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A Recent Study on the Antimicrobial Sensitivity of the
Organisms that Cause Urinary Tract Infection

Kwang Ho Ryu, Myung Ki Kim, Young Beom Jeong'

From the Department of Urology, Chonnam National University Medical School,
Guwangju, 'Department of Urology, Chonbuk National University Medical School,
Jeonju, Korea

Purpose: The overuse and misuse of antimicrobial agents have made
choosing an appropriate antibiotic more difficult. We studied changes in
the antibiotic sensitivities of the causative microorganisms of urinary tract
infection (UTI), in 2000 versus 2005, in order to provide useful information
and to aid physicians to make better choices of adequate drugs for treating
UTL

Materials and Methods: We retrospectively analyzed 5,266 uropathogens
and their antimicrobial sensitivities in 3,346 patients who were admitted
to or they had visited two tertiary hospitals located in Honam province,
in 2000 versus 2005. This revealed the isolated causative organisms in the
urine cultures.

Results: The incidence of UTI shows bimodal peaks in the first decade
(22.3%) and 7th decade (18.8%). The common pathogens were E. coli
(34.4%), Enterococcus (19.0%), Staphylococcus (10.2%), Pseudomonas (9.9%)
and Klebsiella (9.8%). The incidence of Gram positive organisms was
increased from 35.7% in 2000 to 38.1% by 2005. For the Gram negative
isolates, imipenem and amikacin showed relatively higher sensitivity,
while ampicillin and ciprofloxacin showed relatively lower sensitivity. For
the Gram positive isolates, vancomycin and teicoplanin showed relatively
higher sensitivity, while penicillin and ciprofloxacin showed relatively
lower sensitivity. Significant declines for the third-generation cephalo-
sporins’ and fluoquinolones’ sensitivity to E. coli and Klebsiella isolates
were found.

Conclusions: E. coli was the most common single organism causing UTI
We should be concerned about the increase of Gram positive organisms,
especially Enterococcus. The use of TMP/SMX and nitrofurantoin as the
first choices of treatment for UTI should be reconsidered. It is recom-
mended that fluoroquinolone should be restricted because of the high
antibiotic resistance and the economic aspects. (Korean J Urol 2007;48:
638-645)
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2,158 (64.5%)2-2 FA7} 9257 (42.9%), 1A= 1,2339
(57.1%)019. o, &A= 1,1889 (35.5%) 2.2 FA7h
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AW gl 104 o|Ae] 223%F 7 Wi e0di
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Af ol vlsll @ Z7kdo] Wol WAsl= 2o FE Ve
t}. 200012 20051 =5 ¥l 23S uff w23t ARy B
£ Holdh 53] @) 3k 104] o] Aol A 31.1%E 7H3
v HEE E3on, oz kA A5 eotd, 70th7}
38.8%% XA (Fig. 1).
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Table 1. Species distribution of the isolates from patients with
urinary tract infections for 2000 versus 2005

Organism Year Inpatient (%)  Outpatient (%)
E. coli 2000 21.5 41.9
2005 22.8 51.2
Enterobacter 2000 22 29
2005 42 3.8
Klebsiella 2000 10.6 53
2005 15.6 7.7
Proteus 2000 1.6 5.6
2005 12 3.8
Acinetobacter 2000 5.7 0.7
2005 4.4 0.8
Citrobacter 2000 2.4 4.8
2005 1.6 3.1
Serratia 2000 2.7 0.7
2005 1.9 0.9
Pseudomonas 2000 17.6 7.1
2005 10.2 4.7
Enterococcus 2000 25.1 13.3
2005 26.1 11.3
Staphylococcus 2000 79 12.7
2005 10.9 9.4
Streptococcus 2000 2.7 4.9
2005 1.1 33
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g AJAFFelA THA
344%2 WEZ EIEr
(19.0%), Staphylococcus (10.2%), Pseudomonas (9.9%), Kleb-
siella (9.8%)9] <A & vebytirl. J L3z}l A= Enteroco-
ccus (25.6%), E. coli (22.2%), Pseudomonas (13.9%), Klebsilla
(13.1%), Staphylococcus (9.4%) =2 2 Vet on] o#st
A+ 739 E. coli (46.6%), Enterococcus (12.3%), Staphyloco-
ccus (11.1%), Pseudomonas (5.9%) =202 ZA = At A
Moz a3 SATel YALAE A5 63,19, SlHEA]
3% 125% %2 ek en, gk AT 43k ¢
36.9%, N3RS S 27.5%F XAS e (Table 1). '
A} $1A}ol| A= Enterococcus (19.0%), E. coli (17.9%), Pseudo-
monas (15.3%), Staphylococcus (12.9%), Klebsilla (11.3%) =
o7 Jepykon, oIz} 3kate] ZA$ E. coli (39.0%), Entero-
coccus (21.4%), Klebsilla (10.2%), Pseudomonas (1.5%), Sta-
phylococcus (1.4%) =22 ZAE A}

