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ABSTRACT The aim of this in vivo study was to compare the efficacy of vancomy-
cin at standard doses (VAN-SD) to that of VAN at adjusted doses (VAN-AD) in achieving
a VAN area under the curve/MIC ratio (AUC/MIC) of =400 against three methicillin-
resistant Staphylococcus aureus (MRSA) strains with different microdilution VAN MICs
in an experimental endocarditis model. The valve vegetation bacterial counts after
48 h of VAN therapy were compared, and no differences were observed between
the two treatment groups for any of the three strains tested. Overall, for VAN-SD
and VAN-AD, the rates of sterile vegetations were 15/45 (33.3%) and 21/49 (42.8%)
(P = 0.343), while the medians (interquartile ranges [IQRs]) for log,, CFU/g of vege-
tation were 2 (0 to 6.9) and 2 (0 to 4.5) (P = 0.384), respectively. In conclusion, this
VAN AUC/MIC pharmacodynamic target was not a good predictor of vancomycin ef-
ficacy in MRSA experimental endocarditis.
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espite the high rates of treatment failure described in the literature, vancomycin

is still recommended against methicillin-resistant Staphylococcus aureus (MRSA) in
infective endocarditis (1-3). To date, no alternative antibiotic or combination with
vancomycin has demonstrated a superior effectiveness with respect to vancomycin in
MRSA endocarditis in a clinical trial (4-6).Vancomycin failure in infective endocarditis
has been attributed to limited in vitro killing activity against S. aureus (7) and poor
penetration of cardiac vegetations (8-10).

The area under the curve/MIC ratio (AUC/MIC) has been identified as the best
predictor of vancomycin activity against S. aureus (11). Achieving an AUC/MIC equal to
or higher than 400 or a minimum blood plasma concentration (C,,;,) of 20 mg/liter
during vancomycin therapy has been associated with better clinical responses to
vancomycin in S. aureus lower respiratory tract infections and bacteremia (12, 13).
However, these pharmacodynamic indexes have not been validated for infective
endocarditis. In addition, the increased risk of nephrotoxicity and ototoxicity associated
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TABLE 1 Pharmacodynamic profile and dosage regimens for the three strains obtained
from patients admitted to the Hospital Clinic in Barcelona, Spain, and diagnosed with
infective endocarditis?

VAN MIC
Treatment group for (mg/liter) by Crnax/Cinin
strain Etest/MD (mg/liter) AUC/Etest MIC AUC/MD MIC
MRSA-196 0.5/0.5
VAN-SD (1 g/12 h) 56/6 299/0.5 = 598 299/0.5 = 598
VAN-AD (1.25 g/8 h) 96/17 621/0.5 = 1,242 621/0.5 = 1,242
MRSA-572 1.5/1
VAN-SD (1 g/12 h) 56/6 299/1 = 299 299/1.5 = 199
VAN-AD (1.25 g/8 h) 96/17 621/1 = 621 621/1.5 = 414
MRSA-277 2/2
VAN-SD (1 g/12 h) 56/6 299/2 = 149.5 299/2 = 149.5
VAN-AD (1 g/6 h) 60/20 666/2 = 333 666/2 = 333

aAbbreviations: VAN MIC, vancomycin MIC; MD, microdilution; AUC, area under the curve; VAN-SD,
vancomycin standard doses; VAN-AD, vancomycin adjusted doses.

with vancomycin at the high doses required to achieve these targets (11, 14) limits the
viability of this therapeutic approach in many clinical situations.

We aimed to compare the efficacy of vancomycin at standard doses (VAN-SD) to that
of vancomycin at adjusted doses (VAN-AD) to achieve the pharmacodynamic target of
an AUC/MIC of =400 for the treatment of experimental endocarditis caused by MRSA
strains with different susceptibilities to vancomycin.

(This study was presented in part at the 52nd Interscience Conference on Antimi-
crobial Agents and Chemotherapy [15].)

