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MAJOR ARTICLE

Effects of Linezolid on Suppressing In Vivo
Production of Staphylococcal Toxins and
Improving Survival Outcomes in a Rabbit Model
of Methicillin-Resistant Staphylococcus aureus
Necrotizing Pneumonia

Binh An Diep,’ Anna Afasizheva,' Hoan N. Le,' Osamu Kajikawa,” Gustavo Matute-Bello, Christine Tkaczyk,?
Bret Sellman,® Cedric Badiou,*® Gerard Lina,**® and Henry F. Chambers'

'Division of Infectious Diseases, Department of Medicine, University of California, San Francisco; ZDivision of Pulmonary and Critical Care Medicine,
Department of Medicine, University of Washington School of Medicine, Seattle; *Department of Infectious Disease, Medimmune, Gaithersburg,
Maryland; and *Faculté de Médecine Laennec, Université Lyon 1, ®Institut National de la Santé et de la Recherche Médicale U851, Centre National de
Référence des Staphylocoques, and ®Hospices Civils de Lyon, Centre de Biologie Est, Lyon, France

Background. Linezolid is recommended for treatment of pneumonia and other invasive infections caused by
methicillin-resistant Staphylococcus aureus (MRSA). The premise underlying this recommendation is that linezolid
inhibits in vivo production of potent staphylococcal exotoxins, including Panton-Valentine leukocidin (PVL) and
o-hemolysin (Hla), although supporting evidence is lacking.

Methods. A rabbit model of necrotizing pneumonia using MRSA clone USA300 was used to compare therapeu-
tic effects of linezolid (50 mg/kg 3 times/day) and vancomycin (30 mg/kg 2 times/day) administered 1.5, 4, and 9
hours after infection on host survival outcomes and in vivo bacterial toxin production.

Results. Mortality rates were 100% for untreated rabbits and 83%-100% for vancomycin-treated rabbits. In con-
trast, mortality rates were 25%, 50%, and 100% for rabbits treated with linezolid 1.5, 4, and 9 hours after infection,
respectively. Compared with untreated and vancomycin-treated rabbits, improved survival of rabbits treated 1.5
hours after infection with linezolid was associated with a significant decrease in bacterial counts, suppressed bacteri-
al production of PVL and Hla, and reduced production of the neutrophil-chemoattractant interleukin 8 in the
lungs.

Conclusions. Across the study interval, only early treatment with linezolid resulted in significant suppression of
exotoxin synthesis and improved survival outcomes in a rabbit model of MRSA necrotizing pneumonia.

Keywords. Staphylococcus aureus; MRSA; protein synthesis inhibitor; linezolid; vancomycin; treatment; pneu-
monia; Panton-Valentine leukocidin; alpha-hemolysin; rabbit model.

Staphylococcus aureus has been an infrequent cause of
community-acquired pneumonia. However, since 2003
community-associated methicillin-resistant S. aureus
(MRSA) strains have gained attention as an important
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cause of fulminant necrotizing pneumonia affecting
young, otherwise healthy persons [1-15]. Community-
associated MRSA pneumonia is associated with a high
mortality rate despite appropriate antibiotic therapy [10,
11, 16]. In a population-based survey, an estimated
94 360 invasive MRSA infections and 18 650 deaths sub-
sequent to invasive MRSA infections occurred annually
in the United States [16]. Of these, 8460 cases were
pneumonia due to community-associated or community-
onset MRSA [16]. The vast majority of community-
associated MRSA disease was due to a single clone,
USA300. USA300 has been implicated in unusually severe
human diseases, includingendocarditis, sepsis, necrotizing
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fasciitis, and necrotizing pneumonia [6, 17-22]. The hyperviru-
lence phenotype of USA300, especially in the context of pneu-
monia, has been shown in animal models to be due in part to its
hyperproduction of 2 potent staphylococcal toxins, Panton-
Valentine leukocidin (PVL) and a-hemolysin (Hla) [23, 24], with
the former toxin being epidemiologically linked to lethal necro-
tizing pneumonia in humans [14]. Inasmuch as PVL and Hla
are critical for the pathogenesis of pneumonia, treatment strate-
gies that inhibit bacterial production of these toxins may
improve disease outcomes.

