tohoku Medical and Pharmaceutical
University Hospital on July 8 and October 9, 2015 (No. ID2015-2-008 and 1D2015-2-025), respectively, as trials for
mycobacteria (https:/www.hosp.tohoku-mpu.ac.jp/department/infection.html). All the patients whose specimens were

used and who participated this study provided written, informed consent to have their case details and any accompanying
images published. The Declaration of Helsinki was also adhered in this study.

Measurement of Anti-MAC Ab Levels

Serum samples were collected from the patients, and anti-MAC Ab levels were measured using a serological test based
on an enzyme immunoassay (Kyokuto Pharmaceutical Industries CO. LTD, Tokyo, Japan). Briefly, microtiter plates were
coated with 0.5 pg of GPLs and GPL core of M. avium serotype 4/well. Serum samples were diluted 40-fold with
phosphate-buffered saline containing 1% bovine serum albumin. Diluted serum samples were added, followed by
incubation for 1 h at 37 °C. Plates were washed, then peroxidase-conjugated F(ab’)2 of goat antibody against human
immunoglobulin G (IgG), IgA, or IgM was added, and plates were incubated for 2 h at 37 °C. Unbound labeled antibody
was removed by washing, and the substrate, o-phenylenediamine dihydrochloride, was added. Following color
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development, the optical densities of the wells on the plates were read for absorbance at 492 nm in a reader (model 550,
Bio-Rad Laboratories, Tokyo, Japan).'" The cut-off point was defined as 0.7 U/mL.'> The sera from the patients were
aliquoted into individual 1.0-mL doses in tubes, stored at —80 °C until use, and thawed at room temperature just before
the assay.

Statistical Analysis

The Mann—Whitney U-test was used to compare continuous variables between two groups. Sensitivity and specificity
were calculated as follows: Sensitivity = (True Positives)/(True Positives +False Negatives), and Specificity = (True
Negatives)/(True Negatives + False Positives), respectively. A receiver-operating characteristic (ROC) curve and the area
under the ROC curve (AUC) were assessed as appropriate. A p-value of less than 0.05 denoted a significant difference.
All analyses were carried out using Stat View software (Abacus Concepts, Cary, NC, USA) and SPSS statistics ver. 25.

Results

Patients’ Characteristics

Overall, 250 adult patients with suspected pulmonary MAC were approached; 95 (38.0%) of the 250 patients were
sputum smear/culture-positive, and 38 patients rejected the BS procedures and requested observational follow-up at the
outpatient clinic (Figure 1). A total of 117 patients with suspected pulmonary MAC disease with no organisms isolated
from sputum underwent BS, and from 6 of them, other mycobacteria, such as 4 Mycobacterium abscessus, 1
Mycobacterium kansasii, and 1 non-specific mycobacteria were isolated by BS, but these 6 cases were excluded from
the analysis because non-MAC mycobacteria, especially Mycobacterium abscessus, are known to also express the GPL,
and potential false-positive results of the anti-MAC Abs have been reported."*

Finally, a total of 111 patients with suspected pulmonary MAC disease with no organisms isolated from sputum
underwent BS and were analyzed. The median age of the 111 patients was 69.14 (31.0-89.0) years, and 92 (82.8%) of the
111 patients were female (Table 1). The age distribution and male/female ratio are shown in Figure 2. The number of
patients increased with age and peaked in the seventies, with females predominant in all age groups. Most of the patients

’ Total Patients approached (n=250) ‘

—‘ Sputum smear/culture positive (N=95) I

| Pulmonary MAC diseases suspected |

4‘ Reject the bronchoscopy (N=38) |

‘ The patients received bronchoscopy (N=117) l

Excluded the cases other
mycobacteria were detected ( N=6,
such as 4: M abscessus, 1: M kansasii,
and 1: non-specific, respectively)

I I
Anti-MAC Ab positive Anti-MAC Ab negative
(n=69) (n=42)

Figure | Patient enrolment and identification of pulmonary Mycobacterium avium complex (MAC) diseases. The flow chart shows the number of patients from enrolment to
identification of the patients with bronchial lavage culture and titers of anti-glycopeptidolipid-core IgA antibody (anti-MAC Ab). We excluded the cases other mycobacteria
were detected.
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Table | Characteristics of Patients with Suspected Pulmonary Mycobacterium avium/intracellulare Complex (MAC) Who

