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Non-Tuberculosis Mycobacterium Periprosthetic
Joint Infections Following Total Hip and Knee
Arthroplasty: Case Series and Review of the
Literature

Zulipikaer Maimaiti, MD, PhD"** &, Zhuo Li, MD"**, Chi Xu, MD"*?, Jun Fu, MD"*?, Libo Hao, MD"*?,
Jiying Chen"** ©, Xiang Li, MD"*’, Wei Chai, MD"*’

!Senior Department of Orthopaedics, The Fourth Medical Centre and *Department of Orthopaedics, The First Medical Centre, Chinese PLA
General Hospital and *National Clinical Research Center for Orthopedics, Sports Medicine & Rehabilitation, Beijing and *School of Medicine,
Nankai University, Tianjin, China

Objective: Periprosthetic joint infection (PJI) caused by non-tubercular mycobacteria (NTM) is uncommon but cata-
strophic. However, conclusive clinical data on PJI caused by NTM are lacking. In this case series and systematic
review, the clinical manifestations, diagnosis, and management of NTM PJI are summarized and analyzed.

Methods: From 2012 to 2020, we retrospectively analyzed consecutive PJI cases caused by NTM in our institution.
A literature review was also conducted from January 2000 to December 2021, utilizing the PubMed, MEDLINE,
Cochrane Library, and EMBASE databases to identify all reported NTM-induced PJI cases. The clinical characteristics,
demographics, pathogen identification, treatment protocols, and prognosis of NTM PJI were summarized and
analyzed.

Results: In this retrospective analysis, seven patients infected with NTM following total joint arthroplasty at our institu-
tion were included, including six cases of PJI caused by NTM and one case of septic arthritis (SA) caused by NTM.
There were six men and one woman, and their average age was 62.3 years. The average interval between TJA and PJI
onset was 4 months. The preoperative serological markers, including the mean ESR (51 mm/h), CRP (4.0 mg/dL),
fibrinogen (5.7 g/L), and D-dimer (1.1 g/L), were increased. Six patients underwent staged revision surgery, and one
patient with SA received antibiotic-loaded bone cement beads to treat the infection. After an average of 33 months of
observation following surgical intervention, none of the patients showed any symptoms of infection recurrence. From
2000 to 2021, 68 patients with NTM PJI were found in 39 studies in the published literature. Reinfections occurred
within 1 year after arthroplasty in more than half (53.2%) of the patients. M. fortuitum and M. abscesses were the most
prevalent rapidly growing mycobacteria (RGM) in all PJI patients, whereas Mycobacterium avium intracellulare (MAC)
was the most prevalent slowly growing mycobacterium (SGM). The corresponding antibiotics were amikacin and eth-
ambutol. The rate of culture-negative without specific clinical symptoms was as high as 36.4% (12/33), while 45%
(18/40) utilized additional diagnostic techniques such as NGS. A final clinical follow-up record was available for
59 patients (86.7%; mean follow-up period, 29 months), and 10.1% of patients failed to respond to treatment.

Conclusion: Orthopaedic surgeons should consider NTM in patients with negative routine cultures who are at risk for
Mycobacterium infection. Treatment options rely on the accurate result of microbiologic identification and drug sensi-
tivity testing, and to achieve this, it may be necessary to send multiple culture specimens, extend the culture time,
and change the culture medium. Every effort should be made to identify NTM and its various subtypes through modern
diagnostic tools if necessary.
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Introduction
Total joint arthroplasty (TJA) has been one of the most
successful orthopaedic surgeries for almost half a cen-
tury.1 However, periprosthetic joint infection (PJI) is an
occasional but devastating complication after TJA, and
occurs in approximately 1%-2% of patients after primary
TJA and nearly 20% of patients after revision arthroplasty,
which results in an increased burden on the patient’s health
and socioeconomic status.””® Most commonly, PJI is due to
Gram-positive cocci, Staphylococcus aureus (S. aureus) and
Coagulase-negative staphylococci (CNS), which are responsi-
ble for approximately 60% of cases, while Enterococci and
Streptococci are responsible for approximately 15% of cases.”
However, almost 7%-15% of patients with PJI cannot obtain
positive culture results because of the presence of atypical
microorganisms.®