In an open-label clinical trial of linezolid, a bacterial protein
synthesis inhibitor, versus vancomycin, a cell-wall-active anti-
biotic, for treatment of nosocomial pneumonia caused by
gram-positive bacteria, clinical and microbiological cure rates
were equivalent by intent-to-treat analysis [25-27]. However, a
retrospective subgroup analysis of 2 randomized clinical trials
for hospital-associated pneumonia indicated that linezolid was
superior to vancomycin for the treatment of nosocomial pneu-
monia caused by hospital-associated MRSA [28]. Comparison
of linezolid and vancomycin for treatment of severe pneumonia
caused by toxigenic strains of community-associated MRSA is
not available. As such, treatment guidelines recommend vanco-
mycin, which is still the standard of care, or one of 2 protein
synthesis inhibitors, linezolid or clindamycin, for treatment of
severe MRSA pneumonia [29, 30]. The debate over the antibiot-
ic of choice for treating severe staphylococcal pneumonia is
ongoing, with the Infectious Diseases Society of America guide-
lines not providing a specific recommendation for a preferred
antibiotic for initiating therapy [30].

A case report noted suppression of PVL production in serial
sputum samples and disease resolution in a patient with necro-
tizing pneumonia due to S. aureus after treatment with linezolid,
clindamycin, ofloxacin, and intravenous immunoglobulin [31],
suggesting that treatment strategies that use antitoxin agents may
improve outcomes. Use of clindamycin for treatment of necrotiz-
ing pneumonia is not of particular interest because USA300, the
predominant MRSA strain in the United States, is increasingly
resistant to this antibiotic [22], and strains causing healthcare-
associated infections are often resistant, whereas S. aureus
remains susceptible to vancomycin and linezolid.

The objective of our study was to compare linezolid and van-
comycin for treatment of necrotizing pneumonia caused by
USA300 in a rabbit model, focusing in particular on elucidating
the mechanisms of action of linezolid in inhibiting bacterial
toxin production in vivo and improving host survival out-
comes. Rabbits were used in the present study because this
animal species is highly susceptible to toxigenic effects of PVL
and Hla [32, 33] and because mechanisms by which these
toxins induce injury and inflammation in the rabbit lungs have
been well-characterized [23]. Herein we show that the en-
hanced protective effect of linezolid in the rabbit model of nec-
rotizing pneumonia was strongly correlated with its in vivo

suppression of bacterial production of PVL and Hla and a con-
comitant dampening of interleukin 8 (IL-8)-mediated acute
lung inflammation.

METHODS

Bacterial Inoculum

SF8300, a minimally passaged USA300 clinical strain representa-
tive of the epidemic clone USA300-0114, was cultured in tryptic
soy broth at 37°C with shaking for 6 hours to an exponential
phase of growth (ODgyy, 1.5), harvested by centrifugation,
washed twice with phosphate-buffered saline (PBS), resuspended
in 0.9% saline containing 10% glycerol to a concentration of
2x 10", aliquoted into individual cryovials, and immediately
stored at —80°C. Frozen stocks were titered in triplicate on 3 sep-
arate occasions to determine the actual concentration of bacteria.
For inoculation of rabbits (described below), the concentrated
frozen stocks were combined and diluted with 0.9% saline to 5-
6 x 10” colony forming units (CFU) per 1.5 mL, and the inocu-
lum was again titered in triplicate to document the actual
number of bacteria used for endobronchial instillation.

Rabbit Model of Necrotizing Pneumonia
The 1.5-mL inoculum containing SF8300 strain was delivered
directly into the lungs of anesthetized New Zealand white
outbred rabbits through a 2.5-mm pediatric endotracheal tube,
which was positioned 1 cm above the mainstem bronchi and
then removed after instillation of bacterial inoculum. Antibiotic
treatment was initiated at 1.5, 4, or 9 hours after infection. In-
fected rabbits were randomized to one of 3 groups: an untreated
control group, a group treated with 0.75 mL vancomycin solu-
tion (100 mg/mL) for a 2.5-kg rabbit intravenously 2 times/day
(ie, 30 mg/kg intravenously 2 times/day), or a group treated
with 50 mg/kg subcutaneously 3 times/day). Because of the
poor solubility of linezolid, 125 mg of this substance was dis-
solved in 50 mL of 0.9% NaCl solution for subcutaneous injec-
tion. Rabbits were monitored every 3 hours after infection, and
survivors were euthanized at 36 hours. Lungs were removed
aseptically from euthanized rabbits and those that were found
dead. Lungs were cut into <0.5-cm pieces. Three lung pieces
were homogenized in 0.9% NaCl and titered by plating serial
dilutions on blood agar to determine the number of bacteria
present.

