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PROTEKT (Prospective Resistant Organism Tracking and Epidemiology for the Ketolide
Telithromycin) is a global surveillance study established in 1999 to monitor antibacterial resistance
of respiratory tract organisms. Thirteen centers from Argentina, Brazil and Mexico participated
during 1999-2000; they collected 1,806 isolateStfeptococcus pneumonidel 8, Haemophilus
influenzae520,Moraxella catarrhalis140,Staphylococcus aureu351,S. pyogeneg77). Overall,
218 (42.1%) of theS. pneumoniaésolates had reduced susceptibility to penicillin, 79 (15.3%)
were penicillin-resistant and 79 (15.3%) were erythromycin-resistant. Mexico had the highest
prevalence of penicillin (76.5%) and erythromycin (31.2%) resistance. Of 77 erythromycin-
resistant S. pneumoniadested for resistance genotype, 43 possessed mef(A), 33 possessed
erm(B) and 1 possessed both erm(B) and mef(A) mechanism. 8ll pneumoniaésolates were
fully susceptible to telithromycin, linezolid, teicoplanin and vancomycin. Among. influenzae
isolates, 88 (16.9%) produce@-lactamase, ranging from 11% (Brazil) to 24.5% (Mexico).
Among M. catarrhalisisolates, 138 (98.6%) producefl-lactamase. Twenty-four (8.7%) of the
S. pyogeneisolates were erythromycin-resistant; resistance being attributable to mefA (n=18),
ermTR (n=5) and ermB (n=1). AllH. influenzag M. catarrhalisand S. pyogenesvere fully
susceptible to telithromycin. Methicillin resistance was found in 26.5% of th8. aureudsolates
(Argentina 15%; Mexico 20%; Brazil 31.3%). Telithromycin was effective against 97.7% of
methicillin-susceptible isolates. PROTEKT confirms that antibacterial resistance is an emerging
problem in Latin America. The previously reported high levels of pneumococcal resistance to the
B-lactam and macrolides were exceeded. New agents that do not induce resistance or that exert
low selective pressure, e.g. telithromycin, are essential to safeguard future antibacterial efficacy.
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and Moraxella catarrhalis represents a global
problem and appears to be increasing in many countries
in Latin America. In particula-lactam and macrolide
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levels in several Latin American countries, includingWith this in mind, continued surveillance of resistance
Argentina, Brazil and Mexico. For example, in theiramongst the bacterial species most commonly
analysis of 264 Latin American pneumococcal isolateassociated with community-acquired RTIs is essential.
as part of the SENTRY programme, Odland et al. [LPROTEKT (Prospective Resistant Organism Tracking
found that 9.9% were fully resistant to penicillin. and Epidemiology for the Ketolide Telithromycin) is a
Similarly, of the 1,106. pneumoniaisolates from longitudinal global surveillance programme, established
seven Latin American and Caribbean countriesn 1999 to study the antibacterial susceptibility of common
surveyed by the LASER study group in 1997 [2], 6.9%community-acquired RTI pathogens in Northern and Latin
were fully resistant to penicillin. In terms of macrolide America, Eastern and Western Europe, and the Asia
resistance, previous studies have reported an over&lhcific region. We report here on the 1999-2000
level of approximately 12% to 13% [2-4]. PROTEKT findings on antibacterial resistance among
In addition to the high overall rates of resistancecommunity-acquired RTl isolates from participating centers
reported previously, the prevalence of lower RTISn Latin America, and the activity of the ketolide
caused by these pathogens is known to vary greattglithromycin against these isolates.
depending on geographic location, and the same is true
for the rates of resistance to antibacterial drugdMaterials and Methods
Important differences exist between the rates of
antibacterial resistance in Latin America countries anéarticipating Centers
even between the rates in different cities within each
country [2-4]. Furthermore, multiple-resistance tothe During the 1999-2000 winter season, isolates of
[-lactams and other antimicrobial agents, such as tr@@mmon pathogens were collected from patients with
cephalosporins and the macrolide-lincosamideeommunity-acquired RTIs at 13 participating centers
streptogramin (MLS) group of antibiotics, is a commonacross Latin America. The 13 centers included two
problem. centers in Argentina, seven centers in Brazil and four
These issues have driven research towardsenters in Mexico.
improving antibiotic usage strategies, and towards the Each center was requested to collect 165 isolates
development of new agents that do not induce or causs follows: 20S. aureus25 S. pyogeness0 S.
selection for resistance, as this will be important fopneumoniag4OH. influenzaeand 20M. catarrhalis
safeguarding future antibiotic efficacy. The ketolides ardn practice the number of isolates collected ranged from
a new family of agents within the MLS class, designe@4 to 294 per center, the variation being attributable to
specifically not to induce MLgresistance. avariety oflocal factors.
Telithromycin, the first member of this family to be
approved for clinical use, has a well-balanced spectrusolate Collection and Storage
of activity covering common RTI bacteria, as well as
atypical and intracellular pathogens, such as Isolates ofS. pneumoniaeH. influenzae
Chlamydia pneumoniadlycoplasma pneumoniae, M. catarrhalis Streptococcus pyogenesd
andLegionella pneumophilgp,6]. The activity of  Staphylococcus aureusere collected from patients
telithromycin also extends to many RTI bacterial strainsvith one of the following types of community-acquired
that have become resistant to existing agents, IRTIs: acute/chronic sinusitis, acute/chronic otitis media,
particular penicillin-, erythromycin- and acute/chronic tonsillitis/pharyngitis, bacterial
fluoroquinolone-resistar$. pneumoniags]. The  exacerbation of chronic bronchitis, acute exacerbation
development of newer agents, like the ketolides, needs chronic obstructive airways disease, or community-
to be complemented by more rational prescribing ocquired pneumonia. Isolates collected from hospitalised
antibiotics in order to help limit the spread of resistancepatientswithin 48 hours of admission were also
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included. The following were reasons for exclusionin 100 ml media. Susceptibility tests were conducted
from the analyses: isolates collected from patientaccording to National Committee for Clinical
with nosocomial lower RTIs or cystic fibrosis, Laboratory Standards (NCCLS) guidelines for the
duplicate strains, strains originating from existingbroth microdilution method [9]. After overnight
collections, and isolates from sputum samples wittincubation with the test antibacterial aerobically at 37°C,
a poor Gram stain. Demographic data were collecte®lIC endpoints were read as the lowest concentration
routinely as part of the study. of agent that totally inhibited macroscopically visible
The four main sources for isolates of RTI pathogengrowth of the inoculum.
were blood, sputum, bronchoalveolar lavage cultures Published NCCLS breakpoints [10] were used to
and middle ear fluid cultures. In addition, four otherdefine susceptibility. Since NCCLS breakpoints are
infection sources were considered acceptable, nametypt yet available for the new ketolide telithromycin, only
nasopharyngeal swab or aspirate cultures, sinudIC_, MIC, and MIC range were reported.
aspirate cultures, and throat cultu@gyogenesly).
Following collection, isolates were stored in heavyDetermination of Bacterial Resistance Mechanisms
suspension in horse serum, skimmed milk, Protect
tubes, or in the microbank system at a temperature at 3-lactamase production was determined in
or below —20°C, and subsequently shipped to a centrdy]. catarrhalis and H. influenzae using the
accredited laboratory (GR Micro Ltd, London, UK) chromogenic cephalosporin (nitrocefin) test (Unipath
for microbiological investigation. Criteria for isolate Ltd, Basingstoke, UK). All macrolide-resistant
identification and re-identification have been described. pneumoniasolates were processed and tested for

