
J. Bone Joint Infect., 9, 99–106, 2024
https://doi.org/10.5194/jbji-9-99-2024
© Author(s) 2024. This work is distributed under
the Creative Commons Attribution 4.0 License.

    Journal of Bone
and Joint Infection

     JBJI

O
pe

n 
Ac

ce
ss

O
riginalfull-length

article

Characteristics and management of periprosthetic joint
infections caused by rapidly growing mycobacteria: a

retrospective study and a review of the literature

Pansachee Damronglerd1,2, Eibhlin Higgins1, Madiha Fida1, Don Bambino Geno Tai3, Aaron J. Tande1,
Matthew P. Abdel4, and Omar M. Abu Saleh1

1Division of Public Health, Infectious Diseases and Occupational Medicine, Mayo Clinic, 200 First Street SW,
Rochester, Minnesota, USA

2Division of Infectious Diseases, Faculty of Medicine, Thammasat University, Pathum Thani, Thailand
3Division of Infectious Diseases and International Medicine, University of Minnesota,

Minneapolis, Minnesota, USA
4Department of Orthopedic Surgery, Mayo Clinic, Rochester, Minnesota, USA

Correspondence: Pansachee Damronglerd (damronglerd.pansachee@mayo.edu)

Received: 29 November 2023 – Revised: 17 January 2024 – Accepted: 21 January 2024 – Published: 29 February 2024

Abstract. Background: Periprosthetic joint infection (PJI) following total joint arthroplasty is a serious com-
plication associated with significant morbidity. While Gram-positive cocci are the predominant causative organ-
isms, PJIs caused by rapidly growing mycobacteria (RGM) have been reported, albeit at a lower frequency. This
study aimed to investigate the characteristics and management of PJI caused by RGM. Methods: A retrospective
review was conducted using an institutional PJI database to identify patients diagnosed with PJI due to RGM
from January 2010 to December 2021. Clinical data, including demographics, symptoms, comorbidity informa-
tion, laboratory parameters, surgical procedures, medical treatment and outcomes, were collected and analyzed.
Results: A total of eight patients were identified with PJI caused by RGM during the study period. The median
age was 66 years old, and most cases occurred in patients with total knee arthroplasty (n= 6). The isolated RGM
species included Mycobacterium abscessus (three cases), M. fortuitum (three cases), and one case each of M. im-
munogenum and M. mageritense. Surgical debridement was performed in all cases, with six patients undergoing
two-stage revision and two patients requiring amputation. Combination antimicrobial therapy was administered
based on antimicrobial susceptibility testing, and the median duration of treatment was 7.5 months. Adverse
events related to therapy occurred in 75 % of cases. No relapses were observed during the median follow-up pe-
riod of 39.6 months. Conclusions: PJI caused by RGM is a rare complication of total joint arthroplasty. Surgical
debridement and combination antimicrobial therapy are the mainstays of treatment. Although clinical cure rates
are high, amputation may be required in severe cases.

1 Introduction

Periprosthetic joint infections (PJIs) are a devastating com-
plication of total joint arthroplasty. The reported incidence
of PJI following total hip arthroplasty (THA) and total
knee arthroplasty (TKA) is 2.18 % in the United States and
0.97 %–1.03 % in the National Joint Registry, which com-
prises data from five regions (England, Wales, Northern
Ireland, the Isle of Man and New Zealand) (Kurtz et al.,

2012). Gram-positive cocci such as Staphylococcus aureus
and coagulase-negative staphylococci are the most common
causative organisms. A prior study from the United States ex-
amining microbiological etiology of PJI revealed Mycobac-
terium spp. to be responsible for 0.5 % of infections in their
database (Tai et al., 2022), with much higher rates docu-
mented in other regions (Jitmuang et al., 2017).

