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ARTICLE INFO ABSTRACT

Keywords: Mycobacterium marinum infection is rare, misrecognized and underdiagnosed but can cause severe clinical pic-
Mycobacterium marinum tures, especially if the diagnosis is late and the patient is immunocompromised. Treatment includes long-term
Outcome antibiotic therapy combined with surgical therapy when necessary.

?:;‘;j:;:we study We performed a multicenter retrospective study with data from five Italian hospitals describing the epide-

miological, clinical, bacteriological characteristics, and treatment outcome of subjects diagnosed with
M. marinum infection.

During the study period 17 subjects were enrolled. The median time from symptoms onset to diagnosis was
124 days. Thirteen out of 17 were bacteriologically confirmed cases. In all cases, expect one, at least two an-
tibiotics were used with a median of 6 months of treatment, leading to clinical resolution.

Too often, the diagnosis of M. marinum infection is delayed and it remains largely presumptive. Prospective
studies and randomized controlled trials are necessary to better understand the most appropriate therapeutic
regimen and duration.

1. Introduction

Mycobacterium marinum (M. marinum) is a nontuberculous slow-
growing mycobacteria (SGM) that is ubiquitous in aquatic environ-
ments and it is responsible for acute and chronic skin and soft tissue
infections (SSTI). It is a photochromogenic SGM (group I of the Runyon
classification), and it produces a yellow pigment when exposed to light
[1]. M. marinum causes granulomatous tuberculosis-like illness in many
fresh and saltwater fish species and other aquatic hosts, and human
infection have been associated with exposure of broken skin to infected
fish or contaminated water, such as in fish tanks [2,3]. Nowadays,

M. marinum skin infection is often acquired from aquarium maintenance
and for this reason is also called "fish tank granuloma" [3]. People that
work in aquaculture, fishermen, veterinarians, and sushi cooks are more
at risk for this type of infection [4].

Global data concerning the incidence and prevalence of the infection
are limited. Incidence in humans is largely underestimated, but rates up
to 0.27 cases per 100,000 inhabitants have been observed in the U.S.A.
[1]. Most of the data available regarding M. marinum epidemiology,
diagnosis, and treatment are based on case reports, case series, and
anecdotal experience [5,6-10].

The infection is commonly limited to the skin of the limbs, but it can
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also spread into deeper structures, resulting in tenosynovitis, arthritis,
and osteomyelitis [1]. Disseminated infections are exceptional and more
common in immunocompromised subjects [11]. The incubation period
is relatively variable, and it ranges from three weeks to nine months [5].

The disease usually occurs in the upper extremities, predominantly
at acral sites, and presents as cutaneous painless and purple nodules that
may progress to shallow crusting ulcerations, which eventually turn into
scar formation. Lesions may remain isolated or ascend the limbs in a
sporotrichoid-like manner along the lymphatic drainage pathways [5].

In 2000, Bhatty et al. [12] proposed a classification based on the
clinical manifestations: type I self-limiting verrucous lesion, type II
single or multiple granulomas, type III deep involvement of tissues
leading to tenosynovitis, septic arthritis, or osteomyelitis, type IV
disseminated infection.

Diagnosis of M. marinum infection is challenging and often delayed
due to its insidious clinical presentation and the unawareness regarding
this type of disease. It has been reported that about 50% of cases are
initially misdiagnosed and missed, with about 25% of them being
treated with corticosteroid injection to the affected area, which could
ultimately exacerbate the infection [13].

Diagnosis is generally based on isolation of M. marinum in culture of
tissue biopsies. Culture procedures require cooler culturing tempera-
tures (approximately 32°C) when compared to M. tuberculosis (approx-
imately 37°C), thus frequently resulting in false negatives [3].
Polymerase chain reaction (PCR) amplification techniques, usually
sequencing parts of the 16S gene, can facilitate diagnosis [4]. However,
in extra-pulmonary specimens, there is a lack of sensitivity of conven-
tional PCR techniques as they are mostly paucibacillary in nature.
Studies are therefore underway to develop loop-mediated isothermal
amplification LAMP and nested PCR that are more sensitive than con-
ventional PCR [14]. Unfortunately, microscopy and histopathology have
poor sensitivity and specificity, but granulomatous findings coupled
with known risk factors may aid in the diagnosis [5].