50’

in detail [7,8]. the presence @rm(A), erm(A) subclaserm(TR),
ermB), erm(C), andmefA) genes using a multiplex
Antibacterial Susceptibilitydsting rapid-cycle polymerase chain reaction (PCR) with

microwell-format probe hybridisation, as described
A range off3-lactam, MLS and fluoroquinolone previously [11]. A similar methodology was also
antibacterial agents were tested. Penicillin, amoxycillinemployed folS. pyogenes test for the presence of
clavulanate (2:1 ratio), cefuroxime, cefixime, cefaclorerm(A), erm(A) subclaserm(TR), erm(B), erm(C),
cefpodoxime, clindamycin, erythromycin, clarithromycin, andmefA).
azithromycin, telithromycin, quinupristin-dalfopristin
(Synercid, 30:70 ratio), teicoplanin, vancomycin,Results
ciprofloxacin, levofloxacin, moxifloxacin, tetracycline,
linezolid and co-trimoxazole (1:19 ratio) were tested A total of 1,806 isolates were collected (Table 1).
against Gram-positive pathogens. All Gram-negativéf these, 453 (25.1%) were collected from paediatric
pathogens were tested with the following: ampicillin, patients (<14 years of age); this frequency ranged from
amoxycillin, amoxyecillin/clavulanate (2:1 ratio), 30/200 (15%) in Argentina, 123/646 (19.0%) in
cefditoren, cefprozil, cefuroxime, cefixime, cefdinir, Mexico to 300/960 (31.3%) in Brazil.
cefaclor, cefpodoxime, erythromycin, clarithromycin,
azithromycin, telithromycin, ciprofloxacin, levofloxacin, Susceptibility ofS. pneumonialsolates
moxifloxacin, tetracycline, chloramphenicol, linezolid
and co-trimoxazole (1:19 ratio). A total of 518S. pneumoniaésolates were
The central laboratory determined minimumavailable for microbiological investigation in Latin
inhibitory concentrations (MICs) using lyophilised America (Argentina, n=55; Brazil, n=260; Mexico,
microtitre plates (Sensititre system, Trek Diagnosticsh=203) (Table 1). Overall, 218 (42.1%) of the
with an inoculum of 5 x X&olony forming units (CFU)  S. pneumoniaisolates had reduced susceptibility to
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penicillin (MIC >0.06 mg/L), 79 (15.3%) of which tested, linezolid, teicoplanin and vancomycin were the
were fully resistant (MIG2 mg/L (Table 2). The only ones to whicls. pneumoniagzmained 100%
highest proportion of fully resistant isolates wassusceptible, irrespective of penicillin or erythromycin
observed in Mexico, where resistance reachetksistance (susceptibility breakpoints are shown in Table
76.5% in Mexico City (24.1% overall). While the 3 and Figure 2). AgainSt pneumoniaéelithromycin
overall proportion of fully resistant isolates washad an MIG, of 0.06 mg/L, with 100% of the isolates
relatively low in most centers in Brazil (8.1% being susceptible to this agent at an MIC of 0.5 mg/L.
overall), 30.0% of the isolates from Brasilia were The overall prevalence of resistance to the
fully resistant to penicillin. As shown in Table 3, the fluoroquinolones was low (0.8%), with one isolate (0.4%)
pattern of pneumococcal resistance to penicillin was Brazil and three isolates (1.5%) in Mexico being fully
also seen for the oth@factam antibacterials tested resistant to levofloxacin (MIE3 mg/L) (Table 2). These
across Latin America. The notable exception wadfluoroquinolone-resistant isolates also had reduced
amoxycillin/clavulanateyhich remained active against susceptibility to many of th@-lactam and MLS
98.7% of the isolates. antibacterial agents tested, but retained full susceptibility

