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Broth microdilution was used to determine the MICs of AR-709 and comparator antimicrobial agents for 224
invasive multidrug-resistant isolates of Streptococcus pneumoniae. AR-709 was highly active, with a MIC50 of
0.25 �g/ml, a MIC90 of 0.5 �g/ml, and a range of <0.008 �g/ml to 1 �g/ml.

Streptococcus pneumoniae is a significant cause of meningi-
tis, pneumonia, bacteremia, sinusitis, and otitis media, with a
U.S. national estimate of over 40,000 cases of invasive disease
per year and 1.6 deaths per 100,000 population (1). Of concern
is the global emergence of drug-resistant S. pneumoniae, espe-
cially strains resistant to beta-lactams and macrolides which
are commonly prescribed for community-acquired pneumonia
(6, 10, 16). High rates of resistance to trimethoprim-sulfa-
methoxazole (SXT) have limited the utility of that inexpensive
oral agent, and resistance to fluoroquinolones might become
more common in the future (4). Important risk factors for
antimicrobial resistance among invasive pneumococcal infec-
tions include nosocomial or nursing home acquisition and an-
timicrobial use in the preceding three months before the onset
of infection (15, 17). Discordant empirical antimicrobial therapy
has led to treatment failure, especially in cases of meningitis, otitis
media, and community-acquired pneumonia, although increased
mortality with discordant therapy in community-acquired pneu-
monia is less clear (9, 16, 18).

The emergence of multidrug-resistant (MDR) S. pneu-
moniae has prompted a need for newer antimicrobial agents.
AR-709 is an investigational diaminopyrimidine that inhibits
microbial dihydrofolate reductase and is under development
by Arpida AG (Reinach, Switzerland) for the therapy of com-
munity-acquired upper and lower respiratory tract infections.
In vitro studies have shown the drug to have excellent bacte-
ricidal activity against pneumococci (8). In addition, microdos-
ing studies in humans have revealed that AR-709 achieves very
high levels in different key lung compartments (12). The goal
of this study was to assess the in vitro activity of AR-709 against
invasive, highly drug-resistant strains of S. pneumoniae in the
United States.

The S. pneumoniae isolates selected for testing in this study
were recovered from blood and sterile body fluid sources col-
lected from the CDC’s Active Bacterial Core surveillance
(ABCs) program during 2002 to 2006. The ABCs program

surveys a total population of almost 27 million persons in ten
states (California, Colorado, Connecticut, Georgia, Maryland,
Minnesota, New Mexico, New York, Oregon, and Tennessee)
and is a core component of the CDC’s Emerging Infections
Programs Network. These strains were previously tested with a
battery of 15 antimicrobial agents, and isolates from eight of
the different geographic sites (excluding GA and MN) that
were found to be MDR (i.e., exhibiting resistance to agents
from at least three different classes) or were fluoroquinolone
resistant were selected for inclusion in this study.

A total of 224 isolates were tested, and MICs of AR-709
were determined for each isolate in addition to MICs of pen-
icillin, amoxicillin, cefotaxime, meropenem, erythromycin, clin-
damycin, SXT, doxycycline, and levofloxacin. Isolates were ob-
tained from patients of all ages (mean of 54 years), most of
whom (138 [62%]) had bacteremic pneumonia. The most-com-
mon serotypes represented were 19A (54 isolates), 14 (54 iso-
lates), 19F (23 isolates), 9V (23 isolates), and 6A (14 isolates).

Microdilution susceptibility testing was performed using the
Clinical and Laboratory Standards Institute (CLSI)-recom-
mended procedure incorporating cation-adjusted Mueller-
Hinton lysed horse blood broth (2). Colonies grown for 20 to
24 h on sheep blood agar and grown at 35°C in 5% CO2 were
suspended in 0.9% saline to obtain a suspension equivalent to
the 0.5 McFarland standard. The inoculum was further diluted
to provide a final inoculum density of approximately 5 � 105

CFU/ml in the wells of the broth microdilution panels. Fol-
lowing incubation at 35°C in ambient air for 20 to 24 h, MICs
were read and interpreted using CLSI breakpoint criteria (3).
S. pneumoniae ATCC 49619 was used for quality control and
was tested on each day of testing.