Rapidly growing mycobacteria (RGM) include a subcate-
gory of nontuberculous mycobacteria (NTM) recognized for
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their ability to develop mature colonies on solid media in less
than a week following subculture (Brown-Elliott and Wal-
lace, 2002). These are ubiquitous environmental organisms
that can be found in soil, water and aerosols, and they have
been linked to a range of clinical conditions, including cuta-
neous infections, abscesses at injection sites and postsurgical
infections (Prevots et al., 2010; Spaulding et al., 2017). Re-
cently, studies have reported an increase in the prevalence of
extrapulmonary infections caused by RGM (Cassidy et al.,
2009). However, despite this trend, limited data are available
on the clinical characteristics and outcomes of PJIs caused
by RGM.

Therefore, we conducted a retrospective review of our in-
stitutional database to investigate the epidemiology, clinical
presentation, management and outcomes of PJIs caused by
RGM. In doing so, we aim to contribute to the understanding
of the clinical features of PJIs caused by RGM and provide
insights into the management of these infections.

2 Materials and methods

2.1 Study design

We performed a retrospective review of our institutional PJI
database to identify patients with PJIs caused by RGM from
1 January 2010 through 31 December 2021.

2.2 Case ascertainment and data collection

We used the data from our clinical microbiology lab and the
PJI registry database to identify all cases of PJI caused by
RGM. We reviewed the patients’ medical records after being
granted an exempt status by the Mayo Clinic Institutional Re-
view Board. All patients provided consent for the use of their
medical records for research purposes. We collected demo-
graphic characteristics, clinical symptoms, comorbidity in-
formation, laboratory parameters, surgical procedures, med-
ical treatment and outcomes.

2.3 Definitions

The diagnosis of PJI was based on the Musculoskeletal In-
fection Society (MSIS) criteria (Parvizi et al., 2018). The in-
traoperative diagnostic indicators are positive histology, pu-
rulence and a single positive culture. The definitive surgical
procedure was defined as either reimplantation as part of two-
stage revision or curative amputation.

2.4 Laboratory methods

Synovial and sonicate fluid were inoculated into solid (Mid-
dlebrook 7H11) and liquid media (BBL® mycobacteria
growth indicator tube, MGIT). Periprosthetic tissue speci-
mens were mixed with sterile beef broth and then homog-
enized using a Stomacher® prior to inoculation into the solid
and liquid media. All cultures were incubated at 36± 1 °C

with a CO2 concentration maintained between 5 % and 7 %.
Solid cultures were read on a weekly basis over a span of
42 d. Post-incubation, matrix-assisted laser desorption/ion-
ization time-of-flight (MALDI-TOF) analysis was employed
for the identification of growth. Susceptibility testing was
performed via broth microdilution (BMD) utilizing the com-
mercially available BMD plates by Sensititre™ Myco system
(Thermo Fisher Scientific Inc., USA) designed for suscepti-
bility testing for RGM.

3 Results

We identified eight patients (50 % female) with PJI due to
RGM. The median age was 66 years (range: 49–76 years).
Seven cases occurred in patients with total knee arthroplasty.
Only one patient (Patient 2) had a history of total hip arthro-
plasty, four patients had low-grade pain and one patient had
history of trauma following implantation. The median time
between the implanted prosthesis and the onset of symptoms
was 46.5 weeks (range: 2–600 weeks). None of the patients
had a known immunodeficiency. Five of the eight patients
presented with joint pain and joint swelling. Sinus tract was
reported in two patients (patients 2 and 6). Weight loss and
diaphoresis were only reported by Patient 5 at initial presen-
tation; Patient 8 presented with fever.

Baseline inflammatory markers were available for seven
of eight cases, the median the median erythrocyte sedimen-
tation rate (ESR) at diagnosis was 52 mm h−1 (range: 2–
104 mm h−1) and the serum C-reactive protein (CRP) was
35.2 mg L−1 (range: 3–83.9 mg L−1). The synovial cell count
ranged from 960 to 10 000 cells µL−1, with a predominance
of polymorphonuclear cells (range: 60 %–92 %). RGM were
isolated from either synovial fluid or deep-tissue specimens.
There were three cases of M. abscessus PJI, three cases of
M. fortuitum PJI, and one case each of M. immunogenum and
M. mageritense PJI. Patient characteristics and microbiologic
information are summarized in Table 1.

