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CHEMOTHERAPY FOR BACTERIAL INFECTIONS IN RENAL
TRANSPLANTATION AND RECENT ANTIBACTERIAL AGENTS

Masaaki Onkosai
From the Department of Urology, Tokai University, School of Medicine

Intraoperative wound infection and postoperative pulmonary and urinary tract infections
are the major problems that face the transplant surgeon today. These infections are the major
cause of the mortality after renal transplantation. Almost any microorganism could be cau-
sative. But, in this paper, only bacterial infections will be discussed.

Prophylaxis of intraoperative infection is the same as that used for general surgery. In
addition, one of the major defects in the recipient is defective renal function, resulting in
general weakness. The use of broad-spectrum antibacterial agents (eg, cefmetazole etc.),
effective against many different bacteria from gram-positive cocci to gram-negative rods,
administered to these patients will produce dramatic results. Aminoglycosides are nephro-
toxic and should not be given to the patients having renal failure. Piperacillin or the third
generational cephems (ceftizoxime, latamoxef, cefotaxime, cefmenoxime, ceftriaxon* and
ceftazidime*) are the drugs of choice for postoperative infections, especially for urinary
tract infections. Pseudomonas aeruginosa should be treated with cefsulodin, cefoperazone, or
cefpiramide® by the intravenous route.

After chemotherapeutic and antibiotic therapy sterilizes the urine, this should be fol-
lowed by suppressive therapy with quinolone-carboxilic acid (pipemidic - acid, norfloxacin,*
enoxacin®* ‘and DL-8280*), combinations of sulfamethoxazole and trimethoprim, sulfona-
mides, or fosfomysin for many weeks or months. In chronic antimicrobial suppression

treatment, half-doses should be given at bedtime. * not for sale yet

Key words: Renal transplantation, Chemotherapy for bacterial infections, New chemothera-
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Table 1. Effect of intraoperative antibiotics on infections in

transplant recipients

5)
Tilney et al, {1978)

Novics)( 1980)

Hoy et al.’(1981)

mEE HY  1/6=13% 1790= 1.1% 0/25= 0.0%
o p<0.001 p<0.05 p<0.05
@& @ AL 12/65=18.5% 9/89=10.1% 17/95=17.9%

Gentamicin 1.5mg/kg Tobramycin 2mg/kg Tobramycin 2mg/kg

F il B

# H Amicillin 29

nEE

RAE1E Oxacillin 2g
pe )

Ampicillin 2g

Nafcillin  2g

Ampicillin 2g

Methicillin 29

Penicillin 7 L )V ¥ — B H 213 ¥ 1= Clindamycin400-600mg

BXomRBEE L LTHL.

3) B IR (BUEZD OMERL FREIE B
EHEE BT T 5.

1980 DFEFY TiX, BB T LD S B
39.9 BN BHIENFERE o T Wik s 2 & Th
D

B ST ED & LT, —BHEEOE»E,
BHEH, va—1RA, ERLEY 4555, 22 TiE—
AT £ > T BT BYE (2 i REFRYE,
UTI) oFpF LB o2WTli~N5 Lt 5.

BREOBIC 3 Z 5 BYuciy, FoBEEMRCE
LHBSE, BEBEOBBP I AR (FLLT
TREERE) by, ToRE e FEHL, ¥
TR T 52008 vy (Z 2 TikEs LTHE
), 2OV TBE 00, ARIXOEETHY,
BRI ORERY 5 FET kL.

1 Bl o Bk CGEiaD

YL 7 5 sBHERRE & 75 ARHEE

{#EZHA] : cefmetazole, cefazoline, piperacillin
R

2 BiEHoRMREE (&1L C RTI,
UTI)

BYE R 7 7 slaRE S (ki UTI &
4T

{EFHZEA) « pipemidic acid, (norfloxacin, napo-
xacin, DL 8280) § T&%#l, sulfa #J, fosfomycin
HRBDON BT kit

3 itk 1 ~3 » A\ UTI g

REETEE LTZ S ABMER - & opportu-

nistic pathogen

(REDOT7 A ADTEELY)
58-2- 4

{EFSEE] + piperacillin ceftizoxime, latamoxef,
cefotaxime, cefmenoxime, (ceftriaxon) (cefta-
zidime), FEEE O & 1% cefsulodin, cefoperazone,
(cefpiramide) . () RFESE

Bthic, COBRCBEROEGIIEE, kb
DT DX RERME ED T, LOPHE 2T
2 TBWo.

