
Vol. 16, No. 2ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Aug. 1979, p. 141-149
0066-4804/79/08-0141/09$02.00/0

Antibacterial Activity of a New 1-Oxa Cephalosporin
Compared with That of Other fl-Lactam Compounds

HAROLD C. NEU,* NALINEE ASWAPOKEE, KWUNG P. FU, AND PRASIT ASWAPOKEE

Division of Infectious Diseases, Department ofMedicine, College ofPhysicias and Surgeons, New York,
New York 10032

Received for publication 14 May 1979

The in vitro activity of (6R,7R)-7- {[carboxy(4-hydroxyphenyl)acetyl]amino} -
7-methoxy-3-[[(1-methyl-lH-tetrazol-5-yl)thio]methyl]-8-oxo-5-oxa-1-azabicyclo-
[4.2.0]oct-2-ene-2-carboxylic acid was tested against isolates of gram-positive and
negative bacteria and compared with those of cephalothin, cefuroxime, cefaman-
dole, cefoxitin, cefotaxime, and carbenicillin. The compound was less active than
the other compounds when tested against Staphylococcus aureus and Staphylo-
coccus epidermidis. It had equal or slightly less activity than did cefotaxime
when tested against members of the Enterobacteriaceae, but was 8- to 32-fold
more active than the other cephalosporins against the Enterobacteriaceae, in-
hibiting most isolates at concentrations less than 0.5 itg/ml. The compound was
twofold more active than cefotaxime and cefoxitin against Bacteroides, and it
was twofold more active than cefotaxime and fourfold more active than carbeni-
ciin against Pseudomonas aeruginosa. In vitro activity did not correlate with
either the presence or type of fi-lactamase in either Enterobacteriaceae or
Pseudomonas. The compound showed minimal synergy when combined with
aminoglycosides or carbencillin.

There have been many new cephalosporin
antibiotics developed in the past few years. Sev-
eral of these agents, after extensive in vitro
evaluation and clinical investigation, have be-
come available commercially. Cefamandole, ce-
furoxime, and the cefamycin, cefoxitin, are
agents which have significantly enlarged the an-
tibacterial spectrum of the older agents such as
cephalothin and cefazolin (2, 4-9). These agents,
although they inhibit many strains of /3-lacta-
mase-producing Enterobacteriaceae and many
isolates of Bacteroides fragilis, have not in-
hibited Pseudomonas aeruginosa, which has
become an increasingly important hospital path-
ogen. Cefotanime (HR 756) has been shown by
a number of investigators to inhibit gram-posi-
tive and -negative aerobic and anaerobic bacte-
ria at concentrations much lower than those
required by other agents (1, 3, 8). The develop-
ment of the oxa-cephalosporins has offered an-
other type of compound which provides an in
vitro activity equivalent to that of cefotaxime.
For this reason we compared the in vitro activ-
ity of (6R,7R)-7-[[carboxy(4-hydroxyphenyl)-
acetyl]amino]-7-methoxy-3-[ [(l-methyl-lH-
tetratol-5-yl)thio] methyl] -8-oxo-5-oxa-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid
(Fig. 1) with the in vitro activities of cephalothin,
cefamandole, cefoxitin, cefotaxime, and certain
other /3-lactam compounds.

MATERIAIS AND METHODS
Bacterial isolates utilized in the experiments were

obtained from clinical specimens submitted to the
diagnostic microbiology laboratory of the Columbia
Presbyterian Medical Center, New York City. Orga-
nisms that were resistant to ft-lactam antibiotics and
to aminoglycoside antibiotics and had been stored
frozen were included in every species to provide a
more realistic evaluation of the activity of this com-
pound against multiresistant species.
The compound, hereafter referred to as the "1-oxa

