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Abstract

Non-tuberculous mycobacterial infection (NTM) is rare in healthy children, with lymphadenitis being the most common
presentation. Immunocompromised populations are known to be at high risk, but the clinical picture of NTM infection in
pediatric hematology/oncology patients is unclear. In this nationwide retrospective analysis of patients under the age of 40
treated in Japanese pediatric hematology/oncology departments who developed NTM infection between January 2010 and
December 2020, 36 patients were identified: 21 patients with hematopoietic stem cell transplantation (HSCT) and 15
non-transplant patients. Post-transplant patients were infected with NTM at 24 sites, including the lungs (N=12), skin and
soft tissues (N=6), bloodstream (N=4), and others (N=2). Nine of 12 patients with pulmonary NTM infection had a history of
pulmonary graft-versus-host disease (GvHD), and rapid-growing mycobacteria (RGM) were isolated from 5 of them. In
non-transplant patients, the primary diseases were acute lymphoblastic leukemia (ALL; N=5), inborn errors of immunity
(IEI; N=6), and others (N=4). All cases of ALL had bloodstream infections with RGM, whereas all cases of IEl were infected
with slow-growing mycobacteria (SGM). In summary, 3 typical clinical scenarios for pediatric hematology/oncology patients
have been established: RGM-induced pulmonary disease in patients with pulmonary GvHD, RGM bloodstream infection in
patients with ALL, and SGM infection in patients with IEl. Our findings suggest that NTM must be regarded as a pathogen
for infections in these high-risk patients, especially those with pulmonary GvHD, who may require active screening for NTM.

Introduction

Non-tuberculous mycobacteria (NTM) were first identified
in the 1950s as human pathogenic acid-fast bacilli' and
now involve up to 200 species, excluding M. tuberculo-
sis complex and M. leprae. They are classified according
to their growth rate in solid agar into two major groups:
rapid-growing mycobacteria (RGM) and slow-growing my-
cobacteria (SGM).}?

According to recent studies from various regions, the inci-
dence and prevalence of NTM pulmonary infection (the most

common form of NTM infection) in the general population
are estimated to be 18-45 per 100,000 person-years and 15-
57 per 100,000 people, respectively.®® Epidemiological data
show that NTM infection has been increasing worldwide in
recent years,”® and in some countries, including Japan, the
infection rate of NTM has surpassed that of tuberculosis.*®
The high-risk groups for NTM infection include the elderly,
patients with cystic fibrosis (CF), and immunocompromised
individuals due to various factors such as human immuno-
deficiency virus infection, inborn errors of immunity (IEI),
chemotherapy, and post-organ transplantation.’
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Non-tuberculous mycobacterial infections are extremely
rare in children, with an incidence of 0.6-2.2 per 100,000
person-years in the general pediatric population, with the
majority occurring <5 years of age and involving lymph
nodes!®" However, even among children, patients with IEI
can develop disseminated NTM infections involving multiple
sites such as the lung, bloodstream, and skin/soft tissue,
and patients with CF are at high risk for pulmonary NTM
infection" In addition, a variety of NTM infections in pedi-
atric hematology/oncology patients with theoretical defects
in immunity have been reported.® ' However, previous re-
ports have only focused on specific NTM infection sites or
species, and there have been no nationwide single-cohort
studies that provide a comprehensive view of NTM infection
in pediatric hematology/oncology patients.2°-22 Thus, there
is little evidence that differences in underlying diseases,
treatments, and complications could influence the nature
of NTM infections in this entity.

To assess the overall clinical features of NTM infection in
pediatric hematology/oncology patients, this retrospective
multicenter study was conducted involving 121 pediatric
hematology/oncology institutions in Japan, and the NTM
incidence in pediatric hematology/oncology patients was
estimated using data from the Japanese public registries.

