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Situation and Analysis of Measurement Method for Antimicrobial Resistance Burden Research
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Administration and Clinical Pharmacy, School of Pharmaceutical Science, Peking University, Beijing 100191,
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ABSTRACT OBJECTIVE: To investigate and analyze the situation of measurement method for antimicrobial resistance (AMR)
burden research, in order to provide methodology literature support for conducting AMR burden research in China. METHODS:
Retrieved from PubMed, ProQuest Health & Medical Complete, Springer datebase, related researches were summarized, and
foreign calculation method of resistance burden of commonly used antimicrobial and matters of attention were analyzed. RESULTS
& CONCLUSIONS: AMR burden is usually evaluated using indicators like the number of resistant incidents, deaths due to AMR,
excess length of stay and economic burden of AMR. The issues needed to be considered during calculating the burden included the
perspective, definition of the outcome indicator, controlling the length of stay before infection, selection of control group,
adjustment for severity of illness, time point calculation, calculation of onset time of infection, definition of the cost and scale of
the economic burden. Future studies needs to be focused on a social perspective to estimate the burden of AMR, so as to provide
baseline data evidence for decision makers to further control the resistance.

KEYWORDS Antimicrobial agents; Burden of resistance; Measurement method; Situation

DU 25T 25 (R0 A L O e BROGTE R SR, 2 HE B TR 24 7 B0 TR B T 25, 9

A F i ) e B0 A 3R AR TR — s HTR25 )
TS 2452 38 0 S5 e g IR SEE K 8 5 1 DR AR A B2
(6], S8 T 26 e i 1), 0 B T A AR SRR AR
ME TR, 2 M 25 AL A6 78 B R R BT
T RGA B EE R o AN a] [ R X A BT 2
Yyt 25 LA ] e S B0 0 1R 2540 S AR AN AR ]
A B I 5 BT B 24 P 25 T AT AT Bl pRs
HEBOIIC AE BR8] DLRE B 2 55 A D3 S A o LA
FEPATRE LA SR BT 5 e A, Tk 24 67 H A 0 55 )

AFEGTH « 56 E A A= B4 S5 BE BT H (No.17-270)

w20, PR o WESE DT A BUTE W 2 A . HL i
010-82805019, E-mail:kaiser@bjmu.edu.cn

#OAAAR VRS B R 0, DR 1) A B S I R 2
2. HLE:010-82805019, E-mail : shilu@bjmu.edu.cn

- 1176 - China Pharmacv 2018 Vol. 29 No. 9

5 [ A 2 W] 0 0T 470 B 24 ) T 24 42k e A4 At ity . A
R A ERYE [, 3047 2H Ry IS [ 2 AR [ R it IX A e
[GCER/ITEVEE ety E M N L UN R ONEP I v
A FAPAFAE R 25 1. TR E B A s X e i 25 P it
25 1 AH B9 KA SR BRAE AR B Bt 2 1, FEAS /N A
HAGHMEM: . R, %8 # 45 %] PubMed . ProQuest Health
& Medical Complete ., Springer 5 ¥4I /2 , #6 R TR 0§ N
“Antibacterial resistance” +“Burden” Hl “ Antimicrobial re-
sistance” + “Burden” LA % “Antibiotic resistance” + “Bur-
den”, T f#He B 245 Wit 24 S P X DN 35T s BRI 1264 7
S3HT, AR T R P 24 0 it 24 28 5 B A 5T H A1 Sk
X
1 MEAYmMARIENEEREAE

HH T 25T 25 AN JE— T 12 8, T A2 0

TEIEE 2018EE205F 8



S AR A — AT RPIR A, r AR 24 6 43 A I Bt AN
[F) TG e AN . 38 5 R o, B 25 Wt 24 4
FH RIS AE G L P TR 2% R 2R BT T X L 24 TR
YL B 5 R R R 2SR R bR, LA JRidE br 2z
{EAE M 25X AR B2 R e i e i 25 it 25
SO 285 DT 2 & A= B0 (%2 (T 24 BOR AR T 25 3 200
AR H B, UK 25 28 55 S g i ff B T o o /i 34>
FRPRER 1 FHRAR RS 25 XTI R4S = (52 i o, b 26 7
it 245 228 D5 AR I R S BES A . S T I e T R A5
LA W AR, 2 R DA S Bt A1 A 23 An eI 5 TR
LY ESiE

