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AMENDED ABSTRACT

for the macrolides. This investigation examined the antibiograms of the prevalent
serotypes before (1998-1999) and after (2003-2004) the introduction of the PCVY7.

e TJable 2 shows the significant declines in VS isolates except for 19F

e The most noteworthy observations of resistance changes following

CONCLUSIONS

. | | (/3 and 62 strains) and the predominant replacement by 19(A) not PCV7 introduction were (Tables 1 and 3):
gackgroun?:_ Introduction of PCV7 |ir:j the USA (jOOQ)t)resulted irr: well doIcD:ument_ed Q'L;?Zig‘ge"s".as performed by the reference methods in GLP/CLIA compliant F, 6 not B, 35, 11, 15 and 23 not F serotypge isolates. Serotype 19(A) - Although penicillin and macrolide resistance increased in VS ana e The introduction of the PCV7 markedly altered the occurrence
ecreases of invasive pneumococcal disease and anti |ograrT; changes. Protection not F became the leading serotype (20.5%), overall. NVS Strqlns, the g.reater NVS susceptibility rate resulted in a of invasive S. pneumoniae with decreases in six serotypes
against common PCV7 vaccine serotypes (VS) achieved 73% in 2004, but non- moderation of resistance rates for 2003-2004.
ne serotypes (NVS) “to have emerded. The imoact on reseirator MATERIALS AND METHODS " oderation of resiStances ratss 19 (14, 23F, 6B, 9V, 19C and 4) and subsequent replacement by
Ya‘;’C' efe 2 YF;]‘_T ap$ea ? S k=) P = '2 pic AN MSRlIEliony e |solates of some clones of the key serotypes possess antibiograms - Also tetracycline, trimethoprim/sulfamethoxazole and 19 "A\ ,t - ,6 ,t 3 35 11 15 and 23 not F (Table 2
|Sseor s:ese;om children pre- (1998-1999) and post- (2003-2004) vaccine were Organisms: The SENTRY Antimicrobial Surveillance Program collection of S with a great range of susceptibility, varying from pan-susceptible to chloramphenicol resistances declined or remained constant (A) not F, 6 not B, 35, 11, an not F (Table 2).
yped. pneumoniae isolates from the USA was screened for possible use in a mathematical multidrug-resistant (MDR; Tables 1 and 3). Serotypes 19F, 19(A) not comparing pre- and post-vaccine intervals. o | | | -
Methods: 704 S. pneumoniae (SPN) from children (85.1%) and adults were model experiment (Mera et al., ICAAC Abstract G-0135, 2006). The strains (704 F, 14, 6B, 6 not B, 23F and 9V would be defined as generally MDR. - FIUOFOQUinOIOne resistance was rare, but firS’[—S’[ep mutant ¢ Inherent an“b'Ogram dlfferencesl IN pl’edOmlnant clones Wlthln
serotyped, equal numbers from pre- and post-vaccine periods. Antibiograms were total) were selected for isolates dominantly from children <6 years of age (85.1%) In contrast, serotypes 3, 18C, 22 and 4 were rarely resistant to the Subpopulations (% Ciprofloxacin MICs at >4 ug/ml) iIncreased post the pl‘evalent SerOtypeS greatly influenced the S. pneumaorniae
generated by CLSI broth microdilution methods and analyzed by VS, NVS, individual and across the nine CDC census zones. The adult strains (ages 18->65 years) tested antimicrobials. PCVY introduction (Table 1) usually among serotypes 19F, 19(A) USA national antibiogram in 2003-2004.
serotypes and sampled intervals. numbered 105. The collections were divided into pre-vaccine (1998-1999; 352 not F, 35, 11 and 15 (Table 3).
strains) and post-vaccine (2003-2004; 352 strains) groups. Strains by contributing Figure 1. Trends in penicillin and erythromycin non-susceptible (intermediate and e A derat . ot " £ th .
