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Objective: To investigate the clinical features and associated underlying conditions of isolated tuberculous myositis (ITBM), a 
rare extrapulmonary tuberculosis (TB).
Methods: A systematic literature search and a multicenter survey were performed using a triangulation strategy. Data from the 
identified ITBM cases were extracted and analyzed to determine the underlying conditions, clinical presentations, treatments, and 
outcomes.
Results: Based on the systematic review, we identified 58 ITBM, including 9 pediatric, cases in the literature published from 1981 
to 2021: 25 (43.1%) immunocompromised and 33 (56.9%) non-immunocompromised patients. Immunocompromised cases had 
a significant shorter symptom duration (median 30.0 vs. 75.0 days) and a higher prevalence of multilocular involvement (20.8% 
vs. 0%). Among 24 immunocompromised adult patients, dermatomyositis/polymyositis (DM/PM; n=10, 41.7%) were the most 
common underlying diseases in adults with ITBM identified in the systematic review. Over the past 20 years, 11 Korean adults 
with ITBM were identified in the multicenter survey. Of 7 immunocompromised cases, two (28.6%) were DM/PM patients. TB 
death rate of immunocompromised patients was 0.0% and 5/23 (21.7%) in the pediatric and adult ITBM cases identified in the 
systematic review, respectively, and 3/7 (42.9%) in survey-identified ITBM cases. 
Conclusion: ITBM has a unique clinical presentation including fever, tenderness, local swelling, overlying erythema, abscess 
formation and was associated with a grave outcome, especially in immunocompromised hosts. DM/PM was a highly prevalent 
underlying disease in both systematic review-identified and survey-identified immunocompromised ITBM patients.
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INTRODUCTION

Tuberculosis (TB) has remained a major global and public 
health burden and a leading cause of deaths worldwide [1]. The 
global TB incidence in 2018 increased by 11%, compared to 
the incidence in 2008. The World Health Organization (WHO) 
launched the End TB Strategy in 2014 to target a 95% and 90% 
reduction in the number of TB deaths and new cases, respec-
tively, during 2015~2035 [2]. However, from 2015 to 2019, the 
rates of decline in TB deaths and TB incidence were only 14% 
and 9%, respectively. 

Although Mycobacterium tuberculosis infection mainly man-
ifests as pulmonary TB (PTB), TB can affect any organ or tissue. 
Extrapulmonary TB (EPTB) accounts for approximately 15% of 
new TB cases, and the EPTB incidence increased by 33% from 
2013 to 2019 [2]. Musculoskeletal EPTB is uncommon (1%~3% 
of all TB cases), and spondylitis, arthritis, and osteomyelitis are 
responsible for most EPTB cases [3]. TB myositis has been spo-
radically reported, and can occur through contiguous infection 
or hematogenous spread; muscle involvement is generally sec-
ondary to disseminated TB or adjacent skeletal EPTB. However, 
TB of only the skeletal muscle, which is known as isolated TB 
myositis (ITBM), is very rare. Therefore, since 1886 when the 
involvement of lower leg muscle was first described [4], there 
has been little information on the clinical features of ITBM and 
its associated conditions. Until now, three separate reviews on 
TB myositis have been published [5-7]. However, these studies 
included TB myositis cases with concurrent other organ in-
volvement, not ITBM. 

Therefore, we conducted a systematic review of ITBM and 
retrospectively collected ITBM cases through a multicenter sur-
vey. To improve our clinical understanding of ITBM, we inves-
tigated clinical characteristics and underlying comorbidities in 
patients with ITBM.

MATERIALS AND METHODS

In the present study, a triangulation strategy was used with 
regard to the data and the methodology: 1) a systematic lit-
erature review from the electronic database was conducted in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) recommendations to 
generate research-based evidence, and 2) a multicenter survey 
was undertaken to obtain real-world data from clinical practice 

in South Korea. 

Inclusion criteria for ITBM patients
The inclusion criteria were: 1) bacteriologically confirmed TB 

infection defined as positive result for acid-fast bacillus stain, 
TB culture, or TB polymerase chain reaction (PCR) in muscle 
biopsy or aspiration. And clinically diagnosed TB was defined 
by a physician based on histology and clinical improvement 
with anti-TB medications [8]. 2) We included TB myositis cases 
only involving limb extremities including the shoulder and hip 
girdles as ITBM. We excluded cases with TB involving axial 
muscles alone or patients with concurrent symptomatic involve-
ment of other organs (including neighboring bones and joints).