3.1 Surgical treatment

Surgical debridement was performed in all eight patients.
Six of eight patients underwent reimplantation (two-stage re-
vision). Amputation was performed in two (25 %) patients
(Table 2). Patient 1 had a history of uncontrolled infection
after an exchange spacer, and Patient 6 had a TKA infec-
tion with exposed hardware and cultures growing multidrug-
resistant M. abscessus. In four (50 %) cases, antibiotic spac-
ers containing vancomycin (n= 4), amikacin (n= 2), gen-
tamicin (n= 2) and tobramycin (n= 1) were inserted. The
median time between the first and the definitive procedure
(reimplantation or amputation) was 7.25 months (range: 1.5–
25.6 months).
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Table 1. Demographics of patients in retrospective study.

Case Age Underlying Charlson Site of Year of Symptoms Organism
(years), diseases comorbidity prosthesis implantation
sex index

1 68, M HT, CAD, DVT 3 Knee 2006 Pain, discharge
from wound

M. immunogenum

2 63, F Obesity 1 Hip 2017 Wound dehis-
cence, sinus
tract, pain

M. fortuitum

3 64, M CKD 2 Knee 2013 Pain, swelling M. abscessus

4 69, M DJD 2 Knee 2010 Pain, swelling M. fortuitum

5 73, M TIA, HLP, DJD 4 Knee 2014 Pain, swelling,
weight loss, di-
aphoresis

M. fortuitum

6 76, F PAD, SIADH 3 Knee 2017 Swelling, sinus
tract with dis-
charge

M. abscessus

7 65, F Obesity 2 Knee 2012 Pain, swelling M. abscessus

8 49, F Obesity 1 Knee 2013 Pain, swelling,
fever

M. mageritense

The abbreviations used in the table are as follows: CKD – chronic kidney disease; DJD – degenerative joint disease; DVT - deep vein thrombosis; HLP –
hyperlipidemia; HT – hypertension; PAD – peripheral arterial disease; SIADH – syndrome of inappropriate antidiuretic hormone secretion; TIA – transient
ischemic attack.

3.2 Antimicrobial treatment

All patients were treated with a combination of parenteral
and oral antimicrobial chemotherapy based on antimicrobial
susceptibilities. Antimicrobial therapy was started just before
or at the time of the first surgical intervention in six out of
eight patients. In two patients, therapy was initiated later –
due to delayed microbial diagnosis in one case and until the
time of amputation in the other case, which was first surgical
intervention directed at the mycobacterial PJI. Clofazimine
was part of the regimen in three patients (patients 6, 7 and
8) because of extensive antimicrobial resistance. The median
duration of antimicrobial therapy was 10.5 months (range:
6.3–17.1 months). The duration was determined based on
several factors, including the timing of definitive surgical
treatment, the nature of the surgical intervention and the spe-
cific RGM species causing the infection. Five out of six pa-
tients who underwent a reimplantation discontinued antimi-
crobial treatment both before and after the definitive opera-
tion. The timeline of various events during management is
shown in Fig. 1, and antimicrobial susceptibility data are
summarized in Table 3.

3.3 Adverse events

Therapy-related adverse events occurred in 75 % of cases;
this led to a change in the treatment regimen. The most

common event was nausea and vomiting. Neurotoxicity was
also reported. There was one case of amikacin-related acute
kidney injury and one case of ototoxicity. Amikacin-related
hearing loss occurred after 4 months of parenteral therapy.
There were two cases of fluoroquinolone-related adverse
events including QTc prolongation in one patient and joint
pain in another patient. Minocycline caused cutaneous hy-
perpigmentation in one case after 5 months of therapy. One
patient developed a Clostridioides difficile infection 1 month
after stopping therapy.

3.4 Outcomes

None of the patients developed clinical or microbiologi-
cal relapse after a combination of surgical and antimicro-
bial intervention. The median of duration of follow-up was
39.6 months (range: 10.6–78 months). As mentioned above,
surgical intervention included reimplantation in six patients
and amputation in another two patients.

