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Introduction
Infectious myositis (IM), is the infection of the skeletal 

muscle tissue (particularly voluntary muscle), which 
is characterized by swelling, pain, tenderness, and/or 
weakness. Infection of the skeletal muscle is atypical and 
is caused by various agents like bacteria, mycobacteria, 
viruses, parasitic, and fungal organisms. Among all the 
agents, the most common cause of infectious myositis is 
bacteria (frequently by staphylococcal and streptococcal 
species).1-4

Myositis is of different causes and non-infectious 
causes of myositis are shown below in Table 1.5-7 This 
review does not cover the topic of noninfectious myositis. 
Infectious myositis is caused by various pathogens like 
bacteria, viruses, fungi, and parasites. Different causative 
agents of infective myositis are shown below in Table 2.4,6,8,9 
The following section will further discuss bacterial myositis.

Idiopathic inflammatory myopathies 
•	 Polymyositis 
•	 Dermatomyositis 
•	 Inclusion body myositis 
•	 Myositis associated with collagen vascular diseases 

o	 Polyarteritis nodosum
o	 Wegener’s granulomatosis
o	 Systemic lupus erythematosus
o	 Sjogren’s syndrome
o	 Rheumatoid arthritis
o	 Scleroderma
o	 Polymyalgia rheumatica
o	 Mixed connective tissue disease
o	 Adult Still’s disease
o	 Vasculitis - leukocytoclastic, hypersensitivity

•	 Myositis associated with malignancies
Other forms of inflammatory myopathies 

•	 Myositis associated with eosinophilia
•	 Myositis ossificans
•	 Giant-cell myositis

Myopathies caused by medications and toxins
Metabolic myopathies

•	 Inborn errors of metabolism
o	 Disorders in glycogen metabolism
o	 Lipid storage disorders 
o	 Mitochondrial myopathies 

Endocrine disorders
•	 Hypo- and hyperthyroidism 
•	 Acromegaly 
•	 Addison’s disease 
•	 Cushing syndrome 
•	 Hyperaldosteronism 
•	 Hyperparathyroidism 

Electrolyte abnormalities
Nutritional deficiency
Diseases that may cause myopathic symptoms

•	 Neuropathic disorders
•	 Muscular dystrophies
•	 Other diseases of the neuromuscular junction

Medication-related adverse effects
Other causes 

•	 Sarcoidosis 
•	 Amyloidosis 
•	 Behcet’s disease 
•	 Atherosclerotic emboli

Table 1. Non-infectious myositis causes5,6 

https://journals.ku.edu/rrnmf/
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Table 2: Causes of infectious myositis4,6,8,9

Infectious organism 
group

Organisms

Gram-positive 
bacteria

Staphylococcus aureus 
Group A Streptococcus 
Streptococcus (groups A, B, 
C and G, S. pneumonia, S. 
anginosus) 

Gram-negative 
bacteria 

Aeromonas hydrophila
Burkholderia mallei, B. 
pseudomallei 
Citrobacter freundii 
Enterobacter SPP
Haemophilus influenzae 
Klebsiella oxytoca, K. 
pneumoniae 
Morganella morganii 
Neisseria gonorrhoeae 
Pasteurella spp 
Proteus spp 
Pseudomonas spp 
Salmonella spp 
Serratia marcescens 
Vibrio vulnificus 
Yersinia enterocolitica 

Anaerobic bacteria Bacteroides spp 
Clostridium spp 
Fusobacterium necrophorum and 
F. nucleatum 
Streptococcus spp (anaerobic, 
e.g., Peptostreptococcus) 
Veillonella spp 

Mycobacterium spp Mycobacterium avium complex 
Mycobacterium bovis 
Mycobacterium haemophilum 
Mycobacterium leprae 
Mycobacterium tuberculosis 

Atypical bacteria Actinomyces spp
Bacillus spp 
Bartonella spp 
Borrelia burdorferi 
Brucella spp 
Coxiella burnetti 
Francisella tularensis 
Legionella pneumophila 
Leptospira spp 
Mycoplasma pneumoniae 
Nocardia spp 
Rickettsia and R. conorii 
Treponema pallidum 

Viruses Adenovirus 
Cytomegalovirus 
Dengue virus 
Enteroviruses (Coxsackie B virus 
and ECHO virus) 
Epstein-Barr virus 
Hepatitis A, B, and C viruses 
Herpes simplex virus 
HIV
HTLV-1
Influenza A and B viruses 
Mumps virus 
Parainfluenza virus 
Parvovirus B19 
SARS-Coronavirus (COVID-19)
Varicella-zoster virus 
West Nile virus 

