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Summary

Background: Cutaneous non-tuberculous mycobacterial infections (NTM) remain
a diagnostic and therapeutic challenge. The aim of this study was to characterize
cutaneous NTM infections in Germany over a 24-year-period.

Patients and Methods: 73 patients with cutaneous NTM infections diagnosed at
17 different German University Hospitals from 2000-2011 and 21 patients treated
at the Department of Dermatology of the University Hospital Cologne, from 2010-
2024. Retrospective analysis of patient, demographic, clinical information, and
data on different diagnostic workups and therapeutic approaches/responses.
Results: Together, 94 cases were analyzed (71% males, mean age 50, > 75%
immunocompetent). Exposure to fish tanks was the dominant risk factor.
Pathogen detection by nucleic acid amplification test and/or culture was suc-
cessful in 76%. The most common pathogen was Mycobacterium (M.) marinum
(> 65%), followed by M. abscessus/chelonae. Immunosuppression was associated
with NTM other than M. marinum. Over 90% were treated with oral antibiotics, in
more than 50% with a single antibiotic (mostly clarithromycin). The most common
combination was clarithromycin plus rifampicin. The mean duration of therapy
was more than 4 months. Complications, adverse events, and relapses were rare.
Conclusions: Our findings highlight that there is a need for standardized
diagnostic procedures- and therapeutic recommendations for cutaneous NTM
infections.
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HIV infection or organ transplantation, as well as biologi-
cal treatment such as tumor necrosis factor (TNF)-receptor

Non-tuberculous mycobacteria (NTM) are acid-fast bacilli
ubiquitously present in environmental habitats such as nat-
ural waters, soil, and drinking water distribution systems.1
Only some of them cause diseases in humans and are facul-
tative pathogens. Manifestation of disease depends on the
interaction of the mycobacterium with the host-immune
system. Immunosuppression, for example associated with
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blockers, increases susceptibility and represents a risk factor
for dissemination.””* Pulmonary disease is the most com-
mon clinical form of NTM infection, followed by skin and
soft tissue infections.”

Cutaneous NTM infections are the result of direct inoc-
ulation through skin barrier breaks or hematogenous dis-
semination of a systemic infection.® They can be cate-
gorized into two groups: localized superficial (including
cellulitis, abscesses, nodules, pustules) and deep infec-
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tions (subfascial abscesses, tenosynovitis).7 The incuba-
tion period ranges from 2 to 6 weeks.® Whereas the
histopathological spectrum of NTM infections can be
variable, granuloma formation is a common pattern.”'?
Although the true incidence of cutaneous NTM infections
is unknown, an increased incidence in recent years has
been suggested, mainly due to increased immunosuppres-
sive therapies, surgical/cosmetic procedures, and improved
diagnostics.''~'* Previous trauma (e.g., liposuction) is asso-
ciated with infections with the rapidly-growing mycobac-
teria (RGM) Mycobacterium (M.) fortuitum, M. abscessus, and
M. chelonae), mainly through contaminated water distri-
bution systems.'>~!” Together with M. marinum, which is
the main cause of infection in fish tank owners and other
water-exposed individuals,*'® they are the most commonly
isolated pathogens in cutaneous NTM infections. Diagno-
sis and initiation of treatment are often delayed due to
non-specific clinical presentation and lack of suspicion for
unusual organisms as the source of infection. Moreover,
the diagnostics of NTM are complex,'® time-consuming,
and pathogen detection is not always successful. There
is limited data to guide the management of cutaneous
NTM infections. While randomized-controlled trials are
lacking, treatment recommendations are based on expert
opinions.”’ Moreover, common treatment approaches are
adapted from the most recent guideline from 2007, which
relates primarily to pulmonary disease.’’ In general, dual
or single antimycobacterial therapy, which is adminis-
tered over several months, sometimes in combination with
surgery, is recommended.

This retrospective study was conducted to investigate
the clinical and microbial features of cutaneous NTM infec-
tions in Germany over a 24-year-period. We examined 73
patients diagnosed in 17 different German University Hos-
pitals from 2000-2011 (cohort-1),2" and 21 patients treated
in our department in Cologne from 2010-2024 (cohort-2).
In addition to demographic and clinical information, our
analysis also includes data on different diagnostic workups
and therapeutic approaches and responses. In addition,
we re-evaluated the histopathological slides for cutaneous
reaction patterns in samples of cohort-2.

PATIENTS AND METHODS

In cohort-1, we reviewed the medical records of patients
with cutaneous NTM infections who presented to 17 differ-
ent Departments of Dermatology within Germany between
2000 and 2011.2" In cohort-2, data of medical records
from patients with cutaneous NTM infections who were
treated at the Department of Dermatology of the Univer-
sity Hospital Cologne were reviewed. All cases between
01/01/2010-31/03/2024 were included. Deep infections
were not identified. Besides demographic data, predispos-
ing factors, travel information, and symptom duration, the
clinical presentation, diagnostic approaches and therapeu-
tic strategies and outcomes were recorded.

