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Antimicrobial susceptibility to cefamandole versus cephalothin and cefazolin
versus cephalothin was compared by the broth microdilution method against
3,000 and 5,895 clinical bacterial isolates, respectively. Cefamandole and, to a
lesser degree, cefazolin showed greater activity than cephalothin against Enter-
obacteriaceae, but the three drugs were comparable against gram-positive cocci.

The currently available 3-heterocyclic-thio-
methyl cephalosporin, cefazolin, enjoys wide
clinical usage because of its many desirable
pharmacological properties, such as: (i) sus-
tained high concentrations in serum and tissue,
(ii) low toxicity at therapeutic concentrations,
(iii) relative lack of pain on intramuscular in-
jection, and (iv) wide antimicrobial spectrum.
An early publication in Japan (8) and later ones
in the United States (1, 4, 5, 7-11) have docu-
mented greater antimicrobial activity of cefazo-
lin than of cephalothin against the Enterobac-
teriaceae.

Cefamandole, another 3-heterocyclic-thio-
methyl cephalosporin, is not yet available for
clinical'use, but early studies have also sug-
gested that it has greater in vitro antimicrobial
activity than cephalothin (2, 6, 12).
The present study compares the in vitro anti-

mierobial activity of cefamandole and cephalo-
thin against 3,000 clinical bacterial isolates as
well as the activity of cefazolin and cephalothin
against 5,895 different clinical isolates.
The organisms studied were consecutive rou-

tine clinical bacterial isolates from the clinical
microbiology divisions of Kaiser Foundation
Laboratories, Oregon region. Approximately
half of all isolates tested were urinary patho-
gens. Eighty-seven percent of all isolates were
gram-negative bacilli. Bacteria were identified
by the replicator method described by Fuchs
(3). Additional tests and procedures were uti-
lized when indicated.

Cefazolin was furnished by Eli Lilly & Co.
and by Smith, Kline and French Co. Cephalo-
thin laboratory standard and cefamandole lith-

ium were supplied by Eli Lilly Research Labo-
ratories.
Minimal inhibitory concentrations (MIC)

were determined by a broth microdilution
method. Mueller-Hinton broth (Difco) contain-
ing seven serial twofold dilutions of the appro-
priate antimicrobial were placed in microdilu-
tion wells in volumes of 0.1 ml. The antimicro-
bial dilution schedule ranged from 1 to 64 p,g/
ml for the cefamandole comparison and 1.25 to
80 ,ug/ml for the cefazolin comparison. Inocula
were prepared and diluted so that, after final
delivery to the wells (by the automated inocula-
tors of either Micro-Media Systems, Inc. or
Canalco-Ames), the concentration was 1.5 x 105
colony-forming units per ml.

Bactericidal activity was tested for all three
drugs against 10 to 25 isolates of each of the
seven commonly encountered species. The min-
imal bactericidal concentrations (MBC) were
determined by subculturing 1 ,ul from each well
of an MIC tray to a tray containing Mueller-
Hinton broth without antimicrobials. The low-
est concentration yielding no growth at 24 h
was considered the MBC -a greater than 99%
kill end point.
The results of in vitro antimicrobial activity

against gram-negative bacteria are recorded for
cefamandole and cephalothin in Table 1 and for
cefazolin and cephalothin in Table 2. Against
the Enterobacteriaceae both cefamandole and
cefazolin showed greater activity than cephalo-
thin at the usual therapeutic concentrations.
The only exception to this generalization was

the slightly greater resistance ofProteus mira-
bilis to cefazolin compared with cephalothin.
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TABLE 1. In vitro susceptibility of2,217 gram-negative bacillus isolates to cefamandole (CM) and
cephalothin (CF)

No. of iso- Antimicro- Cumulative % susceptible at MIC (,ug/ml) of:
Organism lts baOrganismlates bial 1 2 4 8 16 32 64 >64

E. coli 1,595 CM 87 94 97 98 99 100
CF 7 17 50 83 94

203 CM 78 90 97 98
CF 14 51 84 95

40 CM
CF

9 CM
CF

7 CM
CF

29 CM
CF

97 100

100
97 100

23 40 58 68 75 78 90 100
3 10 18 100

55 77

14

86 90

147 CM 89 95 99 100
CF 16 60 86 97

88 100
11 22 55

29 87 100

77 100

100

97 100
11 50 61 100

100

23 CM
CF

65 74 83 87 96 100
9 22 100

11 CM 54
CF 9

11 CM 18
CF

72 90 100
18 27 100

27 45 63 72 81 100
9 100

Miscellaneous Enterobacteriaceae lla CM 73 82 91
CF 27 45 64

P. aeruginosa

Acinetobacter anitratus

Pasteurella multocida

87 CM

CF

21 CM

CF

7 CM 100
CF 100

Miscellaneous non-Enterobacteriaceae

5

161 CM 50 56 69
CF 38

1 100
100

10 50 84 100
100

81 94 100
44 56 75 100

a Includes five C. diversus, three E. agglomerans, and three Providencia stuartii isolates.
b Includes five A. iwoffi, five Aeromonas hydrophilia isolates, and single isolates of six other species.