Literature search strategy and study selection
The search strategy was designed to identify reports of ITBM 

cases published between January 1981 and February 2021. The 
search terms “myositis” and “tuberculosis” were used in com-
bination to identify all articles with the key words. We searched 
MEDLINE/PubMed, EMBASE, Cochrane Library, and Sco-
pus and identified additional cases by manually searching the 
reference lists of the retrieved articles. The search strategy is 
described in the supplementary information (Supplementary 
Table 1).

After the exclusion of duplicated or non-English papers, two 
authors (JHK and JSL) independently scanned the abstracts of 
the selected papers and reviewed the full text of all potentially 
eligible papers. This systematic review was performed in accor-
dance with the PRISMA guidelines (Figure 1, Supplementary 
Table 2). Any disagreements between the authors were resolved 
by consensus through a discussion with both the authors and 
the principal investigator (YJL). The quality of each individual 
article was assessed by National Heart, Lung and Blood Institute 
(NHLBI) at National health institute (NIH) Quality Assessment 
Tool for Case Series Studies [9]. The quality assessment was 
independently performed by the two authors for the internal 
validity of all the studies. The quality score was calculated as 
the number of “yes” response to each item in the NIH tool. An 
overall quality was assessed using as good (score ≥6 of the maxi-
mum possible 9 points), fair (score 3 to 5), or poor (score <3, 
Supplementary Table 3).

Multicenter survey for Korean cases with ITBM
In South Korea, the annual EPTB incidence is 9.8/100,000 
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and nearly 6.5% of incidental cases have osteoarticular TB [10]. 
A survey questionnaire for TB myositis was e-mailed to rheu-
matologists or infectious disease specialists in 30 referral hospi-
tals, and all of the centers responded. Thirteen cases, which was 
diagnosed between 1999 and 2018, were recorded from seven 
(23.3%) centers and all cases were from replies from rheuma-
tologists. However, two of these cases were excluded from the 
final analysis based on the selection criteria as follows: TB osteo-
myelitis (n=1) and only lumbar muscle structure involvement 
(n=1). This study was approved by the Institutional Review 
Board of Seoul National University Bundang Hospital (IRB No. 
B-1712/435-107) and the requirement of informed consent was 
waived because the data were anonymized and retrospectively 
analyzed.

Data collection
We extracted the following data: 1) demographics (age, sex, 

and nationality/region); 2) underlying clinical conditions (TB 
history, comorbidities, and concomitant medications); 3) TB-re-
lated variables (symptoms, symptom duration, involved regions, 
the presence of multidrug-resistant [MDR] TB, and treatments); 
and 4) outcomes and cause of death. The topographic regions 
were defined as the right/left shoulder and upper arm, forearm, 
buttock and thigh, or low leg area.

The conditions inducing immunocompromise included hu-
man immunodeficiency virus (HIV) infection, active malig-
nancy, chronic renal insufficiency (serum creatinine >3.0 mg/
dL), chronic alcohol abuse, or use of immunosuppressants, 
including glucocorticoids. Furthermore, we stratified patients 
who were taking glucocorticoids into low-risk and high-risk 
(prednisone equivalent ≥15 mg/day) subgroups [11]. Intramus-
cular abscess formation was defined based on imaging evidence 
or the presence of pus on aspiration. Local treatments included 
needle aspiration, incision and drainage, or excision. Standard 
combination treatment was defined as anti-TB treatment using 
≥3 agents, including isoniazid, rifampicin, ethambutol, or pyra-
zinamide, for ≥6 months. TB death was defined as the incidence 
of death before or during the treatment [10]. Treatment success 
was defined as the completion of TB treatment and the disap-
pearance of TB symptoms [10]. An unevaluated outcome was 
the one in which a treatment outcome was not assigned.

Statistical analysis 
We carried out a qualitative analysis because all the identi-

fied cases were from case reports or series and the sample size 
was limited. Continuous variables are expressed as median with 
25th~75th interquartile range (IQR) and were compared using 
the Mann–Whitney U-test. Categorical variables were compared 
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using the chi-square test or Fisher’s exact test. A p-value <0.05 
was considered statistically significant. All statistical analyses 
were performed using SPSS version 21 (IBM Co., Armonk, NY, 
USA).