We analyzed which diagnostic findings the final diag-
nosis was based on (NTM detection, histopathology of
skin biopsy specimens, cutaneous findings, risk factors [for
example fish tank exposure], and response to antimycobac-
terial therapy). Positive pathogen detection was defined as
cases in which NTM was detected by nucleic acid amplifica-
tion test (NAAT) and/or by culture from a site of infection.
Time to diagnosis was defined as the time from symptom
onset to diagnosis of infection. Recurrence was defined
as evidence of disease at the final visit after cessation of
therapy. Lost to follow-up was defined if there was no
documentation of outcome or no final visit. Histopatho-
logical slides of cases from cohort-2 were reviewed by a
dermatopathologist to assess epidermal changes, the sub-
type of granulomatous reaction (suppurative granuloma,
non-caseating tuberculoid, messy granuloma), and the
composition, depth and distribution of the (concomitant)
immune infiltrate.?>~24

Data from cohort-1 and cohort-2 were analyzed sepa-
rately and — whenever feasible - combined. Qualitative data
were summarized by count and percentages, and quantita-
tive data by mean (range) or median (interquartile range,
IQR). Chi-square tests were performed using Prism 10.1.2
software (GraphPad).

RESULTS

Patient characteristics from both cohorts are found in
Table 1. Together, 94 cases were identified (n = 73 in cohort-
1, n =21 in cohort-2). Most patients (74% in cohort-1, 69%
in cohort-2) were male. The mean age was 50 years (range
2-83). The majority of cases (85% in both cohorts) was not
travel-associated. Exposure to fish tanks was the most com-
mon risk factor (79.5% in cohort-1, 33.5% in cohort-2), with
five work-related expositions in both cohorts together. In
cohort-1, there were significantly more cases with aquatic
exposure, especially to fish tanks, while in cohort-2 there
were more cases without specific exposition documented
(p = 0.0009).

The main infected body site was the upper extrem-
ity (89% in cohort-1 and 62% in cohort-2) (Table 1).
The skin lesions usually presented as solitary or few
erythematous papules/nodules (Figure 1, 2), often with
erosions/ulcerations or hyperkeratosis, sometimes with
adjacent erythema and sporotrichoid distribution. Most
patients (90% of cohort-1, 76% of cohort-2) were immuno-
competent. Treatment with TNF-receptor-blockers was pre-
scribed in 4/21 cases in cohort-2 (19%). The mean symptom
duration until the first presentation in the hospital was
122 days (range 7-1,095) in cohort-1 and 259 (range 42-
1,095) in cohort-2 (Table 1). Before presenting to University
Hospitals, 15/73 (21%) cases from cohort-1 and 7/21 (33%)
cases from cohort-2 were initially misdiagnosed by gen-
eral practitioners or dermatologists in private practice and
had received empirical treatment with streptococcal- or
staphylococcal-active antibiotics.
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TABLE 1 Patient characteristics.
Germany (2000-2011) Cologne (2012-2024) Combined (2000-2024)
No. of patients All 73 21 94
Gender - No. (%) Female 18—(24.7) 8—(38.1) 26—(27.7)
Male 54—(74) 13—-(61.9) 67—(71.3)
Unknown 1—-(1.3) 0—(0) 1-(1.1)
Age at diagnosis Mean (range) - yr 50.5—(2-82) 483—(15-83) 50—(2-83)
Median (IQR) - yr 51—(39.5-64.5) 51—(32-58) 51—(39-63)
Unknown - No (%) 10—(13.7) 0—(0) 10—(10.1)
Travel history — No. (%) Yes 3—=(4.1) 3—-(14.3) 6—(6.4)
No 62—(84.9) 18—(85.7) 80—(85.1)
Unknown 8—(11) 0—(0) 8—(8.5)
Exposition — No. (%) Fish tank 58—(79.5) 7—(33.3) 65—(69.1)
Pool/pond 4—(5.5) 3—(14.3) 7—(7.4)
Preceding 0—(0) 1-(4.8) 1-(1.1)
liposuction 11-(15.1) 10—(47.6) 21-(22.3)
No specific
exposition
Work-related — No. (%) Yes 3-(4.1) 2—(9.5) 5—(5.3)
No 55—(75.3) 18—(85.7) 73—(77.7)
Unknown 15—(20.6) 1—-(4.8) 16—(17)
Infected site - No. (%) Upper Extremity 65—(89) 13—-(61.9) 78—(83)
Lower Extremity 4—(5.5) 5—(23.8) 9—(9.6)
Trunk/Neck 0—(0) 2—(9.5) 2—(2.1)
Face 3—(4.1) 1—(4.8) 4—(4.3)
Unknown 1-(1.4) 0—(0) 1-(1.1)
Immunosuppression - No. (%) Yes Oral steroid 7—(9.6) 5—(23.8) 12—(12.8)
No HIV 3—(42.9) 0—(0) 3—(3.2)
Methotrexate 2—(28.6) 0—(0) 2—(2.1)
Ciclosporine 1—(14.25) 0—(0) 1-(1.1)
Rituximab, CLL 1—(14.25) 0—(0) 1-(1.1)
TNF-a-inhibitor 0—(0) 1-(4.8) 1-=(1.1)
Azathioprin 0—(0) 3-(14.3) 4—(4.3)
0—(0) 1—(4.8) 1-(1.1)
66—(90.4) 16—(76.2) 82—(87.2)
Symptom duration until initial  Mean (range) 122—7-1095 258.9—42-1095 182—7-1095
presentation in the hospital Median (IQR) 40—28-89 150—80-312 80—35-211

