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Antimicrobial resistance rates changes according to the amount of the
antimicrobial agent in clinically important strain isolated from blood
cultures
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cefepime &3} cefepime WA E. coliol A 213 AABA7F 911 3L(P<0.033;r=0.907), tobramycinAt-& %3} tobramycin
WA Ecoliol %= 5213 29 AaTA7E A A THP<0.028;=-0.917). AminoglycosideZ1 8 WA A baumannii7} 23 22
ABBAE VEFHIL(P<0.048,=-0.881), aminoglycoside/ld WA E coli® 98 29 AEdAE YEFUTHP<0.001
1=0.992). AEH o2 A ARETF A Aol gD Jadol Ul

Abstract The purpose of the study is to investigate the correlation between the amount of antimicrobial agent
(Defined Daily Dose, DDD) and antimicrobial resistance rate (%)..The treatment of infectious diseases is becoming
increasingly difficult, due to the increase in the number of multi-drug resistant bacteria, making it a clinically
significant problem. Among the various factors, antimicrobial abuse is a major cause of antimicrobial resistance. The
study was conducted on inpatients in a secondary university hospital in the central region utilizing the hospital's
computerized statistical data and microbiological program of laboratory medicine from January 2010 to December
2014 pertaining to the dose of antimicrobial drugs for Acinetobacter baumannii, Pseudomonas aeruginosa, Klebsiella
pneumoniae, and Escherichia coli strains isolated from blood culture. We analyzed the antimicrobial resistance rate
per dose with the Pearson correlation coefficient. A significant (positive?) correlation was detected between the
cefepime dose and the resistance of E. coli (P<0.033; r=0.907), while a significant negative correlation was found
between the tobramycin dose and the resistance of E.coli. (P<0.028; r=-0.917). The aminoglycoside resistance of A.
baumannii showed a significant negative correlation (P<0.048; r=-0.881), and the aminoglycoside resistance of E.
coli showed a significant negative correlation as well (P<0.001; r=-0.992). In conclusion, the amount of antimicrobial
agent (Defined Daily Dose, DDD) (is partly related to) the bacterial strain and its antimicrobial resistance rate (%).
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2007 18.63, 2008 26.96, 20091 24.40, 20104
28.07, 20113 29.93 DDD/1000 habitants/day©] %1t}
200738 200830 FAF AFE ] S7HE Heltt
20093 FH &= gRket X8| F7HE B THTable 1).

o A EA 59 HIARS RS 248 B A
ciprofloxacin®] 73.75 DDD/1000 habitants/day = 7}
W AREES B3, Ceftriaxone 34.72, cefepime
24.36, tobramycin 22.74, amikacin 17.82 DDD/1000
habitants/day =02 AHEHS BAATH Al AME S
ATC(Anatomic Therapeutic Chemical) &5 ©=Z ZA}

3| & A7} cephalosporin A|G 9] AHE-#o] 7MW
quinolone 714, aminoglycoside A&, carbapenem 7|
oz AREHS K Monobactam
aztreonam-> 20084 o] F-=2 A}-g-o] FA|E o] A} T
ol A|2)3kAtE. Cephalosporin A8 20073 tH]
2008\ 7 Hj ool TS Beolthrt 2011 A Eell=
Al ul ool el FTHIE EATh 53] 3A0] StAlR]
Ceftriaxone> % 173.60 DDD/1000 habitants/day= A}

3t 7P B AMEES EATh Cefotaximes %

76.17 DDD/1000  habitants/dayS  AF&-3H3 L,
ceftazidime> & 39.42, 44t A cefepime &
121.79 DDD/1000  habitants/dayS  AF83}9]

ceftazidime> % 39.42 DDD/1000 habitants/day= A}
8-3}o] Cephalosporin g FollA 7H w2 ALEES
BT}, aminoglycoside AlE-S 2007AFE] M} 7ha
ate] 2011 %20l 2007 thu] 2] 50%©]% ARE-
o] 7442 B tobramycinS % 113.71 DDD/1000
habitants/dayS- AH8-319] Aminoglycoside AIE Sl 4
7V B Al o 2 ZALE QAL amikacing % 89.10

