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The susceptibility of 93 aerobic and 59 anaerobic bacteria isolated from human and animal bite wounds was

determined by agar dilution. No agent tested (penicillin, oxacillin, cephalexin, sulfamethoxazole-trimethoprim,
minocycline, erythromycin, and RU-965) was consistently active against all isolates. A total of 21% of the
Bacteroides species, all isolated from human bites, were resistant to penicillin; 14 and 18% of the Pasteurella
multocida isolates were resistant to erythromycin and oxacillin, respectively.

Bite wounds are common injuries and account for approx-

imately 1% of all emergency room visits (5). Infectious
complications are frequent and include cellulitis, septic
arthritis, osteomyelitis, and even fatal sepsis. Isolates are
most often those from the oral flora of the biter and include
both aerobic and, in 33 to 55% of cases, anaerobic bacteria
(10, 11). To date, the information available regarding the
susceptibility of bacteria isolated from bite wounds comes
from studies that have focused on a single organism, such as
Pasteurella multocida, DF-2, or Eikenella corrodens (2, 7, 8,
16, 17). In addition, these studies have often used veterinary
isolates and strains obtained from general clinical specimens
other than bite wounds.
We determined the susceptibility of 93 aerobic and 59

anaerobic bacteria to seven oral antimicrobial agents, includ-
ing a new macrolide antibiotic, RU-985. This new agent has
a structure and an antibacterial spectrum similar to that of
erythromycin, but gives higher and more sustained plasma
and tissue levels, according to the manufacturer (Hoechst-
Roussel Pharmaceuticals Inc., Somerville, N.J.).
The purpose of this study was (i) to use only strains

isolated from bite wounds, (ii) to study recently isolated
strains to look for the emergence of resistance, (iii) to study
the susceptibility of these isolates to oral antibacterial agents
since many of these wounds are treated with oral antibiotics
and outpatient follow-up, (iv) to supply these data in a single
paper since no previous study combines this information,
and (v) to extrapolate the potential utility for empiric therapy
of the various agents studied.

MATERIALS AND METHODS

All 152 strains tested were recent isolates and were
identified by standard criteria (1, 13, 14; V. L. Sutter, D. M.
Citron, M. A. C. Edelstein, and S. M. Finegold, Wadsworth
Anaerobic Bacteriology Manual, 4th ed., in press). The
sources of the isolates were: dog bites, 83; cat bites, 23;
human bites, 42; squirrel bite, 1; and bites ofunknown origin,
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3. The numbers and species of isolates tested are given in
Table 1.

Standard laboratory powders were kindly supplied by the
following companies: penicillin G, cephalexin, and erythro-
mycin, Eli Lilly & Co., Indianapolis, Ind.; oxacillin, Bristol
Laboratories, Syracuse, N.Y.; minocycline, Lederle Labo-
ratories, Pearl River, N.Y.; sulfamethoxazole-trimethoprim
(SXT), Hoffman-La Roche Inc., Nutley, N.J.; and RU-965,
Hoechst-Roussel Pharmaceuticals Inc., Somerville, N.J.

Strains were taken from frozen stock culture and trans-
ferred twice to ensure purity and good growth. Because of
the diversity of the isolates tested, strains of various types
were handled differently, according to accepted appropriate
methods for the particular organism. Anaerobic bacteria
were cultured and inocula were prepared by the methods
outlined in the Wadsworth Anaerobic Bacteriology Manual
(in press). Isolates of E. corrodens were cultured and inocula
were prepared by the methodology previously established by
our laboratory (8). Other aerobic isolates were tested by
standard procedures (14).

Mueller-Hinton agar supplemented with hemin (10 ,ug/ml)
was the basal medium for all aerobic isolates. The plates for
E. corrodens, the alpha-hemolytic streptococci, Haemoph-
ilus species, and Actinobacillus species were also supple-
mented with 5% sheep blood. Plates for testing the activity
of SXT were supplemented with 5% laked horse blood
instead of sheep blood. Plates used for anaerobic bacteria
contained brucella agar supplemented with vitamin Kl,
hemin, and 5% laked sheep blood, except for SXT testing in
which case 5% laked horse blood was used instead of sheep
blood. Freshly prepared solutions of twofold dilutions of
antimicrobial agents were incorporated into the media de-
scribed above to yield final concentrations from 64 to 0.06
,ug/ml, except RU-965, in which the highest concentration
was 32 ,ug/ml because of the solubility limitation. SXT was

prepared in a sulfamethoxazole-to-trimethoprim ratio of
19:1.
The plates were inoculated with a Steers replicator (Craft

