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Abstract

Introduction Mycolicibacter kumamotonensis is a slowly growing, non-chromogenic non-tuberculous mycobacteria
(NTM) that was initially distinguished from the M. terrae complex in 2006. Since then it has been rarely reported as the
cause of pulmonary and soft-tissue infections in both immunocompromised and immunocompetent patients.

Case presentation \We present a case of severe pulmonary disease due to Mycolicibacter kumamotonensis in a
57-year-old male who was immunocompetent at time of diagnosis, with a history of interstitial lung disease and a
prior diagnosis of tuberculosis (TB). After initial treatment for TB in 2017, his condition stabilized until a recurrence in
September 2021, leading to an evaluation for lung transplant in the setting of pulmonary fibrosis and emphysema
which led to the identification of Mycolicibacter kumamotonensis. A lung transplant was completed, and the patient
was successfully treated with a combination of Ethambutol, Azithromycin, and Rifabutin.

Conclusions This represents the first case reported of M. kumamotonensis in a patient undergoing lung transplant,
and the first case with rapid culture growth during identification of the organism (4 days). This report highlights the
need for consideration of M. kumamotonensis as a pathogen in humans, with the potential for rapid growth in liquid
media, and the importance of early identification to inform empiric therapy.
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Background

The genus Mycobacterium contains a diverse array of
species. Those that cause human disease have tradition-
ally been divided into tuberculosis-causing and non-
tuberculous mycobacteria (NTM). NTM can be further
classified by their rate of growth into rapidly-growing
mycobacteria (RGM) and slowly-growing mycobacteria
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(SGM), depending on whether growth of mature colo-
nies is observed on solid media within 7 days. RGM has
most recently been described as containing opportunistic
pathogens M. chelonae-abscessus complex, M. smegma-
tis group, M. mucogenicum group, M. mageritsense/M.
wolinskyi group, M. fortuitum group, and pigmented
RGM [3], with the M. abscessus complex of particu-
lar concern due to its increasing incidence as a cause of
opportunistic respiratory, skin and mucosal infections
[9].

Mycolicibacter kumamotonensis, formerly Mycobacterium
kumamotonense, is a slowly growing, non-chromogenic
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NTM that was first distinguished by molecular analysis
from the saprophytic M. terrae complex in 2006, when ini-
tially identified in Japan from a clinical isolate [15]. Since
then, reports of pathogenic infections with M. kumamoton-
ensis have been sparse, with two cases of pulmonary infec-
tion in immunocompetent patients, one of whom had a
prior history of TB infection [11, 14] as well as soft-tissue
infections such as tenosynovitis of the hand [8]. Consider-
ing the differences in management between TB and NTM,
awareness of such clinically significant NTM species is
important when considering patients with a presumptive
history of TB where the identification technique is unclear.

Here we present the first case of rapidly growing NTM
identified as M. kumamotonensis by both MALDI-TOF
and DNA sequencing, in an initially immunocompe-
tent patient with a history of TB and combined pulmo-
nary fibrosis and emphysema (CPFE), who subsequently
underwent lung transplant. The complexities of this case
demonstrate the need for additional characterization of
this emerging NTM species.

Case presentation

The patient is a 57-year-old male Chinese immigrant
with combined pulmonary fibrosis and emphysema and
mild pulmonary hypertension, gastroesophageal-reflex
disease (GERD), and a prior history of treated TB infec-
tion (2016) who presented with a progressive productive
cough for three days associated with shortness of breath.
The patient was initially admitted to an outside hospital
for chronic obstructive pulmonary disease (COPD) exac-
erbation, but was transferred to our hospital for further
management and an expedited lung transplant evaluation
(Table 1).

