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Multidrug-Resistant Gram-Positive Bacterial Infections

Younghee Jung"** and Hong Bin Kim"*
IDepartment of Internal Medicine, Seoul National University College of Medicine, Seoul;

*Division of Infectious Diseases, Seoul National University Bundang Hospital, Seongnam;
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Antimicrobial resistance threatens the effective treatment of bacterial infections and is a serious problem worldwide.
Multidrug-resistant bacteria are difficult to treat and the treatment outcome is worse than with susceptible bacteria. In Korea, the an-
tibiotic resistance rates of the major Gram-positive bacteria methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-re-
sistant enterococcus (VRE), and penicillin-resistant Streptococcus pneumoniae (PRSP) are very high. Clinicians should know the
risk factors for developing multidrug-resistant bacterial infection, update the changing local epidemiology of resistant bacteria, and
choose appropriate antibiotics in clinical practice. The overuse and misuse of broad spectrum antibiotics should be avoided. This re-
view focuses on the epidemiology and risk factors of MRSA, VRE, and PRSP, the major multidrug-resistant Gram-positive
bacteria. (Korean J Med 2015;88:487-501)

Keywords: Methicillin-resistant Staphylococcus aureus; Vancomycin-resistant enterococcus; Penicillin-resistant Streptococcus
pneumoniae
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Figure 1. Trends in antimicrobial resistance in Staphylococcus
aureus, Enterococcus faecium, and Streptococcus pneumoniae
in Korea. Source: mainly from Korean Nationwide Surveillance
of Antimicrobial Resistance (KONSAR) data. In the KONSAR
data, the oxacillin disk method with a meningitis breakpoint
was used to screen isolates of S. pneumoniae not susceptible to
penicillin G.

VRE)o] Bar¥l o]l A A|AA = £ Rl F7Fsk3ich
Sl A= 1992\ o] VREZF A5 HALE o] ddf= &
Holu aofoM®E SokA elEar ik xX[HALE] &
5 Hga} =t o] S5t A1l HHARS YK (Streptococcus
prneumoniae)?] HUAH JAEL A AAZcEE =8 4
Zo|tl(Fig. 1). & F9of|A+= MRSAL} VRE, penicillin-resistant
Streptococcus pneumoniae (PRSP) 7+ 9] |31 Q1Re} AAFOFAT,
220 T3l opiel wl.

r

=

GIEIARI LHY SAZEQER(MRSA)

L& |82 £/5/2IAF
S Z = QS 7RE A 219 30%00 4] Tt luke 3
gto R EASH | SHAIRE %59 @O—:!M’EHOH upe} oheF
Relo] A AL, KA, T WA, Bo}
= et AAONA S, aureus7t E2]E w)S doXIch #HY
d Fefjaas Adshs Hudd WA S EdtE A
5ol wkskA U A2l 9] methicillin, oxacillin, nafcillino] 7]
H o, o]F Hyddo] Falshs AlzH T o) S

J

FS‘J

N

e my

)

L
L o

WSS oA WS 53 MRSA7} E& s3It Methicillin
WA AAR= oxacillin® 2 =1 oxacillin®]] W4JQl ML
TS MRSAZT Stk MRSAE X< 7H4bE ceftaroline,
ceftobiprole 2]¢] T2 H.E beta-lactam A Q2] Ao A
& vpepic), @A) ) cfshgelel A Seluhs FUEEdE
2 60% ©]Ao] MRSAQl Ao =2 d&A ItH7-9]. Vancomycin
MIC7} 2 pg/mL o]std 73-9- 7H=4), 4-8 ngml Y ti= 35
= W4, 16 pgml ol 9= WA= EH3Ith MRSA
WS AFYE] 30% Pl o]== Zglo|H= MRSA
7] SIeA} ARUAE A 3= ol FRSTHI0 ),
AR e MRSA 7He] Slaelabe 3 ahaAl Af
o] Wel, 37] MRSA 2ol
o me 9 ol gl 4%, B AelE 718
© Zo]ri12-16]. MRSA 7+419] 91301412 zka
& W 1A gl AStold Wse el

1 = H(methicillin-susceptible S. aureus) 7+

O
19SS
[/
m
?L
oo,
O
ok
e
_\d.
N

Stol] B3l 57} L 502 eI U elto]
e 717AZS RASHH T methicillin YAJo] LT

Ot FEF A FYHOR G ATk oA 9
tH17,18].

