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Clinical Features and Antimicrobial Resistance among Clinical Isolates of Women
with Community-Acquired Acute Pyelonephritis in 2001-2006

Seong Heon Wie, M.D.", U Im Chang, M.D.", Hyung Wook Kim, M.D.", Young Sic Kim, M.D.2, Soo Young Kim, M.D.?
Jian Hur, M.D.", Sang IL Kim, M.D.", Yang Ree Kim, M.D." and Moon Won Kang, M.D.'
Departments of Intemal Medicine', Laboratory Medicine®, School of Medicine, The Cathdlic University of Korea, Seoul, Korea

Background : Acute pyelonephritis in women is one of the most common infections within the
community; some patients also suffer from related bacteremia and renal abscess. The predominant
pathogen in acute pyelonephritis is Escherichia coli and the changes in antimicrobial resistance over
time is a very important factor in the choice of effective and economic antibiotics.

Materials and Methods : We investigated clinical features and antibiotic sensitivities of 577 organ-
isms isolated from the urine cultures of 577 patients, admitted to Catholic University St Vincent's
Hospital for community—acquired acute pyelonephritis from January 2001 to December 2006. We an-
alyzed the patterns of antimicrobial resistance of urinary isolates and the clinical courses of the pa-
tients.

Results : Patients demographics revealed a mean age of 51, (age: 16 to 91), with bacteremic pa-
tients representing 30.8% of patients and renal abscess patients representing 5.9% of the group.
Sixteen (4.2%) of 382 in the pyelonephritis group and five (3.1%) of 161 in the bacteremia group
revealed clinical manifestations of therapeutic failure such as persistent fever and pyuria. The mean
time to defervescence was 44.6 h for the pyelonephritis group, 76.4 h for the bacteremia group and
91.2 h for the renal abscess group. Among the 577 isolates, 554 isolates were E£. coli, 10 were K.
pneumoniae, three were S. saprophyticus, three were Proteus mirabilis. two were K. oxytoca, and two
were Enterobacter aerogenes. Among 554 E. coli, the rates of susceptibility to ampicillin was 38.3%;
to sulfamethoxazole 62.1%; to gentamicin 81.3%; to ciprofloxacin 86.3%; to cefuroxime 97.3%; to
amikacin 98.7%; to cefotaxime 99.5%.

Conclusion : In hospitalized patients, initial intravenous treatment with an aminoglycoside or a second
—generation cephalosporin, and then switch to oral first, second—-cephalosporin, amoxicillin and sulfa-
methoxazole is recommended. In vitro resistance to fluoroguinolones appears to be increasing, and
therefore close monitoring of antibiotic susceptibility patterns in isolates of urinary tract infections
and the use of fluoroguinolone—sparing agents are required.
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e 1

1. T4t BX19) QIarE, HAsts 54

A7 T F 577780l 5 AlAIE AR 7= @
FEew olF 577He W %7 H A2 388+
07CH @3 C-Hhg o] HF 2= 139+ 7.8 mg/
dLgen ol WMEL 2% 12503+ 5654/mm gtk &
Biekoll 4] 10° CFU/mL ol4to] Hehe
178 (30.8%) ol A= EH uliFol = FUg FFol vk
E Ak (Table 1).

8 HifoA Aol HAEH 577He HF AP
50.7+ 187A191, Ad ExE w=ul 16-1947F 161,
20-2941 7} 897, 30—39*117} 764, 40-49417F 94, 50-59

Table 1.
Bacteremia (group II) and Renal Abscess (group III)

A7k 817, 60-69A17}F 1048
o] 237 o]t
gollMe 83E, ABSEE,

=2 754 o= FHSAtH(Table 1)

T 517t A FTollM 39982 & EfeFel A,
17880l = & i oA 2 HHO’COHHE dlato]
e E = ol 5
2o AAAF A%

, T0-79A4|7} 9478, 80A] olA+
5779 % 119%°] s SAHT 17
Wy, Bete i 5o 123

oko| EHlE|Q]

BurE 1788 A9 ), @
of ujoFel 4 ele] Helsl 178% & A% sopol Hul
B 179 AT 1619e TFEE BAD), A 5

Comparison of Demographic and Clinical Features of 577 Patients with Acute Pyelonephritis (group I),