While the number d&. pneumoniasolates with  to clindamycin, linezolid, teicoplanin, vancomycin and the
intermediate and full resistance to erythromycin waetolide telithromycin at an MIC of 0.5 mg/L.
lower than that observed for penicillin (15.5% vs.
42.1%), the proportion of isolates with full resistanceSusceptibility ofH. influenzaeandM. catarrhalis
was identical (15.3%) (Table 2). MIC distributions for Isolates
azithromycin, clarithromycin, erythromycin and
telithromycin are shown in Figure 1; there were no Ofthe 52(H. influenzagsolates collected in Latin
major differences among the participating countries. A&merica (Table 1), 88 (16.9%) produd¢kthctamase,
with penicillin, the highest rates of erythromycin ranging from 11.0% in Brazil, to 19.2% in Argentina,
resistance were observed in Mexico, reaching 23.0%nd to 24.6% in Mexico. These isolates were resistant
in Mexico City Center 31 and 31.2% in Monterrey to ampicillin and amoxycillin, although fidactamase-
(27.6% overall). In all, 77 erythromycin-resistant negative, ampicillin-resistait. influenzaasolates
S. pneumoniawere analysed for their underlying were detected (Table 5).
mechanism of resistance. Of these, 43 tested positive B-lactamase-producing. influenzaevere also
for me{A) and 33 tested positive ferm(B), while  found to be resistant to the following antibacterials:
another isolate tested positive foefAandermB  cefaclor (2.3%), cefprozil (4.5%), chloramphenicol
(Table 4). Differences in the prevalence of resistancé€11.4%) and tetracycline (12.5%), although the overall
as well as in the mechanisms of erythromycin resistancegte of resistance to these agents arkbmgfluenzae
were evident among the different centers participatingsolates remained low (<3%, Table 5). In contrast,
in the study (Tables 2, 3 and 4). resistance to co-trimoxazole was high in bth

A trend towards decreasing activity of oter lactamase-positive and -negative strains; resistance was
lactams and the macrolides was observed arSongreported for 34.8% of thél. influenzaeisolates
pneumoniaésolates with reduced susceptibility to (B-lactamase-negative, 30.186tactamase-positive,
penicillin (Table 3); almost 100% of penicillin-resistant 58.0%). All other agents retained high activity against
strains were resistant to the otfdactams, with the H. influenzagTable 5). Importantiy. influenzae
exception of amoxycillin/ clavulanate (3.8%), andremained susceptible to the ketolide telithromycin and
22.8% were resistant to erythromycin (Table 3)the macrolide azithromycin (Figure 3), irrespective of
Resistance to co-trimoxazole and tetracycline was algdlactamase production. The MjGand range for
high (45.6% and 21.8%, respectively) particularly intelithromycin againgtl influenzaevere 2 and 0.002-
those resistant to penicillin (Table 3). Of the other agent mg/L, respectively.
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Table 1.Number of isolates of respiratory pathogens collected from Latin America during the PROTEKT study;,
1999-2000

No. of isolates

Countries S. pneumoniae H. influenzae M. catarrhalis S. aureus S. pyogenes
Argentina (n=200) 55 52 40 20 33
Brazil (n=960) 260 273 71 211 145
Mexico (n=646) 203 195 29 120 99
Total (n=1806) 518 520 140 351 277

Figure 1a.PROTEKT 1999-2000: MIC distributions for macrolides and telithromycin agaipsieumoniae
in 1999-2000 from Argentina
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Figure 1b.PROTEKT 1999-2000: MIC distributions for macrolides and telithromycin agaipsieumoniae
in 1999-2000 from Brazil
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Figure 1c.PROTEKT 1999-2000: MIC distributions for macrolides and telithromycin agaipsteumoniae
in 1999-2000 from Mexico
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B-lactamase was produced by almost all of the 146rmB The prevalence of macrolide resistance among
isolates oM. catarrhaliscollected in Latin America, S. pyogenegried between countries (5.5% in Brazil,
including 97.5% of the isolates from Argentina, 98.6%11.1% in Mexico and 12.1% in Argentina). In addition,
of those from Brazil, and 100% from Mexico (98.6% 18.4% of the isolates were fully resistant to tetracycline
overall). With the exception of ampicillin and amoxycillin, (8.1% in Mexico, 21.2% in Argentina and 24.8% in
for which the overall rates of resistance were 82.99Brazil). AgainsS. pyogenetelithromycin had an Mig;
and 87.1%, respectively, almost all ofkhecatarrhalis ~ of 0.015 mg/L, with 100% of the isolates being susceptible
isolates collected in Latin America were fully susceptibleto this agent at an MIC aD.5 mg/L).
to the other antibacterials (Table 5). However, a trend
towards a decreasing susceptibility to offisarctams  Susceptibility ofS. aueudsolates
(cefaclor, cefdinir and cefprozil), and also co-trimoxazole,
was observed. MIC values for telithromycin against Overall, 351 isolates &. aureusvere collected
M. catarrhalis ranged from 0.008 to 0.25 mg/L from centers in Latin America (Table 1). Methicillin-

(MIC,: 0.06 mg/L, MIG, 0.12 mg/L). resistan. aureugMRSA) isolates from Argentina
(15%), Mexico (20%) and Brazil (31.3%) were
Susceptibility ofS. pyogendsolates detected, giving an overall MRSA rate of 26.5% in

Latin America. However, all isolates were fully

In total, 277 isolates &. pyogenesere submitted susceptible to vancomycin, linezolid and teicoplanin,
in Latin America and underwent microbiological irrespective of methicillin susceptibility. Eighteen percent
investigation (Table 1). As expectesl, pyogenes of the S. aureusisolates were resistant to
remained fully susceptible to penicillin, and hence bycotrimoxazole; this figure increased to 35.5% among
NCCLS criteria [10] to otheB-lactams. MRSA. Methicillin-susceptible strains &. aureus

Twenty-four (8.7%) isolates were found to be resistanMSSA) were also highly susceptible to telithromycin
to erythromycin and azithromycin and 22 (7.9%) werg97.7%), with a maximum Migof 0.06 mg/L, although
resistant to clarithromycin, of which 18 tested positive fo®1 of the 93 MRSA strains (97.9%) were found to be
mefA), 5 forerm(TR) and one isolate tested positive forresistant to this agent.