Non-tubercular mycobacteria (NTM) are environmen-
tal microorganisms that are frequently discovered in animal
samples, as well as in soil and water systems.”'° Based on
the respective growth rates of NTMs, NTM species are typi-
cally divided into two categories: rapid-growing
mycobacteria (RGM) and slow-growing mycobacteria
(SGM)."" 1t has been determined that Mpycobacterium.
abscessus, Mpycobacterium chelonae, and Mycobacterium
fortuitum belong to the category of RGM, while Mycobacte-
rium avium intracellulare (MAC), Mycobacterium kansasii,
and Mycobacterium gordonae belong to the category of
SGM.!" NTM are usually considered harmless, and immuno-
compromised patients are the only ones who should be con-
cerned about their potential for harm. Nevertheless, some
studies have found that individuals with a healthy immune
system could be infected by NTM.'? Several studies also
noted that NTM species can colonize prostheses to form bio-
films.">'* Even though NTM, which are atypical pathogens,
are becoming more prevalent around the world, there is still
a lack of studies related to NTM as a causative pathogen of
postoperative TJA infections."

Pulmonary infections are the most common manifes-
tation of NTM infections, and the treatment of pulmonary
NTM infections frequently involves the administration of
antibiotics for an extended period. However, the clinical
outcomes highly depend on the patient’s physical condi-
tion, including any comorbidities and their immunological
function.'®'” Due to their natural resistance to a wide vari-
ety of antimicrobial and anti-tuberculosis medications,
NTM infections are notoriously difficult to treat. The
majority of extrapulmonary NTM infections manifest in
the skin and soft tissues, and most patients with NTM
infections have impaired immune function, rendering them
more susceptible to persistent infection.'® To date, few

studies have provided sufficient information for clinicians
to decide how to treat musculoskeletal infections caused by
NTM species.”'®

Despite the growing awareness of the importance of
treating PJI, there is still a dearth of well-established proto-
cols, and without clear guidelines, the prevention and clinical
management of NTM PJI may be subpar. Because NTM is
able to easily invade immunocompromised or immuno-
suppressed patients, the presence of NTM makes it more dif-
ficult to control infections. Consequently, it is necessary to
collect additional clinical data that might be used to guide
therapeutic interventions for patients with NTM infections
after TJA.

The objectives of this research were to (i) report the
clinical management and treatment outcomes of NTM-
related PJI cases diagnosed in our hospital; (ii) review the
literature, including case reports, case series, and clinical arti-
cles over the last 20 years, and summarize additional clinical
data to characterize the risk factors, clinical symptoms, diag-
nosis, treatment approaches, and prognosis of patients with
NTM PJI; and (iii) provide supportive advice on therapeutic
interventions for patients with severe PJI caused by NTM.

Materials and Methods
Case Series

Patient Information

After Institutional Review Board approval (No. $2021-015-01),
we retrieved clinical and microbiological data from our joint
replacement database from January 2012 to December 2020.
Six NTM PJI patients and one NTM-caused septic arthritis
(SA) patient were identified. These patients were available for
clinical and imaging evaluation for at least 1 year of follow-up.
The diagnosis of PJI was based on 2014 MSIS criteria, and
infection was confirmed when one of the major or three out
of the five minor criteria existed. Positive cultures from syno-
vial fluid, periprosthetic tissue, or purulence in at least one
specimen can confirm NTM as a pathogenic organism.*'’
Synovial fluid or tissue samples were obtained preoperatively
or intraoperatively and sent to the microbiology department
for routine culture (aerobic, anaerobic, fungal, and acid-
resistant bacilli; PCR and NGS).

Literature Review

Inclusion and Exclusion Criteria

This review includes papers that met the following inclusion
criteria: (i) total knee/hip arthroplasty; (ii) diagnosis of non-
tuberculous mycobacterium infection after TJA; and
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(iii) NTM infection. The exclusion criteria were as follows:
(i) diagnosis of joint (knee or hip) mycobacterium prior to
knee arthroplasty; (ii) reviews, meta-analyses, or meetings;
(iii) NTM infections in other body parts; (iv) research not
published in English; and (v) animal research. Two
researchers independently collected data from each report.

