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ABSTRACT Although serum anti-glycopeptidolipid (GPL)-core IgA antibody is a highly
specific test for infection with Mycobacterium avium complex (MAC), Mycobacterium
abscessus, and its subspecies abscessus, subsp. massiliense, and subsp. bolletii (MAB), its
use for the definitive diagnosis of MAC pulmonary disease (PD) and MAB-PD are
unknown. To clarify the diagnostic accuracy of the anti-GPL-core IgA antibody test among
patients with radiologically suspected MAC-PD or MAB-PD who already have a single pos-
itive sputum culture test. The first isolations of MAC and MAB from patients with radio-
logically suspected MAC-PD or MAB-PD at the Osaka Toneyama Medical Center between
January 2006 and December 2020 were collected. Patients were enrolled when their se-
rum anti-GPL-core IgA antibody was measured during the 3 months before and after the
first isolation. We retrospectively compared the results of anti-GPL-core IgA antibody test-
ing with the final diagnoses based on the current guidelines. We included 976 patients
for analysis. The serum anti-GPL-core IgA antibody was positive in 699 patients (71.6%).
The positive predictive value of anti-GPL-core IgA antibody for the diagnosis of MAC-PD
or MAB-PD was 97.4%. The median time required for the second positive culture after
the first isolation was 51 days (interquartile range 12 to 196 days). The positive serum
anti-GPL-core IgA antibody test allowed an early and definitive diagnosis of MAC-PD or
MAB-PD in those who already had a single positive sputum culture test.

IMPORTANCE To satisfy the microbiologic criteria of the current diagnostic guideline
for nontuberculous mycobacterial pulmonary disease (PD), at least two positive spu-
tum cultures of the same species of mycobacteria from sputum are required to avoid
the casual isolation of mycobacteria. This study showed that the positivity of a se-
rum anti-glycopeptidolipid (GPL)-core IgA antibody test has an excellent diagnostic
ability among patients with radiologically suspected Mycobacterium avium complex
(MAC)-PD or Mycobacterium abscessus (MAB)-PD who already had a single positive
sputum culture test. The usage of single culture isolation plus anti-GPL-core IgA anti-
body as another diagnostic criterion has a time, cost, and effort-saving effect.
Furthermore, it will facilitate the diagnosis of MAC-PD or MAB-PD in the early stage
of disease because serum anti-GPL-core IgA antibody becomes high in these
patients. Therefore, we proposed adding single culture isolation plus anti-GPL-core
IgA antibody as “combined microbiological and serological criteria” to the diagnostic
guidelines for MAC-PD and MAB-PD.
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The rate of nontuberculous mycobacterial pulmonary disease (NTM-PD) has
increased recently worldwide (1, 2). Although NTM comprises approximately 200

species, Mycobacterium avium complex (MAC), represented by M. avium and M. intra-
cellulare, and Mycobacterium abscessus and its subspecies abscessus, subsp. massiliense,
and subsp. bolletii (MAB), are the major causative agents of NTM-PD in many countries,
including Japan (3). In contrast to Mycobacterium tuberculosis, NTM exists in environ-
mental sources, including water and soil (4). Therefore, the repeated isolation of the
same species of mycobacteria from sputum is required for the diagnosis of NTM-PD,
considering the possibility of contamination from the environment or colonization of
mycobacteria in the respiratory tract (5).

The current American Thoracic Society/European Respiratory Society/European
Society of Clinical Microbiology/Infectious Disease Society of America (ATS/ERS/
ESCMID/IDSA) guidelines recommend the use of clinical, radiologic, and microbiologic
criteria for the diagnosis of NTM-PD (6). This requires at least two positive sputum cul-
tures of the same species of mycobacteria to satisfy the microbiologic criteria. This is
based on a study that reported that 98% of patients with $2 sputum cultures had clin-
ically significant MAC-PD (5). In that report, the authors stated that the probability of
the casual isolation of the organism twice was low, and, therefore, a diagnosis of pul-
monary infection caused by this organism could be made. However, a sputum culture
is sometimes difficult and time-consuming for patients with early-stage disease who
do not have sputum of appropriate quality or in hospitals that are unfamiliar with
mycobacterial infectious diseases. Furthermore, waiting for a definitive MAC-PD diag-
nosis by two or more sputum cultures could lead to delays in appropriate disease man-
agement, in particular in patients with serious complications or under immunosup-
pressive therapy.

Anti-glycopeptidolipid (GPL)-core IgA antibody is a useful serological diagnostic tool for
MAC-PD (7). GPL is a major cell wall component of NTM. MAC, MAB, Mycobacterium chelo-
nae,Mycobacterium fortuitum, andMycobacterium scrofulaceum contain GPL whereasM. tu-
berculosis and other NTM species, including Mycobacterium kansasii, do not (8). Levels of
anti-GPL-core IgA antibody are specifically elevated in the sera of patients with MAC and
MAB infections (7, 9, 10). Compared to other isotypes of antibody, anti-GPL-core IgA
showed the best sensitivity and specificity for the diagnosis of MAC-PD (11). Although geo-
graphical differences might exist, it is rare for anti-GPL-core IgA to be casually elevated
among patients without MAC or MAB infection (7, 10, 12–14). In addition, serum anti-GPL-
core IgA is high in patients with early-stage MAC-PD (15).