Fungi Aspergillus spp
Blastomyces dermatitidis 
Candida spp 
Coccidioides spp 
Cryptococcus neoformans 
Fusarium spp 
Histoplasma capsulatum 
Mucormycosis 
Pneumocystis jirovecii 
Sporothrix schenckii

Parasites Entamoeba histolytica 
Echinococcus spp 
Haycocknema perplexum
Microspordia spp (Annicaliia, 
Trachipleistophora, Pleistophora)
Onchocerca volvulus 
Plasmodium spp 
Sarcocystis spp 
Schistosoma spp 
Spirometra mansonoides 
Taenia solium 
Toxocara canis 
Toxoplasma gondii 
Trichinella spp 
Trypanosoma cruzi 

COVID-19, coronavirus-19; ECHO, enteric cytopathogenic 
human orphan viruses; HIV, human immunodeficiency 
virus; HTLV-1, human T-cell leukemia-lymphoma virus 
type 1; SARS severe acute respiratory syndrome.

Infectious organism 
group

Organisms
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Bacterial infections of the musculature
Bacterial myositis is rather uncommon. Various routes of infection include a contiguous site of infection, vascular 

insufficiency, penetrating trauma, and hematogenous dissemination. Acute bacterial myositis is most commonly caused by 
Staphylococcus aureus. Myositis cause (bacterial or other forms) should be established before initiating the management of 
cases. Various categories of bacterial pyogenic infections of the musculature are shown below in Table 3.1,4,6

Table 3: Various categories of bacterial pyogenic infections of the musculature6 
Type of infection Causative agents

Pyomyositis Staphylococcus aureus (most common cause) 

Psoas abscess S. aureus, mixed gram-positive organisms, gram-negative aerobic and 
anaerobic organisms, Mycobacterium species

Staphylococcus aureus myositis S. aureus 

Group A streptococcal myositis Streptococcus pyogenes

Group B streptococcal myositis Streptococcus agalactiae

Clostridium species myositis, gas 
gangrene 

Usually C. Perfringens, but in spontaneous cases C. septicum

Non-clostridial myositis 
•	 Anaerobic streptococcal 

myonecrosis 

•	 Synergistic non-clostridial 
myonecrosis 

•	 Aeromonas myonecrosis 

•	 Vascular gangrene 

•	 Peptostreptococcus; S. aureus, group A streptococci

•	 Streptococci and mix of other organisms 

•	 Aeromonas hydrophila 

•	 Proteus, Bacillus, Bacteroides, and others
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Purulent Infectious Myositis (PIM or Pyomyositis)
Purulent infectious myositis (PIM) is a subacute 

infection of the axial skeletal muscles which is neither a 
contiguous infection of the bone or soft tissue nor due 
to a penetrating injury.6,10 Even though, pyomyositis was 
considered a “tropical disease” earlier, the cases are well 
reported in temperate regions.3,11 

Recent theory in the pathogenesis of PIM suggested 
transient bacteremia in the presence of muscle injury. As the 
healthy muscle is resistant to infection, bacteremia without 

associated muscle damage is improbable.6,12 Less than 0.5% 
of the cases of staphylococcal bacteremia developed PIM, 
demonstrating that muscular damage or other pathology 
should be present to develop PIM.6,13

Young males in their second to the fourth decade of life 
are most susceptible to work injuries. Most of the patients 
also have a history of excessive exercise (especially in young 
athletes), carried out a couple of days or hours, before 
developing PIM.10,14 Predisposing factors for PIM are shown 
below in Table 4.10

Table 4: Predisposing factors for purulent infectious myositis10

Conditions Predisposing factors 

General conditions •	 Cancer
•	 Chronic liver/renal disease/failure
•	 Diabetes mellitus
•	 IV drug abuse
•	 Malnutrition
•	 Organ transplantation
•	 Postpartum/post-abortion
•	 Skin conditions (eczema, varicella, etc.)
•	 Trauma (overuse in athletes)

Rheumatologic conditions •	 Dermatomyositis
•	 Polyangiitis
•	 Progressive systemic sclerosis
•	 Rheumatoid arthritis
•	 Systemic lupus erythematosus 

Immunodeficiency conditions •	 Agammaglobulinemia
•	 Chronic granulomatous disease
•	 Cyclic neutropenia
•	 Drug-induced pancytopenia
•	 HIV infection / AIDS
•	 HTLV 1/2 infection
•	 Myeloperoxidase deficiency