Underwent Bronchoscopy (n = I11)
Total (n=111) MAC-Ab(+) (n = 69) MAC-Ab(-) (n = 42)
Age (range) 69.14 (31.0-89.0) 69.2 (31.0-88.0) 68.8 (33.0-89.0)
Male/Female 21/90 12/57 9/33
Smoking (%)
Never 85 (72.6%) 50 (72.5%) 30 (71.4%)
Former 28 (23.9%) 18 (26.1%) 9 (21.4%)
Current 4 (3.4%) I (1.4%) 3 (7.1%)
Body Mass Index
<185 36 (30.8%) 21 (30.4%) 15 (35.7%)
185 <, <25.0 78 (66.7%) 46 (66.7) 26 (61.9%)
= 250 2 (1.7%) I (1.4%) I (2.4%)
Unknown 1 (0.9) I (1.4%) 0 (0%)
Underlying diseases (%) 85 (72.6%) 48 (69.6%) 32 (76.2%)
COPD 3 (2.6%) 2 (2.9%) I (2.4%)
Old Tbe 4 (3.4%) 2 (2.9%) 2 (4.8%)
Chronic sinusitis 4 (3.4%) 2 (2.9%) | (2.4%)
Heart Disease 41 (35.0%) 22 (31.9%) 16 (38.1%)
Hyperlipidemia 19 (16.2%) 9 (13.0%) 9 (21.4%)
Diabetes Mellitus 11 (9.4%) 7 (10.1%) 3 (7.1%)
Chronic renal failure 6 (5.1%) 3 (4.3%) 3 (7.1%)
Autoimmune diseases 20 (17.1%) 11 (15.9%) Il (26.2%9
Organ Transplantation 1 (0.9%) 0 (0%) | (2.4%)
Malignancy 19 (16.2%) Il (15.9%) 5 (11.9%)
Others 12 (10.3%) 8 (11.6%) 3 (7.9%)
Symptoms (%) 81 (73.0%) 48 (69.6%) 29 (69.0%)
Cough 71 (60.7%) 41 (59.4%) 27 (64.3%)
Hemosputum 28 (23.9%) 18 (26.1%) 9 (21.4%)
Weight loss 12 (10.3%) 9 (13.0%) 3(7.1%)
Dyspnea 9 (7.7%) 7 (10.1%) 2 (4.8%)
Slight Fever 2 (1.7%) I (1.4%) 0 (0%)
Fatigue | (0.9%) 0 (0%) 1 (2.4%)
Bronchoscopy (%) 69 (62.2%) 57 (82.6%) 12 (28.9%)
Smear (+) 42 (37.8%) 35 (50.7%) 7 (16.7%)
Culture (+) 27 (24.3%) 22 (31.9%) 5 (11.9%)

were non-smokers and thin with a body mass index <25 kg/m? (Table 1). Chronic pulmonary diseases, such as COPD
and old tuberculosis, were present in only 2 (2.6%) and 3 (3.4%) patients, respectively, as underlying diseases, although
41 (35.0%) of the 111 patients had heart disease. However, most patients showed some respiratory symptoms, such as
cough (71/111, 60.7%) and hemosputum (28/111, 23.9%)).

Isolated Mycobacteria and Anti-MAC Ab Levels

MAC was detected by BS from 69 (62.2%) of 111 patients who could not be definitively diagnosed as having MAC by
sputum examination. Of the 69 patients who could be diagnosed by BS, 42 (37.8%) patients became smear-positive, and
the other 27 (24.3%) were confirmed by culture of the bronchial lavage by BS.

The serum anti-MAC Ab levels were as follows: 69 (62.2%) of 111 patients were serum anti-MAC Ab-positive
(Table 1), and 57 (82.6%) of these 69 patients were also bronchial lavage fluid positive (Table 1). In contrast, 42 (37.8%)
of 111 patients were anti-MAC Ab-negative, with isolation of MAC from only 12 (28.9%) of these 42 patients (Table 1).
The detection rates of MAC were significantly higher in serum anti-MAC Ab-positive patients than in serum anti-MAC
Ab-negative patients (p < 0.01).
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Figure 2 Age distribution and the male/female ratio of the patients with suspected pulmonary Mycobacterium avium complex disease who underwent bronchoscopy. White
bars: female, and black bars: male.

