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(75  %) cases improved, while 7 (25  %) were lost to 
follow-up.
Conclusions  Distinguishing between invasive and cuta-
neous M. marinum infection may have important conse-
quences in terms of antibiotic choice and need for adjunc-
tive surgery.

Keywords  Mycobacterium marinum · Fish tank 
granuloma · Tenosynovitis · Review

Introduction

Mycobacterium marinum is a nontuberculous mycobacte-
rium that causes infections in humans ranging from simple 
cutaneous lesions to debilitating disseminated infections. 
M. marinum is an endemic fish pathogen found in a variety 
of aquatic settings, such as fish tanks, swimming pools, and 
natural bodies of water [1–3]. Transmission occurs through 
inoculation of the organism through a break in the skin in 
the presence of contaminated water or from direct contact 
with fish or shellfish [1–3]. The incubation period is usu-
ally <4 weeks, but can be up to 9 months long [4]. Infec-
tion results in ulcerating or nodular skin lesions that can 
progress to more invasive disease, including tenosynovitis, 
septic arthritis, or osteomyelitis, particularly if there is a 
delayed diagnosis or the patient is immunocompromised 
[2, 5]. Treatment usually involves a prolonged course of 
antimicrobial therapy with 2 active agents; however up to 
half of all cases may require surgery when persistent or 
deeper infection is present [2, 5, 6].

Infection is most often reported among fish fanciers 
and participants of waterborne activities; chlorination has 
reduced the number of swimming pool acquired cases [1, 2, 
4]. While cases are rare, with an estimated annual incidence 

Abstract 
Purpose  Invasive Mycobacterium marinum disease 
(tenosynovitis and osteomyelitis) may be an increasingly 
common manifestation of M. marinum infection that pre-
sents unique diagnostic and therapeutic challenges. We 
conducted a retrospective case series and literature review 
of M. marinum infection to better understand the clinical 
spectrum of invasive versus cutaneous disease.
Methods  We reviewed electronic medical records for all 
M. marinum infections at Duke University Medical Center 
from January 1, 1996 to April 30, 2014. Published case 
series of M. marinum infection since 1990 reporting >5 
cases were systematically ascertained and reviewed.
Results  Twenty-eight cases of M. marinum infection 
were identified from our institution. Twenty cases (87 %) 
involved aquatic exposure, and 26 (93  %) involved fin-
ger and/or hand lesions. Median time to diagnosis was 
3.5 months. Nineteen (68 %) cases had invasive infection, 
and 9 (32 %) were cutaneous; invasive infection was more 
common with older age. Granulomatous inflammation and 
acid-fast bacilli were noted on pathologic examination 
in 11 (58  %) and 3 (16  %) cases, respectively. Primarily 
monotherapy was used in 2 (12 %) cases, dual therapy in 
8 (47 %) cases, and three-drug therapy in 7 (41 %) cases; 
three-drug therapy was more common with invasive infec-
tion. Median duration of treatment was 5 months. Adjunc-
tive surgery was performed for 18 (95 %) cases of invasive 
infection and 4 (44 %) of cutaneous infection. Twenty-one 
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of 0.27 cases per 100,000 persons in the United States, out-
breaks have been recently reported among patrons of sea-
food markets in New York City and at a fish farm in China 
[6–8].

The purpose of this study was to better understand the 
natural history and clinical spectrum of M. marinum infec-
tion. We identified 28 patients with M. marinum infection 
at the Duke University Medical Center (DUMC) during 
1996–2014, and reviewed the epidemiology, treatment, and 
outcomes associated with infection. We also performed a 
comprehensive literature review of case series of M. mari-
num infection published since 1990 to evaluate trends in 
the presentation and management of M. marinum infection 
worldwide.