1. BHEREICE S BT

ZOLECE A BARFEROBE LA T
ThHHD. BEREIFECE L LE, HIDBE,
EEDENNREE>TB LS 2 &I, ERRIELD
bt tuicbiol. L0, B1d » TRt
B Ly, ItoXdEfntbiinsT, TEHN
I EROEMSE I LTBMBERDD Z LTS ¥
TH7u.

e, RIS O RE R EEREC U Thla g
bl l, e CEERECSED, RieviE
FESMC ISR ERTHAILENSEZELEBAA
“CA‘S %2,3)_

FIC Bz D HERE AR EW S A1 5D 2,
—BIICH WS ERACBRTED, BET AV BT
1t Tilney et al® &7 3 7EEAE (AGs) &=
vy v (PCs) OFEESEITLTWEX5ThD,
O AEE (gentamicin HH L  tobramycin
&, amicillin ¥ X' B-lactamase FHEEROBH 2
~=v) v) o1EEE (Table 1) 2 ch
3B Z It o B A U R RIC AUES0 A
KDy o o &\ 53D,

TotiEE D E2 o Lich 2 X, B ER &0
AGs FHWDLZ LR EELWI LTS, ZEK
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Fig. 1. B-lactam production with the passage of time and change of

clinically isolated bacteria in infections

tobramycin 2mg/kg *\5 Z ik 60kg o EH
T 120mg EihohZ 1B BETA2o L0, M
BB critical level % 4BHEE7oH 5, 115
PEHZ B i, NEYSTHY, PR A
P T_ETHA 5.

AGs KRAHEEEL LCr 5 2&HHE (GNB)
o LY TG0y 58 3 i > cephem RIEH
(CEPs) i #E 2 bhbh, 75 2BuEE (GPC)
TR LTHES, Zofmeoliod o ozl
cefazoline, CEZ) »p 5. L LInits s &Ml
BE (GNB) B\ “hboErd, Ehbicd
AL CHEEEY R T cefmetazole (CMZ) 7ok
MDEYNEEL DD,

7o BAIRY 1 Ry GPC 38\ &R EL b
& piperacillin (PIPC) 4 L\ Ths5 G
Hd AR, %7 PCs L CEPs 0Bl
DA TV B DTS, FEEEFIL S A TES L& X
b, R LEEC XD, FmERoEEsR LD,
W E B A (2 &in cefoxitin 2 &1rEE) 2%
B B0 HIERE L iudin bz,

BirH PCs TLEEO Lo GPC 15 l,
GNB i EfERL, BED S DIELTDHEE D
HEC - T 5.

Fig. | @EFESESE+HO GPC L GNB oiEH
REFMEHRDEFEROERWEB LWL TRLZD
»T, PCs oKX v GPC WAL, it
- T GNB 238L, =0#% PCs 3 CEPs 4£&
Ediw GPC ki<, GNB i\ FEAID S 2 BIC
ST, BETIEC GPC 23#mlL, GNB 73
PL2obAEAN R LRS.

I. BiERORARORERLE

COBEOREEILRENEEE Lic s 08N
BEHITHY, »oBEERODN LR BETHOT
PCs = CEPs 1% bh s, HiFEE GNB K,
#H#E1x GPC {0 T, —iRICIiX quinolone car-
boxilic acid (QCs) (fz& %21¥ pipemidic acid, 7
Bk b7 enoxacin, DL-8280 9 FEFEHGE
V), ST &% (sulfamethoxazole
prim), sulfa #] (7c & %1¥ sulfamethyzole, sulfa-
isomezole 7 &) ZAF-B 5. ¥ fosfomycin 3
5N EENHETOTHES S, D EoESITER
BOFEECHWTIV. BELTBGSECBRIFET 50
TiXie, WMEOBAZE ¢ OKEEE 27 Ths
HHTHS.

. #%1 ~3HALRICZ N UTI QiR

UTT oZAEafite 1 # AR LS HL, Lo
BLHRFEREL, MRORBEEOTELCHD Z &5
B, ELRBES T - FARBRREREE I )T w0
T, BETERENBHSEHERY B I iow, h0oind N
B AT =T niEETs L5052 L8 RET
H%. 7ok Lorber? 1XFM, H 53T DB
IhaRREe B X - T sz 5 BFEE &Y peri-
transplant infection HEML T\ 5.