In 2016, the patient initially developed a progressive
productive cough and shortness of breath and was diag-
nosed with emphysema and pulmonary fibrosis. In 2017,
while visiting China, he was hospitalized for 10 days
and diagnosed with tuberculosis, (though methods of
diagnosis were not known to the patient, or available in
the medical record) and was subsequently treated with
five unidentified oral medications for 6 months. Sub-
sequently, the patient had continued stable shortness
of breath on exertion, necessitating three liters of home
oxygen. He was started on Nintedanib in 2018, and in
2020 chest computed tomography (CT) imaging demon-
strated progressive changes with a right upper cavitary
lesion that was retrospectively determined to have origi-
nated in 2018 (Fig. 1). In spring 2021, he was referred
for an outpatient lung transplant evaluation. Of note, an
Interferon-Gamma Release Assay (IRGA) was performed
during this evaluation, prior to the current admission,
and resulted as positive.
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The patient’s pulmonary symptoms remained relatively
stable until September 2021, when he presented with
worsening dyspnea and cough productive of green spu-
tum that progressed during the 3 days prior to admission.
He also reported a fever and chills 3 days prior to admis-
sion with right upper chest pain. He was admitted for a
presumed COPD exacerbation with oxygen (O,) require-
ments increasing to maximum non-invasive settings (12—
15 L on Venti-mask with FiO2 of 50-100%) for which he
was treated with albuterol/ipratropium as well as an oral
prednisone taper over a two-week period and maintained
on a 10 mg dosage. His initial laboratory results showed
no leukocytosis, a normal procalcitonin level, a nega-
tive troponin test, and normal brain natriuretic peptide
(BNP) level.

Respiratory cultures grew Haemophilus parainfluen-
zae within 4 days of admission and he was treated with
a 12-day course of intravenous ceftriaxone (Table 1).
There was subsequent improvement in his symptoms,
but his oxygen requirement was still elevated from base-
line (8-10L at FiO, of 50% on Venti-mask), and he was
transferred to our hospital for further transplant evalua-
tion (hospital day 1, HD1). Chest imaging showed upper
lobe bronchiectasis greater on the right side and cavitary
changes concerning for possible fungal cavitation. He
also had a 1,3-beta-p-glucan level > 500 pg/ml, for which
he was started empirically on voriconazole on HD10, but
fungal cultures were consistently negative throughout his
hospital course.

He developed increasing shortness of breath (SOB)
on HDS, and was transferred to the intensive care unit,
where he was found to have worsening pulmonary hyper-
tension and was placed on extracorporeal membrane
oxygenation (venoarterial (VA)-ECMO), with antibiot-
ics broadened to piperacillin-tazobactam and vancomy-
cin. A double lung transplantation was performed on
HD16. His post-transplant course was complicated by
cardiogenic shock, acute kidney injury, pneumothorax,
and pulmonary edema. He was decannulated from VA-
ECMO on HD19 and extubated on HD23.

His extensive microbiologic workup included a tracheal
aspirate specimen sent for acid-fast bacilli (AFB) culture
on HD9Y, prior to transplant, with an auramine-rhoda-
mine stain performed that resulted as negative. A bron-
choalveolar lavage (BAL) specimen from HD10 was also
stain-negative, but a second BAL specimen collected on
HD14 was found to be positive for AFB by auramine-rho-
damine staining. Nucleic acid amplification testing from
the positive BAL specimen was negative for M. tubercu-
losis (MTB) complex (Xpert MTB/Rif, Cepheid, Sunny-
vale, CA), and empiric therapy for NTM was initiated
with azithromycin, meropenem, and amikacin on the
date of transplant while awaiting species identification.
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Location Event Laboratory findings
Month, Year
2016 Unknown Diagnosed at OSH with emphysema, pulmonary
fibrosis
2017 China Diagnosed with TB in China, treatment on return man-
aged by NYS DOH
2018 NYP Queens Started on Nintedanib for pulmonary fibrosis, cavitary
lesion first demonstrated on Chest CT
May, 2021 NYP CUMC Initiated lung transplant evaluation
Hospital Day
- 22 NYP Queens Initial complaint of fever, chills and right upper chest
pain
- 19 Admitted for presumed COPD exacerbation
—18 Respiratory culture positive for H. parainfluenzae
-6 Completes 12 day course of CTX with symptomatic
improvement
1 (Sept 2021) NYP CUMC Transferred for lung transplant evaluation with ongo-
ing elevated O2 requirement
NYP CUMC MICU  Transferred to ICU with increased SOB
Placed on VA-ECMO, initial AFB culture collected
(tracheal aspirate)
10 BAL AFB smear negative
14 2nd BAL AFB smear positive, MTB/Rif NAAT negative. 1st
BAL sample liquid culture flags positive for AFB (4-days
growth)
16 OR Double lung transplant performed, discharged to
CTICU, started on empiric NTM therapy (azithro, mero
and amikacin)
22 NYP CUMC CTICU  Therapy changed to azithromycin, ethambutol and |dentification of M. kumamotonensis by MALDI-TOF from
amikacin initial AFB specimen (collected HD 9),
30 ID of initial BAL specimen confirmed by sequencing
(hsp65)
32 Collection date of first specimen for AFB culture result-
ing as negative
87 NYP CUMC Antimicrobial susceptibilities returned, amikacin
Outpatient changed to rifabutin
180 Concludes therapy with all AFB monitoring negative