1.1 THHEEHH(E)

i 25 4 HE B (R ) F8 72— BRI Iy, B AR AT e 24
KA BRI o Gl w R, B E KA T 2 W
D &%, 45 T A DX 1A T 4 2 B 0 = A W, X T
i (YT 225 WA D 286 T 5, TS 245 A= 50T LA B 42 DA 0 oy
28 HRORIRL, Qo [ (1 S 24 W R e s % At AR AR
DRy 32 R L 5% i 243 A E5mT D el W0 o 2 AR =
Bt A IR AN B30I Tt 245 A A 50, T — I3 A i T LRk
R AR IRFEAR R e S50, 15 i 24 & AR LA, e LA
] ¢ il DX o B BE RS, AR A T 2 ke A %

L2 THAHIEE

it 25L& T 245 B T %k, R
it 245 65 FH , 0 IR T 24 X8 I DR 445 S 52 il 1) — > B 2 45
PRo BTXITE QNN 24 SO EL S5 i 24 22 5 [ 2= 0 45 R da
HR A AR BRI A DX 51, A PR RS [ I A4 1% o
121 JETREHNE Bender R &5 T
2002 4EAETHI6 YT AN B (Number needed to treat, NNT) ]
Feal B T W 2 #2207 (Number needed to be ex-
posed, NNE) , FH LA X 73 i 4795 24 WF 5% R 4 % 2% @2 45 )R
J7 A A . De Kraker ME &£ WFST i bS5 T3]
AT 24 SR 23X, I D0 3 0t DX FH AP AR 4
(0] A BR B (MRSA ) DAL 57 = AR Sk A0 1 28 K %
A W 2 B AT AT T, A3 (1) RIS 24
B iR e

BSIxPx(aOR—1)x(1—Py) X
ADeaths = Rx P (1—Py) A

A (1), #Deaths : Tiif 25 ELAEEL ; BST: 1L 3 S 42 1]
B3 Po: X BRZHBET FU ] s aOR - FET- R AR 2% FUAEL LG o

RISy 38 A B IG PR A bR IEal i 5T
P T HEA 30 Ao i e i [l s X B 5 AR AR A 46 aOR J%
PEWNINSEUE . T 25 BOEEBRE SR H 00 &5 X
() AT LA 2o ) R A R AR 2 0k EE A2l FE 9 250 Boot-
strapping FIE A TGS H o
1.2.2 ZREHEAL 2B (Multistate model ) 7&—
VARG R BT X FRR e i B BRI, 7
B SCBERT ()28 A P AN R 1 R AR A 8 AN ]

2G5 20184F55 29 B4 9

PR PR S TR 118 2 R XU >F B Jom o sy b % 3 B s ] 22 £k
45 Jm A", BRIy 2 AL AE 288 Aalen-Jo-
hansen ZE T TN [FRARAS ] B 5% VI RE 2, 1 )
VAR 0 R T B AR B i 1] o 028 A e A ) 22 i )
38 A PR R — K R AR T RPIRAS (B AR [R) 2R R LR 2 )
AT & A AR S B 1A I SR A B B[R] 2246, e L) 24
KR A SR AR L B A AL, R T 2RI ]
DIAR T Hbu A5 A B Ao 1) 28 £ Py 5 40 RS | Sk P B . 55 &2
iy TS A e i A SR . XA IR R AE T
AJ LIS HI T DEBCAS [/ 2H 001 i £ 3 AL, I HLakE 5 1 I
T I 32 A REAS 5%, BT DA FH AR (BB 3 Ay KA AR 4L
o HENT T ZMASEAY ST, 385 1 T Cox L 5] AU A5 7
SR TSR 24 2H 5 0T 2 AR B 3k B 4 XU e
(Hazard ratio, HR) . De Angelis G %' Stewardson AJ
SR R o S 3 A e s R RE T BA S R, >R
ZARASHIRIM ST MRSA IS i 25 10, 2402
TR F B 285 40 D ] LU B : A2 RS E A A BE R IR
A, A B IERGL H IS T 805 T A B H W, 0 B A
AHRPIRAS A o BlAE P e | i3 BA s 4 i
ACEPFE T B BE ), 09 R] 28 5 sAS 28 00 A o [RDRAS
(PR T i e SR g BT 245 BT I %% ) ]