Interestingly, M. marinum is highly homologous with M. tuberculosis,
with over 3,000 homologous genes; cross-reactivity of QuantiFERON-TB
gold has been observed, due similar gene code for antigen ESAT-6 and
CFP-10 [13,15].

The treatment of M. marinum infections is not standardized yet and
includes a combination of antibiotics that often require several months
of duration [5]. The most used regimens are based on rifampin,
ethambutol, and macrolides. Other drugs with activity against
M. marinum include trimethoprim-sulfamethoxazole, linezolid, doxycy-
cline, and minocycline [6,16]. According to the 2007 joint treatment
guidelines of the American Thoracic Society (ATS) and Infectious Dis-
eases Society of America (IDSA) [17], treatment should include at least
two active agents for 1-2 months after symptom resolution. Surgery
could be offered to subjects with deep structure involvement and
extensive disease.

Given the limited data in Europe [5,6,18], a multicenter study on
subjects with SSTI caused by M. marinum was, for the first time, con-
ducted in Italy. The aim of the study is to describe the epidemiology,
clinical presentation, diagnostic measures, treatment regimens and
outcomes of M. marinum infection.

2. Methods

A multicenter retrospective cohort study was conducted between
January 2014 to January 2024. Participating centres were: IRCCS San
Raffaele Hospital Milan and IRCCS Azienda Ospedaliero-Universitaria of
Bologna (Northern Italy), Azienda Ospedaliero Universitaria of Pisa and
Azienda Ospedaliero Universitaria Careggi of Firenze (Centre of Italy),
AORN dei Colli-Cotugno Napoli (Southern Italy). Data sources were
hospital electronic records.

The diagnosis of M. marinum infection was based on a combination of
clinical criteria (typical clinical manifestations according to Bhatty et al.
[12] classification and history of exposure to aquatic environment or
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fish/shellfish) and bacteriological criteria (M. marinum isolated in tissue
culture and/or PCR). A probable case was defined as infection in sub-
jects who met only the clinical criteria. A confirmed case was defined as
infection in subjects with both clinical and bacteriological criteria.

For each subject, the following data were collected: sex, age,
comorbidities, immunosuppression (pre-existing immunocompromising
conditions, use of immunosuppressive medication, or other causes),
local or disseminated infection, organ involvement, aquatic exposure (i.
e. aquarium, occupational, water-based activities), route of exposure,
date of infection, symptoms onset date, number and localization of le-
sions, methods used for pathogen detection (culture, PCR), treatment
regimen, duration of therapy, type of treatment (medical and/or sur-
gery), and treatment outcome.

An immunocompromised state was declared in case of presence of
any autoimmune conditions, solid organ/bone marrow transplant,
chronic corticosteroid use (prednisone equivalent of >5 mg/d for at
least 1 month), or other immune-suppressive medication. Initial anti-
biotic regimen was defined as the first treatment regimen prescribed.
Treatment outcomes were defined as (1) resolution of lesions at the end
of treatment or significant improvement at the end of treatment without
a relapse within the next 6 months, (2) failure as no significant
improvement of skin lesions or a culture-confirmed relapse within 6
months after the end of treatment.

2.1. Statistical analysis

Descriptive information about subjects with M. marinum infection
was reported as frequencies and proportions for categorical variables
and mean + SD or median (interquartile range [IQR]) for continuous
variables when appropriate.

Differences for categorical variables among probable case and
confirmed case were tested using the chi-square test. Differences be-
tween continuous variables among probable case and confirmed case
were tested using Wilcoxon— Mann-Whitney test. A p value <0.05 was
considered statistically significant. All the analyses were performed
using SPSS 23.0.

2.2. Ethical clearance

Locals ethical clearance was not required due the observational and
retrospective design of the study.

All traceable patients signed informed consent for the use of ano-
nymized clinical/radiological and microbiological data for research
purpose.