The experimental pneumonia protocol was reviewed and ap-
proved by the University of California San Francisco Institu-
tional Animal Care and Use Committee.

Measurements of IL-8, the Chemokine MCP-1, LukS-PV, and Hla
Concentrations in Lung Homogenate

To prepare lung homogenate for quantification of host chemo-
kines and bacterial toxins, 4 g of lung pieces was added to 4 mL
of PBS containing a protease inhibitor (PBS/PI; Roche) and
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homogenized using a Tissue-Tearor homogenizer (Biospec
Products). The lung homogenate was centrifuged at 5000 x g
for 10 minutes at 4°C, and the supernatant was collected. The
pellet was resuspended in another 4 mL of PBS/PI. The cell sus-
pension was freeze thawed (20 minutes at —80°C) and homoge-
nized with Tissue-Tearor, and the supernatant was collected by
centrifugation as described above. This extraction procedure
was repeated to yield a total of 4 supernatants, which were
pooled, aliquoted, and stored at —80°C until quantification by
enzyme-linked immunosorbent assay (ELISA) of rabbit IL-8
and MCP-1 and LukS-PV as previously described [23].

For quantification of Hla by sandwich ELISA, using a rabbit
anti-Hla immunoglobulin G (IgG) and human anti-Hla mono-
clonal IgG 2A3 [34]. Briefly, ELISA plates (Nunc) were coated
with 2 pg/mL purified rabbit anti-Hla IgG in 100 pL PBS (Invi-
trogen) and stored overnight at 4°C. Plates were then washed 3
times with PBS and 0.1% Tween (VWR International) and
were incubated for 1 hour at room temperature with 200 uL of
blocking solution containing PBS and 1% bovine serum
albumin. A total of 100 UL of each lung homogenate was added
to PBS, starting at dilution of 1:2 and followed by 2-fold serial
dilutions. Native Hla, purified from S. aureus Wood strain over-
night culture supernatant, was used to generate a standard
curve starting at 0.5 ug/mL and followed by 2-fold serial dilu-
tions. After 1 hour of incubation at room temperature and 3
washings, plates were incubated for 1 hour with 2 ug/mL of
human anti-Hla monoclonal antibody 2A3 in 100 uL of PBS.
Following washing, 100 pL of goat anti-human Fcy-HRP con-
jugate (Jackson Immuno-Research) was added at a dilution of
1:10 000. After 1 hour of incubation at room temperature and
final washing, 100 uL of 3,3',5,5'-tetramethylbenzidine sub-
strate (KPL) was added, and the reaction was stopped after 10
minutes with 100 pL. of 0.2 M H,S0,. Plates were read on a
spectrophotometer at OD,s5p, and data were analyzed with
SoftMax Pro (Molecular Devices). The nominal range of this
assay was 0.1-10 pug/mL. The specificity of ELISA for Hla quan-
tification was demonstrated using lung homogenates from
rabbits infected with SF8300Ahla, in which the o-toxin gene
was deleted; Hla was not detected in the SF8300Ahla-infected
lungs.

Serum Concentrations of Linezolid and Vancomycin

The peak concentrations of linezolid and vancomycin in rabbit
serum collected 1 hour after dosing from 3 rabbits in each of
the respective treatment group were measured. Assays were per-
formed using high-performance liquid chromatography (Quest
Diagnostics).

Statistics

Survival curves were generated using the Kaplan-Meier
method, and statistical significance was assessed by means of
the log-rank test (GraphPad 5.0). One-way analysis of variance

followed by the Dunnett multiple comparisons test (GraphPad
5.0) was used to evaluate for pairwise differences between the
linezolid, vancomycin, and no-treatment groups.

RESULTS

Early Treatment With Linezolid Resulted in Improved Survival
Outcomes

Two independent experiments were conducted to determine the
efficacy of linezolid and vancomycin for treatment of different
stages of necrotizing pneumonia (Figure 1). Treatment was initi-
ated at the following 3 distinct time points reflecting different
stages of necrotizing pneumonia, as previously described for this
rabbit model [23]: 1.5 hours after infection, an early stage prior
to the onset of acute lung injury and lung inflammation; 4 hours
after infection, an intermediary stage in which significant onset
of pulmonary edema and inflammation had occurred; and 9
hours after infection, an end stage in which massive cytokine
release, neutrophil influx, pulmonary edema, alveolar hemor-
rhage, and severe lung necrosis had already occurred.