The strains had the following microdilution vancomycin MICs/minimum bactericidal
concentrations (MBCs): MRSA-196, 0.5/8 mg/liter (Etest, 0.5 mg/liter); MRSA-572, 1/1
mg/liter (Etest, 1.5 mg/liter); and MRSA-277, 2/2 mg/liter (Etest, 2 mg/liter), respectively.
Their clonal complex, biofilm production, and agr expression studies are shown in Table
S1 in the supplemental material. After randomization, the following treatment groups
were obtained: (i) for all three strains, a control group of untreated animals (n = 15); (ii)
for the MRSA-196 strain, VAN-SD (n = 15) and VAN-AD 1.25 g/8 h (n = 16); (iii) for the
MRSA-572 strain, VAN-SD (n = 15) and VAN-AD 1.25 g/8 h (n = 17); and (iv) for the
MRSA-277 strain, VAN-SD (n = 15) and VAN-AD 1 g/6 h (n = 16). Table 1 summarizes
the pharmacodynamic profiles for the different strains and dosage regimens. The C,,,;ns
(minimum value * standard deviation) obtained after 48 h of treatment with the
different regimens were 3.05 = 1.78 pug/ml for VAN-SD, 10.16 * 5.49 ug/ml for VAN-AD
1.25 g/8 h, and 21.75 + 6.97 ug/ml for VAN-AD 1 g/6 h.

The treatment results are shown in Table 2. As observed, all treatment regimens
reduced bacterial counts in the aortic valve vegetation compared with their respective
nontreatment group. However, significant differences between VAN-SD and VAN-AD
regimens were not observed for any of the three strains, with similar numbers of
vegetations under the two regimens becoming sterilized. Notably, the target index of
AUC/MIC of =400 was not achieved in the VAN-AD regimen with MRSA-277, which had
a vancomycin MIC of 2 mg/liter, although C,,,, in this experiment was 20 mg/liter.
When comparing the groups treated with VAN-SD and VAN-AD, VAN-SD sterilized
15/45 (33.3%) vegetations, while VAN-AD sterilized 21/49 (42.8%) (P = 0.343). The
median log,, CFU (interquartile range [IQR]) per gram of vegetation was 2 (0 to 6.9) for
VAN-SD regimens and 2 (0 to 4.5) for VAN-AD regimens (P = 0.384).

This is the first study to evaluate the relationship between the achievement of a
pharmacodynamic target (AUC/MIC of =400) and the efficacy of vancomycin at ster-
ilizing infected valves in MRSA experimental endocarditis. Since Moise-Broder et al.
observed that outcomes of patients with methicillin-resistant S. aureus pneumonia
treated with vancomycin were better when an AUC/MIC value of 400 was achieved (12),
this breakpoint has been accepted as a predictor in S. aureus infections by some
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TABLE 2 Results after vancomycin therapy for the three strains and dosage regimens®

No. of sterile
vegetations/

Treatment group for no. of total Median (IQR) log,,
strain vegetations (%) P value CFU/g vegetation P value
MRSA-196

Control 0/15 8.8 (7.9-9.5)

VAN-SD (1 g/12 h) 6/15 (40) 2.6 (0-4.5)

VAN-AD (1.25 g/8 h) 10/16 (62) 0.21 0 (0-3.4) 0.38
MRSA-572

Control 0/15 10 (9.6-10)

VAN-SD (1 g/12 h) 4/15 (27) 7 (1-7.9)

VAN-AD (1.25 g/8 h) 3/17 (13) 0.54 5(3-8) 0.73
MRSA-277

Control 0/15 9 (8.6-9.3)

VAN-SD (1 g/12 h) 5/15 (33) 2 (0-5.6)

VAN-AD (1 g/6 h) 8/16 (50) 0.35 1(0-2.2) 0.37
All strains

Control 0/45 10 (9-10.1)

VAN-SD 15/45 (33) 2 (0-6.9)

VAN-AD 21/49 (43) 0.34 2 (0-4.5) 0.38
9Abbreviations: IQR, interquartile range; VAN-SD, vancomycin standard doses; VAN-AD, vancomycin adjusted
doses.

authors. However, it has never been specifically evaluated for infective endocarditis.
Moreover, other studies that analyzed the existence of a relationship between phar-
macodynamic parameters and outcomes in patients with S. aureus infections either
presented discordant results or did not find any association (11, 13). As a result, the
recent 2015 guidelines issued by the American Heart Association (AHA) (1) and the
European Society of Cardiology (ESC) (2) differed in their recommendations on the most
appropriate vancomycin regimen for MRSA endocarditis. The ESC guidelines pointed
out the recommendation for adjusting doses for the pharmacodynamic target of
AUC/MIC of >400, while the AHA guidelines did not (1, 2).