L LENMBEEEBCF 7o LCh, WRMRESE
Y5 F (RIS AN

ZH5WHEEO LB E LT GNB 23%<, &
CAREIEE, 757, 4 v F—rABUEBEREOH
BERNE <, oRBERROMERES S . Lich
S TEREH E L UIEEEOBRT AGs 2@t 5
LrhiE, B3t CEPs 2GENSTHY, FREK
eI, FTRIXFORVGCHEETCHIL, pipe-

& trimetho-
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PENICILLIN
NH 8';',2 . Thienamycin
R-CO oH
N
0 COOH HSC/]L’~ S\ NNHz
GEPHALOSPORIN H
s N
NH— d cooH
R'CQ ) OH .P_S:§_. :
LN
07 2 Hsc? T S\ N-COCH3
- COOH H .
MONOBAGTAM - N oo

(o]
NH~ R, . .
R-GO Larpetimycin . cocus
O/'—“N\SOE H+
. . . CHs
Fig. 2. Basic chemical formula s
of B-lactams N,
B HsC oR 0
N
COOH
OCH3 ° Carpetimycin A(I) R:H
B(2) R:SOzH

CH—CO—N
Fig. 3. Carbapenem
002Na OzNa

Fig. 4. Temocillin
SARMOXICILLIN (BL-P1780)
o _[:‘} cua
CH commocn-l3

BACMECILLINAM (KW-1100)

N—CH=N
O s
N—)%Ha -Hel

COOCHOCOCH CH;

Hs
— AUGMENTIN (BRL-25000)
IC‘P:OQC'&::CO':HS gsléOSHZ Clavulanic ACId;&/ z:Z:ZOH
SULTAMICILLIN (CP-49952)

Ocuconu
@ HCONH I NH, COOH

Co OH~H.ZRF7-¥ Amﬂcﬂhn
0‘5' ? Oﬁ
I ! b CH,
¢ co—d J N—Xcoon
Sultamicilin KBT-1585 Sulbactam

@- "°°"”“1:r Igﬂi. .
NH, *HC! / )
‘ COOCHz—C C—CH,

Fig. 5. New oral penicillins
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Table 2. Comparative MIC of new penicillins against gram-
negative bacilli (F=gix MIC 50, 75, 100 /NI WHD FERD

Weaver and Bodey(1980). { )P Heifetz and Sesnin(1979)

1571

Organism PIPC MZPC CI867 TIPC CBPC AZPC ABPC
P.aeruginosa 220 5 101 4® 6 3 7
K.pneumoniae 3 1 1@2) 63 6 4 5
E.coli mm 2 42) 28 4 7 6
S.marcescence 1) 2 43 3@ 5 6 7
Enterobacter spp. 2(1) 1 32 4@ 4 6 7
P.mirabilis 1t 2 6(3) 2(2) 2 7 5
Proteus spp.(ndole+) 3(1) 4 53 2(2) 1 6 7
Total 13(8) 17 2408 2348 28 39 44
Table 3. Comparative effect of new:penicillins on complicated
urinary tract infections (F3E~ v RO 7 AREL D)
CE#ZREREHEC L 5)
1982512 B 1F B¢
B mEMme B | BamE EME 0 B | SrEST
(%) (%) (%) (%) (%) (%) | HBBMRER
PIPC T-1220
90.7 502 64.8 68.2 65.1 67.8 1976. 11
Piperacillin
TIPC BRL-2288 ) .
87.0 56.0 58.3 60.9 481 586 1977. ©
Ticarcillin )
APPC PC-904
778 438 47.2 49.3 33.3 471 1977. 6
Apalcillin
MZPC BAYF 1353 53.8° 444 53.1°
50.4 521 1977. 10
Mezlocillin 462t 33.3% 45.1°
TA-058 .
‘ 952" 384% 442* | 505" 326° 382 | 1981. 10
Aspaxicillin
FUTIEMTFERELCLZ = PREWESL  OoHERORH
‘_(s
CEPHALOSPORIN |
H S GEPHAMYCIN
RN~
H [&H S
RI'N—@—"/
or—N Ry
codH OXACEPHEM o—N -
H oo
R1’N@ COOH
SN R,
COOH

