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Abstract: We present a rare case of necrotizing myositis predominantly caused by Enterococcus faecium in a 68-year-old healthy
man, with concurrent Klebsiella pneumoniae bacteremia. The patient rapidly progressed from diarrhea and fever to septic shock,
multiple organ dysfunction, and compartment syndrome of the left leg. Blood cultures grew K. pneumoniae, while deep tissue cultures
identified E. faecium as the main pathogen in necrotic muscle. Emergent fasciotomy, serial debridements, and targeted antibiotics
(meropenem and linezolid/vancomycin) led to full recovery. This first reported case highlights the underappreciated virulence of
E. faecium in soft tissue infections and underscores the need for prompt imaging, surgical intervention, and comprehensive micro-
biological workup in severe infections. The case also emphasizes the importance of considering polymicrobial etiology and monitoring
for antibiotic adverse effects.
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Introduction
Enterococcus faecium (E. faecium) is a significant opportunistic pathogen involved in both healthcare-associated and commu-
nity-acquired infections, especially in immunocompromised individuals or those with underlying comorbidities." While its role
in bacteremia, endocarditis, and urinary tract infections is well-documented, its capacity to induce severe monomicrobial or
polymicrobial necrotizing soft tissue infections (NSTIs) remains less recognized and is likely underestimated.” Emerging
evidence suggests that enterococci, particularly E. faecium, may play a dominant role in tissue necrosis, owing to virulence
factors such as gelatinase, cytolysin, and biofilm-forming capacity, which facilitate tissue invasion and immune evasion.” The
intrinsic and acquired multidrug resistance of E. faecium, including the increasing prevalence of vancomycin-resistant strains
(VRE), poses considerable therapeutic challenges and is correlated with adverse clinical outcomes.”

Conversely, Klebsiella pneumoniae (K. pneumoniae) is a prevalent Gram-negative bacterium known to cause
a diverse array of illnesses, including pneumonia, bloodstream infections, and hepatic abscesses. The recent emergence
of hypervirulent strains (hvKP) has been associated with severe invasive disease, even in immunocompetent hosts, often
marked by metastatic spread to sites such as the eyes, central nervous system, and soft tissues.”® These hypervirulent
clones commonly display enhanced capsular polysaccharide production, robust siderophore systems, and additional
virulence factors that collectively heighten their pathogenic capacity.’

Necrotizing myositis, an aggressive and life-threatening variant of NSTIs characterized by extensive skeletal muscle
necrosis, is uncommon yet progresses with alarming rapidity. It is most frequently triggered by pyogenic bacteria like
Group A Streptococcus (GAS) or Staphylococcus aureus.® The pathogenic mechanism often entails bacterial exotoxin
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release and an exaggerated host inflammatory cascade, resulting in substantial tissue devastation, systemic toxicity, and
considerable mortality if not addressed with prompt and aggressive intervention.” Diagnostic ambiguity is common in
early stages; however, localized pain that is disproportionate to physical signs serves as a critical clinical hallmark.'®

The interplay between Gram-positive and Gram-negative pathogens in polymicrobial NSTIs is complex and can lead
to synergistic tissue injury and amplified systemic inflammation.'" Although in this case K. pneumoniae was isolated
only from blood and E. faecium only from deep muscle tissue, the concurrent presence of both pathogens in the same
patient—one driving systemic bacteremia and the other mediating local tissue destruction—constitutes a polymicrobial
infectious process. Such anatomically distinct but temporally concurrent infections can exert synergistic effects on
systemic inflammation and organ dysfunction, as supported by previous studies.'>'* Presently, no cases of necrotizing
myositis primarily caused by E. faecium, particularly in association with K. pneumoniae bacteremia, have been described
in the medical literature. This case report seeks to fill this void by delineating a unique instance of lower extremity
necrotizing myositis driven by E. faecium, complicated by co-existing K. pneumoniae bacteremia. We aim to augment
clinical recognition of the potential involvement of atypical pathogens like E. faecium in serious soft tissue infections and
to explore the attendant diagnostic and therapeutic complexities within polymicrobial frameworks.

Case Presentation

A 68-year-old man arrived at the emergency department reporting diarrhea and fever. His history indicated the onset of
diarrhea, featuring multiple loose yellow stools, accompanied by abdominal discomfort and fever, roughly 8 hours before
presentation, which he had initially ignored. Four hours later, he abruptly developed slurred speech and generalized
malaise, leading him to seek emergency care. He had no known chronic illnesses and was previously in good health.