In our study, we did not observe a significant benefit from increasing vancomycin
doses to achieve the desired target, as the bacterial density in the vegetations was
similar to that following a standard dosage therapy. Our results may be better under-
stood by considering poor vancomycin diffusion within the vegetations (10, 12, 16).
Endocardial vegetations mainly develop as biofilm-forming bacteria surrounded by a
glycopeptidic layer with fibrin and platelets, which protects them from antibiotics,
especially those with higher molecular weights, such as vancomycin. In addition, some
of these bacteria express changes in their metabolism, allowing them to live in a
nonreplicative stationary state (17, 18). Moreover, as Sakoulas et al. recently described,
in endovascular staphylococcal infections, vancomycin lacks the synergy with host
innate immunity observed with beta-lactams (19). Beta-lactam sensitization of host
cationic peptides may be crucial in the superior activity of the vancomycin-oxacillin
combination compared to vancomycin alone, as observed in our MRSA experimental
endocarditis model (data not published). As a result of these shortcomings, vancomycin
and other antibiotics fail to sterilize vegetations (20), and persistent infection is ob-
served (21).

In a model similar to ours, Levine et al. treated infective endocarditis with contin-
uous infusion of vancomycin to obtain the target of a steady-state serum level of at
least 20 mg/liter. Like us, they did not observe low MICs predicting better outcomes,
concluding instead that early in vivo results do not seem to be influenced by in vitro
parameters (22).

In our experience, the target of AUC/MIC of =400 is not easily achievable with
conventional doses, especially as microorganism MIC increases. This is especially rele-
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vant provided that only 4.3% of methicillin-susceptible S. aureus (MSSA) and 8% of
MRSA strains causing infective endocarditis at our institution during the period 1995 to
2012 (unpublished data) have a vancomycin MIC as high as 1 mg/liter. The achievement
of this pharmacodynamic parameter may be limited by vancomycin’s side effects,
which increase at higher doses (23). An additional challenge in clinical practice is VAN
MIC interpretation. This is due to the known low correlation between the two recom-
mended methods of measurement, Etest and microdilution (24). Mention must also be
made of the difficulties in measuring or targeting AUC/MICs in humans, especially in
patients on hemodialysis or otherwise renally impaired, which therefore limit the use of
this strategy in clinical practice. Last, another limitation is that our study focused on
bacterial growth in only aortic valve vegetations and not other tissues, such as the
kidney or spleen.

In summary, these findings suggest that the pharmacodynamic targets predicting
outcome in MRSA bacteremia and pneumonia are less useful in MRSA experimental
endocarditis, probably due to the poor diffusion of VAN within the vegetations.

Strains. Three strains of MRSA (MRSA-196, MRSA-572, and MRSA-277) isolated from
patients diagnosed with infective endocarditis in our center were selected for the in
vivo studies.

Antibiotics. VAN powder was purchased from Sigma (St. Louis, MO, USA) and was
reconstituted according to the Clinical and Laboratory Standards Institute (CLSI) rec-
ommendations (25) for all experiments.

Susceptibility testing. VAN MIC and minimum bactericidal concentration (MBC)
were determined by the microdilution method using cation-adjusted Mueller-Hinton
broth (BMD) also according to the current CLSI recommendations (25) and by the Etest
method according to the manufacturer’'s recommendations.

In vivo studies. (i) Animals. New Zealand White rabbits (body weight, 2.2 kg)
obtained from San Bernardo Farm (Pamplona, Spain) were housed in the Technological and
Scientific Center (CCiT) animal facilities of the University of Barcelona as previously de-
scribed (26). This research project fulfilled the requirements stipulated in Spanish Royal
Decree 223/1988 on the protection of animals used in experiments. The Ethical Committee
on Animal Research of the University of Barcelona approved the animal studies.

(ii) Human-like pharmacokinetics studies. In the model for human-like pharma-
cokinetics studies, vancomycin was administered by using a computer-controlled
infusion pump system designed to reproduce human serum antibiotic levels in rabbits
after an intravenous (i.v.) infusion. Pharmacokinetics studies with vancomycin have
been previously described (26). To determine the animal antibiotic doses needed to
simulate the human profiles of vancomycin, the AUC/MICs were calculated for the
different groups using different dosing simulations. Standard (VAN-SD, 1 g/12 h) or
adjusted doses to achieve the pharmacokinetic/pharmacodynamic (PK/PD) parameter
AUC/MIC of =400 (VAN-AD, 1.25 g/8 h or 1 g/6 h, depending on the infective strain).
In order to check VAN serum levels after 48 h of therapy, a blood sample was obtained
from animals receiving three different regimens (n = 13 for VAN-SD 1 g/12 h, n = 14
for VAN-AD 1.25 g/8 h, and n = 12 for VAN-AD 1 g/6 h).