L.
DDD/1000 habitants/day S AF-8FAT}.  gentamicin-

% 2178 DDD/1000 habitants/dayS  AH&-5F]
Aminoglycoside A8 FolA 7HF vk-& AME S HY

t}. carbapenem Al¥-2 2007I5E 2009714 H] S8
AR-ES Holthrt 2010978 2007 tiu] A <] F wi
o] Z7}ek4ith. Meropeneme % 85.36 DDD/1000
habitants/day&  AH§-5<] % 795
DDD/1000 habitants/day 2.0} B2 ARE-ES B
Quinolone AlE vid H|S=BIAY &% S7kshe FAE
B At} ciprofloxacin % 79.81 DDD/1000 habitants/
dayS AH83FS3L Levofloxacin % 8.98 DDD/1000
habitants/day-2- AL8-31H3A levofloxacin Xt}
ciprofloxacin®] A=l ARE--S B TK(Table 2).
T shtAl WAE BEXAAME, Abaumannii=
cefepimetHA E0] 20073 35.7%0l4 20113 83.3%=
27319 3L, ceftazidime = 21.4% 4] 20119 50.0% =

imipenem 9]

Table 1. Used volume(DDD) of total antimicrobial agents, 2007 - 2011

DDD
21
Year 007

2008 2009 2010 2011

DDD/1000 habitants/day 18.63

26.96 24.4 28.07 29.93

*DDD: Defined Daily Dose
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Table 2. Antimicrobial agents used in this study and volume(DDD), 2007 - 2011

Year

Class Drug Name — DDD 2007 2008 2009 2010 2011 Total
Cephalosporins CTX 1000 0.41 27.39 14.39 18.23 15.75 76.17
CAZ 1000 5.00 8.09 7.61 11.19 7.44 39.42

CRO 1000 21.70 30.88 47.82 32.18 41.02 34.72
FEP 1000 571 14.05 17.11 41.67 4325 121.79

Aminoglycoside AN 250 17.32 225 20.75 14.93 13.85 89.1
GM 80 422 427 410 421 4.98 2178
NN 100 37.03 28.67 16.18 18.45 13.38 113.71

Carbapenem PM 500 158 118 1.44 252 123 7.95
MEM 500 12.90 14.07 13.55 24.50 20.34 8536
Quinolones CIp 1350 69.86 84.64 62.26 7217 79.81 368.74
LVX 1350 6.41 6.01 9.45 5.98 8.98 36.83

Monobactam ATM NT NT NT NT NT NT NT

*NT: Not tested
*A: A.baumannii, P: P.aeruginosa, K:K.pneumoniae, E: E.coli

*FEP: Cefepime, CTX: Cefotaxime, CAZ: Ceftazidime, CRO: Ceftriaxone, AN: Amikacin, GM: Gentamicin, NN: Tobramycin, IPM:
Imipenem, MEM: Meropenem, CIP: Ciprofloxacin, LVX: Levofloxacin, ATM: Aztreonam

28] o]de] UdZ7HES RATE B tobramycine
2007 35.7%¢°l1A41 2010 66.0%714] =2 WAES
Holth7} 2011 16.7%% WA EC] tiF HAskqich
Ciprofloxacin®} levofloxacin- 28} o7 =713k
t}. P.aeruginosa™ amikacin, gentamicin, Tobramycin
o] g Eel 2007300 Hls) 201130l )& 7Haskgich

Al dE TaFAE 2
t}. amikacin® gentamicin®l ¥ K pneumoniae 173
B2 2007 77 14.8%, 18.0%c1A4 2011 7.2%,

xZ

o
ol

ciprofloxacin, levofloxacin®

7}
] ¢Skt Ciprofloxacin, levofloxacin= 200730l H]
3 A Z715A1E B 3ItH(Table 3).