Table 2.PROTEKT 1999-2000: Penicillin, erythromycin and fluoroquinolone susceptibility in Latin American clinical isofatpaefimoniae

Penicillin susceptibility Erythromycin susceptibility Levofloxacin susceptibility

Total SUSC INT RES SUSC INT RES SuUSC INT RES

Center no. of isolates no.(%) no.(%) no.(%) no.(%) no.(%) no.(%) no.(%) no.(%) no.(%)
Argentina 55 40 (72.7) 6 (10.9) 9 (164) 49 (89.1) 0 (0.0 6 (10.9) 55(100.0) 0 (0.0 0 (0.0
Buenos Aires 50 52 3473.1) 5 (9.6) 9 (173) 48 (92.3) 0 (0.0 4 (7.7) 52(100.0) 0 (0.0 0 (0.0
Buenos Aires 51 3 266.7) 1 (33.3) 0 (0.0 1 (33.3) 0 (0.0 2 (66.7) 3(100.0) 0 (0.0) 0 (0.0
Brazil 260 172 (66.2) 67 (258) 21 (8.1) 242 (93.1) 1 (04 17 (65 259 (99.6) 0 (0.0 1 (0.4)
Floriandpolis 41 52 44(84.6) 6 (11.5) 2 (38 46 (885) 1 (19 5 (9.6) 52(100.0) 0 (0.0 0 (0.0
Brasilia 45 20 11 (55.0) 3 (15.0) 6 (30.0) 17 (85.0) 0 (0.0 3 (15.00 20 (100.0) 0 (0.0 0 (0.0
S&o Paulo 40 58 #4586) 21 (36.2) 3 (52 57 (98.3) 0 (0.0 1 (1.7) 58(100.0) 0 (0.0 0 (0.0
S&o Paulo 42 70 3@51.4) 27 (38.6) 7 (10.0) 64 (91.49) 0 (0.0 6 (86) 69 (98.6) 0 (0.0 1149
Séo Paulo 44 4 @00.0) 0 (0.0 0 (0.0 4(100.0) 0 (0.0 0 (0.0 4 (100.0) 0 (0.0 0 (0.0
S&o Paulo 46 56 4376.8) 10 (17.9) 3 54 54 (964) 0 (0.0 2 (36) 56(100.0) 0 (0.0 0 (0.0
Mexico 203 83(434) 66 (325 49 (24.1) 147 (724) 0 (0.0 56 (27.6) 200 (98.5) 0 (0.0 3 (15
México City 31 61 27443) 22 (361) 12 (19.7) 47 (77.1) 0 (0.0 14 (230) 61 (100.0) 0 (0.0 0 (0.0
Mexico City 32 17 2(11.8) 2 (118) 13 (76.5) 14 (824) 0 (0.0 3 (17.6) 17 (100.0) 0 (0.0 0 (0.0
Monterrey 33 125 59(47.2) 42 (336) 24 (19.2) 86 (68.8) 0 (0.0 39 (3L2) 122 (97.6) 0 (0.0 3 (24)
Latin America total 518 300(57.9) 139 (26.8) 79 (15.3) 438 (84.6) 1(0.2) 79 (15.3) 514 (99.2) 0 (0.0 4 (0.8)

Penicillin breakpoints: susceptible, MKD.06 mg/L; intermediate, MIC 0.12-1 mg/L; resistant, M&mg/L.
Erythromycin breakpoints: susceptible, M&0.25 mg/L; intermediate, MIC 0.5 mg/L; resistant, MdC mg/L.
Levofloxacin breakpoints: susceptible, Md@ mg/L; intermediate, MIC 4 mg/L; resistant, M¥8 mg/L.
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Figure 2a.PROTEKT 1999-2000: MIC distributions for telithromycin agahispneumoniasolated from
Latin America in 1999-2000, according to penicillin susceptibility
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Figure 2b.PROTEKT 1999-2000: MIC distributions for telithromycin agaispneumoniasolated from
Latin Americain 1999-2000, according to erythromycin susceptibility
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Table 3.PROTEKT 1999-2000:Activity of various antibacterials against clinical isolates of penicillin-susceptible
(n=300), -intermediate (n=139) and -resistant (n<S/YPneumoniam Latin America, 1999-2000