(iii) Endocarditis model. The experimental aortic valve endocarditis model was used
as described elsewhere (26). In brief, each animal was inoculated with one of the selected
MRSA strains. Sixty-four hours after the animals were infected, antibiotic therapies started
and animals were treated for 48 h. The animals were treated for 48 h with an antibiotic
regimen chosen by randomization. After the completion of treatment, aortic valve vege-
tations were obtained and qualitative cultures were performed (26).

Treatment groups. The infected rabbits were randomized to one of the different
treatment arms simulating either a vancomycin human dose of 1 g/12 h (VAN-SD) or
doses adjusted to achieve the pharmacodynamic target of AUC/MIC of >400 (VAN-AD),
1.25 g/8 h or 1 g/6 h, depending on the infecting strain.

Statistics. The median and interquartile range (IQR) of the number of log,, CFU per
gram of vegetation were calculated for the different treatment groups and strains. The
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Mann-Whitney U test was used to compare the obtained medians. The Fisher exact test
was used to compare the proportion of sterile vegetations.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/AAC
.02486-16.

SUPPLEMENTAL FILE 1, PDF file, 0.1 MB.

ACKNOWLEDGMENTS

The Spanish Network for Research in Infectious Diseases provided funding to Jose
M. Miré under grant number REIPI RD06/0008. While the manuscript was being drafted,
J.M.P. received an Emili Letang Postresidency Scholarship (2013-14) from Hospital
Clinic, Barcelona (Spain), and a Rio Hortega Research Grant (CM14/00135; 2015-16)
from Instituto de Salud Carlos lll and the Ministerio de Economia y Competitividad,
Madrid (Spain). J.A. developed this work in the frame of a Juan de la Cierva 2012
postdoctoral program, Ministerio de Economia y Competitividad, Madrid (Spain). Jose
M. Miré received a personal 80:20 research grant from the Institut d’'Investigacions
Biomediques August Pi i Sunyer (IDIBAPS), Barcelona, Spain, during 2017-19. The
European Regional Development Fund (ERDF) A Way To Build Europe also provided
funding.

Members of the Hospital Clinic Endocarditis Study Group, Hospital Clinic-IDIBAPS,
University of Barcelona, Barcelona, Spain, include Jose M. Mird, Juan M. Pericas, Adrian
Téllez, Juan Ambrosioni, Marta Hernandez-Meneses, and Asuncion Moreno (Infectious
Diseases Service); Cristina Garcia-de-la-Maria, Yolanda Armero, and Javier Garcia-
Gonzalez (Experimental Endocarditis Laboratory); Francesc Marco, Manel Almela, and
Jordi Vila (Microbiology Service); Eduard Quintana, Elena Sandoval, Juan C. Paré, Carlos
Falces, Daniel Pereda, Ramon Cartaia, Salvador Ninot, Manel Azqueta, Marta Sitges,
Barbara Vidal, José L. Pomar, Manuel Castella, José M. Tolosana, and José Ortiz (Car-
diovascular Institute); Guillermina Fita and Irene Rovira (Anesthesiology Department);
David Fuster and Ulises Granados (Nuclear Medicine Service); Jose Ramirez (Pathology
Department); Mercé Brunet (Toxicology Service); Dolors Soy (Pharmacy Service); Pedro
Castro (Intensive Care Unit); and Jaume Llopis (Department of Statistics, Faculty of
Biology, University of Barcelona).

JM.M. has received consulting honoraria and/or research grants from AbbVie,
Bristol-Myers Squibb, Cubist, Novartis, Gilead Sciences, and ViiV. F.M. has received
consulting honoraria from Novartis and Janssen-Cilag. All other authors report no
conflicts.

