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Mycobacterium marinum as a rare cause of soft tissue
infections of the upper extremity: A multidisciplinary
multicenter approach to symptoms, diagnosis and

treatment

Mycobacterium marinum als seltene Ursache von Weichteilinfektionen
der oberen Extremitat: Ein multidisziplinarer multizentrischer Ansatz zu

Symptomatik, Diagnostik und Therapie

Abstract

Background: Infections with Mycobacterium marinum (M. Marinum)
are rare but clinically significant and difficult to diagnose skin and soft
tissue infections, typically occurring after contact with contaminated
water. The hand is most frequently affected, particularly in individuals
with regular exposure to aquariums, leading to the term “fish tank fin-
ger”. This study explores the pathogenesis, epidemiology, clinical
manifestations, diagnosis, and treatment of M. Marinum infections of
the hand and presents a case series of seven patients from Eastern
Saxony, including a region-specific antibiotic susceptibility analysis.
Materials and methods: This retrospective multicenter study examines
all seven cases of M. Marinum infections of the extremities between
2019 and 2024. We conducted an analysis of available antibiograms
to identify regional characteristics of M. Marinum infections and estab-
lish a standardized treatment approach for patients in Eastern Germany.
Results: In this study, seven M. Marinum infections were documented
between 2019 and 2024. The average patient age was 65.5 years, with
five male and two female patients. Infections primarily affected the
hand (71.4%), with the average wound size being 2.84 cm2. The mean
time to diagnosis was 3.64 months. Notably, 57.1% of patients reported
aquarium ownership, and two cases were linked to water exposure
abroad. All patients received a three-month dual antibiotic therapy, with
clarithromycin and either rifampicin or ethambutol. No recurrences were
observed. Antibiotic susceptibility testing showed uniform minimal in-
hibitory concentration (MIC) values for rifampicin, clarithromycin, and
rifabutin. Surgical debridements were performed in two cases in total.
Conclusion: Upper limb infections caused by M. Marinum are an impor-
tant differential diagnosis in cases of persistent skin lesions following
water exposure. Early diagnosis and targeted therapy are essential to
prevent complications. For infections in Eastern Germany, we recom-
mend a radical surgical debridement combined with adjunctive antibi-
otic therapy consisting of Clarithromycin (500 mg twice daily) along with
either rifampicin (600 mg daily) or rifabutin (150 mg twice daily) for a
minimum duration of three months.

Keywords: hand infection, hand surgery, inflammation, fish tank finger,
mycobacterium marinum

Zusammenfassung

Hintergrund: Infektionen mit Mycobacterium marinum (M. Marinum)
sind seltene, jedoch klinisch bedeutsame und diagnostisch anspruchs-
volle Haut- und Weichteilinfektionen, die typischerweise nach Kontakt

Antek Nicklas®
Carsten Baade®
Susann RoéRler’
Adrian Dragu®
Tim Fulling’

1 UniversityCenter for
Orthopedics, Trauma and
Plastic Surgery, Faculty of
Medicine and University
Hospital Carl Gustav Carus,
TU Dresden, Dresden,
Germany

2 Helios Weiferitztal-Kliniken
GmbH, Freital, Germany

3 Institut fir Medizinische
Mikrobiologie und Virologie,
Universitatsklinikum Carl
Gustav Carus an der TU
Dresden, Dresden, Germany

GMS |- D GPW

GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2026, Vol. 15, ISSN 2193-8091 1/9



Nicklas et al.: Mycobacterium marinum as a rare cause of soft tissue ...

mit kontaminiertem Wasser auftreten. Am haufigsten ist die Hand be-
troffen, insbesondere bei Personen mit regelmaRigem Kontakt zu
Aquarien, weshalb der Begriff ,fish tank finger” gepragt wurde. Diese
Studie untersucht die Pathogenese, Epidemiologie, klinischen Manifes-
tationen, Diagnostik und Therapie von M.-marinum-Infektionen der
Hand und prasentiert eine Fallserie von sieben Patienten aus Ostsach-
sen einschlielich einer regionsspezifischen Analyse der Antibiotikare-
sistenz.

Material und Methoden: In dieser retrospektiven multizentrischen Studie
wurden alle sieben Falle von M.-marinum-Infektionen der Extremitaten
zwischen 2019 und 2024 untersucht. Zudem erfolgte eine Analyse der
verfugbaren Antibiogramme, um regionale Besonderheiten der M.-ma-
rinum-Infektionen zu identifizieren und einen standardisierten Therapie-
ansatz fur Patienten in Ostdeutschland zu etablieren.

Ergebnisse: Zwischen 2019 und 2024 wurden sieben M.-marinum-In-
fektionen dokumentiert. Das durchschnittliche Patientenalter betrug
65,5 Jahre; funf Patienten waren mannlich und zwei Patientinnen
weiblich. Die Infektionen betrafen Uberwiegend die Hand (71,4%), wobei
die durchschnittliche Wundgrofie 2,84 cm? betrug. Die mittlere Zeit bis
zur Diagnosestellung lag bei 3,64 Monaten. Bemerkenswert ist, dass
57,1% der Patienten Aquarienbesitzer waren und zwei Falle mit Was-
serexposition im Ausland assoziiert waren. Alle Patienten erhielten eine
dreimonatige duale antibiotische Therapie mit Clarithromycin in Kombi-
nation mit Rifampicin oder Ethambutol. Rezidive wurden nicht beobach-
tet. Die Resistenztestung zeigte einheitliche minimale Hemmkonzentra-
tionen (MHK) flr Rifampicin, Clarithromycin und Rifabutin. Insgesamt
wurden in zwei Fallen chirurgische Débridements durchgefiihrt.
Schlussfolgerung: Durch M. Marinum verursachte Infektionen der
oberen Extremitat stellen bei persistierenden Hautlasionen nach Was-
serexposition eine wichtige Differenzialdiagnose dar. Eine frihzeitige
Diagnosestellung und gezielte Therapie sind essenziell, um Komplika-
tionen zu vermeiden. Flr Infektionen in Ostdeutschland empfehlen wir
ein radikales chirurgisches Débridement in Kombination mit einer adju-
vanten antibiotischen Therapie bestehend aus Clarithromycin (500 mg
zweimal taglich) sowie entweder Rifampicin (600 mg taglich) bzw. Rifa-
butin (150 mg zweimal taglich) tber einen Zeitraum von mindestens
drei Monaten.