Minocycline was also initiated for a positive BAL cul-
ture for Stenotrophomonas maltophilia. AFB and bacte-
rial cultures from the OR at the time of transplant were
positive for rare AFB and grew Acinetobacter baumannii
from the donor lung BAL bacterial culture. Growth was
detected in broth culture (BACTEC MGIT 960 system
with modified Middlebrook 7H9 broth, BD Biosciences,
Sparks, MD) from the initial BAL specimen (HD10 to
HD14) but there was insufficient biomass for identifica-
tion by Matrix-Assisted Laser Desorption Ilonization-
Time of Flight Mass Spectrometry (MALDI-TOF MS,
Bruker Daltonics, Billerica, MA). The liquid broth culture
from the initial tracheal aspirate specimen (HD9) flagged
positive for a micro-precipitate and was subcultured onto
Middlebrook 7H10 medium on HD16 and was found to

be positive on HD22 with MALDI-TOF identification
as M. kumamotonensis using the Bruker Mycobacteria
database.

The initial BAL specimen (HD10) was confirmed as
M. kumamotonensis by hsp65 gene amplification and
sequencing of the 441 base-pair fragment with alignment
to known sequences in GenBank (https://www.ncbi.
nlm.nih.gov/genbank/) on HD30 and 16S rRNA gene
amplification was also performed and aligned to known
sequences in GenBank for further confirmation (Fig. 2).
Phylogenetic trees were generated from alignment results
using Lasergene MegAlign Pro software from DNASTAR,
Inc. (DNASTAR, Madison, WI USA). Antimicrobial
susceptibility testing was performed at National Jewish
Medical Center (Denver, CO), with the following results:
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Fig. 1 Cavitary lesions in a patient with M. kumamotonensis infection
and underlying pulmonary fibrosis. Chest CT showed bilateral upper
lobe cavitary lesions (see arrows) and honeycombing. Cavities in the
right apex are more prominent than left apex

Rifabutin (S), Moxifloxacin (R), Amikacin (I), Linezolid
(R), Ciprofloxacin (R), Streptomycin (NI), Clarithromy-
cin (S), Rifampin (R), Ethambutol (NI); Rif + Etham (NE),
Rifampin combo (TI), Ethambutol combo (TS); Doxycy-
cline (R), Trimethoprim-sulbactam (S), Clofazimine (NI),
Minocycline (R) (S=susceptible, R=resistant, NI=no
interpretation, NE=no effect, TI=tentative intermedi-
ate, TS =tentative susceptible). The patient’s initial ther-
apy was oral azithromycin, ethambutol and intravenous
amikacin based on the organism identification. Once sus-
ceptibility results were available, therapy was modified
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to ethambutol, azithromycin, and rifabutin for 6 months
from first negative AFB culture. The patient continued to
tolerate the regimen well with no adverse effects, aside
from possible renal toxicity detected via changes in cre-
atinine clearance, which was addressed by subsequent
reductions in the weekly ethambutol dosage. The patient
underwent dose adjustment of the tacrolimus used in his
immunosuppression regimen once initiated on rifabutin.

Subsequent AFB cultures collected on HD15, HD18
and HD21 (post-transplant) were also found to be posi-
tive for M. kumamotonensis by MALDI-TOF. Subsequent
AFB specimens from HD32, HD38, HD45, HD58 and
HD?73 were found to be negative for AFB.

