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Necrotizing Soft Tissue Infection: Case

A 30-year-old man presents to the ED for sudden onset of severe left biceps 
swelling and pain, which has rapidly progressed in the past 6 hours. He also 
reports fever and chills. Medical history is significant for daily subcutaneous 
heroin use into the left biceps. On exam, temperature is 38.7 °C, BP is 90/60 mm 
Hg, HR is 110/min, and RR is 24/min. The left biceps area is exquisitely tender, 
with associated edema, warmth, and overlying ecchymotic bullous lesions; 
crepitus and induration are appreciated with palpation.

Surgery was called, given concern for necrotizing soft tissue infection (NSTI). 

What empiric ABX would you start (May choose multiple options)?
1. Penicillin
2. Pip/tazo
3. Meropenem
4. Vancomycin
5. Linezolid
6. Clindamycin



Bacterial Toxins

Bacterial Toxins

Endotoxins Exotoxins
Ex) Lipopolysaccharide 
(LPS) of Gram-negatives ↑

Today’s topic
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Toxins produced by Group A Strep

Toxin Name Mechanism Target Disease

Streptolysin O Pore-former Cholesterol Strep throat

Streptococcal 
pyrogenic exotoxins 
(Spe) 

Superantigen
(T-cell 

activator)

TCR and 
MHC II 

Toxic shock
Scarlet fever

• Spe = one of the most potent T-cell activators à Cytokine release

• Not all GAS strains harbor and/or release exotoxins with 
superantigen activity. 

Forbes JD. Clin Microbiol Newsl. 2020;42(20):163-170.



Streptococcal Toxic Shock Syndrome & NSTI:
Frequent Overlap and Toxic Combination

Necrotizing 
soft tissue infection (NSTI)

Streptococcal 
Toxic Shock Syndrome (STSS) 

o TSS = Invasive GAS infection + hypotension + multiorgan failure
o Mortality: 34% with GAS nec fasc. 67% with GAS nec fasc + STSS

6%
among pts with iGAS infection

13%
among pts with iGAS infection

47%
overlap among pts with nec fasc

Davies HD, et al. N Engl J Med. 1996;335(8):547-54.
Kaul R, et al. Am J Med. 1997;103(1):18-24.



Treatment of Strep TSS
Source control

Toxin producKon

Protein synthesis 
inhibitor

IVIG

Beta-lactam (= Penicillin)



Inhibition of toxin protein synthesis

Where did the idea come from?
• In 1950s
• “Eagle effect” in GAS mouse models
• Concerns that penicillin monotherapy 

for invasive GAS infections was 
inadequate

Protein synthesis 
inhibitor ABX NSTI/TSS

Clindamycin ✅

Aminoglycosides -

Tetracyclines -

Rifamycins -

Macrolides -

Linezolid ✅

J Antimicrob Chemother 1997;40:275-7., Antimicrob Agents Chemother 2003;47:1752-5.  

What’s the biological basis?
• In vitro models showing reduced 

exotoxin release with clindamycin 
and linezolid compared to penicillin

• A lot of retrospective studies



Empiric ABX treatment of NSTI

Historically…

• Carbapenem or pip/tazo (broad-spectrum β-lactam)

• Vancomycin (An8-MRSA an8bio8c)

• Clindamycin (An8-toxin effect)
o⬇ superan`gen produc`on in animal models 

o Retrospec`ve studies showed an associa`on with beaer mortality



Issues with Clindamycin (1)

• C. diff infection
oOne of ABX with the 

highest risk of CDI

• GI intolerance
o including non-C. diff 

diarrhea

Miller AC, et al. Open Forum Infect Dis. 2023;10(8):ofad413.



Issues with Clindamycin (2)
• Increasing resistance to Clindamycin

Drug-Resistant GAS Infections • CID 2021:73 (1 December) • 1961

among adults older than 18 years and among persons in 3 high-
risk groups: those residing in LTCFs or nursing homes, PEH, 
and PWID. Increased resistance to these 2 antibiotic classes 
was primarily due to expansion of several highly resistant 
emm types. Reassuringly, we found no isolates with β-lactam 
nonsusceptibility during the 12 years of surveillance.