Schlusselwérter: Infektion der Hand, Handchirurgie, Entzindung,
Mycobacterium marinum

Introduction

Infections with Mycobacterium marinum (M. Marinum)
represent a rare but clinically significant form of skin and
soft tissue infections, primarily occurring after exposure
to contaminated water [1]. The hand is one of the most
frequently affected body regions due to its frequent con-
tact with aquatic environments [2]. Anamnestically, con-
tact with aquariums or fish is often identified, leading to
the term “fish tank finger” in English-speaking countries
[31.

This study examines the pathogenesis, epidemiology,
clinical manifestations, diagnosis, and treatment of
M. Marinum infections of the hand and presents a case
series of seven patients over five years from two medical
centers in Eastern Saxony, Germany. Additionally, we
provide a region-specific antibiogram for M. Marinum in-
fections.

M. Marinum is a nontuberculous mycobacterium (NTM)
first isolated in 19286. It is found in both freshwater and
saltwater, particularly in aquariums, swimming pools, and
natural bodies of water [4]. Soft tissue infections typically
occur after a subtle skin injuries that allow the bacterium
to enter the body [5]. The incidence is low (~0.15 per
100,000 inhabitants/year in a Dutch cohort), and case
numbers in studies are usually small [6]. In a German
monocentric study by Strobel et al., only 18 cases of
M. Marinum infection were detected in a single center in
southern Germany over a period of 20 years [7]. The es-
timated annual incidence in the USA is 0.27 cases per
100,000 adult patients [8]. A study from Denmark by
Holden et al. reported an incidence of 0.04-0.06 per
100,000 person-years between 2004 and 2009 [9]. Re-
cently, Li et al. demonstrated that M. Marinum infections
may also occur in outbreak settings, reporting a 32-case
cluster linked to a single seafood-related exposure source,
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thereby highlighting the potential for common-source
transmission despite the typically sporadic nature of the
disease [10].

Background

Clinical features

M. Marinum is a facultative intracellular pathogen capable
of replicating within macrophages. Histopathologically,
Mycobacterium marinum infection is associated with a
chronic granulomatous inflammatory response consisting
of epithelioid histiocytes and occasional multinucleated
Langhans giant cells, while central or caseous necrosis
is variable and often absent, particularly in superficial
cutaneous lesions. The bacterium prefers temperatures
between 28-32°C, which explains why infections are
often limited to cooler areas of the skin and extremities
[11]. Clinical symptoms typically appear 2-4 weeks after
exposure. In the hand, the infection manifests in a variety
of ways. Characteristic changes include localized lesions
that initially present as erythematous or violet papules
and may develop into ulcerating nodules or plaques over
time. In some cases, a sporotrichoid spread occurs, where
the infection progresses along the lymphatic vessels,
mimicking the characteristic lesions caused by the fungal
pathogen Sporothrix schenckii. In immunosuppressed
patients, the infection may extend to deeper tissues, in-
cluding tendons, joints, and bones, leading to a signifi-
cantly more severe prognosis [3]. Systemic infections,
however, are often limited to immunosuppressed patients
[12].

Symptoms of M. marinum infections

Additional symptoms of hand infections generally include
swelling, pain, and erythema, often accompanied by lim-
ited mobility of the affected fingers or wrists, in line with
the well-known Kanavel’s signs [13]. Regarding the ex-
pected spectrum of hand infections, Hyatt and colleagues
reported in a collective study that approximately one-third
of cases involve Staphylococcus infections, with around
15% testing positive for MRSA and 20.2% being mixed
infections. The same study noted an absence of detect-
able pathogens in 32.4% of cases. This category includes
M. Marinum infections, as their detection requires spe-
cialized testing beyond standard diagnostics [14]. In our
clinic, the rate of MRSA-positive cases is well below 5%.
M. Marinum infections often present as slowly growing,
painful nodules or plaques with a chronic progression.
Unlike other infections, M. Marinum responds poorly to
standard antibiotics, necessitating targeted microbiolog-
ical diagnostics and specific antimicrobial therapy. The
diagnosis of hand and finger infections requires a struc-
tured approach to accurately identify the causative agent
and to initiate targeted therapy. The diagnostic process
is based on a thorough patient history, with particular
attention to injuries, exposure to potential infection

sources (in this case contaminated water or aquariums),
occupational activities or hobbies. Clinical examination
includes inspection and palpation of the affected areas,
focusing on swelling, redness, tenderness, localized
warmth, and possible purulent discharge. Imaging tech-
niques, such as X-rays, help exclude or confirm deeper
tissue involvement, such as osteomyelitis or joint effu-
sions, and detect radiopaque foreign bodies. The most
sensitive method for detecting the presence of osteomy-
elitis is magnetic resonance imaging (MRI) [15].
Laboratory tests, including C-reactive protein (CRP) and
leukocyte count, provide insights into the level of inflam-
mation and can support the suspected diagnosis of infec-
tion. However, CRP and leukocyte count are often not
significantly elevated in mycobacterial infections, and
there is no correlation between leukocyte number and
CRP level in tuberculosis patients [16].

