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Case Report of
Infectious Myositis in the Austere Setting
Simon A. Sarkisian, DO1*; Zachary J. Sletten, MD2;
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ABSTRACT
Although skin and soft tissue infections are common in the
deployed setting, infectious myositis is relatively uncommon.
Bacterial infection of the muscle is the most common infec
tious etiology and can result in a spectrum of disease, to in
clude abscess formation to necrotizing myositis, toxic shock
syndrome, and death. Diagnosis can be elusive, particularly
in the early stages. Recognition and proper management are
crucial to prevent complications. The authors present a case
report of infectious myositis diagnosed and managed in an
austere deployed environment, as well as a discussion regard
ing current recommendations on diagnosis and treatment.

be predisposing medical conditions.5 Most cases will involve a
single large muscle group of the lower extremity.
Pyomyositis proceeds in three stages beginning with an “in
vasive” stage, which occurs during the first 1 to 3 weeks and
presents as local swelling, mild pain, and a woody texture
overlying the involved muscle. Erythema can be lacking, and
misdiagnosis is most likely to occur during this stage.6 The
patient may have variable fevers during this stage. During this
early phase, imaging may not yet show a purulent collection
or abscess.1 Prior to the development of a purulent collection,
management is with IV antibiotics alone, which should cover
methicillin-resistant Staphylococcus aureus (MRSA). The
“suppurative” stage (days 10 to 21) involves abscess forma
tion with more pronounced fevers. Diagnosis is typically made
at this stage.1 Stage 3 is marked by progression to septicemia,
shock, and potential death. Treatment at stages 2 and 3 in
volve surgical drainage.
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Introduction
Myositis, or inflammation of the muscle, has a myriad of etiol
ogies but is classically associated with autoimmune disorders
or noninfectious causes. Infectious myositis is uncommon due
to general muscle resistance to infection. However, when it
does occur, it can result from a variety of pathogens to include
viral, fungal, parasitic, and bacterial. Bacterial infections are
the most common etiologies of infectious myositis and can re
sult from hematogenous spread, contiguous spread, trauma,
and vascular insufficiency. These bacterial infections include
bacterial myositis, pyomyositis, and necrotizing myositis,
which are further characterized by the infectious organism and
clinical manifestations.1

Labs will often show leukocytosis with left shift, nonspecific
elevation in erythrocyte sedimentation rate (ESR), but inter
estingly creatine kinase (CK) is typically normal.1 Ultrasound,
computed tomography (CT), and magnetic resonance imaging
(MRI) can all be useful in showing a fluid collection. Although
MRI may be the preferred imaging modality, CT is often more
readily available. Pyomyositis is associated with a mortality
rate of up to 4% and a low recurrence rate.
Bacterial Myositis
Bacterial myositis, in contrast to pyomyositis, occurs without
abscess formation, is less common, is more likely to involve
more than one muscle group, and has a stronger predilection
for adults.1 The list of potential infectious causes is extensive
and includes streptococcal species (most common), S. aureus
(including MRSA), and Clostridium species (i.e., gas gan
grene). Myositis secondary to GAS is a common etiology of
bacterial myositis and can result in a spectrum of infection;
GAS necrotizing myositis is the most lethal and aggressive.7–9
The portal of entry is less clear and often there is no clear
antecedent, although there may be a relationship to a preced
ing sore throat and nonsteroidal anti-inflammatory medica
tion use.10,11 A flulike illness, rash, and myalgias often proceed
local muscle pain, fever, and tense swelling, which can lead
to compartment syndrome. In the case of necrotizing myosi
tis, patients can deteriorate quickly to multiorgan failure and

Pyomyositis
Pyomyositis is by definition a result of hematogenous spread,
most often from Staphylococcus aureus or, less commonly,
group A Streptococcus (GAS). However, it can result from a
large variety of bacterial species.2–5 Muscle is typically resis
tant to infection and a combination of bacteremia and mus
cular trauma has been proposed as a prerequisite etiology.1
Muscular trauma degrades the muscle’s natural ability to re
sist infection, giving rise to potential bacterial seeding during
transient bacteremia. The bacteremia itself may result from a
variety of sources, to include skin abrasions or intravenous
(IV) drug use. Sources of muscular trauma include overuse
injuries, blunt trauma, toxicity from medication, chemother
apy, or steroids.6 The typical patient is a man in his 30s. Both
diabetes and human immunodeficiency virus (HIV) appear to
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toxic shock syndrome. In contrast to pyomyositis, CK levels
will be elevated.