Materials and methods

Case series

We conducted a retrospective case series of all M. mari-
num infections among patients presenting to DUMC during 
January 1, 1996–April 30, 2014. Using DEDUCE (Duke 
Enterprise Data Unified Content Explorer), a web-based 
tool that permits access to electronic clinical data for all 
Duke Health System patients since 1996, cases were ascer-
tained by searching for the keywords Mycobacterium mari-
num and tenosynovitis in combination with the Interna-
tional Classification of Disease, 9th revision (ICD-9) codes 
031.1 (cutaneous diseases due to other mycobacteria), 
031.8 (other specified mycobacterial diseases), and 031.9 
(unspecified diseases due to mycobacteria) [9, 10]. Demo-
graphic, clinical, radiographic, microbiologic, pathologic, 
treatment, and outcome data were extracted from Duke’s 
electronic health record system. Confirmed cases were 
defined as the presence of M. marinum isolated in culture 
from any site, including both sterile (e.g., blood, tissue) 
and non-sterile (e.g., sputum, gastrointestinal tract) sites. 
Cases of presumptive M. marinum infection based upon 
an aquatic exposure or granulomatous inflammation from 
pathologic specimens without confirmatory cultures were 
excluded from our analysis.

Cases were classified as cutaneous if only involving cuta-
neous or subcutaneous tissue, or invasive if tenosynovitis, 
septic arthritis, or osteomyelitis was present radiographically 
or noted during surgical exploration. Aquatic exposure was 
categorized as exposure to fish tanks, handling fish or other 
seafood, and boating and/or fishing-related activities. Immu-
nocompromised status included patients with HIV, organ 
transplantation, chronic corticosteroid use or other immuno-
suppressive medication use, or other immunosuppressive con-
ditions (i.e., inflammatory bowel disease, rheumatoid arthri-
tis). Time to diagnosis was defined as the time from symptom 

onset to diagnosis of M. marinum infection. Initial antibiotic 
regimen was defined as the first treatment regimen prescribed, 
while backbone antibiotic regimen was defined as the regimen 
used for the majority of the treatment period. Surgery was 
defined as any invasive surgical procedure performed in the 
operating room, excluding simple office biopsy and aspiration 
procedures. Treatment outcomes were defined as improved if 
there was no evidence of disease after cessation of therapy or 
ongoing improvement during therapy without documentation 
of cessation of therapy or subsequent documentation after the 
diagnosis of M. marinum that does not mention persistence or 
recurrence of disease, improved with morbidity if case was 
improved but without return of function of the affected limb, 
failed if there was recurrence of disease after cessation of ther-
apy or persistence of disease despite therapy, or lost to follow-
up if there was no documentation of treatment or outcome 
without any subsequent medical records.

Frequency counts and percentages were used to describe 
categorical variables, and means/medians were used to 
describe continuous variables. Comparisons among groups 
employed Fisher’s exact test for categorical variables, and 
Student’s t test and Mann–Whitney U test for continuous 
variables. P values of <0.05 were considered statistically 
significant. R version 3.1.1 (Vienna, Austria) was used for 
statistical analysis.

Literature review

Using the PubMed database, we searched for articles with 
the keywords Mycobacterium marinum and mycobacte-
rium with tenosynovitis, filtered for articles published in 
the English language and involving humans after January 
1, 1990. We included all original case series reporting treat-
ment outcomes of >5 patients with M. marinum infection 
that were available in English. All articles were reviewed 
to ensure no redundancy of cases and adequate information 
was available for inclusion in the review. Number and per-
centages of cases with invasive disease, aquatic exposure, 
surgery performed, and treatment outcome, as well as mean 
and median time to diagnosis and antibiotic duration (cal-
culated in months using 30 days per month), were recorded 
and compiled into a table. If individual case level data 
were available, those variables were re-calculated to ensure 
accuracy of data; if only aggregate level data was available, 
the article’s reported values were listed.

Results

Case series

Twenty-eight cases of M. marinum infection were iden-
tified, with 19 (68  %) invasive infections and 9 (32  %) 
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cutaneous infections (Table  1). The incidence of M. 
marinum infection over time in 6-year intervals is dem-
onstrated in the Fig.  1. Among the cases of invasive 
infection, 18 involved tenosynovitis and 1 involved sep-
tic arthritis. Twenty (87 %) cases reported aquatic expo-
sure; exposure to fish tanks was associated with cutane-
ous infection (P  =  0.002), while exposure to boating 

and/or fishing was associated with invasive infection 
(P  =  0.007). Twenty-six (93  %) cases had infection 
of the fingers and/or hands, and 4 (14  %) involved the 
arm. The median time to diagnosis was 3.5 months (IQR 
2–5.3, range 1–24 months).