Search Strategies

The following keywords were used in the search strategies:
(periprosthetic/prosthetic joint infection or PJI), (infection),
(rapidly/slowly growing), (non-tuberculosis), (mycobacteri*),
(knee or hip), (arthroplasty or replacement), and language
(English), and the search was restricted to studies of humans.
All publications (clinical research, systematic reviews, or case
reports) of PJI caused by NTM between January 2000 and
December 2021 were found using the following databases:
PubMed, MEDLINE, the Cochrane Library, and EMBASE.
Two researchers manually performed a secondary search,
scanning reference lists of the crucial identified articles for
relevant publications that were missed by the original inves-
tigation. We collected the following data from the literature:
author, publication year, patients’ age and sex, underlying
medical condition, preoperative diagnosis, clinical symptoms,
time from TJA to PJI diagnosis, classification of NTM (RGM
or SGM), surgical intervention, antibiotic-loaded spacer and
systematic antibiotic treatment, duration of follow-up and
outcome, bacterial identification method, and sample types.

Results
Case Series

Case Information

This study included seven patients (six males and one
female) with a mean age of 62.3 years and a body mass index
(BMI) of 24.84 kg/m2 (Table 1). One patient had both hyper-
tension and diabetes, one had diabetes, and one had both
hypertension and a history of cardiovascular disease. Six
patients (three hips and three knees) with osteoarthritis
received TJA. The mean time from primary TJA to the diag-
nosis of PJI was 4.9 months (range, 1-10 months). Three
patients underwent primary TJA at different hospitals. Prior
to primary TJA, none of the patients had a history of bacte-
rial infection or intra-articular injections. The mean follow-
up duration was 3 years (12-85 months).

Clinical Symptoms and Laboratory Indications

Patients with NTM infection presented with pain (four
patients), effusion (four patients), fever (two patients), swell-
ing (two patients), and fever (two patients) or sinus tracts
(one patient). The patients’ inflammatory condition was rev-
ealed by preoperative serological results: mean ESR 51 mm/h
(range, 27-81 mm/h), CRP 4.0 mg/dL (range, 1.8-
11.5 mg/dL), and five patients had increased fibrinogen
5.7 g/L (range, 3.2-8.1 g/L) and D-dimer 1.1 g/mL (range,
0.5-1.5 g/mL). Three patients had a synovial fluid analysis:
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the mean white blood cell count (WBC) was 13,300 cells/mL
(range: 5450-17,440 cells/mL), and the PMN% was 91.7%
(range: 89%-94%). Frozen sections of five patients had >10
polymorphonuclear neutrophils (PMNs) per high-power
field (HPF), and histopathological examination showed the
presence of inflammation in five patients. RGM was isolated
in six cases, whereas SGM was identified in one. Bacteria
coexisted in two cases, one with S. warneri and the other
with S. epidermidis and Streptococcus. Three patients’ initial
culture results were negative, and then NTM was identified;
subsequently, joint aspiration or intraoperative tissue culture
was repeated with special detection methods (PCR or NGS).

Treatment Strategy

Debridement, antibiotics, and implant retention (DAIR) were
the first considered treatment options for acute infection.
Patients with chronic infection were planned for two-stage
exchange arthroplasty, including removal of the implanted
components, vigorous debridement and irrigation, and inser-
tion of an antibiotic-loaded cement spacer. Reimplantation
was performed when the patient’s preoperative inflammatory
indicators normalized, and the culture results were negative.
Five patients underwent delayed reimplantation at a mean of
6 months (range 3-18 months) after first-stage exchange;
one patient still had not received reimplantation at the final
follow-up. Three patients repeated the first-stage revision
due to recurrent NTM infection. One patient had a spacer
implanted at an outside institution and underwent a second-
stage revision at our institution. However, he then under-
went another two-stage revision due to reinfection with
MRSA. One patient received a “1.5 stage revision” (placing
an articulating spacer) for the bilateral knee.”” One patient
received antibiotic-loaded cement bead insertion for NTM
infection of the native knee (X-ray results detailed in Supple-
mental Figure S1, S2). For antibiotic administration, we ini-
tially used antibiotics empirically and adjusted them based
on the results following microbial susceptibility reports.
Details of the antibiotic use, procedure details, and
antibiotic-cemented spacer information for all of the patients
are shown in Table 1.