Hematologic conditions •	 ALL, AML, CML, PmL
•	 Aplastic anemia
•	 ß Thalassemia
•	 Felty’s syndrome
•	 Myelodysplastic syndrome
•	 Multiple myeloma
•	 Non-Hodgkin lymphoma
•	 Sickle cell disease
•	 Sub-clinical leukemia

Medications •	 Anabolic steroids, Glucocorticoids (chronically) 
•	 Certolizumab pegol
•	 Chemotherapy
•	 Infliximab
•	 Leflunomide
•	 Tocilizumab

ALL, Acute lymphoblastic leukemia; AML, Acute myeloblastic leukemia; CML, Chronic myeloblastic leukemia; PmL, 
Promyelocytic leukemia; HIV, Human immunodeficiency virus; AIDS, Acquired immunodeficiency syndrome; HTLV, 
Human T-cell lympho-trophic virus; IV, Intravenous.
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Different PIM classification methods were 
recommended. Based on the area of the world as tropical 
vs non-tropical. Based on the route of infection, as primary 
or secondary. Primary PIM includes cases developing from 
bacteremia, while secondary PIM involves cases through 
continuous spread from either bone or soft tissue.10, 15-17 
PIM is categorized based on the muscle groups involved 
as cervical, para-spinal, thoraco-abdominal, pelvic, and 
lower extremities, further as multifocal or generalized 
myositis.10,18,19 

PIM staging is based on the progression of the infection 
from the early stages of bacterial seeding in the muscle to 
the late stages. PIM clinical stages and their management 
are shown below in Table 5.10,20 Diagnosis of PIM in the 
early stages might be difficult because of subtle skin and 
other systemic examination findings and has a high chance 
of misdiagnosing the condition.10

For osteoarticular complications, radiographs are 
used in making the diagnosis of PIM. Intramuscular 
collections are diagnosed by ultrasound, contrast computed 
tomography (CT), and magnetic resonance imaging (MRI), 
for deep infections of the thorax, abdomen, and pelvis.10,21

Antimicrobials treatment should include a combination 
therapy to target gram-positive, gram-negative aerobe, 
and anaerobic microorganisms like third or fourth-
generation cephalosporins (ceftazidime or cefepime) along 
with anaerobic coverage (metronidazole), beta-lactams 
(piperacillin/tazobactam) or carbapenem and clindamycin 
in toxic shock (Group A Streptococci).10,20,22

Table 5: Purulent infectious myositis clinical stages and management10,20

Stage of disease Clinical characteristics Management plan
Stage 1 – Invasive •	 Typically lasts 10-21 days 

•	 Insidious onset of dull muscle pain, low-grade fe-
ver, myalgia, malaise, cramps, anorexia

•	 Localized edema (woody induration) 
•	 Little or no muscular tenderness
•	 Only a small portion of patients present at this 

stage 

Antimicrobial treatment

Stage 2 – Purulent or 
Suppurative 

•	 Duration from 24 h to 12 days 
•	 Fever and chills 
•	 Abscess formation, muscular mass/swelling is vis-

ible with diagnostic techniques 
•	 Tender muscles 
•	 Most patients present in this stage 

Antimicrobial therapy + drainage 
of intramuscular collections or 
incipient abscesses (drainage 
through percutaneous route or 
open surgery) 

Stage 3 – Late stage •	 High fever, severe pain, infection signs locally, and 
systemic symptoms of sepsis 

•	 Progressed to septicemia, metastatic abscesses, and 
multi-organ dysfunction which can lead to mortal-
ity 

•	 Few patients present at this stage

Antimicrobial therapy + 
intramuscular abscess excision 
(open surgery) 

Psoas Abscess
Psoas abscess is caused by a purulent infectious 

collection in the psoas muscle, either unilaterally or 
bilaterally. Psoas abscess is called primary when it is due to 
an occult hematogenous spread (S. aureus) and secondary 
when it is due to a contiguous spread from other locations.6,23 

The main cause of psoas abscess used to be 
Mycobacterium tuberculosis (Pott’s disease) infections, 
which were spreading between vertebrae and psoas muscles. 
Recently, these are mainly seen in immunocompromised 
patients (chemotherapy or HIV). Secondary psoas 
abscesses are due to the spread of gastrointestinal and 
genitourinary infections. The most common age group 
affected are from 30 to 50 years of age.6,24,25

Recently, primary psoas abscess is caused by 
community-acquired MRSA and other pathogens like S. 
pneumoniae, S. milleri, and group A streptococcus. Gram-
negative organisms like Escherichia coli, Pseudomonas, 
Haemophilus, Proteus, and Pasteurella species rarely 
cause the primary psoas abscess. Risk factors include 
diabetic patients, alcoholics, the elderly, and the 
immunocompromised.6,26,27