Of the 224 isolates tested, 202 isolates were MDR (82%,
71%, and 43% of the isolates were resistant to four, five, and
six drug classes, respectively) and 22 isolates were selected
because of fluoroquinolone resistance. Overall rates of resis-
tance and the MICs of the isolate collection for the antimicro-
bial agents tested can be seen in Table 1. Despite a large
percentage of isolates having SXT resistance, AR-709 was
highly active against this group of MDR strains with a MIC50

of 0.25 �g/ml, a MIC90 of 0.5 �g/ml, and a range of �0.008
�g/ml to 1 �g/ml. Figure 1 illustrates the MIC distribution of
AR-709 compared to that of SXT. AR-709 MICs were highest
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with high-level SXT-resistant strains but did not exceed 1
�g/ml with any strain. All isolates with AR-709 MICs of 0.5
�g/ml or 1 �g/ml had SXT MICs of �8 �g/ml; however, some
isolates with high-level SXT resistance had very low MICs of
AR-709.

Drug-resistant S. pneumoniae has been an increasing prob-
lem worldwide. One factor that seems to have changed the

current epidemiology of S. pneumoniae is the introduction of
the 7-valent pneumococcal conjugate vaccine (PCV7) into the
U.S. vaccination schedule in 2000. A decrease in invasive pneu-
mococcal disease was found in children with herd immunity
conferred to the adult population (11). Of concern however is
the emergence of nonvaccine serotypes (NVS) which then may
become increasingly drug resistant. This is especially evident
with an increase in serotype 19A, which is not included in
PCV7, is often antibiotic resistant, and is known to cause
invasive disease (5, 11, 14). Serotype 19A was the most-com-
mon serotype included in our strain collection. The mef(A)
genotype traditionally associated with lower level macrolide
resistance is the most prevalent macrolide resistance mecha-
nism in the United States, and the erm(B) genotype conferring
higher level macrolide resistance is the most-common mecha-
nism worldwide (6). However, there has been an increase in
erm(B) plus mef(A) expression, especially in serogroup 19,
which can also exhibit multidrug resistance (5, 6).

The increase in drug-resistant NVS is likely multifactorial,
including antibiotic and immunologic selective pressure which
may involve clonal expansion into niches previously occupied
by vaccine serotypes, introduction of novel clones into the
population, NVS acquisition of de novo resistance, and/or cap-
sular switching (7, 14). Over time, there could be a develop-

TABLE 1. S. pneumoniae MIC data for AR-709 and comparator
antimicrobial agents

Drug
MIC (�g/ml) %

ResistanceRange 50% 90%

AR-709 �0.008–1 0.25 0.5 NAb

Erythromycin �0.03–�32 8 �32 83.5
Penicillin �0.03–8 4 4 85.7
Cefotaxime �0.03–16 1 2 41.1
Amoxicillin �0.03–�8 2 8 48.2
Meropenem �0.03–2 0.5 1 75.9
Clindamycin �0.03–�8 0.06 �8 34.8
Doxycycline �0.06–�8 0.12 8 40.6
SXTa �0.25–�8 8 �8 86.6
Levofloxacin �0.5–�8 1 �8 21.0

a Tested in a 1:19 ratio of trimethoprim to sulfamethoxazole.
b NA, not applicable.

FIG. 1. MIC distribution ranges for AR-709 and SXT.
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ment of prevaccine era drug resistance but with new clinically
relevant serotypes. Therefore, new antimicrobial agent options
will still be important clinically.

Our study has shown that AR-709 was highly active against
this collection of invasive MDR pneumococcal strains, irre-
spective of the pattern of drug resistance. Potent activity of
AR-709 was observed despite the fact that �85% of strains
were resistant to SXT. Both AR-709 and trimethoprim (TMP)
inhibit dihydrofolate reductase (DHFR). However, earlier
studies showed that AR-709 exhibited inhibition of DHFR that
was 50-fold and 500-fold better than that with TMP when
tested against TMP-susceptible and TMP-resistant pneumo-
coccal DHFRs, respectively (13). In addition, Ki measurements
showed AR-709 exhibited 5- to 10-fold and 60- to 600-fold
better inhibition of susceptible and resistant pneumococcal
DHFRs, respectively (13). Thus, AR-709 is a promising new
agent for potential therapy of MDR S. pneumoniae strains and
further studies are warranted.
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