Susceptibility MIC parameters
Antibacterial SUSC (%) INT (%) RES (%) MIC , (mg/L) MIC range (mg/L)
Penicillin
Allisolates 30057.9) 139 (26.8) 79 (15.3) 2 0.008-8
PenS 300(100) 0 (0.0 0 (0.0 0.06 0.008-0.06
Penl 0 (0.0) 139 (100) 0 (0.0 1 0.12-1
PenR 0(0.0) 0 (0.0 79 (100) 4 2-8
Amoxycillin/clavulanate
Allisolates 51%98.7) 4 (0.8) 3 (0.6) 2 0.008-8
PenS 300(100) 0 (0.0 0 (0.0 0.03 0.008-0.06
Penl 139(100) 0 (0.0 0 (0.0 1 0.03-2
PenR 7291.1) 4 (5.1) 3 (3.8 2 1-8
Cefaclor
Allisolates 33063.7) 55 (10.6) 133(25.7) 64 0.5-128
Pery 280(93.3) 2 (6.7) 0 (0.0 1 0.5-2
Pen 50 (36.0) 35 (25.2) 54 (38.9) 32 0.5-128
Perk 0 (0.0 0 (0.0 79 (100) >64 32-128
Cefixime
All isolates 300457.9) 32 0.12-128
Pery 300 (100) 1 0.12-8
Pen 0 (0.0 16 0.25-128
Perk 0 (0.0 64 16-128
Cefpodoxime
Allisolates 40678.4) 19 (3.7 93 (18.0) 2 0.12-32
Pery 300 (100) 0 (0.0 0 (0.0 0.12 0.12-05
Pen 106 (76.3) 16 (11.5) 17 (12.2) 2 0.12-32
Perk 0 (0.0 3 (38) 76 (96.2) 4 1-16
Cefuroxime
Allisolates 39977.0) 14 (2.7) 105 (20.3) 4 0.015-16
Pery 300 (100) 0 (0.0 0 (0.0 0.12 0.015-1
Pen 0 (71.2) 14 (10.1) 26 (18.7) 4 0.03-16
Perk 0 (0.0 0 (0.0 79 (100) 8 4-16
Azithromycin
Allisolates 43984.8) 4 (0.8) 75 (14.5) 8 0.03-128
Pery 285 (95.0) 1 (0.3 14 4.7) 0.12 0.06-128
Pen 93 (66.9) 1 (0.7) 45 (32.4) >64 0.06-128
Perk 61 (77.2) 2 (25) 16 (20.3) 8 0.03-128
Clarithromycin
Allisolates 43984.8) 4 (0.8) 75 (14.5) 4 0.015-64
Pery 285 (95.0) 1 (0.3 14 4.7) 0.06 0.015-64
Pen 93 (66.9) 1 (0.7) 45 (32.4) >32 0.015-64
Perk 61 (77.2) 2 (25) 16 (20.3) 8 0.03-64
Erythromycin
Allisolates 43884.6) 1 (0.2 79 (15.3) 4 0.03-128
Pery 285 (95.0) 0 (0.0 15 (5.0 0.06 0.03-128
Pen 92 (66.2) 1 (0.7) 46 (33.1) >64 0.03-128
Perk 61 (77.2) 0 (0.0 18 (22.8) 8 0.03-128
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Susceptibility MIC parameters
Antibacterial SUSC (%) INT (%) RES (%) MIC , (mg/L) MIC range (mg/L)
Telithromycin . . .
All issolates N/A N/A N/A 0.06 0.002-0.5
Peq 0.015 0.002-0.12
Perﬂ? 0.25 0.004-0.5
Pen 0.12 0.008-0.5
Levofloxacin
All issolates 51499.2) 0 (0.0 4 (0.8) 1 0.5-16
Peq 298 (99.3) 0 (0.0 2 (0.7) 1 0.5-16
Perﬂ? 139 (100) 0 (0.0 0 (0.0 1 0.5-2
Pen 77(97.5) 0 (0.0 2 (25) 1 0.5-16
Moxifloxacin
All issolates 51499.2) 2 (04 2 (0.49) 0.25 0.06-4
Peq 298 (99.3) 1 (0.3 1 (0.3) 0.25 0.06-4
Perﬂ? 139 (100) 0 (0.0 0 (0.0 0.25 0.06-0.25
Pen 77(97.5) 1 (1.3 1 (13 0.25 0.06-4
Clindamycin
All issolates 48293.1) 0 (0.0 36 (7.0) 0.12 0.03-8
Peq 289 (96.3) 0 (0.0 11 37) 0.12 0.03-8
Perﬂ? 120 (86.3) 0 (0.0 19(13.7) >4 0.03-8
Pen 73(92.4) 0 (0.0 6 (7.6) 0.12 0.03-8
Co-trimoxazole
All issolates 18936.5) 93 (18.0) 236 (45.6) 16 0.12-32
Peq 148 (49.3) 72 (24.0) 80 (26.7) 8 0.12-32
Perﬂ? 35(25.2) 18 (13.0) 86 (61.9) >16 0.12-32
Pen 6 (7.6) 3 (38 70 (88.6) >16 0.25-32
Tetracycline
All issolates 38975.1) 16 (3.1) 113(21.8) >16 0.12-32
Peq 243 (81.0) 10 (3.3) 47 (15.7) 16 0.12-32
Perﬂ? P (71.2) 3 (22 37 (26.6) >16 0.12-32
Pen 47 (59.5) 3 (398 29 (36.7) >16 0.12-32
Linezolid
All issolates 518 (100) 0(0.0) 0 (0.0 2 0.12-2
Peq 300 (100) 0 (0.0 0 (0.0 2 0.5-2
Perﬂ? 139 (100) 0 (0.0 0 (0.0 2 0.5-2
Pen 79 (100) 0 (0.0 0 (0.0 2 0.12-2
Teicoplanin
All issolates 518 (100) 0(0.0) 0 (0.0 0.12 0.03-0.25
Peq 300 (100) 0 (0.0 0 (0.0 0.12 0.03-0.25
Perﬂ? 139 (100) 0 (0.0 0 (0.0 0.12 0.03-0.25
Pen 79 (100) 0 (0.0 0 (0.0 0.12 0.03-0.12
Vancomycin
All issolates 518 (100) 0(0.0) 0 (0.0 05 0.12-1
Peq 300 (100) 0 (0.0 0 (0.0 05 0.25-05
Perﬂ? 139 (100) 0 (0.0 0 (0.0 05 0.12-1
Pen 79 (100) 0 (0.0 0 (0.0 05 0.25-0.5

NCCLS susceptibility breakpoints [9].

Pert = penicillin G susceptible (MI&0.06 mg/L); Pen= penicillin G intermediate (MIC 0.12—1 mg/L); Pen penicillin G resistant (MIG2 mg/L).