Most US studies of antibiotic resistance among GAS iso-
lates has involved isolates from pharyngitis [14–17]. Macrolide 

resistance among pharyngitis isolates collected from 8 states 
during 3 respiratory seasons (2000–2003) ranged from 0 to 9% 
[16]. A study of 1885 GAS isolates (85% were pharyngeal) from 
45 medical centers during the 2002–2003 respiratory season 
found erythromycin resistance ranging from 2.7% to 11.0%. 
A 2011–2015 study of pharyngitis among children in Madison, 
Wisconsin identi#ed 15% erythromycin nonsusceptibility 
[14]. A  2001–2002 study in Pittsburgh, Pennsylvania showed 

Figure 1. Proportion of group A Streptococcus (GAS) isolates nonsusceptible to multiple antibiotics—10 surveillance sites, 2006–2017. Data from Connecticut were in-
cluded only for years 2015–2017. *Beginning in 2016, clindamycin nonsusceptibility (either constitutive or inducible) was determined using whole genome sequencing (WGS) 
methods only, whereas in 2011–2015, clindamycin nonsusceptibility data were determined using broth microdilution method only (in 2015, both WGS and broth microdilution 
were used to determine nonsusceptibility). **Clindamycin nonsusceptibility results for 2006–2010 indicate constitutive nonsusceptibility only; from 2011 onward, the data 
shown indicate combined constitutive and inducible clindamycin nonsusceptibility.

Figure 2. Most frequently identified erythromycin-nonsusceptible (EryNS) group A Streptococcus (GAS) isolates by emm type—10 surveillance sites, 2006–2017. Data 
from Connecticut were included only for years 2015–2017. Among 13 819 GAS isolates, 13 708 underwent emm typing and 121 unique emm types were identified; only those 
that accounted for >0.5% of total isolates tested are shown here.
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Proportion of GAS isolates non-susceptible to multiple ABX, 2006–2017 

Fay et al. Clin Infect Dis. 2021;73(11):1957–64.
Horn et al. Clin Infect Dis. 2021;73(11):e4592-e4598.

Clinda resistance
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Clinda + Vanco à Linezolid
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M A J O R  A R T I C L E

Clindamycin Plus Vancomycin Versus Linezolid for 
Treatment of Necrotizing Soft Tissue Infection
Joshua Dorazio,1 Abby L. Chiappelli,1 Ryan K. Shields,2 Y. Vivian Tsai,3 Peyton Skinker,1 Michael J. Nabozny,4 Graciela Bauza,5 Raquel Forsythe,5

Matthew R. Rosengart,5 Scott R. Gunn,5 Rachel Marini,1 Lloyd Clarke,1 Bonnie Falcione,1 Justin Ludwig,6 and Erin K. McCreary2,6,

1Presbyterian Hospital Department of Pharmacy, University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania, USA, 2Division of Infectious Diseases, Department of Medicine, University of 
Pittsburgh School of Medicine, Pittsburgh, Pennsylvania, USA, 3Department of Pharmacy, Prisma Health–Midlands, Columbia, South Carolina, USA, 4Department of Surgery, University of Rochester 
Medical Center, Rochester, New York, USA, 5Department of Surgery and Critical Care Medicine, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania, USA, and 6Office of Quality and 
Clinical Research Innovation, University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania, USA

Background. Necrotizing soft tissue infections (NSTIs) are life-threatening infections. The aim of this study is to evaluate the 
safety of clindamycin plus vancomycin versus linezolid as empiric treatment of NSTIs.

Methods. This was a retrospective, single-center, quasi-experimental study of patients admitted from 1 June 2018 to 30 June 
2019 (preintervention) and 1 May 2020 to 15 October 2021 (postintervention). Patients who received surgical management 
within 24 hours of NSTI diagnosis and at least 1 dose of linezolid or clindamycin were included. The primary endpoint was 
death at 30 days. The secondary outcomes included rates of acute kidney injury (AKI) and Clostridioides difficile infection (CDI).

Results. A total of 274 patients were identified by admission diagnosis code for NSTI or Fournier gangrene; 164 patients met the 
inclusion criteria. Sixty-two matched pairs were evaluated. There was no difference in rates of 30-day mortality (8.06% vs 6.45%; 
hazard ratio [HR], 1.67 [95% confidence interval {CI}, .32–10.73]; P = .65). There was no difference in CDI (6.45% vs 1.61%; HR, 
Infinite [Inf], [95% CI, .66–Inf]; P = .07) but more AKI in the preintervention group (9.68% vs 1.61%; HR, 6 [95% CI, .73–276]; 
P = .05).

Conclusions. In this small, retrospective, single-center, quasi-experimental study, there was no difference in 30-day mortality in 
patients receiving treatment with clindamycin plus vancomycin versus linezolid in combination with standard gram-negative and 
anaerobic therapy and surgical debridement for the treatment of NSTIs. A composite outcome of death, AKI, or CDI within 30 days 
was more common in the clindamycin plus vancomycin group.

