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SK NATH, GA FOS TER, LA MAN DELL, C ROT STEIN. An ti mi cro bial ac tiv ity of cef tri ax one com pared with ce fo taxime in
the pres ence of se rum al bu min. Can J In fect Dis 1995;6(1):21- 27. The ef fect of se rum al bu min on the an ti mi cro bial
ac tiv ity of cef tri ax one, ce fo taxime, and a 1:1 ra tio of ce fo taxime and its de sace tyl me tabo lite against nonpseu do mo nal
Gram- negative ba cilli was de ter mined. An ti mi cro bial ac tiv ity of drugs was evalu ated by meas ur ing mini mum in hibi tory
(MIC) and bac te ri cidal (MBC) con cen tra tions in broth with and with out hu man se rum al bu min. The analy sis of loga rith mi -
cally trans formed mean MICs and MBCs showed that there was a highly sig nifi cant in ter ac tion be tween drug and se rum
al bu min (P<0.0001). The in hibi tory and bac te ri cidal ac tivi ties were great est for ce fo taxime fol lowed by ce fo -
taxime/de sace tylce fo taxime and cef tri ax one (P<0.01). Time- kill ki net ics dem on strated that cef tri ax one was less bac -
te ri cidal than ce fo taxime in broth with al bu min. On the ba sis of these re sults it was con cluded that the in vi tro
an ti mi cro bial ac tiv ity of cef tri ax one com pared with that of ce fo taxime was sig nifi cantly di min ished in the pres ence of se -
rum al bu min.
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Activité antimicrobienne du ceftriaxone comparée à celle du céfotaxime en présence
d’albumine sérique
RÉS UMÉ : L’ef fet de l’al bu mine sé ri que sur l’ac tiv ité an ti mi cro bi enne du cef tri ax one, du céfo taxime et d’un ra tio 1:1 de
céfo taxime et de son méta bo lite désacétyle con tre des ba cil les gram né ga tifs autres que Pseu do mo nas a été évalué.
L’ac tiv ité an ti mi cro bi enne des médica ments a été me su rée à l’aide des con cen tra tions mini males in hi bi tri ces (CMI) et
des con cen tra tions bacté ri cides dans un bouil lon de cul ture avec ou sans al bu mine sé ri que hu maine. L’ana lyse des
moy en nes de CMI et des con cen tra tions bacté ri cides trans formées loga rith mique ment a révélé une in ter ac tion très sig -
ni fi ca tive en tre le médica ment et l’al bu mine sé ri que (P<0,0001). Les activi tés in hi bi tri ces et bacté ri cides ont été les plus
im por tan tes pour le céfo taxime suivi du céfo taxime/désacétyle céfo taxime et du cef tri ax one (P<0,01). La chro no ci né -
tique a démon tré que le cef tri ax one était moins bacté ri cide que le céfo taxime dans le bouil lon ren fer mant de l’al bu mine.
Sur la base de ces résul tats, il a été con clu que l’ac tiv ité an ti mi cro bi enne in vi tro du cef tri ax one était net te ment moin dre
en pré sence d’al bu mine du sé rum en com parai son avec celle du céfo taxime.
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T HIRD- GENERATION CEPHA LO SPORINS ARE OF TEN USED IN the
ther apy of se ri ous no so comial Gram- negative bac te rial

in fec tions. Cef tri ax one and ce fo taxime are simi lar in an ti bac -
te rial spec trum and re sis tance to beta- lactamases, but dif fer
mark edly in se rum pro tein bind ing and elimi na tion half- life
(cef tri ax one: 95% pro tein bound, elimi na tion half- life of 8.8 h
ver sus ce fo taxime: 35%, 1.2 h) (1,2). It has been sug gested
that se rum pro tein bind ing may di min ish thera peu tic ef fi cacy
by af fect ing an ti bac te rial ac tiv ity and drug dis tri bu tion (3).
Thus, high se rum pro tein bind ing of cef tri ax one may in fact
limit its in vi tro ac tiv ity (4) and im pair its thera peu tic ef fi cacy
com pared with that of ce fo taxime (5).