In addition, 31 (44.9%) of the 69 BS-positive patients had an anti-MAC Ab level greater than 10 U/m and 18 (26.1%)
of the 69 BS-positive patients showed negative anti-MAC Ab (Figure 3A). In the present study, the sensitivity and
specificity of anti-MAC Ab for BS-positive cases were 82.6% and 71.4%, respectively, and false-positive and false-
negative results were seen in 17.4% and 28.6%, respectively (Table 1). The AUC in the ROC curve analysis was 0.807
(Figure 3B).

(A) (B)
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Anti-MAC Ab False positive fraction

Figure 3 The relationship of positive cases by bronchoscopy (BS) with the anti-glycopeptidolipid-core IgA antibody (anti-MAC Ab) level. (A) The number of BS-positive or
BS-negative cases for each anti-MAC Ab level. Black bars: BS-positive cases, and white bars: BS-negative cases. (B) Receiver-operating characteristic (ROC) curve of anti-
MAC Ab for BS culture-positive cases.
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Discussion
Identification of mycobacteria and their subtypes is essential for the diagnosis and treatment of mycobacterial infections,
though their isolation from sputum cultures is sometimes difficult.""'* It has been reported that high rates of sputum-
positive were seen in a retrospective, observational study," but we unfortunately sometimes could not detect MAC by
sputum smear/culture, and elderly patients frequently cannot produce sputum. Overall, sputum smear/cultures were
positive for 95 (38.0%) of 250 patients in the present study, although 34 (81.0%) of 42 patients were reported sputum
smear/culture positive in a previously reported, retrospective, single-center-study in Japan.'> This discrepancy might be
because patients who could not produce sputum or had negative cultures were not distinguished, and sputum induction
was also not performed uniformly in our study. The results of sputum smear/cultures might be unstable and dependent on
the skill levels of the physicians and medical staff handling.

In contrast, BS could be performed in patients who could not produce sputum, and sample collection was absolutely
stable under anesthesia. The effectiveness of bronchial lavage or biopsy by BS for the diagnosis of pulmonary MAC

disease has been reported in some previous studies,'®!”

and in the American Thoracic Society guidelines for the
diagnosis of NTM infection, the diagnosis of pulmonary NTM disease required the patient to meet clinical and
microbiologic criteria, including either (1) positive culture results from at least two separate expectorated sputum
samples or (2) positive culture results from one bronchial wash or lavage.! These data suggest that BS is as effective
as sputum culture for the diagnosis of pulmonary MAC diseases.">® Furthermore, the anti-MAC Ab test may be
a valuable laboratory test, with high sensitivity (84.3%) and specificity (100%),”> but there are few clinical data
elucidating the potential effects of patients’ characteristics and other clinical data.

In the present study, the effectiveness of BS for the diagnosis of pulmonary MAC disease was examined, especially
when it was combined with diagnosis by a serum biomarker, such as anti-MAC Abs. The 111 patients who could not be
diagnosed by sputum and underwent BS were evaluated. They were middle-aged to elderly patients, primarily women, and
they showed slight cough, hemosputum, and weight loss. These characteristics were similar to previously reported
representative patients.'*'® In the distribution of isolated NTM, most were MAC, and these data also matched with the
many previous reports."'* 2% These data suggest that the present patients had the common characteristics of MAC patients.

In the analysis of these patients, there was a relatively high rate of MAC isolation by BS, especially in the anti-MAC Ab-
positive patients. Overall, 69 (62.2%) of 111 patients were anti-MAC Ab-positive, and, similarly, 69 (62.2%) of 111 patients
were definitively diagnosed as having MAC by BS. The rate of MAC detection by BS was slightly lower, compared with
84.6% in the previous study,'” but the 62.2% detected by BS was significantly higher than the 38.0% sputum smear/culture-
positive rate in the present study. These data suggest the usefulness of BS, especially when diagnosing patients strongly
suspected of having MAC by chest X-ray/CT, but who could not be diagnosed by sputum examination.

Furthermore, of the 69 anti-MAC Ab-positive patients, 57 (82.6%) were also BS-positive, although 12 of 42 (28.9%)
anti-MAC Ab-negative patients were BS-positive in the present study. In addition, there were no significant differences in
the prevalence of each chest X-ray/CT finding, including nodules, air-space disease, bronchiectasis, and cavities, between
the BS-positive and sputum-positive patients (data not shown), as previously reported.® Therefore, it might be much
better to perform not only sputum culture but also BS when MAC is strongly suspected based on chest X-ray/CT findings
and anti-MAC Ab-positive by serum examinations, although BS needs sedation and caution regarding respiratory
suppression, especially in elderly persons with chronic pulmonary diseases.