Results: Rank order of serotypes markedly changed (variation, pre- vs post- laboratories in both groups were matched for numbers and patient age, where J ' resistant) E)esults in the SI%/NTRY},/A\ntimicrobial SFL)JrveiIIance Program . : . mogaeration in resistance r ates o ©S€ pneumOCO.C(.:l was
vaccine): 19, not F (+17%) > 19F* (-3%) > 6, not B (+1%) > 35 (+5%) > 11 (+3%) possible. Occurrence rates of these documented infection-causing isolates could (USA. 1997-2005). Modified from Johnson et al. Diagn Microbiol Infect Table 2. ?Qgggesdmf& ngg?ggae Sherc?typeds amongf;(glvitraslgil ?Sﬂ)e (1998- noted for B-lactams, macrolides and other orally administered
>15 (+4%) > 6B* (-6%) > 23, not F (+2%) > 3 (-3%) >33 (+2%), VS marked with not be assessed beCaUS@ of the resistance SUFVEi”?.ﬂCG prevalence design (SENTRY Dis 2606' 56- 69-7.4. : USA)) and after ( - ) the introduction o ( rogram, agents, but the risk of increased fIuoroquinolone-resistant
e o e O Ve o oo, o S, origi (State, zoms) wers available for adqitional study and results are presanted ' mutations may be increasing; however, more recent national
prevalence of <1.7% (9V, , 4, and a ecreased in prevalence (-1 to : Serotype (no): e : S : EETE
-12%). Persisting 19(A) and 19F strains were generally multidrug-resistant (MDR,; elsewhere. Rank 1998-1999 2003-2004 trend StatlSJFICS (Flgure 1) |r.1d.|c.:ates escalatmg penicillin and
PEN, ERY, CLD, TET, T/S). VS and NVS strains post-vaccine were generally more 40 - 1. 19F (73)* 19, not F (72) erythromycin non-susceptibility.
R and harboured more isolates with elevated fluorogquinolone MIC values (C|P_R; Susceptibility testing: All pneumococcal isolates were tested for susceptibility to 2. 14 (53) 19F (62)
see Table). VS 19F, 14, 6B, 23F and 9V were MDR-SPN (>4 drugs R). >25 antimicrobial agents with nine (representing eight classes) reported here: 3. 23F (41) 6, not B (31) e Continued antimicrobial resistance surveillance with
penicillin (PEN), erythromycin (ERY), clindamycin (CLD), chloramphenicol (CHL), 30 - \ i 6B (39) 35 (25) na/epid oloqi di 1 b red d
% resistant:’ tetracycline (TET), trimethoprim/sulfamethoxazole (T/S), ceftriaxone (CTX), levofloxacin o 5. 6, not B (29) 11(17) serotyplng epl .em|o ogic studies wi .e required to guide
Organisms/year (no.) PEN ERY CLD CHL (CIP) CTX TET T/S (LEV) and ciprofloxacin (CIP). Methods of the Clinical and Laboratory Standards ] ©. 3(22) 15(17) therapeutic regimens, supplemented with the development of
VS (344) Institute (CLSI) were utilized in cation-adjusted Mueller-Hinton broth supplemented § ;' ‘9 gn\:)’f1lz7)(11) - Gni’c(1F6)(1 3 second-generation PCV products.
~1998-1999 (241) 35 42 11 16 (0.4) 5 28 57 with 2-5% lysed horse blood. Interpretations of susceptibility and resistance were 3 207 o I e
2003-2004 (103) 59 72 34 10 (1.9) 9 52 74 taken f - : | 10 )
aken from the current CLSI document M100-S16 (2006). Panels were produced g 10 4 ) 33 (10)
NVS (360) under GMP conditions by TREK Diagnostics (Cleveland, OH) and all quality control = 11' 35 (7) 14 (9) _