In the pres ent in ves ti ga tion, us ing sta tis ti cal meth ods we
evalu ated dif fer ences in the in hibi tory and bac te ri cidal ac tivi -
ties of cef tri ax one, ce fo taxime, and 1:1 com bi na tion of ce fo -
taxime and its me tabo lite de sace tyl ce fo taxime against 121
clini cal iso lates of nonpseu do mo nal Gram- negative ba cilli in
the pres ence of hu man se rum al bu min. Us ing a time- kill ki -
netic method we also as sessed the di min ished kill ing of or -
gan isms by cef tri ax one com pared with that of ce fo taxime in
broth with al bu min. 

MA TE RI ALS AND METH ODS
One hun dred and twenty- one bac tere mic iso lates of

nonpseu do mo nal Gram- negative ba cilli (77 Escheri chia coli,
18 Kleb siella pneu mo niae, four Kleb siella oxy toca, five Pro -
teus mirabilis, four Citro bac ter fre un dii, nine En tero bac ter
cloa cae and four En tero bac ter ae ro genes) were used. The
iso lates were from a stock cul ture col lec tion, and an ti mi cro -
bial sen si tivi ties were de ter mined us ing the Mi croScan sys -
tem (Tra ve nol Labo ra to ries, New Jer sey) with break point
mini mum in hibi tory con cen tra tion (MICs) in the sus cep ti ble
cate gory (less than 8 µg/mL) for both cef tri ax one and ce fo -
taxime. Six other nonpseu do mo nal Gram- negative bac te rial
strains (two E coli, two E cloa cae and two K pneu mo niae) iso -
lated from blood and spu tum of pa tients with pneu mo nia in an
in ten sive care unit were em ployed in the study of kill ing ki net -
ics in broth only and in broth con tain ing 48% and 95% equiva -
lent lev els of hu man se rum al bu min.

Cation- adjusted Mueller- Hinton Broth (CAMHB) (Difco
Can ada [Lot No G3DXRS]) and nu tri ent agar (Bec ton Dick in -
son BBL Can ada [Lot No E4DYYC]) were em ployed. For
each me dium, a sin gle batch was used for all in vi tro test ing.

The an ti bi otic stan dard pow ders em ployed in the study
and their sup pli ers were: cef tri ax one (Hoffmann- La Roche Ltd 
[Lot No 12592]); ce fo taxime (Hoechst- Roussel Inc [Lot No
112009]); and de sace tyl ce fo taxime (Hoechst- Roussel Inc
[Lot No 8A0203B]).

MICs for the or gan isms were de ter mined by the broth mi -
cro di lu tion method (6). An ti bi otic stock so lu tions were pre -
pared ac cord ing to the manu fac tur er’s in struc tions.
Cef tri ax one, ce fo taxime and the 1:1 com bi na tion of ce fo -
taxime with its de sace tyl me tabo lite were tested in broth with
and with out se rum al bu min us ing se rial dou bling di lu tions of
each an ti bi otic (0.015 to 8 mg/L). Broth with se rum al bu min
con tained 19 g/L (for time- kill ki net ics only) and 38 g/L al bu -
min, equiva lent to 48% and 95% (weight/vol ume) al bu min in

nor mal hu man se rum. The se rum al bu min was ob tained from
blood col lected from healthy vol un teer do nors by the Blood
Serv ices of the Ca na dian Red Cross So ci ety (manu fac tured
and dis trib uted as 25% so lu tion, USP 100 mL by Miles Can -
ada Inc). A sin gle batch of se rum al bu min was used for all in
vi tro test ing. All strains grew in the se rum al bu min and were
in cluded in this study. The drug con cen tra tion that fi nally in -
hib ited growth with out any amount of visi ble growth at higher
con cen tra tions was re corded as the MIC af ter in cu ba tion of the 
pan els for 18 h at 35°C. Qual ity con trol tests were con ducted
by in clud ing E coli ATCC 25922 in each batch of tests. MICs for 
cef tri ax one and ce fo taxime were al ways found to be within
the ac cept able ranges.

