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The agar dilution method was used to determine the inhibitory activities of 28 antimicrobial agents against
35 strains of the genus Peptostreptococcus, 4 strains of the species Peptococcus niger, 20 strains of the species
Megasphaera elsdenii, 7 strains from the species Acidaminococcus fermentans, 8 strains of the genus
Clostridium, 11 strains of the genus Eubacterium, and 1 strain of the species Propionibacterium acidipropionici,
all of which were isolated from 125 clinical cases of ovine foot rot between January 1987 and December 1988.
The three ureidopenicillins studied proved to be the most active antimicrobial agents, with a high percentage
of strains being susceptible at a concentration of 64 ,ug/ml. Penicillin G, ampicillin, and the three
cephalosporins studied also had good activity. Fosfomycin showed a high degree of activity among the 116
anaerobic bacteria tested.

Foot rot is a disease, or more properly, an infectious
syndrome, that is caused by the synergic action of certain
microbial species. It is characterized by an exudative inflam-
mation with a strongly characteristic odor; this is followed
by necrosis of the epidermal tissues of the hoof, leading in
some cases to the complete separation of the horn (7).
Although the etiology of foot rot has been widely debated,
Bacteroides nodosus and Fusobacterium necrophorum are
generally considered to be the main causal agents. However,
since the limbs of affected animals are constantly exposed to
bacteria in the environment, and therefore to the possibility
of contamination, the range of bacterial species isolated from
lesions is wide and varied (5).

Gram-positive anaerobic cocci have been isolated from a
variety of animal infections caused by anaerobic bacteria (2,
17). Brunner et al. (3, 4) isolated strains of Peptostreptococ-
cus and Peptococcus from cases of bovine interdigital der-
matitis, and these genera have also been reported to form
part of the etiologic complex responsible for summer masti-
tis (20). The pathogenic role of gram-negative anaerobic
cocci has yet to be fully identified; only Veillonella parvula
has been isolated with any frequency from human infections
(16, 18). Katitch (7) and Brunner et al. (3, 4) isolated
Clostridium species from cases of ovine foot rot and bovine
interdigital dermatitis.

Species of the genera Eubacterium, Propionibacterium,
Leptotrichia, Wolinella, and Tissierella have been isolated
only from ruminants with foot rot by Piriz Durain et al. (12,
13), who isolated them from affected sheep and goats.
The purpose of this study was to analyze the susceptibil-

ities of 39 gram-positive cocci, 27 gram-negative cocci, 20
gram-positive bacilli, and 30 gram-negative bacilli, all of
which are strict anaerobes that were isolated from ovine foot
rot lesions, to 28 antimicrobial agents.
The study was carried out with 116 strains belonging to the

genera Peptostreptococcus, Peptococcus, Acidaminococ-
cus, Megasphaera, Clostridium, Eubacterium, Propionibac-
terium, and Tissierella isolated from 125 sheep with clinical
signs of foot rot. Sheep came from 16 different flocks in the
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province of Caceres, Spain. Strains were identified in accor-
dance with the criteria laid down in the Wadsworth Anaer-
obic Bacteriology Manual (21) and the Virginia Polytechnic
Institute's Anaerobe Laboratory Manual (6).
MICs were determined by the proposed standard refer-

ence agar dilution procedure for antimicrobial susceptibility
testing of anaerobic bacteria (9) by using Wilkins-Chalgren
agar (Oxoid Ltd., Basingstoke, United Kingdom). Plates
were incubated at 37°C in GasPak jars (BBL Microbiology
Systems, Cockeysville, Md.) for 48 h. At the beginning and
end of each series of antibiotic dilutions, two plates of
Wilkins-Chalgren agar were inoculated, one as an anaerobic
growth control and the other as an aerobic contamination
control. Two control strains from the American Type Cul-
ture Collection (Rockville, Md.) were included in all MIC
determinations: Bacteroides fragilis ATCC 25285 and Clos-
tridium perfringens ATCC 13124. The MIC was interpreted
as the lowest concentration of each antimicrobial agent that
permitted no growth, one discrete colony, or a barely visible
haze.
The abilities of the 28 antimicrobial agents studied to