Specific diagnostics for suspected
M. marinum infection and differential
diagnosis

The specific diagnosis of M. Marinum infections is often
challenging and requires a combination of clinical suspi-
cion, microbiologijcal, and histopathological examinations.
A key diagnostic clue is the patient’s history, particularly
in those with exposure to contaminated water, fish ponds,
or aquariums. The cultivation of the pathogen is per-
formed on specialized media, such as Léwenstein-Jensen
agar, incubated at 28-32°C, as these temperatures are
optimal for bacterial growth [17]. However, the incubation
time for samples to detect mycobacteria is 3-4 weeks.
In-house, due to the prolonged incubation period, samples
suspected of mycobacteriosis are incubated for a total
of 8 weeks [18]. In the diagnostic workup of chronic skin
and soft tissue infections, other differential diagnoses
besides nontuberculous mycobacteria should be con-
sidered. These include nocardiosis, an infection caused
by weakly acid-fast, branched bacteria, which often occurs
after trauma and is diagnosed by culture and molecular
biological methods [19], as well as actinomycosis, which
is typically characterized by fistulous lesions and so-called
sulfur granules and is confirmed histologically and by
culture [20]. Other important differential diagnoses in-
clude sporotrichosis with characteristic lymphangitic
spread [1], chromoblastomycosis, caused among other
things by Cladophialophora species and histologically
characterized by the presence of so-called Medlar bodies
[21], [22], sarcoidosis as a granulomatous systemic dis-
ease with exclusion diagnosis in case of negative micro-
biological findings [23], and Langerhans cell histiocytosis,
which is diagnosed immunohistochemically by CD1a-and
Langerin-positive cells [24].

Microscopic examination using Ziehl-Neelsen staining
reveals acid-fast bacilli, which are characteristic of
M. Marinum. Molecular biological techniques, such as
polymerase chain reaction (PCR), allow for rapid and
specific identification of the pathogen and are particularly
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useful for organisms that are difficult to culture. Histolo-
gical analysis often shows a granulomatous inflammatory
response with detectable acid-fast bacilli, further support-
ing the suspicion of an M. Marinum infection [25].

This combination of fundamental and specialized diag-
nostics enables an accurate diagnosis, allowing for the
initiation of targeted therapy.

Therapy

The treatment of hand infections, including those caused
by M. Marinum, requires a systematic and multidisciplin-
ary approach to achieve optimal outcomes. In general
hand infections, surgical management is the primary in-
tervention. This includes thorough debridement, explora-
tion of infected structures, irrigation of affected areas,
and removal of pus and necrotic tissue. These measures
are essential to reduce the infectious burden and to
promote healing. In addition, an initial empirical antibiotic
therapy is started, targeting the most common pathogens
of hand infections, and is later adjusted based on
pathogen identification. For intravenous antibiotic admin-
istration, ampicillin-sulbactam (2,000 mg/1,000 mg)
three times daily is recommended. Alternatively, oral
amoxicillin/clavulanic acid (875 mg/125 mg) can be ad-
ministered three to four times daily for at least five days.
Our therapeutic algorithm was implemented in accord-
ance with the recommendations of the Paul-Ehrlich-Insti-
tut and our internal hospital standard operating procedure
(SOP) [26].

For M. Marinum infections, treatment is more specialized
and often requires a combination of pharmacological
therapy and surgical intervention [27], [28]. Published
evidence indicates that debridement alone may be inad-
equate for managing infections with lymphatic spread in
suggested M. Marinum infections [27]. The recommended
antibiotic therapy consists of a dual-drug regimen with
clarithromycin and RMP for several months, tailored to
wound depth and healing progress. Literature suggests
a prolonged treatment duration of at least 3-4 months
[8]. While isoniazid resistance rates of 8-12% have been
described for Mycobacterium tuberculosis, Mycobacteri-
um marinum is intrinsically resistant to isoniazid. In vitro
studies show isoniazid MIC50 values of 4 yg/ml and
MIC9O0 values of 8 pg/ml (above therapeutic concentra-
tions) [29].The underlying mechanism lies in the ineffi-
cient activation of the drug by the enzyme KatG, which is
markedly reduced in M. Marinum compared to M. tuber-
culosis [30].

The combination may be supplemented with EMB to en-
hance efficacy through synergistic effects [31]. In a large
cohort of 200 clinical isolates, high susceptibility was
observed for clarithromycin, rifampicin, rifabutin, moxi-
floxacin, linezolid and trimethoprim-sulfamethoxazole
(82.5-100%), whereas susceptibility to tetracyclines and
ciprofloxacin was moderate [32]. In vitro antimicrobial
susceptibility testing of M. Marinum demonstrates a
characteristic pattern with consistent low MIC values for
rifampicin, rifabutin and clarithromycin, while several

other agents, including fluoroquinolones and tetracy-
clines, show variable activity [33].

For deep skin and soft tissue infections caused by
M. Marinum, a combined approach of pathogen-directed
antimicrobial therapy and surgical management is com-
monly employed, particularly in cases with extensive tis-
sue involvement. Surgical intervention is generally re-
served for complicated courses, such as abscess forma-
tion, involvement of deeper structures (e.g. tendon
sheaths, joints or bone), or failure of conservative therapy.
In these situations, surgical debridement or excision of
affected tissue may be necessary to reduce the bacterial
load and to support effective antimicrobial treatment.
However, standardized, evidence-based recommenda-
tions regarding the timing and extent of surgical interven-
tion are lacking, and treatment decisions are usually
based on disease severity, anatomical involvement, and
clinical response.