For mini mum bac te ri cidal con cen tra tion (MBC) de ter mi na -
tions, du pli cate 0.01 mL sam ples were re moved from each
well with out growth and dis pensed by spread ing across the
sur face of nu tri ent agar plates. Re sults were re corded af ter
in cu ba tion of plates for 18 h at 35°C. The ini tial in ocula were
de ter mined and ranged from 3 to 4x105 colony- forming units
(cfu)/mL. The MBC was de fined as the low est con cen tra tion
pro duc ing at least 99.9% kill ing of the origi nal in ocu lum, us ing 
the ap pro pri ate re jec tion val ues de scribed by Pear son et al
(7).

Bac te ri cidal ac tiv ity of cef tri ax one and ce fo taxime against
six nonpseu do mo nal Gram- negative bac te ria was also meas -
ured us ing the time- kill ki netic method (8). The an ti bi otic con -
cen tra tions that were used rep re sented the MBC for each
strain tested. In ocu lated broths con tain ing ap proxi mately
3.5x105 cfu/mL and antibi otic were in cu bated, and at 0, 1, 2,
4, 6, 18 and 24 h in ter vals, a 0.01 mL ali quot was re moved
from each of the sam ple tubes and se ri ally di luted (1:10). A
0.1 mL of di lu ent was plated on nu tri ent agar. Vi able counts
were de ter mined af ter in cu ba tion of the plates for 18 h at
35°C. The bac te rial sur vival meas ured as log10 cfu was plot -
ted against time (hours). A time- kill curve was es tab lished for
each strain. The nega tive ef fect of se rum al bu min on bac te rial 
kill ing was as sessed by a 2log10 or greater in crease in cfu
(100- fold de crease in kill ing) at 6 h in stead of 24 h for the con -
ven ience of plot ting and ex trapo la tion.

 For data analy ses, MIC and MBC re sults less than 0.015
and greater than 8 mg/L were con verted to 0.007 and 16

TA BLE 1 
Sus cep ti bil ity of nonpseu do mo nal Gram- negative ba cilli
(n=121) to cef tri ax one (CAX), ce fo taxime (CFT) and ce fo -
taxime/de sace tyl ce fo taxime (1:1; CFT/DACT) in broth only 
(0%) and broth with 95% equiva lent hu man se rum al bu min

Al bu min con cen tra tion (%) CAX CFT CFT/DACT
MIC (mg/L): MIC90

 0 0.125 0.250 0.500
95 1.000 0.250 0.500

MBC (mg/L): MBC90

 0 0.250 0.500 1.000
95 2.000 1.000 1.000

MBC Mini mum bac te ri cidal con cen tra tion; MIC Mini mum in hibi tory con cen tra tion
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mg/L. Para met ric tests were used to test for dif fer ences
among the means of the natu ral loga rith mic trans formed
meas ure ments (ie, geo met ric means). Two- way analy sis of
vari ance (ANOVA) was used to de ter mine whether there was
an in ter ac tion be tween an ti bi otic and se rum al bu min con cen -
tra tion. One- way ANOVA was used to de ter mine whether there
were dif fer ences among an ti bi ot ics at each of the se rum al bu -
min con cen tra tions. When dif fer ences oc curred, the Scheffé
post- hoc test in di cated which mean(s) dif fered sig nifi cantly
from the oth ers.

RE SULTS
The sus cep ti bil ity data of the bac te rial strains in broth and

broth with se rum al bu min are shown in Ta ble 1. A marked ef -
fect of se rum al bu min on the MIC90 and MBC90 was noted. The
cef tri ax one MIC90 and MBC90 in creased eight fold in the pres -
ence of se rum al bu min. The MIC90 of ce fo taxime and ce fo -
taxime/de sace tyl ce fo taxime were vir tu ally un af fected by the
ad di tion of se rum al bu min. There were mi nor dif fer ences in
the MBC90 of ce fo taxime and ce fo taxime/de sace tyl ce fo taxime
in broth com pared with broth with se rum al bu min.