(days)

Abbr.: CLL, chronic lymphatic leukemia; HIV, human immunodeficiency virus; No., number; IQR, interquartile range; TNF-a, tumor necrosis factor alpha; yr, year

While in all cases of cohort-2 diagnostics were standard-
ized with biopsies for histology, NAAT and microbial culture
each, diagnostic approaches in cohort-1 were more diverse
as expected (Table 2): In 47/73 cases (64.4%), the combina-
tion of histology and NAAT and/or culture was performed,
while in 14/73 cases (19%) direct pathogen detection by
NAAT and/or culture only without histological examination
was done. In ten cases of cohort-1, the only examination
performed was histology, and in two cases, the diagnosis
was based on clinical symptoms alone.

Pathogen detection by NAAT and/or culture was suc-
cessful in the majority of cases in both cohorts (76%) (47/61
cases [77%] in cohort 1 and 15/21 cases [71%] in cohort
2) (Table 2). The most commonly detected pathogen in
both cohorts was M. marinum (87.2% in cohort-1, 66.7% in
cohort-2), followed by M. abscessus/chelonae (n = 5, with
n = 3 M. chelonae in cohort-1 and n = 1 in cohort-2, and
n = 1 M. abscessus complex, exact species identification
not possible, in cohort-2). Other pathogens detected were

M. avium, M. haemophilum, in one case of cohort-1 each and
M. gilvum, M. vaccae and M. goodii, in one case of cohort-2
each (Table 2). Interestingly, in the twelve immunosup-
pressed patients with positive pathogen detection, the
proportion of pathogens other than M. marinum was signif-
icantly higher (n = 5 M. abscessus/chelonae infections, n = 1
M. haemophilum infection) than in non-immunosuppressed
patients (without other known risk factors [for example
cosmetic procedures]) (p = 0.0004). In six cases with
travel history, M. chelonae (Thailand), M. haemophilum
(Kenya, patient living with HIV), M. gilvum (Egypt), and
M. marinum (Israel, Afghanistan, and Slovakia each) were
detected.

Antibiotic susceptibility testing was performed in
n = 24/40 culture-positive cases (60%) from cohort-1 and
in 8/9 cases (89%) from cohort-2 (all M. marinum-positive).
Antibiotic resistances were found in 23/24 (96%) of cohort-
1 and in 6/8 cases (75%) of cohort-2. Detected resistances
for M. marinum are listed in online supplementary Table S1.
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FIGURE 1  Mycobacterium marinum infection of the left foot and toes
in a patient with Crohn’s disease treated with adalimumab and
mesalazine. Multiple grouped granulomatous papules and plaques with
crusts on the big toe, dorsal forefoot, and medial ankle.

In 67/78 cases of both cohorts (86%), histology showed
granuloma formation. In 17/21 (81%) samples with granu-
loma from cohort-2 (Table 2), the most common granuloma
subtype was messy granuloma in 8/19 (42%), followed by
non-caseating tuberculoid forms in 6/19 (32%) and sup-
purative granuloma in 5/19 (26%). Ziehl-Neelsen staining
for acid-fast bacilli was performed in 14/21 (67%) samples
and was negative in all cases. In the four cases without
granuloma formation, pathological examination revealed
inflammatory infiltrates. In three of these four cases, diag-
nosis was based on positive pathogen detection, and in one
case only on clinical symptoms and fish tank exposure.

The mean symptom duration until diagnosis was 199
days (range 3-260) in cohort-1 and 276 days (range 70-
1108) in cohort-2 (Table 2).

In > 90% of cases, the first-line therapeutic strategy after
diagnosis of cutaneous NTM infection was oral antibiotic
therapy (69/73 cases [94.5%] in cohort 1 and 19/21 cases
[90.5%)] in cohort 2), which was combined with surgery
in 7 cases (10%, all in cohort 1). Two patients of cohort-
1 received surgical therapy only, and four patients (two in
cohort-1 and cohort-2 each) received no specific therapy.

In the majority of cases (47/69 [68.1%] in cohort 1 and
10/19 [52.6%] in cohort 2), antibiotic monotherapy was ini-
tiated, most commonly with clarithromycin (19/69 cases in
cohort 1 and 6/19 cases in cohort 2), followed by doxy-
cycline or cotrimoxazole (13 and 10 cases in cohort 1
and 2 and 1 case in cohort 2, respectively) (Table 2). The
most common combination therapy was clarithromycin +
rifampicin in five and three cases of cohort-1 and cohort-
2, respectively. Other initial antibiotics used are shown
in Table 2. In 6/21 cases from cohort-2, therapy was de-
escalated, most commonly to only clarithromycin or doxy-
cycline (no data available from cohort-1). Interestingly, in
all but one case, patients were treated with antibiotics to
which M. marinum was not resistant. One patient (cohort-1)
was treated with cotrimoxazole (against which M. marinum
was tested resistant) in combination with abscess drainage
and was completely cured.

