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Clarithromycin is compared with clindamycin for single-dose prophylaxis of streptococcal endocarditis in
rats. Human-like kinetics of the two antibiotics prevented endocarditis in animals challenged with both small
and large amounts of bacterial inocula. Clarithromycin was marginally superior to clindamycin against small
amounts of inocula. Clarithromycin may be considered for endocarditis chemoprophylaxis in human.

Most authorities recommend that patients with cardiac valve
abnormalities take antibiotic prophylaxis before procedures
that might induce bacteremia (3, 4, 16, 17). In the case of
dental surgery, the recommendations include high doses of
either oral amoxicillin, erythromycin, or clindamycin for pen-
icillin-allergic patients (3, 4, 16, 17). Newer acid-stable mac-
rolides produce more-prolonged antibiotic concentrations in
the serum and fewer gastrointestinal side effects than erythro-
mycin and clindamycin (18, 19) and thus might present some
advantages for the prevention of streptococcal endocarditis. In
our experiments, the new acid-stable macrolide clarithromycin
was compared with clindamycin for single-dose prophylaxis of
streptococcal endocarditis in rats. Clindamycin was utilized as
a control because this drug is recommended both in the United
States and in Europe for endocarditis prophylaxis for penicil-
lin-allergic patients (3, 4, 16, 17).
Three previously described streptococcal isolates susceptible

to erythromycin were used in the animals (Table 1) (5, 6).
Bacteria were grown at 358C either in brain heart infusion
broth (Difco Laboratories, Detroit, Mich.) or on Columbia
broth plates (Becton Dickinson, Cockeysville, Md.) supple-
mented with 3% blood. Clarithromycin was obtained from
Abbott Laboratories Ltd. (North Chicago, Ill.), clindamycin
was obtained from The Upjohn Company (Kalamazoo, Mich.),
and erythromycin was obtained from Sigma Ltd. (St. Louis,
Mo.). MICs and MBCs of the antibiotics were determined by
a previously described broth macrodilution method (5, 15).
Time-kill curves were determined in liquid cultures with 106 to
107 CFU/ml as the original inoculum amount (5). The antibi-
otics were added to the cultures at final concentrations approx-
imating the peak drug levels in sera during prophylaxis for
humans (see below). Samples of the cultures were appropri-
ately diluted before plating, thus permitting the minimization
of antibiotic carryover.
Sterile aortic vegetations were produced in rats as previously

described (10). An intravenous line was inserted into the su-
perior vena cava and connected to a programmable infusion
pump to deliver the antibiotics (6). Bacterial endocarditis was
induced 24 h after catheterization by intravenous challenge of

the animals with 0.5 ml of saline containing either the minimal
amount of inoculum producing endocarditis in 90% of un-
treated controls (the 90% infective dose [ID90]) or 100 times
the ID90. Antibiotic prophylaxis was started 2 h before inocu-
lation. The drugs were administrated at changing flow rates
through the pump to simulate in rats the human kinetics in
serum produced by an oral dose of 500 mg of clarithromycin or
600 mg of clindamycin. This drug administration required a
total of 58.5 mg of clarithromycin per kg of body weight per 24
h and of 82.5 mg of clindamycin per kg per 12 h. The animals
were sacrificed 3 days later, and quantitative cultures of the
vegetations, the spleens, and the blood were performed. The
limit of detection was $2 log10 CFU/g of tissue. Rats with
sterile vegetations were considered uninfected. Bacteria recov-
ered from infected vegetations were retested for the MIC of
the prophylactic drug. Antibiotic levels in the serum were de-
termined in groups of three to six rats by an agar diffusion
method and with Micrococcus luteus ATCC 9341 as the indi-
cator organism. The limits of detection were 0.08 mg/liter for
clarithromycin and 0.3 mg/liter for clindamycin. Standard
curves were linear (r $ 0.995), and intraplate and interplate
variations were #10%. No attempt was made to distinguish
between the activity of clarithromycin and that of drug metab-
olites. Inhibitory titers in serum and bactericidal titers in serum
were measured in groups of six rats as previously described
(12). The incidence of valvular infection among treatment
groups was compared by the x2 test with Yates’ correction. All
reported significant differences (P # 0.05) were determined by
two-tailed tests.
Table 1 shows the MICs and MBCs of erythromycin, clar-