Fig. 6. Basic che

mical formula of cephems
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Table 4. MIC of new cephems (105cells/ml)
FH Y VRS T AL BTREEINTER LD

(#g/ml)
- P9 ¢TX ©PZ CzX LMOX CMX CTT CPM CTRX CAZ CBPZ
E.coli <0.2 3.13 0.2 039 0.1 078 25 0.1 0.2 0.39
Kpneumoniae <0.2 6.25 0.2 0.39 0.2 0.39 25 0.1 0.39 0.2
Pmirabilis  <0.2 3.13 <0025 0.2 0.1 0.39 12.5 0.012 =0.1 1.56
Pwigaris 156 ¢, 0.2 039 0.78 0.78 ., 078 0.2 g4,
P.rettgeri 1.56 Indol 0.05 0.2 0.2 3.13 iIndol 0.1 0.78 Indol
pmorgani 0.78 t) 3.3 039 01 625 (YD o1 03 (P
Smmarcescens 6.25 100 3.13 12.5 3.13 100 100 50 1.56 25
Ecloacae  12.5 6.25 25 12.5 6.25 50 50 125 12.5 50
C.freundi 125 12.5 50 6.25 25 50  8.13 100 25 25
P.aeruginosa 50 12.5 100 50 50? 100 3.13 50 3.13 100
Hifluenzae  <0.025 <0.1 0.05 0.1 0.05 0.78 0.39 0.006 0.1 3.13
B.fragilis 1000 25  12.5 12.5 3.13 100 3.13

Table 5. Serum half-life and urinary recovery
of new cephems (1l g FERD 7 — %)
FE v HST 2L D)

® A & Toah) Gﬁ:)@wz{; ((:))
CEE?);I;AXIME 0.73 651
cfzg;smzons (95 27.0
CI'(:';'ZI')ISOXIME {29 cass
L,cmmxsr: | 43 75 0
cniznn:)r(s)noxnme 0.96 7 3
CIE;)]:I)’ETAN 2 96 63 9 70
Oy MIDE 4.47  16.4  22.2
cEEZ;Z\)zmlme 1 6 53 o1
CEE:;JZIZERAZONE 1.87 743
O iy ONE 7.40 416 46.2

racillin 23X L, RO T & S WHEHHLEETS
DEORDLELEHASD.

V. BEOHEE

BEROWEEoEI: CEPs & PCs + AGs T
H%. BORO MIC, hNEIRE FEHcHgnisy,

FRERFLCEFIR XN OEN LRI Ao
HY, Z&i CEPs KR\WTEDREMBLSL
<5 ELEEIBPIZIT L OBIIEEAL TH 5.

PCGs & CEPs Lk dic Blactam BERFOME
BROBEPCELTCNEDT, HieT f-lactam F|
Evbisdy, I, COBREGRFRLEL
7z ¥ % monobactam FIOBFEN AL (azthreo-
nam 72E) Thid £oOMHMAIE L. 2o 3H0
RIS S Fig. 2 KR L.

BFEhEhD 5 & HBHIH L WA E i LT
RNz 5.

1. PCs

#ERD PCs DLZHER B\ 2 DBEHH RS D
TR, 1EDOSBCKE 7D (cabapenem)
(Fig. 3), 5f0ic methoxy 3D\ %4 (temocil-
lin) (Fig. 4), (cephamycin IZ.75 5 - T penamycin
EVvoThudhd Lhicwy), ZoMEoHcd Wb
WCAHRHLWEDORBD, Fig. S i ihbiRLE.

Sarmoxicillin (X FRIZDVTW % ester D5
&b RO BIREEPEE LB~ & 5 E
H5.

Augmentin [} amoxicillin (AMPC) iz 8-lacta-
mase [HEHTH % clavulanic acid (CVA) #ig
2 THEFELI-b T, sultamcillin $F L BT
sulbactam % ampicillin (ABPC) =iz %30
BB, 02 FFHTEERL, (LPHTBEELT
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W, HWE ester fEfi% L C\~% (mutual pro-
drug) KAV - T\ 5.