Literature Review
We reviewed 39 articles, including 68 patients with PJI
caused by NTM [18,21-58]. Subsequently, all 68
patients were analyzed in detail. Based on the major sub-
types, we compared the 58 RGM-caused PJIs with the
10 SGM-caused PJIs (Table 2, Figure 1). The mean age of
the patients was 65.9 years (IQR, 59-74.5 years), with a
slightly higher age in the SGM group than in the RGM
group (68.2 years (IQR 61.5-78 years) vs. 65.5 years (IQR,
59.3-72 years)). There were 35 women and 33 men, with a
male-to-female ratio close to 1 to 1, while SGM infections
were more common in men (seven men and three women).
NTM infections were more likely to occur in the knee (72%)
than in the hip (28%). The patients underwent primary TJA



1491

ORTHOPAEDIC SURGERY

VOLUME 15 « NUMBER 6 * JUNE, 2023

MANAGEMENT OF NON-TUBERCULOSIS MYCOBACTERIUM PJI

"X3|dWod WniAe “N:DVIN 4 ‘SPB8q JUsWad papeo| 9

1ue yum paSeuew pue ‘yyL INOYUM siuyue ondas g asen , 'siuyue ondss ‘ys ‘uonow Jo

aguel ‘INOY ‘wnua1oeqooAw Buimosd Apides ‘NDY ‘Syluow ‘W ‘ajew ‘| ‘uoisusuadAy ‘NLH ‘ejewad ‘4 ‘smyjjew onaqgeliq ‘N ‘eseasip ulof aAnelsuagap ‘arg ‘esessip Alaue Aleuoio) ‘Qyd :suoneinaiqqy
o3ueyoxe 98e)s puodas ‘g
a3ueyoxa
] dou -
(3 6'T) weauadoss\ + pasealoap yum ulpAwoiyyizy age1sisild pajeadey ‘¢
(8.G°T) uloAwioouep 8814 UORIRYUI W G ‘uroeMIy ‘uoexojoidio o8ueyoxe eSSy T (ueurem ') OV T joe1} SNUIS ‘uled ara  eeuy v ‘NIH ‘Ad N/G9 L
Jaoeds jJuswad
011B1S UBSUI 98Uy Yo v
dlvd asuy Yo ‘e
a3ueyoxa
upAwoiyyel) ‘wauadiw] mwmuw.vcoowm s Yol "¢
(8 2) wauadosay + uloByIWY “—UlDAWOoUBA mwcmcoxm uled ‘1ona4
(8 ¢) uldAwoouep 98l UOIROBYUI W ZT ‘wieyoeqng /euozeladoe) 08e1s-G'T. 00Uy WSy R Yo T snssaosqe’iy 9 ‘uoisny3 ‘Suljlems ara EEY] N/s9 9
a3ueyoxa a3e)1s-puodas ‘i
uroAwoIpIZY a8ueyoxe
«— wiauadoIB|y ‘UljjIoIudd
oge)s-si14 pajeads
uroeILY — unpesiwy ‘uroexopoidi Be1sIsiy poy d .m
‘urohwoiynzy ‘urphwoiyzy — (uloexiwy) a3ueyoxe egeisisily ‘g
‘Wwauadod)N 994 UONOBJUI W TT UIOBXOJOAST ‘UIDAIOOUBA diva 't WoH T uled ara oauy NLH ‘Wa /€9 S
o3ueyoxs 93e)s-puodss ‘¢
(YSHIN) 28ueyoxe a8eisisil{ g
|
" (lendsoy
(8 £) wauadoss|y + “UIDAWIOOUE A —UIDRYIWY Jayjo pawiopad agueyoxs ageis uoisny3
(8 9) uloAwioouen 981y UONYBYUI W T ‘auoxeuya) ‘plozaury -18114) 88ueyoxe ageis puodes T oy 6 ‘BullesH punom Jood ara diH /6t 4
. d
(8 §°0) wousdoian + 98ueyoxa age)s puooas ‘g
(8gz2) (snooooojdasrs
awIX0Inyeo + a3ueyoxs a8e1sisild ‘g ‘sipjusiapida
(3 9) uPAWooUBA 9314 UONYBIUI WY awiIxoIna) ‘pijozaur] asl 't 'S) JNDY z uoisny3 ara diy /09 €
speaq Juswad
pspeoj-dnoignue jerowsy ‘¢
(8 T) wauadosay + wauadola|y ‘uoAwoouep uolasul spesq Juswsd uled ‘1ona4
(8 9) UlDAWOOUBA 814 UOROBIUI W OF — auoxeLa) ‘pijozaur] papeoj-donoiqnue yum azgl ‘T VRE] 0T ‘uoisny3 ‘Suljems VS EEY] W/v9 eC
a3ueyoxa
2SU1 .
drmolIo) 0 W 5T ageis-sii4 pereaday .m
(8 T) wauadiwi + aoeld ul ya| UIAWOIYZY ‘Uloeyiwy a8ueyoxs agelsisil4 ‘¢
(3 9) upAwoouep  Jadeds yum paind ‘wsuadiw| < pijozeur] diva 't sNssa0sqe’y g ured ara diy NLH 4/0L T
(sonoignue  awoaNnQ R (w) dn uBuUeas] ONoIgHUY uonuanalul [BIZING (s) wsiuesio (stpuow) uonoaul swioydwiAs [eoul9 sisougelp juiof SUORIPUOD Xas /a8y ‘ON
UM papeo) Jooedsg -M0J|04 JO uoneing 01 fysejdoaype do-aid Jeaipaw Suipapun
woyy awi|