Discussion and conclusions

In this case report, we describe the first case of rapidly-
growing Mpycolicibacter kumamotonensis, an NTM that
has usually been described as slowly growing. Addition-
ally, we report the first such identification in a clinical iso-
late in the United States, as well as the first case in which
the patient subsequently underwent lung transplantation.

Rapidly-growing M. kumamotonensis

Rapidly-growing Mycobacteria (RGM) include six major
taxonomic groups that grow mature colonies on solid
media within 7 days (Brown-Elliott and Philley, 2017).
Pulmonary disease from RGM is most commonly due
to M. abscessus, which is especially concerning given
the associated morbidity for lung transplant recipients
(Brown-Elliott and Philley, 2017). In this case, an infec-
tious diseases specialist was consulted on the day of
transplant surgery when a RGM was first identified in
culture. Extensive evaluation was performed prior to

Hsp65

0042 strain SWAG

Mycobacterium kumamotonense CST7247
u 099 | Mycobacterium kumamotonense strain DSM 45093
ocs Mycolicibacter kumamotonensis strain S1-30
1 curr021

0.005 Mycobacterium terrae strain ATCC 15755
0.008

Mycobacterium terrae strain NCTC 10856

0008 — Mycobacterium algericum DSM 45454

o016 Mycobacterium senuense strain InDRE

ooiz Mycolicibacter sinensis strain JDM601

Fig. 2 Phylogenetic trees for the members of Mycobacterium terrae complex, based on 16S rRNA (1487 bp) and hsp65 genes (441 bp). The
sequence of 165 rRNA and hsp65 genes show 99.5% (1421/1424 identities) and 99.1% similarity (420/424 identities) compared with reported
sequences of M. kumamotonensis (strain CST7274) [15]. hsp65 gene shows 100% (409/409 identities) match with M. kumamotonensis S1-30
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surgery, at which time AFB smears from tracheal aspi-
rate and BAL specimens were both negative, but growth
of NTM was observed in culture. While previous clini-
cal reports of M. kumamotonensis have documented
culture incubation times of more than 2 weeks [11, 22],
the isolates in this case were recovered within 4-6 days
of culture incubation in a patient with severe pulmonary
infection.

Mycolicibacter kumamotonensis is a relatively rare
Mycobacterium species with only a few clinical case
reports and no detailed laboratory studies describing
culture incubation times. In contrast, TB is frequently
identified in clinical practice and studies have shown that
the time it takes to recover in culture has strong negative
correlation with bacterial burden [1]. Shorter recovery
times are also associated with a higher risk of transmis-
sion and relapse after therapy [2, 17]. Moreover, it was
recently reported that cavitary pulmonary TB has signifi-
cantly shorter culture incubation time than non-cavitary
TB or extra-pulmonary TB [24]. Given the known asso-
ciations with culture incubation time for TB, the short
culture incubation time for M. kumamotonensis in this
case implies a high bacterial load, which might have con-
tributed to the severity of lung disease in this case. The
patient also grew other organisms as discussed above,
which may have also contributed to his worsened under-
lying pulmonary fibrosis. Further studies are needed to
assess the relationship between culture incubation time
and disease severity for M. kumamotonensis pulmonary
infection.

