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of the QRDR for this species.

Background: Recent publications have reported rare cases of The SENTRY Antimicrobial Surveillance Program has monitored The overall rate of resistance to fluoroquinolones (ciprofloxacin ¢ Fluoroquinolone resistance among B-haemolytic
beta—hagmolytlc streptococci (BHS) with reS|stanlce (3) to _ the antimicrobial susceptibility proflle of B-haemolytic streptococci Table 1.  Primers designed to amplify quinolone-resistance MIC, > 2 mg/L) in North America and Europe during 1997 streptococci remains a rare occurrence in North
fluoroquinolones (FQ). These pathogens can cause invasive disease since 1997. Numerous fluoroquinolones have been tested including determining region of gyrase and topoisomerase . 0 _ America and Europe during 1997 - 2002 multicenter
and have generally remained susceptible (S) to the FQ class. This those with increased Gram-positive potency. This study will genes.? to 2002 was very low at 0.46% and 0.36%, respectively. . p g
multi-center investigation was initiated to determine the rate of evaluate the reference MIC values that were obtained for older Expected surveillance.
FQ-R and the responsible quinolone resistance-determining region and newer generation fluoroquinolones tested against B-haemolytic Target gene/ size of o The potencies of newer fluoroquinolones, garenoxacin
(QRDR) mutations among BHS. streptococci. Target site alterations for available strains of B- Primer Sequence accession number product MICe. 0.06 - 0.12 ma/L) and qatif] - MICer. 0.25 * Newer generation fluoroguinolones have enhanced
haemolytic streptococci, including group C and G, that had BSAGYRAF  AGTGTCATTGTGGCAAGAGC  gyrA AB101455 500 bp (MICa, 0. o mg/L) and ga .' oxacin (MiCe, 0. activity against B-haemolytic streptococci.
Methods: The SENTRY Program has tested FQ against BHS in elevated fluoroquinolone MICs were also evaluated in this study. BSAGRYAR CAGCGTCAATAGATTCTGCC S. pyogenes mg/L) was superior to levofloxacin (MICe, 0.5 - 1 mg/L)
N ATl e (NA) 2liie| [2Ugjes EY) e T Tl SHllel LsEe BSAGYRBF  ATTGGGCAACTCAGAAGTGG  gyrB AE014146 600 bp and ciprofloxacin (MICe, 1 mg/L) against all serogroups of e Amino acid substitutions in the QRDR of B-
NCGLS broth microdilution and Ftest methods to determine S to MATERIALS AND METHODS BSAGYRBR  TCACTACCGACCTTAACACC B-haemolytic streptococci (Table 2) haemolytic streptococci appear similar to those
ciprofloxacin (CIP), gatifloxacin (GAT), levofloxacin (LEV), S- pyogenes ' . .
SELETorEIe (C1RY, GRIMEEIE (SR ) el ey Gt (0. Bacterial Identification and Suscepitibility Test Methods. Between BOAPARCT COCTAMTCAGCEAATCAS parC AFO08540 520 bp oL Guel I ULl STEEIOEEEEE. SHEas.
Nineteen BHS isolates from NA and EU had CIP MIC results >2 1997 and 2002. the SENTRY Antimicrobial Surveillancé Program BSAPARCR CACGTCCCTTACCTGTTTCG S. pyogenes o Among the 19 strains of B-haemolytic streptococci with
g%/lgo \Ig’;]ek r::)]? ’:!)DI:JQO \i/t;éouzse ;llvgl ssnisrr;\ﬁzgﬂgﬁs;&ith;:jen collected and tested 4,487 isolates of B-haemolytic streptococci BSAPAREF  CGAAAAGCGCGTGATGACTC  parE AE006540 576 bp ciprofloxacin MIC values of > 2 mg/L, the rank order of * More quoroquInolon.e-reSIStan.t B-haemolytic
strains Weze avaﬁable ?Oyr molecular analvsis usina PCR to de-termine from North American (2,827 Strains) and European (1 ,660 Strains) BSAPARER CGCAGATCTTCCAATTCACC S. pyogenes quinolone potency was typICally gemifloxacin > garenoxacin Stl‘eptOCOCCI were discovered in the last year of the
. : ysiS using : medical centers. A direct comparison of 3,344 strains of B- BSBGYRAF  CGAGTTTTATCGATTACGCC  gyrA NC004116  511bp , : : : : study (2002).
mutations in the QRDR. Primers were designed to amplify the haemolytic streptococai were assessed using NCCLS antimicrobial . > moxifloxacin >gatifloxacin > levofloxacin (Table 3). k J
CIRIDIR! @ EUEES E1e (ReIEMETEED GENES (e, ETs) P2, susceptibilit t§stin methods against fourgfluoro uinolones m— e ———————
RENS) TSI &, [PHEEREs (B Eine) 5, EgrErEiis (Bil2) agpst includiFr)l Ci );ofloxac?in atifloxacgn levofloxacin ar?d arenoxacin BOBEYREF CTECTTCCAMACAGBTCEE  gyrB NCO0TTE 644 bp o Ami id substituti B-h lyti [
respective genes found in the GenBank database. PCR products Etest ( AI% BI?ODISK S(’)E] 4 Swe deﬁ) was used to tes?[ the ’ BSBGYRBR GGAGAAGATGTTCGTGAAGG  S. agalactiae _ mino acid substitutions among B-haemolytic streptococcl SELECTED REFERENCES
were sequenced on both strands by the dideoxy-chain termination susceptibility of the four mentioned fluoroquinolones plus BSBPARCF  AAGGGATTTCGCAAATCTGC  parC NCO04116 494 bp included the common point mutations found in S. pneumoniae
T BT I L 5 [T (g R B s S gemifloxacin and moxifloxacin against strains with ciprofloxacin BSBPARCR  TOCTTGAATGATAGCGOCAG . agalactiae and viridans group streptococei for gyrA (Ser81 and Glugb) Pltoraguolons rasetances mutations 1 e Fars, parE and oy ganes of ioa) olates
) MIC results of > 2 mg/L. Isolates were identified by the local BSBPAREF CGTAAGGCAATAAAAGCACG parE NC004116 547 bp and parC (Ser79, Asn91 and Asp83). of viridans group streptococci. Antimicrobial Agents and Chemotherapy 42:2792-2798.
laboratory and confirmed by the reference laboratory (JMI Labs, -
Results: The rate of FQ-R BHS was 0.36% (EU) and 0.46% (NA) North Lib)é ty, A, USA) usiny colony morbholo an:jyr(]aemol S BSBPARER  CTATATCCGTCCAAGCATAC S. agalactiae Janoir C, Zeller V, Kitzis M-D, Moreau NJ, Gutmann L. (1996). High-level fluoroguinolone
during the study period with the highest rate in 2002 (1.7%), a ST, 1A, sIng y morphology 0lys| STREPGYRAF  ATYGAYGCBATGAGTG gyrA degenerate  ~350 bp . Previouslv undescribed point mutations in avrA (Asp80Ala resistance in Streptococcus pneumoniae requires mutations in parC and gyrA. Antimicrobial
haracteristics. Conventional methods including PYR, bacit y P gyrA (Asp -
concern! Thess isolates included BSA (8), BSB (8) and S characteristics. Conventional methods including , bacitracin STREPGYRAR  ATRCGYGCYTCDGTATAACG Strentoce Agents and Chemotherapy 40:2760-2764.
» _ ’ ' and CAMP tests were also used as needed. Vitek and API 20 prococcus and Ala115Pro) and parC (Ala121Val) were detected. ) - . .
dysgalactiae (BSC/G; 3). The MICy, for the FQs (mg/L) showed . . . N Kawamura Y, Fujiwara H, Mishima N, Tanaka Y, Tanimoto AS, lkawa S, Itoh Y, Ezaki T.