Keywords. life-threatening infection; NSTI; piperacillin-tazobactam; surgical debridement.
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Necrotizing soft tissue infections (NSTIs) are life-threatening 
infections that require prompt surgical debridement to im-
prove likelihood of survival [1, 2]. Rapid treatment with antibi-
otics that have in vitro activity against causative pathogens is 
associated with improved outcomes [1, 3]. Empiric treatment 
is targeted toward the most common causative pathogens, in-
cluding Staphylococcus spp, Streptococcus spp, Clostridium 
spp, and gram-negative and anaerobic bacteria [1, 4]. 
Treatment with antibiotics that inhibit protein synthesis and 
suppress toxins produced by group A Streptococcus (GAS) low-
ers patient mortality [5]. Accordingly, the combination of 

clindamycin, vancomycin, and piperacillin-tazobactam is rou-
tinely employed as empiric therapy for NSTI; however, rates of 
clindamycin resistance in Streptococcus spp have steadily in-
creased across the United States [6]. Additionally, treatment 
with clindamycin is associated with an increased risk of 
Clostridioides difficile infection (CDI) compared to other anti-
biotic alternatives, and treatment with vancomycin is associat-
ed with acute kidney injury (AKI) [7]. Taken together, there is a 
growing need for new therapeutic options that are both safe 
and effective in treatment of NSTIs [8].

Linezolid is a protein synthesis inhibitor that decreases toxin 
production through inhibition of exotoxin expression [7]. It 
also demonstrates higher in vitro susceptibility rates against 
common gram-positive pathogens when compared to clinda-
mycin [2, 7, 9]. Linezolid also can be administered orally and 
has high bioavailability. Given these characteristics, linezolid 
may be a suitable replacement for both clindamycin and vanco-
mycin for management of NSTIs, resulting in reduced rates of 
CDI, AKI, and overall antibiotic exposure [10–12].

In May 2020, a multidisciplinary task force comprised of 
representatives from pharmacy, surgery, critical care medicine, 
and infectious diseases revised our local NSTI order set 
(Supplementary Figures 1 and 2). A key change to the 

Linezolid for NSTI • OFID • 1
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Dorazio J, et al. Open Forum Infect Dis. 2023 May 11;10(6):ofad258.

• A retrospective, single-center, quasi-experimental study at UPMC
• After an update in the local NSTI order set:

• Pip/tazo + linezolid (in place of clindamycin and vancomycin) as 

the preferred empiric regimen for NSTI. 
• Total 164 patients - No difference in mortality and C.diff, but less AKI 

in the post-intervention group 



Toxins produced by S. aureus

Toxin Name Mechanism Target Disease

Panton-Valentine 
leukocidin (PVL) Pore-former Cholesterol

• Necrotizing 
pneumonia 

• SSTI

Exfoliative toxin T-cell activator TCR and 
MHC II 

Staphylococcal 
scalded skin 
syndrome (SSSS) 

Enterotoxin T-cell activator TCR and 
MHC II Food poisoning

Toxic shock 
syndrome toxin 
(TSST-1) 

T-cell activator TCR and 
MHC II

Staphylococcal 
TSS

Forbes JD. Clin Microbiol Newsl. 2020;42(20):163-170.



Panton-Valentine leukocidin (PVL) 

• Strong epidemiological link with CA-

MRSA, including USA300 strain

• A predilecKon for young, 
immunocompetent paKents with high 
case fatality rates.

• Less frequently, PVL+ hospital-acquired 

MRSA and MSSA have been reported. 

SSTI

Necrotizing Pneumonia



Linezolid vs Vanco for MRSA pneumonia

Is Linezolid better due to the inhibition of toxin production??
à Not so straightforward…

Wunderink RG, et al. Clin Infect Dis. 2012;54(5):621-9.

A controversial RCT in 2012 showed the superiority of 
linezolid over vancomycin in clinical response 

The virulence of CA-MRSA strains is probably 
not due to PVL based on an animal study.

What if complicated by MRSA bacteremia?

Linezolid may be better when vancomycin MIC ≥2?



Take Home Points

• Anti-toxin antimicrobial treatment in Strep and Staph 
infections has been established by in vitro and animal 
studies, and supported by data from observational studies

• Movement transitioning from clindamycin + vancomycin to 

linezolid in empiric treatment for NSTI

• Unclear if linezolid vs vancomycin is better in MRSA 
pneumonia  