We hypothesized that the probability of the casual elevation of serum anti-GPL-
core IgA in patients with one or more isolation of mycobacteria is extremely low. In
this study, we aimed to clarify the diagnostic accuracy of serum anti-GPL-core IgA anti-
body test among patients with radiologically suspected MAC-PD or MAB-PD who al-
ready have a single positive sputum culture test.

RESULTS

Overall, 1465 patients had at least one positive sputum culture test and were exam-
ined for serum anti-GPL-core IgA antibody within the 3 months before and after the
sampling of the first positive sputum culture. We excluded 406 patients because of a
short observation period (less than 1 year) and 62 patients because of an inadequate
number of sputum culture tests (less than 3) to avoid the cases for which no clear con-
clusion can be drawn. We also excluded 21 patients because they had no radiological
NTM lesion. The remaining 976 patients were included for analysis (Fig. 1). The baseline
patient characteristics are shown in Table 1. Of these patients, 239 were male and 737
were female. Their ages were 70.5 6 10.2 for males and 67.4 6 11 years for females
(mean 6 standard deviation). The follow-up period after the first positive sputum cul-
ture test was 1518 [867 to 2594] days (median [interquartile range (IQR)]). During the
follow-up period, 15 [7 to 31] sputum culture tests (median [IQR]) were performed in
each patient. Serum anti-GPL-core IgA antibody was positive in 699 patients (71.6%),

Kawasaki et al.

Volume 10 Issue 1 e01406-21 MicrobiolSpectrum.asm.org 2

https://www.MicrobiolSpectrum.asm.org


among which 668 patients subsequently satisfied the ATS/ERS/ESCMID/IDSA guideline
diagnostic criteria and were diagnosed with MAC-PD or MAB-PD. The time required for
the second positive culture was a median of 51 (IQR 12 to 196) days, suggesting the
time-saving effect of adding single culture isolation plus anti-GPL-core IgA antibody as
diagnostic criteria. The serum anti-GPL-core IgA antibody was negative in 277 patients
(29.4%), among which 223 patients were diagnosed with MAC-PD or MAB-PD. In our
cohort, 13 patients who were anti-GPL-core IgA antibody positive and five patients
who were anti-GPL-core IgA antibody negative were clinically diagnosed with NTM-PD
and treated with clarithromycin (CLR)-containing multidrug therapy, although their

TABLE 1 Baseline patient characteristicsa

Characteristic Total (N = 976) MAC-positive (N = 930) MAB-positive (N = 46)
Sex, male/female 239/737 227/703 12/34
Age, mean6SD, yr
Male
Female

68.26 10.9
70.56 10.2
67.46 11

68.36 10.9
70.86 10
67.56 11

676 10.7
65.16 11.4
67.76 10.4

Observation period, median (IQR), d 1518 (867-2594) 1526 (877-2609) 1172 (626-1993)
No. of sputum culture tests, median (IQR) 15 (7-31) 15 (7-32) 13 (8-22)
aMAC,Mycobacterium avium complex; MAB,Mycobacterium abscessus, and its subspecies abscessus, subsp.massiliense, and subsp. bolletii; SD, standard deviation; IQR,
interquartile range.

FIG 1 Flowchart of patient selection. Anti-GPL-core IgA antibody (1), positive anti-GPL-core IgA
antibody ($0.7 U/mL) at the first positive sputum culture; anti-GPL-core IgA antibody (2), negative
anti-GPL-core IgA antibody (,0.7 U/mL) at the first positive sputum culture; 2nd (1), additional
positive sputum culture isolation after the first positive sputum culture; 2nd (2), no positive sputum
culture isolation after the first positive sputum culture; multidrug therapy (1), presence of history of
taking multidrug therapy, including clarithromycin; multidrug therapy (2), no history of multidrug
therapy, including clarithromycin; NTM/BE, patients with radiological pulmonary lesions compatible
with NTM or bronchiectasis; contamination, patients with no obvious radiological pulmonary lesions
of NTM or bronchiectasis; ILD, interstitial lung disease; LC, lung cancer; COPD, chronic obstructive
pulmonary disease; old TB, past M. tuberculosis disease.
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sputum culture test was positive only once. We categorized such patients as “probable
MAC-PD or MAB-PD”. Definite and probable MAC-PD or MAB-PD accounted for 97.4%
of the anti-GPL-core IgA antibody-positive group, which showed that the positive pre-
dictive value (PPV) of anti-GPL-core IgA antibody test among patients with radiologi-
cally suspected MAC-PD or MAB-PD who have already had single positive sputum cul-
ture test was 97.4% in our cohort (Table 2 and Table S1).