. strep (bioMerieux, Hazelwood, MO, USA) were used to confirm STREPGYRBF  TTRAYACCATARATWGGYGG ~ gyrB degenerate  ~650 bp : o - : - I
highest potency for: GEM (2) > GAR (4) > MOX (8) > GAT (16) > the identification o’f isolates Wiﬂi} ele\;ated ciprofloxacin MIC results STREPGYRBR CCMAATCCDCARTTTGAAG Streptococcus (20?33" e Streztocgccuéaf\alﬁcﬂae E‘O bt\es htl‘ghlyc;eg: tamttho qumﬂ%?eségv ggo%omt
LEV (>4) > CIP (>32). All strains had significant mutations in either (19 strains) P STREPPARGE  TAYATYATTCARGAMCGGGE (’;d t 5006 o Group C and G B-haemolytic streptococci had similar amino muUtations in gyrA and part. ANHMICTOBIEl AGENts and ~Nemotnerapy & 1:5615msers:
e A T R | STREPPARCR  TOWCAYARATTRIGNOOTOR  Stmptococcse acid susbstitutions as those observed in group A and B. e e o
T itralnsswn?g tOWSFI evi\” . tOI (4f gg/s) 8}.1 hc?nLy IparICR Primer Design. P.rlmers used to amp“fy the expected QRDR of S However, all three strains had different amino acids at and parC and specification of point mutations associated with resistance. Antimicrobial

