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Pathogen Frequency and Resistance Patterns in Brazilian Hospitals. Summary of
Results from Three Years of the SENTRY Antimicrobial Surveillance Program
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Background: Pathogen frequency and resistance patterns may vary significantly from
country to country and alsoin different hospitalswithin acountry. Thus, regional surveillance
programsar eessential to guideempirical ther apy and infection control measur es. M ethods:
Rank order of occurrenceand antimicrobial susceptibility of pathogenic species causing
bloodstream infections (BSI), lower respiratory tract infections(LRTI), wound or skin and
soft tissueinfections (WSST1), and urinary tract infections (UT1) in hospitalized patients
wer edeter mined by collecting consecutiveisolatesover a specified period of time, aspart of
the SENTRY Antimicrobial Resistance Surveillance Program (SENTRY). All isolateswere
tested by reference broth microdilution. Resultsand Conclusions: A total of 3,728 bacterial
strainswer e obtained from January, 1997, to December, 1999, from 12 Brazilian hospitals
located in 4 states. The largest number of isolates wer e obtained from patients with BSI
(2,008), followed by LRT]I (822 cases), UT1 (468 cases), and WSST (430 cases). Staphylococcus
aureuswasthemost frequently isolated pathogen in gener al (22.8% - 852 isolates), followed
by E. coli (13.8% - 516 cases) and Pseudomonas aeruginosa (13.3% - 496 cases).
Staphylococcus aureus was also the most common speciesisolated from BSI (23.6%) and
WSSTI (45.8%), and P. aeruginosa wasthe most frequent speciesisolated from patientswith
LRTI (29.4%). Themain bacterial resistance problemsfound in thisstudy were: imipenem
resistance among P. aeruginosa (69.8% susceptibility) and Acinetobacter spp. (88.1%
susceptibility); ESBL production among K. pneumoniae (48.4%) and E. coli (8.9%);
resistancetothird generation cephalosporinsamong Enterobacter spp. (68.1% susceptible
to ceftazidime) and oxacillin resistance among S. aureus (34.0%) and coagulase negative
staphylococci (80.1%). Only the carbapenems (88.1% to 89.3% susceptibility) showed
reasonableactivity against the Acinetobacter spp. isolatesevaluated.
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The euphoria generated by the discovery of
antibioticsled to confident predictionsthat bacterial
diseaseswoul d soon be conquered and safdly forgotten.
Scientists felt free to attack other pressing health
problemssuch asviral diseases. However, bacterial
pathogens have become increasingly resistant to a
variety of antibiotics. Thisincreasein antimicrobial
resistance has demanded the devel opment of new and
more potent antimicrobia agentsand moreresearchin
the areaof mechanismsof bacteria resistance. A better



BJID 2001; 5 (August)

Antimicrobial Susceptibility of Nosocomial Bacteria(SENTRY)) 201

understanding of the dissemination of bacterial
resstanceto antimicrobid agentsisnecessary to control
the problem.

In general, resistance to increasingly used
antimicrobia agentsin commonly isolated pathogens
isaresult of selective pressure caused by thefrequent
useof theseagents[1]. Duetothechangeinresistance
patternsthat are occurring in Brazil and worldwide,
ongoing surveillance of predominant pathogensand
antimicrobial susceptibilitiesis needed in order to
optimize patient care. The SENTRY Antimicrobial
Resistance Surveillance Program (SENTRY) started
in January, 1997, and was designed to monitor
nosocomid and selected community-acquiredinfections
via a worldwide surveillance network of sentinel
hospital sdistributed equally by geographiclocationand
sze[2-4].

This report will focus on the antimicrobial
susceptibilities of predominant pathogens causing
bloodstream infections, pneumonia, wound infections,
and urinary tract infectionsin Brazil.