Machine Inc., Chester, Pa.). Control plates without antimi-
crobials were inoculated before and after each series of
drug-containing plates. Plates with aerobic bacteria were

incubated at 35°C in an aerobic environment for 24 h and
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TABLE 1. Activity of seven agents against aerobic and anaerobic bite wound isolates

MIC (p.g/Ml)a
No. of Antimicrobial MIC__

Organism isolates agent Range 50% 90%

Staphylococcus aureus 17 Penicillin G s0.06-64 4 32
-.... - . 1% ^ -- ^ I%C A2) U.2

Pastuerella multocida

Alpha-hemolytic streptococci

Eikenella corrodens

Gram-negative aerobic fermentersb

Gram-negative aerobic nonfermentersc

Nonpigmented Bacteroides species

Pigmented Bacteroides species

Fusobacterium species

22

12

15

15

18

16

15

Oxacillin
Cephalexin
Minocycline
SXT
Erythromycin
RU-965

Penicillin G
Oxacillin
Cephalexin
Minocycline
SXT
Erythromycin
RU-965

Penicillin
Oxacillin
Cephalexin
Minocycline
SXT
Erythromycin
RU-965

Penicillin
Oxacillin
Cephalexin
Minocycline
SXT
Erythromycin
RU-965

Penicillin
Oxacillin
Cephalexin
Minocycline
SXT
Erythromycin
RU-965

Penicillin
Oxacillin
Cephalexin
Minocycline
SXT
Erythromycin
RU-965

Penicillin
Oxacillin
Cephalexin
Minocycline
SXT
Erythromycin
RU-965

Penicillin
Oxacillin
Cephalexin
Minocycline
SXT
Erythromycin
RU-965

Penicillin
Oxacillin
Cephalexin
Minocycline

0.12-0.5
0.5-4

0.25-4
1-4

0.25->64
0.5->32

<0.06-32
<0.06->64
.0.06-2
s0.06-4
s0.06-8
.0.06->32

2->32

.0.06-0.5
s0.06-2
0.12-4
0.12-16

s0.06-4
0.06-0.12
0.12-1

0.12-2
0.25->64

1->64
0.12-4
0.5-64

0.12-8
4->32

s0.06-4
.0.06-32
s0.06-4
s0.06-0.5
s0.06-1
.0.06-4

1-32

.0.06-8
s0.06-32
s0.06-4
.0.06-1
s0.06-2
-0.06-8

1-32

<0.06-16
s0.06-32

0.5-16
s0.06-8

1->64
0.06-1
0.12-16

s0.06-8
0.06-16

.0.06-4

.0.06-32
s0.06-32
0.06-1
0.06-16

s0.06-1
.0.06-4
.0.06-1
.0.06-0.25

().25
1
0.25
1
0.5
2

-0.06
1
0.25
0.25
0.5
1
8

0.125
0.5
1
0.25
0.5
0.06
0.25

U.3
2
4
4

>64
>32

0.25
8
1
0.25
2
4
32

0.25
1
2
8
1
0.12
0.5

2
2-64
64
2
8
8

32

4
32
4
0.5
1
4
32

4
32
4
1
2
8

32

0.5
32
16
1
0.5
4
32

0.12
4
1
0.25
0.5
0.5
4

0.12
4
1
0.25
1
1
8

.0.06
1
1

.0.06
8
0.25
0.5

8
32
8
4
64
1
4

1
16
2
1

32
1
4

.0.06
0.5
0.5

.0.06
2
0.06
0.25

.0.06 0.5
0.12 2.0
0.25 1

.0.06 0.12
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TABLE 1-Continued

No. of Antimicrobial MIC (pg/mI)aOrganism isolates agent Range 50% 90%
SXT 1-264 32 64
Erythromycin 2-64 16 32
RU-965 2->32 32 >32

Anaerobic gram-positive cocci 10 Penicillin <0.06-0.5 0.12 0.25
Oxacillin '0.06-2 0.5 2
Cephalexin 0.25->64 2 32
Minocycline '0.06-8 0.12 4
SXT 1-264 4 >64
Erythromycin -0.06-.64 0.25 >64
RU-965 0.25->32 2 >32

aMICs required to inhibit 50 and 90% of isolates as indicated.
b Includes EF-4, 7; Actinobacillus actinomycetemcomitans, 5; and Haemophilis species, 3.
c Includes Moraxella species, 6; M-5, 4; IIj, 2; Neisseria species and Branhamella catarrhalis,