Table 2 |3 Weaver and Bodey!® (1980) /&
Heifetz and Sesniel? (1979) 73, HERIFH L\ PCs
DEBEBT 5 MIC ZRIEREE L T\ 5 30
b, EENZD MIC O/ VIEC 1.2.3. - LT
O T—ERELILDT, ZOEPLTHEERERT
FFEINT B D O piperacillin (PIPG),
cillin (TITC), mezlocillin (MZPC), carbenicil-
lin (CBPC), ampicillin (ABPC) Th5. LBk
EhizoT, 7o X vk PIPC ¢ MZPC 232
DT 5.

Table 3 %, HALEEREZRZOREEVLIEE
& TCREINbhEHEY vHEY 7 ADRET, Thid
HAEE R R 3 5 EREHIE X 5 EoR
LTw5. 22 Th MIC fE2 KL C PIPC 233
S EDIVEEERLTWA.

2. GEPs

Caphalosporin-C (5% -7z KREHC L@ 4 1L
FEHBHSNZ bR TE D, TR FEHERN LK
MTB&, Fig. 6 DL GITHZENTEA.
RBEL L L TESEL OFEIHREIRTED, &

tical-
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LA BNTIHENRA THD. Thbk Fig.
T (FD1-3) IWRL. ThOOREARZ T A%
o & { gz GPC 8, GNB B3,
GNB o7 Ch e Thi#Enb v, BEIRGERED
0% I\, FTDFEELXMIET S MIC e (rg/
ml) Z—EEic Lm0 Table 4 Th3. nBHE
FEDL 50 & 0DEETH B MAPEE & RFPEIRERE
Table 5 WRLE. Fi-oh b OBEMEY: REERYE
RS R Ay UTT ZEghapi 8 Licat - T EF
fliL7=072% Table 6 ThHBH. = nFh, EE cefur-
oxime LLIFIT& 3 {ifid CEPs Luvbh, Fhbo
BHRIZ60~T0% CTh ¥ =X /25, MIC D80
BlvoTh ceftazidime 232 TR T WA EWLg
5L5ChH5B.

7n¥s, ¥ 1 CEPs X Fig. 8 W/RLAE. chbo
5 %L cefatrizine As cefaclor 234 <M TR Y,
ok, BRI R FK 027 13, PRBAD cefti-
zoxime & HvH XX DT, GNB ifius.

3. AGs

T DOFRFE 3 BT CH L (Fig. 9). »wiIhi
gentamicin 7245 F Th AGs DOBHEI b EL &
X5, $50ELOBRLURERFEEY LT

Table 6. Effect of new cephems on complicated urinary tract
infections (HAREBEFLSHE Y v RS T AL D)
1982. 12 &

s By RBemR £t ST L
* W = %) %) )  BEERA

cMmz CS-1170

Cefmetazole 61.4 58.8 60.8 77.12

CTM SCE-963

Cefotiam 49.4 50.0 49.5 78. 6

CXm SN-107

Cefuroxime 61.5 60.0 61.2 78. 6

C;x HR-756 66.7 50.0 625 79. 6
efotaxime

CPZ T-1551

Cefoperazone 64.3 48.9 60.3 79. 6

X orira9 72.7 487 669  79.11
eftizoxime

LMOX 6059-S

Latamoxef 804 505 71.0 79.12

CMX SCE-1365

Cefmenoxime 70.7 50.4 65.0 80. 6

CTT YM 09330

Cefotetan 66.2 414 59.3 80.12

CPM SM-1652

Cefpiramide 59.0 395 55.1 81.12

CBPZ T-1982

Cefbuperazone 74.6 36.8 65.7 81.12

CAZ SN-401

Ceftazidime 81.7 69.1 77.6 82. 6

CTRX Ro13-9904 679 647 671  82.11

Ceftriaxon
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Cefuroxime: C X M

"U—c—cONH » '
o g N CH3-0-CO-NH:
N

o
O« ~Nat+
ey, | COONa

Cefotaxime CTX

T 'C“NJ_—( 9
HzN/m CH:2-0-C-CH:s

OCHa COONa
Cefoperazone” C P Z

CaHs—N  N— CONHCHCONH: S N—N
< e N
o)
° COONa CHs
H
Ceftizoxime cZzX
N—0CH;
NH—§—C—CONHI(\2
COONa
L.atamoxef LMOX
QCHs )
HO—Q—?H—-CONHj:rO JNL_E
COONa 0Z N CH:S =,
COONa s
New cephems (1)
MT-141