Methods

Patients

In this study, patients <40 years of age with hematologic
diseases, malignancies, and IEI who developed NTM infec-
tion between January 2010 and December 2020 were stud-
ied retrospectively. Patients already diagnosed with NTM
infection at the start of the study, or those with relapse
or reinfection, were excluded. A questionnaire was sent to
121 pediatric hematology/oncology institutions throughout
Japan asking about their experience with NTM-infected
patients (Online Supplementary Figure S7). Of these 121
institutions, 22 provided clinical data on 36 patients with
NTM, while the remaining 99 institutions had no patients
diagnosed with NTM during the study period. Details of the
questionnaire are provided in the Online Supplementary
Methods. This study was approved by the Ethics Committee
of the Nagoya University Graduate School of Medicine. An
opt-out consent process was approved by disseminating
the research information; thus, the requirement of informed
consent was waived.

Non-tuberculous mycobacteria diagnosis, classification,
and treatment

Specimens for microbiological testing were collected at
the discretion of each institution. In this study, pulmonary
NTM infections were diagnosed using the latest American
Thoracic Society/Infectious Diseases Society of America
criteria and were cross-checked according to a previous
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study."2324 |n addition, extrapulmonary NTM infections were
defined as one or more positive culture or polymerase chain
reaction results indicating active infection from normally
sterile sites (muscle, joints, bone marrow, and blood, in-
cluding the central venous line). Disseminated lesions were
defined as evidence of NTM infection at >2 different sites.
We defined the date of treatment completion as the date
of the last dose of medication after one year had passed
without NTM relapse.

Non-tuberculous mycobacteria isolation and
identification

Detailed information on NTM cultured, isolated, and iden-
tified from clinical specimens at each institution was
collected using the aforementioned questionnaire (Online
Supplementary Methods).

Statistical analysis

A two-sided Fisher’s exact test was used to compare cate-
gorical variables. The probabilities of event-free survival and
overall survival (OS) were calculated using the Kaplan-Meier
method, and the log-rank test was used to compare the
2 groups. The probabilities of treatment completion for
NTM were estimated using cumulative incidence methods,
and the Gray test was used to compare the 2 groups. The
treatment completion for NTM infection was defined as the
event of interest with death from any cause as a compet-
ing event. P<0.05 was considered statistically significant.
Details of other statistical methods and software libraries
used for analysis and plotting are described in the Online
Supplementary Methods.

Estimation of incidence of non-tuberculous
mycobacterial infection

The Japanese Society of Pediatric Hematology/Oncology
(JSPHO) patient registry (https:/www.jspho.org/disease_re-
cord_en.html) and the Japanese Data Center for Hemato-
poietic Cell Transplantation (JDCHCT) registry?® are both
Japanese nationwide registries of children with hematol-
ogy/oncology disorders and HSCT recipients, respectively.
Using the number of patients enrolled in these registries
from 2015-2019 as the denominator, the incidence of NTM
infections was estimated in children and adolescents (aged
0-19 years) with malignancies (N=16) or receiving alloge-
neic HSCT (N=17) during the same period (2015-2019) in
the current study.

Results

Patients’ characteristics

From January 2010 to December 2020, 36 child, adoles-
cent, and young adult patients (18 males and 18 females)
with hematologic malignancies, extracranial solid tumors,
benign hematologic disorders, or IEl, and developing NTM
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infection were identified from 22 institutes throughout
Japan (Figures 1 and 2A, Online Supplementary Figure 2A,
B). Patients’ characteristics are summarized in Table 1. The
underlying diseases were hematologic malignancies (N=19),
benign hematologic disorders (N=4), solid tumors (N=2),
and IEI (N=11), with 21 patients (58%) receiving HSCT. Me-
dian age of the entire cohort at the time of NTM infection
diagnosis was 13 years (range 3-24 years).