High vigilance is required while diagnosing a psoas 
abscess. The classical triad of pain, fever, and limp is 
often absent. Other symptoms that are commonly seen 
are back pain, flank pain, groin mass or fullness, limp, 
malaise, anorexia, and weight loss.6,26,27 Lab testing 
shows leukocytosis, anemia, and elevated erythrocyte 
sedimentation rate. CT or MRI are used in diagnosing the 
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psoas abscess.6 
Management includes intravenous antibiotics and 

surgical drainage. Open surgical drainage or CT-guided 
percutaneous drainage is done based on the volume and 
number of the abscesses.6,28 For secondary psoas abscesses, 
combined management of gastrointestinal or genitourinary 
infections along with debridement and drainage abscess 
prevents the recurrence of the infection.6,29  

Psoas abscess along with spinal infection should get 
a spinal surgery to prevent spinal instability, spinal cord 
compression, and other neurological deficits. Antibiotic 
therapy should include agents against enteric gram-negative 
and anaerobes, along with beta-lactams (piperacillin-
tazobactam, carbapenem). Vancomycin should be used 
for community-acquired MRSA. Antibiotics are ideally 
given for 3 weeks after drainage, often continued for 4 
to 6 weeks. For M. tuberculosis, therapy with four-drug 
anti-tuberculosis drugs should be continued for 6 months. 
Primary psoas abscess has a good prognosis and a mortality 
rate of 2%, while secondary psoas abscess has a mortality 
rate of 20%.6,28,30,31 

Bacterial myositis
Acute bacterial myositis is the diffuse infection of the 

muscle without an intramuscular abscess. It is commonly 
seen in adults and is reported less frequently than PIM and 
psoas abscess. Gram-positive organisms (Streptococcus), 
are the most frequent cause of myositis.6,32

Staphylococcus aureus myositis 
Staphylococcus aureus often causes diffuse myositis 

along with rhabdomyolysis. Creatine kinase levels will be 
elevated (unlike PIM), along with CRP levels. Vancomycin 
or Daptomycin should be included in the management 
plan to target MRSA. Abscess and dead tissue are removed 
through surgical debridement and vacuum-assisted closure 
(VAC) of the wound is employed when is debrided area is 
large.6,33  

Group A streptococcal necrotizing myositis
Group A streptococcus (GAS) is the most common 

cause of cellulitis and various muscular infections like 
pyomyositis, subacute myositis, acute myositis, and 
malignant myositis. A severe or fatal form of the infection 
is called GAS necrotizing myositis or streptococcal 
myonecrosis or spontaneous streptococcal gangrenous 
myositis.5,6,8  

Typically, young men are commonly affected, without 
a history of trauma or immunocompromised conditions. 
Although the route of infection is not known, it often starts 
as a sore throat, pharyngitis thus leading to bacteremia and 

spreading to the muscles. Nonsteroidal anti-inflammatory 
drugs act as a risk factor for the infection.5,6,34,35  

Clinical features involve early stage flu-like symptoms, 
myalgia, and rash, which later on develop into severe pain of 
the muscle, fever, and local tense swelling. GAS necrotizing 
myositis might have multiple sites of infection, which 
progresses within 1 to 4 days to bacteremia, toxic shock 
syndrome, and multiorgan failure. As the intramuscular 
pressure increases in the infected muscle, it would lead to 
the development of compartment syndrome.5,6  

Lab findings typically show leukocytosis along with 
elevated muscle enzymes. Muscle biopsy shows muscle 
necrosis and gram-positive cocci between the muscle 
bundles.5,6,32 Diagnosis of GAS necrotizing myositis depends 
on blood cultures and MRI; MRI is used to differentiate 
between fasciitis and necrotizing myositis.6,36  

Immediate surgical exploration and debridement 
along with fasciotomy are required to reduce the increased 
compartment pressure. More often surgical excision 
should be repeated to remove the necrotic tissue and more 
frequently amputation is necessary.5,6,37  

Intravenous antibiotic therapy with penicillin along 
with clindamycin has shown higher efficacy in reducing 
the bacterial burden during the stationary growth phase 
(Eagle effect), by inhibiting the toxin and other virulence 
factors production via blocking the protein synthesis.6,38 IV 
immunoglobulin neutralizes the streptococcal exotoxins 
when used in patients with streptococcal toxic shock 
syndrome. GAS myositis has a mortality rate of nearly 
85%.6,32,35,36  

