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These data were partially presented at the 55th ICAAC, September 18-21, 2015. San

Diego, CA (abstract number 2423).
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Abstract

Objectives: A recent study showed a poorer prognosis in left-sided MSSA endocarditis
treated with cloxacillin when the vancomycin MIC was 21.5 mg/L. We aimed to validate
these results using the International Collaboration on Endocarditis cohort and to analyze
whether specific genetic characteristics were associated with a high vancomycin MIC
(1.5 mg/L) phenotype.

Methods: All patients with left-sided MSSA I|E treated with anti-staphylococcal beta-
lactam antibiotics between 2000 and 2006 with available isolates were included.
Vancomycin MIC (VAN MIC) was determined by E-test as either high (=1.5 mg/L) or low
(<1.5 mg/L). Isolates underwent spa typing to infer clonal complexes (CC) and multiplex
polymerase chain reaction for identifying virulence genes. Univariate analysis was
performed to evaluate the association between in-hospital and one-year mortality and
vancomycin MIC phenotype.

Results: 62 cases met the inclusion criteria. VAN MIC was low in 28 cases (45%) and
high in 34 cases (55%). No significant differences in patient demographic data or
characteristics of infection were observed between patients with IE due to high and low
VAN MIC isolates. Isolates with high and low VAN MIC had similar distributions of
virulence genes and clonal lineages. In-hospital and one-year mortality did not differ
significantly between the two groups (32% (9/28) vs. 27% (9/34), P=0.780; and 43%
(12/28) vs. 29% (10/34), P=0.298, for low and high VAN MIC, respectively).

Conclusion: In this international cohort of patients with left-sided MSSA endocarditis
treated with anti-staphylococcal beta-lactams, vancomycin MIC phenotype was not

associated with patient demographics, clinical outcome, or virulence gene repertoire.
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BACKGROUND

The impact of a high vancomycin MIC phenotype (HMV; >1.5 mg/L) in MSSA bacteremia
and |E ERHRSIEIEiohShiDRNtRISoraYSlneton is BI88 poorly defined. To date, several
studies reported higher rates of complications and mortality in patients with MSSA
bacteremia caused by strains with HVM [1,2] as well as a correlation with agr dysfunction
and agr type Il polymorphism [3]. Nonetheless, a more recent study did not find
significant differences on agr subgroup and function according to the vancomycin MIC
[4]. The association between HVM and significantly higher mortality was also

demonstrated in a Spanish a cohort of 93 patients with MSSA IE treated with cloxacillin

[5]- These clinical findings await international validation.

W
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Objectives
We aimed to explore the association between higher vancomycin MIC and clinical
outcome among patients with left-sided MSSA IE in the International Collaboration

Endocarditis (ICE) Cohort and whether HMV was identifiable by a genetic “signature” of

specific polymorphisms and virulence factors. [[CIgimMSIonINISISUOYANEreroNalidatentne
findings of our previous study in the and to analyze whether specific genetic
characteristics were associated with the presence of high vancomycin MIC in a large,
well-characterized cohort of geographically diverse MSSA isolates causing IE.
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METHODS
Database

ICE-Prospective Cohort Study has been described previously [6]. BliciNDaticiDatng

members from 64 sites in 28 countries reported patients prospectively on a standard
case report form from 2000 through 2006. The case report form included 275 variables
and was developed by ICE collaborators according to standard definitions [1]. All patients
were included from sites that met performance criteria for participation. [HiCScHCHleHa
include the following: minimum enrolment of 12 patients per year in a centre with access
to cardiac surgery; the presence of patient identification measures to ensure consecutive
enrolment and to minimize ascertainment bias [1]; high quality data with query resolution.
and the strains obtained from I|E episodes were available in the ICE-Microbiology
Repository [7], which included >1300 bloodstream isolates from prospectively identified
patients with definite IE from 16 countries, obtained between June 2000 and September
- All participating sites had institutional review board or ethical committee approval
or a waiver and informed consent (verbal or written) from all patients based on local

standards as required by the Coordinating centre (Duke University Medical Center).

Study Sample

Patients and Settings

IE isolates were obtained from the Microbiological Repository of ICE-PCS [7]. Subjects in
the ICE-Microbiology Repository cohort with available frozen bloodstream isolates with
definite MSSA IE treated only with beta-lactams were eligible for inclusion in this study.

Seventeen of these strains were included in the Spanish cohort [5]. NEficbleSIcollccted
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BRCIBUIESE! Al patients who survived had, at least, one year of follow-up. [SiliBiGHic

Definitions
IE was defined according to the modified Duke Criteria [8] and was considered to be left-

sided if no right-sided (tricuspid or pulmonary valve) vegetations were present on

echocardiographic examination, surgery, or autopsy.

EISIGIRE The rest of definitions have been previously provided in detail [9].

Geographic regions

Geographic regions included the [BlIBWIRG 25 participating sites (see Appendix|iiURied

Microbiological methods

ICE methodology for microbiological procedures has been defined elsewhere [6,10].

Detailed microbiological methods can be found in the Supplemental Appendix.
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Statistical analysis

Categorical variables were expressed as percentages and compared with Fisher's exact

test. Continuous variables were expressed as means or medians

and compared by non-parametric

WWRIREYSIN tests. Survival analysis was performed by Kaplan-Meier analysis, and curves

were compared by the log-rank test. ENGHNNCHIMICOISAMPICISIZEMIOGISICIEaIesSIon
ERElSiSRESIoHPErommed. A two-sided p-value <0.05 was considered to be statistically
significant. To determine the rate of type | errors in null hypothesis testing when

el
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RESULTS

Cases included

There were 1,072 cases of MSSA IE cases included in the ICE-PCS, of which 114
isolates were available in the ICE-Microbiology Repository substudy. Of these, 62 (28
LVM, 34 HVM) were cases of left-sided MSSA treated with anti-staphylococcal beta-

RGeS RSHouGRICRCANtAENORRENRANEREINSE The study flowchart is

shown in Figure 1.

Vancomycin MIC distribution in the cohort

The distribution of vancomycin MIC among the 62 cases included in the study is

displayed in Figure 2 along with the respective rates of mortality [CTIOIOINRROIGNIES

Demographics and clinical characteristics

Demographics and clinical characteristics of patients with LVM and HVM are shown in

Table 1. There were no significant differences found in age, sex, place of acquisition of

Outcomes
Complications, surgical rates and mortality according to vancomycin MIC groups are
shown in Table 1. Differences between the two groups did not reach statistical

significance in any of the variables. For LVM, in-hospital and one-year mortality were
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32% (9/28) and 43% (12/28), respe tivel , while in-h spital  rtalit was 27% (9/34) and
one-year mortality 29% (10/34) for HVM.

Genotypic characteristics

Differences in genotypic characteristics between the two groups according to MIC
phenotypes are shown in the Supplemental Appendix, TaBIEI2BINo differences were

detected regarding adhesins, toxins or other putative virulence factors ETRiKtESIGnt

Risk factors for mortality
The univariate analysis of risk factors for one-year mortality is shown in Table 2. HVM,
type of agr and CC were not significantly associated with mortality. The analysis for in-

hospital mortality using the same variables did not differ from that of one-year mortality

(data not shown).

The Kaplan-Meier survival plot at one-year according to vancomycin MIC group is

displayed in the Supplemental Appendix.