NHs*

|
CH-CHz-S-CH2-CO-N

|
C0o0~

WRACE - 29%

1255 19834¢

HZN\'C,S ] Cefmenoxime - C'M- X © °
o CONH
‘ ) Nz i Ne1/2HCH
o N
\OCHs CH:S
Cefotetan C T T COOH Hs
OCHs
N:NOC
g :c-c’s>cnc0NH S
Na200C
o CH:S

cooNa  Chs
Cefpiramide CP M

/ . GONH CH CONH- N\)\ J\
\N CH:S
CHs

COONa

Cefbuperazone CBPZ

OHxCH CH CONHIr N—N
H NH CHzSJLN,N
OONa CHs

Csz
Caftaz:dume CAZ

—J—c—-—c—NH
He N)L N, §Hs

oo C—COOH

\g—CHz—N: }-5»420

[oelo g

NH: Ceftriaxone CTRX
s "
CO NH

OCHa

cus\N,N O Na

CHz/s\l\ ‘3 .5H:0
OONa

New cephems (2)

" QCHs
1

S
] )
N\g— cHe-s— N

AC-1370

COO™Na* s

Q—CH ~CONH
CHz-N D‘CHzCHzSOs

[olele iy

-ooc\Z\NH
N

Ceforanide (BL.-S 786R)

. CH:NH:
Fig. 7. New cephems (3)

@»CHz-CONH I(s N—N
o N\g—cms—u\N, »
CooH ('I.‘HzCOOH
VX-VDZ

—O—CH CONH —tm II\II
CH:-S N

?w
N:

COONa c|-|3

NH—O—SOzNHz
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Cephaloglycm (CEG)

?HCONH
NH. / CH,OCOCH;
O0H

Cephalexm (CEX)

HCONH
/ CHa.
OOH

Cefradme (CED

C‘!HCONH
CH,

COOH
Cefatrizine (CFT)

HO CHCONH
NH: L CHZ

COOH

N /";\CONH S
i\ l y
H, N*—SB N%CH —=CH,
00

Cefaclor (ccL)

CHCONHI-I/
!

COOH
Cefadroxnl (CDX)

CHCONH;:N(
Z\CH,

COOH
Cefloxadine (CXD)

@—?HCONH S
NH, N A#~ocH,

COOH

FK 027
NOCH, COOH

H

Fig. 8. Oral cephalosporins

IO IRIN, BRI ETFTHS.

ZD 32D %% astromicin |3 aminosugar 752
= (33T AGs 113 =) ThHHEINMEET,
D30T FTICERCHEMENH B & W IR H 5.

4. QQCs

Naridixic acid (7 4 ¥ F =4 v V) TIHEEHEFR
OHEROGEDEZC D IELWHONRHS. &
hb% Fig. 10 il Lal, MLX, TO-
133, OPC-724 7¢ &L EIfR A7 ¥ OB CB R ik
LTw5. CINX i1 E.coli % Fiird 35 REERG
JECFELTEYD, /D30 MIC DFTEHLD
HECHLTT<ShTnsd, &<k DL-8280 1
MIGC i3 BbHARI, BHtOELH V- Th, Al
IDETFEIH-CED, PCs 2 CEPs ORBAIOL
ThEDSTShTnB EFELS.

ES & &b

PEBBEfY SRS hich, FORGDOKRE
LD REEOREE AL LTS E WS
Z L OWTHRY, FOBRERT ARAOEE LS
X5, HLABERIh-oo» 5P EEc > H3i% n

z 7tz

AFMIL1983E 1 H, BRRAC TR b BABE
oGP ERHEERBR 2 TE 1o hEHFHRED
BRCHESTEL2bDTH 3B,

X [

1) HARBHEY 2 : 1980 FE BRMER BR4et3m
. T 16 : 258~262, 1981

2) Lober MI, Campbell D], Konnak JW, Silver
TM, and Turcotte JG : Etiology and ma-
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infections. J Urol : 127 870~872, 1982

3) Kyriakides GK, Simmons RL and Najarian
JS : Wound infections in renal transplant
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declining mortality rate in renal transplan-
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Factors contributing to the
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