Materialsand M ethods

Bacterial strains

SENTRY has enrolled 3 Brazilian sites per
year. During 1997 and 1998, the sites were
located in Rio de Janeiro, Floriandpolis, and Sdo
Paulo. In 1999, asitelocated in the city of Porto
Alegrereplaced the sitelocated in Rio de Janeiro.
Bacterial samples collected between January,
1997, and December, 1999, were evaluated in
thisstudy. Only 1isolate per patient judged to be
clinically significant by local criteriawas collected.
The target numbers of isolates for the evaluated
infections to be collected from hospitalized
patients at each participating center were: (1)
Bloodstream infection (BSI) - 20 consecutive
isolates in each calendar month during the 24-
month period from January 1, 1997, through
December 31, 1998; (2) Lower respiratory tract
infection (LRTI) - 100 consecutive isol ates over
a6-month period each year, from July 1, through
December 31; (3) Wound or skin and soft tissue

infection (WSSTI) - 50 consecutive isolates over
a 3-month period each year, from April 1, 1997,
through June 30, 1997; (4) Urinary tract infection
(UTI) - 50 consecutiveisolates over a 3-month
period each year, from February 1, 1997, through
May 1, 1997.

Organismidentification

All pathogenswereidentified at the participating
center using routine methodsfor that |aboratory and
were confirmed at the coordinating |aboratory using
automated or conventional methodsif needed.

Susceptibility testing

Antimicrobia susceptibility testing wasperformed
at the coordinating laboratory using broth
microdilution methods as described by the National
Committee for Clinical Laboratory Standards
(NCCLS) [5]. Antimicrobial agentswere obtained
from respective manufacturers aslaboratory grade
powder and included macrolides (erythromycin,
azithromycin, clarithromycin), the streptogramin
quinupristin-dalfoprigtin, glycopeptides(vancomycin,
teicoplanin), fluoroquinolones (gatifloxacin,
ciprofloxacin, levofloxacin, trovafloxacin),
aminoglycosides (amikacin, gentamicin, tobramycin),
carbapenems (imipenem, meropenem), a
monobactam (aztreonam), cephal osporins (cefepime,
cefuroxime, cefotaxime, ceftriaxone, ceftazidime,
cefoxitin, cefaclor), penicillins (ampicillin, penicillin,
amoxicillin, oxacillin), -lactamase inhibitor
combinations (amoxicillin-clavulanate, ticarcillin-
clavulanate, piperacillin-tazobactam), and other
drugs including clindamycin, chloramphenicol,
tetracycline, rifampin, and trimethoprim-
sulfamethoxazole.

Quality control

Qudity control wasperformed utilizing srainsfrom
the Americantypeculturecollection (ATCC), including
S. pneumoniae ATCC 49619, Staphylococcus
aureus ATCC 29213, EnterococcusfaecalisATCC
29212, Escherichia coli ATCC 25922, and
Pseudomonas aeruginosa ATCC 27853.

www.infecto.org.br/bjid.htm
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Results

The speciesdistribution of the pathogensevauated
inthisstudy issummarizedin Table 1. A totdl of 3,728
strains were obtained from the Brazilian centers
participating in SENTRY in 1997, 1998, and 1999.
Based onthestudy design, thelargest number of isolates
were obtained from patientswith BSI (2,008 cases),
followed by LRTI (822 cases), UTI (468 cases), and
WSSTI (430).

Table2 summarizesthe susceptibility testing results
obtained with the 5 most frequent Gram-negative
species listed in the order of occurrence. P.
aeruginosa was the second most common Gram-
negative with almost 500 isolates eval uated (496
srains; 13.3%). Thispathogen showed extremey high
rates of resistanceto themgority of theantimicrobial
agentstested. The most active compound against this
pathogenin Brazil wasthe carbapenem, meropenem
(MIC,,, Ing/mL ; 74.4% susceptibility). Ciprofloxacin
also showed low MICresults (MIC_, 0.5 ng/mL);
however, the percentage of isolates susceptibletothis
compound was lower (58.7%). The spectrum rank
order of the antimicrobial agents against P.
aeruginosaintermsof percentage of susceptibility
was. meropenem (74.4%) > piperacillin/tazobactam

(70.8%) > imipenem (69.8%) > amikacin (62.1%) >
cefepime (59.7%) > ceftazidime (59.5%) >
ciprofloxacin (58.7%).