3.5 Review of the literature

A comprehensive review of the available literature revealed
six published case series that collectively reported 29 cases
with PJIs caused by RGM (Table 4). Among these cases, the
sites of infection included 20 knees, 8 hips and 1 elbow, with
1 patient having 2 joints infected. The specific RGM species
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Table 2. Surgical and antimicrobial treatments of patients.

Case First surgical
procedure

Definitive sur-
gical procedure

Antibiotic
spacer

Main an-
timicrobial
treatments

Total antimi-
crobial duration
(months)

Outcome

1 Arthroplasty
resection with
placement
static spacer

Amputation Gentamicin
Vancomycin

Amikacin
Azithromycin
Linezolid
Tigecycline

6.3 Remission
of infection

2 Revision THA
with static
spacer change

Reimplantation Amikacin
Vancomycin
Amphotericin

Doxycycline
Imipenem
Minocycline
Linezolid
Moxifloxacin

11.2 Remission
of infection

3 One-stage
resection

Reimplantation Amikacin
Gentamicin
Vancomycin

Amikacin
Cefoxitin
Linezolid
Tigecycline

14.6 Remission
of infection

4 One-stage
resection

Reimplantation No TMP/SMX
Doxycycline
Clarithromycin
Moxifloxacin

6.9 Remission
of infection

5 One-stage revi-
sion

Reimplantation Tobramycin
Vancomycin

Ciprofloxacin
Imipenem
Minocycline

17.1 Remission
of infection

6 Revision total
knee arthro-
plasty

Amputation No Amikacin
Cefoxitin
Clofazimine
Imipenem
Tigecycline

9.4 Remission
of infection

7 Arthroplasty
revision

Reimplantation No Amikacin,
Clofazimine
Imipenem
Tigecycline

10.8 Remission
of infection

8 Resection
arthroplasty

Reimplantation No Clofazimine
Imipenem
Moxifloxacin
Tigecycline

7.5 Remission
of infection

The abbreviations used in the table are as follows: THA – total hip arthroplasty; TMP/SMX – trimethoprim–sulfamethoxazole.

involved were as follows: M. fortuitum (16 cases), M. ab-
scessus (6 cases), M. chelonae (3 cases), M. smegmatis (2
cases) and M. peregrinum (1 case). Resection arthroplasty
was the most common primary surgical intervention in 22
of 29 PJIs, followed by delayed reimplantation in 16 of 29
cases. DAIR (debridement, antibiotics and implant retention)
was performed in 5 of 29 episodes and amputation was pur-
sued in 2 episodes. The duration of antimicrobial treatment
was varied in each case, ranging from 0.5 to 30.3 months,
with a median of 9 months. In two cases, the duration of treat-
ment was not reported. Favorable outcomes (16 cases) were

reported in the majority of patients who underwent complete
two-stage revision.

4 Discussion

This study evaluated patients diagnosed with PJI caused by
RGM. Over an 11-year period, we identified eight cases
of PJI caused by RGM, including the first and the sec-
ond reported case of PJI caused by M. immunogenum and
M. mageritense, respectively. All patients had undergone to-
tal arthroplasty to treat degenerative joint disease (DJD).
None of the patients had any known immunodeficiencies,
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Figure 1. Timeline of eight patients in the retrospective study.

Table 3. Selected antimicrobial susceptibilities of rapidly growing mycobacteria causing prosthetic joint infections.
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1 M. immunogenum 16, S 16, S > 4, R 0.5, S > 16, R 8, I 16, I > 8, R > 8, R 0.25, S 16, R 8/152, R
2 M. fortuitum 2, S 64, I ≤ 0.12, S 8, R 0.25, S ≤ 2, S 2, S ≤ 1, S ≤ 0.25, S 0.12, S > 16, R ≤ 0.25/4.75, S
3 M. abscessus 16, S 32, I > 4, R 8, R > 16, R 8, I 16, I > 8, R 0.12, S 16, R > 8/152, R
4 M. fortuitum S I S I R S R S S S S
5 M. fortuitum 4, S 32, I ≤ 0.12, S > 16, R 0.25, S ≤ 2, S 2, S ≤ 0.25, S 0.06, S > 16, R 1/19, S
6 M. abscessus 8, S 32, I > 4, R > 16, R 0.16 > 16, R 8, I 32, R > 8, R > 8, R 0.25, S 8, R > 8/152, R
7 M. abscessus 16, S 64, I > 4, R > 16, R 0.5 > 8, R 16, I > 32, R > 4, R 1, S 8, R > 4/76, R
8 M. mageritense 4, S 64, I 0.25, S > 16, R 8, R 8, I 8, I ≤ 0.25, S 1, S > 8/152, R