;ggg:gggi 213 177 ;'3? g g 892); f 180 g; results were within CLSI published MIC ranges. Multiple drug resistance was > 10 4 12. 23 not F (7) 22 (9) SELECTED REFERENCES
19F (1 35) 56 67 31 15 (2_2) 10 60 66 deﬂned as resi.stance to ZtWO Of the fO”OWing agentS: PEN, ERY, I E I, I/S or one 13. 11 (6) 38 (6) 1. Beall B, McEIIlistrem MC, Gertz RE, Jr., Wedel S, I_30x_rud DJ, Gonzalez AL Medi_na Mfl, Pai R, Thompson TA, Harrison.LH,
19, not F (83) 23 47 18 1 (12) 3 24 66 of the fluoroquinolones. eotactott i e Litod Siatan in 1899, 2001, ard D0, 5 O Miortorel A S0 DTr T oroypes for loktes
, . — — . . ) vaccine non-serotypes Vaccine serotypes 23F 2. Black S Slﬂinefielcrj“H FiremanIrI]B Lewis E FiaynP Hansen JFIan EI\I/ir’; LIEnso.r KM, Hackell J, Siber G, Malinoski F. Madore D
a. Categories by CLSI criteria (2006). PEN = penicillin; ERY = erythromycin; CLD = clindamycin; CHL = chloramphenicolj| . _ . . o 15 (4), 38 (3), 33 (2) and 6), 18C (5), 9V (4) and ' ’ ’ ’ S ’ N ' o ’ ’ ’
(QIP) = MIQS at >4 ug/mil for ciprofloxacin; CTX = ceftriaxone; TET = tetracycline and T/S = Serotyplng: The 704 S. pneL{mon/ae were Serc?typed by the UnlverS|ty Hyglgnlc 0 - 1097 1998 1999 2000 5001 2002 2003 2004 2005 22 22; = 3(1‘2A> @ (4)(1) = 4.(52% e S:;Z%;{tg?,zggﬁgrﬁ Ex\{ﬁ;[f:nn_ mﬁﬁiﬁag;}gﬂffjsﬁfzggr%aifgﬁ?:@f;ﬁz Zr’:l(jollr;ggr?toe?ecgulrgté.0;235');i?rvlanll?enc;[tp[r)]izuﬂo9cio1(:807a—l
trimethoprim/sulfamethoxazole Laboratory (lowa City, IA) using reagents obtained from Statens Serum Institut 2 Vaccine serotypes highlighted n rod 195. o
. | | (Copenhagen, Denmark) via MiraVista Diagnostics (Indianapolis, IN). All tests were Year | | * P AT (2005) Tomporal trends of invasive disease dus fo Streptococaus preamoniae Among chidren i the intermountain
Conclusions: Dramatic VS replacement (68.5 to 29.3%) was observed with performed as specified in the product package insert for Quellung reactions W Penicillin @ Erythromycin west: Emergence of nonvaceine serogroups. Cln nfect Dis 41: 21-29. g
Increases in R almong VS and NVS isolates from 1998-1999 to 2003-2004 (except ' 4. thn Dlé, M(c::Gee(;.A, dBe Afa\{eldg JC, !ﬁow DEN(1 ?99)i(DﬁcI£_easl,3d Ajucsjcgzjtlibizlgé 02f 3ng‘reptoc:occus pneumoniae to fluoroquinolones
. . . . . . . . IN Lanada. Lanadian bacterial osurvelllance Network. n e . - .
CHL and CTX [NVS only]). The immediate post-PCV7 decrease in R observed in Analyses: Transmission dynamics of these pneumococci were used to develop Table 3. Antibiograms for the 16 most encountered serotypes in this surveillance 5. Clinical and Laboratory Standards Institute. (2006). M7—A£7], Methods for dilution antimicrobial susceptibility tests for bacteria
the SENTRY Program has quickly been replaced by escalating R among NVS n L | th i . » . program. that grow aerobically; approved standard - seventh edition. Wayne, PA: GLSI. - o
neumococeal isolates a mathematical model that was based on a linear mixed effects approac (reported 6. gi!l?;ilt??gfgfrggglitsgsitangigi l!n\?\’;:u;[]ee. é)zpc\).ogi_.sll\ﬂ1oo-s16, Performance standards for antimicrobial susceptibility testing;