Thecepha ogporinsand other b-lactams, except for
ampicillin, were active against most of the E. coli
isolates. Cefepime was the most active of the
cephalosporins (95.9% susceptible) and the
carbapenemsimipenem and meropenemwerethemost
activeb-lactamsoveral (100.0% susceptible). Onthe
other hand, resistanceratesto fluoroquinoloneswere
relatively high with only 89.1% of strains being
susceptible to ciprofloxacin (MIC,, >2 ng/mL).
Susceptibility to aminoglycosidesvaried from 97.3%
for amikacin (MIC,,, 8 ng/mL) to 90.5% for
tobramycin (MIC,, 4 ng/mL).

Antimicrobial resistance rateswere much higher
among the 318 Klebsidla spp. isolates(Table2). The
carbapenem, imipenem wasthe most active compound
(MIC,,, 0.5 ng/mL ; 100% susceptibility). Althoughthe
potency of meropenem(MIC,_, <0.06 ng/mlL.) washigher
thanthat of imipenem (MIC,, 0.25ng/mL), oneisolate
withanintermediateMI Cfor meropenem (8 ng/mL) and
susceptibleMIC for imipenem (4 ng/mL ) wasdetected
(Table2). Cefepime showed the highest percentage of
susceptiblestrains (76.7%) among b-lactams, other than

the carbapenems.

Table 1. Occurrence of themajor pathogensisolated in Brazil in 1997, 1998, and 1999

% Occurrencein

Organismsin rank order BSI (2008)? LRTI (822)° SST1 (430)° UTI9(468) All sites (3728)
S aureus 236 210 458 19 22.8(852)
E. coli 13 44 72 476 13.8(516)
P. aeruginosa 75 24 105 126 13.3(496)
K. pneumoniae 89 92 42 98 85(318)
Enterobacter spp. 83 6.8 6.7 5.8 75(279)
CoNS 120 05 30 06 7.0(261)
Acinetobacter spp. 6.8 108 28 30 6.7(252)
Enterococcus spp. 27 40 84 51 4.0(147)
Serratia spp. 25 33 28 27 2.7(102)
Proteus spp. 07 - 35 51 14(4)

3BSI: blood stream infection; ® LRTI: lower respiratory tract infection; ¢ WSSTI: wound or skin and soft tissue infection; ¢ UTI: urinary tract

infection; © CoNS: Coagulase-negative staphylococci.

www.infecto.org.br/bjid.ntm
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Table2. Antimicrobia susceptibility pattern of themost frequent Gram-negative bacilli collected from hogpitalized patientsin Brazil - SENTRY
Program 1997, 1998, and 1999

Antimicrobial class/agent

Pathogen (prevalence rank/ no. tested)