2 E coliZ

Enterococcus

A

4. SME| LY

gk Aol gk ZA Aol A penicillin A€ Q] ampicillin
< 200012 2005 2ol ZH7} 6.8%9)F 24% = Tk 3HAYA
ZrAS Kol gllem, 1At cephalosporin Al <]
cephalothin 23.4%, 27.6%< ZTAS Hola 9Jrh

Aminoglycoside A€ 9l gentamicin> 53.1%, 56.9%, tobra-

mycing 49.1%, 51%9 ZTAS HEon, amikacine
60.9%, 60.1%2] T4 ZAIE HAth (Table 2).

5. REROIAMS SYH 2y

A AskAtol| A 7 wke vIEE Rl Enterococcusol]

Table 2. Changes of drug sensitivities for the Gram stained pathogens for 2000 versus 2005

Drug susceptibility (%)

Year AC CL CX CZ CT GM AK ™ CF OF NF NFN TS [IP
Gram (—) 2000 6.8 234 423 663 514 531 609 491 539 37.6 882
2005 24 276 478 539 625 569 60.1 51 42.6 60.9 495 455 57.6 823
Year EM GM TC PC AC CL TS TP VM CF
Gram (+) 2000 24 222 328 286 313 482 81.8 961 959 37.9
2005 34 28.1 432 416 403 165 561 954 952 50.9

AC: ampicillin, CL: cephalothin, CX: cefoxitin, CZ: ceftazidime, CT: cefotaxime, GM: gentamicin, AK: amikacin, TM: tobramycin, CF:
ciprofloxacin, OF: ofloxacin, NF: norfloxacin, NFN: nitrofurantoin, TS: trimethoprim/sulfamethoxazole, IP: imipenem



Table 3. Antibiotic sensitivities of the Gram-negative

organisms in inpatients
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Drug susceptibility (%)

Organism Year
AC CL CX Ccz CT GM AK ™ CF OF NF NFN TS P
E. coli 2000 212 419 813 882 879 688 86.3 599 572 43.6 100
2005 234 382 784 819 844 633 913 546 475 502 489 891 514 100
Enterobacter 2000 6.1 0 77 606 545 667  81.8 66.7 939 718 969
2005 13.6 235 129 657 796 843 943 847 943 917 944 167 814 986
Klebsiella 2000 0.6 183 389 442 404 545 551 405 594 59.8 100
2005 O 215 297 271 303 403 494 328 312 291 354 133 764 989
Proteus 2000 292 545 625 958 917 833 958 100 83.3 455 100
2005 47.1 80 909 8.7 84 809 8.7 733 809 80 100 0 714 905
Acinetobacter 2000 4.3 625 129 321 35.7 404 345 25 351 831
2005 O 0 0 378 167 311 40.5 46 486 80 833 0 527 905
Citrobacter 2000 29 0 0 60 60 343 571 438 514 158 100
2005 O 0 0 72 66.7 963 100 947 593 615 619 667 77.8 100
Serratia 2000 0 0 216 675 275 45 80 9.2 50 37.8 100
2005 143 0 0 515 663 75 424 267 625 612 569 121 636 969
Pseudomonas 2000 0 70.9 84 204 229 213 273 221 75 609
2005 O 0 0 59.6 49 453 479 444 439 20 25 0 349 512