cephalosporin," was provided by Eli Lilly and Co. All
other antibiotics were gifts of their respective manu-
facturers. Solutions of antibiotics were prepared fresh
daily. Susceptibility studies, unless specified, were per-
formed using agar which contained a twofold dilution
of antibiotic. Organisms were delivered with a repli-
cating device which delivered a spot amount of broth
containing 105 colony-forming units (CFU). Mueller-
Hinton agar (BBL Microbiology Systems) was used.
Plates were incubated at 35°C for 18 h, and the mini-
mal inhibitory concentration (MIC) was taken as that
concentration which showed no visible growth or less
than five colonies. Minimal bactericidal concentration
(MBC) was determined by use of broth dilution. An
inoculum of 105 CFU in 1 ml was used, and 0.01 ml
from clear tubes was plated on blood agar. The con-
centration which failed to yield growth or less than
five colonies was taken as the MBC. In vitro activity
of the 1-oxa compound against Streptococcus pneu-
moniae, Haemophilus, Neisseria, and other fastidious
species was determined using chocolate Mueller-Hin-
ton agar. Anaerobic activity was determined using
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FIG. 1. Chemical structure ofl-oxa cephalosporin,
(6R, 7R)- 7-[[carboxy(4-hydroxyphenyl)acetylJamino]-
7-methoxy-3-[[(1-methyl-lH-tetrazol-5-yl)-thio]-
methyl]-8-oxo-5-oxa-I-azabicyclo[4.2.0]oct-2-ene-2-
carboxylic acid.

Mueller-Hinton agar supplemented with 5% sheep
blood and vitamin K. Anaerobic incubations were for
48 h at 350C in a Gas-Pak jar.

Killing curves were performed in Mueller-Hinton
broth (BBL Microbiology Systems) using a fresh di-
lution of organisms from an overnight incubation.
Samples were taken at selected intervals, immediately
diluted in broth, and plated at several dilutions on
Mueller-Hinton agar. After overnight incubation the
CFU were counted.

Synergy studies were performed on agar using serial
twofold dilutions of both agents as previously pub-
lished (2).

fB-Lactamase activity of all isolates was determined
by use of the Glaxo chromogenic cephalosporin and
with a microiodometric method (6, 10), and enzymes
were classified by the method of Sykes and Matthew
(11). Organisms were induced to produce ,6-lactamases
by incubation of a fresh overnight culture with either
methicillin (5 yg/ml) or cephalothin (25 ,ug/ml).

Protein binding was determined by the agar diffu-
sion method (8).

RESULTS
The comparative in vitro activities of the 1-

oxa cephalosporin and other agents is shown in
Table 1. The compound was less active than
cephalothin, cefuroxime, or cefamandole against
Staphylococcus aureus and Staphylococcus ep-
idernidis, and failed to inhibit methicillin-re-
sistant Staphylococcus epidermidis strains. The
compound was several-fold less active than ce-
fotaxime against staphylococci. Higher concen-
trations of the 1-oxa compound than those of
any of the other cephalosporins were required to
inhibit Streptococcus viridans and Streptococ-
cus pyogenes. Streptococcus agalactiae showed
a bimodal distribution of susceptibility to the 1-
oxa compound, which overall was less active
than other agents. The compound was many-
fold less active against Streptococcus pneumo-
niae than were other cephalosporins or ampicil-
lin, and it had poor inhibitory activity against

Streptococcus faecalis, similar to older cepha-
losporins.
The 1-oxa compound inhibited members of

the Enterobacteriaceae at lower concentrations
than did the older cephalosporins or the newer

ones cefamandole, cefuroxime, and cefoxitin, but
it was less active against many isolates than
cefotaxime. For example, 87% ofthe Escherichia
coli isolates tested were inhibited by 0.05 ,ug of
cefotaxime per ml, whereas the 1-oxa compound
inhibited 53% at this concentration. At 0.05 Itg/
ml cefotaxime inhibited 65% of Klebsiella iso-
lates, and the 1-oxa compound at 0.05 yig/ml
inhibited 35% of Klebsiella isolates. Similar re-
sults were found for Enterobacter aerogenes,
Enterobacter cloacae, Citrobacter freundii, and
Citrobacter diversus. The in vitro activity of the
1-oxa compound and cefotaxime were quite sim-
ilar against Proteus rettgeri, Proteus vulgaris,
Proteus mirabilis, Morganella morganii, and
Salmonella species, including Salmonella typhi.
The 1-oxa compound was the most active com-
pound tested against Providencia, Shigella, and
Serratia. It was twofold more active than cefo-
taxime and fourfold more active than carbenicil-
lin against P. aeruginosa. It was similar in activ-
ity to cefsulodin and ticarcillin but less active
than piperacillin against these isolates of P.
aeruginosa.
The activity of this compound against anaer-