Pyelonephritis group

Bacteremia group Renal abscess group

Number of patients 382

Mean age (years) 471+185

Underlying dsease
Diabetes mellitus 69 (18.1%)
Ureteral stone 3(08%)
Neurogenic bladder 2 ( 05%)
Vesicouterteral reflux 2 ( 05%)

Temperature(C) 38.7+0.7

Leukocyte count (mm?®) 12,144 5,060

C-reactive protein (mg/dL) 11.8+7.1

on admission

Time to 4462992

become defervescent (hour)

Initial gentamicin (326)
intravenous antibiotics cefuraxime (52)
(No of cases) amikacin (2)

cefriaxone (2)

Rate of resistance to intial 29/382 (7.6%)

intravenous antibictics (%) : gentamicin (29 cases)

Rate of clinical failure 16/382 (4.2%)

to initial antibiotics (%)
Altenative intravenous cefuraxime (9)
antibiotics (No of cases) amikacin (8)
cefazolin (8)

Switch to oral antibiotics first cephalosporin (125)

(No of cases) second cephalosporin (99)
SXT (73
ciprofiaxacin (23)
amaxicilin (62)
Rate of recumrence
within 1 months (%) 8/382 (21%)
1-6 months (%) 11/382 (29%)

161 34
58.2+16.9 44,0170
45 (28.0%) 5 (14.7%)
3(19%) 2 ( 59%)
1 ( 0.6%) 1 (29%)

1 ( 0.6%) 2 ( 5.9%)
39.0+0.6 39.0+04
13,193+6,390 14,028+ 6,060
16776 20.1+8.1
764+223 91.2+225
gentamicin (96) gentamicin (24)
cefuraxime (58) cefuraxime (7)
ceftriaxone (5) ceftriaxone (1)
amikacin (1) amikacin (1)
cefazalin (1) cefazalin (1)

9161 (5.6%)
: gentamicin (8 cases)
cefuraxime (1 case)

3/34 (8.8%)
: gentamicin (3 cases)

5161 (3.1%) 234 (59%)
amikacin (6) amikacin (2)
cefuraxime (1) cefuroxime (1)

ampicillin (5)
first cephalosporin (46) ciprofioxacin (12)
amaxicillin (49) amaxicillin (10)
ciprofiaxacin (25) SXT (6)
second cephalosporin (22) second cephalosporin (4)
SXT (8) first cephalosporin (2)
4/161 (25%) 1/34 (29%)
6161 (3.7%)

Abbreviation : SXT, trimethoprim- sulfamethaxazole
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o ATUH UFS FAPEY BAL) O HE o] ¢
A, G8HH BAL BASHACH Table 1),
FEF BALS ASAFY BALY AY 5F BA

<of H3] d8ge] o =HI(P<001), Gt A} Hix
7} o =3tHP<0.05). & WA A2 %L%*% SR}
o] ALAE A B T A =%
o m(P<0.05) @ C-HHS Tuaie] Til% +EZ
I AEF Aol A9AEY fxpo]
(P<0.001). = 1H°J/\]94 N

oulgle Aol ¢l
7Colst= Xq“@rﬂ~tﬂ %‘?l AI{P% +E8F 4
BRApto] 242y T6.4XZ M 912410 2
9 446417 ET Ao m(P<0.00
AEsSF A el Yy
0.052) (Table 1).

ol

w2l d]late] 2710 AREE FatAlol WAdE ol
© NEs AR, #8F5 ) s AN 2
7} 76%, 56% B 88% AT AA= 2| =of Wk-E-skA] F
of FAE HANOFNA Wk 42%, 3.1% % 59%=
A 2710 AR FatAll WA 57 dHEE SRl
M Ao r Am 432 B Fees #Ed &
A UK Table 1). &, & 57789 &4} FollA 41(7.1%)

o] %7] g4tAl(gentamicin 409
457 AEEHS =T,
1B)oAE gader gzt st Umz 238

7] @tAIR] gentamicin®]l X ®7F Aufsto] Aol
A=

3 cefuroxime 17§)o] WA

18 (gentamicin 179, cefuroxime

Q= FAI¢l amikacin®Y cefuroxime 22 X &
Qo 2% FHFA Fo] Fo ARE JFstAch
JF AL o] o T At wet A

Fat

T8 3t
ol A= =2
H93 AEY Al AL ciprofloxacin®] 71
AFEEIG O A8 FE MY oW ALE2 Al &
o A 3% AT Table 1).