3. Results

During the study period, 17 subjects were enrolled: 14 (82.3%) were
male, with a median age of 52 years [IQR 40-57]. Thirteen cases (76.5%)
were related to aquariums cleaning. Among the others, one was a sushi
cook and three had no known exposure. Population’s characteristics are
shown in Table 1.

The median time from symptoms onset to diagnosis was 124 days
[IQR 71-159]. Sixteen subjects had lesions at the upper extremities.
Eleven (64.7%) subjects had multiple nodules. Abscesses occurred in
11/17 (64.7%) patients. In two cases there was a bone involvement with
osteomyelitis (11.8%) and one subject (5.9%) presented a disseminated
infection. The subjects with bone involvement were one solid organ
transplant recipient and one with hematologic malignancy.

Thirteen out of 17 were bacteriologically confirmed cases (76.5%),
while the remaining were probable cases. Out of confirmed cases,
Mycobacterium 16S rRNA PCR was positive in 8 subjects (47.1%). For all
variables reported in Table 1, the chi-square test and the Wilcox-
on-Mann-Whitney test did not show statistically significant differences
between confirmed and probable cases. Drug susceptibility testing was
performed on 12 isolates (Table 2). All isolates were susceptible to
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Table 1

Characteristics of the study population.
Baseline characteristics n=17
Age, median [IQR] 52 [40-57]

Male (%)
History of aquatic exposure (%)
e Fish tank
e Fishmonger
o Sushi cook
e Sea
Unknown (%)
Comorbidities (%)
e psoriasis
e skin cancer
o diabetes mellitus
e cardiovascular disease
e chronic renal failure
e none
Immunocompromised (%)
e autoimmune condition
e hematological disease
e transplant
e chronic corticosteroid use
e HIV infection
Site of infection (%)
e Hand
e Arm
e Hand and arm
o Leg with join involvement
e Disseminated (skin and join involvement)
N. of nodules (%)
— Single
— Multiple
Complications no (%)
o Abscess
e Bone involvement
Total treatment duration in months (median [IQR])
Surgery

14/17 (82.3%)
16/17 (94.1%)
13/17 (76.4%)
1/17 (5.9%)
1/17 (5.9%)
2/17 (11.8%)
1/17 (5.9%)

2/17 (11.8%)
1/17 (5.9%)
1/17 (5.9%)
1/17 (5.9%)
1/17 (5.9%)
8/17 (47.1%)

3/17 (17.6%)
1/17 (5.9%)
1/17 (5.9%)
1/17 (5.9%)
0

5/17 (29.4%)
3/17 (17.6%)
7 (41.2%)

1 (5.9%)

1 (5.9%)

6/17 (35.3%)
11/17 (64.7%)

11/17 (64.7%)
2 (11.8%)

6 [4-6]

2 (11.8%)

Table 2
Susceptibilities patterns of Mycobacterium marinum.

Drug No* Susceptible (%) Resistant (%)
Clarithromycin 12 12/12 (100.0%) 0/12 (0%)
Amikacin 11 10/11 (90.1%) 1/11 (9.9%)
Rifampicin 11 11/11 (100.0%) 0/11(0%)
Moxifloxacin 11 9/11 (81.8%) 2/11 (18.2%)
Rifabutin 11 11/11 (100.0%) 0/11 (0%)
Doxycycline 12 9/12 (75.0 %) 3/12 (25.0%)
Linezolid 9 8/9 (90.1%) 1/9 (9.9%)

" Number of isolated tested for single agent

Table 3
Treatment regimens utilized.

Treatment regimens

n=17

Backbone antibiotic regimen (%)
e One drug
e Two drug
e Three drug
Regimens including (%)
L] R
e R/Rb+ Cla
e Emb+ Cla/Azm
e Emb + R
e Emb + Doxy
e Emb+ R/Rb + Cla/Azm
e Emb + R + Doxy

1/17 (5.8%)
8/17 (47.1%)
8/17 (47.1%)

1/17 (5.8%)
3/17 (17.7%)
2/17 (11.8%)
2/17 (11.8%)
1/17 (5.8%)
7/17 (41.2%)
1/17 (5.9%)

Azm: Azithromycin, Cla: Clarithromycin, Doxy: Doxycycline, Emb:

Ethambutol,
R: Rifampicin, Rb: Rifabutin,
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clarithromycin (100.0 %).