Next, we examined 18 patients in the anti-GPL-core IgA antibody-positive group and 49
patients in the anti-GPL-core IgA antibody-negative group, who had been followed up
without CLR-containing multidrug therapy because they did not meet the ATS diagnostic
criteria (1997) or ATS/IDSA diagnostic criteria (2007) for NTM-PD (16, 17). Notably, cases
that were thought to be related to contamination by NTM from the respiratory tract were
only observed in the anti-GPL-core IgA antibody-negative group (18 patients). The remain-
ing 18 patients in the anti-GPL-core IgA antibody-positive group and 31 patients in the
anti-GPL-core IgA antibody-negative group had pulmonary lesions compatible with NTM
or bronchiectasis. They were followed up owing to suspicion of NTM-PD. Therefore, we
categorized them as “possible” NTM-PD in this study. The comparison of anti-GPL-core IgA
antibody levels among “definite,” “probable,” “possible”MAC-PD or MAB-PD, and the “con-
tamination” group is shown in Fig. S1.

In the “possible” NTM-PD group, we performed radiological estimation by the nod-
ule, infiltration or consolidation, cavity, ectasis (NICE) scoring system at before and af-
ter the follow-up period on 17 patients in anti-GPL-core IgA antibody-positive group
(one patient in this group lacked radiation image data after the follow-up period) and
31 patients in anti-GPL-core IgA antibody-negative group. The median follow-up pe-
riod was 46 (IQR 32 to 52.5) months in the anti-GPL-core IgA antibody-positive group
and 30 (IQR 17 to 68) months in the anti-GPL-core IgA antibody-negative group and
there was no difference between the two groups. The NICE scores before the follow-up
period showed a weak correlation with anti-GPL-core IgA antibody levels (Fig. S2A).
And the NICE scores in the anti-GPL-core IgA antibody-positive group were

TABLE 2 Diagnostic accuracy of single isolation plus anti-glycopeptidolipid-core IgA
antibody based on ATS/ERS/ESCMID/IDSA criteriaa

Category Sensitivity Specificity PPV NPV
All (n = 976)
Definite 74.9

(72.0–77.7)
63.5
(52.9–73.0)

95.6
(93.8–96.9)

19.5
(15.3–24.6)

Definite/probable 74.9
(72.0–77.6)

73.1
(61.5–82.3)

97.4
(96.0–98.3)

17.7
(13.6–22.6)

Definite/probable/possible 73.0
(70.1–75.7)

100
(82.4–100)

100
(99.5–100)

6.5
(4.2–10.0)

MAC (n = 930)
Definite 75.4

(72.5–78.2)
63.4
(52.6–73.0)

95.5
(93.7–96.8)

20.0
(15.6–25.3)

Definite/probable 75.4
(72.4–78.2)

73.4
(61.5–82.7)

97.5
(96.0–98.4)

18.1
(13.9–23.2)

Definite/probable/possible 73.5
(70.5–76.2)

100
(82.4–100)

100
(99.4–100)

6.9
(4.4–10.7)

MAB (n = 46)
Definite 65.1

(50.2–77.6)
66.7
(20.8–93.9)

96.6
(82.8–99.4)

11.8
(3.3–34.3)

Definite/probable 65.1
(50.2–77.6)

66.7
(20.8–93.9)

96.7
(82.8–99.4)

11.8
(3.3–34.3)

Definite/probable/possible 63.0
(48.6–75.5)

100
(88.3–100)

0

aPPV, positive predictive value; NPV, negative predictive value; MAC,Mycobacterium avium complex; MAB,
Mycobacterium abscessus, and its subspecies abscessus, subsp.massiliense, and subsp. bolletii. Data are
presented as % (95% confidence interval).
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significantly higher than those in the anti-GPL-core IgA antibody-negative group
before and after the follow-up period (Fig. S2B). During the follow-up period, the NICE
scores significantly increased only in the anti-GPL-core IgA antibody-positive group
(Fig. 2A). The percentage of patients who showed radiological progression was 70.5%
(12/17) in the anti-GPL-core IgA antibody-positive group and 45.2% (14/31) in the anti-
GPL-core IgA antibody-negative group, indicating the clinical relevancy of the diagno-
sis of NTM-PD by the single culture isolation of NTM plus anti-GPL-core IgA antibody
among these patients (Fig. 2B).

We also performed subgroup analysis limited to MAC-PD (Fig. 3, Table 1, Table 2, and
Table S1) and found that the PPV of anti-GPL-core IgA antibody test among patients with
radiologically suspected MAC-PD who already have single positive sputum culture test was
97.5%. Similarly, for MAB-PD cases, the PPV was 96.7% (Fig. 4, Table 1, Table 2, and
Table S1).

DISCUSSION

In this study, the PPV of anti-GPL-core IgA antibody test among patients with radio-
logically suspected MAC-PD or MAB-PD who have already had single positive culture
test was 97.4%, which was as high as that obtained by $2 positive sputum cultures,
the current diagnostic microbiological criteria for NTM-PD (5, 6). We also showed that
the median time required for the second positive sputum culture was 51 days in our
cohort, suggesting the time, cost, and effort-saving effect of using single culture isola-
tion plus anti-GPL-core IgA antibody as another diagnostic criterion. Although the
specificity of anti-GPL-core IgA antibodies has been reported to be different between
countries (7, 10, 12–14), it is still high in many countries. Therefore, we propose adding
single culture isolation plus anti-GPL-core IgA antibody as “combined microbiological
and serological criteria” to the diagnostic guidelines for MAC-PD and MAB-PD.