Therapeutic monitoring is conducted through regular
clinical follow-ups and imaging techniques to assess the
infection’s progression and treatment effectiveness. This
integrative approach ensures that both acute symptoms
and potential long-term complications are effectively
managed.

Material and methods

This retrospective cohort study included patients with
soft tissue infections of the upper extremity caused by
Mycobacterium marinum who were treated in participat-
ing centers. Inclusion criteria were:

¢ Definitive microbiological confirmation of M. Marinum
by polymerase chain reaction (PCR) with subsequent
validation by the reference laboratory in Borstel, and
¢ Age greater than 18 years at the time of follow-up.

Patients were excluded if they were younger than
18 years, if M. Marinum could not be detected, if another
pathogen was identified, or if microbiological confirmation
of M. Marinum was unavailable. Only PCR-confirmed
cases were considered; suspected cases without micro-
biological confirmation were also excluded.

Clinical characteristics, diagnostic findings, microbiologi-
cal results, and therapeutic regimens were retrospectively
analyzed. The retrospective evaluation was conducted in
accordance with the Declaration of Helsinki. Ethical ap-
proval for the study was obtained from the local ethics
committee of TU Dresden (BO-ff (Mono)-EK-217052025).
All patients provided informed consent to participate in
the study. Written informed consent for the use of clinical
data and photographic documentation for research pur-
poses was obtained from all patients included in the
study. The clinical data were retrospectively extracted
from the electronic hospital information system Orbis
(Agfa HealthCare, Mortsel, Belgium). Patients with sus-
pected or confirmed infections caused by M. Marinum
were identified through a targeted search within the
hospital information system from 2019-2024. The pa-
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tient records thus identified were subsequently subjected
to a peer-review process, with two independent reviewers
manually verifying and evaluating the data to ensure
completeness and accuracy. Additionally, an in-hospital
search was carried out within our microbiological data-
base to identify M. Marinum infections affecting the ex-
tremities. For this purpose, microbiological reports and
antimicrobial susceptibility testing results provided by
the National Reference Center for Mycobacteria in Borstel
(Germany) were reviewed.

For the determination of the minimum inhibitory concen-
trations (MICs) of M. Marinum, the broth microdilution
method was performed at the National Reference Center
for Mycobacteria in Borstel according to the guidelines
of the Clinical and Laboratory Standards Institute (CLSI
M24). Antimicrobial susceptibility testing results were
extracted from the laboratory reports and analyzed de-
scriptively. In two cases, where the disease was presum-
ably acquired outside of Germany, no antibiogram was
available.

As only adult participants (over 18 years of age) were in-
volved in the study, obtaining informed consent from
parents or legally authorized representatives was not re-
quired.

Results

Case series

In this study, we present a case series of seven
M. Marinum infections documented between 2019 and
2024. The average age of the patients was 65.5 years
(£14.1 years), with five male and two female patients. In
four cases, the right side was affected (Figure 1). The
hand was involved in five cases, while one case affected
the upper arm and another the forearm. The average
wound size was 2.84 cm2 (+1.35 cm2), measured at initial
and defined as the central lesion (skin defect with porus),
explicitly excluding the surrounding erythema as a reactive
perilesional response rather than part of the wound itself.
The mean time from the first medical contact to diagnosis
was 3.64 months (+3.73 months). Notably, 57.1% of
patients retrospectively reported owning an aquarium. In
two cases, a recent stay abroad with water exposure was
suspected as the source of infection, while in one case,
the source remained unclear despite a thorough medical
history. Of the seven included patients, two underwent
surgical intervention. Surgery was performed only in these
cases due to the prolonged interval between infection
onset and pathogen identification. Two patients presented
with joint infections, while bone involvement or osteolysis
was not observed. The mean duration of surgery was
73114 minutes. The remaining four patients were man-
aged non-operatively, as they had soft tissue infections
without abscess formation.

Figure 1: M. Marinum infection of the PIP-Joint of the
middle finger

Regarding antibiotic therapy, all patients received dual
antibiotic treatment. Clarithromycin was administered to
all patients. In two cases of renal insufficiency, the dose
was reduced by 50% from 500 mg twice daily mg to
250 mg twice daily. As the second antibiotic, three pa-
tients received ethambutol (EMB) (400 mg once daily),
three patients received rifampicin (600 mg once daily),
and one patient received rifabutin (300 mg daily; 150 mg
twice daily) due to its lower potential for CYP-mediated
drug interactions. The duration of antibiotic therapy was
three months in all cases, and no recurrences were ob-
served. Patient data are provided in Table 1.

Moreover, the pathogens exhibited uniform susceptibility
profiles and minimum inhibitory concentrations across
all tested samples.

Rifampicin, which was administered in four cases, showed
an average minimum inhibitory concentration (MIC) of
0.294 pg/mL (Range 0,12-0,5 pg/mL). Similarly, clarith-
romycin exhibited an MIC of 0.875 ug/mL (Range
0,5-1 pg/mL). For rifabutin, the mean MIC was
0.25 pg/mL across all samples.

The remaining minimum inhibitory concentrations and
patient data are presented in Table 2.

Discussion

The prognosis for Mycobacterium marinum infections is
generally favorable, provided that early diagnosis is made
and appropriate, targeted therapy is initiated. However,
delays in diagnosis or initially inadequate antibiotic
treatment can lead to chronic courses with progressive
tissue destruction, persistent infections, and permanent
functional limitations of the affected hand or fingers.
Particularly when deep structures such as tendon
sheaths, joints, or bones are involved, protracted courses
have been described that require repeated surgical inter-
ventions and prolonged antimicrobial therapy [3], [25].
Preventive measures therefore play a crucial role in
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Table 1: Patient characteristics. All patients received a standardized antibiotic regimen for a total duration of three months.
Clarithromycin was administered at a dosage of 500 mg twice daily, ethambutol at 400 mg once daily, rifampicin at 600 mg
once daily, and rifabutin either at 300 mg once daily or 150 mg twice daily.

