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Abstract

Vancomycin has been the drug of choice for the treatment of serious methicillin-resistant Staphylococcus
aureus (MRSA) infections for over five decades worldwide. However, in recent years, many clinicians question
the utility of vancomycin for MRSA infections, because of the issues of resistance, slow bactericidal activity, and
the interaction with the accessory gene regulator (agr) system. In this study, we investigated whether the in vitro
bactericidal activity of vancomycin, a polymorphism at agr locus, and expression of heterogeneous vancomycin-
intermediate resistance (hVISA) and B-lactam antibiotic-induced vancomycin resistance (BIVR) phenotypes,
impact the mortality associated with MRS A bacteremia. Vancomycin bactericidal assays were performed over 72
h as reported by Sakoulas et al., using a vancomycin concentration of 16 pg/ml against MRSA at an initial inocu-
lum of approximately 108 CFU/ml. hVISA was detected by Macro Etest and population analysis, and BIVR was
identified using the BIVR detection method, as previously described. The clinical data were extracted from
patients” medical records, and the clinical outcome was assessed by 30 -day all-cause mortality, defined as death
that occurred within 30 days after the onset of bacteremia. A Hill-type mathematical model identified a very close
relationship between vancomycin bactericidal activity and mortality in patients with MRSA bacteremia (r?=0.983).
In addition, a multivariate logistic regression analysis showed that hVISA (+)/BIVR (+) (odds ratio (OR) 7.66,
95 % confidence interval (CI) 1.28-45.6 ;p=0. 025), APACHE Il score (OR1.16,95% CI1.05-1.27;
p=0.003), and the presence of shock (OR 6.63,95% CI1.42-30.9;p=0.016), were predictors of mortality
in patients with MRSA bacteremia. Vancomycin minimum inhibitory concentration (MIC), agr group, and agr
function were not significantly associated with the mortality. In conclusions, the in vitro bactericidal activity of
vancomycin and the combined phenotype of hVISA and BIVR are likely to be powerful predictors of a higher
probability of mortality in patients with MRS A bacteremia. Further studies are warranted in the clinical microbi-
ology setting to evaluate the relevance of lower vancomycin bactericidal activity, hVISA, and BIVR phenotype,
and to determine the optimal treatment for those patients whose isolates show the lower bactericidal activity or
combined phenotype of hVISA and BIVR.
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AF ) VI 7 N7 KRB (methicillin-resistant Staphylococcus aureus: MRSA) 1, K722 V‘]’C
rHERR B X OV DE < BERBIG I B W CIFFICEE 2 W Td % o MRSA OIRGAL K OB IR
FHET BRI A CTEA PR OFE B L BRSO EDNEETH 5. 4 OFEMKZ X5 % ﬁ?it\
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DIHEIN Y — 2 % T 70V AT 4 — )V F7OVESIKE) (pulsed-field gel electrophoresis: PFGE) T

Do Zofh, K1Y x5 —EHFH S (polymerase chain reaction: PCR) (2 & 2 4552 O & (5 1-#lE/ S 5 — >
DR, A F ) Y HEEIET mecA % & & B DNA WA CTd % SCCmec (staphylococcal cassette
chromosome mec) DBIZF 5 A ¥ > 7, JFIERNT % FHi 3 % =I5 TH#TdH 5 agr(accessory gene regulator)
DBIZTFIAE YT, BEROVWEFERBRICES Lo RETFOmBERYON) -2 9 »
(sequence type: ST) % H#: 9 5 MLST (multilocus sequence typing), KOGk FICHFET 5245 0IET—
N EARECH % 738 L C, ZD¥gIE/ Sy — % i § % Rep-PCR (repetitive sequenced-based PCR) {7 &,
S F EERFEDGTIEFNRIICHV STV 20,

MRSA AL, ZHIHERIC L 2 HRABGIETH ), ZORHEL LT, MRICRFES N ITNLE
EGeE, BUGREENCHE ) Bl RS:, EEOTRIERZ ) BRE EVPBITOoNL, Nrav LTy
(vancomycin: VCM) (&, MRSA BEHE 20 L T SOAELLERTA & A i TREH S T 2 B BB RIS T
HY, BRIZBCTLI91FE LYV EROBEG THASNL L) I2% o720 LHLAEDS, T4, VCM
RS MR O MBI R WEH O FEBLASEN T & T, Z ORI 2 AR SER 254 L;’Z“df)“(b\éo VCM
IMRSAZEHE K O7 T AGEERIHN L TRRBMIZIEMNT 235 TH 575, 7 FUERE I 2 85
TERIL, invitrol2BWVWTBR-T 7 & ARMEE L K L CREEHOBEAPBEVESbNLTnET,
MRSA WIIAEIZ B\ Tid, MRSA XK 2 VEM @ in vitro TOREVEH OMT A ERR IR ROMET R H
HEF TORMOBLELHEL TWDEEbNTWVES 0, /2 VCM O MRSA KT 2 &AHE M
13 £ (minimum inhibitory concentration: MIC) %%k [l [ifi IR A% #2 #% # Z% B 4% (Clinical and Laboratory
Standards Institute: CLSI) ## T (= 2 pug/mL) EHIE SN LK TH-TH, VCM I L TRIEZ %
JRT VCM A7 it {48 {57 77 KT (heterogeneous vancomycin-intermediate S. aureus: hVISA) %>, B- 7
75 LRPIREE DL FIZB W T VCM I EASEEE & 115 MRSA (B-lactam antibiotic induced vancomycin
resistant MRSA: BIVR) DfFFEDERE SN THE Y, TNHORRIZH LTId, VCMIZ & 2 AR
Sz, &L IHEREREEET 2 L) B LA S hTwa 14,