Fig ure 1) Fre quency dis tri bu tion of mini mum in hibi tory con cen tra tions (MICs) and mini mum bac te ri cidal con cen tra tions (MBCs) (mg/L). All or gan -
isms were tested against cef tri ax one (MIC, MBC; a, b), ce fo taxime (MIC, MBC; c, d), and ce fo taxime/de sace tyl ce fo taxime (MIC, MBC; e, f). Solid
bars: in vi tro test ing in broth with out se rum al bu min; hatched bars: in vi tro test ing in broth with 95% equiva lent se rum al bu min
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The fre quency (number) dis tri bu tion for the or gan isms in -
hib ited (MIC) or killed (MBC) at the an ti bi otic con cen tra tions are
shown in Fig ure 1. For ce fo taxime and ce fo taxime/de sace tyl -
ce fo taxime, the ma jor ity of the MIC re sults were clus tered at
the three drug con cen tra tions (Fig ure 1c,e). For cef tri ax one
MICs (Fig ure 1a), the iso lates were dis trib uted over two clus -
ters (0.03 to 0.06 mg/L in ab sence of al bu min and 0.25 to 0.5
mg/L in pres ence of al bu min). Simi lar dif fer ences are ob -
served for the MBC re sults of ce fo taxime and ce fo taxime/de -
sace tyl ce fo taxime ver sus cef tri ax one (Fig ure 1d,f ver sus 1b).
Since the dis tri bu tions of MIC and MBC raw data were highly
skewed, sta tis ti cal analy ses were per formed on the geo met ric 
means. Two- way ANOVA of MICs and MBCs showed that there
was a highly sig nifi cant in ter ac tion be tween drug and se rum
al bu min (P<0.0001). The ex tent of this ef fect was evalu ated
by one- way ANOVA of MICs tested with the Scheffé post- hoc
com pari son. There were sig nifi cant dif fer ences in geo met ric
mean MICs and MBCs among the three drugs in broth only
(P=0.05) and broth with 95% equiva lent se rum al bu min
(P=0.0001) (Ta ble 2). The one- way ANOVA of MICs with the
Scheffé post- hoc com pari son de fini tively showed that ce fo -
taxime and ce fo taxime/ de saceytl ce fo taxime were sig nifi -
cantly more ac tive than cef tri ax one when tested with al bu min
(P<0.01). Ce fo taxime was found to be sig nifi cantly more in -
hibi tory than a 1:1 com bi na tion of ce fo taxime and its de sace -
tyl me tabo lite in broth with out and with al bu min (P<0.01).
Even when se rum al bu min was added, ce fo taxime had the
most po tent bac te ri cidal ac tiv ity (P<0.01).

The ef fects of se rum al bu min on the bac te ri cidal ac tiv ity of
cef tri ax one and ce fo taxime were also as sessed by the time-
 kill ki netic analy sis. Any re duc tion in bac te ri cidal ac tiv ity was
as sessed by de ter mi na tion of the sur vival rate (log10 cfu/mL
ver sus time [hours]) of bac te ria when ex posed to a drug in
broth con tain ing 48% and 95% equiva lent con cen tra tions of
se rum al bu min. Six strains with ele vated MBCs of cef tri ax one
were tested: two E coli strains (Fig ure 2a,b) with cef tri ax one
MBCs of 0.03 and 0.125 mg/L that in creased to 0.5 and 2.0
mg/L, re spec tively, by ad di tion of se rum al bu min; two E cloa -
cae strains (Fig ure 2c,d) with cef tri ax one MBCs of 0.5 and 0.25 
mg/L that rose to 2.0 mg/L in broth with se rum al bu min; and