X|GALS2H MRSA
1980 Tl = w|=ofA] MRSA 2] Y&t gl A
7t 49| A8] AZAell A MRSA 7Hejo] GashaAl 2|4}
3]7¥ MRSA (community-associated MRSA, CA-MRSA) 7+
dol LHHTH19,20]. v=2] -9 CA-MRSA= -2 v

o w R e Ao S10%AE XAl 1
A, S, HBEC B e doArh212). ofF
Az PO FFAe] YUSHs Bl A MRSAZ 7}
A Eak AlFo SeiAEA nlRARA Pl QoA
8] 25 shs A AA Ueel 29 CAMRSAS Zgsle] 2

A4 BAAE AestEs S5k IrH2425). FhelA

CA-MRSAE 9]=of u|3]] EEctal A oL 2T B9

A2
MRSAE= w5122 gA(s7H, F71, S2b4 4, A
FAdARE HE, 4ES AU9E S9 A5 A7
ARt WMLl AEe doXink ER oRT|7|(EHU 7t
HE, e, dean, Wagga)et #udt oledd

- 488 -



YA Folof e 2

1

%

o,

— Younghee Jung, et al. MDR Gram-positive bacterial infections —

d=3 24

T NG ST I B CaNCGH )
v 0 [ I~
L PEISLT Sagke LSz tET T
) o) LS iy 0
- Eg2 s TROK oy g iy
oo | B iy
X TR R ERE YoeYl trneme ST
e wE ) B IR I TR A AR -y
ﬂm z&@vﬂﬂ&;%q o_nMﬂﬂLﬂﬁ‘_ﬂ&mﬂrm &#ﬁoﬁo
_ B . = = Mo =
= HTL_LAﬁd»MuumM duiﬂ.xﬁﬁx]e_aﬂﬂ B o W L,
Lo B < w‘_ R B o ol O Wu nAn_n.o oy w X n &o\ E ™ T
o ol A s S T R B
T SRR oYﬂum%o_nM%ﬁ% ﬂfrm,)m
o Fhyogr T EyRXabooe Ky
Eo HTM_.H%QWM Mokwﬂuﬁod‘mﬁm&o_ﬂowo EWHW%
—_— ‘0 kv
e oz anomik TEERPEaEYE RAPLLET
o . =0 f e
T NI T W o PR EN &oﬂ
T R auimﬁ%mﬁwﬁ]M N S e gk m_m_.muhltﬂf,
b~ e e ) —_— . T 2N o O
SERLETIEE sigiuzaid DELES
X T2 T LT R - BN i | e e
ﬂrﬂoﬁ T T = T <k NE RO T oy oF B )
o N H oy = S ~ = °° m = HT __o_l N ,.__u/ 5.0
SR A._mﬂoo.a.;ou;o_i AaﬁZXnn_uuﬁAe.#OT z_o,mu_MLw
M- uﬁﬁw%%ﬂ_mﬂ@oo_ Emmo@rlmuw T oo %uv@ﬂ%
R S g K ol o B R W R W P oF
BE of B oA R T N T ol R W W on op o oE
2= MY No 7R W T My op oy o e o o
i PTXEE g Lo __bwea%}d.ﬁmmﬁﬂ
m. o)) T RN E g B A boewmsEoE PH 2
S o o oW X Qop X T o R bp &
T oo oF oo S oa WS oo M T B o R
PR NEZ2 25w b e W T LML of
o Ak Ho A S A e N Il
LrTF SrEE e o SPTEA ML TR
T ol = o 5 o — o m
T E Trmil w3 ThbLEER Fel
o N wuucm,%%mﬂwwe} o_byﬁmﬂﬂﬁgéii
o« ™R o™ B o T T R
20T B B R e 4 T xd T ETY
ufm%mmq %mmmﬂ&%m,ﬂo% EgplbsanPe™n
FER o Tohy oo TE U Y LT R
= T — X IN 2 o T =
N lmifmmg?o_aynq %ﬁW%L_QE@EEMa
Mo T BN om Mo — & B W ok i O T =W N - B D
ﬂ%%%% ﬂuo:%ﬂﬁmoae?ﬂo“mmﬂxt_ mﬂ_wmuyaﬂowﬂww
W D =r A= =1 s N =
SsEaT BOEZ 2 ubel ®heAzaxEnn s
BEeT gy PR Eer T Ve gl ds s el
| {F 5 T o o O ol o ol WO S D0 =
2oy oy N — = ‘DIO._HHM ~ gy
TE PN o TT LRI XRWADT @ ym =gz Py
PR ETHE R TPRToA A BT s xR
¥ 7 B R T W ol W oHT R R N R o TR R R R o

=

=

fjoF

o} o
oo
3

A
FRA

-
HA
= Ao]
aF A el vancomycin®]]

T}48-50].