Group B streptococcal myositis 
S. agalactiae can cause either PIM or myositis. The risk 

factors for group B streptococcal musculature infections 
include peripheral vascular disease, diabetes mellitus, 
alcoholism, malignancy, and immunocompromising 
conditions. Infection generally spreads from other body 
parts (foot ulcer, endocarditis). Treatment generally 
comprises penicillin and surgical debridement of the 
infected and necrotic muscles.6,39-41  

Clostridium species myositis 
Clostridium perfringens infection causes clostridial 

myonecrosis or gas gangrene. Infection occurs through 
various routes, which are traumatic wounds with soil 
contamination, vascular insufficiency involving the 
extremities, surgeries of bowel and biliary system, septic 
abortions, unhygienic injections of medications and illicit 
drugs.6,42  

The presence of a foreign body and low oxygen 
concentrations promote anaerobic conditions that help the 
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clostridium to convert from spore form to vegetative form, 
which releases the toxins for tissue damage and produces 
other systemic symptoms.6  

Spontaneous clostridial myonecrosis can occur 
without a wound, because of C. septicum bacteremia caused 
by occult colon cancer, bowel infarction, and neutrophilic 
enterocolitis.6,43 Other species of Clostridium which are 
known to cause gas gangrene are C. novyi. C. histolyticum, 
C. sordellii. Clinical features include severe pain, edema, 
sweet odor discharge from the injured area (6 h to 3 days). 
The wound might turn from pale to bronze color due to 
hemorrhagic bullae. The presence of gas can be detected on 
radiographs of the infected tissues.6  

Lab examination shows leukocytosis along with 
hemolytic anemia because of clostridial alpha-toxin and 
bacteremia is seen in 15% of the cases. Gram stain of the 
wound exudate usually shows numerous gram-positive 
bacilli with blunt ends and typically lacks neutrophils. 
Differential diagnosis should include fulminant myositis 
(GAS necrotizing myositis) and non-clostridial myositis. 
Crepitant cellulitis is commonly seen more superficially but 
should be considered while diagnosing clostridial myositis.6  

Treatment consists of emergency surgical exploration 
along with the debridement and excision of the infected 
muscles and fasciotomies to relieve the pressure. Antibiotics 
should cover GAS necrotizing myositis and should be a 
combination of penicillin and clindamycin.6,44   

Hyperbaric oxygen might have some benefit, as high 
oxygen concentrations inhibit the clostridial growth and 
thus reducing the alpha-toxin production. Hyperbaric 
oxygen can be used when there is incomplete surgical 
excision at paraspinal and abdominal areas. The mortality 
rate of clostridial myositis is between 20-25%, often the 
survivors have disfiguring wounds.6,45,46  

Non-clostridial (Crepitant) myositis
Non-clostridial myositis includes four categories, 

which are:1,4,6,46  
•	 Anaerobic streptococcal myositis 
•	 Synergistic non-clostridial myonecrosis 
•	 Aeromonas hydrophila myonecrosis 
•	 Infected vascular gangrene 

Anaerobic streptococcal myositis
Anaerobic streptococcal myositis has similar 

characteristics to clostridial myonecrosis, which are 
considerable necrosis of the muscles, gas, and foul exudate 
from the infected muscles. Anaerobic streptococcal 
myositis can be differentiated from another myositis, by 
its slower evolution of infection over 1-4 days, overlying 
erythema, muscle contraction on stimulation along with 

numerous neutrophils in the exudate. Most common 
causative organisms include anaerobic streptococci 
(Peptostreptococcus), GAS, and S. aureus. Treatment 
includes gram-positive covering antibiotics (Penicillin, 
Vancomycin for staphylococcus) and surgical exploration 
and debridement.5,6,46  

Syngergistic non-clostridial myonecrosis
Synergistic non-clostridial myonecrosis is the infection 

of the subcutaneous tissues and fascia, which might extend 
into the muscle and skin. The infection is often polymicrobial, 
including both aerobic and anaerobic organisms, like 
streptococci, Peptostreptococcus, E. coli, Klebsiella, 
Enterobacter, Bacillus cereus, and Bacteroides. Risk factors 
include diabetic patients, immunocompromised states 
like chemotherapy patients with neutropenia. Treatment 
includes complete surgical debridement of the infected 
tissues and broad-spectrum antibiotics. The mortality rate 
is high for patients with this infection.6,46  