two K pneu mo niae strains (Fig ure 2e,f) with cef tri ax one MBCs
of 0.06 and 0.125 mg/L that in creased to 0.5 and 4.0 mg/L in
se rum al bu min. Only one K pneu mo niae strain tested (Fig ure
2f) had an ele va tion in ce fo taxime MBC (0.03 to 1.0 mg/L). Se -
rum al bu min at 48% or 95% equiva lent se rum lev els did not
overtly af fect the bac te ri cidal ac tiv ity of ce fo taxime based on
2log10 or greater in crease in sur vival (cfu/mL) of bac te ria at 6
h or 24 h. In con trast, a marked nega tive ef fect on the bac te ri -
cidal ac tiv ity of cef tri ax one was dem on strated for all six
strains with the 95% equiva lent se rum al bu min con cen tra tion
and for four strains at the 48% equiva lent con cen tra tion.
There was no dif fer ence in the ex tent of kill ing at 6 h or 24 h,
when the bac te ri cidal ac tiv ity of the an ti bi ot ics was com pared
in the pres ence of 48% or 95% equiva lent se rum al bu min.

DIS CUS SION
The re la tion ships be tween se rum pro tein bind ing and the

dis tri bu tion of beta- lactam an ti bi ot ics has been ex ten sively
stud ied and re viewed over the past two dec ades (9-19). The
dif fer ences in se rum pro tein bind ing be tween cef tri ax one and
ce fo taxime have been es tab lished (1,2). Meth od ol ogy has
been de vel oped to com pare the phar ma coki net ics of an ti bi ot -
ics that dif fer in pro tein bind ing (20). Pro tein bind ing may be of 
im por tance in an ti bac te rial che mo ther apy be cause the bound 
an ti bi otic is es sen tially un avail able for an ti bac te rial ac tiv ity
(14,21). This ef fect should be re flected by an in crease in MIC

and MBC un der the in flu ence of se rum pro tein. The pres ent
study was not in tended to quan tify the to tal and free con cen -
tra tions of cef tri ax one and ce fo taxime in se rum (1,2,19), but
rather to evalu ate the change in in vi tro in hibi tory and, more
im por tant, bac te ri cidal ac tiv ity of cef tri ax one, ce fo taxime and
cefto taxime/de sace tyl ce fo taxime (in 1:1 com bi na tion) against 
121 nonpseu do mo nal Gram- negative bac te ria in the pres -
ence of hu man se rum pro tein. Since cef tri ax one is pre domi -
nantly bound to al bu min (22), the pres ent in ves ti ga tion
em ployed 48% and 95% equiva lent lev els (19 and 38 gm/L) of 
hu man se rum al bu min, in stead of di lut ing with 25% or 50%
(vol ume/vol ume) of hu man se rum as de scribed by Jones and
Barry (4).

We found that MIC90 (1 mg/L) and MBC90 (2 mg/L) for cef -
tri ax one in the pres ence of 95% equiva lent se rum al bu min
in creased eight fold and were at least a two fold di lu tion lower
than those of ce fo taxime (0.25 and 1 mg/L) and ce fo -
taxime/de sace tyl ce fo taxime (0.5 and 1 mg/L), re spec tively.
Be cause the MIC90, a fre quently used per cen tile to evalu ate in
vi tro ac tiv ity, is prone to er ror, even in sym met ri cal data dis tri -
bu tions (23,24), and with non sym met ri cal or skewed dis tri bu -
tions one should be cau tious of us ing any per cen tile as an
es ti ma tor of in vi tro ac tiv ity. We em ployed the natu ral loga rith -
mic trans formed meas ure ments (ie, geo met ric means) of
MICs and MBCs to achieve a more ac cu rate meas ure of cen tral
ten dency (23,24). The geo met ric mean MIC and MBC were the
low est for cef tri ax one in di cat ing it had the best an ti mi cro bial
ac tiv ity in broth only. How ever, based on the geo met ric
means, ac tiv ity of ce fo taxime was su pe rior in broth with se -
rum al bu min.