Mycobacterium marinum infection was diagnosed 
through a surgical procedure for 18 (95 %) invasive cases 
and three (33  %) cutaneous cases, while infection was 
diagnosed through an office biopsy or aspiration for one 
(5 %) invasive case and 6 (67 %) cutaneous cases (Table 2). 
Pathologic examination of tissue was positive for granu-
lomatous inflammation and acid-fast bacilli (AFB) staining 
for 11 (58 %) and three (16 %) cases, respectively. Seven 
(37 %) cases of M. marinum infection involved tissue with-
out granulomatous inflammation or positive AFB stain-
ing; pathologic examination of tissue from these cases was 
described to contain acute and chronic inflammation, syno-
vitis, necrosis, and/or hyperplasia.

Single drug therapy for the backbone antibiotic regimen 
was uncommon; 8 (47  %) cases used dual therapy and 7 
(41 %) cases used three-drug therapy (Table 3). Three-drug 
therapy was more common for invasive infections. Eight 

Table 1   Clinical characteristics of 28 patients with Mycobacterium marinum infection

P values <0.05 are in bold

SD Standard deviation and IQR interquartile range
a  Three cases (1 invasive, 2 cutaneous) had unknown immunocompromised status
b  Five cases (4 invasive, 1 cutaneous) had unknown aquatic exposure
c  Seven cases (5 invasive, 2 cutaneous) had unknown steroids or empiric antibiotics given prior to diagnosis
d  Eight cases (5 invasive, 3 cutaneous) had unknown time to diagnosis

Total (N = 28)  
No. (%)

Invasive (n = 19)  
No. (%)

Cutaneous (n = 9)  
No. (%)

P value

Demographics

 Age in years, mean (SD) 51 (16) 55 (14) 42 (18) 0.089

 Male 24 (86) 18 (95) 6 (67) 0.084

 White race 26 (93) 17 (89) 9 (100) 1.000

 Immunocompromiseda 4 (16) 4 (22) 0 0.295

Aquatic exposureb

 Total 20 (87) 13 (87) 7 (88) 1.000

 Fish tank 7 (30) 1 (7) 6 (75) 0.002

 Handled fish/seafood 4 (17) 3 (20) 1 (13) 1.000

 Boating/fishing 9 (39) 9 (60) 0 0.007

Site of disease

 Involved fingers/hand 26 (93) 19 (100) 7 (78) 0.095

 Involved wrist 9 (32) 8 (42) 1 (11) 0.195

 Involved arm 4 (14) 1 (5) 3 (33) 0.084

No. of cases receiving steroid injection prior to diagnosisc 5 (24) 4 (29) 1 (14) 0.624

No. of steroid injections among those receiving injections, 
median (IQR)c

1 (1–1) 1 (1–1.25) 1 (1–1) 1.000

Empiric antibiotics prior to diagnosisc 14 (67) 8 (57) 6 (86) 0.337

Months to diagnosis, median (IQR)d 3.5 (2–5.3) 4 (3–5.8) 1.5 (1–3.5) 0.105
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Fig. 1   Confirmed cases of Mycobacterium marinum infection during 
1996–2014, in 6-year intervals. Cases from the first 4 months of 2014 
are included in 2008–2014
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(47  %) cases required a change in the antibiotic regimen 
during treatment; three cases involved poor progress with 
the initial antibiotic regimen, two cases involved antibiotic 
side effects, one case involved both poor progress and anti-
biotic side effects, one case involved narrowing the initial 
antibiotic regimen after improvement, and one case had a 
change in the antibiotic regimen for an unknown reason. 
Median treatment duration was 5  months (IQR 3–9.8, 
range 2–12  months). The most common antibiotic agents 
used were ethambutol, rifampin, clarithromycin, azithro-
mycin, and moxifloxacin.