PAT ASA | Localization Wound Time to Antibiotic therapy Stay | Fishtank | Surgery
(sex; age) size diagnose abroad owner
(cm?) (months)
) Middle Clarithromycin + 1
1(M; 79) 2 phalanx R 45 3 Ethambutol Egypt A Yes
) Middle Clarithromycin +
2 (M; 38) L phalanx R 3 6 Ethambutol Egypt No No
3(F.75 | 3 |ForearmR 2,25 3 C'arlgir;;%rﬂ%’ﬁ'” * | None | Yes No
4 (F; 82) 2 |ThumblL 4 4 Clari’litfr;rr?]raygi::rl]n * | None Yes Yes?
. Clarithromycin +
5 (M; 64) 1 Thumb R 2,25 45 Rifampicin None Yes No
. Clarithromycin +
6 (M; 64) 1 Index L 0,15 3 Rifampicin None Yes No
. Clarithromycin +
7 (M; 55) 1 Upper arm L 3,75 2 Ethambutol None No No

' Debridement, arthrotomy, PIP joint irrigation; 2 Debridement, arthrotomy, IP joint irrigation.

Table 2: Antimicrobial susceptibility testing results for Mycobacterium marinum isolates from the study cohort. Minimum
inhibitory concentrations (MICs) are reported in ug/mL. Susceptibility testing was performed at the National Reference Center
for Mycobacteria (Borstel, Germany) using the broth microdilution method according to CLSI M24 guidelines. The ATCC 700898

strain was used as quality control according to EUCAST recommendations.

PAT Rifampicin | Makrolid | Cotri- Moxi- Ami- | Doxy- | Clarithro-| Rifa- |Etham-| Cipro-
(sex; age) moxazol | floxacin | kacin | cyclin mycin butin butol | floxacin
1(M; 79) 0.12 0.5 12 1 2 2 1 0.25 2 2

2 (M; 38) 0.5 0.5 14 1 2 2 1 0.25 2

3 (F; 75) 0.25 2 12 1 2 4 0.5 0.25 1 2

4 (F; 82) 05 2 19 1 1 4 1 0.25 1 4

5 (M; 64) 0.3 2 14 1 1 4 0.5 0.25 2 4

6 (M; 64) 0.3 1.5 10 1 2 4 1 0.25 2 2

7 (M; 55) 0.3 1.5 12 1 2 2 1 0.25 1 3
mg;}‘;‘_’;ge 012-05 | 05-2 | 10-19 | 1 1-2 | 2-4 | 05-1 | 025 | 12 | 24
ATCC

700898 <1 <0.5 <2/38 <2 <16 <2 <0.5 <0.25 <4 <1
(EUCAST)

avoiding M. Marinum infections. These include, in partic-
ular, avoiding skin injuries when working with potentially
contaminated water and wearing protective gloves when
handling aquariums or fish, which should be considered
standard practice. Furthermore, early cleaning and disin-
fection of even the smallest skin lesions are essential to
prevent the pathogen from entering the body and to
minimize the risk of subsequent infections. Regarding
the spectrum of bacterial pathogens, the cases examined
from eastern Saxony showed no significant outliersin the
resistance patterns of M. Marinum isolates. The antimicro-
bial susceptibility pattern observed in our cohortisin line
with published data from Aubry et al., based on clinical
isolates from France, as well as with the review by Wang
et al. from China, both consistently demonstrating strong
activity of rifamycins and macrolides against M. Marinum
[33], [34]. In this multicenter case series, the antimicro-

bial susceptibility patterns of seven M. Marinum isolates
from clinically relevant hand infections were analyzed.
Despite the limited number of cases, the evaluation of
individual minimum inhibitory concentrations (MICs) al-
lows for a differentiated assessment of regional suscept-
ibility and its clinical relevance. The lowest and most
consistent MIC values were found for rifampicin (0.12-0.5
pg/mL) and rifabutin (0.25 pg/mL), highlighting the high
in vitro activity of rifamycins against M. Marinum. These
results are consistent with previous in vitro studies and
clinical case series that describe rifamycins as key com-
ponents of therapy, particularly in deep or complicated
infections [29], [35]. Clarithromycin also showed favorable
MIC values between 0.5 and 1 yg/mL, thus confirming
its role as a mainstay of combination therapy in cutaneous
M. Marinum infections [36], [37].
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In contrast, more than 50% of the isolates showed ele-
vated MIC values for doxycycline (2-4 pg/mL), suggesting
limited efficacy of tetracycline-based therapies in this
range. Similar variability was also observed for fluoroquin-
olones, particularly ciprofloxacin (2-4 yg/mL), confirming
previous reports of inconsistent sensitivity in this class
of drugs [35]. Cotrimoxazole showed overall low in vitro
activity with MIC values of 10-19 pg/mL and therefore
appears to be of limited suitability as a therapeutic option
[29]. It was striking, however, that elevated MIC values
for doxycycline were detectable in more than 50% of the
isolates examined, compared to international standard
values. Whether this represents a regionally specific re-
sistance pattern cannot be definitively determined based
on the limited number of cases, but it should be con-
sidered when choosing an antibiotic in eastern Germany.