Upon admission, physical examination disclosed an alert patient with generally fair mental status and mild dysarthria.
Inspection of the head, thorax, abdomen, and extremities revealed no obvious abnormalities. Vital signs were recorded as
follows: temperature 39.0°C, heart rate 70 beats per minute, and blood pressure 107/65 mmHg. Initial laboratory evaluation
demonstrated pronounced leukocytosis (white blood cell count 27.77 x 10°/L) with neutrophilic predominance (91.8%),
platelet count 153 x 10°/L, and a markedly elevated procalcitonin level exceeding 100.00 ng/mL. Cardiac enzyme assays were
strikingly abnormal: lactate dehydrogenase 646 U/L, creatine kinase (CK) >6400 U/L, and CK-MB activity 419 U/L.
Troponin measurements indicated CK-MB mass >100.00 ng/mL and myoglobin >400.00 ng/mL. Serum lactate was raised
at 5.86 mmol/L, indicative of tissue hypoperfusion. Hepatic and renal panels revealed: total bilirubin 30.4 pmol/L, indirect
bilirubin 24.6 pmol/L, alanine aminotransferase 152.0 U/L, aspartate aminotransferase 538.0 U/L, gamma-glutamyl transfer-
ase 88.0 U/L; urea 7.63 mmol/L, creatinine 160 pmol/L, and bicarbonate 14.7 mmol/L.

A provisional diagnosis of sepsis complicated by acute kidney injury, hepatic dysfunction, and hyperlactatemia was
made. The patient was immediately hospitalized and commenced on empirical intravenous meropenem (lg every
12 hours) for broad-spectrum antimicrobial protection, supplemented by supportive care including antidiarrheals,
antipyretics, and hepatoprotective drugs. Two sets of blood cultures were procured from distinct sites before antibiotic
initiation.

Within 1 hour of admission, the patient described sudden, intense pain in his left lower limb, mainly concentrated in the
calf region. The overlying skin showed no erythema but was mildly warm on palpation. The pain escalated quickly, coupled
with progressive swelling (Figure 1A). An urgent Magnetic Resonance Imaging (MRI) examination of the thigh and calf was
conducted. MRI findings revealed swelling with heterogeneous increased signal intensity in the lateral muscles of the left
thigh, as well as swelling and increased signal intensity within the tibialis posterior, soleus, and gastrocnemius muscles of the
left calf, accompanied by obscuration of the intermuscular septa (Figure 1B).

The patient’s status rapidly declined into septic shock, mandating the commencement of a continuous norepinephrine
infusion for hemodynamic stabilization. Simultaneously, tension in the thigh and calf musculature increased steadily,
more pronounced in the calf, accompanied by indicators of compromised circulation and sensation in the foot, fitting with
compartment syndrome. An urgent surgical procedure was undertaken, involving exploratory incisions, fasciotomy, and
debridement of the left thigh and calf. Intraoperative assessment revealed elevated compartment pressures in the calf.
Following medial and lateral fasciotomies, the gastrocnemius, soleus, and tibialis posterior muscles displayed edema with
patches of necrotic and non-viable tissue (Figure 1C). In the thigh, a lateral incision showed subcutaneous edema, and
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Figure | (A) The skin over the affected limb was intact and swollen; (B) MRI of the left lower extremity showed heterogeneous increased signal intensity and swelling in the
lateral thigh muscles, as well as in the posterior tibialis, soleus, and gastrocnemius muscles of the calf. These findings were accompanied by obscuration of the intermuscular
septa; (C) Intraoperatively, edema and partial tissue necrosis were observed in the gastrocnemius, soleus, and posterior tibialis muscles; (D) Hematoxylin and eosin (H&E)
staining of the biopsied tissue revealed inflammatory cell infiltration.

deep fascial release uncovered significant edema of the vastus lateralis. During the surgery, purulent material and tissue
specimens were collected for both microbiological and pathological evaluation. The pathological findings confirmed the
diagnosis of necrotizing myositis (Figure 1D). After initial debridement, the patient was moved to the Intensive Care Unit
(ICU) for continued intensive support. The patient necessitated mechanical ventilation, aggressive fluid resuscitation,
blood product transfusion, and sustained norepinephrine infusion. He developed persistent anuria and escalating
creatinine levels, prompting the initiation of renal replacement therapy.