utations (Ser79 to Phe). All isolates o with high-leve gyrase and topoisomerase genes from S. pyogenes and S. TREPPAREF  TGAAYTSTATYTRGTYGARGG  parE degenerate  ~550 bp - _ N _ Agents and Chemotherapy 44:3196-3198.
(>32 mg/L) to CIP had gyrA mutations and often parC mutations. agalactiae were designed from sequences of the respective genes STREPPARCR _ TGRTYVGCATTCATYTCMCC  Streptococeus positions 56 in gyrA and positions 56 and 58 in parC.
Numerous other mutations in the QRDR region were found including found in the GenBank database (Table 1). These primers were a. Sequences were from the GenBank database.
gyrB and parkE, although their significance remains unknown. also used to amplify the respective genetic regions of the other - /
B-streptococci. Sequences that could not be amplified using these Table 3. Distribution of fluoroquinolone MICs for 19 strains of B-haemolytic streptococci with ciprofloxacin MIC values >4 mg/L and the
Conclusions: The increasing rate of FQ-R streptococci including primers were amplified with “degenerate” primers designed using . _ . amino acid substitutions responsible for elevated fluoroquinolone MIC results.
S. pneumoniae, viridans group streptococci and more recently an alignment of all available streptococcal gyrase and Table 2. Comparative potencies of four fluoroquinolones tested MIC (mg/L)2 Amino acid substitution
reported, BHS, is becoming a clinical concern due to the morbidity topoisomerase genes found in the databases. against 3,344 strains of B-haemolytic streptococci. Organism/isolate # Vear op = GAT VIOX GAR GEM oA parC
and mortality caused by these pathogens. Strains of BHS with MIC (mg/L) ,
high-level R to FQ have point mutations common to other PCR Conditions. PCR was performed using AB-gene Expand Hi- Organism (no. tested)/ e ;()1(:_%%?9.3 1998 0 1 0.5 NT® NT NT NT NT
Ctreptococci in gyrA and parC and were most prevalent in 2002) Fidelity master mix containing a mix of PFU-non-proofreading Antimicrobial agent 50% 90% Range 65-3302A 2000 4 2 05 0.25 0.25 0.12 None Ser79Phe,
TAQ polymerases and dNTPs (ABGENEhouse, Surrey, UK). Primers Strept A (1568 Ala121Val®
were used at 10 pico-molar concentrations and 1pl of bacterial e Og?::;if;:;p (1,569 05 ; 0.95.52 89-7025A 2000 >32 >4 4 2 1 0.5 Asp80Ala° ier?gilj;he,
. . . =0.25- sn sp
INTRODUCTION culture at density 0[11 at 6(.)0nmlwas used as template. Cycling L evofloxacin 05 ; 0.0854 89-7974A 2000 4 5 1 05 1 095 None Ser79Phe
parameters were: 95°C for five minutes followed by 30 cycles of - 88-11944A 2002 >32 >4 32 8 4 2 Ser81Phe ND¢

o _ , , 95°C for one minute, annealing at 45°C for one minute and Gatifloxacin 0.25 0.25 <0.03->4 32-122A 2002 8 2 1 0.5 0.25 0.25 NT NT
Recent antimicrobial agents in the fluoroquinolone class have extension 68°C for one minute and ending with a five minute Garenoxacin 0.06 0.12 <0.03-2 51-1556D 2002 8 2 1 0.5 0.25 0.25 NT NT