P . Separately)- The antibiograms Of pre- and post—vaccination were listed fOI’ the % resistant:? 7. Dagan R, Givon-Lavi N, Zgriir O, Si.kulegl—Cc;hen. M, GL.Jy L, Janco J, Yagupsky P, Fraser D (2002). Reduction of nasopharyngeal
seven PCV serotypes (4, 6B, 9V, 14, 18C, 19F, 23F) and the 10 most prevalent non- Table 1. Overall antibiograms of S. pneumoniae isolates categorized by vaccine ' carmage of Streptococcus preumonias aner administration of a S-valent pneumococaal conjugate vaceine to toddlers attending
'INTRODUCTION PCV7 serotypes (3, 6 not B, 11, 15, 19 not F, 22, 23 not F, 33, 35, 38). and non-vaccine groups for the two monitored intervals (1998-1999 Serotype (no.) PEN ERY CLD CHL TET T/ CIX LEV (CIP) 5. Eskola Kilpi T, Palmu A, Jokinen J, Haapakoski J, Herva E, Takala A, Kayhty H, Karma P, Kohberger R, Siber G, Makela PH
_ versus 2003-2004). 19F ( 35;) o8 6 67 31 15 60 66 10 0 gg 0. Frazao N, Brito-Ave A, Simas O, SaldanhaJ, Mato R, Nunes . Sousa NG, Carmeo Ja, Ameida JS, Santos-Sanches |, de
19, not i Lencastre H (2005). Effect of the seven-valent conjugate pneumococcal vaccine on carriage and drug resistance of Streptococcus
The development of the heptavalent pneumococcal conjugate vaccine (PCV7) RESULTS % resistant:* 14 (62) 36 47 8 5 13 57 13 0 (0.0 preumoniae In healthy children attending day-care gentiers in Lisbon, Hediatr niect Lis ) 24: 245202
. . _ _ 10. Ghaffar F, Barton T, Lozano J, Muniz LS, Hicks P, Gan V, Ahmad N, McCracken GH, Jr. (2004). Effect of the 7-valent pneumococcal
has produced a very favorable decrease of invasive infections caused by PCV7- Ti it / : 6 not B (60) 20 55 S & 9 57 0 0 (0.0) conjugate vaccine on nasopharyngeal colonization by Streptococcus pneumoniae in the first 2 years of life. Clin Infect Dis 39:
related SerOtypeS since its release in 2000. This pOSitiVG impaCt was associated ’ The SENTRY Program fOr the USA documented a marked Change glrr:ueplr(]nir\)/a T PEN ERY CLD CHL TET T/S CTX LEV (C|P) oB (55) 22 46 18 ! 19 66 0 0 (O'O) 11 322é?i392.JM Smith A, Clarke SC, Dowson C, Mitchell TJ (2004). Genetic analysis of diverse disease-causing pneumococci
with a rapid emergence of non-PCV7 serotypes producing “replacement invasive in susceptibility rates occurring in 2002 (Figure 1). The two year ' 23F (47) o1 45 9 38 40 75 17 0 (0.0 indicates high levels of diversity within serotypes and capsule switching. J Clin Microbiol 42: 5681-5688. |
disease”, questioning the sustained effects of the vaccine. By 2002, it was reduction in penicillin- and erythromycin-non-susceptibility rates \1/223{; eg 22rot es (241) 35 49 11 16 o8 57 5 0 (0.4) 35(3(2)2) 401 193 8 8 8 g 8 8 8'2; = omine gyﬁl?léi(w:!t?fn?érzgﬁjﬁgilg}II\g:\r::eeSPF‘;glg(rQa?g%9EQr8?gggg;eD?;;;ull\giirr%%gslﬁgg Dis wg gocra, e
recognized that not all PCV7 serotypes were equally diminished e.g. serotype coincided with the introduction of PCV7. However, resistances to TOVP | | 13. Kaplan SL, Mason EQ, Jr., Wald ER, Schutze GE, Bradley JS, Tan 1Q, Hoffman JA, Givner LB, Yogev R, Barson WJ (2004).