Gram-negative bacilli were detected in the blood culture sample (Figure 2A). The specimen was inoculated onto
blood agar and MacConkey agar, and after 18-24 hours of incubation at 36°C, the colonies exhibited a hyperviscous
morphology (Figure 2B). The isolate was identified as Klebsiella pneumoniae by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF-MS; bioMerieux, France) (Figure 2C). Antimicrobial suscept-
ibility testing (AST) using the Vitek 2 Compact system with the GN-09 card (bioMerieux, France) revealed susceptibility
to aminoglycosides (eg, gentamicin, tobramycin, and amikacin), B-lactams (eg, meropenem), fluoroquinolones (eg,
levofloxacin), and tetracyclines (eg, tigecycline). Concurrently, Gram-positive cocci were observed in a direct Gram
stain of the patient’s pus specimen (Figure 2D). The specimen was inoculated onto blood agar, MacConkey agar, and
anaerobic blood agar; following incubation at 36°C for 18-24 hours (with the anaerobic agar incubated in an anaerobic
jar for at least 48 hours), the colonies displayed a buttery consistency (Figure 2E). This isolate was identified as
Enterococcus faecium by MALDI-TOF-MS (bioMerieux, France) (Figure 2F), and AST performed with the GP-67
card (Vitek 2 Compact; bioMerieux, France) demonstrated susceptibility to aminoglycosides (high-level gentamicin and
high-level streptomycin), fluoroquinolones (levofloxacin and ciprofloxacin), glycopeptides (vancomycin and teicoplanin),
tetracyclines (tetracycline and tigecycline), and an oxazolidinone (linezolid). Guided by these antimicrobial susceptibility
profiles, the antibiotic regimen was modified to linezolid in conjunction with meropenem.
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Figure 2 (A—C) Klebsiella pneumoniae isolated from blood culture. (A) Gram staining of the positive blood culture showing Gram-negative rods arranged singly and in pairs.
(B) Colony morphology on blood agar after 18-24 h of incubation, demonstrating a hyperviscous appearance. (C) Identification of the isolate as K. pneumoniae with
a confidence level of 99.9% using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS; bioMérieux, France). (D—F) Enterococcus
faecium isolated from intraoperative deep tissue culture. (D) Gram staining of the wound specimen revealing Gram-positive cocci in pairs and chains. (E) Colony morphology
on blood agar showing a buttery consistency. (F) Identification of the isolate as E. faecium with a confidence level of 99.9% using MALDI-TOF MS (bioMérieux, France).

The patient’s status slowly stabilized with directed antibiotics and several additional debridements, and renal function
eventually recuperated. During the ensuing clinical trajectory, the patient manifested persistent high-grade fever (peaking
at 39.1°C) and a widespread non-pruritic rash. Laboratory analyses showed a substantial drop in white blood cell and
neutrophil counts. After multidisciplinary assessment, a diagnosis of severe drug-induced dermatitis with associated
neutropenia was established. Linezolid was halted and substituted with vancomycin, leading to abatement of fever, rash
improvement, and neutrophil count recovery. He was later discharged. At the three-month follow-up, there was no
evidence of soft tissue infection recurrence, and renal function along with leukocyte/neutrophil counts were maintained
within normal limits.

Discussion

We delineate a highly uncommon and serious case of necrotizing myositis principally instigated by Enterococcus
faecium, accompanied by concurrent Klebsiella pneumoniae bacteremia. The swift clinical transition from non-specific
gastroenteritis-like manifestations to septic shock, multi-organ dysfunction syndrome (MODS), and compartment
syndrome within a narrow temporal window underscores the highly aggressive behavior of this polymicrobial infection.
This case not only extends the acknowledged pathogenic range of E. faecium but also sheds light on pivotal elements in
the diagnosis and treatment of severe soft tissue infections.

Although E. faecium is frequently perceived as a commensal with limited innate virulence, it can emerge as a potent
pathogen, especially in vulnerable hosts or particular clinical settings. Virulence determinants such as gelatinase (which
degrades extracellular matrix constituents), cytolysin (a pore-forming exotoxin), and assorted surface adhesins encourage
tissue penetration, biofilm development, and circumvention of host immune mechanisms.* In this instance, the initial bout of
acute gastroenteritis plausibly impaired intestinal mucosal barrier function, potentially permitting bacterial translocation of gut
microbiota, including E. faecium, into the circulation.'* Subsequent hematogenous spread to soft tissues, possibly colonizing
a locus of minor strain or microtrauma, might have provided the foundation for initiating necrotizing myositis. The profoundly
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elevated creatine kinase level (>6400 U/L) acted as a direct laboratory indicator of widespread muscle necrosis, aligning with
surgical observations.