i - i si . ) . : - 12-3081A 2002 8 2 1 1 0.5 0.25 NT NT
s st b s et g otbaon st 57, PORprochct s vz by

aly P Ing | electrophoresis on 0.8% agarose gels in Tris Boric Acid/EDTA P — e ” P 14-1608D 1997 232 ! 4 4 o 5 GlussLys Asp83Asn
p

the [ate 19805. However, there have been reports of streptococcal buffer (pH 7.0) and stained with 1% ethidium bromide. PCR ' 66-1784A 1998 >2 2 0.5 NT NT NT NT NT
strains with elevated MIC values to fluoroquinolones and there products were sequenced on both strands by the dideoxy-chain Levofloxacin 0.5 1 0.06->4 14-3753A 1998 >32 >4 4 4 2 2 Glu85Lys Asp83Asn
has been a noticeable increase in the resistance rate to this class termination method with a Perkin Elmer Biosystems 377 DNA Gatifloxacin 0.25 0.25 0.06->4 51-628H 2001 >32 >4 4 2 0.5 0.5 A?e1ré131;yr, ND

. . . . ) a115Pro°
particularly among strains of viridans group streptococci and S. sequencer. Sequence analysis was performed using the Lasergene Garenoxacin 0.06 0.12 =0.03-2 19-756A 2002 >32 >4 >32 8 4 4 NT NT
pneumoniae in longitudinal surveillance programs. Resistance to DNASTAR software package. Streptococcus group C, G (449) 82-1658A 2002 4 2 1 05 0.25 0.25 NT NT
fluoroquinolones have been mainly caused by target site alterations P —— 05 " g 106-4910A 2002 >32 4 4 4 1 2 NT NT
in the fluoroquinolone-resistance determining region (QRDR) Amino acid positions were numbered according to the gene in P . ' e 21-15207A 2002 >32 >4 8 4 1 0.5 GlugsLys None
and/or drug efflux. Recent reports of Streptococcus agalactiae (a the databases displaying most identity. For the B-haemolytic Levofloxacin 0.5 0.5 0.06->4 Group C. G streptococa]

. . . o : ) , , 15-2668A 2000 >32 >4 4 2 1 0.25 Ser81Phe, Asp56Giuc,
B-haemolytic Lancefield group B streptococcus) and S. pyogenes streptococci whose species identity was not determined: 1) All Gatifloxacin 0.25 0.25 <0.03-4 Thr56Mete Ser58Gly°
(a B-haemolytic Lancefield group A streptococcus) with high-level parC genes were most similar to parC from S. pneumoniae and Garenoxacin 0.06 0.12 <0.03-1 30-7056A 2001 >32 >4 16 4 2 2 Glu85Lys, Asn91Asp,
resistance to fluoroquinolones suggest that resistance is analogous were numbered accordingly; 2) all gyrA genes were most Streptococcus group F (32) Thr56Met° ?pgggllw,

. . - .. . _ _ er Vad
to the report_ed mec.h_anlsms for S. pneumoniae and V|r_|dans group homologous to S. agalactiae; 3) S’Fra.lns 30-7056, 15-2668 and T T 05 ] <0.25-1 13-14536A 2002 232 4 5 5 05 05 Serg1Phe, Asp83Tyr
streptococci. Specific reports documenting fluoroquinolone- 13-14536 parE genes were most similar to S. pyogenes parC and Levofloxact 05 05 0.03.05 Thr56Mete Asp56GIU®
resistant strains of S. dysgalactiae subspecies equisimilis (Lancefield their gyrB genes were most similar to S. agalactiae gyrB; 4) Strains evf) OXa‘?'n ' ' B a. CIP = ciprofloxacin; LEV = levofloxacin; GAT = gatifloxacin; MOX = moxifloxacin; GAR = garenoxacin; and GEM = gemifloxacin.
groups C and G) have been limited and a literature search showed 51-628 and 84-16073 parE were most similar to S .pneumoniae CEUli el L L2 =Yl a e o ously reported.
no evidence of studies having evaluated the target site alterations parE; 5) Strain 51-628 gyrB was most similar to S. pneumoniae Garenoxacin 0.03 0.06 <0.03-0.06 d. ND = not determined.
gyrB; and 6) Strain 84-16073 was closest to S. pyogenes gyrB. \ / \ /