AC: ampicillin, CL: cephalothin, CX: cefoxitin, CZ: ceftazidime, CT: cefotaxime, GM: gentamicin, AK: amikacin, TM:

tobramycin, CF:

ciprofloxacin, OF: ofloxacin, NF: norfloxacin, NFN: nitrofurantoin, TS: trimethoprim/sulfamethoxazole, IP: imipenem

Table 4. Antibiotic sensitivities of the Gram-positive organisms in inpatients

Drug susceptibility (%)

Organism Year

EM GM TC PC AC CL TS TP VM CF
Enterococcus 2000 2.1 0 61.1 27.8 1.3 86.4 84.4 7.7
2005 29 14.5 67.3 19.1 249 0 1.1 84.3 83.1 13.6

Staphylococcus 2000 12.9 12.8 313 29 0 283 68.6 99.1 100 25
2005 28.1 29.1 53 1.1 0 14.3 713 99.5 100 32.6
Streptococcus 2000 385 55.6 61.5 25 65.4 100 100 519

2005 40 333 25 93.3 833 67.5 80 100 100 80

EM: erythromycin, GM: gentamicin, TC: tetracycline, PC: penicillin, AC: ampicilline, CL: cephalothin, TS: trimethoprim/sulfamethoxazole,

TP: teicoplanin, VM: vancomycin, CF: ciprofloxacin

3l 200514 72}l A tetracycline, teicoplanin, vancomycin®]
Z+7} 61.3%, 84.3%, 83.1% %2 =< A AIE Kol Hbd,
ampicillin, TMP/SMX, ciprofloxacin< 24.9%, 1.1%, 13.6%<]
UL A AE Bl FHAE wo] wiekH E colioll
tJall A= penicillin A|Q 2} 1A]H cephalosporin Al G ol] A=
U2 A4 AIE Bglent 24, 34T cephalosporin 7]
A7} aminoglycoside A1, imipenemel] et 74 A3t
=9k}, Ciprofloxacinel] thgh Z 2= 20001 2 20051 Eoil
77k 572%, 41.5%% vl2d F A AE Bl

Klebsiellax= TMP/SMX, imipenem= #|£]g tlF-£9] A
Aloll whl] Y2 A A3E B3, Pseudomonasol] T3l
A< imipenem®] 51.2%, ceftazidime©] 59.6%2] A4S B
pom vz g 3tk A A JA e
o} (Table 3, 4).

a

6. QIHERINMS AR 2N

S|kl A 74k ol vjekE E. colioll tHall ampicillin
(32.2%)3} cephalothin (50.5%)< Al<] gk tE-2-2] Aol
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Table 5. Antibiotic sensitivities of the Gram-negative organisms in outpatients

Drug susceptibility (%)

Organism Year
AC CL CX cz CT GM AK ™ CF OF NF NFN TS IP
E. coli 2000 202 473 823 959 951 694 971 719 7338 50 100
2005 322 505 732 899 925 741 97.1 751 651 682 685 933 584 100
Enterobacter 2000 0 0 143 625 625 875 958 929 815 70 98.3
2005 6.7 0 0 545 733 969 100 90 939 90 952 286 939 100
Klebsiella 2000 O 591 769 88.6 841 953 84.1 909 977 63.6 100
2005 O 636 635 606 636 731 76.1 755 612 682 613 226 80.6 100
Proteus 2000 304 555 614 100 100 86.9 100 946  89.1 55.5 100
2005 35 667 89 848 82 758 909 731 688 667 813 0 563 727
Acinetobacter 2000 50 0 66.7 333 667 667 100 66.7 50 100
2005 O 0 50 857 50 714 714 714 714 857 833 0 714 100
Citrobacter ~ 2000 2.5 0 235 625 55 55 82.5 722 725 364 100
2005 7.7 0 0 556 615 815 963 864 815 786 842 842 704 100
Serratia 2000 O 0 66.7 100 100 100 100 100 100 100 100
2005 O 0 333 100 100 100 100 833 100 100 100 0 100 100
Pseudomonas 2000 0 932 333 678 712 66.7 542 52 231 79.7
2005 10 20 5 659 312 268 561 537 561 533 268 92.6

AC: ampicillin, CL: cephalothin, CX: cefoxitin, CZ: ceftazidime, CT: cefotaxime, GM: gentamicin, AK: amikacin, TM: tobramycin, CF:

ciprofloxacin, OF: ofloxacin, NF: norfloxacin, NFN: nitrofurantoin, TS: trimethoprim/sulfamethoxazole, IP: imipenem