¥



O©CoOoONOOOPDWN -

263

264

265

266

267

268

269

270

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

Clinical Microbiology and Infection

Discussion
Vancomycin MIC was not associated with complications or mortality among patients with

MSSA left-sided IE treated with beta-lactams. Thus, this study was unable to validate

findings from the Cervera et al study [5], iSifiCSICHGINISSCHDEUISIGRICARIVANIGNEIIG08

SUBSISUBNEElrom which two main hypotheses were raised: 1) HVM in MSSA isolates
was associated with higher mortality in patients with left-sided IE due to an increased rate

of major embolic events; and 2) a genomic signature identified MSSA isolates with HVM.

Main findings from studies investigating the relationship between VAN MIC and prognosis
of MSSA and IE, as well as its relationship with agr dysfunction are shown in Table 3.
Higher mortality among patients with LVM than in patients with HVM was found in the
present study, as well as higher rates of systemic embolic events (36% vs. 23%) and

persistent bacteremia (14% vs.12%), neither of them reaching statistical significance.

1

w
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Given that no significant differences were found in virulence factors between the two
groups, we might speculate that in this dataset, due to the high proportion of patients with
MSSA strains harbouring LVM and CC30, a high rate of detected and not detected

hematogenous complications in the LVM may explain the higher mortality in this group.

With regard to genotypic features, the analysis of agr subgroup did not reveal a
significant association between a specific agr polymorphism and HVM or CC. We

expected to find an association between a HVM and agri/l polymorphism relying on

previous studies performed in MSSA bacteremia [3,11]. HoICSICHalNoUNGIanToveral

ENENERCoRyCRIVICHRENRESHOIICR=NSIIGIREEDN 'n our study, agril was two

times more frequent in the HVM than in the LVM (38% vs. 19%), but did not reach

statistical significance.
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IREISTIEVAIBI Another factor that could also have influence in the percentage of MSSA
strains identified as HVM is the effect of freezer storage. Ludwig et al. demonstrated a

progressive decline of VAN MIC determination by Etest in MRSA bloodstream samples
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This study has several limitations. First, the low sample size is a major shortcoming,
severely limiting the statistical power of the study and leading to the potential for type Il
error in the analysis. Second, the number of isolates tested and available is not
representative of the overall ICE dataset. However, we conducted a subanalysis
comparing ICE left-sided MSSA frozen strains and those that were not frozen, and we did
not detect significant differences regarding in-hospital and one-year mortality and surgery
rates (data not shown). Third, agr/l dysfunction was not measured, so correlations with
agr subgroup, vancomycin MIC, and outcomes were not performed. Fourth, only cases

occurring in the 2000-2006 period were included, which precluded observations

regarding the temporal trends

current MSSA

circulating strains may have changed. Fifth, the potential variations of MSSA clones

between geographical regions were not investigated. And finally,

CEPREIGSPORRSIBEl the specific type of beta-lactam used was not available. DESPIle

—
N
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In conclusion, in this international cohort of left-sided MSSA |E treated with beta-lactams,
vancomycin MIC 21.5 pg/mL was not found to be an independent risk factor for
complications of IE or for mortality. Stroke, paravalvular complications, and some S.
aureus genes were associated with a worse outcome. Differences in clonality and
virulence factors were not found between strains with LVM and HVM. Further studies in
this field are warranted to expand upon these findings and elucidate if the contradictory
results obtained in this field [15] are due to methodological limitations or rather to a

difficult-to-interpret phenomenon.
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Annex I: ICE Micro Investigators

Australia: Eugene Athan, MD, Owen Harris, MBBS (Barwon Health); Tony M. Korman, MD
(Monash Medical Centre), Despina Kotsanas, BS (Southern Health); Phillip Jones, MD, Porl
Reinbott, Suzanne Ryan, MHS (The University of New South Wales); Brazil: Claudio
Querido Fortes, MD (Hospital Universitario Clementino Fraga Filho/UFRJ); Chile: Patricia
Garcia, MD, Sandra Braun Jones, MD (Hosp. Clinico Pont. Universidad Catdlica de Chile),
Croatia: Bruno Barsic, MD, PhD, Suzana Bukovski, MD (Univ. Hospital for Infectious
Diseases); France: Christine Selton-Suty, MD ,Neijla Aissa, MD, Thanh Doco-Lecompte,
MD (CHU Nancy-Brabois ); Francois Delahaye, MD, PhD, Francois Vandenesch, MD
(Hopital Louis Pradel); Pierre Tattevin, MD, PhD (Pontchaillou University ); Bruno Hoen,
MD, PhD, Patrick Plesiat, MD (University Medical Center of Besangon); Greece: Helen
Giamarellou, MD, PhD, Efthymia Giannitsioti, MD, Ekaterini Tarpatzi, MD (Attikon University
General Hospital); Italy: Emanuele Durante-Mangoni MD, PhD, Domenico lossa PhD,
Serena Orlando MD, Maria Paola Ursi MD, Pia Clara Pafundi PhD, Fabiana D’Amico BSc,
Mariano Bernardo MSc, Susanna Cuccurullo MSc, Giovanni Dialetto MD, Franco Enrico
Covino MD, Sabrina Manduca MD, Alessandro Della Corte MD, PhD, Marisa De Feo MD,
PhD (Universita della Campania); Marie Frangoise Tripodi MD (University of Salerno);
Lebanon: Tania Baban, MD, Zeina Kanafani, MD, MS, Souha S.Kanj, MD, Jad Sfeir, MD ,
Mohamad Yasmine, MD (American University of Beirut Medical Center); New Zealand:
Arthur Morris, MD (Diagnostic Medlab), David R. Murdoch MD, MSc, DTM&H (University of
Otago); Slovenia: Manica Mueller Premru MD PhD, Tatjana Lejko-Zupanc MD PhD
(Medical Center Ljubljana); Spain: Manel Almela, MD, Juan Ambrosioni, MD, PhD, Manuel
Azqueta, MD, Merce Brunet, MD, PhD, Carlos Cervera, MD, PhD, Elisa De Lazzari, MS,
Carlos Falces, MD, David Fuster, MD, PhD, Cristina Garcia- de- la- Maria, PhD, Javier
Garcia-Gonzalez, MS, Jose M. Gatell, MD, PhD, Francesc Marco, MD, PhD, , José M. Mir6,
MD, PhD, Asuncion Moreno, MD, PhD, José Ortiz, MD, PhD, Salvador Ninot, MD, J. Carlos
Paré, MD, PhD, Juan M Pericas, MD, Eduard Quintana, MD, PhD, Jose Ramirez, MD, PhD,
Elena Sandoval, MD, Marta Sitges,MD, PhD, José M. Tolosana, MD, PhD, Barbara Vidal,
MD, PhD, Jordi Vila, MD, PhD (Hospital Clinic — IDIBAPS. University of Barcelona) Emilio
Bouza MD, PhD, Marta Rodriguez-Créixems, MD, PhD ,Victor Ramallo, MD, (Hospital
General Universitario Gregorio Marafén); USA: Suzanne Bradley, MD (Ann Arbor VA
Medical Center); Dannah Wray, MD, Lisa Steed, PhD, MHS, Robert Cantey, MD, (Medical
University of South Carolina); Gail Peterson, MD, Amy Stancoven, MD (UT-Southwestern

25
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ss4  Medical Center); Christopher Woods, MD, MPH, G. Ralph Corey, MD, L. Barth Reller, MD,
sss Vance G. Fowler Jr., MD, MHS, Vivian H. Chu, MD, MHS, (Duke University Medical Center).
556