The mean duration of antibiotic therapy before discon-
tinuation was 128 days (range 10-436) in cohort-1 and
152.5 (range 42-262) in cohort-2 (Table 2). A final visit was
more frequently documented in cohort-2 with n = 15/21
cases (71%) compared to cohort-1 (n = 13/73, 18%), with
recurrences detected in n = 2 cases of each group (see
supplementary Table S2 for details).

DISCUSSION

In the absence of clinical trials, cutaneous NTM infections
remain a diagnostic and therapeutic challenge. To date, sev-
eral retrospective case series of cutaneous NTM infections
from different geographical regions have been published.
To our knowledge, this is the first larger case series of cuta-
neous NTM infections in Germany.”> Our study provides
data on a comparatively large number of 94 patients from
two different cohorts diagnosed over a 24-year-period. In
both cohorts, most cases occurred in immunocompetent
men. The main pathogen was M. marinum with > 80%
of cases, the most common risk factor was aquatic expo-
sure. Furthermore, we demonstrate a long time to diagnosis
(median 3 months), a long therapy duration of four months
(median), which in most cases was carried out with a single
antibiotic. Few complications or side effects of therapy and
low recurrence rates were documented.

The pathogen spectrum in our study is comparable to
other studies from Europe and the United States, in which
M. marinum is also the most common pathogen.'"'® In
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FIGURE 2 Cutaneous infection with
Mpycobacterium abscessus complex several weeks
after liposuction in a patient under
immunosuppression with azathioprine. Multiple
subcutaneous erythematous nodules and
plaques on the right foot and lower leg.

contrast, most studies from Asian countries and Australia
show mainly RGM-induced infections.'”'3? Notably, in
these studies, preceding surgical and cosmetic procedures,

which are associated with RGM-induced infections,’’ 1314

were much more common. In our case series, RGM-induced
cutaneous NTM infections were rare and occurred after
a surgical procedure (liposuction) only in one case. Of
note, this patient was immunosuppressed with azathio-
prine. Remarkably, all five RGM- and one M. haemophilum-
induced infection occurred in immunosuppressed patients,
which - although the total number of twelve immunosup-
pressed cases with positive pathogen detection is low —
suggests an association of immunosuppression with NTM
other than M. marinum. However, two of these infections
occurred after traveling, which might reflect a different
pathogen exposure in these countries. In the future, an
increase in RGM-induced cutaneous NTM infections'"'314
is expectable in Germany, too, also due to cosmetic
tourism.?”?® Prospective studies with larger patient cohorts
analyzing infections depending on risk factors (immuno-
suppression, travel, surgical or cosmetic procedure, aquatic

exposure) will be necessary to further determine the inci-
dence.

As in other case series especially for M. marinum
infections,'®2%30 our study shows a male predominance.
In other studies, mainly with RMG-induced infections
after surgical procedures, female patients dominate.!’'214
Whether this is due to a risk factor that is more preva-
lent in the respective gender (more cosmetic procedures
in females,?’?! fish tanks — at least in Germany - as a
male-dominated hobby>?) or whether there is a biological
cause for different dominating pathogenic spectra, requires
further investigation.

Similar to others,?>*3 the diagnosis of cutaneous NTM
infection in both cohorts was often considered with a
significant delay of months after symptom onset and usu-
ally first at presentation at the academic institutions. The
combination of clinicopathological findings with microbi-
ological analyses and treatment outcomes was necessary
to make the correct diagnosis. This is in agreement with
other studies.'*3 Standard histopathological examination
including acid-fast staining is relatively insensitive in NTM
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infections. Although most cases in our as well as in pre-
vious studies'®293334 show granuloma, this can also be
caused by other infectious processes such as tuberculosis,
leishmaniasis or (subcutaneous) fungal infections. More-
over, acid-fast bacilli detection rates — 0% in our study — are
low'83%3% and - as well as the histological type of granu-
loma - are not useful in distinguishing between NTM and
tuberculous mycobacteria.'®