Twenty-two (79  %) cases required surgical interven-
tion. Patients with invasive infection were more likely to 
have surgery and had more surgeries per case than patients 
with cutaneous infection. Other than debridement and teno-
synovectomy/synovectomy procedures, three patients had 
carpal tunnel release procedures and one patient had a neu-
rectomy and tendon reconstruction surgery. The median 
number of surgical procedures performed for invasive 
infection was one (IQR 1–3, range 0–7). All cases with 
known outcomes, which includes 21 (75  %) cases, were 
improved; one case required a partial amputation of the fin-
ger attributed to methicillin-resistant staphylococcal super-
infection. Seven (25 %) cases were lost to follow-up with-
out known treatment outcomes.

Literature review

Thirteen articles met inclusion criteria after further review. 
Table  4 summarizes these case series, categorized into 
three groups: cutaneous infection, invasive infection, and 

both cutaneous and invasive infection. Four articles were 
case series of cutaneous infection; the primary author was 
a dermatologist for three articles and an internal medicine 
physician for the other article. Two articles were case series 
of invasive infection; the primary author was an orthopedic 
surgeon for one article and a plastic surgeon for the other 
article. Seven articles were case series of both cutaneous 
and invasive infection; the primary author was an infectious 
disease physician for three articles, dermatologist for two 
articles, and a microbiologist and general internal medicine 
physician for the other two articles.

Discussion

In other case series, M. marinum infection was associated 
with a reported aquatic exposure in 24–100  % of cases 
[1, 5, 11–21]. A total of 87  % of cases in our study had 
an aquatic exposure, with boating or fishing being the 
most commonly described exposure. Interestingly, boating 
or fishing exposure was associated with invasive disease, 
while fish tank exposure was associated with cutaneous dis-
ease. This may be related to the mechanism of injury; boat-
ing and fishing injuries may involve deep puncture wounds 
from fish spines, fish hooks, or other equipment, while fish 
tank injuries may involve more superficial exposures such 
as minor scrapes while cleaning or maintaining fish tanks. 
Other case series also report lower rates of invasive infec-
tion in the setting of presumably superficial fish tank expo-
sures, but additional studies are needed to investigate this 
observation further [1, 5, 16].

Table 2   Diagnostic criteria for 28 patients with Mycobacterium marinum infection

P values <0.05 are in bold

MRI Magnetic resonance imaging and AFB acid-fast bacilli
a  Six cases (4 invasive, 2 cutaneous) did not have a pathology specimen collected during the diagnostic work-up, and 3 cases (3 invasive) had 
pathology specimens collected but the results were unavailable

Total (N = 28)  
No. (%)

Invasive (n = 19)  
No. (%)

Cutaneous (n = 9)  
No. (%)

P value

How diagnosis was made 0.001

 Culture from surgical procedure 21 (75) 18 (95) 3 (33) –

 Culture from office biopsy or aspiration 7 (25) 1 (5) 6 (67) –

Imaging performed

 MRI 10 (36) 10 (53) 0 0.010

 Xray only 1 (4) 0 1 (11) 0.321

 None 17 (61) 9 (47) 8 (89) 0.049

Pathologic examinationa

 Granulomatous inflammation 11 (58) 7 (58) 4 (57) 1.000

 AFB stain positive 3 (16) 2 (17) 1 (14) 1.000

 No granulomatous inflammation or positive AFB 
stain

7 (37) 4 (33) 3 (43) 1.000
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The vast majority (93 %) of cases in our study had M. 
marinum infection involving the fingers and/or hands, 
with wrist involvement reported in 32 % of cases and arm 
involvement reported in 14  % of cases. This agrees with 
Aubry et al. [5] who reported 95 % of skin lesions involv-
ing the upper hand. Our study had a high rate of invasive 
infection, with 68 % of cases classified as tenosynovitis or 
septic arthritis. The invasive infection rates from other case 
series which include both invasive and cutaneous infec-
tion are lower, ranging from 11 to 43 % [1, 5, 12–14, 21]. 
This may be due to an inherent bias among our cases, as 
DUMC is a tertiary referral center which would likely man-
age more complicated invasive M. marinum infections than 
simple cutaneous infections which could be managed in the 
community without having to refer to DUMC.