557 ICE Coordinating Center: Khaula Baloch, MPH, Vivian H. Chu, MD, MHS, G. Ralph Corey,
10 sss  MD, Christy C. Dixon, Vance G. Fowler, Jr., MD, MHS, Tina Harding, RN, BSN, Marian

ss9  Jones-Richmond, Paul Pappas, MS, Lawrence P. Park, PhD, Thomas Redick, MPH, Judy
13 s0  Stafford, MS
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15 561
s2  ICE Publications Committee: Kevin Anstrom, PhD, Eugene Athan, MD, Arnold S. Bayer,

18 se3 MD, Christopher H. Cabell, MD, MHS, Vivian H. Chu, MD, MHS, G. Ralph Corey, MD,

20 s¢4  Vance G. Fowler, Jr., MD, MHS, Bruno Hoen, MD, PhD, A W Karchmer MD, José M. Miré,
21 s6s  MD, PhD, David R. Murdoch, MD, MSc, DTM&H, Daniel J. Sexton, MD, Andrew Wang, MD
23 566

25 s¢7  ICE Steering Committee: Arnold S. Bayer, MD, Christopher H Cabell, MD, MHS, Vivian

s6s  Chu, MD, MHS, G. Ralph Corey MD, David T. Durack, MD, D Phil, Susannah Eykyn, MD,
28 s¢9  Vance G. Fowler, Jr., MD, MHS, Bruno Hoen, MD, PhD, José M. Miré, MD, PhD, Phillipe

30 s70  Moreillon, MD, PhD, Lars Olaison, MD, PhD, Didier Raoult, MD, PhD, Ethan Rubinstein MD,
31 sn LLB, Daniel J. Sexton, MD

33 572
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FIGURE LEGENDS

Figure 1. Flowchart of the patients included in the study. Abbreviation: ICE, International
Collaboration on Endocarditis; IE, infective endocarditis; MIC, Minimum Inhibitory

Concentration; MSSA, methicillin-susceptible Staphylococcus aureus; VAN, vancomycin.
Figure 2. Distribution of the vancomycin MIC within the cohort of 62 left-sided MSSA

Infective endocarditis and overall one-year mortality rates according to vancomycin MIC

determination.



Page 39 of 80

O©CoOoONOOOPDWN -

Clinical Microbiology and Infection

Table 1. Demographics, Clinical Characteristics and Outcomes of 62
Episodes of Left-sided Methicillin-Susceptible Staphylococcus aureus
Infective Endocarditis Treated with Beta-lactams According to “High” or

“Low” Vancomycin Minimum Inhibitory Concentration (MIC).

Vancomycin Vancomycin P
MIC MIC
<1.5 pg/mL 21.5 yg/mL
n=28 n=34
Mean age (SD) 61.1 (18.5) 60.1 (14.3) 0.396
Male gender (%) 19 (68%) 27 (79%) 0.386
Type of endocarditis: 0.548
* Native valve 23 (82%) 25 (74%)
* Prosthetic valve 5 (19%) 9 (27%)
Origin of acquisition: 0.916
= Community-acquired 17 (61%) 23 (68%)
= Nosocomial 8 (29%) 9 (26%)
» Healthcare-associated 2 (7%) 2 (6%)
= Unknown 1(3%) 0
Geographical area: 0.333
» North America 4 (14%) 10 (29%)
» Europe/Mid East 20 (71%) 22 (65%)
= South America 1 (4%) 0
» Australia/New Zealand 3 (11%) 2 (6%)
Complications:
= Heart failure 13 (46%) 10 (29%) 0.195
= Systemic emboli 10 (36%) 8 (23%) 0.400
= Stroke 7 (25%) 9 (27%) 1.000
» Paravalvular complications 8 (29%) 11 (32%) 0.788
* New conduction abnormality 0(-) 3 (9%) 0.245
» Persistent bacteremia 4 (14%) 4 (12%) 1.000
Surgical treatment 9 (32%) 14 (41%) 0.599
Relapses* 0 0 1.000
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Mortality

* In-hospital mortality

= One-year mortality

9 (32%)
12 (43%)

9 (27%)
10 (29%)

0.780
0.298

* Defined as a new episode of endocarditis due to the same microorganism that

caused the first IE within the following 12 months.
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o -sei | 24(86%) | 31(91%) 0.691
. -sq 1(4%) 2(6%) 1.000
- -pv 6 (21%) 3 (9%) 0277
- -hig 28 (100%) 34 (100%) 1.000
‘Other  putative
virulence genes
- -ef 28 (100%) 34 (100%) 1.000
. -icaA 24 (86%) 31(91%) 0.691
- -chp 25 (89%) 30 (88%) 1.000
- -8 9 (32%) 19 (56%) 0.077
Agr subgroup
- 10 (37%) 12 (35%) 1.000
B 5 (19%) 13 (38%) 0.157
- 12 (44%) 8 (24%) 0.105
Y 0 1(3%) 1.000
Clonal Complex
- cct 2(7%) 1(3%) 0.579
- CCs5 4 (15%) 6 (18%) 1.000
- cc8 2 (7%) 2(6%) 1.000
~ cc15 1(4%) 4 (12%) 0.371
~ cC30 8 (30%) 5 (15%) 0.212
_ cc4s 5(19%) 6 (18%) 1.000
_ Other 5(19%) 10 (29%) 0.382
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1

2

3 Table 2. Bi-variable Analysis of Risk Factors for One-year Mortality

4

g Variable Alive Dead OR P

7 n=39 n=22 (95%Cl)

8

9 Demographics

10

1; Age >65years 16 (40%) 11 (50%) 1.5 (0.5-4.9) 0.593
13 Male sex 31 (78%) 15 (68%) 0.62 (0.2-2.4) 0.546
14

15 Prosthetic valve IE 11 (29%) 3 (14%) 0.41 (0.1-1.9) 0.338
16

17 Diabetes 8 (20%) 4 (18%) 0.89 (0.2-3.9) 1.000
18 Acquisition in the 26 (65%) 14 (64%) 1.76 (0.0-141.9) 0.889
20 community

g; North America 8 (20%) 6 (27%) 1.77 (0.1-143.1) 0.444
23 —

o4 Clinical features

gg Paravalvular complications 8 (20%) 11 (50%) 4.0 (1.1-14.6) 0.021
27 Stroke 6 (15%) 10 (46%) 4.72 (1.2-19.1) 0.015
gg Heart failure 10 (46%) 10 (46%) 1.73 (0.5-5.7) 0.411
g? Persistent bacteremia 5 (13%) 3 (14%) 1.11 (0.2-6.4) 1.000
32 Surgery 14 (35%) 9 (41%) 1.29 (0.4-4.2) 0.785
22 Microbiological features

35

36 Var/nlc_:omycin MIC =1.5 24 (60%) 10 (45%) 0.56 (0.2-1.8) 0.298
37 mg

38 CC30 7 (18%) 6 (27%) 1.77 (0.4-7.3) 0.516
28 CcCs 1 (3%) 3 (14%) 6.16 (0.4-331.3) 0.546
41 CC15 6 (15%) 0 0.0 (0-1.1) 0.081
42

43 AGR subgroup | 15 (38%) 7 (32%) 0.78 (0.2-2.6) 0.784
2‘5‘ AGR subgroup Il 13 (33%) 6 (27%) 0.78 (0.2-2.7) 0.777
46 AGR subgroup llI 11 (28%) 9 (41%) 1.83 (0.5-6.2) 0.394
47

48 See 8 (20%) 10 (46%) 3.33 (0.9-12.2) 0.044
gg Sei 33 (83%) 22 (100%) 2.94 (1.1-13.7) 0.044
51 Chp 39 (98) 16 (73%) 0.07 (0.0-0.7) 0.006
gé Eta 8 (20%) 6 (27%) 1.5 (0.4-5.9) 0.539
54 Pvi 4 (10%) 5(23%) 2.65 (0.5-14.9) 0.259
95 The analysis for in-hospital mortality using the same variables did not differ from that of one-

2673 year mortality (data not shown).