The co-existence of K. pneumoniae bacteremia probably contributed a synergistic influence, intensifying the systemic
inflammatory reaction and hastening the descent into septic shock. K. pneumoniae harbors potent virulence attributes, including
capsular polysaccharides that resist phagocytosis and lipopolysaccharides (LPS) that potently stimulate pro-inflammatory
cytokines like TNF-o and IL-6, thus propelling the pathogenesis of septic shock and organ failure.>” Although the hypervirulent
nature of this specific isolate was not genetically verified, the clinical picture featuring rapid hematogenous dissemination and
profound systemic illness is highly indicative. The polymicrobial interplay between E. faecium and K. pneumoniae may have
cultivated a more damaging microenvironment. Published evidence indicates that co-infecting bacteria can act synergistically to
worsen tissue injury via combined toxin excretion, metabolic collaboration, or alteration of host immune reactions, though the
exact mechanisms for this specific pathogen combination demand deeper exploration.'"'?

This case strongly reaffirms several vital diagnostic and management tenets. Firstly, identifying severe, dispropor-
tionate pain as a fundamental characteristic of necrotizing soft tissue infections is essential.'® In our patient, the severe
limb pain and subsequent neurological deficits were crucial warning signs that antedated visible skin alterations.
Secondly, MRI was invaluable for early identification, precisely mapping the degree of muscle edema, necrosis, and
fascial engagement, thus directly shaping the timing and magnitude of surgical action.'® Thirdly, the fast development of
compartment syndrome required immediate surgical release via fasciotomy. Expedient and thorough excision of all non-
viable tissue constitutes a life-preserving mainstay in managing necrotizing myositis.”'’ Lastly, this case accentuates the
critical need to procure deep tissue samples during surgery for exhaustive microbiological culture and sensitivity
analysis. Dependence on blood cultures alone would have detected K. pneumoniae but overlooked the primary muscle
pathogen, E. faecium, possibly leading to inadequate antimicrobial coverage. Successful antibiotic strategy for such
polymicrobial infections demands a customized approach: anti-enterococcal agents like linezolid or daptomycin (espe-
cially given potential VRE), merged with anti-pseudomonal carbapenems or other broad-spectrum options effective
against Gram-negative organisms, including K. pneumoniae."®

The patient’s subsequent acute renal failure requiring renal replacement therapy exemplifies the serious end-organ
impairment that can accompany the systemic inflammatory reaction in such infections. His eventual recuperation following
vigorous organ support and repeated debridements resonates with published reports stressing the value of a multidisciplinary
strategy incorporating intensivists, surgeons, and infectious disease experts.'”

Another significant feature of this case was the emergence of notable adverse effects—specifically, severe drug-
induced dermatitis and neutropenia—ascribed to linezolid treatment. This complication highlights the difficulties in
antimicrobial stewardship in critically ill patients and the need for careful surveillance for drug-related toxicities, even
when employing targeted medications. The successful reversal of these side effects after switching to vancomycin further
underscores the significance of therapeutic flexibility.

Several limitations should be acknowledged. First, genetic confirmation of hypervirulent K. pneumoniae (hvKP) and
virulence determinants of E. faecium (eg, gelE and cylA) were not performed due to the unavailability of whole-genome
sequencing Second, fecal carriage of E faecium was not assessed; therefore, whether the infecting strain originated from
the patient’s gut microbiota remains speculative. Third, the absence of E. faecium in blood cultures limits the certainty of
hematogenous seeding, although transient bacteremia prior to antibiotic administration cannot be excluded.

To our knowledge, only a few cases of necrotizing soft tissue infections attributable to Enterococcus species have
been reported, predominantly in immunocompromised hosts.'” This report adds to the mounting proof that E. faecium
should not be routinely discounted as a simple contaminant or insignificant colonizer in deep tissue infections,
particularly in the milieu of severe sepsis. It also acts as an important alert that even after one pathogen is detected,
clinicians should preserve a high suspicion for polymicrobial causation in critically ill patients with rapidly advancing
soft tissue involvement. Continuous and detailed microbiological inquiry is vital.

Conclusion
We document the first reported case of necrotizing myositis mainly caused by Enterococcus faecium, coinciding with
Klebsiella pneumoniae bacteremia. This report considerably broadens the recognized scope of severe soft tissue infections
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linked to E. faecium and demonstrates a potentially fatal synergistic relationship with a Gram-negative pathogen. It stresses the
crucial importance of early clinical detection, the value of sophisticated imaging, the necessity of immediate and decisive
surgical care, and the need for exhaustive microbiological analysis from deep tissue samples to inform targeted antimicrobial
treatment. Additionally, it points out the requirement for attentive monitoring of treatment-associated adverse events.
Increased clinical alertness and further investigation into the virulence pathways and polymicrobial dynamics of enterococci
in soft tissue milieus are strongly advocated.

Abbreviations
hvKP, Hypervirulent Klebsiella pneumoniae; E. faecium, Enterococcus faecium; NSTIs, necrotizing soft tissue infections.
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