Necrotizing Myositis
Necrotizing myositis, the most severe in the spectrum of bac
terial myositis, has a markedly high mortality rate of up to
85%.7 It is exceptionally rare, with only 21 documented cases
from 1900 to 1985.12 Necrotizing myositis presents in three
stages, similar to those described for pyomyositis, but may
lack overt cutaneous findings and can be easily misdiagnosed
in the early stages. Alternatively, it may present with edema,
violaceous skin, and bullae; however, this is more commonly
seen in necrotizing fasciitis.6
Labs will often show elevation in inflammatory markers (e.g.,
ESR, C-reactive protein [CRP]), but tools such as the laboratory
risk indicator for necrotizing fasciitis (LRINEC) appear quite
insensitive.12 Cross-sectional imaging with MRI or CT is useful
in helping establish the diagnosis and monitor therapeutic re
sponse; CT is more readily available but MRI is the preferred
modality. In the case of necrotizing myositis, imaging should
not delay surgical consultation for emergent debridement.

Case Presentation
Emergency Department Presentation
A 33-year-old woman presented to a Role 3 military treat
ment facility complaining of 2 weeks of left lateral thigh
pain. The patient stated that 4 weeks prior to presentation
she had a mechanical fall backward onto a tire, resulting in
minor bruising and abrasions to her left lateral thigh and calf,
which healed without treatment. However, 2 weeks later, she
began to develop gradual onset of dull, left distolateral thigh
discomfort with swelling. The patient denied any fevers, chills,
night sweats, unusual weight loss, skin changes, back pain,
pain with ambulation, recent illness, or history of IV drug use.
Her past medical history was remarkable for hematogenous
MRSA osteomyelitis of her left distomedial femur 9 months
prior, which was believed to be related to a preceding untreated
infection of her finger. She was treated with a prolonged course
of IV daptomycin and underwent incision and drainage and cor
ticotomy of the affected area, from which she fully recovered.

On physical examination, her vital signs were significant only
for tachycardia to 115 beats per minute as well as warmth,
swelling, erythema, and tenderness to deep palpation of the
left distal lateral thigh. A point of care ultrasound (POCUS)
showed fascial enhancement between the biceps femoris and
posterior vastus lateralis, concerning for myositis (Figure 1).
An IV contrast-enhanced CT of the left leg was consistent with
myositis and fasciitis of an infectious or inflammatory etiology
(Figure 2). Figure 3 compares the contrasted CT findings with
the POCUS findings. The patient’s labs were significant for
CRP of 154mg/L (normal range 0.0–7.5mg/L) and no leukocy
tosis. Two sets of blood cultures were negative. The LRINEC
score was calculated to be 7.
Differential Diagnosis
These findings, along with a recent history of MRSA osteomy
elitis, led to a differential diagnosis that included: infectious
myositis, inflammatory myositis, subperiosteal abscess, osteo
myelitis, and atypical presentation of necrotizing fasciitis.
After consultation with internal medicine and orthopedic sur
gery, the patient was started on IV linezolid 600mg twice daily
and admitted to the medical unit for continued monitoring
and management of presumed bacterial myositis versus stage
1 pyomyositis.
Inpatient Course
Over the next 4 days of admission, the patient’s pain, ery
thema, and swelling resolved and CRP decreased to 24.2mg/L.
A repeat IV contrast-enhanced CT of the left leg on hospital
day 3 revealed improvement in the infectious/inflammatory
process of the vastus lateralis and biceps femoris with de
creased fat stranding, decreased muscular enhancement, and
partial resolution of the subperiosteal fluid collection. The pa
tient was discharged back to duty on hospital day 4 with a
10-day course of oral linezolid.
Outcome and Follow-Up
On follow-up in the orthopedics clinic 4 days after discharge,
the patient remained symptom free and her CRP had de
creased to 8.0mg/L. Following her total 14-day course of
linezolid, the patient was prescribed an additional 2 weeks of
oral trimethoprim-sulfamethoxazole. At her final follow-up
appointment 1 month after discharge, the patient’s CRP was

FIGURE 1 POCUS of affected area of left lateral thigh (A) versus normal control (B).