58

59
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Table 3. Summary of Main Findings from Studies Assessing the

Relationship between Vancomycin MIC and Prognosis in MSSA

Bacteremia and Left-sided IE.

Page 44 of 80

First author, Design SABI/IE Overall Overall Genetic Main outcomes
year mortality mortality factors analysis
(n) Low VAN High VAN MIC
MIC 2 1.5 pg/mL
<1.5 ug/mL
Kalil, 2014 [15] Systematic SAB 25.8% 26.8% NA RD 1.6% [95%ClI,
review and (8291, both (1430/5551) (734/2740) -2.3%t0 5.6%]; P =
metaanalysis | MRSA and 0.43 (for absolute
MSSA) risk of mortality,
combining 30-day
mortality and in-
hospital mortality)
Holmes, 2011 [1] Prospective SAB 12.2% 26.8% NA P=0.011 (for 30-
multicenter (532; 266 (24/193) (18/68) day mortality)
cohort of which
study MSSA
treated with
betalactam
s only)
Holmes, 2014 [11] Analysis of a SAB NA NA Associated Associated with
subset of (252 MSSA with HVM: HVM: CC8 P <
strains from [1] isolates) CC8, agr 0.001), agr
dysfunction, dysfunction (P=
agr genotype 0.014), agr
I, blaZ, sea, genotype Il
clfA, splA (P=0.043), blaz
and ACME | (P=0.002), sea (P <
locus. 0.001), clfA (P <
0.001), splA (P
0.001) and ACME
locus (P=0.02).
Associated to
LVM: CC22, Associated with
CC88 and LVM: CC22 (P <
CC188 0.001), CC88 ([P <
0.001) and CC188
(P=0.002)
Aguado, 2011 [2] Retrospective, | Catheter- 10.5% 26.1% NA P=0.13 (for 30-day
single-center related (8/76) (6/23) mortality)
Cohort SAB (99, all OR=22.9, [95%ClI
MSSA) 6.7—
78.1] for

complicated SAB.
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Lépez-Cortes, 2015 Prospective, SAB (135, 23.6% 10.3% There were RR=0.44 [95%CI,
[4] single-center all MSSA) (25/106) (3/29) no 0.14-1.35] for 14-
cohort differences in | day mortality
agr
distribution or
absence of
0-haemolysin
between
isolates with
HVM and
those with
LVM. HVM
was not more
frequent in
specific
clones.
Viedma, 2014 [3] Retrospective, | SAB (84, all 24.1%, 45.5% HVM: agr Il In-hospital
single-center MSSA) polymorphis | mortality: P=0.057
cohort m: 17.2%; agr dysfunction: P=
average 0.023.
levels of RNAIIIl expression:
RNAIIl gene | P<.01
expression:
ACt 1.5+
2.11
LVM: agr Il
polymorphis
m: 41.8%;
average
levels of
RNAIIl gene
expression:
ACt4.05 £
3.29
Cervera, 2014 [5] Prospective, MSSA |IE 31% 53% NA In-hospital
single-center (93) (16/53) (21/40) mortality: P=0.035;
cohort Patients with HVYM
presented
significantly more
severe embolic
events
Current study Prospective, MSSA IE 32% 27% HVM: agrll | In-hospital
multicenter (62) (9/28) (9/34) polymorphis | mortality: P=0.780.
cohort m: 19% agrll polymorphism:
LVM: agrll P=0.157
polymorphis
m: 38%

Cl: Confidence interval; IE: Infective endocarditis; MRSA: methicillin-resistant
Staphylococcus aureus; NA: not addressed; OR: Odds ratio; RD: relative
difference; RR: relative risk; SAB: S. aureus bacteremia.
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1. Microbiological Methods
E-test for Vancomycin MIC
MSSA strains were stored at -80° C in a central laboratory (Duke University)
and tested for vancomycin MIC by E-test after the freezing of the samples,
following the manufacturer's recommendations (bioMérieux, Marcy ['Etoile,
France). E-test were done by duplicate and interpreted by consensus with a
second researcher.
Multiplex Polymerase Chain Reaction. Genomic DNA was prepared as
previously described [1]. Bacterial determinants including adhesins, toxins, agr
group |-V, and other genes were screened by multiplex polymerase chain
reaction (PCR) as described before [1]. All negative calls on the multiplex PCR
were confirmed by uniplex PCR.
Spa Typing. Spa typing was performed as previously described [1, 2]. PCR
oligonucleotide primers for spa were described previously [2]. Samples were
sequenced at the Duke University sequencing laboratory. For spa typing,
eGenomics software (http://tools.egenomics.com/) was used to scan the
primary sequence to help identify the orders and names of each repeat. The
spa type number is representative of the repeat organization. Clonal complexes
(CC) for the isolates were identified via repeats pattern recognition from existing
spa type and CC database previously confirmed via multilocus sequence typing
(MLST). Isolates whose spa type did not map to a known CC underwent MLST
typing. For MLST, the sequence chromatograms for unique alleles were

deposited in the MLST database (http://www.mist.net). Alleles at the 7 loci
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(arcC, aroE, glpF, gmk, pta, tpi, and yqiL) were used to identify a unique
sequence type (ST). MLST allele names and STs were derived from
http://www.mlist.net. CCs were assigned to groups of isolates sharing 6 of 7

alleles by using the eBURST algorithm (http://eburst.mist.net) [3].

References

[1] Campbell SJ, Deshmukh HS, Nelson CL, Bae IG, Stryjewski ME, Federspiel
JJ, et al. Genotypic characteristics of Staphylococcus aureus isolates from a
multinational trial of complicated skin and skin structure infections. J Clin
Microbiol. 2008;46:678-84.

[2] Fowler VG Jr, Nelson CL, Mclintyre LM, Kreiswirth BN, Monk A, Archer GL,
et al. Potential associations between hematogenous complications and bacterial
genotype in Staphylococcus aureus infection. J Infect Dis. 2007;196:738-47.

[3] Feil EJ, Li BC, Aanensen DM, Hanage WP, Spratt BG. eBURST: inferring
patterns of evolutionary descent among clusters of related bacterial genotypes

from multilocus sequence typing data. J Bacteriol. 2004;186:1518-30.

2. Genotypic characteristics of MSSA strains according to VAN MIC.
Differences in genotypic characteristics between the two groups according to
MIC phenotypes are displayed in the Table 1. No differences were detected
regarding adhesins, toxins or other putative virulence factors. Thirty-eight
percent of patients with HVM presented agr-1l compared to 19% of patients with
LVM. However, this difference was not statistically significant (P=0.157). With

regard to CC, CC30 was the most frequent CC in the whole cohort. Differences
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in the prevalence of the CCs between the HVM and LVM groups were not

statistically significant.