o _ . _ _ _ ) ) Non-vaccine serotypes (1 1 1) / 19 2 4 3 31 2 0 (0.9) 11 (23) 0 17 0 0 0 22 4 0 (4-3) Decrease of invasive pneumococcal infections in children among 8 children's hospitals in the United States after the introduction
19F appears to be persisting and that pediatric-aged patients are becoming a the B-lactams and macrolides recently (2004-2005) have returned to 003-5004 oV (21) 57 43 0 0 5 8 0 0 (0.0) ) ;\)}I‘tEIT 7t—vale|\r/1ItC pgzumocJocl\c/:lal corlmzjuoge\llt/e I\(/jalc_::;ir(wze(.)(l)-';e)dll'zat{’écs 1_1I3: 449}_449{ — R |
. . . . . . - . ccliistrem , ams J, iviason , vva . Iaemiolo OT acute otitis meaila cause reptrococcus pneumoniae
reservolr fOI’ prollferatlon Of non—PCV7 SerOtypeS- ThIS was SUbStantlated by Ievels nOted IN 2000'2001 . Vaccine serot pPes (1 03) 59 /2 34 10 52 74 9 0 (1 9) 15 (21) 0 29 14 0 18 S 0 0 (9-5) before and after licensure of the 7-valent pneumococcarl) protein c?gnjugate vaccine. J Infect Dis 138138: 16?79—1684. g
the observation that serotype 19A Isolates have markedly Increased among . y ' 23 not F (20) 15 10 0 0 5 35 5 0 (0.0) 15. Mera RM, Miller LA, White A (2006). Antibacterial use and Streptococcus pneumoniae penicillin resistance: A temporal relationship
nvasive cases in 2002 and beyond (CDC ABCs program) Non-vaceine serotypes (249) 17 31 8 0 10 5r 1 0 &3 18C (15) o 0o 0 0 0 13 0 0 (00 model. Microb Drug Resist 12: 158-163. N |
| * Serotyping of equal numbers of S. pneumoniae before and after the All strains 33 (12) 0 17 0 0 0 92 0 0 (0.0 " cerotyps 19A flom children in the United States. J nfoct Dis 105: 1988-1905. - o eoeeus preumanae
i 1 - - i i 17. Pletz MW, McGee L, Jorgensen J, Beall B, Facklam RR, Whitney CG, Klugman KP (2004). Levofloxacin-resistant invasiv
Since antimicrobial resistance damong the Stre,otococcus pneumoniae Serotypes PCV7 IntrOduc_:tlc_)n (1 998 1999 VErsus 2003 2004 ISOlateS) noted a \[\/laccme S.erOtypeSt (344) 360 ?i g; 168 114 394 (632 ? 8 (gg) 229(1 1) 8 8 8 8 100 8 8 8 (88) St?;ptococcucs peneeumooni%ee iiethe Unietzd Statzz: Eavidence fortcl?r:al spreac?ane:j the ir(npac’z ofeco%jtcj)g:fe pnzzrsr;[gcgcca?iagcine.
and clones can vary widely, alterations in the occurrences of these prevalent remarkable shift in the proportion of vaccine serotypes (VS) from 68.5 on-vaccine serotypes (360) (2-5) ©) 0.0 Antimicrob Agents Chemother 48: 3491-3497. | | -
y y’ p 0 ] ] ] ] ] ] ] , , o _ , , , , , L , , ] 18. Porat N, Arguedas A, Spratt BG, Trefler R, Brilla E, Loaiza C, Godoy D, Bilek N, Dagan R (2004). Emergence of penicillin-
serotypes can profoundly Change antibiograms. An example of multiple resistant to Only 29.3%. This was associated with INcreasing resistance almong a. CLSI (2006) breakpoint criteria. PEN = penicillin; ERY = erythromycin; CLD = clindamycin; a. CLSI (2006) breakpoint criteria. PEN = penicillin; ERY = erythromycin; CLD = clindamycin; nonsusceptible Streptococcus pneumoniae clones expressing serotypes not present in the antipneumococcal conjugate
. : . . — ' - — ine- — tri ] : — — : - - ine- — tri ' . — vaccine. J Infect Dis 190: 2154-2161.
serotypes are 23F (clonal complexes Tennessee®F-4; Spain?*-1; Taiwan®F-15) and both VS and non-vaccine serotype (NVS) isolates, except for Cl'fl,:‘ Chlor?_”g\?rlelr"co]li TET _tetrgcéfllj'nf’ /S ﬂt”me.thofgzn/ Sljlfe}mg:]hoxizolle’ 1%3; Cl_fltl‘. Chlo_r?_rgsh_er'coh TET _tetrjcéﬁ!nf’ /S ﬂt”me.thotp ST/SL;Ifa}mgﬁhoxizo:6’1%&( 19. Whitney GG, Farley MM, Hadler J, Harrison LH, Bennett NM, Lynfield R, Reingold A, Gieslak PR, Pilishvill T, Jackson D, Fackiam
19F (I'aiwan19F—14), the latter detected as having two resistance mechanisms ChIOrampheniCOI (VS and NVS) and CeftriaXOne (NVS OﬂlY). Certriaxone, = levotioxacin, an ( ) = clprofioxacin at =4 Hg/m ( enetal., ) ceftriaxone, = levotioxacin, an ( ) = clprotioxacin at =4 pg/m ( en et al., ) RR, Jorgensen JH, Schuchat A (2003). Decline in invasive pneumococcal disease after the introduction of protein-polysaccharide

conjugate vaccine. N Engl J Med 348: 1737-1746.
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