(A)

(B)

(A) There is fascial thickening which demonstrates increased echogenicity of both the deep fascia overlying the vastus lateralis (VL) and biceps
femoris (BF) muscles and the intermuscular fascia extending between the posterior VL and anterior short head BF muscles (yellow arrows). There
is increased echogenicity of the VL and BF muscles, suggesting edema and myositis without focal fluid collection. (B) Thin, smooth, deep, and
intramuscular fascia without increased echogenicity of the muscles on the normal control. F, femur.
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FIGURE 2 Axial contrast-enhanced CT images of the distal thigh in the patient (A) and normal control (B).

(A)

(B)

(A) There is facial thickening and enhancement of the deep fascia overlying the vastus lateralis (VL) and biceps femoris muscles as well as the

intramuscular fascia between the posterior VL and anterior short head biceps femoris (SHBF) (yellow arrows). There are inflammatory changes
of the fat, both superficial and deep to the fascia. Low attenuation marginating the medial femoral shaft with subtle increased enhancement of the
vastus medialis (VM) muscle is noted (blue arrow). There is subtle increased enhancement of the posterior VL and anterior aspect of the SHBF
consistent with myositis without drainable fluid collection. (B) The control demonstrates normal muscle and subcutaneous fat attenuation with
thin, nearly imperceptible fascia.

FIGURE 3 Comparison of contrast enhanced CT (CECT) (A) with POCUS (B).

(A)

(B)

(A) Fascial thickening and enhancement on the CECT correlates to thickened deep and intramuscular fascia, which is increased in echogenicity

(yellow arrows). Prominent inflammatory fat stranding is noted both superficial and deep to the abnormal fascia (thick red arrows). Note that
the POCUS image on the right has been rotated 90 degrees clockwise to match the orientation of the CECT. (B) Scarring from prior incisional
drainage related to history of osteomyelitis is noted on the CECT anteriorly.

undetectable, and her CT scan showed substantial, near-com
plete resolution of the prior inflammatory process of the mus
cle, deep fascia, and surrounding tissue of the left thigh.

Discussion
Literature regarding the treatment of secondary bacterial my
ositis is scant with recommendations and mostly extrapolated
from that of pyomyositis. Similar to other skin and soft tissue
82 | JSOM Volume 21, Edition 2 / Summer 2021

infections (SSTIs), evaluation for abscess with subsequent sur
gical drainage and prescription of appropriate antibiotics are
paramount to treatment of this condition.13 Unfortunately,
due to a lack of culturing abilities and limited antibiotic se
lection, this may be complicated in the deployed environment
where SSTIs are exceedingly common.14 Consequently, an
understanding of the typical bacterial pathogens encountered
in the deployed military setting is crucial to effective treat
ment. Studies of SSTIs conducted during recent US military
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campaigns have addressed this, finding nearly 70% of isolates
to be MRSA.15 Interestingly, evaluation of these deployment
MRSA isolates has shown them to be mostly consistent with
community-acquired MRSA strains found in the United States
(strain USA300), rather than endemic to the local deployed
environment.16,17 Therefore, susceptibility profiles of these iso
lates are likely similar to those encountered in stateside care.
Pharmacologic Considerations
The therapeutic cornerstone for inpatient complex MRSA
SSTIs is IV vancomycin. Unfortunately, deployed hospitals