obic species was tested using B. fragilis subsp.
fragilis and other Bacteroides. The 1-oxa com-
pound was more active than the other agents. It
inhibited 50% of highly resistant B. fragilis at
concentrations of 6.2 ,ug/ml, similar to the con-
centration required with cefoxitin. The com-
pound was several-fold more active than cefo-
taxime against Bacteroides. Other anaerobic
species were tested, but are not shown in the
table because comparative activity was not de-
termined. The 1-oxa compound inhibited the
species of Clostridium tested (five isolates) at
concentrations less than 1 yig/ml; Fusobacteria
(four isolates) were inhibited at concentrations
of 1 to 12 ,tg/ml. The concentrations required to
inhibit peptostreptococci and peptococci were 6
to 50,g/ml.

fl-Lactamase-producing Salmonella typhi,
Neisseria gonorrhoeae, and Haemophilus influ-
enzae were inhibited by the 1-oxa compound,
but the concentrations were several-fold greater
than those we had found earlier for the same
isolates tested with cefuroxime, cefamandole,
and cefotaxime.

Effect of alteration of test conditions. The
effect of the growth medium upon MICs was
tested for Staphylococcus aureus, E. coli, Kleb-
siella pneumoniae, Serratia marcescens, P.
aeruginosa, and E. cloacae. The MICs of rep-
resentative isolates of these species tested in
brain heart infusion, Trypticase soy, nutrient,
and Columbia broths were within a single dilu-
tion of each other in all instances. Comparison
of MICs in Mueller-Hinton broth and in Muel-
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TABLE 1. Comparative in vitro activity of 1-oxa cephalosporin and other /3-lactam antibiotics

Organism (no. of strains)

Staphylococcus aureus (18)

Staphylococcus epidermidis (16)

Streptococcuspyogenes (15)

Streptococcus agalactiae (20)

Streptococcus viridans (5)

Streptococcus faecalis (13)

Streptococcus pneumoniae (10)

Haemophilus influenzae (12)

Neisseria gonorrhoeae (13)

Escherichia coli (40)

Drug

1-Oxa
Cephalothin
Cefamandole
Cefuroxime
Cefoxitin
Cefotaxime

1-Oxa
Cephalothin
Cefamandole
Cefoxitin
Cefotaxime
Methicillin

i-Oxa
Cephalothin
Cefuroxime
Cefamandole
Cefotaxime

1-Oxa
Cephalothin
Cefamandole
Cefotaxime

1-Oxa
Cephalothin
Cefotaxime

1-Oxa
Cephalothin
Cefamandole
Cefoxitin
Ampicillin
Cefotaxime

1-Oxa
Cephalothin
Cefamandole
Cefotaxime

1-Oxa
Cephalothin
Cefamandole
Cefoxitin
Cefuroxime
Ampicillin

1-Oxa
Cephalothin
Cefuroxime
Cefoxitin
Cefotaxime

1-Oxa
Cephalothin
Cefamnandole
Cefuroxime
Cefoxitin
Cefotaxime
Carbenicillin

Range of MIC
(Jug/ml)

3.1-25
0.1-0.25

0.25-6.2
0.2-25
0.4-25
0.4-25

0.4->100
0.2-25
0.2-25
0.2-25
0.2-25
0.8-25

0.8-3.1
0.05-0.2
0.05-0.2
0.05-0.2
0.01-0.2

0.4-3.1
0.1-0.8
0.1-0.8

0.01-0.2

0.4->100
0.05-0.8
0.05-0.8

3.1->100
12.5->100
12.5->100
25->100
0.2-3.1
1.6->100

0.2-6.1
0.1-0.4
0.1-0.4

0.01-0.2

0.1-3.1
0.2-25
0.2-1.6
0.4-3.1
0.2-1.6

0.05-25

0.4-1.6
0.4-12.5
0.2-0.8
0.2-1.6

0.01-0.4

0.02-12.5
1.6-100
0.2-6.2
1.6-12.5
1.6-12.5

<0.02-3.1
1.6->400

50% MIC (ig/
rnl)

6.2
0.1
0.2
0.2
3.1
1.6

25
0.8
0.8
3.1
3.1
0.8

0.8
0.05
0.1
0.1
0.05

0.8
0.1
0.1
0.05

12.5
0.1
0.1

>100
25
25
25
0.8
12.5

1.6
0.1
0.1
0.01

0.1
0.8
0.2
0.2
0.2
0.4

0.1
0.8
0.2
0.4
0.01

0.1
6.2
1.6
3.1
3.1
0.1

12.5

90% MIC (,tg/
ml)