ithromycin, and clindamycin for the three test organisms.
MBCs were low except for Streptococcus intermedius. In time-
kill experiments, peak levels in serum of either erythromycin (2
mg/liter) (11), clarithromycin (2 mg/liter) (2), or clindamycin
(10 mg/liter) (7) could reduce the cultures’ viable counts by$2
log10 CFU/ml/24 h (data not shown). Figure 1 depicts antibi-
otic concentrations in the sera of rats during simulation of the
human kinetics produced by a single oral dose of 500 mg of
clarithromycin or 600 mg of clindamycin (2, 7). Clarithromycin
was detectable for $24 h after administration, whereas clinda-
mycin became barely measurable after 12 h. Clarithromycin
also generated a more prolonged antistreptococcal activity
than clindamycin in sera, as shown by determinations of inhib-
itory titers in sera (Fig. 1, bottom panel). No bactericidal titers
in sera were detected. Figure 2 shows that both antibiotics
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successfully prevented endocarditis in animals challenged with
either the ID90 or 100 times the ID90 of the three test organ-
isms, although clarithromycin tended to be more effective than
clindamycin at the smaller inoculum amount. Spleen and blood
cultures were positive only in infected animals. No resistant
bacteria were detected.
Thus, single-dose prophylaxis with either clarithromycin or

clindamycin successfully prevented experimental streptococcal
endocarditis produced with both large (ID90) and very large
(100 times the ID90) inoculum amounts. This wide range of

protection was probably derived from the combination of both
a prolonged inhibition of bacterial growth and some killing
effects of the drugs. The contribution of these two mechanisms
to successful prophylaxis was previously documented (1, 6, 8,
12). While inoculum amounts as large as 100 times the ID90 are
unlikely to be released during dental procedures on humans (9,
13), these experiments provide a stringent test for antibiotic
efficacy. The protection afforded by clarithromycin and clinda-
mycin in these studies suggests a wide—yet theoretical—mar-
gin of safety for the utilization of these antibiotics for endo-
carditis prophylaxis in humans. Because clarithromycin is
sustained in serum longer than erythromycin and clindamycin,
clarithromycin might also help to simplify the recommenda-
tions for endocarditis prophylaxis in the United States, which
advocate a second antibiotic dose after 6 h to ensure prolonged
antibiotic activity (3). Clarithromycin might also be superior to
single-dose prophylaxis with clindamycin, which is recom-
mended in Europe (4, 16, 17). Thus, these observations and the
good pharmacokinetics and levels of tolerance for new mac-
rolides suggest that clarithromycin might be an excellent can-
didate for prophylaxis of streptococcal endocarditis in humans.

We thank Marlyse Giddey for outstanding technical assistance.

FIG. 1. Antibiotic concentrations in the sera of rats (means 6 standard
deviations for$10 separate animals per point; closed symbols) during simulation
of the humans kinetics (open symbols) produced by a single oral dose of either
500 mg of clarithromycin (upper panel) or 600 mg of clindamycin (middle panel).
The lower panel depicts the inhibitory titers in sera of rats treated with either of
the two compounds. Note that identical inhibitory titers in serum were found for
each of the three test organisms.

FIG. 2. Results of antibiotic prophylaxis of experimental streptococcal endo-
carditis. The columns indicate percentages of infected vegetations. The test
organisms are indicated at the top of the figure. The treatment groups and
numbers of animals per group are shown at the bottoms of the columns. C,
untreated control; Clr, clarithromycin; CM, clindamycin. The p symbols indicate
a P value of ,0.05 when compared with untreated controls, and the 1 symbol
indicates a P value of ,0.05 when compared with clindamycin prophylaxis.

TABLE 1. MICs and MBCs of erythromycin, clarithromycin, and
clindamycin for the three streptococcal strains tested in in

vivo experiments

Strain
MIC/MBC (mg/liter) of:

Erythromycin Clarithromycin Clindamycin

Streptococcus intermedius 0.064/32a 0.032/4a 0.032/0.25
Streptococcus sanguis ‘‘Du’’ 0.008/0.125 0.032/0.064 0.016/0.064
Streptococcus sanguis 1178 0.016/0.125 0.016/0.032 0.064/0.12

a Considered ‘‘tolerant’’ to erythromycin and clarithromycin as defined by a
MBC/MIC ratio of $32 (14).
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