A AR T WA s e 24
2 A7 A A AT cefepime AMEH
cefepime WA E. coliol A #2138 &ko] a7} 2
th(P<0.033;r=0.907). 12]3l Tobramycin AH&%}
tobramycin WA E.coli| = 28 &2 oA 7}
AATHP<0.028;=-0917).  ALEd A=

PR AR o 1

%13L, imipenem, Meropenem-> 7] xto] WAYs}

ENERY

B

8.7%= ¥ 7439t} imipenem, meropenem-> %=  Aminoglycoside 1€ AFHEHI aminoglycoside WA
AZIZE okl WA ke, e FHAES S Abaumanniil A Fod &9 ARAAE YERL
Bt v]5=3 WAES Btk Ecolidl X Cefepime,  (P<0.048;r=-0.881), aminoglycoside A8 A&}
cefotaxime, ceftazidime, ceftriaxone®?} Gentamicin,  aminoglycoside WAl E. coliol % f2]3t &-2] A+
tobramycintlAd E-0] 20079 ¥t} 20110l 24 o)A AZS JeEPATHP<0.001;r=-0.992) (Table 4).
Table 3. Antimicrobial resistance rates of A.baumannii, P.aeruginosa, K.pneumoniae and E.coli, 2007 - 2011.
Year 2007 2008
Agent A (222 P (414) K (2669 E (6506 A (360) P (280) K (2478) E  (8589)

FEP 357 17.9 17.2 6.7 20.8 20.0 24.6 9.0

CTX 57.1 100.0 18.0 6.7 50.0 100.0 246 10.0

CAZ 214 NT 17.2 73 20.8 NT 24.6 10.0

CRO 49 100.0 17.2 7.0 50.0 100.0 24.6 10.0

AN 357 25.0 14.8 NT 25.0 30.0 10.2 NT

GM 35.7 32.1 18.0 16.3 25.0 35.0 153 237

NN 357 25.0 19.7 13.7 25.0 20.0 29 24.0

IPM 14.3 17.9 25 13 12,5 30.0 NT 20

MEM 35.7 14.3 NT NT 2038 25.0 NT 1.0

cIp 357 49 20.5 13.0 20.8 20.0 13.6 18.1

LVX 14.3 393 18.9 13.0 42 20.0 127 18.8

ATM 85.7 100.0 49 33 458 100.0 28.0 10.0

Mean 375 46.8 15.4 8.8 26.7 45.5 20.1 12.4
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Table 3. Antimicrobial resistance rates of A.baumannii, P.aeruginosa, K.pneumoniae and E.coli, 2007 - 2011.
Year 2009 2010 2011
A P K E A P K E A P K E
Agent (140)  (280)  (J17)  (9016)  (716)  (1050) (3811  (12590)  (497)  (672) (4875 (12,925)
FEP 30.0 40.0 31.6 16.8 58.0 213 239 16.6 833 25.0 24.6 21.5
CTX 70.0 100.0 35.0 17.2 74.0 96.0 26.4 17.1 58.3 100.0 17.4 17.0
CAZ 30.0 NT 345 17.0 64.0 NT 26.4 173 50.0 NT 159 17.8
CRO 60.0 100.0 333 17.2 80.0 90.7 239 18.1 55.6 97.9 154 17.8
AN 60.0 5.0 13.6 NT 68.0 8.0 22.6 NT 50.0 83 72 NT
GM 60.0 25.0 15.8 29.4 68.0 20.0 214 27.6 444 16.7 8.7 259
NN 60.0 5.0 237 322 66.0 93 252 30.5 16.7 10.4 12.8 28.8
IPM 10.0 15.0 NT 1.4 60.0 8.0 0.6 0.4 333 12.5 NT NT
MEM 40.0 10.0 NT NT 64.0 12.0 NT NT 38.9 16.7 NT NT
CIP 60.0 35.0 11.9 28.7 64.0 20.0 19.5 279 66.7 16.7 217 26.3
LVX 30.0 35.0 7.9 245 60.0 147 19.5 25.1 55.6 20.8 10.8 248
ATM NT NT NT NT NT NT NT NT NT NT NT NT
Mean 46.4 37.0 23.0 20.5 66.0 30.0 20.9 20.1 50.3 32.5 15.6 22.5

