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TO THE EDITOR:
Nontuberculous mycobacteria (NTM) are ubiquitous environmental
organisms and widely distributed in water and soil [1]. In humans,
NTM infections can be localized to the lungs, but can also present as
lymphadenopathy, skin/soft tissue, or bone infections. Dissemi-
nated NTM infections involve multiple organs and occur in severely
immunocompromised hosts, e.g., in persons infected with human
immunodeficiency virus (HIV) and low CD4 counts, or with primary
immunodeficiencies such as GATA2 deficiency. NTM infections after
allogeneic hematopoietic stem cell transplantation (allo-HSCT) are
rare with an incidence of 1.7–6.4% [2]. The majority of these cases
are localized pulmonary infections, while dissemination is reported
in only 0.2% of patients. However, incidence of NTM infections is
rising after allo-HSCT [2]. Here, we present four cases of
disseminated NTM infections according to the American Thoracic
Society (ATS)/Infectious Diseases Society of America (IDSA) defini-
tions [3], occurring in a single center between 2019 and 2022.
Four patients underwent an allo-HSCT with ex vivo αβ T cell

depletion and CD19 B cell depletion (see Supplementary data for
cases and baseline table). All patients developed acute graft-
versus-host disease (GVHD) grade II-IV, treated with prednisolone
and CsA. Three out of four patients received ruxolitinib as a
second-line treatment. Five to seven months after allo-HSCT, all
four patients presented with severe fatigue, wasting, liver enzyme
elevations, and cytopenias despite full donor chimerism. All except
for patient 2 had a fever at presentation. Imaging showed
lymphadenopathy in all patients and pulmonary consolidations in
patients 2 and 4. All had positive bone marrow diagnostics for
NTM. Ziehl-Neelsen(ZN)-positive granulomas were seen in patients
1, 2, and 3, and subsequent NTM sequencing determined the
presence of M. genavense, M. simiae complex, and M. kansasii,
respectively. In patient 4 bone marrow cultures showed the
presence of M. Kansasii (Fig. 1a). Other affected organs were
lymph nodes in patients 1 and 3, duodenum in patient 2 and
lungs in patient 4. Antibiotic combinations were suggested in all
patients. Unfortunately, none were able to complete treatment
because of their poor clinical condition and delay in NTM
diagnosis. Patients 1, 2, and 3 died, while patient 4 was at home
with the best supportive care at the last follow-up. Details on
these cases can be found in Supplementary data.
An obvious but also controversial explanation for the high

incidence of disseminated NTM infections presented here, is the
deep T cell suppression due to ex vivo αβ T cell-depleted allo-HSCT.

Low CD4 counts are a risk factor for NTM infections after allo-HSCT
[4]. Alemtuzumab and anti-thymocyte globulin have been implied
to enhance the risk of NTM infections by some investigators [5],
while others stated that neither of these treatments nor ex-vivo T
cell depletion was a risk factor for NTM infection [2, 6].
Acute and chronic GVHD, on the other hand, have been

convincingly associated with NTM infections, as GVHD is observed
in 40–60% of NTM patients [5]. Older age, cytomegalovirus
infection, unrelated/mismatched donors, myeloablative condition-
ing, neutropenia, and hyperglycemia have been suggested as
additional risk factors [2, 7]. However, most of these factors
associate with GVHD, implying that GVHD and immunosuppres-
sive drugs used for its treatment are the main underlaying reasons
for the increased NTM risk. Of note, within our allo-HSCT cohort,
the incidence of gr II–IV GVHD at day 100 is only 26%, whereas all
four patients presented here suffered from gr II–IV GVHD.
Drugs used to treat GVHD might provide the additional trigger

for NTM infections. Prednisolone use was reported to be 8 times
higher among NTM cases than in controls [8]. Also ruxolitinib, a
JAK/STAT inhibitor, has been associated with disseminated NTM
infections post-allo-HSCT [9]. Importantly, three of our four
patients received ruxolitinib. JAK/STAT pathway inhibition plays
a key role in mycobacterial infection, and patients with STAT1
mutations are very sensitive to mycobacterial infections. Also
ibrutinib, a BTK inhibitor that has been approved for treatment of
GVHD, has been associated with NTM infections [10].
Treatment of NTM infections requires combinations of antibiotic

drugs for a prolonged period up to 12 months [11]. Eradication is
not always feasible [1]. Survival of localized NTM infections is
40–50% [2, 7], while disseminated disease has an even poorer
prognosis [1]. All patients described here were unable to complete
antibiotic therapy, either due to progression of multi-organ failure
despite adequate therapy, or to a dismal performance status at
the time of NTM diagnosis. The importance of early diagnosis is
stressed by the absence of prophylactic, preemptive and empirical
antimicrobial strategies. As such, therapy can only be started after
definitive diagnosis.
To speed up the diagnostic process, we propose an early, risk-