IALLN 03 @np Ird YyHMm sjuaned Jo ssaooid Juswijeas) pue safpsuajorIeyd [eaigoloiqosdlw ‘leajuld T 319vL




1492

ORTHOPAEDIC SURGERY
VOLUME 15 « NUMBER 6 * JUNE, 2023

surgery for a diagnosis of osteoarthritis (64.4%), rheumatoid
arthritis (11%), and fracture (8.9%).

Clinical Manifestations and Comorbidities

The mean time from TJA to the onset of symptoms of infec-
tion was 33 months (range, 0.5-300 months). Infection
occurred within 1 year after TJA in 53.2% (33/62) of
patients. The most common clinical manifestations were
pain, swelling, elevated skin temperature, and sinus drainage.
Comorbidities were present in 79% (30/38) of the patients.
Diabetes mellitus (n = 9) and hypertension (n = 14) were
common comorbidities, and 16 patients had multiple com-
orbidities (Table 2). In addition, two patients were consid-
ered malnourished. Seven patients had a history of
preoperative steroid injection, and four had a prior history of
multiple surgeries.

Culture Results

Preoperative joint aspiration and intraoperative tissue cul-
tures were used to detect microorganisms. The specimen
types were available in 33 patients, including joint aspiration
fluid (n = 16), intraoperative periprosthetic tissue (n = 13),
or both (n = 4). The initial culture negativity rate was up to
36.4% in these 33 patients, and the tissue culture negativity
rate (61.5%) was higher than that of joint fluid (25%)
(Table 3). Routine microbiological cultures and acid-fast
bacilli staining were the standard methods for NTM detec-
tion. At the same time, PCR and/or NGS (45%, 18/40) were
reliable methods for confirming the diagnosis in those with
multiple negative cultures. M. fortuitum, M. abscessus,
M. chelonae, M. wolinskyi, M. moriokaense, M. Smegmatis,
M. peregrinum, M. farcinogenes, M. alvei, M. goodii,
M. cosmeticum, and M. mageritense were detected as causa-
tive RGMs for PJI. In addition, MAC, M. gordonae, and
M. kansasii were PJI-causative SGMs (Figure 1, Supplemen-
tary Table S2).

Anti-Nontuberculous Mycobacteria Drugs and

Treatment Outcome

The most commonly used agents for treating SGM were eth-
ambutol, azithromycin, rifampin, and amikacin, while for
RGM they were amikacin, clarithromycin, ciprofloxacin, and
cefoxitin, as detailed in Table 4. Two-stage revision is still
the primary surgical approach for treating NTM PJI
(Supplementary Table S1). Overall, 59 (86.7%) patients had
clinical outcomes reported at the final follow-up; the mean
follow-up time was 29 months (ranging from 2 months to
8 years). Fifty-three (89.8%) cases were cured. However,
38.2% (26/68) of patients underwent multiple surgeries
before achieving complete infection control. Treatment fail-
ure occurred in six patients, including three patients with
recurrent infections, two patients who died, and one who
experienced multiple surgeries.

MANAGEMENT OF NON-TUBERCULOSIS MYCOBACTERIUM PJI

Discussion

TM are infrequently reported as pathogenic bacteria in

PJI compared to S. aureus, CNS, and Streptococcus.”
With the advancement of DNA testing technology and the
global rise in NTM infection rates, more NTM species have
been identified from clinical specimens.””*® Although NTM
can cause PJI, the number of studies on NTM-induced P]JI is
still relatively low. The clinician’s limited knowledge of rec-
ognizing NTM often leads to difficulty and a delay in diag-
nosis. For treatment, patients with PJI caused by NTM often
deal with the adverse side effects of long-term usage of vari-
ous antibiotics and the high cost of revision surgery.>'?
However, empirical treatment outcomes are often unsatisfac-
tory due to the lack of clinical guidelines for managing
NTM PJL