In the untreated control group, all rabbits had fatal, hemor-
rhagic, necrotizing pneumonia by 15 hours after infection
(Figure 1), reflecting the severity of this acute infection. Mortal-
ity rates were 88% (7/8), 83% (5/6), and 100% (6/6) for rabbits
treated with vancomycin (30 mg/kg 2 times/day) 1.5, 4, and 9
hours after infection, respectively. In contrast, mortality rates
were 25% (2/8), 50% (3/6), and 100% (6/6) for rabbits treated
with linezolid (50 mg/kg 3 times/day) 1.5, 4, and 9 hours after
infection, respectively (Figure 1A and 1B).

One hour after dosing in infected rabbits, mean serum concen-
trations (+SD; as determined for 3 rabbits per treatment group)
were 10.5 + 2.3 ug/mL for linezolid and 36.1 + 4.2 pg/mL for van-
comycin, which are similar to peak levels observed in humans.

For rabbits treated 1.5 hours after infection, Kaplan-Meier
analysis indicates that those treated with linezolid had signifi-
cantly improved survival as compared to those treated with van-
comycin (P<.01) and those that were untreated (P <.001);
survival of rabbits treated with vancomycin was not significantly
different from those that were untreated (P> .05; Figure 1A). Al-
though linezolid-treated rabbits had significantly decreased bac-
terial counts in the lungs as compared to untreated rabbits
(mean [£SD], 7.76 £0.78 log;o CFU vs 8.91 +0.22 log,, CFU;
P <.05; Figure 1C), the difference in bacterial counts between the
linezolid- and vancomycin-treatment groups was not significant
(mean [£SD], 8.10 £ 0.83 vs 7.76 £ 0.78 log;o CFU, P > .05), sug-
gesting that the decreased mortality rate in the linezolid-treated
group was not due to an enhanced antimicrobial killing effect of
this antibiotic (Figure 1C).

The ratio of lung weight to body weight (LW/BW) is a quan-
titative measurement of extravascular lung water and indicates
the severity of acute lung injury [23]. Improved survival out-
comes in the linezolid-treated group may have been correlated
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Treatment window for linezolid (LZD; 50 mg/kg subcutaneously 3 times/day) and vancomycin (VAN; 30 mg/kg 2 times/day) in a rabbit model
of necrotizing pneumonia. Two experiments were conducted. The first experiment evaluated survival outcomes in rabbits treated with LZD or VAN 1.5
hours after infection with 6.4 x 10° colony-forming units (CFU) SF8300 wild-type strain (4, C, and £), and the second experiment evaluated LZD or VAN 4.0
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ity between the different treatment groups. **P<.01; ***P<.001. NS, not significant. C—F, Comparison of bacterial densities (C and D) and the ratio of
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rabbits that were euthanized 36 hours after infection. *P<.05; **P<.01; comparisons not shown are not significant.
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vancomycin (VAN) 1.5 hours after infection. LukS-PV component of PVL (A) and Hla (B) quantified by ELISA from rabbit lung homogenates. Filled symbols
represent data from dead rabbits, and open symbols represent data from surviving rabbits that were euthanized 36 hours after infection. *P<.05;

**P<.01. Abbreviation: NS, not significant.

with a decreased LW/BW ratio, although this was the case only
when treatment was initiated 4.0 hours, not 1.5 hours, after in-
fection (Figure 1E and 1F). For rabbits treated 1.5 hours after
infection, the LW/BW ratio was actually increased in the line-
zolid-treated group as compared to vancomycin-treated or un-
treated groups (Figure 1E). A potential explanation for this
finding is that because rabbits received 3 doses (for the 2
rabbits that died by 21 and 24 hours after infection) or 4 doses
(for the 6 rabbits that survived to 36 hours after infection) of
50-mL linezolid solution subcutaneously (vs 0.75 mL vanco-
mycin solution intravenously), the fluid overload resulted in ex-
travasation of fluid into the lung and formation of greater
edema. Rabbits treated with linezolid 4 hours and 9 hours after
infection received fewer large-volume doses and did not exhibit
an increase in LW/BW ratio (Figure 1F).