(BT T bl

B mzyfREnER AR SR SRR IR 55
Fig 1 Multistate model theoretic structure for esti-
mating AMR burden

1.3 ESMNK B

HiANA H %7 (Excess length of stay ) J2 34— 2k
ity e Tt 245 XoF 1l R 5 52 e i) SR AR, HoAs Tl 25 1
KA FEUE BB B I KB A, Sl 235t
By L, BRAT DA A= (2) T A R
Tt 245 B H DSBS, 18 AT DL id ok 2R3
LTSRN () 2H 531) R0 357 9 4000 B A I o ) 2 (1 DA T 5 3]
it 245 BN H 55

#Extra length of stay=BSIXLOSR  +++++=++ 7k (2)

N3 (2) Hr, LOSR : %3497 i 24 J8% Y AH Lt % BE ZE 88 1
R BE KRBT (PR ) o
14 TAZFREUNEFZ

MEEBEFAFET &, T 25 28 55 4048 T 2 & 4
YT RIS ARG N, B T 24 3 SO A R AR
BT MR . W THUR 258 IR R DL DA KRR

China Pharmacy 2018 Vol. 29 No. 9 - 1177 -



22 5%, BIUN ~735 B Qi [ SR P IAA 1 2% 7 i B i 24 48
oA, T S [ 27 B 22 R U e g i O Xk
FIaE .
141 WATIR ¥k E Ll De Kraker ME 45 )
Stewardson AJ 45U A A 3 14 WU 27 255 i 1) 12 R A T
ST ORI T 25 28 T S PRI AR . XA R A T
LT AN A R B T 24 S B BE R B 3G i
SR, T LA 25 285 4 mT DLs sl AR H %5k LA 4E
PR H A A 5 A (3) R

Burden=#Extra bed-daysxHospital day cost AZ((3)

53 (3) H, Burden: BT 2591 245 22 55 1145 ; Hospi-
tal day cost: EEBE R BE H A<

= B BAT 58 H LA A P RRSEL I, — i A R BE Y
WA BB R B3P Y B B HSAS , toa] DL H]
5t 114220 24 (World Health Organization, WHO) i Fi1
S5 ] B B 1 X {3 e i AS ) WHO-CHOICE #5841 i
i EMESEUE S .
142 FegtmEs B TORHWATR A TR
TSN, 36 [ 02 B ) TR s R e
AR Iy A T 25 A ISR . 4N Lee BY S8
¢ H1 Bartsch SM 45! (1) IF 53 359 1) T 2 SR A AR 2 L 55 =
A8 07 DL et 2 B A i 1 55 A X 3R A3 MRSA
DA KT Bk 7 B i K 30 A T L Je 4 3 i 1) 48 5% £
Ho XX T SR B R, DL SR
U B A 2 SRAR i, oy B S0 BT 245 17 41
WA NT A O AT AR AE DG 245 45 SR F e i Sty B FA 7.
2 MEAAYMAREMRAEETEETM

H1 TF 98 AR TP AR TE AR 2 SRR, T 24 7 H B
G A TR BT AT S R . AR T 25 W) T
EIiEi R IUEUN ol L S R <E | B I iR SRy
TR G 3T AT 245 T G b PR
2.1 MRBEWHE

JIAT W0 B PRI 5 0 0 200 B ff A 5, S T
2 ARBESE EAl . WFR A e T S R AR A i
DL T 25 T 22 5 S AR i Sl AR o 3l R, A5 A
R BT VO LB 2 £ A A R R, e A
FEs A FEHEA T 25 SRARBIE SR IR 2T I 25 W) A I ol T
25 R A BN RST T RN AE Ry TS 24 G P A P T8, SR T
R 2801 1T BEAIARME A T o
2.2 HRIERHEX