based strategy, starting with identification of patients at risk
(Fig. 1b). Major risk factors for disseminated NTM infections were 1)
timing 5–8 months post-allo-HSCT, 2) GVHD, 3) use of immunosu-
pressive therapies, and 4) CD4 counts <200/µL. Minor risk factors are
clarified in Fig. 1b, as well as major and minor signs and symptoms
of disseminated infections. An important symptom is fever not
responsive to antibiotic therapy. NTM infections should always be
included in the differential diagnosis of antibiotic-resistant fever
after allo-HSCT. Unfortunately, many symptoms are aspecific and
will not differentiate between NTM infections and other life-
threatening infections: e.g., night sweats, weight loss, and (extreme)
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fatigue. Depending on the organs involved in NTM infections,
more specific symptoms will occur. Examples are anemia and
neutropenia from bone marrow involvement; lymphadenopathy or
hepatosplenomegaly from lymphoreticular involvement; diarrhea,
abdominal pain, and elevations of liver enzymes (mostly alkaline
phosphatase and gamma-glutyltransferase) from involvement of

the gastrointestinal tract; and cough and lung infiltrates from
pulmonary involvement.
When ≥2 major signs and ≥1 minor sign are present, further

analysis is warranted. These patients deserve mycobacterial blood
cultures and positron emission tomography-computed tomogra-
phy (PET-CT) scan (Fig. 1b). A PET-CT might show FDG-avid
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lymphadenopathy, pulmonary involvement, or activity in various
organs involved in the infection. It can be used to determine sites
for biopsy, as well as for follow-up [12]. In addition, diagnostic
work-up can be performed on bone marrow in case of cytopenias,
on exit sites of venous catheters, and on respiratory samples.
Therefore, bronchoalveolar lavage with NTM diagnostics should
be performed in patients with respiratory complaints or pulmon-
ary infiltrates on PET-CT.
It is important to send material both to microbiology and

pathology departments. Mycobacterial cultures require special
media and prolonged incubation as it can take up to 8 weeks for
mycobacteria to grow. The pathologist is able to determine the
presence of granulomas and acid-fast bacilli on histological
samples. A polymerase chain reaction (PCR) on DNA extracted
from paraffin-embedded material and subsequent sequencing
may allow detection of the pathogen when cultures remain
negative. An infectiologist should be involved for advice on the
antibiotic regimen of choice, duration of therapy, and follow-up.
In summary, we advocate for increased awareness of dissemi-

nated NTM infections after allo-HSCT. Therefore we propose a
structured work-up based on risk factors and clinical signs and
symptoms, involving a multidisciplinary team of hematologists,
infectiologists, pathologists, microbiologists, radiologists, and pul-
monologists (Fig. 1b). Advantages of this systematic, multidisciplin-
ary approach include early diagnosis and rapid intervention for this
potentially fatal condition. We would like to emphasize that no
external validation has been performed, due to the very rare nature
of disseminated NTM infections. Whether our approach will lead to
improved outcomes, thus remains to be evaluated in future studies.
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Fig. 1 NTM tissue samples, a risk-based strategy, and clinical characteristics of four patients with disseminated NTM infections. a Tissue
samples with NTM infection. The lymph node excision of patient 1 shows on histopathological examination complete effacement of the
normal architecture by a diffuse infiltrate of foamy macrophages (1-I: hematoxylin and eosin (H&E) stain, detail), which contain a massive
amount of acid-fast bacteria (1-II: Ziehl-Neelsen stain). The bone marrow biopsy of patient 2 contains a granuloma formed by spindle-shaped
macrophages (2-I: H&E stain, detail) with only presence of vary rare acid-fast bacteria (2-II: Ziehl-Neelsen stain, arrow). The lymph node excision
of patient 3 is completely infiltrated by epitheloid to spindle-shaped macrophages admixed with neutrophilic granulocytes (3-I: H&E stain,
detail). Areas of necrosis were present (not shown). In the Ziehl-Neelsen stain (3-II), many acid-fast bacteria can be identified. b A risk-based
strategy for diagnosis of NTM: a multidisciplinary approach in patients after allo-HSCT. c Overview of risk factors, major signs and symptoms,
radiology, and sites of NTM detection in the four patients with disseminated NTM. allo-HSCT allogeneic hematopietic stem cell
transplantation, GVHD graft versus–host disease, IST immunosuppressive therapy, CMV cytomegalovirus, (M)MUD (mis)matched unrelated
donor, (PET-)CT (positron emission tomogramphy-)computed tomography scan, BAL bronchoalveolar lavage, ZN Ziehl-Neelsen, DNA
Deoxyribonucleic Acid, NTM nontuberculous mycobacteria, PCR Polymerase chain reaction, CVC central venous catheter, Pred prednisolone,
Ruxo ruxolitinib, x data unknown.
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