then examined. Anaerobic bacteria were incubated for 48 h authors (3,
in GasPak (BBL Microbiology Systems, Cockeysville, Md.) suggest that
or Anapak (Scott Laboratories, Inc., Richmond, Calif.) jars wound bact
and then examined. E. corrodens, alpha-hemolytic strepto- prudent.
cocci, Haemophilus species, and Actinobacillus actinomy- Elenbaas
cetemcomitans strains were incubated in 5 to 10% CO2 for 48 study that e)
h and then examined. Control strains (Staphylococcus au- with that of
reus ATCC 25923, Bacteroides thetaiotaomicron ATCC wounds. The
29741, B. fragilis ATCC 25285, and E. corrodens ATCC improved ou
23834) were tested simultaneously with the appropriate occurred in I
plates and environments. group. Whil

because ofiRESULTS AND DISCUSSION isms and P.
The results of the study are summarized in Table 1. These have relative

data suggest that the selection of an empiric oral antimicro- was consiste
bial regimen for human and animal bite wounds remains isolates, boti
problematic. No agent tested was consistently active against S. aureus. R
the wide variety of aerobic and anaerobic bacteria that are of P. multoc
potential pathogens in bite wounds. other fastidio
Almost all animal bite wound isolates were susceptible to which may b

penicillin G, with the exception of S. aureus, which is consistently
present in 10 to 25% of such wounds (4, 7). Bacteroides cephalexin (E
species are the most frequently isolated anaerobic bacteria the use of bo
from both animal and human bite wounds. While all the SXT exhil
Bacteroides species isolated from animal bite wounds were isolates, but
susceptible to penicillin, 47% (7/15) of those isolated from isolates. If S
human bite wounds were resistant to penicillin. These iso- additional agi
lates were found to produce beta-lactamase. to cover ana4
Some centers have advocated the use of two agents as The spectr

empinc therapy until specific bacteriologic information be- erythromycir
comes available (5, 7, 9). The fixed combination of amoxicil- aerobic and;
lin-potassium clavulanate has been shown to be as effective against most
as penicillin with or without dicloxacillin in the therapy of species, and
bite wounds (12), but it was not tested in our current study. mented and
Minocycline was relatively active against most of the strains reus isolates
tested. A total of two strains of alpha-hemolytic strepto- and aerobic
cocci, one strain of Peptostreptococcus species, and approx- RU-965 per n
imately 5% of the Bacteroides species were resistant to spp., E. corr(
minocycline. Minocycline and other tetracyclines, such as of RU-965 pc
doxycycline, might offer an alternative to combination ther- RU-965 in bi
apy or be used as primary therapy in the penicillin-allergic levels.
patient. However, tetracyclines are contraindicated in chil-
dren and pregnant and breast-feeding women.

Oxacillin, erythromycin, and, to a lesser extent, This study wcephalexin showed relatively poor activity against various Pharmaceuticalbite pathogens. Despite their recommended use by some Goldstein Publ

2; and Flavobacterium species, 1.

4, 15), data from our microbiological study
if these agents are used, careful monitoring of
.eriology and therapeutic response would be

et al. (6) reported a prospective, double-blind
valuated the activity of oral oxacillin compared
a placebo in the empiric therapy of dog bite
oy noted that "oxacillin was not associated with
itcome" and that the only two infections that
the 46 evaluated patients were in the oxacillin
le oxacillin was chosen as the test antibiotic
its "effectiveness against gram-positive organ-
multocida" (6), our study showed oxacillin to
ly poor in vitro activity against bite isolates. It
ently less active than penicillin G against all
h aerobic and anaerobic, with the exception of
.esistance to oxacillin was demonstrated in 18%
ida, 24% of Bacteroides species, and >50% of
)us aerobic gram-negative strains. E. corrodens,
e found in up to 25% of human bite wounds, is
resistant to oxacillin and relatively resistant to
8); therapeutic failure has been associated with
4th oxacillin and cephalexin in human bites (7).
bited moderate activity against most aerobic
t was inactive against most (71%) anaerobic
'XT were to be used to treat bite wounds, an
lent, such as metronidazole, would be required
erobic bacteria.
.um of activity of RU-965 was similar to that of
n, but it was consistently less active against both
anaerobic isolates. Erythromycin was inactive
strains of E. corrodens and Fusobacterium
14% of P. multocida strains. Almost all pig-
nonpigmented Bacteroides species and S. au-
were susceptible to <4 ,ug of RU-965 per ml,
streptococci were susceptible to .1 ,ug of

nl. P. multocida, Moraxella spp., Haemophilus
odens, and Fusobacterium spp. required >4 ,ug
er ml for inhibition. The clinical usefulness of
ite wounds would depend on achievable tissue
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