REFERENCES

Antimicrobial Agents and Chemotherapy

1. Baddour LM, Wilson WR, Bayer AS, Fowler VG, Jr, Tleyjeh IM, Rybak MJ,
Barsic B, Lockhart PB, Gewitz MH, Levison ME, Bolger AF, Steckelberg JM,
Baltimore RS, Fink AM, O'Gara P, Taubert KA. 2015. Infective endocarditis
in adults: diagnosis, antimicrobial therapy, and management of
complications: a scientific statement for healthcare professionals from
the American Heart Association. Circulation 132:1435-1486. https://doi
.org/10.1161/CIR.0000000000000296.

. Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta JP, Del Zotti F,
Dulgheru R, El Khoury G, Erba PA, lung B, Miro JM, Mulder BJ, Plonska-
Gosciniak E, Price S, Roos-Hesselink J, Snygg-Martin U, Thuny F, Tornos
Mas P, Vilacosta |, Zamorano JL, Document Reviewers, Erol C, Nihoyan-
nopoulos P, Aboyans V, Agewall S, Athanassopoulos G, Aytekin S, Benzer
W, Bueno H, Broekhuizen L, Carerj S, Cosyns B, De Backer J, De Bonis M,
Dimopoulos K, Donal E, Drexel H, Flachskampf FA, Hall R, Halvorsen S,
Hoen B, Kirchhof P, Lainscak M, Leite-Moreira AF, Lip GY, Mestres CA,
Piepoli MF, Punjabi PP, Rapezzi C, Rosenhek R, Siebens K, Tamargo J,
Walker DM. 2015. ESC guidelines for the management of infective
endocarditis: the Task Force for the Management of Infective Endocar-
ditis of the European Society of Cardiology (ESC). Eur Heart J 36:
3075-3128. https://doi.org/10.1093/eurheartj/ehv319.

3. Gudiol F, Aguado JM, Almirante B, Bouza E, Cercenado E, Dominguez

June 2017 Volume 61 Issue 6 €02486-16

MA, Gasch O, Lora-Tamayo J, Miré JM, Palomar M, Pascual A, Pericas JM,
Pujol M, Rodriguez-Baio J, Shaw E, Soriano A, Vallés J. 2015. Diagnosis
and treatment of bacteremia and endocarditis due to Staphylococcus
aureus. A clinical guideline from the Spanish Society of Clinical Micro-
biology and Infectious Diseases (SEIMC). Enferm Infecc Microbiol Clin
33:625.e1-625.€23. https://doi.org/10.1016/j.eimc.2015.03.015.

. Fowler V, Boucher H, Corey R, Abrutyn E, Karchmer A, Rupp M, Levine D,

Chambers H, Tally F, Vigliani G, Cabell C, Stanlet A, Demeyer |, Filler S,
Zervos M, Cook P, Parsonnet J, Bernstein J, Savor C, Forrest G, Fatken-
hever G, Gareca M, Rehm S, Reinhardt H, Tice A, Cosgrove S, S. aureus
Endocarditis and Bacteremia Study Group. 2006. Daptomycin versus
standard therapy for bacteremia and endocarditis caused by Staphylo-
coccus aureus. N Engl J Med 355:653-665. https://doi.org/10.1056/
NEJMoa053783.

. Rehm SJ, Boucher H, Levine D, Campion M, Eisenstein BI, Vigliani GA,

Corey GR, Abrutyn E. 2008. Daptomycin versus vancomycin plus genta-
micin for treatment of bacteraemia and endocarditis due to Staphylo-
coccus aureus: subset analysis of patients infected with methicillin-
resistant isolates. J Antimicrob Chemother 62:1413-1421. https://doi
.org/10.1093/jac/dkn372.

6. Paul M, Bishara J, Yahav D, Goldberg E, Neuberger A, Ghanem-Zoubi N,

aac.asm.org 5


https://doi.org/10.1128/AAC.02486-16
https://doi.org/10.1128/AAC.02486-16
https://doi.org/10.1161/CIR.0000000000000296
https://doi.org/10.1161/CIR.0000000000000296
https://doi.org/10.1093/eurheartj/ehv319
https://doi.org/10.1016/j.eimc.2015.03.015
https://doi.org/10.1056/NEJMoa053783
https://doi.org/10.1056/NEJMoa053783
https://doi.org/10.1093/jac/dkn372
https://doi.org/10.1093/jac/dkn372
http://aac.asm.org

Castafeda et al.

10.

11.

12.

13.

14.

15.

16.

17.