Table 1. Genotypic Characteristics and Distribution of Clonal Complexes
of 62 Episodes of Left-sided Methicillin-susceptible Staphylococcus

aureus Infective Endocarditis Treated with Beta-lactams According to

Clinical Microbiology and Infection

High or Low Vancomycin Minimum Inhibitory Concentration (MIC).

Vancomycin Vancomycin P
MIC MIC
<1.5 yg/mL 21.5 uyg/mL
n=28 n=34
Adhesins
- fnbA 28 (100%) 34 (100%) 1.000
- fnbB 5 (19%) 7 (21%) 1.000
- CIfA 28 (100%) 34 (100%) 1.000
- clfB 28 (100%) 34 (100%) 1.000
- cna 25 (90%) 29 (85%) 0.720
- spa 27 (96%) 33 (97%) 1.000
- scrC 12 (43%) 16 (47%) 0.801
- sdrD 18 (64%) 19 (56%) 0.606
- sdrE 12 (43%) 16 (47%) 0.801
- bbp 25 (89%) 28 (82%) 0.495
- ebpS 28 (100%) 34 (100%) 1.000
- map/eap 17 (61%) 25 (74%) 0.413
Toxins
- eta 4 (14%) 10 (29%) 0.225
-etb 1 (4%) 1 (3%) 1.000
- tst 27 (96%) 31 (91%) 0.620
- sea 21 (75%) 19 (56%) 0.182
- seb 0 2 (6%) 0.497
- sec 6 (21%) 10 (29%) 0.566
- sed 5 (18%) 9 (27%) 0.546
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- see 9 (32%) 9 (27%) 0.780
- seg 22 (79%) 24 (71%) 0.566
- seh 1(4%) 4 (12%) 0.366
- sei 24 (86%) 31 (91%) 0.691
- sej 1 (4%) 2 (6%) 1.000
- pvl 6 (21%) 3 (9%) 0.277
- hig 28 (100%) 34 (100%) 1.000
Other putative
virulence genes
- efb 28 (100%) 34 (100%) 1.000
- icaA 24 (86%) 31 (91%) 0.691
- chp 25 (89%) 30 (88%) 1.000
-V8 9 (32%) 19 (56%) 0.077
Agr subgroup
- 10 (37%) 12 (35%) 1.000
-1l 5(19%) 13 (38%) 0.157
-1l 12 (44%) 8 (24%) 0.105
-1V 0 1 (3%) 1.000
Clonal Complex
- CC1 2 (7%) 1 (3%) 0.579
- CGC5 4 (15%) 6 (18%) 1.000
- CC8 2 (7%) 2 (6%) 1.000
- CC15 1(4%) 4 (12%) 0.371
- CC30 8 (30%) 5 (15%) 0.212
- CC45 5(19%) 6 (18%) 1.000
—  Other* 5(19%) 10 (29%) 0.382

* Other CC analysed c

and 125.

prsed CC9, CC22, CC25, CC34, CC51, CCh9, CC72,
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70 Figure 1. Kaplan—Meier survival graph of mortality at one-year days of

71 follow-up according to vancomycin minimum inhibitory concentration.
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72 Abbreviation: MIC, minimum inhibitory concentration.
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s« These data were partially presented at the 55th ICAAC, September 18-21, 2015. San
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Abstract

Objectives: A recent study showed a poorer prognosis in left-sided MSSA endocarditis
treated with cloxacillin when the vancomycin MIC was 21.5 mg/L. We aimed to validate
these results using the International Collaboration on Endocarditis cohort and to analyze
whether specific genetic characteristics were associated with a high vancomycin MIC
(1.5 mg/L) phenotype.

Methods: All patients with left-sided MSSA I|E treated with anti-staphylococcal beta-
lactam antibiotics between 2000 and 2006 with available isolates were included.
Vancomycin MIC (VAN MIC) was determined by E-test as either high (=1.5 mg/L) or low
(<1.5 mg/L). Isolates underwent spa typing to infer clonal complexes (CC) and multiplex
polymerase chain reaction for identifying virulence genes. Univariate analysis was
performed to evaluate the association between in-hospital and one-year mortality and
vancomycin MIC phenotype.

Results: 62 cases met the inclusion criteria. VAN MIC was low in 28 cases (45%) and
high in 34 cases (55%). No significant differences in patient demographic data or
characteristics of infection were observed between patients with IE due to high and low
VAN MIC isolates. Isolates with high and low VAN MIC had similar distributions of
virulence genes and clonal lineages. In-hospital and one-year mortality did not differ
significantly between the two groups (32% (9/28) vs. 27% (9/34), P=0.780; and 43%
(12/28) vs. 29% (10/34), P=0.298, for low and high VAN MIC, respectively).

Conclusion: In this international cohort of patients with left-sided MSSA endocarditis
treated with anti-staphylococcal beta-lactams, vancomycin MIC phenotype was not

associated with patient demographics, clinical outcome, or virulence gene repertoire.
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BACKGROUND

The impact of a high vancomycin MIC phenotype (HMV; >1.5 mg/L) in MSSA bacteremia
and IE is poorly known. To date, several studies reported higher rates of complications
and mortality in patients with MSSA bacteremia caused by strains with HVM [1,2], as well
as a correlation with agr dysfunction and agr type Il polymorphism [3]. Nonetheless, a
more recent study did not find significant differences on agr subgroup and function
according to the vancomycin MIC [4]. The association between HVM and significantly
higher mortality was also demonstrated in a Spanish a cohort of 93 patients with MSSA
IE treated with cloxacillin [5].

Objectives

We aimed to explore the association between higher vancomycin MIC and clinical
outcome among patients with left-sided MSSA IE in the International Collaboration
Endocarditis (ICE) Cohort and whether HMV was identifiable by a genetic “signature” of

specific polymorphisms and virulence factors.
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METHODS

Database

ICE-Prospective Cohort Study has been described previously [6]. All patients were
included from sites that met performance criteria for participation and the strains obtained
from IE episodes were available in the ICE-Microbiology Repository [7]. All participating
sites had institutional review board or ethical committee approval or a waiver and
informed consent from all patients based on local standards as required by the

Coordinating centre (Duke University Medical Center).

Study Sample

Patients and Settings

IE isolates were obtained from the Microbiological Repository of ICE-PCS [7]. Subjects in
the ICE-Microbiology Repository cohort with available frozen bloodstream isolates with
definite MSSA IE treated with beta-lactams were eligible for inclusion in this study.
Seventeen of these strains were included in the Spanish cohort [5]. All patients who

survived had, at least, one year of follow-up.

Definitions

IE was defined according to the modified Duke Criteria [8] and was considered to be left-
sided if no right-sided (tricuspid or pulmonary valve) vegetations were present on
echocardiographic examination, surgery, or autopsy. The rest of definitions have been

previously provided in detail [9].

Geographic regions

Twenty-five sites from all Geographic regions participated in the study (see Appendix)
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Microbiological methods
ICE methodology for microbiological procedures has been defined elsewhere [6,10].

Detailed microbiological methods can be found in the Supplemental Appendix.

Statistical analysis

Categorical variables were expressed as percentage and compared with Fisher's exact
test. Continuous variables were expressed as means or medians and compared by non-
parametric tests. Survival analysis was performed by Kaplan-Meier analysis, and curves
were compared by the log-rank test. A two-sided p-value <0.05 was considered to be

statistically significant.
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RESULTS
Cases included

The study flowchart is shown in Figure 1.