FET-ZAHNT LU S Ty iR A 1 S (HFG X 4 4 R FE T
FRHHHEIET-E, DL BENIET R B R AR T 3 0 2
e B TFIET SRR —AMX AN E KA 45 R A B
A8 HLAZ GO, I AH G h & (il —
BB TR e % 5RO MNEURR B 25 TR AR AR L A0 R R AR
S5 AR TR () A AR BOE A S, DRt 28
FEACTE bR, Q= Be A B i 0] R A iy 2 T AR B A 8

- 1178 - China Pharmacv 2018 Vol. 29 No. 9

E SNSRI B3 (ICU) iAs LA H B Dy se MRS O A7
T BT ) 45
2.3 RRRTERTETE RIS

TR R BE I ] 5 8% 1) e A DL SRR I A e
10 011 IO N T e el [ 1 P /2% 215/ <9 P P W o 222 G )
2y 245 25 S IE AR T TR, WA 20 B A ] 2 % A T 24 TR
ek P2 AU R R R AT A B B ] SR T 4 i ek
YU AR BE s [a] R 520, 8 FH A 7 ik 5 T B i A B st
(1 24 20 -5 X% BT B A T RC ™, slof b AR 2 A 200
AIAT R0 N o J g A B B T B ) A A
A3 B B TR PR AT 245 67 DR 55 T SEBRAE, DR Ry A2 Be st ]
A A AR B 2 R 5 e g IS PR 2R
2.4 XTHRAMIERE

TERFFE TR 25 245 485 SR mT LB RI A XS B2
SCHR g UL BRI RN, S —Fh o SR Ay i 2
PR A 5 ORGSR A T LA . X AR R
B T 2 — Al T R R R ER 9 Akt B = AR Sk A
PR 245 5 USSR R R RIS BB 25 /™, 55—
Fofooxoy RIS R S 2 P e 2l S AR R A ) HL A . et
FEBETT IR T 1 245 B R AT AR B fR 3 i 41 X
—Flou REZE IS4G AT 25 A R S 45 R R B S T
FE T AR 5 O 22 B B 5 2 T RG] RS
ShA Rk, DL G b A R g 24 D R A hy R R R 2 A L
A B AR R SR () R T B A A M R e o
25 GIREREERENZID

TEXTHL IR 25T 245 52 0 Ao v, S e g 7™ B
JE K R E 1 S M B DL Ry i 2 S e AR
Z2H R RERH B AN, T X S R AT R AR S
ATREEL TR RE5 R . HETA 250 ik ml DUk X
P R B TR, LR EE A Atk AR 518
PEAEERE P43 A K Charlson I & SEPE345 .

Mccabe W S5 F T B0 — P o i
AR 2% IR B E R R  BRE I AE T %, XN PE A A
FORTE AR TS 0 BB T i W, A &
LI A BRI | BT A0 A . IEPE iR &R U
FLAFE TS 2 38 b 1 AR DL & W R 5 B A k38 A 1 0F
Yo MRS PRSI PE AR DT AR R AR AR T A
SHCHME ICU 9% , BT LME T ICU JRE JET- R
M3 Charlson 3+ & 5 FE43 & 1987 4F /1 Charlson ME
EPIRIIETE L FDRAEDN [ W78 AR IR I T 23R XU (1)
I Pk I 2 0E 4328 %, I s 1 R A I B i 4y 28
(ICD) 2 Wiy T 4 I Kk 3 28T T AN Rl A A, 38
A B R B FRE TR R I R RE TR o
IR A T35 2 P A X J e P 5 0 235 SR WOR— oy 1 02
A, {H 2 Charlson 3 & SE P42 H ATAUEGE Hh e i iz
FHAR S 7 AR PP Oy Y, g e AR
B ST R B i R AR S R