June 2017 Volume 61

Dickstein Y, Nseir W, Dan M, Leibovici L. 2015. Trimethoprim-
sulfamethoxazole versus vancomycin for severe infections caused by
meticillin resistant Staphylococcus aureus: randomised controlled trial.
BMJ 350:h2219. https://doi.org/10.1136/bmj.h2219.

. Small PM, Chambers HF. 1990. Vancomycin for Staphylococcus aureus

endocarditis in intravenous drug users. Antimicrob Agents Chemother
34:1227-1231. https://doi.org/10.1128/AAC.34.6.1227.

. Cremieux AC, Maziere B, Vallois JM, Ottaviani M, Azancot A, Raffoul H,

Bouvet A, Pocidalo JJ, Carbon C. 1989. Evaluation of antibiotic diffusion
into cardiac vegetations by quantitative autoradiography. J Infect Dis
159:938-944. https://doi.org/10.1093/infdis/159.5.938.

. Durack DT, Beeson PB. 1972. Experimental bacterial endocarditis. II.

Survival of a bacteria in endocardial vegetations. Br J Exp Pathol 53:
50-53.

Batard E, Jamme F, Montassier E, Bertrand D, Caillon J, Potel G, Dumas
P. 2011. Synchrotron radiation infrared microspectroscopy to assess the
activity of vancomycin against endocarditis vegetation bacteria. J Mi-
crobiol Methods 85:235-238. https://doi.org/10.1016/j.mimet.2011.03
.013.

Rybak MJ. 2006. The pharmacokinetic and pharmacodynamic properties
of vancomycin. Clin Infect Dis 42(Suppl 1):535-539. https://doi.org/10
.1086/491712.

Moise-Broder PA, Forrest A, Birmingham MC, Schentag JJ. 2004. Phar-
macodynamics of vancomycin and other antimicrobials in patients with
Staphylococcus aureus lower respiratory tract infections. Clin Pharmaco-
kinet 43:925-942. https://doi.org/10.2165/00003088-200443130-00005.
Hidayat LK, Hsu DI, Quist R, Shriner KA, Wong-Beringer A. 2006. High-
dose vancomycin therapy for methicillin-resistant Staphylococcus aureus
infections: efficacy and toxicity. Arch Intern Med 166:2138-2144. https://
doi.org/10.1001/archinte.166.19.2138.

van Hal SJ, Paterson DL, Lodise TP. 2013. Systematic review and meta-
analysis of vancomycin-induced nephrotoxicity associated with dosing
schedules that maintain troughs between 15 and 20 milligrams per liter.
Antimicrob Agents Chemother 57:734-744. https://doi.org/10.1128/AAC
.01568-12.

Miré JM, Garcia de la Maria C, Castafieda X, del Rio A, Armero Y, Cervera
C, Soy D, Moreno A, Pericas JM, Almela M, Mestres CA, Falces C, Ninot S,
Gatell JM, Marco F, the Hospital Clinic Endocarditis Study Group. 2012.
Abstr 52nd Intersci Conf Antimicrob Agents Chemother, poster A-610.
Jefferson KK, Goldmann DA, Pier GB. 2005. Use of confocal microscopy
to analyze the rate of vancomycin penetration through Staphylococcus
aureus biofilms. Antimicrob Agents Chemother 49:2467-2473. https://
doi.org/10.1128/AAC.49.6.2467-2473.2005.

Costerton JW, Stewart PS, Greenberg EP. 1999. Bacterial biofilms: a

Issue 6 €02486-16

20.

21.

22.

23.

24,

25.

26.

Antimicrobial Agents and Chemotherapy

common cause of persistent infections. Science 284:1318-1322. https://
doi.org/10.1126/science.284.5418.1318.

. Stewart PS, Costerton JW. 2001. Antibiotic resistance of bacteria in bio-

films. Lancet 358:135-138. https://doi.org/10.1016/50140-6736(01)05321-1.

. Sakoulas G, Okumura CY, Thienphrapa W, Olson J, Nonejuie P, Dam Q,

Dhand A, Pogliano J, Yeaman MR, Hensler ME, Bayer AS, Nizet V. 2014.
Nafcillin enhances innate immune-mediated killing of methicillin-
resistant Staphylococcus aureus. J Mol Med (Berl) 92:139-149. https://doi
.org/10.1007/s00109-013-1100-7.

Dunne WM, Jr. 1990. Effects of subinhibitory concentrations of vanco-
mycin or cefamandole on biofilm production by coagulase-negative
staphylococci. Antimicrob Agents Chemother 34:390-393. https://doi
.org/10.1128/AAC.34.3.390.