#Breakpoint for telithromycin not available.
*Cefixime: Susceptibility based on penicillin susceptibility. There are no breakpoints for intermediate or resistant.
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Figure 3a.PROTEKT 1999-2000: MIC distributions for azithromycin, clarithromycin, erythromycin and
telithromycin againgtl. influenzaen 1999-200@rom Argentina
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Figure 3b.PROTEKT 1999-2000: MIC distributions for azithromycin, clarithromycin, erythromycin and
telithromycin againgtl. influenzaen 1999-200@rom Brazil
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Figure 3c.PROTEKT 1999-2000: MIC distributions for azithromycin, clarithromycin, erythromycin and
telithromycin againgtl. influenzaen 1999-2000rom Mexico
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Table 4. PROTEKT 1999-2000: Distribution of macrolide resistance mechanisms among erythromycin-resistant
(MIC =21 mg/L)S. pneumoniaisolated from Latin America in 1999-2000

Center Total no.of Erm(B) Mef(A) Negative for  Total
isolates tested mechanisms
Argentina 55
Buenos Aires 50 52 1 3 4
Buenos Aires 51 3 2 2
Brazil 260
Floriandpolis 41 52 4 4
Brasilia 45 20 1 2 3
Séo Paulo 40 58 1 1
Séo Paulo 42 70 2 4 6
Séo Paulo 43 0 0
Séo Paulo 44 4 0
Séo Paulo 46 56 2 2
Mexico 203
Mexico City 31 61 6 8 14
Mexico City 32 17 3 3
Monterrey 33 125 16 21 1 38
Latin America total 518 36 40 1 77
Discussion surveillance study, during which 244 pneumococcal

isolates from five Latin American countries were

PROTEKT data collected during the period 1999-analysed in 1999-2000 [12]. Of these, 28% were
2000 indicate that the prevalence of penicillin resistanceonsusceptible to penicillin and 5% were fully resistant.
(MIC =22 mg/L) amongst pneumococci in Latin Rates of nonsusceptibility to penicillin varied between
America is high, with 15.3% of the isolates being fullythe Latin American countries participating in the
resistant and 26.8% having intermediate resistance BROTEKT study (Mexico, 56.6%; Brazil, 33.9%;
this antibacterial agent. This level of nonsusceptibilityArgentina, 27.3%). Corresponding rates reported in
appears to be higher than that reported by Odland #te LASER study were: Mexico (40.8%), Brazil (13%)
al. [1], who analysed over 2,000 pneumococcal isolateend Argentina (19.1%) [2]. Intermediate and full
as part of the SENTRY programme, of which 264resistance patterns in the PROTEKT study were as
were from Latin American countries. Among thesefollows: Argentina (10.9% intermediate, 16.4%
9.9% were fully resistant to penicillin and 45.8% wereresistant), Brazil (25.8% intermediate; 8.1% resistant)
intermediate. Of the 1,1 pneumoniaeolates from and Mexico (32.5% intermediate; 24.1% resistant).
seven Latin American and Caribbean countriedn comparison, in the worldwide Alexander Project
surveyed by the LASER study group in 1997 [2],conducted between 1996 and 1997, a high rate of
23.5% were nonsusceptible to penicillin (6.9% resistanthtermediate resistance (17.9%) and a low fully resistant
16.6% intermediate). As in the PROTEKT study, arate of 2.1% were observed among 95 isolat&s of
high multiple-resistance pattern towards co-trimoxazol@neumoniaérom Brazil; corresponding figures for
(44.6%) was also observed. Similar resistance ratddexico were 31.4% and 15.7%, respectively [3]. In
were observed in the Global SMART (GSMART) the SIREVA-vigia programme conducted in Latin



Table 5.PROTEKT 1999-2000:Activity of selected antibacterials against clinical isoldtesdiuenzaendM. catarrhalisfrom Latin
America (1999-2000) accordingfidactamase status

H. influenzae(n=520)

M. catarrhalis (n=140)

Antibacterial INT RES MIC90 MIC range INT* RES* MIC90 MIC range
(%) (%) (mg/L) (mg/L) (%) (%) (mg/L) (mg/L)

Ampicillin

All isolates 0(0.0) 83(16.9) >16 0.12-32 11 (7.9 116(82.9) 16 0.12-32

B-lactamase — q0.0) 0 (0.0 05 0.12-1 0 (0.0) 0 (0.0 a - 0.12

B-lactamase + Q0.0 83 (100) >16 4-32 11684.1) 116(84.1) 16 0.12-32
Amoxycillin

All isolates 7(1.3) 920(17.3) >16 0.12-32 7 (6.0 122(87.1) >16 0.12-32

B-lactamase — ql.4) 3 (0.7) 05 0.12-4 0 (0.0 0 (0.0 a - 0.12

B-lactamase + 11.1) 87(98.9) >16 2-32 751 122(88.4) >16 0.12-32
Amoxycillin/clavulanate