The results are presented as follows: µg mL−1, S/I/R, where S represents susceptible, I represents intermediate and R represents resistant.
TMP/SMX denotes trimethoprim–sulfamethoxazole.

which are typically associated with an increased risk of
RGM infection. The interval from prosthesis implantation to
symptom onset in this study varied widely, similar to find-
ings reported in Colorado, USA, (8.5 months) (Goldstein et
al., 2019) but shorter than a previous Mayo Clinic report
(78 months) (Eid et al., 2007). In their cohort, Jitmuang et
al. (2017) found that early-onset PJI (within 60 d of primary

arthroplasty) was significantly associated with RGM infec-
tion.

A consistent observation in the previously published liter-
ature would suggest that PJI with rapidly growing mycobac-
teria is more commonly reported with total knee arthroplasty
compared with hip arthroplasty, as was also observed in our
study; this might be related to their higher vulnerability to
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Table 4. Articles included in the review of the literature.

Author and year of publication Joint involve-
ment (no. of
cases)

Pathogens Surgical intervention Outcome

Badelon et al. (1979) Hip (3) M. fortuitum (3) Resection arthroplasty
(1), debridement with
retained prosthesis (2)

Persistent infection (2),
not reported (1)

Eid et al. (2007) Knee (7), el-
bow (1), hip (1)

M. chelonae (3), M. for-
tuitum (3), M. smegma-
tis (1), M. abscessus (1)

Resection arthroplasty
followed by reimplan-
tation (2), resection
arthroplasty (5), DAIR
(2)

Cured (4),
receiving long-term
suppressive therapy
(3),
palliative care (1)

Henry et al. (2016) Knee (1), hip
(1)

M. smegmatis (1),
M. abscessus (1)

Resection arthroplasty
followed by reimplan-
tation (2)

Cured (2)

Jitmuang et al. (2017) Knee (10), hip
(1)

M. fortuitum (9), M. ab-
scessus (1),
M. peregrinum (1)

Resection arthroplasty
followed by reimplan-
tation (9), resection
arthroplasty (1), de-
bridement with retained
prosthesis (1)

Favorable at 6 months
(6), unfavorable at 6
months (3),
not reported (2)

Kim et al. (2017) Knee (2) M. abscessus (2) Resection arthroplasty
followed by reimplan-
tation (2)

Cured (2)

Goldstein et al. (2019) Hip (2) M. abscessus (1),
M. fortuitum (1)

Resection arthroplasty
followed by delayed
reimplantation (1),
amputation (1)

Cured (2)

DAIR represents debridement, antibiotics and implant retention

exogenous trauma and inoculation secondary to proximity to
the overlying soft tissue envelope.

Given the chronic nature of RGM PJI and the difficult-
to-treat nature of the isolate pathogens, it is not surprising
that the most pursued surgical intervention was an initial re-
section arthroplasty, followed by delayed reimplantation in
selected patients.

In our study, the duration of antimicrobial therapy for
patients with PJI caused by RGM ranged from 6.3 to
17.1 months. The selection of antimicrobial therapy to treat
PJI caused by RGM should be based on the results of antimi-
crobial susceptibility testing. Given the rarity of RGM PJI,
the evidence guiding the therapy is limited and has largely
been extrapolated from NTM pulmonary infection (Kurz et
al., 2020). Treatment requires a multimodal approach, in-
cluding surgical debridement, arthroplasty resection and pro-
longed combination antimicrobial therapy.

Antimicrobial resistance and treatment-related toxicity
pose significant challenges in the management of NTM in-
fections. Treatment-related adverse events were reported in
75 % of the patients included in our cohort. Due to the

multidrug-resistant nature of some of the RGM, we noted
an increase in the utilization of agents like clofazimine.