NTM and Common Related Diseases

NTM:s are ubiquitous in the environment and are found in
natural waters, potting soils, plants, and animals; municipal
water systems; sewage systems; residential plumbing, swim-
ming pools, bathtubs, showers, and washing machines; hos-
pital cooling systems; and improperly sterilized surgical
equipment.®’ Human infections induced by NTM are pri-
marily spread via aerosols in polluted surroundings.®® Buser
GL reported several NTM PJIs in the operating room that
were caused by instrument vendors.> Recent research indi-
cates that NTM can be transmitted from person to person.
However, the exact mode of transmission requires further
study."

According to its growth rate, NTM can be divided into
RGM and SGM. Under optimal conditions, it takes more
than 7 days for SGM to establish mature colonies on solid
media, but RGM requires a shorter development period."
Nevertheless, the treatment techniques for SGM and RGM
are distinct.'®'"” NTM is the cause of numerous ailments, the
most prevalent of which is lung infection. Additionally,
NTM can induce cutaneous and soft tissue infection, muscu-
loskeletal infection, lymphangitis, and disseminated infec-
tion."*'>** In a retrospective study of patients with
musculoskeletal infections caused by NTM, the most com-
mon microorganisms found to cause infections were MAC,
M. fortuitum, and M. abscessus.”> Our study found that vari-
ous NTM species were also causative pathogens of PJI.

NTM Infection in PJ1

According to previous studies, MAC was the most com-
monly identified mycobacterium in patients with pulmonary
NTM disease (80.1%), followed by M. chelonae and
M. abscessus (12.1%), M. fortuitum (5.6%), and M. kansasii
(5.6%).°> Furthermore, recurrences are common in NTM
infections, and the recurrence rate of MAC infection can
reach 50%.°*” Only one PJI case was caused by SGM
(MAC) in our hospital. In the reviewed literature, 10 SGM
PJIs have been described, with MAC (n = 7) being the most
prevalent pathogen, followed by M. kansasii and
M. gordonae. There were 58 RGM infections recorded, with
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TABLE 2 Summary of cases and patient characteristics from literature review

Characteristic All Patients RGM SGM
Cases 68 58 10
Age (IQR) 65.9 (59-74.5) 65.5 (59.3-72) 68.2 (61.5-78)
Gender
Female 35 32 3
Male 33 26 7
Joint
Hip 19 17 2
Knee 49 41 8
Preoperative diagnosis
Total® N =45 N=39 N=6
OA 29 27 2
RA 5 2 3
Fracture 4 4 6]
Avascular necrosis 3 3 6]
Other diagnosis® 4 3 1
Risk factor
Total® N =38 N =30 N=38
DM 9 8 1
HTN 14 13 1
CAD 2 1 1
Steroid injection history 7 4 3
Preoperative surgery history 4 3 1
Malnutrition 2 1 1
Multiple comorbidities’ 16 13 3
Coexist other bacteria 7/68 6/58 1/10
Outcome®
Clinical infection free 53/59 (89.8%) 46/49 (93.8%) 7/10 (70%)
Failure® 6/59 (10.1%) 3/49 (6.1%) 3/10 (30%)
NTM-related death 2 2
Additional surgery 1 1
Reinfection 3 2 1
Abbreviations: CAD, coronary artery disease; DM, diabetes mellitus; HTN, hypertension; NTM, non-tuberculous mycobacteria; RGM, Rapidly growing mycobacteria;
SGM, Slowly growing mycobacteria.; ® Preoperative diagnosis was recorded in 45 patients.; °Other diagnosis details see in Supplementary Table S1.; °Risk fac-
tors were recorded in 38 patients.; ¢ Clinical outcome was recorded in 62 patients, three patients lost follow-up.; © Failure defined as: functional lost, died, addi-
tional surgery, infection recurrence.; fDefined as patients with multiple comorbidities (>2) at the same time.

M. fortuitum (n = 28) and M. abscessus (n = 18) being the
most common. In a retrospective study, M. fortuitum was
also found to be a common causative RGM after TJA.>* In
this study, the average age of patients with NTM infection
was 65.9 years, and these patients also had diabetes, hyper-
tension, or cardiovascular disease. Winthrop et al.®® showed
that pulmonary NTM was more prevalent in elderly men
(mean age 66 years). A similar study showed that diabetes,
immunological weakness, malignancy, and alcohol abuse are
risk factors for NTM infection.”

