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The antimicrobial activities of teicoplaiin and ampicillin, alone and in combination with gentamicin, were
compared in experimental Streptococcusfaecalis endocarditis. Bacterial titers in vegetations of rabbits treated
with teicoplanin were significantly lower than those of untreated controls (P < 0.01) and were equivalent to
titers in ampicillin-treated animals. Gentamicin increased the activities of both drugs to a comparable degree.

Enterococcal endocarditis continues to represent a major
therapeutic challenge. Successful treatment often requires
the prolonged use of multidrug regimens that are potentially
toxic. With the emergence of enterococcal strains resistant
to the synergistic effect of some antibiotic combinations,
such as streptomycin and penicillin, treatment options have
become further limited (1, 3-6). Recent studies have dem-
onstrated that teicoplanin (theicomycin) has antimicrobial
activity in vitro against many strains of Streptococcus fae-
calis (2, 9). Moreover, the combination of teicoplanin with
an aminoglycoside is synergistic against the majority of
strains tested. These results suggest that teicoplanin may
have activity in vivo against enterococci. To assess this
possibility, we evaluated the antimicrobial properties of
teicoplanin in a rabbit model of enterococcal endocarditis.
Assays of antimicrobial sensitivities were performed by

standard broth dilution techniques (10). The MICs and
MBCs for teicoplanin, ampicillin, and gentamicin were 1 and
>64 ,ug/ml, 1 and 4 ,ug/ml, and 16 and 64 ,ug/ml, respectively.
Nonbacterial thrombotic endocarditis was established in 68
New Zealand rabbits (2 to 3 kg) by placement of a sterile
polyethylene catheter across the aortic valve (7). Twenty-
four hours later, 2 x 107 CFU of S. faecalis strain 122 were
injected through a peripheral vein. To determine the vege-
tation bacterial titers at the onset of therapy, five animals
were sacrificed 12 h after inoculation. The remaining 63
animals were randomized to one of five groups: teicoplanin
(12.5 mg/kg every 12 h [ql2h] intravenously, 14 animals);
teicoplanin (12.5 mg/kg ql2h intravenously) in combination
with gentamicin (3 mg/kg q6h intramuscularly, 17 animals);
ampicillin (100 mg/kg q6h intramuscularly, 9 animals); am-
picillin in combination with gentamicin (100 mg/kg and 3
mg/kg q6h intramuscularly, 16 animals); or no therapy (7
animals). Peak antibiotic concentrations in serum were tneas-
ured 1 h after drug administration. Trough concentrations of
ampicillin and gentamicin were assayed 6 h after drug
administration, whereas trough levels of teicoplanin were
obtained 12 h after dosing. A strain of Bacillus globigii was
used to measure ampicillin concentrations. A strain of
Staphylococcus epidermidis (ATCC 27626) was used to
measure teicoplanin and gentamicin concentrations. For
samples obtained from animals receiving combination ther-
apy, ampicillin and gentamicin were inactivated by penicil-
linase (Difco Laboratories) and cellulose phosphate, respec-
tively (8). The drug concentrations in serum (mean ±
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standard deviation) of teicoplanin 1 and 12 h after drug
administration were 36.2 + 21.6 and 4.7 ± 2.4 ,ug/ml. Peak
and trough concentrations of ampicillin in serum were 61.7
± 24.9 ,ug/ml and 0.7 ± 2.0 ,ug/ml; for animals receiving
gentamicin the peak and trough antimicrobial concentrations
in serum were 6.7 ± 2.2 ,ug/ml and 0.5 ± 0.4 jig/ml (Table 1).

After 4 days of therapy, surviving rabbits were sacrificed.
The aortic valves were excised aseptically, weighed, and
homogenized in a tissue grinder. Serial 10-fold dilutions of
the homogenate were made in saline and plated onto blood
agar. Colony counts were performed after 48 h of incubation
at 35°C and expressed as the mean logl0 (± standard
deviation) CFU per gram of vegetation. Animals that died
during therapy were refrigerated at 5°C within 6 h of death
until time of necropsy. Vegetations from these animals were
processed as described above.
Twelve hours after inoculation the bacterial titers in the

infected aortic valves (mean log10 ± standard deviation)
were 6.50 ± 1.00 CFU/g (Table 2). After 4 days, titers had
risen to 9.25 ± 0.13 CFU/g in untreated controls. Therapy
with teicoplanin alone significantly inhibited bacterial growth
in the valves (mean log10 titer, 3.57 ± 2.58 CFU/g; P < 0.05
compared with controls at day 4) to a degree comparable to
therapy with ampicillin (mean log10 titer, 4.90 ± 0.92 CFU/g).
Titers in animals treated with either ampicillin or teicoplanin
did not differ significantly from those in animals at the onset
of therapy (P > 0.1). However, combination therapy with
teicoplanin and gentamicin significantly reduced the titers.
The mean log10 titer for this treatment group, 1.37 ± 1.87
CFU/g of infected valve, was significantly lower than titersat
the onset of therapy and titers in untreated controls (P <
0.001). Moreover, this regimen was as effective as the

TABLE 1. Antibiotic regimens and corresponding drug
concentrations in serum 1, 6, or 12 h after drug administration

Antimicro- Mean serum concn ± SD (,ug/ml) at:
bial agent Dosagea 1 h 6 h 12 h

Ampicillin 100 mg/kg 61.7 ± 24.9 0.7 ± 2.0 b
q6h i.m.