E. coli (2/516) P. aeruginosa (3/496) K. pneumoniae. (4/318)  Enterobacter spp. (5/279)  Acinetobacter spp. (7/252)
MICy, % Susc® MIC, % Susc® MIC.,, % Susc® MIC,/,, % Susc® MICy,, % Susc®
Cephalosporins
Cefazalin <2/>16 &1 >16/>16 00 >16/>16 45.0 >16/>16 29 >16/>16 04
Cefuroxime 4/16 87.0 >16/>16 00 8/>16 50.6 >16/>16 373 >16/>16 36
Cefoxitin 4/8 936 >32/>32 02 4/16 8.3 >32/>32 54 >32/>32 12
Ceftriaxone <025<025 926(7.8° >32/>32 48 <025/>32 588(484) 05>32 695 >32/>32 127
Ceftazidime 0251 94.6(8.9)° 8/>16 595 1/>16 68.2(48.4)° 05/>16 63.1 >16/>16 26.6
Cefepime <0.12/0.25 %59 8/>16 59.7 0.25/>16 6.7 <0.12/8 914 >16/>16 Al
Other b-lactams
Ampicillin >16/>16 422 >16/>16 02 >16/>16 25 >16/>16 57 >16/>16 44
Aztreonam <0.12/025 932(85)" 16/>16 427 025>16 59.7(45.6)° 025>16 685 >16/>16 6.7
Ticarcillin/Clavulanate 8/128 69.4 64/>128 520 32/>128 48.7 8/>128 55 128/>128 286
Piperacillin/Tazobactam 2/16 R4 16/>64 708 4/>64 67.0 4/>64 674 >64/>64 302
Imipenem 0.12/05 1000 2/>8 69.8 0.25/05 1000 052 9.6 1/>8 8.1
Meropenem <006/<0.06 1000 1/>8 744 <0.06/0.12 9.7 <006/025 1000 1/>8 8.3
Aminoglycosides
Amikacin 4/8 97.3 8/>32 62.1 2/>32 792 2/>32 824 >32/>32 317
Gentamicin 14 926 4/>16 55.6 1/>16 64.8 1/>16 774 16/>16 496
Tobramycin 14 05 1/>16 55.8 1/>16 55.7 1/>16 69.2 4/>16 56.3
Fluoroquinolones
Ciprofloxacin 0.03/>2 8.1 0.5/>2 587 0.06/1 A3 0.06/>2 832 >2/>2 3H3
Gdifloxacin <0.03/2 0.1 2/>4 55.0 0.06/1 %6 0.06/4 864 4>4 405
Levofloxacin 05/4 85 1/>4 57.1 051 A7 05/>4 &9 a4>4 369
Trovafloxacin <0.03/4 8.1 4>4 526 0.06/1 B4 0.06/>4 817 4/>4 437
Grepafloxacin <0.25/>2 839 1/>2 5.0 <0.25/05 935 <0.25/>2 789 >2/>2 304
Others
Tetracycline <4/>8 595 >8/>8 10 <4/>8 739 <4/>8 66.7 <4/>8 64.7
Trimethoprim/ <05/>2 537 2/>2 32 <0.5/>1 65.6 <0.5/>2 720 2/>2 21
Sulfathoxazole

2 Percentage of susceptible strains according to NCCLS criteria [NCCLS 2000;] © Percentage of strains with MIC > 2 ng/mL indicating possible ESBL production.
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Table 3. Percentages of E. coli and K. pneumoniae considered ESBL producersbased onthe NCCL Scriteria

Siteof infection % ESBL Producingstrains(n/total)
E. coli K. pneumoniae
Bacteremia 84% (19/226) 52.2% (93/178)
Pneumonia 306% (11/36) 487%  (37/76)
Urinary tract 58% (13/223) 456%  (21/46)
Wound, skin, and soft tissue 2% (@4/3) 500%  (9/18)
Total 9.1% (47/516) 50.3% (160/318)

a Strains with increased MICs (> 2 ng/mL) for ceftazidime, aztreonam, ceftriaxone or cefotaxime indicating
possible ESBL production.

Table4. Antimicrobial susceptibility E.coli and K. pneumoniae strains classified as ESBL -producersbased on
theNCCL Scriteria

Antimicrobial class/agent Pathogens (%)
E. coli 2(47) K. pneumoniae?(160)
MIC, /,, % Susc. MIC /,, % Susc.
b-lactams
Cefoxitin 432 76.6 432 781
Ticarcillin/ Clavulanate 128/>128 85 128/>128 81
Piperacillin/ Tazobactam 16/>64 511 64/>64 304
Imipenem 0.25/05 1000 0.25/0.5 1000
Meropenem <0.06/0.12 1000 <0.06/0.12 04
Aminoglycosides
Amikacin 16/32 745 16/>32 631
Gentamicin 16/>16 6.2 16/>16 369
Tobramicin >16/>16 191 >16/>16 194
Fluoroquinolones
Ciprofloxacin 0.25/>2 702 0.25/1 0.6
Levofloxacin 05>4 702 0.5/2 913
Gatifloxacin <0.03>4 745 0.06/2 R5
Others
Tetracycline >8/>8 404 <4/>8 66.3
Trimethoprim/ Sulfathoxazole >1/>1 217 >1/>1 463

aESBL-producing strains should be considered resistant to all cephalosporins based on the NCCLS [2000].

www.infecto.org.br/bjid.ntm
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Table5. Antimicrobial susceptibility pattern of themost frequent Gram-positive cocci from hospitalized patients
inBrazil - SENTRY Program 1997, 1998, and 1999