6.2
0.2
0.8
0.8
6.2
3.1

50
1.6
1.6
6.2
6.2

12.5

1.6
0.2
0.2
0.2
0.1

3.1
0.4
0.4
0.1

>100
0.4
0.4

>100
50
50
50
1.6

>100

3.1
0.2
0.2
0.1

1.6
0.8
0.4
1.6
0.8
1.6

0.8
3.1
0.8
0.8
0.4

0.1
50
3.1
6.2
6.2
0.4

>400
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TABLE 1.-Continued

Organism (no. of strains)

Klebsiella pneumoniae (37)

Enterobacter aerogenes (16)

Enterobacter cloacae (18)

Proteus mirabilis (34)

Proteus vulgaris (11)

Proteus rettgeri (13)

Morganella morganii (15)

Providencia (10)

Citrobacter (10)

Drug

1-Oxa
Cephalothin
Cefamandole
Cefoxitin
Cefotaxime

1-Oxa
Cephalothin
Cefamandole
Cefoxitin
Cefotaxime
Carbenicillin

1-Oxa
Cephalothin
Cefamandole
Cefoxitin
Cefotaxime
Carbenicillin

i-Oxa
Cephalothin
Cefamandole
Cefoxitin
Cefotaxime
Carbenicillin

1-Oxa
Cephalothin
Cefamandole
Cefoxitin
Cefotaxime
Carbenicillin

1-Oxa
Cefamandole
Cefuroxime
Cefoxitin
Cefotaxime
Carbenicillin

1-Oxa
Cefamandole
Cefuroxime
Cefoxitin
Cefotaxime
Carbenicillin

1-Oxa
Cefamandole
Cefuroxime
Cefoxitin
Cefotaxime
Carbenicillin

1-Oxa
Cephalothin
Cefamandole
Cefuroxime
Cefoxitin
Cefotaxime
Carbenicillin

Range of MIC 50% MIC (pg/ 80% MIC (ug/
(pg/mi) ml) ml)

0.05-12.5 0.1 0.8
1.6-100 6.2 50
0.4-100 3.1 50
0.8-100 1.6 25

0.02-0.4 0.05 0.4

0.05-3.1 0.2 3.1
6.2->100 >100 >100
0.2->100 3.1 25
6.2->100 >100 >100

0.05->100 0.1 0.4
1.6->100 6.2 >100

0.05-25 0.2 12.5
25->100 >100 >100
0.2->100 3.1 50
12.5->100 >100 >100
0.05-0.8 0.1 0.4
3.1->100 12.5 >100

0.05-1.6 0.1 0.1
1.6-100 3.1 12.5
0.4-100 3.1 25
0.4-25 3.1 12.5

0.02-3.1 0.05 0.1
0.8->100 1.6 3.1

<0.1-25 0.1 3.1
>100 >100 >100
12.5->100 >100 >100
11.6->100 3.1 3.1
12.5->100 >100 >100
0.8->100 25 50

<0.1-25 0.1 12.5
0.2->100 25 >100
0.8->100 50 >100
1.6->100 12.5 >100

0.01-1.6 0.05 1.6
0.8->100 >100 >100

0.1-0.2 0.1 0.1
1.6-25 12.5 25
0.8-25 6.2 12.5
6.2-25 12.5 12.5

0.01-1.6 0.02 1.6
0.4-12.5 0.8 3.1

0.05-0.1 0.1
0.8->100 25
1.6->100 25
1.6->100 6.2

0.05-3.1 0.4
3.1-100 12.5

<0.02-0.2 0.1
3.1->100 6.2
0.2-6.2 0.8
0.8-6.2 3.1
1.6->100 12.5

0.02-0.1 0.1
0.8->100 3.1

0.1
>100
>100

12.5
0.8

>100

0.2
>100

6.2
6.2

>100
0.1

>100
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TABLE 1.-Continued

Organism (no. of strains)

Serratia (34)

Salmonella (17)

Shigella (18)

Acinetobacter (11)

Bacteroides fragilis subsp. fragilis (11)

Bacteroides sp. (21)

Pseudomonas aeruginosa (79)