NTM infection is initiated by the colonization of bronchiolar epithelial cells (18).
Once infected, cellular and humoral immunity of the host forms granulomatous lesions
and produces various antibodies against NTM (19, 20). Therefore, the production of

FIG 2 Radiographic evaluation by NICE score among patients with “possible” NTM-PD. (A) NICE
(Nodule, Infiltration or consolidation, Cavity, Ectasis) scoring (27) was performed at the first positive
sputum culture testing (pre) and after subsequent follow-up (post) among anti-GPL-core IgA antibody
positive and negative patients with “possible” MAC-PD or MAB-PD. The comparison between before
and after the follow-up period was performed by the Sign test. *, P , 0.05. (B) Percentage of
deteriorated (black) and nondeteriorated (gray) patients in anti-GPL-core IgA antibody positive and
negative groups were shown. The comparison was performed by a x 2 test.
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anti-GPL-core IgA antibodies might prove the presence of infection and distinguish it
from contamination (7). In our study, we found that patients with NTM contamination
exclusively, were only present in the anti-GPL-core IgA antibody-negative group,
reconfirming previous reports. Therefore, if the anti-GPL-core IgA antibody is positive,
patients must be carefully monitored by repeating the sputum culture more inten-
sively or by performing bronchoscopy.

Recently, it was reported that no less than 41% of patients were diagnosed with
NTM-PD by a single positive sputum specimen in tertiary referral hospitals in the USA
(21). The sensitivity of the microbiologic criteria in the current guidelines (two or more
positive sputum cultures of the same species of mycobacteria) might be low. And
improved diagnostic criteria are needed (22). In our radiological evaluation of patients
with “possible” NTM-PD who only had a single positive sputum culture, more than half
of them had a clinically significant disease. Therefore, our combined microbiological
and serological criteria might help identify these patients.

Although the specificity of the anti-GPL-core IgA antibody for MAC-PD is excellent,
its sensitivity was reported to be approximately 70% in a systematic review of 16 stud-
ies (9). In our previous study (7), we discussed several possible explanations for the
false-negative results of anti-GPL-core IgA antibody: recently diagnosed disease; very
low bacterial load; or diversity of immune responses to GPL-core in individual patients,

FIG 3 Flowchart of patients with Mycobacterium avium complex pulmonary disease. Anti-GPL-core
IgA antibody (1), positive anti-GPL-core IgA antibody ($0.7 U/mL) at the first positive sputum
culture; anti-GPL-core IgA antibody (2), negative anti-GPL-core IgA antibody (,0.7 U/mL) at the first
positive sputum culture; 2nd (1), additional positive sputum culture isolation after the first positive
sputum culture; 2nd (2), no positive sputum culture isolation after the first positive sputum culture;
multidrug therapy (1), presence of history taking multidrug therapy, including clarithromycin;
multidrug therapy (2), no history of multidrug therapy, including clarithromycin; NTM/BE, patients
with radiological pulmonary lesions compatible with NTM-PD or bronchiectasis; contamination,
patients with no obvious radiological pulmonary lesions of NTM-PD or bronchiectasis; ILD, interstitial
lung disease; LC, lung cancer; COPD, chronic obstructive pulmonary disease; old TB, past M.
tuberculosis disease.
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potentially governed by HLA genes (23). In this regard, the next challenge is to identify
anti-GPL-core IgA antibody negative patients with NTM-PD by serological testing.
Several AFB-related antibodies that are differentially produced among patients with
AFB infectious diseases were reported (20, 24). In our preliminary experiments, one or
a combination of these antibodies compensated for the shortage of anti-GPL-core IgA
antibodies (unpublished data).

Generally, the early treatment of patients by the early detection of symptoms is the
rule for every disease. In the current clinical practice of NTM-PD, a patient meets diag-
nostic criteria for NTM-PD does not necessarily mean antibiotic treatment is required
(6). This is because the current multidrug antimicrobial therapy is not curative.
However, NTM comprises approximately 200 species. Therefore, establishing an opti-
mal antimicrobial regimen for each NTM species is not realistic. One solution might be
the early detection and prevention of aggravation by increasing host immunity or spu-
tum training. Early detection by genomic tests (3) in combination with serological tests,
such as anti-GPL-core IgA antibody, will be the next-generation diagnostic criteria for
NTM-PD.

Limitations. This was a single referral center study, and the participants were all
Japanese. Although the positive rate of anti-GPL-core IgA antibodies among healthy
individuals is very low in Japan, the USA, and Taiwan (7, 12, 14), it was reported to be
quite high in Thailand (10). The high positive rate of anti-GPL-core IgA antibody among

FIG 4 Flowchart of patients with Mycobacterium abscessus pulmonary disease. Anti-GPL-core IgA
antibody (1), positive anti-GPL-core IgA antibody ($0.7 U/mL) at the first positive sputum culture;
anti-GPL-core IgA antibody (2), negative anti-GPL-core IgA antibody (,0.7 U/mL) at the first positive
sputum culture; 2nd (1), additional positive sputum culture isolation after the first positive sputum
culture; 2nd (2), no positive sputum culture isolation after the first positive sputum culture;
multidrug therapy (1), presence of history taking multidrug therapy, including clarithromycin;
multidrug therapy (2), no history of multidrug therapy, including clarithromycin; NTM/BE, patients
with radiological pulmonary lesions compatible with NTM-PD or bronchiectasis; contamination,
patients with no obvious radiological pulmonary lesions of NTM-PD or bronchiectasis.
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healthy individuals might affect the PPV of single culture isolation plus anti-GPL-core
IgA antibody. Originally, NTM-PD showed different characteristics among countries.
The distribution of pathogens of NTM-PD and the environmental exposure in daily life
also showed regional differences (25, 26). Therefore, the diagnostic guidelines might
be individualized for each country.