Non-tuberculous mycobacterial infections in pediatric
hematology/oncology patients

The NTM species were identified in 34 of 36 pediatric hema-
tology/oncology patients with NTM infections. At the time
of diagnosis, one patient had multiple NTM species, and 3
others had other infections of different NTM species during
the initial NTM infection treatment course. In total, 39 NTM
strains isolated from 34 patients were species-identified,
with 18 SGM and 21 RGM (Figure 1, Online Supplementary
Figure S3). Notably, M. avium complex (MAC) was the most
frequently isolated species from the SGM-infected cases (11
strains: 5 strains of M. avium, 5 strains of M. intracellulare,
and one strain that could not be identified further than
MAC), followed by M. kansasii (4 strains), and M. gordonae,
M. parascrofulaceum, and M. marseillense (one strain each).
M. abscessus complex was the most frequently isolated
species from the RGM-infected cases (10 strains), followed
by M. chelonae (5 strains), M. fortuitum (4 strains), and M.
mucogenicum (2 strains). In terms of infection sites, 28
patients had single-site infections: definite pulmonary
(N=12), probable pulmonary (N=3), skin and soft tissue
(N=4), catheter-related bloodstream infection (CRBSI; N=4),
and other bloodstream infections (N=5). Eight patients had
disseminated infections (Figure 1).

Characteristics of non-tuberculous mycobacterial
infections in patients receiving hematopoietic stem cell
transplantation

In this cohort, there were 21 patients with NTM infection
who underwent HSCT regardless of the underlying disease
(Figure 1, Online Supplementary Table S7). There were 24
infection sites, including the lungs (N=12), skin and soft
tissues (N=6), bloodstream (N=4), bone marrow (N=1), and
joint (N=1). The infection was localized in 17 cases and
disseminated in 4. Furthermore, 14 patients had Grade II-
IV acute graft-versus-host disease (GvHD), 14 had chronic
GvHD, and 11 had pulmonary GvHD. All patients received
immunosuppressive agents, with 19 receiving steroids.
Rapid-growing mycobacteria (RGM) strains (M. abscessus
[N=8], M. chelonae [N= 4], M. mucogenicum [N=1], and M.
fortutium [N=1]) were isolated from 13 patients, slow-grow-
ing mycobacteria (SGM) strains (MAC [N=5], M. kansasi
[N=3], and M. gordonae [N=1]) from 9 patients, and both
RGM (M. abscessus) and SGM (MAC) from one patient.
Among 12 patients with pulmonary infection, M. abscessus
was isolated from 8 patients and MAC from 4 patients. In
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contrast, among 6 patients with skin and soft tissue in-
fections, M. chelonae was isolated from 3 patients and M.
kansasii from 3 patients (Figure 1). Regarding the duration
from transplantation to the onset of NTM infection, RGM
infections occurred significantly earlier than SGM infec-
tions (101 months vs. 39.5 months, P=0.0018) (Figure 2B).

Characteristics of non-tuberculous mycobacterial
infections in patients who had not received
hematopoietic stem cell transplantation in the past

In the current cohort, 15 patients with no prior HSCT had
an NTM infection. The underlying diseases were acute
lymphoblastic leukemia (ALL; N=5), IEI (N=6), and others
(Hodgkin’s lymphoma, Castleman disease, Ewing sarcoma,
and neuroblastoma in one case each) (Figure 1). All patients
with ALL had bloodstream RGM infections (4 of which were
catheter-related), while all patients with IEl had SGM, with
MAC being isolated from 5 of them. The diagnoses of the 6
patients with IEI were all classified into disease subtypes
with known mycobacterial susceptibility (GATA2 deficien-
cy [N=2], NEMO deficiency [N=2], hyper immunoglobulin E
syndrome [N=1], and STAT1 gain-of-function [N=1]).262" RGM
infections occurred significantly earlier than SGM infections
(3.7 vs. 104 months, P=0.0079) (Figure 2C).

Treatment outcomes

In our pediatric hematology/oncology patient cohort, there
were no instances in which NTM infection was the primary
cause of death. The 5-year OS for the entire cohort was 75%
(95% confidence interval [CI]: 56-87), with transplant-re-
lated complications (N=7) and primary disease progres-
sion (N=1) being the leading causes of death (Figure 3A).
The 5-year OS for the 21 NTM-infected patients with prior
HSCT was 59% (95% Cl: 34-77), whereas no deaths were
observed in the 15 patients without prior HSCT during the
observation period (Figure 3B).