RESULTS

There were no limitations for the study design during data 
extraction of systematic literature review. However, unfortu-

nately, no cohort studies or experimental researches have been 
performed yet, there were only some case reports. We analyzed 
data from 58 literature cases identified from the systematic re-
view and 11 survey cases identified from the multicenter study. 
Through a systematic literature search that was guided by the 
PRISMA guideline, we identified 52 articles (58 cases; Figure 
1); six articles were case-series, and the rest were all case reports 
[7,12-62]. The quality assessment tool presented good correla-
tion. Among all of the articles evaluated, 84.6% and 90.4% that 

Table 1. Characteristics of cases with isolated tuberculous (TB) myositis

Variable
Literature cases (n=58)

Adult survey cases (n=11)
Pediatrics (n=9) Adults (n=49)

Male 6 (66.7) 22 (44.9) 2 (18.2)

Age (yr) 11.0 (8.0~13.0) 45.0 (30.0~55.5) 58.0 (44.0~67.0)

    ≥45 yr 25 (51.0) 8 (72.7)

Country

   India 6 (66.7) 14 (28.6)

   United States of America 1 (11.1) 6 (12.2)

   Taiwan 1 (11.1) 5 (10.2)

   Thailand 0 (0.0) 3 (6.1)

   Greece 0 (0.0) 3 (6.0)

   United Kingdom 0 (0.0) 3 (6.1)

   Others* 1 (11.1) 15 (30.6)

Tuberculosis history 0 (0.0) 4 (8.2) 3 (27.3)

Suspicion of direct trauma 0 (0.0) 1 (2.0) 1 (9.1)

Symptom duration (d) 60.0 (33.0~105.0) 43.5 (20.8~90.0) 54.0 (29.0~61.0)

Immunocompromised 1 (11.1) 24 (49.0) 7 (63.6)

   Immunosuppressant use 0 (0.0) 19 (38.8) 5 (45.5)

   AIDS 0 (0.0) 2 (4.1) 1 (9.1)

   Leukemia 1 (11.1) 2 (4.1) 0 (0.0)

   Others† 0 (0.0) 1 (2.0) 1 (9.1)

Systemic rheumatic diseases 0 (0.0) 18 (36.7) 3 (27.3)

   DM/PM 0 (0.0) 10 (20.4) 2 (18.2)

   SLE 0 (0.0) 4 (8.2) 0 (0.0)

   Rheumatoid arthritis 0 (0.0) 1 (2.0) 1 (9.1)

   Others‡ 0 (0.0) 3 (6.1) 0 (0.0)

Local treatment 8 (88.9) 35 (71.4) 4 (36.4)

Treatment success 9 (100) 42/47 (89.4) 7 (63.6)

TB deaths 0 (0.0) 5/47 (10.6) 4 (36.4)

Values are presented as number (%) or median (25th to 75th interquartile range). AIDS: acquired immune deficiency syndrome, DM/PM: 
dermatomyositis/polymyositis, SLE: systemic lupus erythematosus. *Included Brazil (n=2), Tunisia (n=2), Turkey (n=2), Australia (n=1), 
Canada (n=1), China (n=1), Japan (n=1), Jordan (n=1), South Korea (n=1), Nepal (n=1), Romania (n=1), Singapore (n=1), and Spain (n=1); 
†Included chronic kidney disease (n=1) and chronic alcohol abuse (n=1); ‡Included systemic sclerosis (n=1), Sjögren’s syndrome (n=1), 
and polymyalgia rheumatica (n=1).
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were rated by the rater 1 and 2, respectively, demonstrated good 
quality on assessment, and no articles were rated as being poor 
in quality (Supplementary Table 3). The summary of individual 
cases is shown in Supplementary Table 4. 

Baseline characteristics of literature cases with ITBM 
Among the 58 literature cases with ITBM, 9 (15.5%) involved 

patients who were younger than 18 years. As none of pediatric 
cases received glucocorticoid treatment or had systemic rheu-
matic disease, we summarized the characteristics of pediatric 
ITBM cases separately (Table 1). The median age was 11.0 
(8.0~13.0) years and 45.0 (30.0~55.5) years in pediatric and 
adult ITBM cases, respectively. There was a slight male pre-
dominance (66.7%) in the pediatric group, whereas the ratio of 
male-to-female patients was similar (44.9% vs. 55.1%) in the 
adult group. Moreover, 26 ITBM cases (44.8%; 6 and 20 in pedi-
atric and adult groups, respectively) were from the 30 high TB 
burden countries that was defined by the WHO in 2021 [2]. The 
commonest country of origin was India (n=20, 34.5%), followed 
by the United States (n=7, 12.1%) and Taiwan (n=6, 10.3%). 
Only four adult patients (8.2%) had a history of TB, and a direct 
inoculation through a penetrating muscle injury was suspected 
in a single case. 