Causes of Missed or Misdiagnosed NTM in PJI

As an unusual bacterium, NTMs are frequently neglected
throughout the diagnostic process for a number of reasons.
First, NTM infection has no specific clinical symptoms. As
with the majority of PJI patients, serological markers such as
CRP and ESR, fibrinogen, and D-dimer are elevated. Second,
routine NTM cultures are generally negative, necessitating
special media and extended culture durations. The literature,
including extensive culture data, revealed that the negative
rate of routine cultures was as high as 36.3% and even as high

as 61.5% when only tissue specimens were sent for culture.
Therefore, it is necessary to send several samples of joint fluid
and periprosthetic tissue for culture in patients at risk for
Mycobacterium infection who have negative routine cultures.
In places with a high prevalence of tuberculosis, NTM are
sometimes misdiagnosed as Mpycobacterium tuberculosis."”
Mpycobacterium tuberculosis and nontuberculous mycobacteria
are both positive for traditional smear antacid staining.'> The
differential diagnosis of Mycobacterium tuberculosis and NTM
is critical because NTM infection does not respond to
anti-tuberculosis drugs.”” According to one investigation,”"
Mpycobacterium is primarily responsible for up to 43% of
culture-negative cases of PJL In culture-negative PJI, surgeons
must focus on atypical microorganisms, specifically non-
tuberculous mycobacteria. PCR dsRNA analysis and next-
generation sequencing (NGS) are the most effective differen-
tial diagnosis methods for culture-negative PJI.

Treatment Strategies of NTM Infection after TJA
NTM can form biofilms. Biofilms shield NTM from external
influences and promote colonization.'® Therefore, NTM can
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Figure 1 The pie chart shows the types and percentages of different NTMs.

withstand high temperatures and develop in low oxygen,
nutrient-poor, disinfectant, and antibiotic-rich settings.”* Eid
et al. demonstrated that infection control was achieved in all
PJI patients after the removal of the infected prosthesis and
completion of antibiotic therapy; in contrast, patients with
remaining prosthetic components experienced recurrence in
the absence of efficient antibiotic treatment.”® Reinfection also
occurred in this study, with three patients reporting failed
DAIR followed by effective infection control with a two-stage
repair operation. A case study demonstrated that NTM infec-
tion could be successfully treated with a single-stage revision.*®
Nevertheless, the majority of studies indicated that two-stage
revision is the surgeon’s preferred treatment for NTM PJ1.°>™*

Variations in Antibiotic Use among NTM Subgroups

In our literature review, the most frequently used antibiotics
for SGM, especially MAC-induced PJI, were ethambutol,
azithromycin, rifampin, and amikacin, consistent with the

MANAGEMENT OF NON-TUBERCULOSIS MYCOBACTERIUM PJI

M. Fortuitum
M. Abscessus
MAC

M. Chelonae
M. Kansasii
M. Smegmatis
M. Wolinskyi

M. Gordonae
M. Moriokaense

M. Peregrinum
M. Farcinogenes
M. Alvei

M. Goodii

M. Cosmeticum

M. Mageritense

TABLE 3 Routine culture results and specimen type

Routine culture® Total Positive Negative
NTM type 33 21 12
RGM 28 18 10
SGM 5 3 2
Specimen type
Synovial Fluid 16/33 12/16 4/16
Tissue 13/33 5/13 8/13
Both 4/33 4/4 -

Abbreviations: RGM, Rapidly growing mycobacteria; SGM, Slowly growing
mycobacteria.; ® Specimen types and culture results were recorded in 33
patients.

recommended antibiotics for the treatment of MAC infection
in a previous study.'” For RGM, amikacin, clarithromycin,
ciprofloxacin, and cefoxitin were the most commonly used
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TABLE 4 The rank of most used antibiotics in patients

MANAGEMENT OF NON-TUBERCULOSIS MYCOBACTERIUM PJI

Rank Total RGM SGM

1st Amikacin Amikacin Ethambutol
(41/68,60.2%) (38/58,65.5%) (9/10,90%)

2nd Clarithromycin Clarithromycin Azithromycin
(37/68,54.4%) (34/58,58.6%) (7/10,70%)

3rd Ciprofloxacin Ciprofloxacin Rifampin
(30/68,44.1%) (29/58,50%) (5/10,50%)