The 3-year cumulative incidence of treatment comple-
tion was 81% (95% CIl: 62-91), with a median duration of
treatment completion of 1.5 years (95% Cl: 0.9-2.4) (Online
Supplementary Figure S4A). While the median duration of
treatment completion was longer with SGM (1.9 years) than
with RGM (0.9 years), there was no significant difference
in 3-year treatment completion rates between SGM (74%,
95% Cl: 44-89) and RGM (66%, 95% Cl: 22-89) (Online Sup-
plementary Figure S4B). Similarly, cumulative treatment
completion rates did not differ significantly, regardless
of HSCT history or infection sites (Online Supplementary
Figure S4C, D).

Antibiotic combinations used to treat non-tuberculous
mycobacterial infection

In the entire cohort, 32 of 36 patients (89%) with NTM
infection were treated with >3 antibiotics (Online Sup-
plementary Figure S5). The drug combinations for the top
6 most frequently used antibiotics in SGM and RGM are

Haematologica | 109 September 2024
2990



ARTICLE - NTM in pediatric hematology/oncology patients Y. Tsumura et al.

Without HSCT (N=15)
ALL IEI Others

With HSCT (N=21)

Age, > 6 years

Sex, male

Outpatient

Underlying structural lung damage
Outcome, death

HSCT-NTM infection, > 100 days
Myeloablative conditioning
aGvHD,= Gradell

cGvHD

Pulmonary GvHD

Other pulmonary complications

vl [

|| HSCT condition || Patient status |

Steroid exposure

Carcineurin inhibitor
Anti-thymocyte globulin

Other immunosuppressive agents
Cytotoxic chemotherapy

Agents

Disseminated

Pulmonary

Catheter-related bloodstream
Bloodstream

Bone marrow

Skin/soft tissue

Joint

Infection sites

M. avium complex
M. kansasii

M. gordonae

M. parascrofulaceum
M. marseillense

M. abscessus I]

M. fortuitum I

M. chelonae

M. mucogenicum
NTM, not otherwise specified
UPN [12[13]24130110]01/26[37/02[15]0616]31/19]05[35(33/04[36]11(22] [14/07}25(08[03}18[29]20[21}32]34]23]17]28[27|

EEEFEEELEEE b b FEFPEFIEFEEERFR R E
S <<<<<
=

Mycobacterial species

=20 o L w o <C
o=

STAT1
GATA
XLP-
GATA
STAT2 Go
Castim

HSCT condition Agents Infection sites Mycobacterial species
Severity of cGvHD Steroid dosage Diagnostic certainty

Extended High, = 1.0 mg/kg/day Definite
Limited Medium, = 0.5, < 1.0 mg/kg Probable
Low, < 0.5 mg/kg Only clinical diagnosis

Slow growing mycobacteria
Rapid growing mycobacteria
NTM, not otherwise specified

Subspecies
M. avium complex M. abscessus complex

: ' M. massiliense
iy . avium complex D (identified by WGS)
T M. avium

ATG dosage

High, = 2.5 mg/kg
Low, < 2.5 mglkg

* M. intracellulare

Secondary infection
Identified as pathogen during primary NTM treatment
Identified as pathogen after primary NTM treatment

Figure 1. Clinical characteristics of 36 patients diagnosed with non-tuberculous mycobacterial infection in Japanese pediatric
hematology/oncology institutions. Each column represents one patient. AA: aplastic anemia; aGvHD: acute graft-versus-host
disease; ALL: acute lymphoblastic leukemia; AML: acute myelogenous leukemia; CGD: chronic granulomatous disease; cGvHD:
chronic graft-versus-host disease; DBA: Diamond-Blackfan anemia; EWS: Ewing sarcoma; HIES: hyper-IgE syndrome; HL: Hodgkin
lymphoma; HSCT: hematopoietic stem cell transplantation; IEl: inborn errors of immunity; IPEX syndrome: immunodysregulation
polyendocrinopathy enteropathy X-linked syndrome; JMML: juvenile myelomonocytic leukemia; NBL: neuroblastoma; NTM:
non-tuberculous mycobacterium; STAT1 GoF: STAT7 gain-of-function mutation; STAT2 GoF: STAT2 gain-of-function mutation; UPN:
unique patient number; WGS: whole genome sequencing; XLP2: X-linked lymphoproliferative disease 2.
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Figure 2. Geographic distribution and duration from primary disease diagnosis to non-tuberculous mycobacterial infection in
Japanese pediatric hematology/oncology patients. (A) Blue dots represent the locations of the 22 facilities where patients with
non-tuberculous mycobacterial (NTM) infections were identified. Black circles indicate the three Japanese megalopolis areas
(Tokyo, Nagoya, and Osaka/Kyoto). (B) Box plots depict the time from hematopoietic stem cell transplantation to the onset of
NTM infection in transplant cases. (C) Box plots depict the time from primary disease diagnosis to NTM onset in non-transplant
cases. HSCT: hematopoietic stem cell transplantation; NOS: not otherwise specified; RGM: rapid-growing mycobacteria; SGM:

slow-growing mycobacteria.

presented in Figure 3C and D, respectively, for each NTM
species. In addition, detailed combination patterns for
all antibiotics are shown in Online Supplementary Figure
S5B and C. In cases of SGM infection, 12 of 15 cases were
treated with regimens that included rifampicin/rifabutin,
ethambutol, and macrolides (Figure 3C). However, macro-
lide-based regimens of >3 antimycobacterial agents were
administered in 16 of 19 RGM-infected patients and in all
10 cases of M. abscessus infection (Figure 3D).

Estimated incidence of non-tuberculous mycobacterial
infection in children with hematologic malignancies and
extracranial solid tumors

From 2015 to 2019, the JSPHO registry enrolled 5,101 chil-
dren and adolescents (aged 0-19 years) with hematolog-
ic malignancies (ALL [N=2,333], acute myeloid leukemia
[N=770], and other hematologic malignancies [N=1,998])

and extracranial solid tumors (N=3,484). At the same time,
our nationwide retrospective cohort included 14 pediatric
patients with hematologic malignancies and 2 with extra-
cranial solid tumors (Table 2). Based on these data, the
incidences of NTM infection in children with hematologic
malignancies and extracranial solid tumors were calculated
to be 0.27% and 0.06%, respectively.

Estimated incidence of post-hematopoietic stem cell
transplantation non-tuberculous mycobacterial
infection in children

From 2015 to 2019, the JDCHCT registry enrolled 2,038
children (aged 0-19 years). At the same time, our nation-
wide retrospective cohort included 17 children with post-
HSCT NTM infection (Table 2). Based on these data, the
incidence of NTM infection in pediatric recipients of HSCT
was calculated to be 0.83% (Table 2).
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Table 1. Patients’ characteristics.

Y. Tsumura et al.

Total cohort With HSCT Without HSCT
N=36 N=21 N=15
Sex, male/female, N 18/18 10/11 8/7
Median age at NTM diagnosis in years (range) 13.6 (3-24.3) 14.5 (3-24.3) 9.0 (3.4-23.3)
!Vledla}n d.uratlon from HSCT to onset of NTM i 13 (0.6-244.0) i
infection in months (range)
Primary diagnosis
Hematologic malignancies, N (%) 19 (51) 13 (62) 6 (40)
ALL 14 9 5
AML 3 3 0
JMML 1 1 0
HL 1 0 1
Solid tumors, N (%) 2 (5) 0 (0) 2 (13)
NBL 1 0 1
EWS 1 0 1
Non-malignant hematologic diseases, N (%) 4 (11) 3(14) 1(7)
AA 2 2 0
DBA 1 1 0
Castleman syndrome 1 0 1
IEl, N (%) 11 (32) 5 (24) 6 (40)
GATA2 deficiency 3 1 2
NEMO deficiency 2 0 2
IPEX syndrome 1 1 0
HIES 1 0 1
STAT1 GoF (T385M) 1 1 0
STAT2 GoF 1 0 1
XLP2 1 1 0
CGD 1 1 0