The median time to diagnosis for all cases of M. mari-
num infection in our study was 3.5 months. Although not 
statistically significant, invasive infections were diag-
nosed a median of 4  months after symptom onset versus 
1.5  months for cutaneous infections. Also, steroid injec-
tions were more common among invasive infections, with 
29 % of invasive infections receiving an injection prior to 
diagnosis. These findings highlight a significant diagnostic 
delay among patients with invasive infection, with frequent 
initial misdiagnosis and utilization of treatment (i.e., ster-
oid injections) that likely exacerbates the infection. Practi-
tioners who frequently see patients with chronic tenosyno-
vitis need to be aware of the indolent presentation of M. 
marinum infection and consider it early in the diagnostic 
evaluation [22].

Table 3   Treatment and outcomes of 28 patients with Mycobacterium marinum infection

P values <0.05 are in bold. IQR Interquartile range
a  Eleven cases (7 invasive, 4 cutaneous) had unknown antibiotic regimens, and 12 cases (7 invasive, 5 cutaneous) had an unknown antibiotic 
duration
b  Other includes 1 case who received doxycycline, 1 case who received amikacin, and 1 case who received minocycline

Total (N = 28)  
No. (%)

Invasive (n = 19)  
No. (%)

Cutaneous (n = 9)  
No. (%)

P value

Initial antibiotic regimena 0.406

 1 Drug 5 (29) 3 (25) 2 (40) –

 2 Drugs 7 (41) 4 (33) 3 (60) –

 3 Drugs 5 (29) 5 (42) 0 –

Backbone antibiotic regimena 0.061

 1 Drug 2 (12) 1 (8) 1 (20) –

 2 Drugs 8 (47) 4 (33) 4 (80) –

 3 Drugs 7 (41) 7 (58) 0 –

No. of cases with regimen change 8 (47) 7 (58) 1 (20) 0.294

No. of regimen changes per case, median (IQR) 0 (0–1) 1 (0–3) 0 (0–0) 0.134

Antibiotic agent useda

 Clarithromycin 8 (47) 6 (50) 2 (40) 1.000

 Ethambutol 12 (71) 9 (75) 3 (60) 0.600

 Rifampin 9 (53) 7 (58) 2 (40) 0.620

 Azithromycin 7 (41) 6 (50) 1 (20) 0.338

 Moxifloxacin 5 (29) 5 (42) 0 0.245

 Trimethoprim-sulfamethoxazole 2 (12) 1 (8) 1 (20) 0.515

 Otherb 3 (18) 3 (25) 0 0.515

Total duration in months, median (IQR) 5 (3–9.8) 5.5 (4–9) 4 (3–7) 0.459

No. of cases requiring surgery 22 (79) 18 (95) 4 (44) 0.007

 Debridement only 10 (36) 6 (32) 4 (44) –

 Tenosynovectomy/synovectomy only 5 (18) 5 (26) 0 –

 Both debridement and tenosynovectomy/synovectomy 7 (25) 7 (37) 0 –

No. of surgical procedures per case, median (IQR) 1 (1–2) 1 (1–3) 0 (0–1) 0.007

Outcome 0.764

 Improved 20 (71) 14 (74) 6 (67) –

 Improved with morbidity 1 (4) 1 (5) 0 –

 Lost to follow-up 7 (25) 4 (21) 3 (33) –
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Not surprisingly, cases which were diagnosed through 
surgical procedures were more commonly classified as 
invasive infections while cases which were diagnosed 
through an office biopsy or aspiration were more com-
monly classified as cutaneous infections. Similarly, 
advanced imaging was used more frequently in the diag-
nostic work-up of invasive infections. Simple cutaneous 
lesions can primarily be managed in the outpatient setting 
with no need for magnetic resonance imaging, but deeper 
and more debilitating infections rely upon surgical explo-
ration and additional imaging to determine the extent of 
disease.