Table 6. Antibiotic sensitivities of the Gram-positive organisms in outpatients

Drug susceptibility (%)

Organism Year

EM GM TC PC AC CL TS TP VM CF
Enterococcus 2000 3.6 16.4 78.2 6.1 100 99.1 16.4
2005 55 34.1 30.3 67.7 72.7 59 0 100 97.9 18.2
Staphylococcus 2000 28.6 28.6 41.2 0 5.9 59.5 47.6 98.1 100 64.8
2005 52.4 549 62.2 49 0 25 85.4 99.3 100 64.6
Streptococcus 2000 51.5 0 15.2 429 52.5 93.9 100 100 100 61.8

2005 70.4 429 7.4 93.1 89.7 96 100 100 92

EM: erythromycin, GM: gentamicin, TC: tetracycline, PC: penicillin, AC: ampicilline, CL: cephalothin, TS: trimethoprim/sulfamethoxazole,

TP: teicoplanin, VM: vancomycin, CF: ciprofloxacin

gt A A3t A ekl Enterococcusoll Tl Al
+ aminoglycoside A|E 3} TMP/SMX-S A ] gt gl Ao o)

A =2

A4 ATE B

ol =& A4 A5 et (Table 5, 6).
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27+ e] F9 UL A Al (E. coli, Enterobac-
teriaceae)o| ™ £3] E. coli7} 7V B HIEE R|e= A
o2 A rk w4 g @ 27k 3t it =
AE vtg o2 E coli7h AAS] 75-90%, Staphylococcus?}
5-15%, Enterococcus$t 71€} 1=+ S 7o) 5-10%E XA sk
ta Baslgielt aelug T E colid] WEE ZHasta
Pseudomonas, Proteus, Klebsiella 52| o2 a3k SAI 43}
oz A Fo WEs) Frbela vk HaEa 9k
Muratani®} Matsumoto’ol] 2]} ©h<=A @ 2ol Ao
oF 80%7} E. colif o} B#-A Q2739 A9 Enter-

ococcus, E. coli, Pseudomonas7} WSk ™ 1 5 Enterococ-

cus7} 714 Bokekal B askdek. ol & Ko &' L
2 SAFL 19944 75.5%00 4 1998 83.3% % Z7belgl L
o] E. colidll &3k 7+ 19949 50.8%°l14] 1998
41.3% 2 7323 ¥V Pseudomonas, Klebsiella, Enterobacter,
Proteus, Acinetobacter & & 18 SAI 2] 7hedo] 1994
W 24.8%0114] 19984 42.6% 2 Z7Fstg) ot 1 kA2
19941 24.4%011 4] 1998\ 162% 2 Fra=stQiehar Hargk n}
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E. colioll 93k 7+ed (222%) Rt B Ao g zAE )
Ak @3] AS E colioll 93 2 27+ (46.6%)°)

Enterococcus®l| €3+ 7443 (12.3%)ll w3l L-53] Wkt o]
*]
o

A A GAAS A%H dg U WA e 3k,
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SO AAES] ATAAE 21.8%2
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A L] A S Aol g Aol & HolmZ 927t
Aol et A3 A dAAE A9 w2 A9 A
AeS ol= Zo] Fa3s}r} Infectious Diseases Society of
America (IDSA)oN A &= A= A9 @27 T9] &A4A
Aol i3k BHE a1, AEARQ1 2AE dfof ¥, 7t
T4 W3kE Aok Hoka Paskar 9okt vl o
el AU FAAE F AAFE 18 SAFL o
Ao Z g ZAoF TMP/SMXU} nitrofurantoin 5] &Aoot}
AU B AltFol Wk E kS FA $a FA-go]
Aol YA X A2 ALE]o] gk 2 HE Eol o]
gk okAlEoll digk WA o] Eolubar i, E. colioll thsk
TMP/SMX®] WA EZ 51| Ao 244 15% w]Rke]
WA S Holm ulor W Ao wrelA = WA ES Aol &
Kol glow, =9 A% 19%, W=etdl4l= 60%] H
AEE Hola gJurb.” |3 W] o2 AAFellAE 19951 ol
A 200114744 o] TMP/SMXell th3t E. coli®] A3A| ZH+A4
S 83.1-852%% Hastgih”
Tl A = A Aol tist WA T E3 o] TS ulwE|A]
Atk Ko 55 27 94 F5Foll izt