There were 25 (43.1%; 1 child and 24 adults) immunocom-
promised patients; among them, 19 patients (76.0%) received 
immunosuppressants. Moreover, 18 (36.7%) adult patients had 
a history of glucocorticoid therapy, and 11 (73.3%) of 15 adults 
with available data on daily glucocorticoid dose were high-risk 
glucocorticoid users. Only one was administered anti-tumor 
necrosis factor-α monoclonal antibodies (infliximab). Interest-
ingly, dermatomyositis/polymyositis (DM/PM; n=10, 41.6%) 
was the most prevalent disease in 24 immunocompromised 

adult patients, and they all received chronic glucocorticoid 
therapy (Figure 2A). Comorbid rheumatic diseases included 
systemic lupus erythematosus (n=4), rheumatoid arthritis (RA; 
n=1), Sjögren’s syndrome (n=1), systemic sclerosis (n=1), and 
polymyalgia rheumatica (n=1). Other causes of immunocom-
promise included leukemia (n=3), HIV infection (n=2), and re-
nal transplantation (n=2). None of the patients included in this 
study had MDR-TB.

Clinical presentation of literature cases with ITBM
Among all of the literature cases with ITBM, the lower ex-

tremities were more commonly involved than the upper ex-
tremities (64.6% vs. 35.4%), and the buttock and thigh (44/80 
involved regions, 54.4%) was the most frequently involved ana-
tomical region (Figure 3A). The regional distribution did not 
differ significantly between pediatric and adult ITBM patients. 
Most ITBM cases showed a unilocular lesion, and 3 pediatric 
(33.3%) and 5 adult (10.2%) ITBM patients showed multilocu-
lar involvement. The prevalence of main symptoms and signs 
did not differ significantly different between pediatric and adult 
ITBM patients: fever, pain/tenderness, swelling, overlying skin 
erythema, and local intramuscular abscess were seen in 22.2%, 
44.4%, 100%, 0.0%, and 88.9% of pediatric ITBM patients and in 
50.0%, 77.1%, 93.8%, 32.9%, and 79.6% of adult ITBM patients, 
respectively (Figure 3B). Four pediatric patients had presenta-
tions similar to cold abscess.

When comparing between patients in high TB burden coun-
tries and those in non-high TB burden countries, cases in high 
TB burden countries showed a significantly lower prevalence 
of fever (30.0% vs. 64.3%, p=0.009), pain (65.0% vs. 85.7%, 
p=0.029), and erythema (10.0% vs. 32.1%, p=0.043) than those 
in non-high TB burden countries. In addition, the former had 
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Figure 2. The prevalence of underlying 
immunocompromised conditions in both 
systematic review-identified ITBM (A) 
and survey-identified ITBM (B) cases. 
ITBM: isolated tuberculous myositis.
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a lower prevalence of lower extremity involvement (55.0% vs. 
86.2%, p=0.004).

A comparison of immunocompromised with non-immu-
nocompromised adult ITBM patients showed that immuno-
compromised had a shorter duration of symptom (median 30.0 
(14.0~45.0) vs. 75.0 (42.0~120.0) days, p=0.003) and also tended 
to have multilocular involvement (20.8% vs. 0%, p=0.022). Ad-
ditionally, the prevalence of fever (83.3% vs. 16.7%, p=7.262×10–6), 
pain/tenderness (95.8% vs. 58.3%, p=0.004), or overlying ery-
thema (39.1% vs. 8.0%, p=0.016) was significantly higher in the 
immunocompromised patients than in the non-immunocom-
promised patients. Moreover, the 11 high-risk glucocorticoid 
users showed a significantly lower prevalence of local intra-
muscular abscess (54.5% vs. 88.6%, p=0.025) and a significantly 
higher frequency of fever (90.9% vs. 32.4%, p=0.001) and mul-
tilocular involvement (45.5% vs. 0.0%, p=3.370×10–4) than the 
ITBM patients without high-risk glucocorticoid use. 