Aeromonas hydrophila myonecrosis
Aeromonas hydrophila, is an anaerobic gram-negative 

bacillus, which causes a rapid, progressive myonecrosis, 
after a penetrating trauma in a freshwater environment and 
is associated with fish or other aquatic animals. Myonecrosis 
has similarities to clostridial gas gangrene, due to its rapid 
onset (24 to 48 h) and progression after trauma.6,46  

Clinical features include pain, serosanguineous bullae, 
marked edema, gas in the fascial planes, and toxicity along 
with the history of exposure to freshwater directs towards 
Aeromonas diagnosis. Treatment comprises surgical 
debridement and antibiotic therapy. Antimicrobials like 
gentamicin, tobramycin, carbapenems, and ciprofloxacin 
are most effective against Aeromonas. Vibrio vulnificus, 
causes myositis and is associated with exposure to 
saltwater.6,46 As per literature review done by Koth et al., 
(2012) of  Aeromonas hydrophila  soft tissue infections has 
found that these infections occur following motor vehicle 
crashes, farmyard injuries, puncture injuries, and mud 
football injuries involving wound contamination from 
aquatic and non-aquatic environments.47  

Infected vascular gangrene
 Infected vascular gangrene is a mixed infection in 

a muscle group or a limb that has arterial insufficiency, 
frequently seen in diabetes mellitus. The most commonly 
seen bacterial species are Proteus, Bacteroides, and 
anaerobic streptococci. Even though the infection does 
not spread beyond the vascular gangrene, foul-smelling 
pus and gas formation are notable. Bacillus cereus causes 
myonecrosis due to thrombosis of the arterial grafts 
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with crepitus, along with aggressive post-traumatic 
infections.6,46,48  

Other forms of bacterial myositis
Some of the other bacteria not discussed above can 

sporadically cause myalgias, myositis, myopathy, and 
rhabdomyolysis. Although endocarditis might cause 
diffuse myalgias, diagnosis is established by blood cultures 
and echocardiography. Syphilis might also be associated 
with myalgias and should be confirmed by micro-
hemagglutination - Treponema pallidum test.6,49  

Other causes of myalgias are Rickettsia rickettsii 
(Rocky Mountain spotted fever), Francisella tularensis 
(Tularemia), Borrelia burgdorferi (Lyme disease), and 
diagnosis is based on serological tests.6,50,51 Muscle 
involvement in Mycobacterium infections is seen in < 1% 
of the cases. Myositis develops slowly and is insidious, 
physical exam shows a mass or swelling in the muscle and 
adenopathy is often absent.6,52,53  

Acute rhabdomyolysis during bacterial infections 
occurs less commonly. Legionella is the most common 
bacteria associated with rhabdomyolysis development. Less 
often bacteria like staphylococci, streptococci, Salmonella, 
Leptospira, Neisseria meningitides, and Mycoplasma 
pneumoniae are also involved in rhabdomyolysis.6,54-57 

Viral myositis 
The viral agents are the most common cause of 

nonbacterial infectious myositis. Clinical symptoms involve 
myalgia’s, polymyositis, and rhabdomyolysis. Among 
viruses, influenza is the most frequent causative agent 
reported to cause viral myositis. Other viruses that are 
widely involved in myositis are shown in Table 2.3,6  

Influenza 
Influenza usually presents with cough, fever, rhinorrhea, 

and myalgia’s (diffuse, self-limiting). In the late stage of 
the infection, patients develop “acute benign myositis”, 
with typical symptoms like pain, tenderness, and swelling 
(gastrocnemius and soleus muscles); difficulty in walking is 
also noted. Influenza-associated myositis is seen more often 
in children as the immature muscle cells are more prone to 
infection.3,58,59  

Among children, boys are more affected than girls (2:1). 
It has a mean presentation on day 3 and influenza type B 
is commonly seen than type A, due to the presence of a 
glycoprotein in Type B strains. Diagnosis is confirmed by 
the clinical history, detection of virus by polymerase chain 
reaction (PCR) test of the nasopharyngeal secretions. 
Symptoms usually resolve in one week but may last till one 
month. Treatment includes symptomatic care and often 

may develop into life-threatening rhabdomyolysis, with an 
increase in creatine phosphokinase and myoglobin-induced 
acute renal failure which is commonly seen with influenza 
A.3,46,58  

Coxsackievirus 
Pleurodynia is caused by group B coxsackievirus 

(rarely by group A) and less often by enteric cytopathogenic 
human orphan (ECHO 1, 6,9, 16, and 19) viruses. The 
symptoms include acute onset of sharp chest pain over 
the sternum or lower ribs, fever, muscle tenderness, and 
abdominal pain might be present. Coxsackie A9, B2, B6, and 
echoviruses 9,11 can also cause myositis in skeletal muscles 
and might develop into rhabdomyolysis with elevated 
muscle enzymes and myoglobinuria. Diagnosis is based 
on clinical features, serologic evaluation, and culture of the 
virus from either pharyngeal or fecal samples. Treatment is 
symptomatic.3,46,59,60  