Direct pathogen detection remains the gold standard in
the diagnosis of NTM infections. Our culture-positive detec-
tion rates of 73.6% in cohort-1 and 42.8% in cohort-2 are
comparable to other studies.®3° Of note, culture-positive
detection rates depend on optimal cultivation conditions
which differ between M. marinum and other NTM.'® The
culture-positives rates in confirmed M. marinum-cases (the
most predominant species in our analyses) were 92.1% for
cohort-1 and 90% for cohort-2. In best scenarios, a positive
culture allows for resistance testing and selection of a
suitable therapeutic agent, but it takes several weeks and
requires special culture conditions.'” Detection by NAAT
and/ or sequencing is faster and allows earlier initiation
of antimycobacterial treatment. In our study, only 16/38
(42%) and 12/21 (57%) performed NAATs were positive in
cohort-1 and -2, respectively. Noteworthy, all five infec-
tions with NTM other than M. marinum in cohort-2 were
detected only by NAAT and culture was always negative.
Some recent studies, in which NAAT was performed as
standard,'>'41826 did not report false-negative rates of
NAAT. A negative NAAT can result from a low density of
mycobacteria in the tissue. On the other hand, the identi-
fication of NTM by NAAT in human tissue specimens does
not necessarily represent an infection since contamination
of the samples is frequent.'® Of note, NAAT-based differ-
entiation within the M. abscessus/chelonae complex can be
challenging.>® This can become a problem if there is no
positive culture for species differentiation and resistance
testing. In contrast to M. chelonae, M. abscessus can express
the erythromycin resistance methylase (erm41) gene encod-
ing forinducible macrolide resistance,>37 which may affect
the choice of the antibiotic agent, since clarithromycin and
other macrolides are an important component in the
antibiotic therapy of NTM. In our study, this applied to
one case - the immunosuppressed patient with infection
after liposuction (Figure 2) — in which nucleic acid-based
testing was positive for the M. abscessus/chelonae group,
but further differentiation was not possible. After careful
consideration and despite the risk of inducible macrolide
resistance, we treated the patient with oral clarithromycin
+ doxycycline for 5 months, resulting in complete
healing.

Of note, in cohort-2, the diagnostic procedure was
standardized and always included NAAT, mycobacterial
culture, and histopathology from tissue biopsies, while in
cohort-1 diagnostic approaches were more variable. This
may be due to the nature of a multiple center assessment
in cohort-1, but also to the earlier time period (NAAT not

yet widely available). Given that the sensitivity and speci-
ficity of NTM detection by culture or NAAT are limited,
and that in some cases only one or the other method was
successful in detecting the pathogen, there is a need for
a standardized diagnostic procedure-recommendations
for suspected NTM infections: Appropriate material should
be obtained in sufficient size from the skin lesion (e.g.,
three 6 mm punch biopsies) for mycobacterial cultures,
NAAT and histopathology. Sources of contamination such
as tap water should be avoided and antibiotic use before
diagnostics should be limited. The microbiological labo-
ratory should be informed on the suspected diagnosis to
cultivate the samples at optimal temperatures (ideally, all
specimens should be cultured both at 28 °C to 30 °C and
at 35 °C to 37°C to maximize the growth of different NTM
species).'?

In 11/73 (15%) cases of cohort-1 the final diagnosis
was based on clinicopathological features and response to
antimycobacterial treatment, an approach that was com-
mon in times prior to the wider availability of NAAT and
mycobacterial cultures.?° It is possible that in these cases,
another diagnosis was true, albeit unlikely. The median time
to diagnosis of 3 months for all cases mirrors findings from
other studies'?"'4?2% and depended on how the final diag-
nosis was made: NAAT, clinicopathological assessment only
- which is faster — or culture - which often takes several
weeks. As in cohort-2 the diagnostic approach included
always biopsies for culture and NAAT, the median time to
diagnosis was significantly longer than in cohort-1 where
diagnosis was made without pathogen detection in some
cases. In addition to the delay caused by the complex diag-
nostics, this suggests that cutaneous NTM infections are
often only considered once all other alternative diagnoses
have been excluded. In our study, 20%-30% of cases were
initially misdiagnosed.

The preferred antimicrobial treatment and the spec-
trum of antibiotics prescribed in both of our cohorts
is comparable to other case series. However, in these
studies 50%-80% patients underwent additional surgical
intervention.'!1214293338 The observation that antibiotic
therapy alone is associated with a higher failure rate in
patients with cutaneous NTM infections’ could not be con-
firmed in our study. Both may be partially explained by the
dominance of RGM and the inclusion of deeper or invasive
infections in other studies.

In most recent case series, therapy was performed with
at least two antimicrobial agents,'?'#2%33 while others
demonstrate good outcomes also after single antibiotic
therapy.'®323940 The most common antibiotic regimen
used in our study was single clarithromycin, followed by
single doxycycline or single cotrimoxazole. The most com-
monly prescribed combination therapy was clarithromycin
plus rifampicin, which is in line with the 2007 treatment
recommendations for lung infections with M. marinum.?°
Other various combinations and monotherapies were used
in single or two cases (Table 2). The variety of antibi-
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otics used in this and in other studies emphasizes the
need for standardized regimens. One reason for this is
the lack of guidelines based on controlled studies with
antibiotics. Furthermore, cutaneous NTM infections are a
group of rare skin infections with similar clinical symptoms
but several causative pathogens with different biologi-
cal characteristics (e.g., growth rate, optimum incubation
temperature, virulence factors, effective antibiotics) which
additionally hampers standardization. Findings on infec-
tions with M. marinum - the majority of cases found in our
study - are therefore not necessarily transferable to other
NTM.

Noteworthy, whenever a clinician considers empiri-
cal monotherapy with clarithromycin, an infection with
a potentially macrolide-resistant M. abscessus should be
taken into consideration — particularly in infections follow-
ing previous surgical interventions. If the risk of complica-
tions is low, awaiting species identification and suscepti-
bility testing before initiating treatment is advisable. Our
median treatment duration of 4 months mirrors findings
from other studies which show median treatment lengths
between 2.5-6 months, with a tendency towards longer
treatment in RGM-induced infections,'?1826,32:33

The good outcome with low recurrence rates in our
study shows that (single) antibiotic therapy alone (with-
out surgery) can be sufficient to treat cutaneous NTM
infections. Clear risk factors for recurrence could not be
identified, mainly due to the small number of patients.