Second, although Japanese medical professionals are familiar with the commercially
available anti-GPL-core IgA antibody test, the accessibility to this test is limited in other
countries. Third, there was a problem related to referral filter bias because this study was
performed in a single center of a national hospital organization that specializes in respira-
tory diseases. In our hospital, the repeated examination of sputum cultures is routinely per-
formed, and many sputum tests tend to be performed over a short period. Therefore, a
prospective multicenter study is needed to overcome the above limitations.

Conclusions. The positive serum anti-GPL-core IgA antibody test had a sufficiently
high PPV among patients with radiologically suspected NTM-PD with single culture iso-
lation of MAC or MAB to diagnose patients with NTM-PD. Single culture isolation plus
anti-GPL-core IgA antibody should be added as “combined microbiological and sero-
logical criteria” in the diagnostic guidelines for MAC-PD and MAB-PD.

MATERIALS ANDMETHODS
Study design and patients. This retrospective study was approved by the Ethical Review Board of

the National Hospital Organization, Osaka Toneyama Medical Center (TNH-R-2020062). The medical
records of both inpatients and outpatients from which the sputum M. avium, M. intracellulare, and M.
abscessus was cultured for the first time in our hospital between 1 January 2006 and 31 December 2020
were retrospectively reviewed. The inclusion criteria were as follows: measurement of serum anti-GPL-
core IgA antibody within the period during the 3 months before and after a positive sputum culture
test, observation period greater than 1 year, sputum culture number greater than 2, and evidence of ra-
diological lesions. When serum anti-GPL-core antibody was measured more than one time, we selected
the data of the day closest to the first positive sputum culture test. We picked up the key words of a
nodule, branched shadow, bronchiectasis, cavity, and nontuberculous mycobacteria, from the radiogram
interpretation reports, to exclude patients who had no radiographic findings, which suggested a diagno-
sis of NTM-PD. In this study, patients were called “definite” MAC-PD or MAB-PD when the diagnostic cri-
teria of the current guideline were finally met (6). Among patients, who had only a single positive spu-
tum culture test and showed clinical features consistent with MAC-PD or MAB-PD, we call them
“probable” MAC-PD or MAB-PD if multidrug chemotherapy was administered by the attending physi-
cian. We called the patients “possible” MAC-PD or MAB-PD if the patients with suspected MAC-PD or
MAB-PD were only followed up. We judged the positive sputum culture of MAC or MAB as contamina-
tion by the clinical course of the patient, including radiographic changes and histopathologic findings of
the biopsy specimen. The final decision of contamination was done after the discussion between two
pulmonologists.

Sputum examination. Sputum cultures were assessed for acid-fast bacilli (AFB) using a 2% Ogawa
egg medium (Japan BCG, Tokyo, Japan) or mycobacteria growth indicator tubes (Becton, Dickinson,
Tokyo, Japan). Nontuberculous mycobacterial species were identified using the AccuProbe (Gen-Probe
Inc., San Diego, CA, USA), COBAS Amplicor (Roche Diagnostics, Tokyo, Japan) system, DNA-DNA hybrid-
ization (Kyokuto Pharmaceutical Industrial, Tokyo, Japan), or TRCReady MAC (Tosoh Bioscience, Tokyo,
Japan).

Measurement of serum anti-GPL-core IgA antibody. Serum concentrations of anti-GPL-core IgA
antibodies were measured using an enzyme immunoassay kit (Tauns Laboratories, Shizuoka, Japan)
according to the manufacturer’s instructions. The cutoff value was defined as 0.7 U/mL following the
manufacturer’s package insert stating.

Radiological evaluation. The nodule, infiltration or consolidation, cavity, ectasis (NICE) scoring sys-
tem (27) was used to evaluate the radiographic images of NTM-PD. In brief, bilateral lungs were divided
into six zones, and the extent of nodule, infiltration or consolidation, cavity, and ectasis of each zone
was scored from 0 to 4 and the sum of the scores was calculated. Two were randomly selected from five
pulmonologists (TK, AM, TN, TKuge, HK) for each patient. These two pulmonologists independently eval-
uated chest X-ray or computed tomography (CT) around the first isolation of NTM and those taken most
recently. Any discrepancies between the two pulmonologists were resolved by discussion.