Pathologic examination of tissue was relatively insensi-
tive, with 37 % of cases demonstrating no evidence of gran-
ulomatous inflammation or positive AFB staining among 
culture-positive M. marinum infections. Pathology examina-
tion has poor specificity because other infectious processes 
(i.e., other non-tuberculous mycobacteria, tuberculosis, 
Nocardia, Cryptococcus, black mold infections) can also 
cause granulomatous inflammation or positive AFB stain-
ing. While Abbas et al. [15] reported that granulomas were 
present in 100  % of their cohort, Edelstein [20]  reported 

similar results to ours with 63  % of cases demonstrating 
granulomas and 8  % of cases having positive AFB stain-
ing among biopsy specimens. Thus, obtaining adequate 
surgical cultures is critical due to the poor specificity of the 
procedure.

The most recent treatment recommendations from the 
2007 joint American Thoracic Society (ATS) and Infectious 
Disease Society of America (IDSA) guidelines recom-
mend 2 active agents (clarithromycin/azithromycin, etham-
butol, or rifampin) for 3–4  months with adjunctive surgi-
cal debridement for invasive infections [2, 6]. However, a 
recent Chinese study demonstrated that monotherapy with 
clarithromycin can be an effective regimen for simple cuta-
neous infection, and some case series of cutaneous infec-
tion have demonstrated high treatment success rates with 
single-drug treatment [8, 13, 15]. In our study, 88  % of 
cases were treated with ≥2 drugs for the backbone antibi-
otic regimen; three-drug therapy was employed for 58  % 
of invasive infections. Aside from 2 case series from the 
United States, antibiotic treatment with ≥2 agents was only 
reported in 11–63  % of other cases series [1, 5, 11–21]. 
Almost half of all cases in our study required a change in 

Table 4   Published studies on management of Mycobacterium marinum infection

Includes case series with >5 patients since 1990

Ref. Reference and Abx antibiotics
a  Five cases had unknown antibiotic regimen and treatment outcome
b  One case had unknown antibiotic regimen, 9 cases had unknown antibiotic duration
c  One invasive case was a corneal infection and another was a pulmonary infection; both cases were excluded from treatment outcomes
d  Two cases had unknown antibiotic duration
e  One case had unknown disease classification, 4 cases had unknown aquatic exposure, 8 cases had unknown time to diagnosis, and 6 cases had 
unknown antibiotic regimen and treatment outcome

Ref. Country Year(s) n Invasive dis-
ease, No. (%)

Aquatic expo-
sure, No. (%)

Months to 
diagnosis, 
Mean/median

Abx regimen, 
≥2 agents No. 
(%)

Abx duration 
in months, 
mean/median

Surgery per-
formed, No. 
(%)

Improved with 
treatment, No. 
(%)

Case series of cutaneous M. marinum infection

[15] Lebanon 2005–2008 14 0 (0) 5 (36) 5.8/4 1 (11)a 4.6/4a 0 (0) 9 (100)a

[17] Hong Kong 1993–2002 17 0 (0) 4 (24) – 3 (18) 4.6/– 0 (0) 16 (94)

[19] Singapore 1995–1997 38 0 (0) 22 (58) – 12 (32) 3.5/– 1 (3) 26 (68)

[20] USA 1985–1992 31 0 (0) 16 (52) – 10 (33)c 4.2/4b 1 (3) 23 (74)

Case series of invasive M. marinum infection

[11] Hong Kong 1981–2009166 166 (100) 131 (79) 4.9/– – 7.2/– 166 (100) –

[18] USA 1992–2003 29 – 20 (69) 5.2/– 27 (93) 6/– 29 (100) –

Case series of both cutaneous and invasive M. marinum infection

[12] Taiwan 1999–2010 27 3 (11)c 15 (56) – – – 11 (41) 18 (72)c

[13] France 1994–2007 35 10 (29) – – 10 (29) 2.9/– 0 (0) 34 (97)

[14] Taiwan 1997–2008 25 9 (36) – 2.4/– – 8.3/– 22 (88) 24 (96)

[16] Israel 1991–2005 16 1(6) 12 (75) – 4 (25) 2.7/3d 0 (0) 15 (94)

[1] USA 1990–2000 8 2 (25) 8 (100) – 8 (100) 7.6/5 2 (25) 7 (88)

[5] France 1996–1998 63 18 (29) 59 (94) – 40 (63) –/3.5 30 (48) 55 (87)