Our study has several limitations: All data was collected
retrospectively, and the two cohorts differed in their design
(cohort-1 multi-centric, cohort-2 single center), and in
the period of diagnosis and treatment (cohort-1 2000-
2012 and cohort-2 2012-2024) which must be considered
when comparing the data of both groups. In addition to
certain strikingly similar aspects between both groups,
some major differences (e.g., longer duration of symptoms
until first presentation at the clinic, longer duration until
correct diagnosis, longer duration of antibiotic therapy,
more frequent follow-up in cohort-2) become apparent.
These differences are most likely center-related (more
standardized history assessment, diagnostics and thera-
peutic duration in the monocentric cohort-2) and reflect
advances in medical care. Interpretation of the multi-
centric data from cohort-1 may be less reliable due to
differences in documentation, case recording, diagnostic
approaches, and therapy. A more detailed analysis of these
aspects is unfortunately not possible due to the lack of
detailed data from cohort-1. In addition, the number of
NTM species other than M. marinum is too low to draw con-
clusions on this group of infections, especially with regard
to diagnostic and therapeutic recommendations. As we
only analyzed cases treated at dermatology departments,
patients treated in other departments (e.g. infectious
diseases departments) and patients with deeper NTM
infections usually treated in orthopedic surgery, were not
included.

CONCLUSIONS

The diagnosis of cutaneous NTM infections is based on
the combination of clinico-histopathologic features, micro-
biological analyses, and the response to treatment. To
increase diagnostic yield, sufficiently large tissue specimens
for mycobacterial cultures, NAAT, and histopathological
analysis should be obtained before every empirical antibi-
otic treatment. M. marinum is the most common pathogen
for cutaneous NTM infection in Germany. There is a need
for standardized therapeutic regimens. In our cohort, oral
treatment with single clarithromycin or doxycycline for at
least 4 months was the most commonly prescribed therapy.
The good outcome with low recurrence rates suggests that
a single course of clarithromycin or doxycycline can be suf-
ficient, at least in cases where an infection with M. abscessus
is not suspected.

ACKNOWLEDGEMENT
L.B. was supported by the Cologne Clinician Scientist
Program (CCSP), Faculty of Medicine and University of
Cologne, funded by the Deutsche Forschungsgemein-
schaft (FI 773/15-1), and by the Koeln Fortune Program,
Faculty of Medicine, University of Cologne. LS. is sup-
ported by DZIF (grant numbers TI 07.001_SUAREZ_00,
Tl 07.001_SUAREZ_01, and TTU2.913_00) and the Fed-
eral Joint Committee (G-BA, German Federal Ministry of
Health). M.F. was supported by the Deutsche Forschungs-
gemeinschaft (FA 849/5-1). E.v.S. received funding from
the Deutsche Forschungsgemeinschaft (DFG, German
Research Foundation; Project Number 318346496,
SFB1292/2 TP15). The funders had no role in study
design, data collection and analysis, decision to pub-
lish, or manuscript preparation. We thank Friedemann
Reinhold for photo editing.

Open access funding enabled and organized by Projekt
DEAL.

CONFLICT OF INTEREST STATEMENT
None.

ORCID

Luisa Bopp ‘ https://orcid.org/0000-0002-9089-5228
Esther von Stebut ( https://orcid.org/0000-0001-9802-
9642

REFERENCES

1. Forbes BA, Hall GS, Miller MB, et al. Practical Guidance for Clin-
ical Microbiology Laboratories: Mycobacteria. Clin Microbiol Rev.
2018;31(2):e00038-17.

2. Henkle E, Winthrop KL. Nontuberculous Mycobacteria Infections in
Immunosuppressed Hosts. Clin Chest Med. 2015;36(1):91-99.

3. Bartralot R, Garcia-Patos V, Sitjas D, et al. Clinical patterns of
cutaneous nontuberculous mycobacterial infections. Br J Dermatol.
2005;152(4):727-734.

4. Winthrop KL, Chang E, Yamashita S, et al. Nontuberculous Mycobacte-
ria Infections and Anti-Tumor Necrosis Factor-a Therapy. Emerg Infect
Dis. 2009;15(10):1556-1561.

858017 SUOWILLIOD @A 18810 3(edldde aup Aq peusencb aJe Ssjolie YO ‘8sN JO S9INJ 0 A%eiq8ulUO A8]IA U (SUORIPUOO-PUe-SW.BIW0D A8 |Im AeIq U1 |UO//SdNY) SUORIPUOD pUe SWie | 8L 88S *[9202/90/0] Uo Ariqiauliuo AB|IM ‘UjoX Nz TeseAlun Bp *(qig Aq 0T6GT BPP/TTTT 0T/I0p/wWo0 A8 | 1M ARIq U1 |UO//SANY WoI) pepeojumod ‘G ‘9202 ‘Z8E00TIT


https://orcid.org/0000-0002-9089-5228
https://orcid.org/0000-0002-9089-5228
https://orcid.org/0000-0001-9802-9642
https://orcid.org/0000-0001-9802-9642
https://orcid.org/0000-0001-9802-9642

CUTANEOUS NON-TUBERCULOUS MYCOBACTERIAL INFECTIONS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

. Gluckman  SJ.