Treatment and outcomes of literature cases with ITBM
All 58 literature cases with ITBM received standard combina-

tion treatment for TB, and 44 (74.1%, including 35 of 49 adults 

and 8 of 9 children) underwent additional local treatment as 
needle aspiration, incision and drainage, and excision. The treat-
ment outcome was unevaluated in two adult ITBM patients, 
and treatment success was observed in 42/47 (89.4%) adult and 
9/9 (100%) pediatric ITBM patients. The all-cause mortality 
rate was 7/47 (14.9%) in adults, of which TB death was 5/47 
(10.6%); two patients died of hematologic malignancy after the 
completion of TB treatment. The causes of TB death included 
septic shock/multiorgan failure (n=2), acute respiratory distress 
syndrome (n=1), fulminant hepatic failure (n=1), and cerebral 
hemorrhage (n=1). 

In immunocompromised ITBM patients, the TB death rate 
was 5/23 (21.7%). These five ITBM patients with TB death were 
significantly older than survivors (median 55.0 [47.5~65.0] vs. 
42.0 [29.3~50.5] years, p=0.041). In addition, ITBM patients 
with TB death had shorter symptom durations (14.0 [7.0~40.0] 
vs. 58.0 [23.3~112.5] days, p=0.035) and had a higher preva-
lence of fever (100% vs. 46.3%, p=0.050) compared to survivors. 
Among the ten DM/PM patients, two cases (20%) died due to 
ITBM. The other underlying diseases in literature cases with 
TB death were Sjögren’s syndrome (n=1), leukemia (n=1), and 
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chronic renal insufficiency (n=1). 

Multicenter survey cases with ITBM
In the 11 survey cases, there were no pediatric cases, and 

female patients were predominant (n=9, 81.8%). In only one 
case, direct inoculation via a contaminated acupuncture was 
suspected. And 1 patient showed multilocular involvement and 
the prevalence of multilocular involvement was not different 
between literature- and survey-identified cases. Seven (63.6%) 
patients were immunocompromised and 3 patients (27.3%) had 
systemic rheumatic diseases. Among the immunocompromised, 
2 patients were inflammatory myositis such as DM/PM (n=2, 
18.2%) (Figure 2B). The other underlying diseases included RA 
(n=1), HIV infection (n=1), renal transplantation (n=1), and 
chronic alcohol abuse (n=1). Additionally, the regional distribu-
tion was comparable between the literature and survey ITBM 
cases (Figure 3A). Nine ITBM patients received the standard 
combination treatment for TB; one patient died before initiat-
ing anti-TB drugs. TB related death occurred in 4 survey cases 
with ITBM, with the following underlying conditions: DM/PM 
(n=2), chronic alcohol abuse (n=1), and congestive heart failure 
(n=1; Table 2). The causes of TB related death were multiorgan 
failure (n=2), acute respiratory distress syndrome (n=1), and 
sudden cardiac death (n=1). 

DISCUSSION

We identified 58 cases with ITBM from literature published 
over the past 30 years and 11 survey cases with ITBM diag-
nosed over the past 20 years in an intermediate TB-risk country. 
Worldwide, 1.1 million (16% of 7.1 million new and relapsed 
cases) individuals were newly diagnosed with EPTB in 2019 
[2]. Thus, we infer that ITBM is a rare musculoskeletal EPTB 
although the true incidence is unknown. 

With regard to the clinical features, ITBM showed both simi-
larities or dissimilarities with classical bacterial pyomyositis 
(tropical myositis). In this study, the most common affected area 
was the proximal lower extremities, which is similar to the af-
fected areas in spontaneous bacterial pyomyositis [63,64]. Swell-
ing, pain/tenderness, and intra-muscular abscess in the limb 
were frequently observed in ITBM cases. Comparing survey-
identified cases with literature-identified cases, the results 
showed a similar regional distribution of ITBM. In addition, 
although there were differences in rates, patients with ITBM 
showed fever (90.9% in literature cases vs. 51.0% in survey 
cases), overlying erythema (54.5% in literature cases vs. 22.4% in 
survey cases), and local intramuscular abscess (45.5% in survey 
cases vs. 80.0% in survey cases) as common clinical manifesta-
tions.