Linezolid Suppressed In Vivo Production of Potent
Staphylococcal Toxins

PVL and Hla have been shown to play major roles in the patho-
genesis of pneumonia [23, 24], and the protective effects of line-
zolid could be due to its suppression of bacterial synthesis of
these toxins. Measurement of toxin amounts in infected lungs
by specific ELISA revealed significantly a lower mean amount
(+SD) of the LukS-PV subunit of PVL in linezolid-treated
rabbits (0.49 +0.23 pg/lung) as compared to vancomycin-
treated rabbits (1.64 +0.95 pg/lung) and untreated rabbits
(2.87 £ 1.90 ug/lung) (Figure 2A). The mean amount (+SD) of
Hla in untreated rabbits was 0.87 + 0.89 ug/lung, whereas this
toxin was not detectable by ELISA in lungs of linezolid-treated

or vancomycin-treated rabbits (Figure 2B; the ELISA detection
limit for Hla is 0.6 ng/mL). The LukS-PV subunit of PVL was
produced in greater amounts than Hla in lungs of untreated
rabbits (mean [+SD], 2.87 +1.90 ug/lung vs 0.87 +0.89 pg/
lung; P =.041).

Correlation Between Linezolid-Mediated Suppression of Toxin
Synthesis and Reduced Levels of IL-8

PVL and Hla have been shown to trigger increased production
of IL-8 in the lungs [23]. Linezolid-mediated suppression of
toxin synthesis may also reduce the level of this potent neutro-
phil chemoattractant in the lung. Indeed, the mean IL-8 level
(SD) in lungs of linezolid-treated rabbits (1650 + 1324 ng/
lung) was significantly reduced as compared to levels in lungs
of vancomycin-treated rabbits (4213 + 2504 ng/lung; P =.023)
and untreated rabbits (6013 + 2411 ng/lung; P=.001). There
was a strong correlation between levels of LukS-PV subunit of
PVL and IL-8 (Pearson correlation coefficient, 0.8876; P = .003)
in lungs from linezolid-treated rabbits. MCP-1 levels were not
significantly different between groups (Figure 3B).

DISCUSSION

To elucidate mechanisms of action of linezolid for the treat-
ment of staphylococcal necrotizing pneumonia requires experi-
mentation in an animal species that is sensitive to the toxic
effects of PVL and Hla. The rabbit is historically known to be
exquisitely sensitive to both PVL and Hla [33, 35]. In a rabbit
model of necrotizing pneumonia, treatment with linezolid was

Treatment of MRSA Necrotizing Pneumonia e JID 2013:208 (1 July) e 79



A *%

r 0.S. 1T u 1
10000+
]
8000 ™ v
- ]
f =
=
5 6000 vy
o
) bl
< 4000+ —_—vV .
“i v
= M i
] v
20004 O
<><><>
0 T Y f
Q&
00\&6 \9.)\0 '\6(\
) é‘ o .
N \g N

Figure 3.

B n.s
1 1
r s 1 T 1S 1
50000 -
v
o 400004 v
c
2 . o*
g 30000{ ®m
—_ | |
=4 - v OO
~ v
= 20000 -} Yy o0
g - ©
10000 .
v
n
C I\ T T
Q
& <«
& R 8
S > o
® g N
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dead rabbits, and open symbols represent data from surviving rabbits that were euthanized 36 hours after infection. *P<.05; **P<.01. Abbreviation: NS,

not significant.

associated with a 63% decrease in mortality, compared with
treatment with vancomycin, but only when treatment was initi-
ated 1.5 hours after infection, prior to onset of significant pul-
monary edema formation and inflammation [23]. Because of
the rapidly lethal course of necrotizing pneumonia in this
model, in which one-third of the rabbits died of hemorrhagic
pneumonia by 6-9 hours after infection (Figure 1A and 1B),
delaying linezolid treatment to 4 hours and 9 hours after infec-
tion decreased or abolished its effectiveness in preventing death
(Figure 1B). In contrast, treatment with vancomycin did not
improve survival outcomes regardless of when treatment was
initiated, despite the fact that peak vancomycin serum levels in
infected rabbits were within range of 30-40 pug/mL recom-
mended for humans.