Highly sig nifi cant ele va tions in the geo met ric mean MICs

TA BLE 2
Sta tis ti cal analy sis of raw data of mini mum in hibi tory
con cen tra tions (MICs) and mini mum bac te ri cidal con -
cen tra tions (MBCs) of cef tri ax one (CAX), ce fo taxime
(CFT) and ce fo taxime/de sace tyl ce fo taxime (1:1; CFT/
DACT) in broth only (0%) and broth with 95% equiva lent
hu man se rum al bu min

Al bu min
con cen tra tion (%)

Geo met ric mean
P value*CAX CFT CFT/DACT

MIC (mg/L) 
 0 0.045 0.063 0.112 0.05
95 0.336 0.095 0.169   0.0001

MBC (mg/L) 
 0 0.072 0.126 0.199 0.05
95 0.533 0.183 0.291   0.0001

*Based on the one- way analy sis of vari ance
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and MBCs of cef tri ax one were ob served by two- way ANOVA

when in vi tro test ing was switched from 0% (broth only) to
95% equiva lent se rum al bu min. There were also marked dif -
fer ences be tween ce fo taxime and ce fo taxime/de sace tyl ce fo -
taxime. Ce fo taxime proved more ac tive than the 1:1
com bi na tion of ce fo taxime and its me tabo lite, al though an
ear lier re port docu mented the ad van tages of an ti mi cro bial
agents that have ac tive me tabo lites (25). Man dell and Af nan
(26) also re ported syn er gis tic ac tiv ity of de sace tyl ce fo taxime

and its parent com pound in the pres ence of neu tro phils. The
one-way ANOVA of geo met ric mean MICs and MBCs tested by
Scheffé post- hoc showed that the in hibi tory and bac te r i cidal
ac tivi ties were great est for ce fo taxime fol lowed by ce fo -
taxime/de sace tyl ce fo taxime and cef tri ax one.

Be cause the time- kill ki netic method is con sid ered to be
more sen si tive than sim ple MIC-MBC meth od ol ogy for evalu at -
ing an ti mi cro bial ac tiv ity, it is pos si ble to ob serve wide dif fer -
ences in the kill ing ki net ics among strains with simi lar MICs (8). 
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Since there was no dif fer ence in the ex tent of kill ing at 6 or 24
h, the ex trapo lated re sults from the con ven ience plot of 6 h
time- kill tested at MBC lev els of drugs were con sid ered to be
pre dic tors of the bac te ri cidal ac tiv ity. All six strains tested re -
sisted kill ing by cef tri ax one in broth with 95% se rum al bu min.
A marked nega tive ef fect of se rum al bu min on the kill ing by
cef tri ax one was also dem on strated for four of six strains at a
re duced, 48% equiva lent se rum al bu min level in the test ing
broth. The kill ing rate was also slowed for two of six strains ex -
posed to ce fo taxime in broth with se rum al bu min.

The pres ent study dem on strated a sig nifi cant re duc tion in
an ti mi cro bial ac tiv ity of cef tri ax one in the pres ence of hu man
se rum al bu min (P=0.0001). In vivo ani mal model stud ies such 
as that of Ta wara et al (27) have shown that the thera peu tic
ef fi cacy of cephem an ti bi ot ics in clud ing cef tri ax one in K
pneu mo niae-in duced ex peri men tal pneu mo nia cor re lated
with to tal drug level in se rum. How ever, in a rat model of K
pneu mo niae pneu mo nia de scribed by Bakker- Woudenberg et 
al (28) pro tein bind ing of these an ti mi cro bial agents in se rum
ad versely af fected both drug pene tra tion into lungs and thera -
peu tic ef fi cacy.