All isolates 0(0.0) 0 (0.0 1 0.12-4 0 (0.0 0 (0.0 0.25 0.12-05

B-lactamase — q0.0) 0 (0.0 05 0.12-4 0 (0.0 0 (0.0) a - 0.12

B-lactamase + Q0.0 0 (0.0 1 0.254 0 (0.0 0 (0.0 0.25 0.12-05
Cefaclor

All isolates 242 2 (049 8 0.5-64 5 (3.6) 0 (0.0 8 0.5-16

B-lactamase — ql.4) 0 (0.0 4 0.5-16 0 (0.0 0 (0.0 - 05-1

B-lactamase + 1@8.2) 2 (2.3 16 1-64 5 (3.6) 0 (0.0 8 0.5-16
Cefdinir

All isolates 0(0.0) 0 (0.0 05 0.06-1 0 (0.0 0 (0.0 0.25 0.06-1

B-lactamase — 0.0 0 (0.0 05 0.06-1 0 (0.0 0 (0.0 a - 0.06

B-lactamase + Q0.0 0 (0.0) 05 0.06-1 5 (3.6) 0 (0.0) 0.25 0.06-1
Cefixime

All isolates 0(0.0) 0 (0.0 0.06 0.008-0.5 0(0.0) 0 (0.0 05 0.03-05

B-lactamase — 0.0 0 (0.0 0.06 0.008-0.5 0(0.0) 0 (0.0 2 0.03-0.06

B-lactamase + Q0.0 0 (0.0 0.06 0.015-0.5 0(0.0) 0 (0.0 05 0.03--0.5
Cefpodoxime

All isolates 0(0.0) 0 (0.0 0.12 0.015-0.5 0(0.0) 0 (0.0 1 0.06-2

B-lactamase — q0.0) 0 (0.0 0.12 0.015-0.5 0(0.0) 0 (0.0 2 0.06-0.12

B-lactamase + Q0.0 0 (0.0 0.12 0.015-0.5 0(0.0) 0 (0.0 1 0.12-2
Cefprozil

All isolates 12 (2.3) 4 (0.8) 4 0.5-128 6 (4.3 1 (0.7) 8 0.5-32

B-lactamase — 30.7) 0 (0.0 4 0.5-16 0 (0.0 0 (0.0 a- 05

B-lactamase + @0.2) 4 (4.5) 16 0.5-128 6 (4.3 1 (0.7) 8 0.5-32
Cefuroxime

All isolates 0(0.0) 0 (0.0 1 0.12-4 1 (0.7) 0 (0.0 2 0.12-8

B-lactamase — 0.0 0 (0.0 1 0.12-4 0 (0.0 0 (0.0 a- 0.12-05

B-lactamase + q0.0) 0 (0.0 2 0.254 1 (0.7) 0 (0.0 2 0.5-8
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H. influenzae(n=520)

M. catarrhalis (n=140)

Antibacterial INT RES MIC90 MIC range INT* RES* MIC90 MIC range
(%) (%) (mg/L) (mg/L) (%) (%) (mg/L) (mg/L)

Azithromycin

All isolates 0(0.0) 0 (0.0 2 0.06-2 0 (0.0 0 (0.0 0.06 0.06

b-lactamase — @0.0) 0 (0.0 2 0.06-2 0 (0.0 0 (0.0 a .- 0.06

b-lactamase + 0.0 0 (0.0 2 0.06-2 0 (0.0 0 (0.0 0.06 0.06
Clarithromycin

All isolates 43 (8.3) 1 (0.2 8 0.25-64 0 (0.0 0 (0.0 0.25 0.25

b-lactamase — 286.5) 1 (0.2 8 1-64 0 (0.0 0 (0.0 a 0.25

b-lactamase + 137.0) 0 (0.0 16 0.24-16 0 (0.0 0 (0.0 0.25 0.25
Telithromycin

All isolates N/A¢ N/A# 2 0.002-4 N/A N/A# 0.12 0.008-0.25

b-lactamase — 2 0.002-4 a 0.008-0.06

b-lactamase + 2 0.12-4 0.12 0.03-0.25
Ciprofloxacin

All isolates 0(0.0) 0 (0.0 0.015 0.008-1 N/A N/A 0.03 0.015-0.25

b-lactamase — @.0) 0 (0.0 0.015 0.008-1 a. 0.03

b-lactamase + 0.0 0 (0.0) 0.015 0.008-0.03 0.03 0.015-0.25
Levofloxacin

All isolates 0(0.0) 0 (0.0) 0.015 0.008-0.5 0 (0.0 0 (0.0 0.03 0.015-0.25

b-lactamase — @.0) 0 (0.0) 0.015 0.008-0.5 0 (0.0 0 (0.0 a - 0.03-0.06

b-lactamase + 0.0 0 (0.0 0.015 0.008-0.03 0 (0.0 0 (0.0 0.03 0.015-0.25
Moxifloxacin

All isolates 0(0.0) 0 (0.0 0.03 0.008-0.25 0 (0.0 0 (0.0 0.06 0.015-0.06

b-lactamase — @.0) 0 (0.0 0.03 0.008-0.25 0 (0.0 0 (0.0 a. 0.06

b-lactamase + {0.0) 0 (0.0 0.03 0.008-0.03 0 (0.0 0 (0.0 0.06 0.015-0.06
Tetracycline

All isolates 5(1.0) 14 (2.7) 1 0.12-16 0 (0.0 0 (0.0 05 0.25-05

b-lactamase — 30.7) 3 (0.7) 05 0.12-8 0 (0.0 0 (0.0 a - 0.25

b-lactamase + 42.3) 11(12.5) 8 0.25-16 0 (0.0 0 (0.0 05 0.25-0.5
Co-trimoxazole

All isolates 23(4.4) 181(34.8) 8 0.03-32 6 4.3 2 (19 05 0.06-4

b-lactamase — 214.9) 130(30.1) 8 0.03-32 0 (0.0) 0 (0.0 a - 0.12

b-lactamase + 22.3) 51(58.0) 16 0.03-16 6 4.3 2 (15 05 0.06-4
Chloramphenicol

All isolates 1(0.2) 13 (2.5) 05 0.12-16 0 (0.0 0 (0.0) 05 0.25-1

b-lactamase — @.0) 3 (0.7) 05 0.12-8 0 (0.0 0 (0.0 a - 05

b-lactamase + 11.1) 10(11.4) 8 0.12-16 0 (0.0 0 (0.0 05 0.25-1

* Based on NCCLS breakpoints fét. influenzae[9].

# Breakpoint not available.
2 Not applicable, only 2 isolates.
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Table 6.PROTEKT 1999-2000: Distribution of macrolide resistance mechanisms among erythromycin-resistant
(MIC =1 mg/L)S. pyogenesolated from Latin America in 1999-2000

Center Total no.
of isolates tested erm(B) ermTR mefA erm(B)+mefA Total
Argentina 33
Buenos Aires Center 50 23 3 3
Buenos Aires Center 51 10 1 1
Brazil 145
Floriandpolis Center 41 24 1 2 3
Brasilia Center 45 19 2 2
Séao Paulo Center 40 27 0
Séao Paulo Center 42 37 2 2 4
Séao Paulo Center 43 6 0
Sao Paulo Center 44 21 0
Sao Paulo Center 46 11 0
Mexico 99
Mexico City Center 31 58 3 5 8
Mexico City Center 32 10 2 2
Monterrey Center 33 29 1 0 1
Latin America total 277 1 5 18 0 24