ﬁltO 1o
=2
ok

=

i} .iu;

[ =19

o
O
oo

2

o

aL FAA S 74
< ampicillin®] 7% 199413 15.6%1 4 1998l 11.6% =
248191 21} cephalothin, gentamicin2 A7kl w2 Z X}
ol & Hol|A ¢tom A & v} 60% el TrAlSs Kl

ciprofloxacin®] 73-% 199437} 1998dol] 2+ 87.8%2} 78.8%
2 =2 AFAE Haslgidh AREY ATl e 1%
S 3ol 3t ciprofloxacin®] 742 20001 53.9% 1A
20054 42.6% 2 74593, E colidll Wk 7+5A)o] 2]
AL e ok Q] AgkAte] Aol A Yok ow 200010l H
3l 200510l JAZHA A A A7t 57.2%, 47.5%F ZH4skA
t}. o]l ulall TMP/SMXell thdk ZH=A4d - 20004 ¥} 20051
ol Z+7t 43.6%9)F 51.4% 5 2318 o7k Z7tE AL 2 5
At

Aminoglycoside A 2] gentamicin¥} amikacin 55 50-

60% el Al AE v o|o} 22 Avte A
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Ag2 HIEst Ao} & Ao A7, A A
& =S WAE 7] A4S 3] AeiAe A
el A A4S d3E 2Ase Zlol BasiAnt A
= A
= hs

o] H-F &3olrt.

3 e 23k o) 7 &3 AR E. coliol] HRE FH
Aol 3l Ko 5°8 ampicillin, TMP/SMX, ciprofloxacinel] t
3t E. coli®] A 22 15.5%, 492%, 763% % H.ALsl9]
3, Ko 5% ampicillin, TMP/SMX, ciprofloxacinel] th3} E.
coli®] A S 185%, 37.3%, 66.6% %2 ZAFs}o] ampici-
llin, TMP/SMX - ®H= @ 274919 ZAPH Q) 494k X8 <F
Az NAES a3ttt 649l eH, ciprofloxacine B} 2FA|
off ulal| 3t AF S HolA ¢ka X o= HAT
o] Wbz} 7}e 7bA & ] 1 A e Aldtste A
o] " oslrtx FAsl9ch Song® Kim'* E. colioll thst
ampicillin, TMP/SMX, ciprofloxacin®] Z+4& 22 46.5%,
69.2%, 802% % Rl A A FAAZ Jf3tat, =
3] o]A 2 27+ 9] 7% fluoroquinoloneS, L £]2] 73$-oll
+ aminoglycoside A2 2] dABAE APHsl= Ao] A3
i FAsgick. A5 Z2A A S ampicillin®] 73 -$-
YA 234%, 2HZAE 322%9 U AFEAS B
1 wbd TMP/SMX U&= 514%, 2ddAtell A=
58.4% % ciprofloxacin®] Zr<rAl 3 & Xpo] & HolA] ook},
Karaca 5% 199411 7€) 2003744 10647F 227+ 3
Apoll Al wjok=l 1,939#]2] E. colioll tdt co-trimoxazoleZ}
quinolone®] WAE W3lE R 138l co-trimoxazole2]
WA &2 69.8%0N1 4] 38.5%F 7H43}9) A% quinolone®] W
AES 52%NA 27.6%= 543 F7Fslglen ol H¥
2 g AAZ co-trimoxazole2] Ao 7+A$} 1 quinolone Ab
o] F7HE A7 wlFoleka &gt

22749 WAl it WA T2 F7HE IDSAE
TMP/SMXoll tgk UAlo] 20%5 d& A 93 # T 494,
HhEE e 2230 9] A E, TMP/SMXeu thE A
AgEo] = oJAgellA e the e EZFdell i3k UxbA
83 dAAZ TMP/SMX-S tl4lste] fluoroquinolone©]
U} nitrofurantoin, fosfomycing AH&S A& AAsla 9k’
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