The clini cal sig nifi cance of the nega tive ef fect of cef tri ax -
one bind ing to se rum al bu min re mains con tro ver sial. While
the phar ma coki netic and thera peu tic ef fi cacy data from the
four clini cal stud ies of cef tri ax one and ce fo taxime (5,29- 31)
are equivo cal in show ing a dif fer ence be tween the two
agents, Man dell et al (31) and Smith et al (32) re ported that
the thera peu tic ef fi cacy of cef tri ax one (2 g every 24 h) was
com pa ra ble with that of ce fo taxime (2 g every 6 h) in treat ing
se ri ous no so comial bac te rial in fec tions.

The re sults of our study sug gest that there was a nega tive
in flu ence of se rum al bu min on the in vi tro an ti mi cro bial ac tiv ity 
of cef tri ax one. The clini cal im por tance of this has not been de -
ter mined.

AC KNOW LEDGE MENTS: This study was sup ported by a grant- in-
 aid from Hoechst- Roussel Can ada Inc. The authors ac knowl edge
Gail Filice, RT, for her as sis tance with all the mi cro bio logi cal and other 
tech ni cal parts of the study.

REF ER ENCES
1. Richards DM, Heel RC, Brogden RN, Speight TM, Avery GS.

Ceftriaxone: a review of its antibacterial activity,
pharmacological properties and therapeutic use. Drugs
1984;27:469-527.

2. Jones RN, Thornsberry C. Cefotaxime, a review of in vitro
antimicrobial properties and spectrum of activity. Rev Infect Dis
1982;4(Suppl):301-5.

3. Bergan T, Engeset A, Olszewski W. Does serum protein binding
inhibit tissue penetration of antibiotics? Rev Infect Dis
1987;9:713-8.

4. Jones RN, Barry AL. Antimicrobial activity of ceftriaxone,
cefotaxime, desacetylcefotaxime, ceftoaxime-
desacetylcefotaxime in the presence of human serum.
Antimicrob Agents Chemother 1987;31:818-20.

5. Reeves JH, Russel GM, Cade JF, McDonald MB. Comparison of 
ceftriaxone with cefotaxime in serious chest infections. Chest
1989;96:1292-7.

6. National Committee for Clinical Laboratory Standards. Methods
for Dilution Antimicrobial Susceptibility Tests for Bacteria that
Grow Aerobically, 2nd edn, 1990: Approved Standard M7-A2.
Villanova: NCCLS, 1990.

7. Pearson RD, Steigbigel RT, Davis HT, Chapman SW. Methods
for reliable determination of minimal lethal antibiotic
concentrations. Antimicrob Agents Chemother 1980;18:699-708.

8. Jackson GG, Riff LJ. Pseudomonas bacteremia: pharmacologic
and other bases for failure of treatment with gentamicin. J Infect
Dis 1971;124(Suppl):185-91.

9. Rolinson GN, Sutherland R. The binding of antibiotics to serum
proteins. Br J Pharmacol 1965;25:638-50.

10. Craig WA, Kunin CM. Significance of serum protein and tissue
binding of antimicrobial agents. Ann Rev Med 1976;27:287-300.

11. Kunin CM, Craig WA, Kornguth M, Monson R. Influence of
binding on the pharmacologic activity of antibiotics. Ann NY
Acad Sci 1973;226:214-24.

12. Craig WA, Suh B. Theory and practical impact of binding of
antimicrobials to serum proteins and tissue. Scand J Infect Dis
1978;14(Suppl):92-9.

13. Peterson LR, Gerding DN. Influence of protein binding of
antibiotics on serum pharmacokinetics and extravascular
penetration: clinically useful concepts. Rev Infect Dis
1980;2:340-8.

14. Rolinson GN. The significance of protein binding of antibiotics in
antibacterial chemotherapy. J Antimicrob Chermother
1980;6:311-7.

15. Wise R, Gillett AP, Cadge B, Durham SR, Baker S. The
influence of protein binding upon tissue fluid levels of six
b-lactam antibiotics. J Infect Dis 1980;142:77-82.