[21] Australia 1971–1990 29 12 (43)e 14 (56)e 8.4/5e 6 (26)e – 11 (48)e 22 (96)e
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the initial antibiotic regimen, commonly due to side effects 
or slow progress, which is similar to the 35 % modification 
rate reported by Aubry et al. [5]. The median total duration 
of therapy in our study was 5  months, with a median of 
5.5 months for invasive infection and 4 months for cutane-
ous infection which was not significantly different. Other 
case series have reported mean treatment durations rang-
ing from 2.7 to 8.3 months, with shorter durations reported 
among case series of cutaneous M. marinum infection [1, 5, 
11–21]. In our study, ethambutol was the most frequently 
used antibiotic, followed by rifampin, clarithromycin, and 
azithromycin in accordance with ATS/IDSA guidelines [2, 
6]. The high rate of multidrug therapy and longer duration 
of treatment in our study probably reflect the higher rate of 
invasive infections among our cohort.

Surgery was required for 79 % of cases in our study; 95 % 
of invasive infections required surgery, while 44 % of cutane-
ous infections required surgery. Other case series of invasive 
and cutaneous M. marinum infection reported rates of sur-
gical intervention ranging from 0 to 88 %, while other case 
series of invasive infection reported 100  % of cases under-
going surgery and other case series of cutaneous infection 
reported 0–3 % of cases undergoing surgery [1, 5, 12–17, 19, 
20]. Multiple surgeries were often required for cases of inva-
sive infection in our study, with a median of one surgical pro-
cedure (range 0–7) performed per case of invasive infection. 
Cheung et  al. [11] reported that 50  % of cases of invasive 
infection required more than one debridement. This under-
scores that additional debridements or surgical interventions 
are often required to eradicate invasive infection; patients 
with invasive infection should be counseled at the time of 
diagnosis about the possible need for multiple surgeries.

Finally, treatment outcomes were excellent among both 
invasive and cutaneous infection in our study, with rates of 
improvement reported with 79 and 67 % of cases, respec-
tively. However, no treatment failures were reported among 
our 28 cases of M. marinum infection; all other cases were 
lost to follow-up. Other case series report similar treatment 
outcomes with improvement reported in 68–100 % of cases 
[1, 5, 11–21].

Limitations of this study include poor follow-up of 
some cases of M. marinum infection. A significant percent-
age of patients were referred to DUMC only for surgical 
intervention; thus the antibiotic regimen and treatment 
outcomes were not documented within Duke’s electronic 
health record system. Also, to ensure high-quality data, 
we excluded presumptive M. marinum infections that were 
diagnosed based upon an aquatic exposure or granuloma-
tous inflammation from pathologic specimens; as the sensi-
tivity of cultures for nontuberculous mycobacteria is poor, 
particularly for M. marinum which optimally grows at a 
cooler temperature, we may have missed some cases of M. 
marinum infection in our study [3].

Our literature review included a high percentage of case 
series from Asia, with 5 case series from Taiwan, Hong 
Kong, and Singapore, and 2 cases series from Lebanon and 
Israel. There were only 3 case series from North America, 
2 from Europe, and 1 from Australia. These regional and 
cultural differences can bias our analysis. Also, compari-
sons among case series of M. marinum infection in the 
literature are challenging, as case series with only cuta-
neous infection are usually written by dermatologists and 
often include simpler cases that can be treated with shorter 
courses of antibiotic therapy, while cases series of inva-
sive infection are written by surgeons and focus on surgi-
cal techniques and functional outcomes rather than cure 
rates. Thus it is important to look closely at the authors 
and study goals of articles when reviewing M. marinum 
literature.

Conclusions

Incidence of M. marinum infection appears to be increas-
ing. In our study, cases of M. marinum infection had more 
aquatic exposures, received more multidrug therapy with 
longer duration of treatment, and more frequently required 
surgery when compared to other case series. Distinguishing 
between invasive and cutaneous infection is important as 
the management approach to antibiotics and surgery may 
differ. It is difficult to draw conclusions about an optimal 
treatment strategy due to our high treatment success rate 
and the frequent modifications made to antibiotic regimens, 
but it is clear that longer courses of multidrug therapy were 
frequently employed with improved treatment outcomes in 
our study.
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