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The in vitro susceptibilities of Chlamydia pneumoniae isolates to macrolide, tetracycline, and quinolone
antibiotics were determined. Tetracycline, clarithromycin, and erythromycin had the lowest MICs in the first
cell culture passage. Azithromycin required the lowest concentration for complete inhibition of inclusion
formation on the second pass into antibiotic-free medium, likely reflecting its high intracellular concentrations.

Chlamydia pneumoniae is an obligately intracellular bacte-
rium which was first isolated in association with acute respira-
tory infection in 1986 (7). Since that time, it has been identified
as a common cause of both upper and lower respiratory tract
infections and more recently has been associated with chronic
diseases such as asthma, sarcoidosis, and atherosclerosis (13).
C. pneumoniae differs from C. tfrachomatis in its resistance to
sulfonamides; however, like C. trachomatis and C. psittaci, it is
susceptible in vitro to tetracycline and erythromycin (11).

Azithromycin and clarithromycin are recently developed an-
tibiotics which have the potential to be more effective and
better tolerated than erythromycin and tetracycline for the
treatment of C. pneumoniae infections. We tested the in vitro
susceptibility of multiple strains of C. pneumoniae to these
agents as well as to the quinolones ofloxacin, sparfloxacin, and
temafloxacin. Preliminary results of clarithromycin testing and
completed results of ofloxacin testing have been previously
reported (12, 14).

Drug susceptibility tests were done in HL cell culture by
previously described methods (11). Four culture vials were
inoculated with C. pneumoniae (2 X 10* inclusion-forming
units [[FU] per vial with strains TW-183, AR-39, and AR-388;
1 X 10* IFU per vial with strains Ka-5c and Ka-66; and 1 X 10°
IFU per vial with other strains). The test drug was added in
serial twofold dilutions. After incubation at 35°C for 3 days,
two vials were stained for inclusions with a fluorescein isothio-
cyanate-conjugated genus-specific monoclonal antibody, CF-2.
The contents of the remaining two vials were harvested and
passed into two new culture vials. The vials were again cultured
without drug for 3 days and stained with fluorescent antibody
for inclusion counts.

The MIC for the first pass, which was done with antibiotics,
was defined as the lowest antibiotic concentration resulting in
the absence of inclusions detected by fluorescent-antibody
staining. For the second pass, which was done without antibi-
otics, two endpoints were determined. The MIC for 99.9%
inhibition on the second pass was defined as the lowest con-
centration at which there was a 99.9% inhibition of inclusion
formation compared with controls. The MIC for 100% inhibi-
tion on the second pass was defined by the complete absence of
inclusions.

All antibiotics were tested against three standard strains of
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C. pneumoniae (TW-183, AR-39, and AR-388). Some of the
antibiotics were also tested against additional strains as fol-
lows: clarithromycin and 14-hydroxyclarithromycin against
Ka-5c and Ka-66 (4); erythromycin against Ka-5c¢ (4); and
azithromycin against CWL-11 (1), CWL-50 (1), NY-2023 (2),
Ka-5c (4), Ka-66 (4), AC-5 (18), and AC-21 (18).

Clarithromycin, 14-hydroxyclarithromycin, temafloxacin,
and erythromycin lactobionate were supplied by Abbott Lab-
oratories, North Chicago, Ill.; azithromycin and tetracycline
were supplied by Pfizer Central Research, Groton, Conn.; and
sparfloxacin was supplied by Parke-Davis, Ann Arbor, Mich.

The lowest first-pass MICs were seen with clarithromycin,
tetracycline, and erythromycin (Table 1). For these antibiotics,
the 99.9% second-pass MIC was comparable to the first-pass
MIC but was between 1 and 2 log units lower than the 100%
second-pass MIC. Azithromycin had a higher first-pass MIC
than the three other antibiotics listed above; however, of all the
antibiotics tested, azithromycin had the lowest 100% second-
pass MIC and the lowest 100%/99.9% MIC ratio for second-
pass inhibition.

Sparfloxacin was the most active quinolone tested against C.
pneumoniae and was close to the macrolides in activity. High
first- and 100% second-pass MICs were seen with erythromy-
cin, tetracycline, and the quinolones.

This in vitro test method gave substantial variability from
test to test, as much as 1 to 2 log units, as shown by the range
of results in Table 1. However, there was no consistent differ-
ence in the patterns of susceptibilities of different C. pneu-
moniae strains.