9

ik
[

X
pal

o] 7<) 9]
A 7k

T

2 a7 23

A7
7}

A7

[e]
9

= =
=

=

=

=

=

o

ok
SolA 7HEE

A]

7HElE

=

o]

1L, 27] 25 5912 gentamicin

[e)

o

}
5]

=]
pul

=

x|
shot Abge] $1Hol

71o depR|gzo] W)

Al
=
.

T, 2=

<

ok ZHEE o

hu

o] 57}

webd FheETe FEEoA

h=

£
3

- 489 -

]_

A

5

L=
.

ok

[¢)

=
=

Z vo——\
=g
ek

AL 4ol 4

i o] A7)

]

9

>~
e

kg

o % 20-30%7} MRSA

2 g A 9UtH41,42]. MRSA #HH-2 =249 7h5/do]

=
]
=

Z

]

o] 9

[e]

]

8

|

710] 9leH40l.
T F

o
—

A

9] Q127 7hede] Ashz wy

ol o] 7He] ool

[¢)

<47 A4

AJof

=rH41,43.44). 2717

L

.

_04



— gt A]: A 88 @ A5 & T Al 657 & 2015 —

Table 1. Recommended therapy for methicillin-resistant Staphylococcus aureus (MRSA) infections according to clinical syndrome

Clinical syndrome

Recommended therapy and dosage

Recommended duration of
therapy

Skin and soft tissue infection
Furuncle, carbuncle, abscess Incision and drainage

Cellulitis, deep soft tissue If necessary, incision and drainage

infection, large abscess

Linezolid 600 mg PO/IV q12 h

Daptomycin 4 mg/kg/dose IV q24 h
Vancomycin IV 15-20 mg/kg/dose q8-12 h

Bone and joint infection
Linezolid 600 mg PO/IV q12 h
Daptomycin IV 6 mg/kg/day

1-2 wk

Vancomycin IV 15-20 mg/kg/dose q8-12 h

6-8 wk

TMP/SMX (4 mg/kg/dose TMP component) g8-12 h IV
Add rifampin PO 600 mg qd or 300-450 mg q12 h if prosthesis-related
infection is present and isolate is susceptible to rifampin

Pneumonia
Linezolid 600 mg PO/IV q12 h

Bacteremia
Daptomycin IV 6 mg/kg/day

Endocarditis
Native valve
Daptomycin IV 6 mg/kg/day
Prosthetic valve

Vancomycin IV 15-20 mg/kg/dose q8-12 h

Vancomycin IV 15-20 mg/kg/dose q8-12 h

1-3 wk

2 wk (4-6 wk in
complicated bacteremia®)

Vancomycin IV 15-20 mg/kg/dose q8-12 h 6 wk

Vancomycin IV 15-20 mg/kg/dose q8-12 h + gentamicin 1 mg/kg/dose 6 wk

IV g8 h (2 wk) + rifampin 300 mg PO/IV g8 h (6 wk)

Central nerve system infection Vancomycin IV 15-20 mg/kg/dose g8-12 h

Linezolid 600 mg PO/IV q12 h

2 wk in meningitis
4-6 wk in brain abscess,
subdural empyema

PO, oral; IV, intravenous; TMP/SMX, trimethoprinysulfamethoxazole.
*Criteria includes exclusion of endocarditis; no implanted prostheses; follow-up blood cultures performed on specimens obtained 2—4
days after the initial set that do not grow MRSA; defervescence within 72h of initiating effective therapy; and no evidence of metastatic

sites of infection.
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Table 2. Recommended therapy for vancomycin-resistant Enterococcus faecium

Recommended duration of

Clinical syndrome Recommended therapy and dosage therapy
Non-endovascular infection  Linezolid 600 mg PO/IV q12 h 7-14 day (according to clinical
Quinupristin/dalfopristin IV 7.5 mg/kg q8 h syndrome and individual state)
Daptomycin IV 8-12 mg/kg qd + aminoglycoside® or other active agent
High dose ampicillin® + aminoglycoside
Tigecycline IV 100 mg loading followed by 50 mg q12 h
Endovascular infection High dose ampicillin® + aminoglycoside 4-6 wk
(including endocarditis) ~ Daptomycin IV 8-12 mg/kg qd + aminoglycoside® + other active agent
Quinupristin/dalfoprisin IV 7.5 mg/kg q8 h = other active agent
Linezolid + other active agent
Uncomplicated urinary tract Nitrofurantoin 100 mg PO g6 h 5 day
infection Ampicillin or amoxicillin® 2 g IV or PO q4-6 h
Fosfomycin 3 g PO, one dose Single dose

PO, oral; IV, intravenous.