. Wagner D, Young LS. Nontuberculous Mycobacterial Infections: A

Clinical Review. Infection. 2004;32(5):257-270.

. Wang SH, Pancholi P. Mycobacterial Skin and Soft Tissue Infection.

Curr Infect Dis Rep. 2014;16(11):438.

. Huang CH, Hsiao FY, Wang TH. Risk Factors for Treatment Fail-

ure in Skin and Soft Tissue Infections Caused by Nontuberculous
Mycobacteria. Ann Plast Surg. 2023;90(1):551-S54.
Mycobacterium  marinum.  Clin  Dermatol.

1995;13(3):273-276.

. Min KW, Ko JY, Park CK. Histopathological spectrum of cutaneous

tuberculosis and non-tuberculous mycobacterial infections. J Cutan
Pathol. 2012;39(6):582-595.

Travis WD, Travis LB, Roberts GD, et al. The histopathologic spec-
trum in Mycobacterium marinum infection. Arch Pathol Lab Med.
1985;109(12):1109-1113.

Wentworth AB, Drage LA, Wengenack NL, et al. Increased incidence
of cutaneous nontuberculous mycobacterial infection, 1980 to 2009:
a population-based study. Mayo Clin Proc. 2013;88(1):38-45.
Chirasuthat P, Triyangkulsri K, Rutnin S, et al. Cutaneous nontuber-
culous mycobacterial infection in Thailand: A 7-year retrospective
review. Medicine (United States). 2020;99(10):E19355.

Lee WJ, Kang SM, Sung H, et al. Non-tuberculous mycobacterial
infections of the skin: A retrospective study of 29 cases. J Dermatol.
2010;37(11):965-972.

Ford MB, Okulicz JF, Salinas JR, Kiley JL. Epidemiology, clinical char-
acteristics, and outcomes of nontuberculous mycobacterial skin, soft
tissue, and bone infections from a single center over a 10-year period.
J Clin Tuberc Other Mycobact Dis. 2023;33:100403.

Centers for Disease Control and Prevention (CDC). Nontuberculous
mycobacterial infections after cosmetic surgery — anto Domingo,
Dominican Republic, 2003-2004. MMWR Morb Mortal Wkly Rep.
2004;53(23):5009.

Schnabel D, Gaines J, Nguyen DB, et al. Notes from the field: rapidly
growing nontuberculous Mycobacterium wound infections among
medical tourists undergoing cosmetic surgeries in the Dominican
Republic - multiple states, March 2013-February 2014. MMWR Morb
Mortal Wkly Rep. 2014;63(9):201-202.

Scollan ME, Kwinta B, Aaron J, Gallitano S. An institutional series of
skin and soft tissue infections due to rapidly growing mycobacteria. J
Am Acad Dermatol. 2024;91(4):722-724.

Abbas O, Marrouch N, Kattar MM, et al. Cutaneous non-tuberculous
Mycobacterial infections: A clinical and histopathological study of 17
cases from Lebanon. J Eur Acad Dermatol Venereol. 2011;25(1):33-42.
Peters F, Batinica M, Plum G, et al. Bug or no bug: challenges in
diagnosing cutaneous mycobacterial infections. J Dtsch Dermatol Ges.
2016;14(12):1227-1235.

Griffith DE, Aksamit T, Brown-Elliott BA, et al. An official ATS/IDSA
statement: Diagnosis, treatment, and prevention of nontuberculous
mycobacterial diseases. Am J Respir Crit Care Med. 2007;175(4):367-
416. Erratum in: Am J Respir Crit Care Med. 2007;175(7):744-745.
Dosage error in article text.

Rongisch R, Schmidt E, Deresz N, et al. Travel-associated infectious
skin diseases. J Dtsch Dermatol Ges. 2020;18(7):730-733.

George VP. Histopathological Spectrum of Granulomatous Skin
Lesions: A Review. SBV Journal of Basic, Clinical and Applied Health
Science. 2019;2(3):95-104.

Mitteldorf C, Tronnier M. Histologic features of granulomatous skin
diseases. J Dtsch Dermatol Ges. 2016;14(4):378-387.

Aréstegui Aguilar J, Diago A, Carrillo Gijon R, et al. Granulomas
in Dermatopathology: Principal Diagnoses - Part 1. Actas Dermo-
Sifiliogrdficas (English Edition). 2021;112(8):682-704.

Uslu U,B6hm O, Heppt F, Sticherling M. Skin and Soft Tissue Infections
Caused by Mycobacterium chelonae: More Common Than Expected?
Acta Derm Venereol. 2019;99(10):889-893.

Nohrenberg M, Wright A, Krause V. Non-tuberculous mycobacterial
skin and soft tissue infections in the Northern Territory, Australia,
1989-2021. Int J Infect Dis. 2023;135:125-131.