MRSABEASEDOHTH, HIMAER LA % & O MTEASEIZFETER20% L E L b SN THD,
WOTEE LKA TH DY, L7zn > T, MRSAIMESEERED 537 AT 2, MRSA W MUAE £
’}SHZ) BRI P12 & B 5 R FI2OWTHIZE S 5 2 &1, MRSAWIMIEGRHEZ1T-> T ETHIE

ICEETHDLLEEZONDL, AWIETIE, T3 MRSARRKIMLETBEEOBIZTF LRI OV TR~
(k MRSA WIAELZ BT 5 VEMBRIGEE & A dr T & @F;EJJ_@ DWTHNR7Zo #fklZ, MRSAH
mU“ BT B VEMAREZ MR (WVISA 5 X UFBIVR) DRI IZ DV Tl L 72,



1. MRSA i Ui 1 36 53 Bk D38 1 R 35 & ORI is

MRSA IR 53 BERR I FRE L TRk~ 20 53 FIE - IRAT 2 47 o 705 1347, MRSA W IUER# 217 9
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MRSA 13747, 91#k(67%) %5 SCCmec T %R L 720 IR\ANT, IVEI(Q26%), 1E1(5%) DINEIZ 53 HEAH
FENEH - 72 (Fig. 1-1A) o SCCmec BIDZEEIZ DWW T Fig. 1-1B 1278 T o 1980 4E1%~ 1990 £ 60 12 A
JCIE, BRRBIGICB W MR 4 T3 2 B EDES L TB5F, MRS HRES D ot
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Figure 1-1. Distribution (A) and shift (B) of SCCmec type
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Figure 1-2. Distribution (A) and shift (B) of agr type
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Figure 1-3. Dendrogram and virtual gel images of MRSA blood isolates by Rep-PCR
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Figure 2-1. VCM pharmacodynamics showing the relationship between the probability of survival
and bactericidal activity, which was fit to a Hill-type mathematical model (r2=0.983).
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FIMPIERE /L T35C, 18 K57 L 72 MRSA OffF e 20 = — % ffif{ L, McFarland Standard 1®
W L7, MBS Y VEMIEE 4pg/mL & 5743 255 (Mu3sERKE /) 123 — 128 A L, el
B-7 7 5 LRIHEE (T A b LA F L) OBZMET 4 A7 &{HE, 35T, 24~ 48ERIRERE L7219, 214
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162D MRSA D9 5, 307 (18.5%) A hVISA, 39%k(24.1%) 2 BIVR & [F%E &7z, BIVRIE, B-77
& LSRPURERAAE T Tl VEM T2 7R 97D C,  hVISA & BIVR Ol JF O % 75§ #kiE VEMIiT A
Fed L UM EZ IR T ENEZ SN L7280, hVISA & BIVR DFAS DRI L) ZOMBEL R L
7o 1628, 18 FE(11.1%) A hVISA B L U BIVR i f DPEE % 7R L [WVISA (+)/BIVR (+)],  1245(7.4%) A*
hVISA DA DM % 7% L [hVISA (+)/BIVR ()], 218 (13.0%) 5 BIVR D ADVEE % 7K L [WVISA (=) /BIVR (+)],
111#£(68.5%) 7ShVISA B L U"BIVR O &5 5 OHE & 7” & 7255 72 [hVISA (=) /BIVR (=) ] (Fig. 3-1)
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Figure 3-1. Distribution of isolates with hVISA and/or BIVR phenotype

5 APACHE 11 2 2 7 (p=0.003), WIMERFD T 3 v 7 (p=0.016), hVISA B L UF BIVR D phenotype %
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Table 3-1. Logistic regression analysis of risk factors associated with 30-day mortality

Odds ratio 95 % confidence interval p-value
APACHE II score 1.16 1.05-1.27 0.003
Shock 6.63 1.42-30.9 0.016
hVISA (+)/BIVR (+) 7.66 1.28-45.6 0.025
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Figure 3-2. Dendrogram and virtual gel images of MRSA blood isolates by Rep-PCR Black
arrows represent hVISA (+)/BIVR (+) isolates.
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