Vancomycin MIC distribution in the cohort
The distribution of vancomycin MIC among the 62 cases included in the study is

displayed in Figure 2 along with the respective rates of mortality.

Demographics and clinical characteristics
Demographics and clinical characteristics of patients with LVM and HVM are shown in

Table 1.

Outcomes

Complications, surgical rates and mortality according to vancomycin MIC groups are
shown in Table 1. Differences between the two groups did not reach statistical
significance in any of the variables. For LVM, in-hospital and one-year mortality were
32% (9/28) and 43% (12/28), respectively, while in-hospital mortality was 27% (9/34) and

one-year mortality 29% (10/34) for HVM.

Genotypic characteristics
Differences in genotypic characteristics between the two groups according to MIC
phenotypes are shown in the Supplemental Appendix. No differences were detected

regarding adhesins, toxins or other putative virulence factors.

Risk factors for mortality
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175 The univariate analysis of risk factors for one-year mortality is shown in Table 2. HVM,
176 type of agr and CC were not significantly associated with mortality. The analysis for in-

177 hospital mortality using the same variables did not differ from that of one-year mortality
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10 178 (data not shown).

12 179

14 180 The Kaplan-Meier survival plot at one-year according to vancomycin MIC group is
16 181 displayed in the Supplemental Appendix.
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Discussion

Vancomycin MIC was not associated with complications or mortality among patients with
MSSA left-sided IE treated with beta-lactams. Thus, this study was unable to validate
findings from the Cervera et al study [5], from which two main hypotheses were raised: 1)
HVM in MSSA isolates was associated with higher mortality in patients with left-sided IE
due to an increased rate of major embolic events; and 2) a genomic signature identified

MSSA isolates with HVM.

Main findings from studies investigating the relationship between VAN MIC and prognosis

of MSSA and IE, as well as its relationship with agr dysfunction are shown in Table 3.

Higher mortality among patients with LVM than in patients with HVM was found in the
present study, as well as higher rates of systemic embolic events (36% vs. 23%) and
persistent bacteremia (14% vs.12%), neither of them reaching statistical significance.
Given that no significant differences were found in virulence factors between the two
groups, we might speculate that in this dataset, due to the high proportion of patients with
MSSA strains harbouring LVM and CC30, a high rate of detected and not detected

hematogenous complications in the LVM may explain the higher mortality in this group.

With regard to genotypic features, the analysis of agr subgroup did not reveal a
significant association between a specific agr polymorphism and HVM or CC. We
expected to find an association between a HVM and agrll polymorphism relying on
previous studies performed in MSSA bacteremia [3,11]. In our study, agr// was two times
more frequent in the HVM than in the LVM (38% vs. 19%), but did not reach statistical

significance.
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We did not identify a specific repertoire of virulence factors in the HVM group, as other
previous studies did [6,7,10]. Although geographical regions are almost equally
represented, changes in the genetic expression and phenotypic pattern in MSSA might
be common over the time and geographical variations are also likely to occur as years
pass. Another factor that could also have influence in the percentage of MSSA strains
identified as HVM is the effect of freezer storage. Ludwig et al demonstrated a
progressive decline of VAN MIC determination by Etest in MRSA bloodstream samples

from the moment they were frozen [14].

This study has several limitations. First, the low sample size is a major shortcoming,
severely limiting the statistical power of the study and leading to the potential for type Il
error in the analysis. Second, the number of isolates tested and available is not
representative of the overall ICE dataset. However, we conducted a subanalysis
comparing ICE left-sided MSSA frozen strains and those that were not frozen, and we did
not detect significant differences regarding in-hospital and one-year mortality and surgery
rates (data not shown). Third, agr/l dysfunction was not measured, so correlations with
agr subgroup, vancomycin MIC, and outcomes were not performed. Fourth, only cases
occurring in the 2000-2006 period were included, which precluded observations
regarding the temporal trends Fifth, the potential variations of MSSA clones between
geographical regions were not investigated. And finally, the specific type of beta-lactam

used was not available.

In conclusion, in this international cohort of left-sided MSSA |E treated with beta-lactams,
vancomycin MIC =1.5 ug/mL was not found to be an independent risk factor for

complications of IE or for mortality. Stroke, paravalvular complications, and some S.
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aureus genes were associated with a worse outcome. Differences in clonality and
virulence factors were not found between strains with LVM and HVM. Further studies in
this field are warranted to expand upon these findings and elucidate if the contradictory
results obtained in this field [15] are due to methodological limitations or rather to a

difficult-to-interpret phenomenon.
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g 328

s 329  Australia: Eugene Athan, MD, Owen Harris, MBBS (Barwon Health); Tony M. Korman, MD
8 330  (Monash Medical Centre), Despina Kotsanas, BS (Southern Health); Phillip Jones, MD, Porl
?0 331 Reinbott, Suzanne Ryan, MHS (The University of New South Wales); Brazil: Claudio

1; 332 Querido Fortes, MD (Hospital Universitario Clementino Fraga Filho/UFRJ); Chile: Patricia
13 333 Garcia, MD, Sandra Braun Jones, MD (Hosp. Clinico Pont. Universidad Catdlica de Chile);
12 334 Croatia: Bruno Barsic, MD, PhD, Suzana Bukovski, MD (Univ. Hospital for Infectious

1? 335 Diseases); France: Christine Selton-Suty, MD ,Neijla Aissa, MD, Thanh Doco-Lecompte,
18 336 MD (CHU Nancy-Brabois ); Francois Delahaye, MD, PhD, Francois Vandenesch, MD

;g 337 (Hopital Louis Pradel); Pierre Tattevin, MD, PhD (Pontchaillou University ); Bruno Hoen,

g; 333 MD, PhD, Patrick Plesiat, MD (University Medical Center of Besangon); Greece: Helen

23 339 Giamarellou, MD, PhD, Efthymia Giannitsioti, MD, Ekaterini Tarpatzi, MD (Attikon University
gg 340 General Hospital); Italy: Emanuele Durante-Mangoni MD, PhD, Domenico lossa PhD,

gs 341 Serena Orlando MD, Maria Paola Ursi MD, Pia Clara Pafundi PhD, Fabiana D’Amico BSc,
28 32 Mariano Bernardo MSc, Susanna Cuccurullo MSc, Giovanni Dialetto MD, Franco Enrico

gg 343 Covino MD, Sabrina Manduca MD, Alessandro Della Corte MD, PhD, Marisa De Feo MD,
g; 344 PhD (Universita della Campania); Marie Francoise Tripodi MD (University of Salerno);

33 345 Lebanon: Tania Baban, MD, Zeina Kanafani, MD, MS, Souha S.Kanj, MD, Jad Sfeir, MD ,
gg 346 Mohamad Yasmine, MD (American University of Beirut Medical Center); New Zealand:

g? 347 Arthur Morris, MD (Diagnostic Medlab), David R. Murdoch MD, MSc, DTM&H (University of
38 348 Otago); Slovenia: Manica Mueller Premru MD PhD, Tatjana Lejko-Zupanc MD PhD