Statistical analysis. Statistical analyses were performed using JMP Pro 13 (SAS Institute Inc., Cary,
NC). Continuous variables were reported as the median and interquartile range or mean and standard
deviation. Normal distribution was analyzed by using the Shapiro-Wilk test. The sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) were calculated using 2 � 2 contin-
gency tables, which compared anti-GPL-core IgA tests (positive or negative) with the diagnosis (definite,
probable, and possible NTM-PD). The comparison of NICE scores between before and after the follow-up
period was performed by the Sign test. Patient groups were compared by Fisher’s exact test or x2 test
for categorical variables. Correlation between two variables was examined by Spearman’s rank correla-
tion coefficient (r ). The comparison of anti-GPL-core IgA antibody levels between groups was
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performed by the Mann-Whitney U test or the Steel-Dwass test. A two-sided P value ,0.05 was consid-
ered statistically significant.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.3 MB.

ACKNOWLEDGMENTS
We thank J. Ludovic Croxford, Ph.D., from Edanz (https://jp.edanz.com/ac) for editing

a draft of the manuscript.
This study was supported by AMED (Grant Number 21fk0108129h0702) and JSPS

KAKENHI (JP21K08194).
T. Kawasaki, S.K., and H.K. contributed to the study design. K.F. and E.A. extracted

clinical data and assisted in the data analysis. K.H., H.S., T.N., and A.K. performed sputum
examination. T. Kawasaki, A.M., T.N., T. Kuge., and H.K. performed the radiological
evaluation. T. Koba., T.M., K.T., and K.M. collected the data. T. Kawasaki, S.K., and HK
wrote the manuscript. S.K., R.M., and H.K. supervised the project. All authors reviewed
and approved the manuscript.

REFERENCES
1. Adjemian J, Olivier KN, Seitz AE, Holland SM, Prevots DR. 2012. Prevalence

of nontuberculous mycobacterial lung disease in U.S. Medicare beneficia-
ries. Am J Respir Crit Care Med 185:881–886. https://doi.org/10.1164/rccm
.201111-2016OC.

2. Namkoong H, Kurashima A, Morimoto K, Hoshino Y, Hasegawa N, Ato M,
Mitarai S. 2016. Epidemiology of pulmonary nontuberculous mycobacterial dis-
ease. Emerg Infect Dis 22:1116–1117. https://doi.org/10.3201/eid2206.151086.

3. Matsumoto Y, Kinjo T, Motooka D, Nabeya D, Jung N, Uechi K, Horii T, Iida T,
Fujita J, Nakamura S. 2019. Comprehensive subspecies identification of 175
nontuberculous mycobacteria species based on 7547 genomic profiles.
Emerg Microbes Infect 8:1043–1041–53. https://doi.org/10.1080/22221751
.2019.1637702.

4. Nishiuchi Y, Iwamoto T, Maruyama F. 2017. Infection sources of a common
non-tuberculous mycobacterial pathogen, Mycobacterium avium complex.
Front Med (Lausanne) 4:27.

5. Tsukamura M. 1991. Diagnosis of disease caused by Mycobacterium avium
complex. Chest 99:667–669. https://doi.org/10.1378/chest.99.3.667.

6. Daley CL, Iaccarino JM, Lange C, Cambau E, Wallace RJ, Andrejak C,
Böttger EC, Brozek J, Griffith DE, Guglielmetti L, Huitt GA, Knight SL,
Leitman P, Marras TK, Olivier KN, Santin M, Stout JE, Tortoli E, van Ingen J,
Wagner D, Winthrop KL. 2020. Treatment of nontuberculous mycobacte-
rial pulmonary disease: an official ATS/ERS/ESCMID/IDSA clinical practice
guideline. Clin Infect Dis 71:e1–e36. https://doi.org/10.1093/cid/ciaa241.

7. Kitada S, Kobayashi K, Ichiyama S, Takakura S, Sakatani M, Suzuki K,
Takashima T, Nagai T, Sakurabayashi I, Ito M, Maekura R. 2008. Serodiag-
nosis of Mycobacterium avium-complex pulmonary disease using an
enzyme immunoassay kit. Am J Respir Crit Care Med 177:793–797.
https://doi.org/10.1164/rccm.200705-771OC.

8. Chatterjee D, Khoo KH. 2001. The surface glycopeptidolipids of mycobacteria:
structures and biological properties. Cell Mol Life Sci 58:2018–2042. https://
doi.org/10.1007/PL00000834.

9. Shibata Y, Horita N, Yamamoto M, Tsukahara T, Nagakura H, Tashiro K,
Watanabe H, Nagai K, Nakashima K, Ushio R, Ikeda M, Narita A, Kanai A, Sato T,
Kaneko T. 2016. Diagnostic test accuracy of anti-glycopeptidolipid-core IgA
antibodies for Mycobacterium avium complex pulmonary disease: systematic
review andmeta-analysis. Sci Rep 6:29325. https://doi.org/10.1038/srep29325.

10. Nithichanon A, Samer W, Chetchotisakd P, Kewcharoenwong C, Ato M,
Lertmemongkolchai G. 2020. Evaluation of plasma anti-GPL-core IgA and IgG
for diagnosis of disseminated non-tuberculous mycobacteria infection. PLoS
One 15:e0242598. https://doi.org/10.1371/journal.pone.0242598.