4th Cefoxitin Cefoxitin Amikacin
(23/68,33.8%) (23/58,39.6%) (3/10,30%)

Abbreviations: RGM, Rapidly growing mycobacteria; SGM, Slowly growing mycobacteria.

antibiotics. The in vitro sensitivity of RGM to amikacin,
clarithromycin, cefoxitin, imipenem, fluoroquinolones, and
sulforaphane has been widely studied.”* Hence, it is vital to
accurately distinguish between RGM and SGM for successful
treatment of NTM disease. Early determination of whether
the causative organism is an RGM or SGM helps select
appropriate antibiotics, as an antibiotic regimen effective for
RGM may not be effective for SGM, and vice versa.”* In
addition, drug rash, gastrointestinal symptoms, syncope, and
even seizures due to antibiotic toxicity during treatment have
been reported.*””>>> When treating NTM with multiple anti-
biotics, one should pay attention to drug toxicity and drug-
drug interactions.

Previous studies recommended 6 months of antibiotics to
treat bone diseases caused by NTM.*® Some studies have also
suggested 6 weeks of intravenous antimicrobial therapy followed
by 3 to 6 months of oral treatment with delayed reimplantation
for PJL®" The antibiotic regimen of Hwang et al. was intrave-
nous cefoxitin and amikacin for at least 6 weeks to eradicate the
infection before reimplantation, followed by intravenous
amikacin for 6 weeks and oral clarithromycin for 3 months.”*
Our study indicated that patients underwent reimplantation
after a mean of 5.5 months following spacer implantation. In
our cohort, delayed reimplantation was performed after an
average of 6 months, and no complications were associated with
delayed implantation. Since NTM are special pathogenic organ-
isms, it is essential to exclude infection before reimplantation.
In addition to the disappearance of infection symptoms, it is
important to pay attention to the normalization of ESR, CRP,
and other blood inflammation indicators and to send multiple
cultures, along with NGS tests, to confirm the absence of patho-
genic bacteria by preoperative joint aspiration. Therefore, we
recommend extended antibiotics, repeated confirmation of
infection eradication, and appropriate delay of reimplantation
to improve the two-stage exchange’s success rate.

Strengths and Limitations

This study has several strengths. To our knowledge, this
study represents one of the largest cohorts of patients with
NTM-PJI reported to date. This article documented clinical
data from almost all NTM PJI case reports or case series

studies published in the last 20 years. We summarized the
patients’ clinical symptoms, time of onset, type of specimen,
microbial species, culture type, antibiotic administration, and
treatment strategy. Additionally, this article provides infor-
mative suggestions that are directly applicable in clinical
practice.

There are also limitations of this study. Due to the rar-
ity of NTM-PJI, our case series study has a limited sample
size and is therefore susceptible to bias; thus, our results need
to be verified in a broader population. Second, in four cases
of RGM, a specific subtype was not recorded, but complete
and accurate clinical data were available for all patients.
Third, this analysis only carefully analyzed publications pub-
lished during the last two decades; older studies were
excluded because the diagnostic criteria and methodologies
have been updated and improved. Fourth, the literature
review section consists of case reports and case series studies
with inherent publication bias. Therefore, the surgical and
antibiotic regimens should be individualized. Nonetheless, all
NTM PJI studies published in the last two decades were
included in our analysis; thus, we are confident that our find-
ings provide helpful information for the proper management
of PJI due to NTM.

Conclusion

In conclusion, infections caused by NTM will be encoun-
tered from time to time in clinical practice. In contrast, PJI
caused by NTM is rarely reported and easily overlooked or
misdiagnosed. The diagnosis and management of NTM PJI
are challenging, and surgeons should consider the possibility
of NTM microorganisms in culture-negative PJI patients,
especially those who have undergone multiple surgeries, have
poor health conditions or multiple comorbidities, or are
immunocompromised. Prolonging the culture time, selecting
the appropriate culture medium, and sending multiple speci-
mens for cultivation can increase the positive culture rate.
An accurate diagnosis may require molecular microbiological
techniques to identify NTM and its subspecies. A combina-
tion of multiple antibiotics should be considered based on
drug sensitivity testing and surgical treatment. Currently,
two-stage revision surgery is the first choice for most
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surgeons in treating NTM PJI; however, delayed implanta-
tion should be considered when necessary. More animal and
in vitro experiments are needed in the future to determine
the pathogenic mechanism of PJI caused by NTM and pro-
vide evidence for clinical treatment.
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