Gentamicin 3 mg/kg 6.7 ± 2.2 0.5 ± 0.4 b
q6h i.m.

Teicoplanin 12.5 mg/kg 36.2 ± 21.6 b 4.7 ± 2.4
ql2h i.v.

a i.m., Intramuscularly; i.v., intravenously.
b, Not done.
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TABLE 2. Effect of antimicrobial therapy on the number of
bacteria per gram of vegetation

Titer (mean
Treatment group + SD log1o

CFU/g)

Control (12 haafter infection) ....................6.50 ± 1.00
Control (4 days after infection) ...................9.25 ± 0.13
Ampicillin ..................... 4.90± 0.92b
Teicoplanin..................... 3.57 ± 2.58b
Ampicillin and gentamicin..................... 2.63 ± 1.56b,c
Teicoplanin and gentamicin ..................... 1.37 ± 1.87b,c

a Time at which therapy was initiated.
b p < 0.01 compared with controls after 4 days.
C P < 0.01 compared with controls after 12 h.

combination of ampicillin and gentamicin (mean log1o titer,
2.63 + 1.56 CFU/g; P > 0.1).

Thus, teicoplanin alone was comparable to ampicillin in its
ability to inhibit the growth of S. faecalis within cardiac
vegetations. When combined with gentamicin, teicoplanin
demonstrated significant bactericidal activity. These results
suggest that teicoplanin may be a useful alternative in the
therapy of enterococcal infections when given in combina-
tion with gentamicin. Further evaluation of its clinical ef-
ficacy and possible toxicity should be considered.

LITERATURE CITED
1. Calderwood, S. A., C. Wennersten, R. C. Moelering, Jr., L. J.

Iunz, and D. J. Krogstad. 1977. Resistance to six aminoglyco-
side aminocyclitol antibiotics among enterococci: prevalence,
evolution, and relationship to synergism with penicillin. Antimi-
crob. Agents Chemother. 12:401-405.

2. Cynamon, M. H., and P. A. Granato. 1982. Comparison of the
invitro activities of teichomycin A2 and vancomycin against
staphylococci and enterococci. Antimicrob. Agents Chemother.
21:504-505.

3. Mederski-Samoraj, B. D., and B. E. Murray. 1983. High-level
resistance to gentamicin in clinical isolates of enterococci. J.
Infect. Dis. 147:751-757.

4. Moellering, R. C., Jr., 0. M. Korzeniowski, M. A. Sande, and
C. B. Wennersten. 1979. Species-specific resistance to antimi-
crobial synergism in Streptococcus faecium and Streptococcus
faecalis. J. Infect. Dis. 140:203-208.

5. Moellering, R. C., Jr., B. E. Murray, S. C. Schoenbaum, J.
Adler, and C. B. Wennersten. 1980. A novel mechanism of
resistance to penicillin-gentamicin synergism in Streptococcus
faecalis. J. Infect. Dis. 141:81-86.

6. Moellering, R. C., Jr., C. B. Wennersten, T. Medrek, and A. N.
Weinberg. 1971. Prevalence of high-level resistance to amino-
glycosides in clinical isolates of enterococci, p. 335-340. Anti-
microb. Agents Chemother. 1970.

7. Perlman, B., and L. R. Freedman. 1971. Experimental endo-
carditis. II. A new method for the production of staphylococcal
endocarditis of the aortic valve in rabbits. Yale J. Biol. Med.
44:206-224.

8. Stevens, P., and L. S. Young. 1977. Simple methods for elimi-
nation of aminoglycosides from serum to permit bioassay of
other antimicrobial agents. Antimicrob. Agents Chemother.
12:286-287.

9. Tuazon, C. U., and H. Miller. 1984. Coniparative in vitro
activities of teichomycin and vancomycin alone and in combi
nation with rifampin and aminoglycosides against staphylococci
and enterococci. Antimicrob. Agents Chemother. 25:411-412.

10. Washington, J. A., II, and V. L. Sutter. 1980. Dilution suscep
tibility test: agar and macro-broth dilution procedures, p.
453-458. In E. H. Lennette, A. Balows, W. J. Hausler, Jr., and
J. P. Truant (ed.), Manual of clinical microbiology, 3rd ed.
American Society for Microbiology, Washington, D.C.

136 NOTES