*NT: Not tested
*A: A.baumannii, P: P.aeruginosa, K:K.pneumoniae, E: E.coli

*FEP: Cefepime, CTX: Cefotaxime, CAZ: Ceftazidime, CRO: Ceftriaxone, AN: Amikacin, GM: Gentamicin, NN: Tobramycin, [PM: Imipenem,

MEM: Meropenem, CIP: Ciprofloxacin, LVX: Levofloxacin, ATM: Aztreonam

Table 4. Correlation between the antimicrobial usage and bacterial resistance

Bacteria Correlation Analysis Assembly Coefficient P-value

£ ol Cefepime( R )*-cefepime DDD 0.907 0.033

Tobramicin( R )*-tobramicin DDD -0.917 0.028

Abaumannii Aminoglycoside(R)*-aminoglycoside DDD -0.881 0.048

E. coli Aminoglycoside(R)*-aminoglycoside DDD -0.992 0.001

*(R) : resistance

4, D=t |Fo] 71 Wol AbgH Ao wotdlr}, 1 g o
Cephalosporin | 29| ceftriaxone®] o] ARE-E|SEH],
2 A= A AR YAESY dHdS AT o] cephalosporin A 2] A-&-3Fo] 53] =9kom, 11 9
starzl ddeaEe] doujdaAl Aatol mE FAl quinolone 9] AFEHE THE It w]e] S How
o Tiek AR, P WA ES SASITE Al gebith28]= A akel A Fty 2abrel oiE A
o gdh w&s o2 YAS A = e ¢ ] BANAE E. colitt o= cefepime&r Al A&l
& A WA o] ZHAAE AASAL Qo] T AT A A ko] ARMIAR (P<0.033;r=0.907), tobramycinAHE-
Aol HaL slek et o] &5 ATEellM I WAl oA frolek So] AAIAR FAEATHP<0.028
5 e v ds B S AT A%E 2] I A4 ;7=-0.917). E3 aminoglycoside AE ARS-HOIA
|t 18-20]. 1 otz FetAlel tid WS Aol LbaumanniiZt F-F 2o ARPAES e
A% B A 7, 23 ARFT wEE AR (P<0.048;r=-0.881), E.coli T aminoglycoside 7€
upebA g thFsiAl eyl miielnh 2 el apgakd] distel fojdk go AudAE vehin
SAA ' FolstA A E.colitt ok A.baumannii  (P<0.001;r=-0.992). %2] A#4L B E.coliv 2010
T T as A AE21] 9 ek okl o2l 7 | 571 DDD/1000 habitants/day ol A 2014\ 43.25
A gtAlel dis] WAdEe] =2 dFE°lth. 5% DDD/1000 habitants/day % 2713 CefepimeAl-8- 20 &
A.baumannii= 3 AAA o2 Z7ksta da, oAl WA olsl] WA Eo] =713 Aoz AZtHAT) o= kA9

oA ehta ie22)

A2 S AL 2 7} Quinolone 7l

Aol FtA

&9 ciprofloxacinAt

A.baumannii
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4] 201013 tobramycin®] 37.03 DDD/1000 habitants/
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ThokAl WS Bolal AiztES 9071 A baumannii,
P.aeruginosa, K pneumoniae, E.coli 5 e
FEA AT BN JBYS ZAE A3} e

2o ARS AL F AT

pu

k%

1. E. colitt=F7} cefepime@ Al AFS-2} A7)
7} QI (P<0.033;r=0.907)
2. E.coliTt5*7} tobramycin & 4] AF&-2F3} Ao

7} 9lgith (P<0.028 ;1=-0.917)

3. A.baumannii’} aminoglycoside A& A AR
g FABATE AU (P<0.048; 1=-0.881)

4. E.coli 77} aminoglycoside A€ A A&7

3} 4BBAZE QAL (P<0.001; =-0.992)
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