16. Gerding DN, Peterson LR. Serum protein binding and
extravascular distribution of antimicrobials. J Antimicrob
Chemother 1985;15:136-8.

17. Bergan T, Engeset A, Olszewski W, Ostby N, Solberg R.
Extravascular penetration of highly protein-bound flucloxacillin.
Antimicrob Agents Chemother 1986;30:729-32.

18. Drusano GL. Role of pharmacokinetics in the outcome of
infections. Antimicrob Agents Chemother 1988;32:289-97.

19. Scaglione F, Raichi M, Fraschini F. Serum protein binding and
extravascular diffusion of methoxyimino cephalosporins. Time
courses of free and total concentrations of cefotaxime and
ceftriaxone in serum and pleural exudate. J Antimicrob
Chemother 1990;26(Suppl A):1-10.

20. Lam YWF, Duroux MH, Gambertoglio JG, Barriere SL,
Gugiielmo BJ. Effect of protein binding on serum bacericidal
activities of ceftazidime and cefoperazone in healthy volunteers. 
Antimicrob Agents Chemother 1988;32:298-302.

21. Wise R. Protein binding of b-lactams: the effects on activity and
pharmacology particularly tissue penetration. I. J Antimicrob
Chemother 1983;12:1-18.

22. Neu HC. Third generation of cephalosporins: safety profiles after 
10 years of clinical use. J Clin Pharmacol 1990;30:396-403.

23. White RL, Kays MB, Friedrich LV, Del Bene VE. Impact of
different statistical methodologies on the evaluation of the in
vitro MICs for Bacteroides fragilis of selected cephalosporins
and cephamycins. J Antimicrob Chemother 1993;31:57-64.

24. Davies BI. The importance of the geometric mean MIC. 
J Antimicrob Chemother 1990;25:471-2.

25. Chin N-X, Neu HC. Cefotaxime and desacetylcefotaxime: an
example of advantageous antimicrobial metabolism. Diagnost
Microbiol Infect Dis 1984;2(Suppl):21-31.

26. Mandell LA, Afnan M. Synergistic killing of Gram-negative bacilli
by cefotaxime, its desacetyl metabolite and human
polymorphonuclear neutrophils. 
J Antimicrob Chemother 1991;27:817-28.

27. Tawara S, Matsumoto S, Kamimura T, Goto S. Effect of protein
binding in serum on therapeutic efficacy of cephem antibiotics.
Antimicrob Agents Chemother 1992;36:17-24.

28. Bakker-Woudenberg IAJM, Van Den Berg JC, Vree TB, Baars
AM, Michel MF. Relevance of serum protein binding of cefoxitin
and cefazolin to their activities against Klebsiella pneumoniae in
rats. Antimicrob Agents Chemother 1985;28:654-9.

26 CAN J INFECT DIS VOL 6 NO 1 JANU ARY/FEB RU ARY 1995

Ac tiv ity of cef tri ax one ver sus ce fo taxime



29. Abbate GF, Alagia I, Giaquinto E, et al. Treatment of lower
respiratory infections with ceftriaxone and cefotaxime.
Respiration 1986;49:222-30.

30. Peltola H, Anttila M, Renkonen O-V, the Finnish Study Group.
Randomized comparison of chloramphenicol, ampicillin,
cefotaxime, and ceftriaxone for childhood bacterial meningitis.
Lancet 1989;i:1281-7.

31. Mandell LA, Bergeron MG, Ronald AR, et al. Once-daily therapy
with ceftriaxone compared with multi-dose therapy with
cefotaxime for serious bacterial infections: 
a randomized, double blind study. J Infect Dis 1989;160:433-41.

32. Smith CR, Petty BG, Hendrix CW, et al. Ceftriaxone compared
with cefotaxime for serious bacterial infections. J Infect Dis
1989;16:442-97.

CAN J INFECT DIS VOL 6 NO 1 JANU ARY/FEB RU ARY 1995 27

Ac tiv ity of cef tri ax one ver sus ce fo taxime



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com