TEIEE 2018EE205F 8



AR A P FCE TS T 35 SR A U R i 2 A5 AfE
ICU %,
2.6 HEREERENITERESR

P T B R B A A B[R] S E PR T AR
B2 H B 206 o B ™ E AR B AR R B a7 #) K
Yy R AR DRI 7 R S R A A T Ut
BAn Al BB S O AR B 2 A R AR — AR, T
r ] A8 5 Y A 43 2 5 | 2R B ORI AR ™ e T
AR B AT B P TR) AR A 48 h B HR G T R B I
SO RN, AR AR VY AR LS
R B, A7 7E 0T RS AR T 24 52 i A 2 11 ]
REPE.
2.7 RRAKAERERITE

T ECHE AT AR AR BR ], R ZHt 58 3K 5 — 1
PH A B SR 48 S e R R A B IA] o X Rh - k
AFFEARA T 25 52 m 0 mT Be b, DR A BHAPE R Rl S w2 7
YL e A SR YT RIS LN JE A REIRTS 1 . 78 e A
B R ™ E ml R e D BRI AR AL, X Fh 4
R AT BE SR IR Ji OISR 45 5 . X R TEIAA 126 1
FLAE T AT IR AS Al ke G i — A SR B
2.8 HAKRE

PUTR 25Tt 25 X6 25 5% 45 S ()52 il B E 5% A B X AN
[RITASTR] . 38 % R, i i 28 0 i PH il 2 113 R 7 R
A BRI AE T ORI E 0 LA S At 2 AR A T AR B
Wk ATEBE BRI 25 20 T . BT AR EL L
I7 A R B 32 AR BRI BUAS , B3 R I7 AL 5 VR 9T
A 2 i AR DA SRS A AR A 5 LR BT LA AL 4 B
O TAERBSRIT AR T AR R A ARUA . A B
MU (B2 AR, A A B s R AE T B A 7 4
B
2.9 MHZEFHREXITESLE

JUE BRIT AAE R 25 R e bt AR BE R 5 5
U 2 W LS e A 1 285 A (ER R T A IR DA K,
AKZIE ) WF T B ARME B I R ¢ R 48 AR IR T T
AGE AL s M, BT AR TR S AR 58 4 S I LS A
A2 5 F DA Bt B 1 b AR 5 B R AR ) B —
o AR LLE R VR A AR 2R A S e
{HJE N BT A8 TR A R 4 SR da bt & s Al S Rk AR 1Y
FRAREN BRSO RE % FH ofe E n v A M A R T
Z AT A AEh T AT 25 SRR Ee , B8 ) £
WAL R B TR B

B X [R]—BIF B GE P ) BB, 5 A A X A e P s [
LR TR AR, W] LA 24 B SR e J o 5 Uk
TR 1) B AR B AR 2R LB EE (OR) L XU Hr 8%
AEXRTAE RS B (RR) S U 0T 24 52 Ml AR 8 . SR T e A
SCERH S ARG P AR 5 AR 2805 8., 75 1 e R AR it
TR O AR AR AN, e AR s R R R