27.

29.

30.

31.

32.

33.

34.

35.

36.

37.

39.

40.

“DDG @ L

Griffiths D, Mullock A. Cosmetic Surgery: Regulatory Challenges in a
Global Beauty Market. Health Care Anal. 2018;26(3):220-234.

. RenH, Xiao Y, Tang B, et al. The Price of Beauty: A Literature Review on

Non-Tuberculous Mycobacteria Infection After Cosmetic Procedures.
Aesthet Surg J. 2024;44(8):NP574-NP584.

Philips RC, Hoyer PE, White SM, et al. Cutaneous nontuberculous
mycobacteria infections: A retrospective case series of 78 patients
from the Texas Gulf Coast region.J Am Acad Dermatol. 2019;81(3):730-
739.

Ang P, Rattana-Apiromyakij N, Goh CL. Retrospective study
of Mpycobacterium marinum skin infections. Int J Dermatol.
2000;39(5):343-347.

Department of Health and Social Care UG. Review of the Regulation
of Cosmetic Interventions Final Report. Available from: https://assets.
publishing.service.gov.uk/media/5a7a25dee5274a319e77831c/
Review_of_the_Regulation_of_Cosmetic_Interventions.pdf

[Last accessed December 12, 2024]. [Internet]. Available from:
www.nationalarchives.gov.uk/doc/open-government-licence/. [Last
accessed on May 17,2025].

Aubry A, Chosidow O, Caumes E, et al. Sixty-three cases of
Mycobacterium marinum infection: clinical features, treatment,
and antibiotic susceptibility of causative isolates. Arch Intern Med.
2002;162(15):1746-1752.

Johnson MG, Stout JE. Twenty-eight cases of Mycobacterium mar-
inum infection: retrospective case series and literature review. Infec-
tion. 2015;43(6):655-662.

Edelstein H. Mycobacterium marinum Skin Infections. Arch Intern Med.
1994 Jun 27;154(12):1359.

Yakrus MA, Hernandez SM, Floyd MM, et al. Comparison of Meth-
ods for Identification of Mycobacterium abscessus and M. chelonae
Isolates. J Clin Microbiol. 2001;39(11):4103-4110.

Mase A, Yamaguchi F, Funaki T, et al. PCR amplification of the
erm(41) gene can be used to predict the sensitivity of Mycobac-
terium abscessus complex strains to clarithromycin. Exp Ther Med.
2020;19(2):945-955.

Benwill JL, Wallace RJ. Mycobacterium abscessus: challenges in diag-
nosis and treatment. Curr Opin Infect Dis. 2014;27(6):506-510.

. Chen HY, Chen CY, Huang CT, et al. Skin and soft-tissue infec-

tion caused by non-tuberculous mycobacteria in Taiwan, 1997-2008.
Epidemiol Infect. 2011;139(1):121-129.

Feng Y, Xu H, Wang H, et al. Outbreak of a cutaneous Mycobacterium
marinum infection in Jiangsu Haian, China. Diagn Microbiol Infect Dis.
2011;71(3):267-272.

Eberst E, Dereure O, Guillot B, et al. Epidemiological, clinical, and
therapeutic pattern of Mycobacterium marinum infection: a retro-
spective series of 35 cases from southern France. JAm Acad Dermatol.
2012;66(1):e15-e16.

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Bopp L, Deresz N,
Klapproth H, et al. Cutaneous non-tuberculous
mycobacterial infections: a retrospective study of 94
cases from Germany. JDDG: Journal der Deutschen
Dermatologischen Gesellschaft. 2026;24:608-618.
https://doi.org/10.1111/ddg.15910

858017 SUOWILLIOD @A 18810 3(edldde aup Aq peusencb aJe Ssjolie YO ‘8sN JO S9INJ 0 A%eiq8ulUO A8]IA U (SUORIPUOO-PUe-SW.BIW0D A8 |Im AeIq U1 |UO//SdNY) SUORIPUOD pUe SWie | 8L 88S *[9202/90/0] Uo Ariqiauliuo AB|IM ‘UjoX Nz TeseAlun Bp *(qig Aq 0T6GT BPP/TTTT 0T/I0p/wWo0 A8 | 1M ARIq U1 |UO//SANY WoI) pepeojumod ‘G ‘9202 ‘Z8E00TIT


https://assets.publishing.service.gov.uk/media/5a7a25dee5274a319e77831c/Review_of_the_Regulation_of_Cosmetic_Interventions.pdf
https://assets.publishing.service.gov.uk/media/5a7a25dee5274a319e77831c/Review_of_the_Regulation_of_Cosmetic_Interventions.pdf
https://assets.publishing.service.gov.uk/media/5a7a25dee5274a319e77831c/Review_of_the_Regulation_of_Cosmetic_Interventions.pdf
http://www.nationalarchives.gov.uk/doc/open-government-licence/
https://doi.org/10.1111/ddg.15910

	Cutaneous non-tuberculous mycobacterial infections: A retrospective study of 94 cases from Germany
	Summary
	INTRODUCTION
	PATIENTS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