*Gentamicin IV 1.5 mg/kg g8 h or streptomycin IV or IM 7.5 mg/kg q12 h.

°If the MIC is < 64 png/mL, ampicillin up to 30 g/day could be considered. However, toxicity at high doses of ampicillin has not been
systematically assessed.

“If the MIC is < 512 pg/mL, the concentrations of amoxicillin in urine far exceed those in serum and are potentially effective against iso-
lates with high MICs (doses of up to 12 g/day for isolates with MICs of > 64 pug/mL).

Table 3. Recommended therapy for vancomycin-resistant Enterococcus faecalis

Recommended duration of

Clinical syndrome Recommended therapy and dosage therapy
Non-endovascular infection ~ Beta-lactam susceptible Ampicillin IV 2 g g4 h or penicillin IV 3 mU 7-14 day (according to clin-
g4h ical syndrome and indivi-
dual state)
Endovascular infection Beta-lactam susceptible 4-6 wk

(including endocarditis) No-HLR aminoglycosides Ampicillin IV 2 g g4 h or penicillin IV 3-5
mU g4 h + an aminoglycoside
HLR aminoglycosides Ampicillin IV 2 g g4 h + ceftriaxone IV2 g
q12 h or cefotaxime
Daptomycin IV 8-12 mg/kg/day + another
active agent
Ampicillin + imipenem

Uncomplicated urinary tract Ampicillin IV/PO 500 mg q6 h 5 day
infection Nitrofurantoin PO 100 mg q6 h
Fosfomycin PO 3 g, one dose Single dose

mU, million unit; HLR, high-level resistance; PO, oral; IV, intravenous.

TrelolLt nan oAl AR S ATE MRSA 779 A|mi 3 29F % 30 Helskch
A= pRolA dEe AN 2EUTAY AP A 7}

- AlZ| A |lEd A-0F.
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Vo B AL VRE Slof T2 ol $AEA o YN SIEOIR
Sehe ) TR Eol FEEl Sl UAE Bl AL mAarsetRe Aol MoiAe 8S Hglat sue] 7
430k B} E fueciumd} E. faecails®] QAZFTE WE 2} 53} 291702 olTo] AslE T 7w ol ozt
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Table 4. Definitions of the susceptibility of Streptococcus pneumoniae to representative beta-lactam antibiotics

Antibiotic Susceptible Intermediate Resistant
Penicillin (oral) <0.06 0.12-1 >2
Penicillin (parenteral)

Non-CNS infection <2 4 >8

CNS infection <0.06 - >0.12
Amoxicillin

Non-CNS <2 4 >8
Ceftriaxone or cefotaxime

Non-CNS infection <1 - >4

CNS infection <05 _ >2
Numbers are presented with pg/mL.
CNS, central nerve system.
Table 5. Recommended therapy for pneumococcal infection

) . Penicillin susceptibility known
Infection Empirical therapy - - -
Susceptible Intermediate Resistant

Pneumonia Penicillin IV 2-4 mU g4 h  Penicillin IV2 mU g4 h
Ampicillin IV 1-3 gq6 h
Amoxicillin PO 1 gg8 h
Cefotaxime IV 1-2 gq8h Cefotaxime IV 1-2 gq8 h
Ceftriaxone IV 1-2 g q24 h Cefiriaxone IV 2 g 24 h

Meningitis C3eftriaxone [IV2 gql2h Penicillin [IV4 mU g4 h

or cefotaxime [V2 g Ceftriaxone IV2 gql2 h
q4-6 h + vancomycin’ IV Cefotaxime IV 2 g g4-6 h
15-20 mg/kg q12 h

Penicillin IV3-4mU g4 h Cefotaxime IV 1-2 gq8 h
AmpicillinIV1g-3gq6h AmpicillinIV 1-3gq6h
Amoxicillin PO 500 mg g8 h AmoxicillinIV 1 gq8 h
Cefotaxime IV 1-2 gq8 h  Levofloxacin IV/PO 500-750 mg q24 h
Ceftriaxone IV 1-2 g 24 h Moxifloxacin IV/PO 400 mg q24 h

Ceftriaxone IV 1-2 g q24 h
Vancomycin IV 15 mg/kg q12 h

Ceftriaxone IV 2 g q12 h or cefotax-
ime IV 2 g q4-6 h + vancomycin’ IV
15-20 mg/kg q12 h

mU, million unit; PO, oral; IV, intravenous.
*Target vancomycin trough level is 15-20 pg/mL.
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