inhibit the in vitro growth of bacteria belonging to the genera
Peptostreptococcus, Peptococcus, Megasphaera, and Acid-
aminococcus are shown in Table 1. Breakdown and analysis
of results in terms of antimicrobial agent groups revealed
that only 3% of Peptostreptococcus spp. and 10% of Megas-
phaera elsdenii strains were resistant to penicillin G at a
concentration of 16 IU/ml; no Acidaminococcus fermentans
strains showed resistance to the antibiotic at this concentra-
tion. Ampicillin showed less activity than penicillin G, with
resistance shown by 34.6% of Peptostreptococcus anaero-
bius and 40% of Peptostreptococcus prevotii strains. Our
results are similar to those reported by Phillips et al. (10) for
susceptibility studies involving 225 gram-positive anaerobic
cocci isolated from human infections. Lower resistance rates
to ampicillin, however, have been reported by Sutter and
Finegold (22), Appelbaum and Chatterton (1), and Piriz
Duran et al. (11).
A high degree of activity was recorded for the three

ureidopenicillins studied, and in particular for piperacillin.
We agree with Wilkinson (23) and Piriz Duran et al. (15) that
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TABLE 2. Susceptibilities of 20 anaerobic gram-positive rods strains and 30 anaerobic gram-negative rods strains
isolated from cases of ovine foot rot

Anaerobic gram-positive rods (20)" Tissierella praeacuta (30)

Antimicrobial agentsa MIC (,ug/ml)c MIC (,ug/ml)
% Sd % S

Range 50% 90% Range 50% 90%

Penicillin G (16) s0.06-32 4 32 90 .0.06-64 1 64 83
Ampicillin (4) s0.06-64 1 16 80 0.1-128 1 64 77
Azlocillin (64) s0.06-32 1 32 100 .0.06-16 1 16 100
Piperacillin (64) s0.06-8 0.2 1 100 .0.06-64 0.2 4 100
Mezlocillin (64) s0.06-4 0.2 1 100 s0.06-16 1 4 100
Cefuroxime (16) .0.06-64 0.5 32 85 s0.06-32 4 32 83
Cefoperazone (32) .0.06-64 1 16 95 0.1-64 2 8 93
Cefotaxime (32) .0.06-64 1 16 95 s0.06-128 2 64 87
Cefoxitin (32) .0.06-32 1 8 100 s0.06-128 2 128 80
Imipenem (8) .0.06-64 1 32 80 0.1-4 0.5 2 100
Dihydrostreptomycin (32) s0.06-64 16 64 85 8-.256 .256 .256 10
Neomycin (32) .0.06-128 32 128 65 16-.256 .256 .256 17
Spectinomycin (32) .0.06-.256 32 128 55 .0.06-.256 16 .256 67
Josamycin (4) .0.06-8 1 4 90 .0.06-64 0.5 8 87
Spiramycin (4) .0.06-32 2 32 60 .0.06-16 1 16 67
Chloramphenicol (16) .0.06-32 0.5 8 95 .0.06-128 2 16 90
Thiamphenicol (16) .0.06-64 2 32 85 .0.06-.256 4 .256 70
Nalidixic acid (16) .0.06-.256 32 .256 45 2->256 128 .256 7
Pipimedic acid (16) .0.06-.256 16 128 50 2->256 32 -256 27
Norfloxacin (4) .0.06-128 2 32 65 .0.06-64 8 64 30
Lincomycin (4) .0.06-64 0.5 64 75 0.2->256 8 128 47
Metronidazole (16) .0.06-128 0.5 32 85 .0.06-16 1 4 100
Tinidazole (16) .0.06-32 0.2 8 95 .0.06-16 1 4 100
Rifampin (2) .0.06-16 0.5 16 85 .0.06-64 1 64 53
Tetracycline (4) .0.06-32 1 32 85 .0.06-64 1 16 73
Sulfametoxypyridiazine (256) 32-2>256 128 .256 60 8-.256 128 .256 63
Trimethoprim (8) 8-.256 128 .256 5 2->256 128 .256 3
Fosfomycin (128) .0.06-64 1 16 100 2->256 32 .256 80

a Numbers in parentheses are MIC breakpoints (in micrograms per milliliter) indicating susceptibility.
b Numbers in parentheses are the numbers of strains tested. The value for anaerobic gram-positive rods includes four Clostridium malenominatum, two