FAZ AT Qg A0
1, 24} cephalosporin®} amoxicillin©]
A

17

3. 9uilY B! EHuigolx] BEE Kl

F o779 AR AR S E coliZh 55490(96.0
% &2 71 wWol A&
9)|(1.7%), Proteus mirabilis®} Staphylococcus saprophy-
ticus7t Z¥ZF 34(0.5%),

bacter aerogenes?t Z¥Z} 2¢\A | Klebsiella ozanae, En-

Klebsiella pneumoniae”} 10

Klebsiella oxytoca®} Entero-

terobacter cloacae, Citrobacter koseri7} ZF2F 198 A&
= icH(Table 2).

Aol A anfgat FUT FFol o 178
173%(97.2%) 0 A E. coli, 3N 4 K. pneumoniae, 1‘3401]
A P. mirabilis, 1§94 Enterobacter cloacae?t HZE
Artt.

K. pneumoniae’} A& A} 1
o] FHFEINT, P. mirabilis7}t 7&%

& T A

) oE,

4, 4179 A Ay

HEH E coli 55499 A a2
ampicillin/sulbactam®l] 38.3%%} 44.8%6% 3L piperacillini}
piperacillin/tazobactam®]| 41.9%%} 965% RS gentami-
cin, tobramycin, amikacin®| Z}Z+ 81.3%, 79.9%, 98.7% %
t}. E3F cephalothin, cefuroxime, cefotaxime, cefepime®]|

Z¥7Z} 58.3%, 97.3%, 99.5%, 99.5%, ciprofloxacin, levofloxa-

ampicillina}

Table 2. Overall Antibiotic Susceptibility of 577 Organisms Isolated From Patients with APN

Organisms Antibictic Sensitivity (%)

(No. of case) AMP AMPSBT GM AMK CLOT CRXM CTX SXT CPFX PIPC TZV IMPM
E. coli (554) 383 448 813 987 583 973 95 621 83 419 9%5 100
K. pneumcniae (100 500 100 100 100 100 100 100 800 100 80 100 100
P. mirabills (3) - - 383 100 667 100 100 333 100 333 100 100
S. saprophyticus (3) - - 100 - - - - 100 - - - -
K. axytoca (2) - - 100 100 100 100 100 500 100 500 100 100
E. aercgenes (2) 0 100 100 100 0 100 100 100 100 100 100 100
K. azanae (1) 100 100 100 100 100 100 100 100 100 100 100 100
E. cloacae (1) 0 0 100 100 0 0 0 100 100 100 100 100
C. keseri (1) 0 100 100 100 100 100 100 100 100 0 100 100
Total (557) 384 48.1 817 988 591 972 988 628 88 431 96 100

Abbreviations : GM, gentamicin; AMK, amikacin; CRXM, cefuraxime; CLOT, cephalothin; CTX, cefotaxime:; SXT, trimethoprim-sulfamethaxazole: CPFX,
cproflaxacin; PIPC, piperacillini TZV, piperacilinftazobactam; IMPM, imipenem
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cin, moxifloxacin, trimethoprim-sulfamethoxazole (SXT)
o ZFzZF 86.3%, 80.1%, 80.1%, 62.1%9 A+ EIL
™ imipenem®] WAE Eole #+F= ¢ tHTable 2).

K. pneumoniae 1099 74+ ampicillin®ll 50%, pi-
peracillin®} SXTollA 80%9] A& Ha ole] &
FAE deiAe 100%S] 7H4/3dE eI THTable
2).

5. EE1E i@ goA Uy HI(QAEE)

=218 554709 E. coli 5ol A 2003 ol Al 2006 7}
A ampicillin®} ampicillin/sulbactam®] gt #4442 o
=R ZhZF 386%2F 50.0%, 42.1%<2} 50.9%, 30.6%%;
353% 9 40.0%t 445% %3, 2001dA 2006 7HA]
piperacillin®} piperacillin/tazobactam®] ™3t <AL z+
Z} 41.3%2} 100%, 40.5%2} 95.9%, 44.2%<} 98.2%, 45.9%
2} 91.9%, 40.0%<F 96.0% 9 41.5%<} 99.1% % th(Figure
1A). E3E gentamicin®l Wigh 7H=AdS 2001dF-E 2006
WA7EA] A= 84.8%, 78.4%, 84.1%, 83.8%, 81.0%, 79.1
%2 YEF AL amikacino] ik A2 4 97.0%014
0] 2™ tobramycin®| gt Tr<=Ad-2 2003 F-E 20061
7FA] 81.8%, 84.5%, 80.0%, 87.3%5 X thHFigure 1B).