Conclusion

Mycobacterium marinum hand infections represent a
rare but clinically relevant differential diagnosis in patients
presenting with chronic, non-healing skin lesions following
water exposure. Early diagnosis and the initiation of tar-
geted antimicrobial therapy are essential to prevent
chronic infection, progressive tissue destruction, and
long-term functional impairment of the affected hand or
fingers. Our data suggest a representative pattern of re-
gional antibiotic susceptibility in Saxony and Eastern
Germany, as the observed minimum inhibitory concentra-
tions were largely consistent across cases. Notably, more
than 50% of the isolates demonstrated elevated MIC
values for doxycycline, indicating a potentially reduced
efficacy of tetracycline-based regimens in this region.

Our retrospective analysis further suggests that combina-
tion therapy with clarithromycin and a second antibiotic,
such as rifabutin or rifampicin, appears to be an effective
adjunctive treatment following surgical debridement in
cases with deeper tissue involvement or complicated
disease courses. Surgical exploration and debridement
should be considered particularly in patients with joint
involvement, tenosynovitis and deep abscess formation.
In contrast, superficial cutaneous lesions without evi-
dence of deeper extension may often be managed with
antimicrobial therapy alone. This multimodal approach
is in line with published clinical series reporting favorable
treatment outcomes for M. Marinum infections when
managed with appropriate antimicrobial regimens, often
in combination with surgical intervention. Reported cure
rates range from approximately 75% to 90%, while re-
lapses are uncommon and long-term functional impair-
ments are rarely observed [6], [9], [38], [39]. Given the
increasing popularity of aquariums and water-based re-
creational activities, heightened clinical awareness and
public education regarding this rare but potentially severe
infection are essential. Increased vigilance among
healthcare professionals and individuals at risk may facil-
itate earlier diagnosis, timely initiation of appropriate

therapy, and ultimately improved patient outcomes with
preservation of hand function.

Limitation

First, the small sample size limits the generalizability of
the findings. Second, the retrospective design introduces
potential selection and information bias. Third, functional
outcome data were not consistently available, and
standardized assessment of functional results was lack-
ing. Additionally, clear criteria for defining definitive clin-
ical healing were not uniformly applied. Finally, two anti-
biograms were missing, which may have affected the
accuracy of microbiological interpretation and treatment
evaluation.

Notes

Ethical approval

This retrospective multicenter study was conducted in
accordance with the principles of the Declaration of Hel-
sinki. Ethical approval was obtained from the local ethics
committee of TU Dresden (BO-ff (Mono)-EK-217052025).

Informed consent

Written informed consent for the use of clinical data and
photographic documentation for research purposes was
obtained from all patients included in this study.

Written informed consent for the publication of anonym-
ized clinical data and images was obtained from all pa-
tients included in this study.

Author contributions

AN/TF conceived the study, participated in the study
design, performed the statistical analysis and drafted the
manuscript. AD & CB contributed to data collection and
the statistical interpretation. AN, TF, SR, AD, CB partici-
pated in the study design and oversaw the manuscript
drafting process. All authors read and approved the final
manuscript.

Competing interests

The authors declare that they have no competing in-
terests.

Availability of data and materials

The datasets generated and analyzed during the current
study are available from the corresponding author on
reasonable request.

GMS . |

GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2026, Vol. 15, ISSN 2193-8091

7/9



Nicklas et al.: Mycobacterium marinum as a rare cause of soft tissue ...