Clostridium scatologenes, one Clostridium sporogenes, one Clostridium tyrobutyricum, four Eubacterium nodatum, four Eubacterium combesii, two
Eubacterium brachy, one Eubacterium nitritogenes, and one Propionibacterium acidipropionici isolates.

c MICs of all agents except penicillin G are given in micrograms per milliliter. Penicillin G MICs are in units per milliliter. 50% and 90%, MICs for 50 and 90%
of strains tested, respectively.

d % S, percentage of strains susceptible at the MIC breakpoint.

of the penicillin group of antibiotics, ureidopenicillins pos-
sess the greatest activity against anaerobic bacteria.
Of the three cephalosporins studied, the most active was

cefoperazone, with an MIC for 50% of isolates studied
(M1C50) of 0.5 ,ug/ml for gram-positive anaerobic cocci and 1
,ug/ml for gram-negative species; no strain was resistant at
the established breakpoint (16 ,ug/ml). Sedallian (19) ob-
tained lower MICs when studying the susceptibilities of 35
Peptostreptococcus and Peptococcus strains isolated from
human infections to cefotaxime. Of the P-lactam antibiotics,
cefoxitin performed slightly better than imipenem, although
fairly high rates of resistance to both antibiotics were found.

Resistance rates to the remainder of the antimicrobial
agents studied were also high: 35% of strains were resistant
to the three aminoglycosides and 30% were resistant to both
macrolides. Many strains were resistant to the quinolones
nalidixic acid and pipimedic acid while the M'C50 of the
fluoroquinolone norfloxacin was 2 ,ug/ml for the 39 gram-
positive cocci tested; this concentration was similar to that
reported by Mandell and Neu (8) in studies of Peptostrep-
tococcus species and by Piriz Duran et al. (11) in studies of
65 gram-positive anaerobic cocci. Norfloxacin activity
against gram-negative cocci was also moderate. Fosfomycin
proved effective in inhibiting the growth of most of the

strains tested; only 10% ofMegasphaera elsdenii and 14% of
Acidaminococcus fermentans strains were resistant to 128
jig/ml.
Table 2 shows the susceptibilities of 20 gram-positive and

30 gram-negative obligate anaerobic bacilli to the same 28
antimicrobial agents. Again, the ureidopenicillins were the
most active group; no resistance to any of the three antibi-
otics was recorded, a finding which coincides with the
results obtained by Piriz Duran et al. (14) in studies of
gram-positive and gram-negative anaerobic bacilli isolated
from goats with foot rot.

Penicillin G was more active that ampicillin. The behav-
iors of the three cephalosporins were similar, with suscepti-
bility rates of about 90%. One Clostridium strain (12.5%)
was resistant to imipenem. These values are similar to those
reported by Phillips et al. (10) and Piriz Duran et al. (14).
The three aminoglycosides showed very little activity,

with resistance rates of over 25% for all four genera. Pfriz
Duran et al. (14) reported equally high rates of resistance to
these antimicrobial agents among microorganisms isolated
from goats with foot rot.
The two macrolides yielded uneven results: josamycin

was much more active than spiramycin. Similarly, chloram-
phenicol showed greater activity than thiamphenicol, which
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had an MIC50 of 4 ,ug/ml for members of the genus Propion-
ibacterium; Sutter and Finegold (21) reported a comparable
value (8 pug/ml) for the same genus.
The quinolones sulfametoxypyridiazine and trimethoprim

failed to inhibit the growth of the bacteria studied. High
resistance rates were also encountered for the remainder of
the antimicrobial agents tested. The most effective of these
was tinidazole, which inhibited all Clostridium strains, and
only 5% of the other genera were resistant to this antimicro-
bial agent. Finally, the 20 anaerobic gram-positive rods
studied were susceptible to fosfomycin at a concentration of
128 ,uwg/ml.

We thank E. Fernandez Corrales for excellent technical assis-
tance.

This study was part of a research project supported by the
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Science.
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