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In vitro Activity of Fluoroquinolones (Gatifloxacin, L evofloxacin and
Trovafloxacin) and Seven Other Antibiotics Against Streptococcus pneumoniae

NicodemoA.C.,MendesC.M..F,,
Oplustil C.P.and Sinto S.

Medical Investigation Laboratory (LIM — 54) —
University of Sdo Paulo Medical School, Sdo Paulo,

SAo Paulo, Brazl.

I nrecent years, thelevel of resistance of S. pneumoniaeto beta-lactam and/or macrolideshas
increased around thewor |d including somecountriesin South America. Becauseof thisresstance,
itisnecessary totest thether apeutic alter nativesfor treating thispathogen, including thenewer
guinolones. Thisstudy wascarried out in order to compar ethein vitro activity of fluor oquinolones
gatifloxacin, levofloxacin and trovafloxacin, to penicillin G, amoxicillin, amoxicillin-clavulanate,
cufuroxime sodium, ceftriaxone, azithromycin and clarithromycin, against 300 strainsof S.
pneumoniae. Of the 300 samplestested, 18.6% wer e not susceptibleto penicillin (56 strains)
and 7% (21 gtrains) wereresistant tothesecond gener ation cephalosporin. Amongthemacr olides,
resistanceranged from 6.7% for clarithromycin to 29.6% for azithromycin. Susceptibility to
thenewer quinoloneswas100% includingthe 56 strainsnot susceptibleto penicillin. Amongthe
10antibioticsevaluated, thefluor oquinolonesgatifloxacin, levofloxacin, and trovafloxacin displayed
high levelsof in vitro activity against S. pneumoniae.
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Thenew fluoroguinolonesaretheresult of asgnificant
improvementinthebasic chemicd structureof thisclass
of synthetic antibiotics. Theresultingimprovementin
antimicrobid activity and pharmacokinetic festuresmake
these drugsuseful asmonotherapy for thetreatment of
upper and lower community-acquired respiratory tract
infections[1]. Theuseof thesedrugsisparticularly useful
incountrieswherethereisahighincidenceof respiratory
tract infections due to beta-lactam and/or macrolide
antibioticresgtant srains.

Theresistanceof S pneumoniaeto penicillinand
other antimicrobial drugswasfirst notedin Australia
and Papua, New Guineain the 1960s, spread to South
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Africain the 1970s, and then to many countriesin
Europe, specially Eastern Europe, Africaand Asiain
the 1980s [2]. Resistant S. pneumoniae greatly
increased in the United States during the last decade
[3-6], and hasbeen observed in some L atin American
countries[7], including Brazil [8, 9]. Thetreatment of
serious diseases caused by S. pneumoniaeisnow a
consderablechdlengetoclinicians.

In this study, we evaluated thein vitro minimum
inhibitory concentration (MIC) of gatifloxacin,
levofloxacin, trovafloxacin and 7 other antimicrobial
agentsincluding penicillin G, amoxicillin, amoxicillin-
clavulanate, cefuroxime sodium, ceftriaxone,
azithromycinand clarithromycin, against 300 strainsof
clinical specimensisolated fromtherespiratory tract,
blood, and other usudly sterilesitesor fluids.

Material and M ethods

Strainsconfirmed as S pneumoniae, according to
standard procedures[10], were screened to verify their
susceptibility topenicillinby using 1 ug oxacillindisks.
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Table 1.
Antimicrobial  Breakpoints Number % R %1 %S MIC, MIC, Variationof
agent of strains MIC (Range)
Penidllin S<0.06 R=2 300 20 166 813 0.094 0.750 0.002-2
Amoxidllin <05 R=2 300 00 10 990 0.008 0.047 0.008-0.75
Amaoxiallin- <05 R=2 300 00 13 987 0.008 0.064 0.008-0.75
Clavulanate
Cefuroxime <05 R=2 300 6.7 03 930 0.016 0.250 0.008-3
Ceftriaxone <05 R=2 300 03 00 997 0.008 0.094 0.002-32
Azitromycdn  S<05 R=>2 300 73 223 703 0.38 1.000 0.023-256
Claithromycin  S<0.25 R=>1 300 6.7 00 933 0.032 0.064 0.008-256
Levofloxacin S<2 R>8 300 0.0 0.0 1000 0.38 0.750 0.047-1
Trovefloxacn  S<1 R>4 300 0.0 0.0 1000 0.064 0.094 0.012-0.25
Gaifloxacin 1 R>4 300 00 00 1000 0.125 0.190 0.016-0.5