Patients often did not have overlying erythema because TB 
infection occurs deep within the muscle, as in spontaneous 

Table 2. Related factors for tuberculosis (TB) death in adult patients with isolated tuberculous myositis

Variable
Literature cases (n=47)† Survey cases (n=11)

TB death (–)
(n=42)

TB death (+)
(n=5) p-value‡ TB death (–)

(n=7)
TB death (+)

(n=4) p-value‡

Age (yr) 42.0 (29.3~50.5) 55.0 (47.5~65.0) 0.041* 52.0 (38.0~65.0) 68.0 (53.5~70.5) 0.073

   ≥ 45 yr 19 (45.2) 5 (100) 0.050 4 (57.1) 4 (100) 0.236

Symptom duration (d) 58.0 (23.3~112.5) 14.0 (7.0~40.0) 0.035* 56.0 (29.0~61.0) 52.5 (30.0~75.8) 0.927

Immunocompromised 18 (42.9) 5 (100) 0.022* 4 (57.1) 3 (75.0) 1.000

   Immunosuppressants 16 (38.1) 3 (60.0) 0.381 3 (42.9) 2 (50.0) 1.000

   High-risk glucocorticoids§ 8/39 (20.5) 3 (60.0) 0.091 1/6 (16.7) 2 (50.0) 0.500

Systemic rheumatic disease 15 (35.7) 3 (60.0) 0.357 1 (14.3) 2 (50.0) 0.491

   DM/PM 8 (19.0) 2 (40.0) 0.285 0 (0.0) 2 (50.0) 0.109

Fever 19/41 (46.3) 5 (100) 0.050 6 (85.7) 4 (100) 1.000

Local abscess formation 34 (81.0) 3 (60.0) 0.285 5 (71.4) 0 (0.0) 0.061

Multiregional involvement 3 (7.1) 2 (40.0) 0.081 0 (0.0) 1 (25.0) 0.364

Values are presented as median (25th to 75th interquartile range) or number (%). DM/PM: dermatomyositis/polymyositis. *p<0.05. †Two 
were cases with unevaluated outcomes; ‡Calculated by the Mann–Whitney U-test, chi-square test, or the Fisher’s exact test; §Prednisolone 
equivalent dose ≥15 mg/day. 
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bacterial pyomyositis [64]. Whereas bacterial pyomyositis is 
endemic to tropical countries and is more common in children 
and young adults [63], ITBM was reported worldwide and in all 
age groups. Although bacterial myositis could develop in some 
immunocompromised patients, including HIV-infected patients 
in temperate regions [64], half of the adult ITBM patients in the 
present study were immunocompromised (49.0% and 63.6% 
in the literature and survey cases with ITBM, respectively). Ad-
ditionally, patients with ITBM presented with a more slowly 
progressive course (median symptom duration: 44 and 54 days 
in the literature and survey cases with ITBM, respectively) than 
those with tropical pyomyositis, wherein the suppurative stage 
with high spiky fever occurs by 10~21 days [64]. 

The overall mortality rate of bacterial pyomyositis is 0.5%~4% 
and the mortality rate of spinal TB, the commonest musculo-
skeletal EPTB, is 0%~5.3% [63-66]. In our study, although there 
was no TB death in the pediatric ITBM cases, the TB death rate 
was 10.6% and 36.4 % in the adult ITBM cases identified from 
the systematic review and survey, respectively. TB is the leading 
cause of death among HIV-infected persons [67]. The TB death 
rate (13.4%, 9/67) of the overall study population in the present 
study was similar to the previously reported overall mortality 
(13.3%~14.7%) of HIV-infected EPTB patients [68,69]. Ad-
ditionally, the TB death rate of immunocompromised patients 
was 5/23 (21.7%) in the adult literature cases with ITBM and 
3/7 (42.9%) in the survey cases with ITBM. These findings sug-
gest that ITBM patients have a poorer outcome than those with 
bacterial pyomyositis and spinal TB. Therefore, ITBM should 
always be included in the differential diagnosis of infectious 
myositis involved the proximal lower extremities, especially in 
immunocompromised patients.