AA: aplastic anemia; ALL: acute lymphoblastic leukemia; AML: acute myelogenous leukemia; CGD: chronic granulomatous disease; DBA: Di-
amond-Blackfan anemia; EWS: Ewing sarcoma; HIES: hyper-IgE syndrome; HL: Hodgkin lymphoma; HSCT: hematopoietic stem cell transplan-
tation; IEl: inborn errors of immunity; IPEX syndrome: immunodysregulation polyendocrinopathy enteropathy X-linked syndrome; JMML: ju-
venile myelomonocytic leukemia; NBL: neuroblastoma; NTM: non-tuberculous mycobacterium; STAT1 GoF: STAT7 gain-of-function mutation;
STAT2 GoF: STAT2 gain-of-function mutation; XLP2: X-linked lymphoproliferative disease 2.

Discussion

In this current nationwide retrospective study, NTM infec-
tion was identified in 36 child, adolescent, and young adult
patients with hematologic malignancies, extracranial solid
tumors, benign hematologic disorders, or IEIl. To the best
of our knowledge, previous reports of NTM infections in
pediatric hematology/oncology patients have been limited
to literature reviews of small case series or single-center
reports, with no cross-sectional analyses of a single co-
hort!"20-22 While lymphadenitis with MAC is the canonical
form of NTM infection in immunocompetent children, the
current pediatric hematology/oncology cohort demonstrat-
ed a characteristic clinical picture, with a variety of SGM
and RGM species infecting various sites®" This cohort has
revealed several clinical scenarios of NTM infections in this
particular group of patients.

Our NTM cohort of 21 post-HSCT patients, which included
13 RGM and 8 SGM infections, revealed a skewed incidence
in the early post-HSCT phase for RGM and late post-HSCT
phase for SGM (Figure 2B). Previous studies on HSCT adult

recipients demonstrated that the incidence of NTM infec-
tion after transplantation ranged from 0.4% to 4.9%, with
a median onset time ranging from 251 to 343 days.?® This
is roughly consistent with the incidence and median onset
time of NTM infection in our pediatric cohort of 0.83% and
390 days, respectively, indicating that NTM infection should
be noted even in children after transplantation. Further-
more, we have demonstrated for the first time that, to the
best of our knowledge, the susceptible timing of infection
differs between RGM and SGM, providing new insight into
the infectious timeline after HSCT.?®

Although pulmonary NTM was uncommon in healthy chil-
dren, it was the most common form in our post-HSCT
cohort. In this cohort, M. abscessus was the predominant
pathogen, followed by MAC, accounting for 86% of all isolat-
ed species. These two species are also predominant in NTM
infections of patients with CF,*° suggesting the presence of
a common mechanism of NTM susceptibility in post-HSCT
and CF cohorts. In fact, 9 of 12 post-HSCT patients (75%)
with pulmonary NTM infection developed pulmonary GvHD.
Because of the allogeneic immune response in pulmonary
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Figure 3. Clinical outcomes and the pattern of combinations of the top 6 chemotherapeutic agents used in the treatment of
non-tuberculous mycobacterial infections in pediatric hematology/oncology patients. (A) Kaplan-Meier estimates of the overall
survival (OS) rate in pediatric hematology/oncology patients with non-tuberculous mycobacterial (NTM) infection. The 5-year OS
rate for all patients was 75.2% (95% confidence interval [CI]: 56-87) in the entire cohort. (B) Patients receiving hematopoietic
stem cell transplantation (HSCT) had a 10-year OS rate of 59% (95% ClI: 34-77, P=0.012 by log-rank test), whereas those who did
not had no deaths from NTM infection. (C and D) Top 6 major antibiotic combinations used to treat NTM infection are summa-
rized by UpSet plots. Panels depict drug combinations used to treat slow-growing mycobacteria (SGM; N=15) and rapid-growing
mycobacteria (RGM; N=19), respectively. Each colored bar represents a different NTM species. Color codes are displayed in the

right-hand column of each panel. INH: isoniazid; RBT: rifabutin; RFP: rifampicin; ST: sulfamethoxazole-trimethoprim. *"M. avium,
M. parascrofulaceum, and M. marseillense.