The strains identified as having diminished
susceptibility to penicillin (halos< 19 mm) were
submitted to E-test (AB Biodisk, Sweden) assays
to determine the minimal inhibitory concentration
(MIC) to penicillin. Sampleswith results of < 0.06
pg/ml were considered susceptible, sampleswith
results from 0.06 pg/ml to 1.0 pg/ml were
considered of intermediate susceptibility, and
sampleswith results of > 2 pg/ml were considered
penicillin-resistant (high level). The susceptibility
categorization followed the National Committee
for Clinical Laboratory Standards (NCCLS)
guidelines[11].

The E-test method was also used to eval uatethe 9
other antimicrobial agents selected for this study
(amaoxidllin,amoxidllin-davulanate, oefuroximesodium,
ceftriaxone, azithromycin, clarithromycin, levofloxacin,
trovafloxacin and gatifloxacin). The concentration of
theantimicrobial agentsavailableinthe E-test varies
from 0.002 pg/ml to 256 pg/ml.

Results
Theinvitro activitiesof penicillin G, amoxicillin,

amoxicillin-clavulanate, cefuroximesodium, ceftriaxone,
azithromycin, darithromyain, levofloxacin, trovafl oxacin,

and gatifloxacin againg the 300 strainsof S pneumoniae
aresummarizedin Table 1 and theresultsare expressed
asMIC_andMIC,, (ug/ml).

TheMIC,, for gatifloxacin for the 300 analyzed
srainswas 0.19 pg/ml ranging from 0.016 pg/ml to
0.5 pg/ml. Thesusceptibility for penicillinusing 1 pug
oxacillin disksdemonstrated that 103 of 300 strains
were not susceptible (halo < 19 mm). The E-test of
these 103 strains showed that 47 were susceptible
to penicilin (MIC < 0.06 pg/ml), 50 strains
presented intermediated level resistance (MIC 0.1
pg/ml to 1.0 pg/ml), and 6 strains presented high
level resistance (MIC = 2 pug/ml); thus, 56 (18.6%)
of the strainswere considered penicillin resistant.
We verified 7% of resistance to the second
generation cephal osporin, and only 1 strain wasnot
susceptibleto ceftriaxone. Regarding the macrolides,
resistance ranged from 6.7% for clarithromycin to
29.6% for azithromycin. The susceptibility to the new
guinoloneswas 100%, including the 56 strains not
susceptibleto penicillin, withbothMIC_ and MIC,
lower for trovafl oxacin and gatifloxacin, respectively,
when compared to levofloxacin. Among the 10
antibi otics eval uated gatifloxacin, levofloxacin and
trovafl oxacin displayed enhanced in vitro activity
against S. pneumoniae.
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Discussion

Theresultsof thisstudy, assummarizedin Table 1,
areinaccordancewith other sudies[ 12, 13] and support
theinclusion of the newest quinol onesasmonotherapy
for the treatment of respiratory and other invasive
infectionscaused by S pneumoniae. Their useshould
be consdered mainly in countrieswith ahigh frequecy
of respiratory tract infectionsdueto resistant strains.

The improved pharmacokinetic profile of this
generation of quinolones permitsthe useof asingle
daily dose and a switch of therapy. However, the
fluoroquinol ones should be chosen for situationsin
whichthey offer aclear therapeutic advantage over
other classesof antibiotics, rather than being sel ected
for routine empirical use because of their broad
spectrum of action[14]. Therational and appropriate
useof thesedrugsisimportant inorder tominimizethe
devel opment of resistance and to ensurethe maximum
benefit fromthisclassof antibiotics.
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