Drug

1-Oxa
Cefamandole
Cefuroxime
Cefoxitin
Cefotaxime

1-Oxa
Cephalothin
Cefamandole
Cefuroxime
Cefoxitin
Cefotaxime

l-Oxa
Cephalothin
Cefamandole
Cefoxitin
Cefotaxime

l-Oxa
Cephalothin
Cefamandole
Cefuroxime
Cefoxitin
Cefotaxime
Carbenicillin

1-Oxa
Cefamandole
Cefoxitin
Cefotaxime
Carbenicillin

1-Oxa
Cephalothin
Cefamandole
Cefoxitin
Cefotaxime
Carbenicillin

1-Oxa
Cefoxitin
Cefotaxime
Carbenicilhin
Ticarcilin
Piperacillin
Cefsulodin

Range of MIC 50% MIC(Qg/ 80% MIC (ug/
(pg/mi) ml) ml)

0.05-50 12.5 50
50->100 >100 >100
50->100 >100 >100

12.5->100 >100 >100
0.1-50 12.5 50

0.02-1.6
1.6-25
0.2-25
3.1-12.5
1.6-6.2

0.02-0.2

0.05-0.4
1.6->100
0.2->100
1.6->100

0.05-1.6

1.6->100
25->100
3.1->100
0.8->100
1.6->100
1.6->100
1.6->100

0.05-100
25->100
3.1->100
12.5->100
25->100

0.05->100
25->100

12.5->100
6.2->100
3.1->100
12.5->100

6.2->100
>100
0.4->100
25->100
0.8->100
0.4->100
0.8->100

0.1
3.1
0.8
3.1
1.6
0.1

1.6
6.1

12.5
6.2
3.1
0.1

0.1 0.2
3.1 25
0.8 25
3.1 25
0.1 0.8

50
>100
>100
>100
>100

50
25

6.2
>100

6.2
50
25

0.05
>100
>100

6.2
25
50

12.5
>100

25
50
25
6.2
3.1

>100
>100
>100
>100
>100
>100
>100

50
>100
>100
>100
>100

>100
>100
>100

50
>100
>100

>100
>100
>100
>100
100
25
50

ler-Hinton agar revealed no differences for E.
coli, K. pneumoniae, P. vulgaris, Providencia,
Serratia, E. cloacae, E. aerogenes, P. aerugi-
nosa, and Staphylococcus aureus.
Table 2 mustrates the effect of inoculum size

on both MIC and MBC values of isolates, all of
which contained f8-lactamases. At a low inocu-
lum, 103 CFU, there was minimal difference
between MIC and MBC for E. coli and E. cloa-
cae. There was a definite increase in MICs and
MBCs as the inoculum was increased to 107

CFU. The two Klebsiella isolates, selected be-
cause of high-level fl-lactamase production, both
showed a large difference between the MIC and
MBC at the three inocula tested. One organism
had the same MIC at an inoculum of 103 and 107
CFU, whereas the other showed an increase of
16-fold in MICs. One P. aeruginosa with an
MIC of >100 jig/ml was resistant at all inocula,
whereas the other was resistant at 107 CFU but
was not resistant at 103 or 106 CFU. The MICs
and MBCs were determined for a number of
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TABLE 2. Effect of inoculun size on the MIC andMBC
I0' CFU i05 CFU 10 CFU

Organism MIC MBC MIC MBC MIC MBC
(g/mil) (Ag/mI) (pg/mi) (pg/mi) (pg/lmi) (g/mil)

E. cloacae 6.2 6.2 6.2 6.2 3.1 3.1
E. cloacae 12.5 50 0.8 50 0.1 0.4
E. coli 3.1 50 0.6 6.2 0.8 0.8
E. coli 3.1 12.5 0.06 0.2 0.05 0.2
K. pneumoniae 6.2 100 0.4 50 0.4 50
K. pneumoniae 12.5 100 12.5 100 12.5 50
P. aeruginosa >100 >100 >100 >100 >100 >100
P. aeruginosa >100 >100 25 >100 25 25

other organisms using an inoculum of 105 CFU.
There was an 8- to 16-fold difference between
the MIC and MBC for seven H. influenzae
tested. The increase in MBC over MIC for P.
mirabilis, indole-positive Proteus, and Provi-
dencia was only two- to fourfold.