2G5 20184F55 29 B4 9

T HABBE TR G 0 22 rhC F 58 6 2 ORAIE I 5
HIRAS R L T WESE N TR A T AR e Y
3 EiE

LT 25 W) T 25 97 #8050 0 S5 [) 4% S8 1) 9 11

FH o IR TR 24 ) T 24 67 R B 3o %o FU T 24 R e AR

5 U e B A R AR AR  TH R A RTR R 22 (A

T} 245 3 Ao 2 8 DR 3R ) SE MR R 8 o DS g A JEE 3., 0 v

2y 25 AR AR 285 % A= B0 () (T 2 B LA e i

G PR ISECT 24 1 PRI 2L BT 9T A 3, e

SEIRAERR , P B i B e [R] , R3S X HE 2, 3

R AR R DA SR BN ) 0, 5 SO R A I [

I FE AT . RGBT 25 Wit 24597 B o B2 e 45

Sy B Je v [ o TR S8 2 1 10 AR R 2 B 5

Jr it BEUR A AT R AR AT . AR FE I MR 25 W T 2

A KT v ) L R, FR IR AE A 21 IE e W T iy 17

P 2518 PR3 T AR RIS T — & i g™, SR

H T ] AR AS [] 8 1X 7 22 4 [l KV TR T 24 368 1) 92

s B ARG AR A S HHIN SR AR DG S8 A B, Bk = o

I E] 25 B AR A5 . A J5 LA IR T Atk 2

AT BT 25 25 SR AR I 5, S D i — 2 A

PUR 2T 257 10 A SRR A 0] AS 25 i B A i e Al

[1] HAWKEY PM. The growing burden of antimicrobial resis-
tance[J]. J Antimicrob Chemother, 2008, 62 (Suppl 1) ,
il-i9.

[2] PERENCEVICH EN,STONE PW, WRIGHT SB, et al.
Raising standards while watching the bottom line: making
a business case for infection control[J]. Infect Control
Hosp Epidemiol ,2007,28(10):1121-1133.

[3] COSGROVE SE,CARMELIY. The impact of antimicro-
bial resistance on health and economic outcomes[J]. Clin
Infect Dis,2003,36(11):1433-1437.

[4] Public Health England. Antimicrobial resistance resource
handbook (version 1.0) [EB/OL]. (2017-03-01) [2017—
06—18].https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/605967/PHE_AMR resource
handbook.pdf.

[5] BENDER R,BLETTNER M. Calculating the “number ne-
eded to be exposed” with adjustment for confounding vari-
ables in epidemiological studies[J]. J Clin Epidemiol,
2002,55(5):525-530.

[6] DE KRAKER ME,DAVEY PG, GRUNDMANN H, et al.
Mortality and hospital stay associated with resistant staph-
ylococcus aureus and escherichia coli bacteremia: estimat-
ing the burden of antibiotic resistance in Europe[J]. PLoS
Med ,2011.DO1:10.1371/journal.pmed.1001104.

[7] BEYERSMANN J, WOLKEWITZ M, ALLIGNOL A, et al.
Application of multistate models in hospital epidemiolo-
gy: advances and challenges[J]. Biom J, 2011, 53 (2) :

China Pharmacy 2018 Vol. 29 No. 9 - 1179 -



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

- 1180 -

332-350.

ANDERSEN PK,GESKUS RB,DE WITTE T, et al. Com-
peting risks in epidemiology: possibilities and pitfalls[J].
Int J Epidemiol ,2012,41(3) :861-870.

DE ANGELIS G, ALLIGNOL A,MURTHY A, et al. Mul-
tistate modelling to estimate the excess length of stay asso-
ciated with meticillin-resistant staphylococcus aureus colo-
nisation and infection in surgical patients[J]. J Hosp In-
fect,2011,78(2) :86-91.

STEWARDSON AJ, ALLIGNOL A, BEYERSMANN 1J,
et al. The health and economic burden of bloodstream in-
fections caused by antimicrobial-susceptible and non-sus-
ceptible Enterobacteriaceae and Staphylococcus aureus in
European hospitals, 2010 and 2011: a multicentre retro-
spective cohort study[J]. Euro Surveill,2016.DOI:10.2807/
1560-7917.ES.2016.21.33.30319.

DE KRAKER ME, WOLKEWITZ M, DAVEY PG, et al.
Burden of antimicrobial resistance in European hospitals:
excess mortality and length of hospital stay associated
with bloodstream infections due to escherichia coli resis-
tant to third-generation cephalosporins[J]. J Antimicrob
Chemother,2011,66(2) :398-407.

DE KRAKER ME, WOLKEWITZ M, DAVEY PG, et al.
Clinical impact of antimicrobial resistance in European
hospitals: excess mortality and length of hospital stay re-
lated to methicillin-resistant staphylococcus aureus blood-
stream infections[J]. Antimicrob Agents Chemother,2011,
55(4):1598-1605.

STEWARDSON AJ, FANKHAUSER C, DE ANGELIS
G, et al. Burden of bloodstream infection caused by ex-
tended-spectrum [-lactamase-producing enterobacteriace-
ae determined using multistate modeling at a Swiss univer-
sity hospital and a nationwide predictive model[J]. Infect
Control Hosp Epidemiol ,2013,34(2):133-143.