11. Kitada S, Maekura R, Toyoshima N, Naka T, Fujiwara N, Kobayashi M, Yano I,
Ito M, Kobayashi K. 2005. Use of glycopeptidolipid core antigen for serodiag-
nosis of Mycobacterium avium complex pulmonary disease in immunocom-
petent patients. Clin Diagn Lab Immunol 12:44–51. https://doi.org/10.1128/
CDLI.12.1.44-51.2005.

12. Kitada S, Levin A, Hiserote M, Harbeck RJ, Czaja CA, Huitt G, Kasperbauer
SH, Daley CL. 2013. Serodiagnosis of Mycobacterium avium complex pul-
monary disease in the USA. Eur Respir J 42:454–460. https://doi.org/10
.1183/09031936.00098212.

13. Jeong BH, Kim SY, Jeon K, Lee SY, Shin SJ, Koh WJ. 2013. Serodiagnosis of
Mycobacterium avium complex and Mycobacterium abscessus complex pul-
monary disease by use of IgA antibodies to glycopeptidelipid core antigen. J
Clin Microbiol 51:2747–2749. https://doi.org/10.1128/JCM.00702-13.

14. Shu C-C, Ato M, Wang J-T, Jou R, Wang J-Y, Kobayashi K, Lai H-C, Yu C-J,
Lee L-N, Luh K-T. 2013. Sero-diagnosis of Mycobacterium avium complex
lung disease using serum immunoglobulin A antibody against glycopep-
tidolipid antigen in Taiwan. PLoS One 8:e80473. https://doi.org/10.1371/
journal.pone.0080473.

15. Kitada S, Kobayashi K, Nishiuchi Y, Fushitani K, Yoshimura K, Tateishi Y,
Miki K, Miki M, Hashimoto H, Motone M, Fujikawa T, Hiraga T, Maekura R.
2010. Serodiagnosis of pulmonary disease due to Mycobacterium avium
complex proven by bronchial wash culture. Chest 138:236–237. https://
doi.org/10.1378/chest.10-0248.

16. Wallace RJ, Jr., Cook JL, Glassroth J, Griffith DE, Olivier KN, Gordin F. 1997.
American Thoracic Society statement: diagnosis and treatment of disease
caused by nontuberculous mycobacteria. Am J Respir Crit Care Med 156:
S1–S25. https://doi.org/10.1164/ajrccm.156.2.atsstatement.

17. Griffith DE, Aksamit T, Brown-Elliott BA, Catanzaro A, Daley C, Gordin F,
Holland SM, Horsburgh R, Huitt G, Iademarco MF, Iseman M, Olivier K,
Ruoss S, von Reyn CF, Wallace RJ, Winthrop K, Infectious Disease Society
of America. 2007. An official ATS/IDSA statement: diagnosis, treatment,
and prevention of nontuberculous mycobacterial diseases. Am J Respir
Crit Care Med 175:367–416. https://doi.org/10.1164/rccm.200604-571ST.

18. Yamazaki Y, Danelishvili L, Wu M, Hidaka E, Katsuyama T, Stang B, Petrofsky
M, Bildfell R, Bermudez LE. 2006. The ability to form biofilm influences Myco-
bacterium avium invasion and translocation of bronchial epithelial cells. Cell
Microbiol 8:806–814. https://doi.org/10.1111/j.1462-5822.2005.00667.x.

19. Fujita J, Ohtsuki Y, Suemitsu I, Shigeto E, Yamadori I, Obayashi Y, Miyawaki H,
Dobashi N, Matsushima T, Takahara J. 1999. Pathological and radiological
changes in resected lung specimens in Mycobacterium avium intracellulare
complex disease. Eur Respir J 13:535–540. https://doi.org/10.1183/09031936
.99.13353599.

20. Abe Y, Fukushima K, Hosono Y, Matsumoto Y, Motooka D, Ose N, Nakamura
S, Kitada S, Kida H, Kumanogoh A. 2020. Host immune response and novel
diagnostic approach to NTM infections. Int J Mol Sci 21:4351. https://doi.org/
10.3390/ijms21124351.

21. Abate G, Stapleton JT, Rouphael N, Creech B, Stout JE, El Sahly HM, Jackson L,
Leyva FJ, Tomashek KM, Tibbals M, Watson N, Miller A, Charbek E, Siegner J,
Sokol-Anderson M, Nayak R, Dahlberg G, Winokur P, Alaaeddine G, Beydoun
N, Sokolow K, Kown NP, Phillips S, Baker AW, Turner N, Walter E, Guy E, Frey S.
2021. Variability in themanagement of adults with pulmonary nontuberculous