Human immunodeficiency virus 
Clinical features of HIV infection are polymyositis, 

weakness, myalgia’s, and elevated muscle enzyme 
levels. Patients with HIV might initially present with 
polymyositis, which will lead to the diagnosis. Patients with 
immunocompromised and low CD4+ T lymphocytes are 
more prone to develop several other forms of myopathies 
like inclusion-body myositis, wasting, vasculitis, infiltrative 
lymphocytosis syndrome, antiretroviral medications 
(mitochondrial myopathy), myasthenia syndrome, and 
skeletal muscle malignancy.3,46,61  

While doing work-up for viral myositis, HIV testing 
should be included. Serum creatine phosphokinase is 
increased, muscle biopsy and electromyographic changes 
might aid in making a diagnosis. Management includes 
supportive care and treating the underlying myositis 
causative agent. Antiretroviral therapy should be initiated 
if the patient is diagnosed for the first time. Few cases of 
myositis might develop into rhabdomyolysis.3,46,62  

Coronaviruses 
Coronavirus disease-2019 (COVID-19), is caused by 

severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2). Although it is known to cause life-threatening 
respiratory illnesses, there is increasing evidence of 
multisystem involvement in neurological, gastrointestinal, 
and cardiac systems. Although myalgia’s are common in 
COVID-19 patients, elevated creatine kinase levels are 
reported in SARS patients. Zhang et al. reported a case of 
COVID-19 associated myositis involving a proximal limb, 
bulbar, and facial muscles, which was treated with 1000 mg 
intravenous methylprednisolone for 5 days.63  
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Mehan et. al. reported that 78% (7 out of 9) COVID-19 
patients who had MRI of the spine showed evidence of 
paraspinal (only in the lumbar spine) myositis featuring 
intramuscular edema and enhancement. The study 
concluded that a high frequency of myositis in COVID-19 
patients reported myalgia in a small series.64 Beydon et 
al. demonstrated that the association of myositis with 
interstitial pneumonitis can be seen in COVID-19 patients 
or autoimmune myositis.65 

Other viruses 
Human T-cell lymphotropic virus type (HTLV-1) causes 

“adult T-cell leukemia/lymphoma and tropical spastic 
paraparesis/HTLV-1 associated myelopathy”. Hepatitis 
B and C viruses are also implicated in the development of 
polymyositis. Adenovirus is involved in causing myositis, 
myocarditis and rhabdomyolysis. Parvovirus B19 leads to 
myositis along with fever, diffuse rash which involves cheeks. 
West Nile virus also causes myositis along with neurological 
symptoms. Other viral agents that are involved in the 
myositis are shown in Table 2. Diagnosis is usually based 
on the clinical picture, serological studies, and cultures of 
the nasopharyngeal and stool samples. Muscle biopsies, 
immunofluorescent or PCR studies, electron microscopy 
are often used in the diagnosis of the causative virus.3,46,66-68  

Fungal Myositis 
Fungal infections of the musculature are 

relatively uncommon. Most of the cases are seen in 
immunocompromised patients and the diagnosis is 
established through biopsy and culture of the specimens.3  

Candidiasis 
The most common cause of fungal myositis is candida 

and is usually seen in immunosuppressive patients 
(chemotherapy and broad-spectrum antibiotic usage). C. 
tropicalis, C. albicans, C. krusei are the involved species 
in infecting the musculature. Clinical features include 
fever, rash, muscle tenderness, diffuse, micro-abscesses 
or focal, and fungal abscesses of the muscles might also 
occur. Diagnosis is established by imaging (CT, MRI, 
ultrasound), muscle biopsy, histopathology and fungal 
cultures. Management is with amphotericin B, azoles, or 
echinocandin and surgical drainage for large collections in 
the muscles.3,8  

Cryptococcosis 
Cryptococcus neoformans causes myositis through the 

dissemination of the inhaled organisms. Most of the cases 
are seen in transplant recipients and HIV patients. Clinical 
features include pain and swelling of the muscles in the lower 

limbs. Diagnosis involves muscle biopsy, lumbar puncture 
for CNS involvement, positive cryptococcal serum antigen, 
and blood cultures. Treatment is with amphotericin B, 
flucytosine for multifocal disease, fluconazole for localized 
disease, and surgical drainage for purulent collections.3,69  