Antimicrobial class/agent Pathogen (prevalencerank/ no. tested)

S. aureus(1/852) CoNS* (6/261) Enterococcus spp. (8/147)

Cephalosporins

Cefazolin <2/>16 66.0° 4/>16 199 >16/>16 -
Ceftriaxone 4/>32 66.0° 16/>32 199 >32/>32 -
Cefepime 4/>16 66.0° 8/>16 199 >16/>16 -
Ceftazidime 8/>16 518 >16/>16 199 >16/>16 -
Other b-lactams

Oxacilliin 05/>8 660 >8/>8 199 >8/>8 -
Ampicillin 16/>16 99 16/>16 126 14 980
Penicillin 16/>32 92 16/>32 81 2/16 891
Amoxicillin/Clavulanate 2/>16 681 4/>16 199 12 89.1°
Piperacillin/Tazobactam 2/>64 66.0° 4/>64 199 4/>64 89.1°
Imipenem <0.06/>8 66.0° 1/>8 199 2/8 -
MLS

Clindamycin 0.25/>8 665 >8/>8 464 >8/>8 -
Erythromycin 1/>8 453 >8/>8 301 >8/>8 6.1
Doxycycline 05>8 810 /8 85.8 4/8 551
Fluoroquinilones

Ciprofloxacin 0.5/>2 65.6 2/>2 498 2/>2 490
Gatifloxacin 0.12/4 8.3 0.5/2 R7 05>4 735
Trovafloxacin <0.031 0.3 0.25/4 759 0.25/>4 721
Others

Gentamicin 1/>16 64.8 16/>16 414 16/>16 272
Gentamicin (HL)¢ <500/<500 - <500/<500 - <500/>1000 728
Streptomycin (HL)¢ <1000/2000 - <1000/2000 - <1000/>2000 701
Rifampin 0.252 711 0.25/>2 67.8 >2/>2 204
Chloramphenicol 8/>16 538 8/>16 506 8/>16 605
Tetracycline <4/>8 623 <4/>8 751 >B8/>8 354
Trimethoprim/

Sulfametoxale <05/>2 680 2/>2 402 <052 769
Quinupristin/dalfopristin 0.25/05 0.8 0.25/1 989 8/>8 34
Teicoplanin 12 0.8 2/16 839 0.25/05 0.3
Vancomycin 171 1000 12 1000 12 Q.

@ CoNS: Coagulase-negative staphylococci.

b Susceptibility predicted by the oxacillin result.
¢ Susceptibility predicted by the penicillin result.
4 High level aminoglycoside resistance screen.

www.infecto.org.br/bjid.htm
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Table6. Antimicrobia susceptibility pattern of oxacillin-res stant Staphyl ococcusaureus strainsfrom hospitalized

patientsin Brazil

Antimicrobial agent

Oxacillin-resistant Staphylococcus aureus (290)

MIC,, (my/mL) MIC,, (mymL) % Susceptible
Clindamycin >8 >8 72
Erythromycin >8 >8 24
Doxycycline 8 8 479
Ciprofloxacin >2 >2 72
Gatifloxacin 2 4 69.3
Gentamicin >16 >16 45
Rifampin 2 >2 203
Chloramphenicol >16 >16 217
Tetracycline >8 >8 103
Trimethoprim/ sulfamethoxale >1 >1 83
Quinupristin/dalfopristin 05 1 0.3
Teicoplanin 2 2 0.3
Vancomycin 1 1 1000

The percentage of E. coli and K. pneumoniae
producing ESBLsremainsvery highinBrazil. Utilizing
the screening concentrations recommended by the
NCCLS[5] to predict isolates of K. pneumoniae
and E. coli suspected of harboring ESBLs (MICs
>2 mg/mL to ceftazidime or aztreonam or
ceftriaxone), 9.1% of E. coli and 50.3% of
Klebsiella met these criteria(Table 3).