Levine DP, Fromm BS, Reddy BR. 1991. Slow response to vancomycin or
vancomycin plus rifampin in methicillin-resistant Staphylococcus aureus
endocarditis. Ann Intern Med 115:674-680. https://doi.org/10.7326/
0003-4819-115-9-674.

Asseray N, Jacqueline C, Le Mabecque V, Batard E, Bugnon D, Potel G,
Caillon J. 2005. Activity of glycopeptides against Staphylococcus aureus
infection in a rabbit endocarditis model: MICs do not predict in vivo
efficacy. Antimicrob Agents Chemother 49:857-859. https://doi.org/10
.1128/AAC.49.2.857-859.2005.

Lodise TP, Miller CD, Graves J, Evans A, Graffunder E, Helmecke M,
Stellrecht K. 2008. Predictors of high vancomycin MIC values among
patients with methicillin-resistant Staphylococcus aureus bacteraemia. J
Antimicrob Chemother 62:1138-1141. https://doi.org/10.1093/jac/
dkn329.

Hsu D, Hidayat LK, Quist R, Hindler J, Karlsson A, Yusof A, Wong-Beringer
A. 2008. Comparison of method-specific vancomycin minimum inhibi-
tory concentration values and their predictability for treatment outcome
of meticillin-resistant Staphylococcus aureus (MRSA) infections. Int J An-
timicrob Agents 32:378-385. https://doi.org/10.1016/j.ijjantimicag.2008
.05.007.

Clinical and Laboratory Standards Institute. 2012. Performance standards
for antimicrobial susceptibility testing; 16th informational supplement.
CLSI document M100-S22. Clinical and Laboratory Standards Institute,
Wayne, PA.

Miro JM, Garcia-de-la-Maria C, Armero Y, de-Lazzari E, Soy D, Moreno A,
del Rio A, Almela M, Mestres CA, Gatell JM, Jimenez de Anta MT, Marco
F. 2007. Efficacy of telavancin in the treatment of experimental endo-
carditis due to glycopeptide-intermediate Staphylococcus aureus. Anti-
microb Agents Chemother 51:2373-2377. https://doi.org/10.1128/AAC
.01266-06.

aac.asm.org 6


https://doi.org/10.1136/bmj.h2219
https://doi.org/10.1128/AAC.34.6.1227
https://doi.org/10.1093/infdis/159.5.938
https://doi.org/10.1016/j.mimet.2011.03.013
https://doi.org/10.1016/j.mimet.2011.03.013
https://doi.org/10.1086/491712
https://doi.org/10.1086/491712
https://doi.org/10.2165/00003088-200443130-00005
https://doi.org/10.1001/archinte.166.19.2138
https://doi.org/10.1001/archinte.166.19.2138
https://doi.org/10.1128/AAC.01568-12
https://doi.org/10.1128/AAC.01568-12
https://doi.org/10.1128/AAC.49.6.2467-2473.2005
https://doi.org/10.1128/AAC.49.6.2467-2473.2005
https://doi.org/10.1126/science.284.5418.1318
https://doi.org/10.1126/science.284.5418.1318
https://doi.org/10.1016/S0140-6736(01)05321-1
https://doi.org/10.1007/s00109-013-1100-7
https://doi.org/10.1007/s00109-013-1100-7
https://doi.org/10.1128/AAC.34.3.390
https://doi.org/10.1128/AAC.34.3.390
https://doi.org/10.7326/0003-4819-115-9-674
https://doi.org/10.7326/0003-4819-115-9-674
https://doi.org/10.1128/AAC.49.2.857-859.2005
https://doi.org/10.1128/AAC.49.2.857-859.2005
https://doi.org/10.1093/jac/dkn329
https://doi.org/10.1093/jac/dkn329
https://doi.org/10.1016/j.ijantimicag.2008.05.007
https://doi.org/10.1016/j.ijantimicag.2008.05.007
https://doi.org/10.1128/AAC.01266-06
https://doi.org/10.1128/AAC.01266-06
http://aac.asm.org

	Strains. 
	Antibiotics. 
	Susceptibility testing. 
	In vivo studies. (i) Animals. 
	(ii) Human-like pharmacokinetics studies. 
	(iii) Endocarditis model. 
	Treatment groups. 
	Statistics. 
	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