The onset of TB is often insidious because M. tuberculosis 
grows more slowly than most bacteria. However, the immuno-
compromised literature cases with ITBM had a shorter symp-
tom duration than immunocompetent patients. Furthermore, 
these patients more frequently had a multiregional lesion pat-
tern and constitutional symptoms, such as fever. These findings 
could indicate that the innate alarm system is triggered only af-
ter a large burden of M. tuberculosis is achieved in the muscle of 
the immunocompromised hosts. In fact, glucocorticoids inhibit 
necrotic death of M. tuberculosis-infected cells [70]. Moreover, 
patients with TB deaths had a significantly shorter symptom 
duration than those with non-TB deaths in the adult literature 
cases with ITBM. Therefore, physicians should remember that 

the immunocompromised can have atypical ITBM features. Ad-
ditionally, based on these findings, we infer that more aggressive 
diagnostic and therapeutic approaches are warranted in im-
munocompromised hosts due to the more rapid progression of 
ITBM-indicative symptoms and signs.

Of note, in the present study, DM/PM was the most prevalent 
underlying comorbid disease in the systematic literature review-
identified and survey-identified ITBM cases. Opportunistic 
infections, including TB, are a significant problem in immu-
nocompromised patients or patients who are receiving immu-
nosuppressive therapy. One third of DM/PM patients undergo 
multiple episodes of severe infection [71]. Additionally, the over-
all infectious burden is significantly higher in DM/PM patients 
than in the general hospitalized population [72]. Furthermore, 
there was a higher incidence of opportunistic infections in DM/
PM patients than in patients with other rheumatic diseases and 
a high risk of TB (rate ratio; RR=6.6~8.0) [73,74]. In our litera-
ture cases with ITBM, 49.0% of the adults were immunocom-
promised and 41.7% of the immunocompromised patients had 
DM/PM. Similarly, in the survey cases with ITBM, 63.6% were 
immunocompromised and 28.6% among the patients had DM/
PM. Moreover, the TB death rate in ITBM patients with under-
lying DM/PM reached 20% in the literature cases and 100% in 
the survey cases. 

The musculature is believed to be resistant to infection be-
cause of the abundant blood supply, lactate production, or lack 
of reticuloendothelial tissue [4]. Even on direct inoculation or 
after Staphylococcus aureus bacteremia, intramuscular abscess 
is rarely observed [63]. However, in damaged muscle, hema-
togenous bacterial invasion could result in pyomyositis [63]. A 
history of muscle damage was reported in 30%~50% of bacterial 
pyomyositis cases [63,64]. Skeletal muscle contains 10%~15% 
of the total body iron and a post-traumatic increase in the mus-
cular iron can lead to bacterial persistence and growth [63,75]. 
Additionally, iron increases M. tuberculosis growth, whereas 
an iron-chelating agent inhibits the viability of this bacterium 
[76,77]. Therefore, the interesting association of ITBM with 
DM/PM might be mediated by the DM/PM-related muscle in-
jury as well as the host immune dysfunction. Moreover, immu-
nosuppressants, including glucocorticoids, could pose a further 
risk for developing TB. Glucocorticoids are a well-known risk 
factor for TB reactivation. In a study conducted in Taiwan, the 
current (RR 2.76), recent (RR 1.99), and chronic (RR 1.58) use 
of glucocorticoids as well as past (RR 1.17) or ever (RR 1.60) use 
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of glucocorticoids increased the risk of TB [78]. 
Our study had some limitations. First, various variables were 

not captured and some were missed because this study was 
based on a systematic review of the literature as well as ret-
rospectively collected data. Second the issue of heterogeneity 
could not be explored because the systematic review was based 
on narrative case reports or small case series. Third, survey-
identified cases were collected through responses from rheuma-
tologists alone. Nevertheless, to our knowledge, this study rep-
resents the largest sample of ITBM cases to date. Additionally, 
we believe that our attempts to take a complementary approach 
for the methodology and dataset generation provides a robust 
understanding of ITBM, which is a rare form of EPTB, through 
an analysis of both literature-based and real-world data. 

CONCLUSION

In conclusions, the results of this study demonstrated that 
ITBM has several unique clinical features, is associated with a 
high mortality rate, and can be distinguished from spontane-
ous bacterial pyomyositis. In addition, approximately half of the 
ITBM patients were immunocompromised and their clinical 
presentation could be considered atypical. Furthermore, DM/
PM was the most prevalent underlying disease among the im-
munocompromised ITBM patients. Therefore, clinicians should 
consider a diagnosis of ITBM in immunocompromised sub-
jects, especially in DM/PM patients, when having clinical find-
ings suspicious of mono- or multilocular myositis even without 
pulmonary or miliary TB.
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