1, 2, 3AIth cephalosporin®l] W&t E. coli®] THidS B
W, 200195E 2006W@7HA] 24Tl cefuroxime T\
955%0]4}, 3AItQl cefotaxime® 43t 97.0%°]42] 7+

Y]

(%)
100 |

80 + piperacillinftazobactam

B0 ¢ ampicillinfsulbactarn
4k h—./‘%piperacmin
20 b ampicillin

0

2001 2002 2003 2004 2005 2006 (year)

©

(%)
cefotaxime

100 —————— - —ee—— ofiroxime
80 cephalothin

B0
40
20

2001 2002 2003 Z004 2005 2006 (year)

TAE 2o 142l cephalothin®] Zr<A-2 200149
30.4%, 20029 47.3%, 20039 54.0%, 2004 55.9%, 2005
| 61.0%, 2006 80.9%E wid Aol dd=rg &
ZVet= FA1E B H(Figure 10).

Imipenem®]] H3iA= 55470 2E E coli 457F 45
A& B3 SXTol dialiA+ 2001 d+-E 2006 97HA] 67.4
9%, 59.5%, 61.9%, 66.7%, 58.0%, 63.6%2 TS S
t}. Ciprofloxacin®l 3t E. coli 59 44L& 2001
91.1%, 20029 93.4%, 2003¥ 83.9%, 2004 79.6%, 2005
| 85.9%, 2006% 80.9%= 20013} 2002¥ o) H]s] 2004
|k 20069) daido] dasts A8 E A thFigure

1D).

oo

aBFAFe AAtsle ARl A B 4AF
Zo] shubola 4ol ool A Bk MAst B3] A5
AL Wi, Wil SO R aRgd F4 n4,
o, A7 BF B AR 2209 FA] Fuds

e =|
s aEgAFIAL AAFFTF s oAl WA
o olgt A7k Wk olel s AeiAtElolA WA

100 PU——— - | [T ¢ T

tobramycin
80 — gentamicin

40

20

0
2001 200 2003 2004 2005 2006 (year)

D)

(%)
100 imipenem
B0 ().\_\/"‘\——- ciprofloxacin

80
Trimethoprim-sulfamethoxazole

40

20

o0t 2002 2003 2004 2006 20068 (year)

Figure 1. Recent changes in rates of antimicrobial susceptibilies of E. cdli isdlated from urine of 554 women
with community- acauired acute pyelonephritis in 2001-2006 at a university hospital.

019 7H 0063717 oAt A5 F4 494 3G A48 G4 2 AAFS) U4 P Vol.39, No.1, 2007 13



4ol FH ASAFGNIE AAFTE fRRol E
colio] T WY W 2RFUFY AAFFU Fr P
£ Hol7t 9Icko, 10). BF A 5 HEEE7] FAE
L 2o RRgEFe 2700 & WS ARshE fRE
oM 9 FFE AEL & AUtk el AAtE S
TH ALAYG] G A BAST dARn @
S4 Fge Bstel FeHA FaA A slofsta
A Q7Y SehgUoAl A 6U 8 HleF Akl A AL