All subjects received at least two antibiotics. The different treatment
regimens utilized are shown in Table 3. The median duration of therapy
was 6 months [IQR 4-6] with a median therapy duration of 90 days after
clinical resolution. Adverse events requiring therapeutic changes were
reported in three cases (17.7%): 1 subject developed allergic reaction to
rifabutin, 1 nephrotoxicity and ocular toxicity due to ethambutol, and 1
had a drug-induced hepatitis due to rifampicin. In one case (5.9%)
therapy with macrolides was stopped during a concomitant acute cor-
onary event. Two cases (11.8%) received combined medical and surgical
therapy (one patient underwent multiple abscess drainage and one skin
and soft tissue debridment). Clinical resolution after therapy was ob-
tained in all cases (100.0%).

4. Discussion

We present the first Italian case series of 17 individuals with
M. marinum SSTIs, treated in five different Italian hospitals. Our study
confirmed the higher frequency of M. marinum infection in males [7].
This might be related to the type of exposure and domestic/professional
risk.

The cutaneous lesions that are caused by M. marinum are non-
pathognomic and thus the combination of both histological analysis of
the affected tissue and mycobacterial studies (cultures and molecular
tests) are necessary to obtain a correct identification. From our experi-
ence, an high clinical suspicion after aquatic exposure may be sufficient
elements to start empirical treatment, especially in those settings in
which there are no reference laboratories. In our cohort all probable
cases experienced a complete recovery as well.

Diagnosis is challenging, and it can take several months; in our study
the median duration of symptoms before diagnosis was four months.
This may be attributable to the specialized nature of the participating
centres.

Although there were 6 immunosuppressed subjects, we found only
one disseminated infection confirming the rarity of this complication [1,
5]. In our study the median treatment duration of immunosuppressed
individuals was comparable to that of others, unlike the Danish case
series where immunosuppressed subjects were treated for a longer time
[19]. However, two severely immunocompromised (one with hemato-
logical disease and one kidney transplant recipient) individuals, who
presented involvement of deep tissues, underwent also surgical
debridement in addition to antibiotic treatment. This dual approach
obtained a favorable outcome in both cases, suggesting that the source
control (in addition to antibiotic treatment) should be pursued in severe
cases.

In our case series, 100.0% and 75.0% of the isolated strains were
susceptible to clarithromycin and doxycycline, respectively. The favor-
able drug-susceptibility profile to first-line therapy (ethambutol, clari-
thromycin and rifampicin) corroborate our hypothesis that drug-
susceptibility pattern is not strictly necessary, and that susceptibility
testing might be reserved only to cases with clinical treatment failure.

In our study there was quite a homogeneity regarding the treatment
choice and duration. Regimens used were based on guidelines [17], even
though there are no comparative trials of different treatment regimens
and there is no consensus for an adequate duration of therapy. In all
cases expect one, at least two antibiotics were used. Ethambutol was the
most frequently used drug, followed by clarithromycin and rifampicin.

A reasonable approach is to treat with two active agents until the
lesions heal. After that, it is recommended to continue treatment for one
or two additional months, typically for a total period of four to six
months, guided mainly by clinical response [1]. From our observation, a
regimen with at least two drugs is preferable and is associated with a
better outcome.

However, a Chinese study [20] demonstrated that monotherapy with
clarithromycin can be effective for simple cutaneous infection, and other
case series have demonstrated high treatment success rates with
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single-drug treatment.

The median total duration of therapy in our study was 6 months.
Other case series have reported mean treatment durations ranging from
2.7 to 8.3 months [1].

The prognosis of M. marinum cutaneous infection remains usually
favorable, with all subjects enrolled in our study obtaining a clinical
resolution.

5. Conclusions

Clinicians should suspect M. marinum infection in the presence of
poorly healing wounds, mainly in the upper extremities, and in people
with a history of exposure to aquariums/fresh-sea water. Two drug
regimens seem appropriate and can achieve favorable outcomes in all
cases.

Observational studies involving other Italian centres to enlarge study
population are necessary to define the most appropriate treatment
duration.
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