WHO. WHO-Choice unit cost estimates for service deliv-
ery[EB/OL]. (2011-08-01) [2017-06—18].http://www.
who.int/choice/country/ WHO-CHOICEunit_cost_estimates
2007_2008.xls.

LEE BY, SINGH A,DAVID MZ, et al. The economic bur-
den of community-associated methicillin-resistant staphy-
lococcus aureus (CA-MRSA) [J]. Clin Microbiol Infect,
2013,19(6) :528-536.

BARTSCH SM, MCKINNELL JA, MUELLER LE, et al.
Potential economic burden of carbapenem-resistant entero-
bacteriaceae (CRE) in the United States[J]. Clin Microbi-
ol Infect,2017.DOI:10.1016/j.cmi.2016.09.003.
MARAGAKIS LL, PERENCEVICH EN, COSGROVE SE.
Clinical and economic burden of antimicrobial resistance
[J]. Anti Infect Ther,2008,6(5):751-763.

China Pharmacv 2018 Vol. 29 No. 9

(18]

[19]

(20]

[21]

[22]

(23]

(24]

[25]

(26]

[27]

(28]

[29]

[30]

IBRAHIM EH, SHERMAN G, WARD S, et al. The influ-
ence of inadequate antimicrobial treatment of bloodstream
infections on patient outcomes in the ICU setting[J].
Chest,2000,118(1):146-155.
KIM CJ, KIM HB, OH MD, et al. The burden of nosoco-
mial staphylococcus aureus bloodstream infection in
South Korea: a prospective hospital-based nationwide
study[J]. BMC Infect Dis, 2014.DOI: 10.1186/s12879-014-
0590-4.
SCHULGEN G, KROPEC A, KAPPSTEIN I, et al. Esti-
mation of extra hospital stay attributable to nosocomial in-
fections: heterogeneity and timing of events[J]. J Clin Ep-
idemiol ,2000,53(4) :409-417.
COSGROVE SE, KAYE KS, ELIOPOULOUS GM, et al.
Health and economic outcomes of the emergence of
third-generation cephalosporin resistance in enterobacter
species[J]. Arch Intern Med,2002,162(2):185-190.
MCCABE W,JACKSON G. Gram-negative bacteremia
[1]. Arch Intern Med,1962,110(6) : 847—855.
CHARLSON ME, POMPEI P, ALES KL, et al. A new
method of classifying prognostic comorbidity in longitudi-
nal studies: development and validation[J]. J Chronic Dis,
1987,40(5) : 373-383.
KNAUS WA, DRAPER EA, WAGNER DP, et al. APACHE
Il : a severity of disease classification system[J]. Crit
Care Med,1985,13(10):818—-829.
ROBINS JM. The control of confounding by intermediate
variables[J]. Stat Med ,1989,8(6) :679-701.
PERENCEVICH EN. Excess shock and mortality in Sta-
phylococcus aureus related to methicillin resistance[J].
Clin Infect Dis,2000,31(5):1311-1313.
BJORKMAN J, ANDERSSON DI. The cost of antibiotic
resistance from a bacterial perspective[J]. Drug Resist Up-
dat,2000,3(4):237-245.
BJORKMAN J, NAGAEV I, BERG OG, et al. Effects of
environment on compensatory mutations to ameliorate
costs of antibiotic resistance[J]. Science, 2000, 287
(5457):1479-1482.
HOWARD D, CORDELL R, MCGOWAN JE JR, et al.
Measuring the economic costs of antimicrobial resistance
in hospital settings: summary of the Centers for Disease
Control and Prevention-Emory Workshop[J]. Clin Infect
Dis,2001,33(9):1573-1578.
R, AR, BRI, S BB 25 W) L URGA B S DG X
34 KR Be b 25 i 5 15 DL 0], +F B 2 5, 2015, 26
(14):1910-1913.

(ISR H 19 2017-08-28 &8l H }1:2017-12-21)

(Gt XU A4

TEIEE 2018EE205F 8