Killing curve studies were performed with the
1-oxa compound, cefotaxime, and cephalothin or
carbenicillin. The 1-oxa compound and cefotax-
ime, as Fig. 2 and 3 show, had similar activities
against E. coli and Klebsiella with a 5-log re-
duction in CFU in 24 h. However, when tested
against P. aeruginosa, regrowth occurred with
both the 1-oxa compound and with carbenicillin.
The same was seen when the compounds were
tested against a Serratia susceptible to both
cefotaxime and 1-oxa compound.
Table 3 shows a direct comparison of the 1-

oxa compound and cefotaxime with other agents
against isolates resistant to cephalothin or car-
benicillin. The two agents differed in activity to
a minor degree, but both inhibited organisms
resistant to cefamandole, cefuroxime, cefoxitin,
and carbenicillin at concentrations usually below
6 ,ug/ml.
We attempted to correlate the presence and

type of fi-lactamase with MICs. As Fig. 4 dem-
onstrates, there was no correlation of the pres-
ence of absence of/B-lactamase with MIC values.
MICs of 0.1 itg/ml were found in organism in
which a f,-lactamase could not be demonstrated
and in species that contained constitutive ,6-lac-
tamase, often primarily with cephalosporinase
activity or induced enzymes. Similarly, orga-
nisms with or without a f-lactamase had MICs
of 6.2 ,ug/L. This was particularly true ofStaph-
ylococcus aureus, Serratia, and Bacteroides.
Synergy studies. The 1-oxa compound was

combined with gentamicin and tested against
Pseudomonas isolates that were susceptible or
resistant to both or either compound, and it also

Houm

FIG. 2. Time-kill curves against Klebsielia and
Serratia with I-oxa cephalosporin (A), compared
with cephalothin (0), cefotaxime (0), and control
(A) at the concentration of two times the MICs of
each antibiotic. The MIC of I-oxa cephalosporin
against Klebsiella was 0.8 pg/ml, that of cefotaxune
was 0.05 pg/ml, and that of cephalothin was 100 pg/
ml. Against Serratia the MICs were 800 pg/ml for
cephalothin, 12.5 pg/mi for 1-oxa cephalosporin, and
2(0 pg/ml for cefotaxime.
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was antagonistic. Demonstration of synergy was
not related to whether an organism was suscep-
tible or resistant to carbenicillin. No organism
resistant to both compounds was inhibited syn-
ergistically.
Protein binding. The protein binding of the

1-oxa cephalosporin determined by the agar dif-
fusion method was 11%.

Hous

FIG. 3. Time-kill curves against P. aeruginosa
and E. coli with 1-oxa cephalosporin compared with
cephalothin, cefotaxime, and carbenicillin at a con-
centration of two times the MICs of each antibiotic.
Symbols are the same as in Fig. 2 except carbenicillin
(0). The MIC of I-oxa cephalosporin against P.
aeruginosa was 6.3 pg/mi, that of carbenicillin was
100 pg/ml, and that of cefotaxime was 12.5 pg/ml.
Against E. coli the MICs were 0.2 pg/ml for 1-oxa
cephalosporin, 6.3 pg/ml for cephalothin, and 0.1 pg/
ml for cefotaxime.

was combined with am,ikacin and tested against
isolates resistant to the 1-oxa compound. Of the
21 isolates studied, only 19% were inhibited syn-
ergistically by the combination ofthe 1-oxa com-
pound and gentamicin, and no complete synergy
could be demonstrated for the 1-oxa cephalospo-
rin-plus-amikacin combination.

Since we had earlier seen antagonism when
certain penicillins and cephalosporins were com-
bined, we tested the combination of the 1-oxa

compound and carbenicillin against a number of
different species (Table 4). Of the 31 isolates
tested, only 10% showed complete synergy and
22% showed partial synergy. With one Staphy-
lococcus epidermidis strain the combination