The MAC-AD test is available as a diagnostic examination for pulmonary MAC diseases in clinical settings in Japan,
though this test might not be frequently used in the USA."" The GPL-core is a common structure of the GPL antigen of cell
2! though
Mycobacterium abscessus is known to also express the GPL, and potential false-positive results of the anti-MAC Abs

walls of MAC, but not of Mycobacterium tuberculosis (MTB) complex and Mycobacterium kansasii,

have been reported.'® In addition, high sensitivity and specificity of anti-MAC Ab have been reported, but relatively low
sensitivity of 58.6% and a high false-negative rate were also observed in patients with malignant disease in some hospitals.’
They found that only 26 of 296 anti-MAC Ab-positive patients were retrospectively diagnosed with definitive pulmonary
MAC diseases according to the guidelines, and this definitt MAC group showed no significant differences in strains,
treatment history, or number of segments involved compared with anti-MAC Ab-negative patients. These data suggest that
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anti-MAC Ab tests are sometimes unstable and are the reason that they are unfortunately not included as definitive diagnostic
criteria in several NTM guidelines.'” It has been reported that radiological severity scores were associated with anti-MAC
Ab titers.”* During the median 364-day follow-up, 114 patients (49.8%) required treatment. From the USA, it was also
reported that sensitivity and specificity for MAC were 48% and 89% (cutoff point 0.7 U/mL), respectively, and the authors
concluded that anti-MAC Ab was relatively specific for MAC pulmonary diseases and decreased with treatment.”> However,
a meta-analysis suggested that the positive and negative likelihood ratios of the anti-MAC Ab test were 7.4 and 0.34,
respectively, the diagnostic odds ratio was 24.8, and the area under the hierarchical summary ROC curves was 0.873 with
a cutoff value of 0.7 U/mL.” These data were similar to the present study results and suggested the test’s usefulness, but the
demanding clinical diagnostic criteria may be a cause of a false-positive index test.

The results of the present study showed high sensitivity, but relatively low specificity of the anti-MAC Ab for
definitive MAC diagnosis in BS-positive cases. The AUC on the ROC curve analysis suggested high accuracy.
Furthermore, 31 (44.9%) of the 69 BS-positive patients had an anti-MAC Ab level greater than 10 U/m, but 18
(26.1%) of the 69 BS-positive patients had a negative anti-MAC Ab. Relatively high false-positive and false-
negative results were also found in the present study. These data also suggested the usefulness of the anti-MAC
Ab test for diagnosis of MAC pulmonary diseases, though it is not absolutely definitive. Therefore, we should
perform the BS combined with anti-MAC Ab tests in addition to chest X-ray/CT.

The present study has limitations. This was a single-center study with a small number of definite MAC patients and
a short observation period of MAC patients. In addition, patients who could not produce sputum or had negative cultures
could not be clearly distinguished. Most of the pathogens diagnosed as MAC by BS were M. avium, not
M. intracellulare in the present study. These limitations may be associated with the differences of the results compared
to previous studies.

In conclusion, a total of 111 patients with suspected pulmonary MAC disease based on chest X-ray/CT
findings, but whose sputum examinations did not detect MAC, were examined. Overall, 62.2% of the patients
were positive on bronchial lavage fluid and could be definitively diagnosed as having MAC, although 38.0% of
patients were definitively diagnosed as having MAC by sputum examination before BS. Similarly, 62.2% of the
patients who could not be diagnosed by sputum examination showed positive anti-MAC Ab results. Furthermore,
82.6% of BS-positive patients were also anti-MAC Ab-positive. BS, in combination with measurement of anti-
MAC Ab levels, might be useful for accurate diagnosis and appropriate treatment of pulmonary MAC disease after
standard chest imaging and sputum examinations to prevent progression of MAC diseases. BS may be an invasive
procedure for elderly patients because they need sedation and caution for respiratory suppression, but we should
perform it for patients who are anti-MAC Ab-positive, but cannot be diagnosed by sputum examination and
pulmonary MAC is strongly suspected based on chest X-ray/CT findings.
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