Since our first report on the in vitro drug susceptibility test-
ing of C. pneumoniae in 1988 (11), susceptibility testing has
focused on the tetracyclines, macrolides, and quinolones. Our
results indicate that, of those groups, C. pneumoniae is most
susceptible to the macrolides and tetracyclines. Our results
also indicate the importance of performing a second pass into
antibiotic-free medium to assess in vitro susceptibility. In vivo,
antibiotics must both be lethal to the metabolically active in-
tracellular reticulate body and then maintain inhibitory levels
in tissue long enough to prevent previously formed elementary
bodies from causing new cycles of infection. Some drugs, such
as the beta-lactams (11), inhibit the production of infectious
particles by inhibition of the maturation of reticulate bodies to
elementary bodies but do not completely inhibit the replication
of reticulate bodies. Therefore, although relatively low MICs
are seen on the second pass, much higher concentrations of
drug are required to produce the complete absence of inclu-
sions on the first pass.
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TABLE 1. Inhibition of C. pneumoniae inclusion formation in vitro
Mean MIC (range) in pg/ml
S No. of tests - P 100%/99.9%
Antibiotic performed First pass with Second pass without antibiotic MI é ratioo
antibiotic 99.99% 100%
Azithromycin 10 0.22 (0.125-0.5) 0.20 (0.1-0.5) 0.29 (0.125-0.5) 1.5
Clarithromycin 13 0.04 (0.025-0.1) 0.03 (0.0125-0.1) 0.57 (0.05-2.0) 19
14-Hydroxyclarithromycin 10 0.28 (0.05-0.5) 0.05 (0.0125-0.1) 0.45 (0.05-1.0) 9
Sparfloxacin 9 0.21 (0.05-0.5) 0.02 (0.01-0.05) 1.0 (0.1-2.0) 50
Temafloxacin 10 2.4 (2.0-4.0) =0.5 18.8 (2.0-40) 38
Ofloxacin® 4 1.3 (1.0-2.0) 1.3 (1.0-2.0)
Tetracycline 4 0.08 (0.05-0.1) 0.07 (0.05-0.1) 2.8 (1.0-4.0) 40
Erythromycin 4 0.08 (0.05-0.1) 0.02 (0.01-0.05) 2.0 (0.5-4.0) 100
“ Data were published previously (14).
Of all the antibiotics we tested, azithromycin showed the REFERENCES

highest degree of activity in providing sustained inhibition of
chlamydial growth on the second pass into antibiotic-free me-
dium. Azithromycin, 14-hydroxyclarithromycin, and ofloxacin
were the only antibiotics without significant differences in MIC
between the first and second passes. However, azithromycin is
more effective in killing the remaining 0.1% of the organisms.
This is likely to be due to the extremely high concentrations in
tissue achieved by azithromycin. Similarly, the low 100%/
99.9% azithromycin MIC ratio for elimination of inclusions on
the second pass also likely reflects high concentrations of the
drug in tissue. The relatively low concentrations of azithromy-
cin required for 100% elimination of inclusions on the second
pass may be considered analogous to a bactericidal effect, as
observed with traditional broth dilution antimicrobial suscep-
tibility testing. Although azithromycin, which binds to the bac-
terial 50S ribosomal subunit and inhibits RNA-dependent pro-
tein synthesis, is, like other macrolides, generally considered to
be bacteriostatic, bactericidal activity has been demonstrated
in vitro against other bacterial species (5, 6, 17). Treatment
failures in cases of chronic chlamydial infection are common.
Therefore, the ability of an antibiotic to eradicate the residual
0.1% of the organisms may indicate whether an antibiotic is
bacteriostatic or bactericidal.

Our results are in general consistent with those reported by
other investigators (3, 9, 16). We did find MICs of sparfloxacin
higher than those generally previously reported, however. Na-
kata et al. found that the sparfloxacin MICs were 0.031 pg/ml
for the first pass and 0.063 pg/ml for the second pass against
two strains of C. pneumoniae (15). Hammerschlag et al. re-
ported a range of MICs on the first pass of 0.06 to 0.25 pg/ml,
similar to our results; however, on the second pass they found
much lower MICs than we did, with a range of 0.06 to 0.25
wg/ml (8). Kimura et al. found an MIC on the first pass of 0.063
wg/ml (10). However, Cooper et al. noted higher MICs more
consistent with our results, with an MIC of sparfloxacin on the
first pass of 0.5 pwg/ml and an MIC on the second pass of >2
pg/ml (3).

Further testing of azithromycin and clarithromycin in a clin-
ical setting is needed. However, they are likely to be at least as
effective as and better tolerated than erythromycin and tetra-
cycline for the treatment of respiratory infections due to C.
pneumoniae.
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