(and other more austere locations) often lack the ability to
monitor serum vancomycin levels, making identification of
alternative treatment options necessary. Many of these alter
natives, including daptomycin and ceftaroline, are also incon
gruent with the deployed environment, though linezolid has
shown promise. Studies of linezolid in the treatment of SSTIs,
especially those due to MRSA, have had favorable results with
clinical and microbiological cure rates similar to or even bet
ter than vancomycin.18 Furthermore, the 100% bioavailability
of linezolid makes it a particularly useful option in austere
environments, with studies of oral linezolid showing similar
efficacy to intravenous vancomycin in complex SSTIs.19 In
the authors’ experience, this medication is safe, especially for
treatment durations of less than 14 days, and may provide an
option for treatment of SSTIs in deployed locations. Throm
bocytopenia, the most common side effect with prolonged use,
appears unlikely with shorter treatment durations.20
In the case of bacterial causes of myositis, it is recommended
that IV antibiotic therapy be used for the initial 2-week pe
riod, followed by an additional 2 weeks of oral therapy (to
taling 4 weeks). Given environmental limitations, we elected
to prescribe 4 days of intravenous followed by 10 days of oral
linezolid for initial therapy. This was followed by 2 weeks of
oral trimethoprim-sulfamethoxazole. The favorable response
seen in our patient, as well as the 100% bioavailability of
linezolid in both the oral and IV formulations, may suggest
that oral linezolid is a reasonable initial therapy in complex
MRSA SSTIs encountered during deployment. This strategy
could be especially helpful in preventing evacuation of the crit
ical warfighter.
Imaging Considerations
The diagnosis of soft tissue infections is primarily clinical. Im
aging studies provide a useful adjunct for determining extent
of inflammation and help guide drainage if there are associ
ated fluid collections.

enlargement and edema, fascial thickening and perifascial
fluid, and subcutaneous emphysema.22
When available, CT and MRI play key roles in the evaluation
of deep soft tissue infections such as pyomyositis and necro
tizing or non-necrotizing fasciitis, with imaging findings often
overlapping as in this case. Intramuscular abscesses, hallmarks
of stage 2 pyomyositis, are well depicted with both CT and
MRI, with other common findings including muscle enlarge
ment and edema. Perifascial fluid and thickening, as well as
fascial necrosis, are best depicted with MRI. The absence of
perifascial fluid on MRI has a high negative predictive value
if there is clinically suspected necrotizing fasciitis. Sensitivity
for subcutaneous emphysema is greatest with CT. The most
common CT findings of fasciitis include focal subcutaneous
inflammatory changes and asymmetric fascial thickening with
or without soft-tissue gas.13
Lessons Learned
This particular case presented lessons learned that can be
applied to similar cases of infectious diseases in the austere
setting such as cellulitis, superficial abscess, and pyomyosi
tis. For instance, although trending the CRP was helpful in
evaluating for effectiveness of treatment, it is not completely
necessary. Serial ultrasounds along with the physical exam can
be useful to follow antibiotic effectiveness in a setting with
out laboratory, CT imaging, or surgical capabilities. Having a
multidisciplinary team with a surgeon allowed this patient to
avoid evacuation. Future considerations for similar patients in
settings without surgical capabilities should incorporate tele
medicine consultation to determine if and when evacuation is
necessary.

Conclusion
Diagnosis and management of infectious myositis can be
challenging, particularly in the austere environment. As in
the case discussed, a thorough history and physical are para
mount as the diagnosis is clinical. Imaging modalities such as
CT and MRI are useful adjuncts with an emerging role for ul
trasound, which may offer value in the austere environment.
Bacterial infections of the muscle, during early stages, can be
safely managed with antibiotics alone. Linezolid, instead of
antibiotics requiring laboratory monitoring, are preferred in
the austere environment. A multispecialty collaborative ap
proach involving radiology, internal medicine, and orthope
dic surgery should be used to aid in the early diagnosis and
management.

Radiography, while often the initial imaging study obtained
in the setting of suspected soft tissue infection, demonstrates
limited specificity in cases of myositis or fasciitis. This is be
cause soft tissue edema and obscuration of deep fat planes can
be seen in traumatic or noninfectious inflammatory processes.
The presence of soft tissue gas in the absence of penetrating
trauma should raise suspicion for a more aggressive soft tissue
infection.21
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Ultrasonography offers diagnostic use as well, particularly
in the evaluation for drainable fluid collections. POCUS is
becoming a more common adjunct to the physical exam. Ul
trasound findings seen in the setting of myositis and fasciitis
include subcutaneous edema, inflammatory changes of the
subcutaneous and deep fascial fat, fluid collections, muscle
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