5 2 QA B4, 93 Y

E‘f
of
ol
1o
ol
Tt
fo

Tnﬂl—ﬂ

¢
;:9‘ ol

lo o
ridk
_|>i
M
T

5

=y

Mo o

o o
2

<4
oft
>
ok
o
_|>i
1o
rE‘,
H
N

el ¥

o,
_\:-_(4
oft
i
ok
o
M Hr

JA FAARE F2 aminoglycoside?t 241
cephalosporin®] ARE-E =], HAl FRF] 93.4%00 4 &
2 Altol 7] AEA A A B, %6
%7t YRR A7 Tl sfFEAUTE & AA A
9] 7.1%00 M= 271 AEH oAl WS Hol= 45
7F iFE QAT WA o wiE 419 5 18'8(43.9
°/)°ﬂ/\1t AEA AAIA FtA W& Ojgoﬂi
Far Yz 239
Aol e 22 AR MAE T AR5 “"*0}
Ak HE WA #7F B EAElE ddEY A' A
T2 B FdE0] UAR 27] FFA A= A
Wy nE A& 2estd 4
A FAFAZA gentamicin® 2T} amikacin®]t} cefuroxime
o] o alAdSE & 4 AN 1Y G4 AAFE
22 FHAE cefotaxime®|} ceftriaxone 52 34
cephalosporin®] 2] =& Fol4 HF=L UAARH1L,
12). & AFoA 1" dAFe] FwAQ g A
oz & u 24|t cephalosporing! cefuroxime® &+
g9l ”H ¢ 931 o]F o] g3t 34t cephalosporin
o] B8 AHEE HaAA FFHe=m FHel -
lactam 62}—_@"74]4 AHE A4S B3 FH9] B -lactamase
E Atk oA A9 dAlolE 7118 Aot ®E

gentamicin®| 4 amikacin 5] aminoglycoside &% A&

_IZi o X F{F

1_

gt ok

oA gentamicin®] Foi¥

Lo

CRE Y AR ANE £ 5 A% 5aefde &
A 4= A=, WAL FEAE A=rt et AF-
€ €% TEET AR WM 8 w2 FdAY sk

A
Z1Qle Ao AZHEITH1S, 14). 27] ARH FaA =
2 QAH BHS Bl AR ARolAE s
Avtet AbAel GatA| Fol Aol utet ampicillin®]
U cefarolin 59 @ W7k o 1 vlgwels =
Bl AR WAL 4 Yglsd e WA d
49l A Fol 970 FHol WIANAE B E&
o] J Ao AmHL)
FA FoARE AGAA e AZke A FBF U
oF BAEo] 242} ToAIZER 91AIRES.
4517k ) WA o 2
4% 33 FIAS Folside

=0
[

oo r% rr rl% r%
o’ o: ol
é*ﬁﬁ%%
o 1o
=2 o8
x e
B ot 4
LI
ol
al F{F
32
e e
g}
N
>
=
l:Io B
B K ;ﬂa
E w
h-u O
2 =2
> x
o A
— 0
_g
L >

o
£
H U

30

05,%94 22| A fluoroquinolone # &
23hl g2 A o] o] o A A
A Fo ]—?"ﬂ AT] FHAR ciprofloxacin
g A7 wo] o] &E= AAolnh & Aol ¥dl
O] F4tAl /3 Aol whek 1, 24 -8 cephalos-
porin®|4 amoxicillin 5 A+8 g FHAR Wol o]&
Hed Ax F4 3 1Y W 25% oI5t AdEs
Bk 2 fluoroquinolone ARE Z71o| w2 WAS
7t $-dske Bavk edl2 15). A8 A Al
of 1, 2AIt) cephalosporin®]t} amoxicillin 2] ©]-&9°]
fluoroquinolone®] AFES AAIZ 4= Q1= 3t W o]
T UE Ao ArEH FE WY Pl e T
Ao gt o FELAtt AFE Bl olE HEREor &
Ao R A7 et
2 Aol A 7P &3 AJAS] E coli®] o8] A
of EH%J **ég 20019 HE 20069 7H4] dEEz Ui
oA H A= & 9j(Figure 1), ampicillin/sulbactam
T} plperacﬂhn/tazobactam——] A S B 1 pipera
cillin/tazobactam®| piperacillin®f] v]3] 953 F+3 3
7be HQl vlE] AE SR ampicilllin/sulbactam-
ampicillin 2t} o7Fe] 8 F7MbE $Ee 4= sl
(Figure 1A), aminoglycoside A€ ollA+= amikacin®] gen-
tamicin®]Y tobramycin® ot} ¢ =& Z4A S 2
tH(Figure 1B). ®3t ciprofloxacin®l] g 7244 FAHS
2001 ol A 2006 7FA] T EH, 2001d 3 20029 o=

o T
i
o

10 b qin
oL

noE o
i)
jgnﬂ

=
ol oX

SR N s

]

o|\

ifla}

14 zdn} sisteM - M 39 A Rl 15 20074



90%oldel HAede Hl Hhde] 2004del= 79.6%,

=29 BIAHH?2) & AoA % fluoroquinolone®] 74
Aol AR fars FAE Eo(Figure 1D) 823+
Aol wl-¢- skl -8 FHAE © ofrlal HAs)
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