15. LeeYJ, Sadigh S, Mankad K, Kapse N, Rajeswaran G. The imaging
Refe rences of osteomyelitis. Quant Imaging Med Surg. 2016 Apr;6(2):184-
98. DOI: 10.21037/9ims.2016.04.01
1. Liu C, Hao J, Song M, Ye J, Zheng C, Huang Y, Feng Z, Jiang R,
Shi'Y, Gao W, Zuo H, Zhao Z, Zhang L. Mycobacterium marinum  16.  Darwin B, Yolanda MB. Correlation of leukocyte number to CRP
hand infection: a case report and literature review. Front Med levels in tuberculosis patients. J Health Appl Sci Technol.
(Lausanne). 2024;11:1433153. 2023;1(1):1-5. DOI: 10.52523/jhast.v1i1.1
DOI: 10.3389/fmed.2024.1433153 17.  Hashish E, Merwad A, Elgaml S, Amer A, Kamal H, Elsadek A,
2. Cennimo DJ, Agag R, Fleegler E, Lardizabal A, Klein KM, Wenokor Marei A, Sitohy M. Mycobacterium marinum infection in fish and
C, Swaminathan S. Mycobacterium marinum Hand Infection in man: epidemiology, pathophysiology and management; a review.
a “Sushi Chef”. Eplasty. 2009 Oct 14;9:e43. Vet Q. 2018 Dec;38(1):35-46.
DOI: 10.1080/01652176.2018.1447171
3. Van Seymortier P, Verellen K, De Jonge I. Mycobacterium
marinum causing tenosynovitis. 'Fish tank finger'. Acta Orthop 18. Zhang H, Tang M, Li D, Xu M, Ao Y, Lin L. Applications and
Belg. 2004 Jun;70(3):279-82. advances in molecular diagnostics: revolutionizing non-
tuberculous mycobacteria species and subspecies identification.
4. Norden A, Linell F. A new type of pathogenic Mycobacterium. Front Public Health. 2024;12:1410672.
5. Falkinham JO 3rd. Environmental sources of nontuberculous 19. Camozzota C, Goldman A, Tchernev G, Lotti T, Wollina U. A
mycobacteria. Clin Chest Med. 2015 Mar;36(1):35-41. Primary Cutaneous Nocardiosis of the Hand. Open Access Maced
DOI: 10.1016/j.ccm.2014.10.003 J Med Sci. 2017 Jul:5(4):470-2.
6. Hendrikx L, van Hees CLM, de Steenwinkel JEM, Bax HI, Sprong DOI: 10.3889/0amjms.2017.106
T, Mulder B, Jansz A, van Griethuysen A, Bosboom R, Stemerding 54 pierre I, Zarrouk V, Noussair L, Molina JM, Fantin B. Invasive
A, Koetsier M, van Coevorden M, Mourik BC, Quint KD, Ott A, van actinomycosis: surrogate marker of a poor prognosis in
Soolingen D, Kuipers S, van Crevel R, van Ingen J. Treatment immunocompromised patients. Int J Infect Dis. 2014 Dec;29:74-
and Outcome of Culture-Confirmed Mycobacterium marinum 9. DOI: 10.1016/4.ijid.2014.06.012
Disease. Open Forum Infect Dis. 2022 Apr;9(4):0fac077.
DOI: 10.1093/ofid/ofacO77 21. Agarwal R, Singh G, Ghosh A, Verma KK, Pandey M, Xess .
B Chromoblastomycosis in India: Review of 169 cases. PLoS Neg|
7. Strobel K, Sickenberger C, Schoen C, Kneitz H, Kolb-Maurer A, Trop Dis. 2017 Aug;11(8):¢0005534.
Goebeler M. Diagnostik und Therapie von Mycobacterium- DOI: 10.1371/journal.pntd.0005534
marinum-Infektionen: Ergebnisse einer retrospektiven
monozentrischen Studie. J Dtsch Dermatol Ges. 2022 22. Queiroz-Telles F, Esterre P, Perez-Blanco M, Vitale RG, Salgado
Sep;20(9):1211-9. DOI: 10.1111/ddg.14847_¢g CG, Bonifaz A. Chromoblastomycosis: an overview of clinical
manifestations, diagnosis and treatment. Med Mycol. 2009
8. Aubry A, Chosidow O, Caumes E, Robert J, Cambau E. Sixty-three Feb;47(1):3-15. DOI: 10.1080/13693780802538001
cases of Mycobacterium marinum infection: clinical features,
treatment, and antibiotic susceptibility of causative isolates. Arch ~ 23.  Dai C, Shih S, Ansari A, Kwak Y, Sami N. Biologic Therapy in the
Intern Med. 2002 Aug 12-26;162(15):1746-52. Treatment of Cutaneous Sarcoidosis: A Literature Review. Am J
DOI: 10.1001/archinte.162.15.1746 Clin Dermatol. 2019 Jun;20(3):409-22. DOI: 10.1007/s40257-
019-00428-8
9. Holden IK, Kehrer M, Andersen AB, Wejse C, Svensson E,
Johansen IS. Mycobacterium marinum infections in Denmark 24.  Arslan Davulcu E, Soyer N, Demirci Z, Glnes A, Vural F, Sahin F,
from 2004 to 2017: A retrospective study of incidence, patient Tébl M, Kamer S, Hekimgil M, Saydam G. Adult Onset
characteristics, treatment regimens and outcome. Sci Rep. 2018 Langerhans Cell Histiocytosis: Clinical Characteristics and
Apr;8(1):6738. DOI: 10.1038/s41598-018-24702-7 Treatment Outcomes. Clin Hematol Int. 2023 Jun;5(2-3):101-6.
DOI: 10.1007/s44228-023-00034-w
10. LiJ, Huai P, Bao F, Wang Z, Zhao Q, Chen S, Wang X, Zhang Y,
Liu J, Hu M, Liu H, Zhang F. Outbreak of 32 Mycobacterium 25.  Najiah M, Lee KL, Noorasikin H, Nadirah M, Lee SW. Phenotypic
marinum infections traced from a single outpatient case: genomic and genotypic characteristics of Mycobacterium isolates from
and epidemiological evidence. Emerg Microbes Infect. 2025 fighting fish Betta spp. in Malaysia. Res Vet Sci. 2011
Dec;14(1):2568141. DOI: 10.1080/22221751.2025.2568141 Dec;91(3):342-5. DOI: 10.1016/j.rvsc.2010.09.010
11.  Griffith DE, Aksamit T, Brown-Elliott BA, Catanzaro A, Daley C, 26.  Sunderkotter C, Becker K, Eckmann C, Graninger W, Kujath P,
Gordin F, Holland SM, Horsburgh R, Huitt G, lademarco MF, Schofer H. Calculated initial parenteral treatment of bacterial
Iseman M, Olivier K, Ruoss S, von Reyn CF, Wallace RJ Jr, infections: Skin and soft tissue infections. GMS Infect Dis.
Winthrop K; ATS Mycobacterial Diseases Subcommittee; 2020;8:Doc11. DOI: 10.3205/id000055
Ameri(_:a_n Thoracic Society; Infectiqus Disgase Society of America. 27.  SangB, Xia X, Liu Z. Negative outcome in cutaneous
An official ATS/IDSA statement: diagnosis, treatment, and M . . . . . A
) o ycobacterium marinum infection treated with surgical
grevelntclzo_r; gf nothuge;cOu(l)c;qu rgylc%oac)tgréa?l ilfg ases. Am J intervention: Two-case report. Medicine (Baltimore). 2024
espir Crit Care Med. eb; : -416. ] } ]
DOI: 10.1164/rccm. 200604-571ST Oct;103(42):e40179. DOI: 10.1097/MD.0000000000040179
12.  ChaiJ, Han X, Mei Q, Liu T, Walline JH, Xu J, Liu Y, Zhu H. Clinical 28. Baf:houra A, Zglouf DS. Myc?bacte.rial Infections in the Hand and
Characteristics and Mortality of Non-tuberculous Mycobacterial Wrist. Hand Clin. 2020 Aug; 36(3):387-96.
S ) DOI: 10.1016/j.hcl.2020.03.013
Infection in Immunocompromised vs. Immunocompetent Hosts.
Front Med (Lausanne). 2022;9:884446. 29.  Aubry A, Mougari F, Reibel F, Cambau E. Mycobacterium
DOI: 10.3389/fmed.2022.884446 marinum. Microbiol Spectr. 2017 Apr;5(2).
13.  Kennedy CD, Huang JI, Hanel DP. In Brief: Kanavel's Signs and DOI: 10.1128/microbiolspec. TNMI7-0038-2016
Pyogenic Flexor Tenosynovitis. Clin Orthop Relat Res. 2016 30. Reingewertz TH, Meyer T, Mclntosh F, Sullivan J, Meir M, Chang
Jan;474(1):280-4. DOI: 10.1007/511999-015-4367-x YF, Behr MA, Barkan D. Differential Sensitivity of Mycobacteria
14.  Hyatt BT, Bagg MR. Flexor Tenosynovitis. Orthop Clin North Am. to Isoniazid Is Refated to Differences in KatCG-Mediated Enzymatic
2017 Apr:48(2):217-227. DOI: 10.1016/j.06.2016.12.010 Act.|vat|or_1 of the Drug. Ant.|m|crob Agents Chemother. 2020 Jan
27;64(2):¢01899-19. DOI: 10.1128/AAC.01899-19
GMS | DGPW o _ _
S GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2026, Vol. 15, ISSN 2193-8091 8/9