Although two separate populations of orga-
nisms were tested, cefamandole appears to ex-

hibit greater activity than cefazolin.
Among non-Enterobacteriaceae gram-nega-

tive bacilli, Pseudomonas aeruginosa was uni-
formly resistant to all three drugs. Among the
other microbes of this group, the susceptibility
patterns were variable, but in general cefaman-
dole and cefazolin showed greater activity than
cephalothin.

Gram-positive cocci, with the exception of
enterococci, were quite susceptible to the three
drugs, the majority being inhibited by the low-
est concentration tested. The enterococci, 95%

of which were Streptococcus faecalis, were gen-
erally resistant. No consistent or significant
differences in susceptibility between the three
antimicrobials was noted with the gram-posi-
tive cocci.

Comparison of MIC and MBC end points for
each of the three drugs against Escherichia
coli, Klebsiella pneumoniae, P. mirabilis, in-
dole-positive Proteus, S. faecalis, and group B
streptococci showed no significant differences,
indicating the inhibitory activity of these ceph-
alosporins is bactericidal.
This study of a large number of clinical iso-

lates confirms cefazolin is more active in vitro

K. pneumoniae

Enterobacter cloacae

E. aerogenes

Serratia marcescens

Citrobacter freundii

P. mirabilis

P. rettgeri

P. vulgaris

100
73 100
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TABLE 2. In vitro susceptibility of5,559 gram-negative bacillus isolates to cefazolin (CZ) and
cephalothin (CF)

Organism No. of iso- Antimi- Cumulative % susceptible at MIC (Ag/ml) of:lates crobial
1.25 2.5 5 10 20 40 80 >80

E. coli 2,992 CZ 76 87 93 97 98 99 100
CF 11 36 76 92

614 CZ 67 83 93 96
CF 49 76 89 95

225 CZ 21 43 50 54
CF 1 2 3 8

112 CZ 16 46 62 73
CF 3 7 10 21

62 CZ 65 79 87 89
CF 38 48 62 69

46 CZ 6 10 15 20
CF

92 CZ 26 53 73 80
CF 3 5 15 52

57 CZ 67 86 98 100
CF 40 61 69 88

361 CZ 12 67 87 94
CF 29 76 93 97

96 97 100

97 98 99 100
97 99 100

60 70 80 100
9 14 22 100

82 91 98 100
46 69 79 100

90 92 95 100
80 82 87 100

25 39 100
100

88 95 100
80 87 95 100

95 98 99 100

99 100
100

23 39 100
2 100

75 88 100

30 50 100
10 100

100

100
100

35 51 100
4 14 100

63 74 100
47 51 100

98
98

2 9 16 18

16 CZ 50 68 81 88
CF 13 19 25

10 CZ
CF

70Y CZ 49 74 84 92
CF 26 46 56 67

494 CZ
CF

100
56

96 100
77 79

18 23 24 26 28
1 2

l9lb CZ 27 34 40 46 56
CF 24 28 29 37 44

a Includes 30Salmonella enteritidis, 13 Shigellasonnei, 8P. stuartii, 5S. liquefaciens, 5Alkalescens-Dispar, 3E. hafniae,
3 enteropathogenic E. coli, 2 S. flexneri, and 1 S. dysenteriae isolate.

b Includes 40 A. iwoffi, 29 Moraxella sp., 29 P. maltophilia, 13 P. fluorescens, 12 A. hydrophilia, 12 P. multocida, and 15
specieb with less than 10 isolates each.
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K. pneumoniae

E. cloacae

E. aerogenes

E. agglomerans

S. marcescens

C. freundii

C. diversus

P. mirabilis

P. morganii

P. rettgeri

P. vulgaris

49 CZ
CF

Miscellaneous Enterobacteriaeceae

P. aeruginosa

A. anitratus

Miscellaneous non-Enterobacteriaceae

168 CZ
CF
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