Sero-Microbiological Diagnosis of NTM-PD

Volume 10 Issue 1 e01406-21 MicrobiolSpectrum.asm.org 9

https://jp.edanz.com/ac
https://doi.org/10.1164/rccm.201111-2016OC
https://doi.org/10.1164/rccm.201111-2016OC
https://doi.org/10.3201/eid2206.151086
https://doi.org/10.1080/22221751.2019.1637702
https://doi.org/10.1080/22221751.2019.1637702
https://doi.org/10.1378/chest.99.3.667
https://doi.org/10.1093/cid/ciaa241
https://doi.org/10.1164/rccm.200705-771OC
https://doi.org/10.1007/PL00000834
https://doi.org/10.1007/PL00000834
https://doi.org/10.1038/srep29325
https://doi.org/10.1371/journal.pone.0242598
https://doi.org/10.1128/CDLI.12.1.44-51.2005
https://doi.org/10.1128/CDLI.12.1.44-51.2005
https://doi.org/10.1183/09031936.00098212
https://doi.org/10.1183/09031936.00098212
https://doi.org/10.1128/JCM.00702-13
https://doi.org/10.1371/journal.pone.0080473
https://doi.org/10.1371/journal.pone.0080473
https://doi.org/10.1378/chest.10-0248
https://doi.org/10.1378/chest.10-0248
https://doi.org/10.1164/ajrccm.156.2.atsstatement
https://doi.org/10.1164/rccm.200604-571ST
https://doi.org/10.1111/j.1462-5822.2005.00667.x
https://doi.org/10.1183/09031936.99.13353599
https://doi.org/10.1183/09031936.99.13353599
https://doi.org/10.3390/ijms21124351
https://doi.org/10.3390/ijms21124351
https://www.MicrobiolSpectrum.asm.org


mycobacterial disease. Clin Infect Dis 72:1127–1137. https://doi.org/10.1093/
cid/ciaa252.

22. Salfinger M, Somoskovi A. 2021. Is it time to move the goalposts? Clin
Infect Dis 72:1138–1140. https://doi.org/10.1093/cid/ciaa250.

23. Arend SM, Geluk A, van Meijgaarden KE, van Dissel JT, Theisen M,
Andersen P, Ottenhoff TH. 2000. Antigenic equivalence of human T-cell
responses to mycobacterium tuberculosis-specific RD1-encoded protein
antigens ESAT-6 and culture filtrate protein 10 and to mixtures of syn-
thetic peptides. Infect Immun 68:3314–3321. https://doi.org/10.1128/IAI
.68.6.3314-3321.2000.

24. Maekura R, Kitada S, Osada-Oka M, Tateishi Y, Ozeki Y, Fujicawa T, Miki M,
Jyunnko O, Mori M, Matsumoto S. 2019. Serum antibody profiles in indi-
viduals with latent Mycobacterium tuberculosis infection. Microbiol
Immunol 63:130–138. https://doi.org/10.1111/1348-0421.12674.

25. Hoefsloot W, van Ingen J, Andrejak C, Angeby K, Bauriaud R, Bemer P,
Beylis N, Boeree MJ, Cacho J, Chihota V, Chimara E, Churchyard G, Cias R,
Daza R, Daley CL, Dekhuijzen PNR, Domingo D, Drobniewski F, Esteban
J, Fauville-Dufaux M, Folkvardsen DB, Gibbons N, Gómez-Mampaso E,

Gonzalez R, Hoffmann H, Hsueh P-R, Indra A, Jagielski T, Jamieson F,
Jankovic M, Jong E, Keane J, Koh W-J, Lange B, Leao S, Macedo R,
Mannsåker T, Marras TK, Maugein J, Milburn HJ, Mlinkó T, Morcillo N,
Morimoto K, Papaventsis D, Palenque E, Paez-Peña M, Piersimoni C,
Polanová M, Rastogi N, Richter E, Nontuberculous Mycobacteria Net-
work European Trials Group, et al. 2013. The geographic diversity of
nontuberculous mycobacteria isolated from pulmonary samples: an
NTM-NET collaborative study. Eur Respir J 42:1604–1613. https://doi
.org/10.1183/09031936.00149212.

26. Martín-Casabona N, Bahrmand AR, Bennedsen J, Thomsen VO, Curcio M,
Fauville-Dufaux M, Feldman K, Havelkova M, Katila ML, Köksalan K,
Pereira MF, Rodrigues F, Pfyffer GE, Portaels F, Urgell JR, Rüsch-Gerdes S,
Tortoli E, Vincent V, Watt B, Spanish Group for Non-Tuberculosis Myco-
bacteria. 2004. Non-tuberculous mycobacteria: patterns of isolation. A
multi-country retrospective survey. Int J Tuber Lung Dis 8:1186–1193.

27. Kurashima A, Morimoto K, Horibe M, Hoshino Y, Shiraishi Y, Kudoh S.
2013. A method for visual scoring of pulmonary Mycobacterium avium
complex disease: “NICE Scoring System”. J Mycobac Dis 3:1.

Kawasaki et al.

Volume 10 Issue 1 e01406-21 MicrobiolSpectrum.asm.org 10

https://doi.org/10.1093/cid/ciaa252
https://doi.org/10.1093/cid/ciaa252
https://doi.org/10.1093/cid/ciaa250
https://doi.org/10.1128/IAI.68.6.3314-3321.2000
https://doi.org/10.1128/IAI.68.6.3314-3321.2000
https://doi.org/10.1111/1348-0421.12674
https://doi.org/10.1183/09031936.00149212
https://doi.org/10.1183/09031936.00149212
https://www.MicrobiolSpectrum.asm.org

	RESULTS
	DISCUSSION
	Limitations.
	Conclusions.

	MATERIALS AND METHODS
	Study design and patients.
	Sputum examination.
	Measurement of serum anti-GPL-core IgA antibody.
	Radiological evaluation.
	Statistical analysis.

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