Histoplasmosis 
Histoplasma capsulatum is dimorphic fungi and 

causes myositis through dissemination in HIV and 
immunocompromised patients. Diagnosis is established 
through biopsy, histopathology cultures of the fungus, and 
antigen testing. Treatment is with amphotericin B and 
surgical drainage for collections.3,70  

Aspergillosis and other fungi 
Aspergillus  spp causes  myositis  in immuno-

compromised patients, similar to other fungal causative 
agents. Diagnosis is with biopsy and fungal culture, 
fungal antigen testing. Treatment is with voriconazole or 
amphotericin B and surgical debridement for necrotic 
tissue. Other causes of fungal myositis are shown in Table 
2.3,6,71  

Parasitic agents 
Various parasites encyst in the muscles, thus causing 

myositis. Travel history is important in diagnosing the 
parasitic infections that are acquired abroad. History of 
food ingestion along with eosinophilia points towards a 
parasitic causative agent. Different parasitic agents that are 
involved in causing myositis are shown in Table 2.3,6  

Trichinosis 
Trichinella spp, especially T. spiralis, infects humans 

through undercooked meat, like pork, bear, cougar, and wild 
boar, thus the larvae encyst in the striated muscles. Clinical 
features include gastrointestinal symptoms, fever, myalgia’s, 
muscle weakness and swelling (extraocular muscles, head, 
and neck muscles). Although the infection is self-limiting, 
complications like myocarditis can occur due to encysted 
larvae. Diagnosis is through detailed dietary history, 
eosinophilia, raised muscle-related enzymes, serological 
testing for antibodies, radiographs for encysted larvae, 
and muscle biopsy. Treatment involves albendazole or 
mebendazole, severe myositis should include the addition 
of corticosteroids.3,72,73  

Cysticercosis  
Taenia solium, pork tapeworm infects humans through 

contaminated food and water, thus leading to cysticercosis. 
Eggs develop into invasive larvae, which move through the 
intestinal wall and move to CNS, subcutaneous tissues and 
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muscles. Symptoms may include seizures, myalgias, myositis, 
and weakness due to inflammatory reactions from the dying 
cysts. Imaging (MRI, CT or ultrasound), shows scolex in a 
clear cyst, thus aiding in the diagnosis. Radiographs of the 
cysts have a “puffed rice” or “spindle-shaped” appearance. 
Serological testing of the cerebrospinal fluid or blood 
is also used in making the diagnosis. Treatment is with 
albendazole or praziquantel and surgical excision for large 
intramuscular lesions.3,74  

Toxoplasmosis 
Toxoplasma gondii, is acquired through ingestion of 

undercooked meat (pork or lamb), containing tissue cysts 
or oocysts from cat feces. An acute infection might be 
asymptomatic or may develop into a fever, malaise, myalgia’s 
and cervical adenopathy. Immunocompromised patients, 
T-cell deficiencies, therapy with corticosteroids and AIDS 
patients might develop polymyositis and myocarditis. 
Severe infection symptoms include wasting, fasciculation’s, 
fever, encephalitis and multiorgan failure. Diagnosis is 
with clinical history, serologic testing, muscle biopsy along 
with immunocytochemistry, and microscopy, and isolating 
organisms from tissue culture. Therapy is with sulfadiazine 
and pyrimethamine, in early stages of myositis, and steroids 
should be included in the late stages of the disease.3,75  

Microsporidiosis 
Microsporidia spp, route of infection is not clear, 

might be through insect bites, contaminated water, or 
undercooked meat. Immunosuppressive states, therapy 
with corticosteroids and tumor necrosis factor antagonists, 
and AIDS patients increases the risk for microsporidiosis. 
Clinical features include fever, muscle pain, wasting, and 
weakness along with elevated creatine kinase. Diagnosis 
is based on muscle biopsy along with light and electron 
microscopy. Treatment is with albendazole and itraconazole 
is added for Annicaliia vesicularum myositis.3,76  

Conclusions 
Infectious myositis is caused by bacterial, viral, fungal 

and parasitic organisms. Pathogenesis of myositis is either 
via direct infection of the muscle or immune-mediated 
injury. Bacterial and fungal myositis is usually confined to 
a muscle group, while viral myositis is diffuse and parasitic 
myositis often has a travel history along with eosinophilia. 
Diagnosis is with clinical features, laboratory, serology, 
cultures, and imaging. Treatment is with appropriate 
antibiotics and involves a holistic approach from various 
specialties.
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