United Kingdom treatment guidelines recommend use of
linezolid for treatment of patients with severe staphylococcal
necrotizing pneumonia [29]. As a protein synthesis inhibitor,
linezolid may improve disease outcomes by suppressing in vivo
toxin production. Protein synthesis inhibitors have been shown
to improve disease outcomes in other toxin-mediated diseases,
including those caused by Streptococcus pyogenes [36, 37] and
Clostridium perfringens [38, 39]. Indirect experimental evidence
from in vitro studies showed that subinhibitory concentrations
of linezolid, but not vancomycin, inhibit production of PVL by
S. aureus [40, 41]. Direct experimental evidence to support in
vivo suppression of toxin production by linezolid is lacking
because it is difficult to measure amounts of bacterial toxins at
the infection site before and after antimicrobial treatment.
Using specific and sensitive ELISA, we showed that USA300
MRSA produced toxic amounts of PVL (2.87 ug/lung) and Hla

(0.87 pg/lung) in the infected lungs of untreated rabbits. Treat-
ment with linezolid 1.5 hours after infection resulted in 83%
reduction in PVL amounts (0.49 ug/lung vs 2.87 ug/lung; P <
.01), whereas treatment with vancomycin 1.5 hours after infec-
tion resulted in 43% reduction in PVL amounts (1.64 pg/lung
vs 2.87 pg/lung; P> .05, not significant). Among the 8 rabbits
treated with linezolid 1.5 hours after infection, the 6 rabbits
that survived had significantly decreased PVL amounts in the
lungs as compared to the 2 rabbits that did not survive (0.82
pg/lung vs 0.38 ug/lung; P=.007). Thus, improved survival
outcomes after linezolid treatment 1.5 hours after infection is
correlated with in vivo suppression of PVL production.
USA300 produced Hla in lesser amounts than PVL in the
rabbit lungs (Figure 2A and 2B). Following antimicrobial
therapy, Hla levels were reduced below the lower limit of quan-
titation. Because of the low initial levels of Hla, it is unclear
whether the reduced Hla levels resulted from a reduction in
bacterial numbers or a suppression of Hla expression. Regard-
less of the mechanism, Hla levels were reduced by antimicrobial
therapy.

Linezolid has been shown to be superior to vancomycin for
treatment of experimental pneumonia in mouse and pig
models, although mechanisms of action of linezolid are poorly
characterized in these models [42-45]. A recent study by Yana-
gihara et al [43], using a mouse model of hematogenous pulmo-
nary infection with a PVL-positive MRSA strain, found a
correlation between enhanced therapeutic effects of linezolid
on survival outcomes and suppression of proinflammatory cy-
tokines in the mouse lungs, which the authors speculated could
be due to linezolid’s suppression of PVL production. PVL is
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known to have proinflammatory activities because of its cyto-
toxic effects on phagocytic cells. However, it should be noted
that the mouse is relatively insensitive to PVL, making this
species less useful for dissecting mechanism of action of line-
zolid on PVL-positive MRSA infection [33, 35]. In a rabbit
model of necrotizing pneumonia, PVL has been shown previ-
ously to induce acute lung inflammation via IL-8-mediated re-
cruitment of neutrophils into the lungs [23]. In the present
rabbit study, linezolid-mediated in vivo suppression of PVL
was strongly correlated with decreased levels of IL-8 in the
rabbit lungs (Figure 3A). In fact, of the 8 rabbits treated with
linezolid 1.5 hours after infection, the 2 rabbits that did not
survive had higher levels of PVL and IL-8, compared with the 6
rabbits that survived (Figure 2 and Figure 3A). As such, linezol-
id can have indirect effects on modulating host inflammatory
response in the lungs through inhibiting the production of
potent bacterial toxins like PVL.

In summary, data from a rabbit model of necrotizing pneumo-
nia established a treatment window in which early treatment
with linezolid was associated with a significant decrease in bacte-
rial counts, suppression of PVL and Hla production in the lungs,
reduction in toxin-induced IL-8 production, and improved sur-
vival outcomes in a rabbit model of MRSA necrotizing pneumo-
nia. Because of the rapid progression of necrotizing pneumonia,
delayed treatment with linezolid decreased or abolished its pro-
tective effects. These experimental data support the use of a
protein synthesis inhibitor for treatment of severe necrotizing
pneumonia caused by community-associated MRSA, but the ap-
parently narrow treatment window may be a practical limitation.
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