Mycolicibacter kumamotonensis infection in a patient

with a history of tuberculosis

Misidentification of M. kumamotonensis as TB has been
reported in pulmonary and extra-pulmonary infections
[11, 14, 18, 22], which was attributed to similar clini-
cal manifestations and cross-reactivity of commercial
molecular probes, factors that have also been associated
with misdiagnosis of a wide variety of other NTM as TB
[4, 12]. Previous studies have also shown identification
of M. kumamotonensis in clinical samples from patients
with suspected tuberculosis [7, 10, 13]. Hoza et al. [7]
also showed that 1.3% of individuals had both M. tuber-
culosis and NTM, including M. kumamotonensis. Co-
infection with NTM and TB is uncommon, but not rare
[19]. A recent publication documented co-infection with
TB and three species of NTM [25]. Although patients
with such co-infections usually manifest symptoms of
tuberculosis, the presence of an additional NTM may
contribute to disease pathogenesis, severity and progres-
sion [19].
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Patients with underlying lung diseases have a higher
incidence of NTM infection. Studies conducted in Asia
have demonstrated that 35-37% of NTM patients had a
prior history of tuberculosis [10, 21]. It is often uncertain
whether the NTM infection is a superimposed second-
ary infection or was present from prior colonization. The
patient we reported here is a Chinese immigrant who had
a history of chronic pulmonary fibrosis and emphysema
diagnosed in 2016 and pulmonary tuberculosis diagnosed
in 2017 during a trip in China. He completed a course
of anti-tuberculous therapy upon return to the United
States with documented clearance of sputum AFB cul-
tures. However, a thoracic CT chest in 2020 demonstrated
progressive changes with a right upper cavitary lesion
reported since 2018. The upper lobe cavitary lesions were
initially considered bullous changes attributed to his
underlying pulmonary fibrosis. However, the subsequent
diagnosis of M. kumamotonensis infection as described in
this case raises the possibility that this organism may have
contributed to the progression of his lung disease. Fur-
thermore, administration of steroids without anti-myco-
bacterial coverage may have contributed to accelerated
disease progression. The laboratory workup of TB in 2017
is also unknown, and it is therefore possible that M. kum-
amotonensis was misidentified as TB or that the patient
had co-infection with TB and M. kumamotonensis at that
time. M. kumamotonensis may be resistant to some agents
included in standard anti-tuberculous therapy (such as
rifampin) and inadequate treatment may cause relapse
over time [14]. A new superimposed M. kumamotonensis
infection is also possible, but given the progressive clini-
cal and radiographic changes following TB and the geo-
graphic distribution of M. kumamotonensis, the findings
suggest that this organism had contributed to progressive
pulmonary infection over a longer period of time.

First reported M. kumamotonensis infection in the US

The geographic diversity of pulmonary NTM has been
analyzed worldwide [6], and previous authors have char-
acterized the distribution of M. kumamotonensis across
multiple countries and regions [5, 16]. Isolation of M.
kumamotonensis has been reported in Japan [8, 15], Mex-
ico 22, Greece [11, 14], China 13, Tanzania [7], Zambia
[16], Korea [10], Turkey [5], Italy 23, and Spain [18]. This
case is the first reported in the US.

First reported M. kumamotonensis infection in lung
transplant recipient

Lung transplant recipients are at higher risk of NTM
infection than the general population. Shah et al.
showed that 14% of lung recipients developed NTM
respiratory tract infections post lung transplantation,
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most commonly with M. abscessus and M. avium com-
plex [20]. The same study revealed a significant increase
in the rate of bronchiolitis obliterans syndrome in
patients with NTM infection. In this case, a NTM was
initially recovered on the date of transplant surgery, and
appropriate empiric therapy was initiated immediately
after surgery. The initial treatment course consisted of
amikacin, azithromycin and meropenem. Ethambutol
was added upon speciation, amikacin was discontin-
ued and rifabutin was initiated based on the expected
resistance profile of M. kumamotonensis. Subsequent
AFB smears were negative after 2 days of treatment,
subsequent AFB cultures were negative after 2 weeks of
therapy, and the patient completed 6 months of therapy
after first negative AFB culture with no clinical signs of
disease on follow-up. Although the optimal treatment
regimen for this organism is not clear given its rarity,
the decision to simplify therapy to a three-drug regi-
men and stop therapy was made based on the relatively
rapid conversion to negative AFB cultures. It is likely
that this rapid conversion was also significantly aided
by the substantial decrease in microbial burden occur-
ring from the explant of the patient’s diseased lungs at
the time of double lung transplantation.

In summary, this case demonstrates the need for
increased awareness of M. kumamotonensis as a poten-
tial human pathogen, especially in patients with his-
tory of TB or underlying pulmonary disease. With the
implementation of newer identification methods like
MALDI-TOF MS and genetic sequencing, there may
be an increase in reported cases of this rare NTM. As
M. kumamotonensis has a different susceptibility profile
than TB, early identification is critical to empiric ther-
apy decisions, and antimicrobial susceptibility testing
should be performed to guide definitive therapy.
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