Nicklas et al.: Mycobacterium marinum as a rare cause of soft tissue ...

31. Cheung JP, Fung B, Wong SS, Ip WY. Review article:
Mycobacterium marinum infection of the hand and wrist. J Orthop
Surg (Hong Kong). 2010 Apr;18(1):98-103.
DOI: 10.1177/230949901001800122

32. PenglJ, Zhang W, Shi Y, Jiang H, Xiong J, Mei Y, Gan T, Wang H.
Antimicrobial susceptibility patterns and genotypic characteristics
of Mycobacterium marinum and Mycobacterium abscessus
isolated from cutaneous infections: A retrospective study. J Glob
Antimicrob Resist. 2025 Dec;45:240-7.

DOI: 10.1016/j.jgar.2025.10.001

33.  Aubry A, Jarlier V, Escolano S, Truffot-Pernot C, Cambau E.
Antibiotic susceptibility pattern of Mycobacterium marinum.
Antimicrob Agents Chemother. 2000 Nov;44(11):3133-6.
DOI: 10.1128/AAC.44.11.3133-3136.2000

34. WangXY, Jia QN, Li J. Treatment of non-tuberculosis mycobacteria
skin infections. Front Pharmacol. 2023;14:1242156.
DOI: 10.3389/fphar.2023.1242156

35. Brown-Elliott BA, Nash KA, Wallace RJ Jr. Antimicrobial
susceptibility testing, drug resistance mechanisms, and therapy
of infections with nontuberculous mycobacteria. Clin Microbiol
Rev. 2012 Jul;25(3):545-82. DOI: 10.1128/CMR.05030-11

36. Johnson MG, Stout JE. Twenty-eight cases of Mycobacterium
marinum infection: retrospective case series and literature
review. Infection. 2015 Dec;43(6):655-62.

DOI: 10.1007/s15010-015-0776-8

37. Seidel A, Nunes DH, Fernandes C, Funchal GDG. Skin infection
by Mycobacterium marinum - diagnostic and therapeutic
challenge. An Bras Dermatol. 2022;97(3):366-8.

DOI: 10.1016/j.abd.2021.03.013

38. Castillo NE, Gurram P, Sohail MR, Fida M, Abu Saleh O. Fishing
for a Diagnosis, the Impact of Delayed Diagnosis on the Course
of Mycobacterium marinum Infection: 21 Years of Experience at
a Tertiary Care Hospital. Open Forum Infect Dis. 2020
Jan;7(1):0fz550. DOI: 10.1093/0fid/0fz550

39. Granozzi B, Casarini M, Riccardi N, Raccagni AR, Nozza S,
Bartalesi F, Pontarelli A, Mencarini J, Occhineri S, Rindi L, Falcone
M, Tadolini M. Seventeen cases of Mycobacterium marinum
infection in Italy: A multicenter retrospective study. Diagn
Microbiol Infect Dis. 2025 Mar;111(3):116656.
DOI: 10.1016/j.diagmicrobio.2024.116656

Corresponding author:

Dr. med. Antek Nicklas

UniversityCenter for Orthopedics, Trauma and Plastic
Surgery, Faculty of Medicine and University Hospital Carl
Gustav Carus, TU Dresden, Dresden, Germany
antek.nicklas@ukdd.de

Please cite as

Nicklas A, Baade C, RéBler S, Dragu A, Flilling T. Mycobacterium
marinum as a rare cause of soft tissue infections of the upper extremity:
A multidisciplinary multicenter approach to symptoms, diagnosis and
treatment. GMS Interdiscip Plast Reconstr Surg DGPW. 2026;15:Doc04.
DOI: 10.3205/iprs000197, URN: urn:nbn:de:0183-iprs0001975

This article is freely available from
https://doi.org/10.3205/iprs000197

Published: 2026-09-25

Copyright

©2026 Nicklas et al. This is an Open Access article distributed under
the terms of the Creative Commons Attribution 4.0 License. See license
information at http://creativecommons.org/licenses/by/4.0/.

GMS |.

DGPW

GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2026, Vol. 15, ISSN 2193-8091

9/9