28 349 (Medical Center Ljubljana); Spain: Manel Almela, MD, Juan Ambrosioni, MD, PhD, Manuel
j; 350  Azqueta, MD, Merce Brunet, MD, PhD, Carlos Cervera, MD, PhD, Elisa De Lazzari, MS,
43 351 Carlos Falces, MD, David Fuster, MD, PhD, Cristina Garcia- de- la- Maria, PhD, Javier

jg 352 Garcia-Gonzalez, MS, Jose M. Gatell, MD, PhD, Francesc Marco, MD, PhD, , José M. Miro,
2(73 353 MD, PhD, Asuncion Moreno, MD, PhD, José Ortiz, MD, PhD, Salvador Ninot, MD, J. Carlos
48 354 Paré, MD, PhD, Juan M Pericas, MD, Eduard Quintana, MD, PhD, Jose Ramirez, MD, PhD,
gg 355 Elena Sandoval, MD, Marta Sitges,MD, PhD, José M. Tolosana, MD, PhD, Barbara Vidal,
g; 356  MD, PhD, Jordi Vila, MD, PhD (Hospital Clinic — IDIBAPS. University of Barcelona) Emilio
53 357 Bouza MD, PhD, Marta Rodriguez-Créixems, MD, PhD ,Victor Ramallo, MD, (Hospital

gg 358 General Universitario Gregorio Marafén); USA: Suzanne Bradley, MD (Ann Arbor VA

g? 359 Medical Center); Dannah Wray, MD, Lisa Steed, PhD, MHS, Robert Cantey, MD, (Medical
gg 360 University of South Carolina); Gail Peterson, MD, Amy Stancoven, MD (UT-Southwestern
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Vance G. Fowler Jr., MD, MHS, Vivian H. Chu, MD, MHS, (Duke University Medical Center).
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Jones-Richmond, Paul Pappas, MS, Lawrence P. Park, PhD, Thomas Redick, MPH, Judy
Stafford, MS

ICE Publications Committee: Kevin Anstrom, PhD, Eugene Athan, MD, Arnold S. Bayer,
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395  FIGURE LEGENDS
396
397 Figure 1. Flowchart of the patients included in the study. Abbreviation: ICE, International

398 Collaboration on Endocarditis; IE, infective endocarditis; MIC, Minimum Inhibitory
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10 399 Concentration; MSSA, methicillin-susceptible Staphylococcus aureus; VAN, vancomycin.
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13 401 Figure 2. Distribution of the vancomycin MIC within the cohort of 62 left-sided MSSA

15 402 Infective endocarditis and overall one-year mortality rates according to vancomycin MIC
403 determination.
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Right-sided or
Mixed IE
246 cases

ICE study period
- 2000-2006
1072 MSSA IE

566 definitive Left-
sided MSSA IE
episodes

Not definite IE by
Duke Criteria
84 cases

Episodes with
frozen strains

Other reasons*
178 cases

114 cases

Inclusion criteria:
Left-sided MSSA
IE treated with

VAN MIC < 1.5 pg/mL
28 cases

Beta-lactams
62 cases

VAN MIC 2 1.5 pg/mL
34 cases

*Other causes of exclusion were: lack of vegetations in the echocardiographic, surgical or post-

mortem examination (123 patients), age below 18 years (7 patients) and relevant data missing

in the CRD (48 patients).
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Figure 2.
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Percentages and white areas of every column indicate rates of one-year mortality per
VAN MIC group. Black areas represent the percentage of patients alive at one-year.
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Table 1. Demographics, Clinical Characteristics and Outcomes of 62
Episodes of Left-sided Methicillin-susceptible Staphylococcus aureus
Infective Endocarditis Treated with Beta-lactams According to “High” or

“Low” Vancomycin Minimum Inhibitory Concentration (MIC).

Vancomycin Vancomycin P
MIC MIC
<1.5 yg/mL 2 1.5 pg/mL
n=28 n=34
Mean age (SD) 61.1 (18.5) 60.1 (14.3) 0.396
Male gender (%) 19 (68%) 27 (79%) 0.386
Type of endocarditis: 0.548
* Native valve 23 (82%) 25 (74%)
* Prosthetic valve 5 (19%) 9 (27%)
Origin of acquisition: 0.916
= Community-acquired 17 (61%) 23 (68%)
= Nosocomial 8 (29%) 9 (26%)
* Health-care related 2 (7%) 2 (6%)
= Unknown 1(3%) 0
Geographical area: 0.333
» North America 4 (14%) 10 (29%)
» Europe/Mid East 20 (71%) 22 (65%)
= South America 1 (4%) 0
» Australia/New Zealand 3 (11%) 2 (6%)
Complications:
= Heart failure 13 (46%) 10 (29%) 0.195
= Systemic emboli 10 (36%) 8 (23%) 0.400
= Stroke 7 (25%) 9 (27%) 1.000
» Paravalvular complications 8 (29%) 11 (32%) 0.788
* New conduction abnormality 0(-) 3 (9%) 0.245
» Persistent bacteremia 4 (14%) 4 (12%) 1.000
Surgical treatment 9 (32%) 14 (41%) 0.599
Relapses* 0 0 1.000
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Mortality

* In-hospital mortality 9 (32%) 9 (27%) 0.780
* One-year mortality 12 (43%) 10 (29%) 0.298

* Defined as a new episode of endocarditis due to the same microorganism that
caused the first IE within the following 12 months.
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Table 2. Bi-variable Analysis of Risk Factors for One-year Mortality
Variable Alive Dead OR P

n=39 n=22 (95%Cl)

Demographics
Age >65years 16 (40%) 11 (50%) 1.5 (0.5-4.9) 0.593
Male sex 31 (78%) 15 (68%) 0.62 (0.2-2.4) 0.546
Prosthetic valve IE 11 (29%) 3 (14%) 0.41 (0.1-1.9) 0.338
Diabetes 8 (20%) 4 (18%) 0.89 (0.2-3.9) 1.000
Acquisition in the 26 (65%) 14 (64%) 1.76 (0.0-141.9) 0.889
community
North America 8 (20%) 6 (27%) 1.77 (0.1-143.1) 0.444
Clinical features
Paravalvular complications 8 (20%) 11 (50%) 4.0 (1.1-14.6) 0.021
Stroke 6 (15%) 10 (46%) 4.72 (1.2-19.1) 0.015
Heart failure 10 (46%) 10 (46%) 1.73 (0.5-5.7) 0.411
Persistent bacteremia 5 (13%) 3 (14%) 1.11 (0.2-6.4) 1.000
Surgery 14 (35%) 9 (41%) 1.29 (0.4-4.2) 0.785
Microbiological features
Vancomycin MIC = 1.5 24 (60%) 10 (45%) 0.56 (0.2-1.8) 0.298
mg/L
CC30 7 (18%) 6 (27%) 1.77 (0.4-7.3) 0.516
CcCs8 1 (3%) 3 (14%) 6.16 (0.4-331.3) 0.546
CC15 6 (15%) 0 0.0 (0-1.1) 0.081
AGR subgroup | 15 (38%) 7 (32%) 0.78 (0.2-2.6) 0.784
AGR subgroup Il 13 (33%) 6 (27%) 0.78 (0.2-2.7) 0.777
AGR subgroup llI 11 (28%) 9 (41%) 1.83 (0.5-6.2) 0.394
see 8 (20%) 10 (46%) 3.33(0.9-12.2) 0.044
sei 33 (83%) 22 (100%) 2.94 (1.1-13.7) 0.044
chp 39 (98) 16 (73%) 0.07 (0.0-0.7) 0.006
eta 8 (20%) 6 (27%) 1.5(0.4-5.9) 0.539
pvi 4 (10%) 5 (23%) 2.65 (0.5-14.9) 0.259

The analysis for in-hospital mortality using the same variables did not differ from that of one-

year mortality (data not shown).
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Table 3. Summary of Main Findings from Studies Assessing the

Relationship between Vancomycin MIC and Prognosis in MSSA

Bacteremia and Left-sided IE.