America, 2% of5. pneumoniasolates from Brazil 19.2% in Monterrey to 76.5% in Mexico City. These
were fully resistant to penicillin and 21.3% weredifferences may be explained because of the type of
intermediate; corresponding figures for Mexico werehospital involved, paediatric versus adult centers and
20.8% and 28.6%, respectively [13]. Finally, in theprimary or secondary care centers versus referral
SENTRY programme, Sader et al. [4] analysed 344enters. Large inter-center variation in susceptibility has
community-acquired RTI pathogens isolated fromalso been reported in other surveillance studies
Brazilian hospitals in 1997-1998. Among these, 2.3%onducted in Latin America, including the LASER
of the 176 pneumococcal isolates had full resistance &iudy [2], the Alexander Project [3], and the SENTRY
penicillin and 26.2% were intermediate. Consideringorogramme [4]. In addition to inter-center variation,
all of these results together, the current PROTEKTwe detected a difference in susceptibility results
findings suggest that nonsusceptibility to penicillin amongattributable to methodology: two pneumococcal strains
pneumococci is increasing in Latin American countriesfrom center 41 (Florianépolis — Brazil) were reported
Furthermore, penicillin resistance appears to be shiftings intermediate susceptibility to penicillin by E-test
from intermediate towards full resistance in this regionmethodology when evaluated in the original center;
In addition to the increasing prevalence of penicilinhowever, when tested by the NCCLS broth
resistance, we found considerable variation in resistaneeicrodilution method in the coordinating centre, both
rates between centers within Brazil and Mexico. Irstrains were classified as fully resistant towards
Brazil, penicillin resistance ranged from <5% in threepenicillin. These findings re-affirm how important it is
centers to 30.0% in Brasilia. Differences were everfor physicians to be aware of local resistance patterns
more marked in Mexico, where rates ranged fromn order to ensure judicious use of antibacterials for
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patients with community-acquired RTIs that may bg34.8%) was detected. These rateg-tdictamase
attributable t&. pneumoniae production and resistance patterns appear to be in
Another important finding of our study is the high agreement with those reported elsewhere [4,14,3]. Inthe
prevalence of macrolide (erythromycin) resistance amongSENTRY programme conducted in the same region during
pneumococci in Latin America. Overall, 15.3% of the1997%1998[4], 12.7% of 361H. influenzadsolates
isolates were resistant to erythromycin, including 10.9%were found to b@-lactamase producers. Among the
in Argentina, 6.5% in Brazil and 27.6% in Mexico. Theseparticipating countries, rates of resistance were highestin
values are comparable to the overall level of approximateMexico (26%), followed by Argentina (17.1%), Chile
12% to 13% observed during the LASER study [2], th&€12.5%), and Brazil (9.3%). As in the PROTEKT study,
Alexander Project [3], and the SENTRY programme [4]a high rate of resistance to co-trimoxazole (40%) was
and suggest that macrolide resistance is relatively stableafso observed. Also during 1997-1998, 9.4% of the 223
Latin America. However, as with penicillin resistance,Brazilian-isolates strains analysed by MRL were resistant
marked intra-city/state variability was observed. Overallfo ampicillin and 2.2% were intermediate [14]. Resistance
macrolide resistance tended to be lower than penicillito co-trimoxazole (47.1%) was high in this study. Finally,
resistance in most of the centers participating in the study the Alexander Projedd;lactamase production was
with the exception of the following: Floriandpolis (Brazil), detected in 10.3% of Brazilian isolates [3]. Infrequent
Monterrey and Mexico City Center 31. resistance to chloramphenicol (11.9%), along with a high
We found the prevalence of macrolide resistancé&equency of resistance to co-trimoxazole (29.1%), was
amongS. pneumonia® be high among isolates that observed in this study.
were also resistant to penicillin (22.8%). However, These findings suggest that susceptibility to the
despite this cross-resistance between the macrolides amécrolides, the ketolide telithromycin and the
other MLS antibiotics, the ketolide telithromycin fluoroquinolones is universally high in Latin America at
remained highly active against pneumococci, irrespectieresent. However, the relatively high level of
of concomitant penicillin and/or erythromycin resistanceintermediate susceptibility to clarithromycin observed
Indeed, telithromycin was the most potent of the orain the PROTEKT study needs to be monitored
agents tested agai&tpneumonia@IC,=0.06 mg/  carefully as it may indicate the emergence of resistance
L). While fluoroquinolone resistance was absent in théo this agent amorid. influenzaen Latin America.
Latin American centers participating inthe SENTRY  B-lactamase production was highly prevalent
programme [4], the current PROTEKT findings indicateamongsiM. catarrhalisin Latin America, affecting
that the prevalence &. pneumoniaeesistance to 97.5% of the isolates from Argentina, 98.6% from
fluoroquinolones may be increasing (0.8%) and multipleBrazil, and 100% of isolates from Mexico (98.6%
resistance between the fluoroquinolofidactams and overall). In comparison, data from the Alexander
a number of MLS antibacterial agents is apparent. ThiBroject showed a rate of 90.4% in 1996 [3]; the
situation is of concern from the public health perspectiveorresponding rate of production in the SENTRY study
and should be monitored carefully, particularly with thein Latin America during 1997-1998 was 91.8% [4].
introduction of newer broad-spectrum fluoroquinolonesd\ith the exception of ampicillin and amoxycillin (82.9%
for community-acquired RTIs. and 87.1% resistant isolates, respectiveM),
Considering the other RTI pathogens monitored duringatarrhaliswas susceptible to the other antibacterial
the study, 16.9% #f. influenzaésolatesin Latin America agents tested during the PROTEKT study. However,
were a-lactamase positive, ranging from 11.0% in Brazihe apparent trend towards increagiAigctamase
to 24.6% in Mexico. With the exception of ampicillin, production and the decreasing susceptibility of other
amoxycillin and co-trimoxazole, resistance against th@-lactams and also co-trimoxazole amavig
antibacterials tested in Latin America was not observedatarrhalisin Latin America should be monitored
although a high multiple-resistance to co-trimoxazolecarefully in the future.
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