Table 2. Estimated incidence of non-tuberculous mycobacterium infection.

Ag;egar:sup, Study period NTI\II\Il ::ses Denominator (I;:(:)lg;n(;: :)
Hematologic malignancy <20 2015-2019 14 JSE’,\'I";;G&?”V 275
Extracranial solid tumor <20 2015-2019 2 JSI(?\I;LC;TBQEtry 57
Post-HSCT patient <20 2015-2019 17 JDC(HSZT’ Orgg;S"y 834

HSCT: hematopoietic stem cell transplantation; JDCHCT: Japanese Data Center for Hematopoietic Cell Transplantation; JSPHO: Japanese
Society of Pediatric Hematology/Oncology; NTM: non-tuberculous mycobacterium.
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GvHD and recurrent infections in CF, the airways are ex-
posed to persistent inflammation, resulting in pulmonary
organization and bronchiectasis. To evaluate the incidence
of NTM infection in patients with pulmonary GvHD, we
estimated the number of patients with pulmonary GvHD
based on the number of transplants obtained from the
Transplant Registry Unified Management Program (TRUMP)
registry and previous epidemiological data.®*®* Using this
as the denominator, the incidence of pulmonary NTM in-
fection was calculated to be at least 5% in patients with
pulmonary GvHD, comparable to the incidence in patients
with CF, suggesting the need for aggressive NTM screening
in patients with pulmonary GvHD.334

In the non-HSCT group, our findings in patients with ALL
and IEl were consistent with patterns reported in previous
literature. Catheter- or non-catheter-related bloodstream
infections associated with RGM have been reported sporad-
ically in patients with ALL, while other forms of infection
have been reported anecdotally.?>?> RGM is known for its
ability to form biofilms and for its high compatibility with
artificial materials, both of which predispose to catheter
infection.® In our cohort of 5 NTM-infected patients with
ALL, all 4 patients with an identified species also had
CRBSI due to RGM. In contrast, NTM infection in immu-
nocompromised individuals has been previously studied
in human immunodeficiency virus-infected adults and
children with Mendelian susceptibility to mycobacterial
disease, where MAC is predominantly isolated and infec-
tion patterns vary, including disseminated and pulmonary
infections.2363" Although our cohort of IEI with NTM infec-
tion did not include classical Mendelian susceptibility to
mycobacterial disease, disease subtypes in all 6 patients
with IEl were reported to be susceptible to NTM,26:27.38:39
SGM was isolated from all 6 cases of IEl, 5 of which were
MAC. Dissemination was observed in 3 cases and pulmo-
nary disease in 2. Thus, we established that CRBSI caused
by RGM is a representative form of patients with ALL, and
that MAC-induced pulmonary disease and dissemination
are the most common in IEI.

This study has some limitations due to the scarcity of prior
research and its retrospective nature. First, there were
no epidemiological data in the Japanese general pediat-
ric population to serve as a reference point for specifying
high-risk groups for NTM infections. Therefore, the esti-
mated prevalence of NTM infection in Japanese children
was calculated using a regional claim database and found
to be equal to or lower than that of other countries (On-
line Supplementary Table S2)1°4° Second, the incidence of
NTM infection might be underestimated due to potential
incomplete enrollment and undiagnosed cases at the in-
stitutions. Third, diagnostic methods and identification of
NTM subspecies were based on institutional diagnosis and
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were not standardized. Finally, detailed subspecies-spe-
cific statistical analysis was insufficient because of the
small number of cases involving rare infections in a rare
population. However, single-cohort studies in the pedi-
atric hematology/oncology field that provide an overview
of NTM infection are scarce, and our study is one of the
largest ever. In addition, even if a potential underestima-
tion is considered, our estimated high NTM incidence is
still remarkable.

In conclusion, the current study identified high-risk groups
of NTM infections in patients with pediatric hematology/
oncology diseases and provided representative clinical pic-
tures in each group. These findings may justify aggressive
NTM screening in high-risk groups, which may improve
diagnostic rates and reveal a more accurate clinical pic-
ture of NTM infections in pediatric hematology/oncology
patients in the future.
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