Clofazimine was utilized as part of the combination
regimen in two patients with macrolide-resistant M. ab-
scessus PJIs and in one patient with macrolide-resistant
M. mageritense PJI. In vitro studies have shown that clofaz-
imine exhibits synergistic effects with amikacin in the treat-
ment of nontuberculous mycobacterial disease (Van Ingen et
al., 2012). Despite its efficacy, clofazimine is known to cause
adverse effects, such as skin discoloration and gastrointesti-
nal intolerance (Cariello et al., 2015), which were also ob-
served in two patients in this series.

Mycobacterium immunogenum is a novel species closely
related to the M. abscessus group. This organism was first
identified in 2001 as a contaminant in metalworking flu-
ids, and it has been associated with pseudo-outbreaks (Wil-
son et al., 2001; Gordon et al., 2006). Since then, nu-
merous case reports of infections caused by M. immuno-
genum have been described, with the most common man-
ifestation being cutaneous disease. This can take the form
of chronic ulcers, eruptive erythematous pustules or nod-
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ules, which can develop following exposure to various
sources, such as mesotherapy, hot tubs, surgical sites and
tattoos (Loots et al., 2005; Garcia-Zamora et al., 2017;
McNeil et al., 2019). In our patient’s case, no clear ex-
posure risk factor was identified. Resistance to antibiotics
is a concern with M. immunogenum, with the isolate in
this study showing resistance to ciprofloxacin, doxycycline,
minocycline, tobramycin, moxifloxacin and trimethoprim–
sulfamethoxazole. Similarly, Wilson et al. (2001) found ce-
foxitin and tobramycin resistance in their study. Our patient
was treated for 6 months with a combination of amikacin,
tigecycline, azithromycin and linezolid for intramedullary
osteomyelitis following amputation. Although there is a lack
of consensus regarding the optimal treatment regimen for
M. immunogenum infections, this combination therapy with
amikacin, azithromycin, linezolid and tigecycline was suc-
cessful in treating our patient’s infection.

Mycobacterium mageritense is a type of nonpigmented
RGM that shares similarities with the M. fortuitum complex.
It was first discovered in Spain in 1987 and identified as a
unique species by Domenech et al. (1997) in 1997. Although
human infections caused by M. mageritense are rare, several
case reports have described skin and soft tissue infections,
particularly surgical site infections, as well as device-related
infections, including catheter-related bloodstream infections
(Koyama et al., 2021), prosthetic valve endocarditis (Mc-
Mullen et al., 2015) and abdominal mesh infections (Ando et
al., 2021). In 2020, the first case of M. mageritense PJI was
reported, where the patient had undergone revision surgery
of knee due to hardware loosening. Subsequently, the patient
developed wound dehiscence and fluid collection. The iso-
lated strain of M. mageritense in this case was susceptible to
amikacin, ciprofloxacin, imipenem, linezolid, minocycline,
moxifloxacin and trimethoprim–sulfamethoxazole; showed
intermediate susceptibility to cefoxitin and doxycycline;
and displayed resistance to clarithromycin (Caravedo Mar-
tinez and Blanton, 2020). In contrast, our isolated strain of
M. mageritense was susceptible to amikacin, ciprofloxacin,
moxifloxacin and tigecycline. We successfully treated our
patient with a combination of imipenem, moxifloxacin, tige-
cycline and clofazimine for a duration of approximately
7 months, along with a two-stage revision.

5 Conclusions

This study highlights the clinical features, treatment ap-
proaches and outcomes of RGM PJI – an exceedingly rare
complication of total joint arthroplasty. Therapeutic strategy
in this cases series utilized surgical intervention in tandem
with combination antimicrobial therapy. The combination
pharmacotherapy required has significant associated toxicity.
Thus, close clinical monitoring along with collaboration with
pharmacy colleagues is essential to detect and address ad-
verse drug events. Whilst clinical cure rates were high in this

series, amputation was required for source control in 25 % of
cases, highlighting the significant morbidity associated with
this infection.
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