First author, Design SABI/IE Overall Overall Genetic Main outcomes
year mortality mortality factors analysis
(n) Low VAN High VAN MIC
MIC 2 1.5 pg/mL
<1.5 ug/mL
Kalil, 2014 [15] Systematic SAB 25.8% 26.8% NA RD 1.6% [95%Cl,
review and (8291, both (1430/5551) (734/2740) -2.3%t0 5.6%]; P =
metaanalysis | MRSA and 0.43 (for absolute
MSSA) risk of mortality,
combining 30-day
mortality and in-
hospital mortality)
Holmes, 2011 [1] Prospective SAB 12.2% 26.8% NA P=0.011 (for 30-
multicenter (532; 266 (24/193) (18/68) day mortality)
cohort of which
study MSSA
treated with
betalactam
s only)
Holmes, 2014 [11] Analysis of a SAB NA NA Associated to | Associated to HVM:
subset of (252 MSSA HVM: CCS8, CC8 P < 0.001),
strains from [1] isolates) agr agr dysfunction (P=
dysfunction, 0.014), agr
agr genotype genotype Il
I, blaz, sea, (P=0.043), blaz
clfA, splA (P=0.002), sea (P <
and ACME 0.001), clfA (P <
locus. 0.001), splA (P
0.001) and ACME
locus (P=0.02).
Associated to | Associated to LVM:
LVM: CC22, | CC22 (P <0.001),
CC88 and CC88 ([P < 0.001)
CC188 and CC188
(P=0.002)
Aguado, 2011 [2] Retrospective, Catheter- 10.5% 26.1% NA P=0.13 (for 30-day
single-center related (8/76) (6/23) mortality)
Cohort SAB (99, all OR=22.9, [95%ClI
MSSA) 6.7—
78.1] for

complicated SAB.
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Lépez-Cortes, 2015 Prospective, SAB (135, 23.6% 10.3% There were RR=0.44 [95%CI,
[4] single-center all MSSA) (25/106) (3/29) no 0.14-1.35] for 14-
cohort differences in | day mortality
agr
distribution or
absence of
0-haemolysin
between
isolates with
HVM and
those with
LVM. HVM
was not more
frequent in
specific
clones.
Viedma, 2014 [3] Retrospective, | SAB (84, all 24.1%, 45.5% HVM: agr Il In-hospital
single-center MSSA) (7/29) (25/55) polymorphis | mortality: P=0.057
cohort m: 17.2%; agr dysfunction: P=
average 0.023.
levels of RNAIII expression:
RNAIIl gene | P<.01
expression:
ACt 1.5+
211
LVM: agr Il
polymorphis
m: 41.8%;
average
levels of
RNAIII gene
expression:
ACt4.05
3.29
Cervera, 2014 [5] Prospective, MSSA |IE 31% 53% NA In-hospital
single-center (93) (16/53) (21/40) mortality: P=0.035;
cohort Patients with HVYM
presented
significantly more
severe embolic
events
Current study Prospective, MSSA IE 32% 27% HVM: agrll | In-hospital
multicenter (62) (9/28) (9/34) polymorphis | mortality: P=0.780.
cohort m: 19% agrll polymorphism:
LVM: agrll P=0.157
polymorphis
m: 38%

Cl: Confidence interval; IE: Infective endocarditis; MRSA: methicillin-resistant
Staphylococcus aureus; NA: not addressed; OR: Odds ratio; RD: relative difference;
RR: relative risk; SAB: S. aureus bacteremia.
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1. Microbiological Methods
E-test for Vancomycin MIC
MSSA strains were stored at -80° C in a central laboratory (Duke University)
and tested for vancomycin MIC by E-test after the freezing of the samples,
following the manufacturer's recommendations (bioMérieux, Marcy ['Etoile,
France). E-test were done by duplicate and interpreted by consensus with a
second researcher.
Multiplex Polymerase Chain Reaction. Genomic DNA was prepared as
previously described [1]. Bacterial determinants including adhesins, toxins, agr
group |-V, and other genes were screened by multiplex polymerase chain
reaction (PCR) as described before [1]. All negative calls on the multiplex PCR
were confirmed by uniplex PCR.
Spa Typing. Spa typing was performed as previously described [1, 2]. PCR
oligonucleotide primers for spa were described previously [2]. Samples were
sequenced at the Duke University sequencing laboratory. For spa typing,
eGenomics software (http://tools.egenomics.com/) was used to scan the
primary sequence to help identify the orders and names of each repeat. The
spa type number is representative of the repeat organization. Clonal complexes
(CC) for the isolates were identified via repeats pattern recognition from existing
spa type and CC database previously confirmed via multilocus sequence typing
(MLST). Isolates whose spa type did not map to a known CC underwent MLST
typing. For MLST, the sequence chromatograms for unique alleles were

deposited in the MLST database (http://www.mist.net). Alleles at the 7 loci
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(arcC, aroE, glpF, gmk, pta, tpi, and yqiL) were used to identify a unique
sequence type (ST). MLST allele names and STs were derived from
http://www.mist.net. CCs were assigned to groups of isolates sharing 6 of 7

alleles by using the eBURST algorithm (http://eburst.mist.net) [3].
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2. Genotypic characteristics of MSSA strains according to VAN MIC.
Differences in genotypic characteristics between the two groups according to
MIC phenotypes are displayed in the Table 1. No differences were detected
regarding adhesins, toxins or other putative virulence factors. Thirty-eight
percent of patients with HVM presented agr-1l compared to 19% of patients with
LVM. However, this difference was not statistically significant (P=0.157). With

regard to CC, CC30 was the most frequent CC in the whole cohort. Differences
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in the prevalence of the CCs between the HVM and LVM groups were not

statistically significant.

Table 1. Genotypic Characteristics and Distribution of Clonal Complexes
of 62 Episodes of Left-sided Methicillin-susceptible Staphylococcus

aureus Infective Endocarditis Treated with Beta-lactams According to
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High or Low Vancomycin Minimum Inhibitory Concentration (MIC).

Vancomycin Vancomycin P
MIC MIC
<1.5 yg/mL 21.5 uyg/mL
n=28 n=34
Adhesins
- fnbA 28 (100%) 34 (100%) 1.000
- fnbB 5 (19%) 7 (21%) 1.000
- CIfA 28 (100%) 34 (100%) 1.000
- clfB 28 (100%) 34 (100%) 1.000
- cna 25 (90%) 29 (85%) 0.720
- spa 27 (96%) 33 (97%) 1.000
- scrC 12 (43%) 16 (47%) 0.801
- sdrD 18 (64%) 19 (56%) 0.606
- sdrE 12 (43%) 16 (47%) 0.801
- bbp 25 (89%) 28 (82%) 0.495
- ebpS 28 (100%) 34 (100%) 1.000
- map/eap 17 (61%) 25 (74%) 0.413
Toxins
- eta 4 (14%) 10 (29%) 0.225
-etb 1 (4%) 1 (3%) 1.000
- tst 27 (96%) 31 (91%) 0.620
- sea 21 (75%) 19 (56%) 0.182
- seb 0 2 (6%) 0.497
- sec 6 (21%) 10 (29%) 0.566
- sed 5 (18%) 9 (27%) 0.546