DISCUSSION
The introduction of cefamandole, cefuroxime,

and cefoxitin significantly increased the antibac-
terial spectrum of the older cephalosporins
against many /3-lactamase-producing Entero-
bacteriaceae and Bacteroides (4, 5, 9). Cefotax-
ime further enlarged the spectrum of cephalo-
sporins to include P. aeruginosa (1, 3,8). The 1-
oxa cephalosporin compound discussed in this
manuscript has an in vitro activity similar to
that of cefotaxime against Enterobacteriaceae,
inhibiting isolates resistant to cefamandole, ce-
furoxime, and cefoxitin. In general, this agent
was twofold less active than cefotaxime against
members of the Enterobacteriaceae, but it in-
hibited the majority of isolates at less than 0.8
,ug/ml. Furthermore, the compound was twofold
more active than cefotaxime against P. aerugi-
nosa and B. fragilis subsp. fragilis.
Although this compound showed less inhibi-

tory activity against Staphylococcus aureus and
Staphylococcus epidermidis than did many
other cephalosporins or the semisynthetic anti-
staphylococcal penicillins, it was not less active
than cefoxitin, which has proved to be effective
in the treatment of staphylococcal infections (7).
The presence or absence of plasmid or chro-

mosomal ,/-lactamases did not affect the in vitro
activity ofthe compound, but there was an effect
of inoculum size upon both MIC and MBC in
some species. The 1-oxa compound inhibited
bacteria resistant to cefamandole and cefurox-
ime by virtue of fl-lactamases which hydrolyze
these compounds (Fu and Neu, manuscript in
preparation). Although the killing activity ofthis
cephalosporin was similar to that of other
agents, the regrowth of P. aeruginosa will re-
quire further study.
The 1-oxa compound when combined with

aminoglycosides rarely showed a synergistic ac-
tion. It also was not synergistic with carbenicil-
lin, nor did it act antagonistically.
These in vitro results indicate that this agent

has the potential of cefotaxnime and far exceeds
the activity of the agents which recently became
available for general clinical use, namely, cefu-
roxime, cefamandole, and cefoxitin. All of these
latter have been used with success in various
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TABLE 3. Comparative actwity ofnewer cephalosporins against cephalothin-resistant,
fB-lactamase-containing bacteria

MIC (pg/mi) of drug:
Organism

I-oxa Cefotaxime Cephalothin Cefoxitin Cefamandole Cefuroxime Carbenicillin

E. coli 0.1 0.05 50 1.6 100 3.1 >400
E. coli 0.4 0.1 25 12.5 3.1 12.5 25
E. aerogenes 0.8 0.02 >400 >400 >400 >400 >400
E. aerogenes 0.4 3.1 >400 >400 50 100 25
E. cloacae 6.2 0.1 >400 >400 >400 12.5 >400
E. cloacae 0.2 0.05 >400 >400 3.1 3.1 50
Salmonella typhimu- 0.1 0.05 25 1.6 12.5 3.1 >400
rium

Shigella sonnei 0.2 1.6 >200 100 50 12.5 100
P. mirabilis 0.1 3.1 >400 >400 >400 >400 >400
P. vulgaris 0.8 0.1 >400 3.1 >200 >200 25
P. rettgeri 0.1 1.6 >400 100 200 100 >400
K. pneumoniae 0.8 0.05 100 25 50 25 >400
K. pneumoniae 6.2 0.4 50 100 25 25 >400
Serratia marcescens 12.5 25 >400 >400 >400 >400 >400
P. aeruginosa 6.2 25 >400 >400 >400 >400 >200
P. aeruginosa 12.5 50 >400 >400 >400 >400 100
B. fragilis 1.6 25 >400 12.5 >400 >400 >400
B. fragilis 3.2 50 >400 25 >400 >400 >400

00°

v O O X

NONE CONWrITUTIVE INDUCE
PrMne of B- lactame

FIG. 4. Relation of the activity of 1-oxa cephalospo-
rin to the presence of ,B-lactamases. S. aureus (0); E.
coli (0); E. cloacae (A); E. aerogenes (A); M. mor-

ganii (V); Klebsiella (0); Serratia (U); Sabnonella
(0); Shigella (0); P. vulgaris (x); P. rettgeri (V);
and B. fragilis (0).

clinical settings. It will take a number of years
to determine if the increased in vitro activity of
agents such as this compound will offer in-
creased benefit clinically.

TABLE 4. Synergy of carbenicilin and the I-oxa
cephalosporin

No. of No. of strains showing:
Organism strains Partial Antago-

tested Synergy synergy nism
E. coli 4 2
Klebsiella 3 1 1
Enterobacter 3 2
Citrobacter 3
Serratia 3 1
Salmonella 2
Shigella 1
Proteus, indole- 3 1

positive
Pseudomonas 4 2
S. aureus 2
S. epidermidis 3
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