Table4 summarizestheantimicrobid susceptibility
results of the ESBL-producing strains. Only the
carbapenems showed excellent activitiy against these
pathogens. ESBL -producing strainsal so showed high
rates of resistanceto cefoxitin, acefamycin stableto
hydrolysisby ESBL s, and to piperacillin/tazobactam,
a b-lactam-b-lactamases inhibitor combination.
Cefoxitin was active against only 78.1% of the K.
pneumoniae and 76.6% of the E. coli isolatesat £ 8
ng/mL, suggesting that other mechanismsof resstance,
such astheproduction of AmpC enzymes(strainswith
cefoxitin MICs, >32 ng/mL ) and/or dterationinthe
outer membrane might be associated to the ESBL
production. Ticarcillin/davulanicacidwasactiveagaingt
only 8.1% of the K. pneumoniae (MIC,, >128 ny/
mL) and 8.5% of the E. coli isolates (MIC,,, >128
ng/mL). Piperacillin/tazobactam showed in vitro

activity higher thanthat of ticarcillin/dlavulanicacid, but
only 39.4% of K. pneumoniae (MIC,, >64 ng/mL)
and 51.1% of E. coli (MIC,,, >64 ng/mL) were
susceptibleto thiscompound. Thefluoroquinolones
were very active against ESBL-producing K.
pneumoniae (>90% susceptibility), but not against E.
coli isolates(70.2%to 74.5% susceptibility).
Enterobacter spp. (279isolatesanalyzed) showed
high rates of resistanceto broad spectrum penicillins
with or without b-lactamase inhibitors (67.4%
susceptibility to piperacillin/tazobactam) and third-
generation cephal osporins (68.1% susceptibility to
ceftazidime). However, cefepime (91.4% susceptibility)
remainsvery active against this pathogenin Brazil.
Aminoglycosideres stancewas also elevated among
Enterobacter spp. (69.2 to 82.4% susceptibility), and
themost active fluoroquinolone against thispathogen
wasgatifloxacin (86.4% susceptibility).
Acinetobacter spp. was the fifth most frequent
Gram-negativebacilli genusisolated ingenera (6.7%
of theisolates), and the third most common pathogen
isolated from hospitalized patientswith pneumonia
(10.8% of the isolates, Table 1). In our study, the
carbapenems were active against nearly 90% of
Acinetobacter spp. isolates (MIC,,, 1 ng/mL and

www.infecto.org.br/bjid.ntm
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Table7. Antimicrobial activity and spectrum of drugstested against the 5 most preval ent Gram-negative pathogens causing bl oodstream
infectionsin Brazil

Antimicrobial class/agent Pathogen (prevalence rank/ n° tested)

E. cali (3/226) K. pneumoniae. (4/178) Enterobacter spp.(5/167)  P. aeruginosa (6/150)  Acinetobacter spp.(7/137)
MIC,/, % Susc.? MIC,/,, % Susc® MIC/, % Susc? MIC/, % Susc® MIC/, % Susc?

Cephal osporins

Cefazalin <2/>16 87 >16/>16 421 >16/>16 24 >16/>16 00 >16/>16 00
Cefuroxime 16/>16 407 16/>16 294 16/>16 407 >16/>16 00 >16/>16 6.6
Cefoxitin 4/8 934 ) 4/16 865 ] >32/>32 48 >32/>32 0.7 >32/>32 15
Ceftriaxone <0.25/05 920 (8.0)b 2/>32  56.2 (51.1)b <0.25/>32 743 >32/>32 6.7 >32/>32 161
Ceftazidime 0.25/1 93.8(8.4) 1/>16  69.1(484) 025>16 737 4/>16 66.7 >16/>16 330
Cefepime <0.12/0.25 %0 0.25/>16 747 <0.12/8 910 4/>16 66.7 16/>16 445
Other b-lactams

Ampicillin >16/>16 304 ) >16/>16 45 ] >16/>16 6.0 >16/>16 00 >16/>16 6.6
Aztreonam <0.12/025 929(84) 05/>16 59.6(47.2) <0.12/>16 749 8/>16 527 >16/>16 109
Ticarcillin/Clavulanate 8/128 681 32/>128 478 4/>128 599 64/>128 640 64/>128 304
Piperacillin/

Tazobactam 2/16 912 4>64 63.0 2/>64 70.7 8/>64 74.0 64/>64 401
Imipenem 0.12/0.25 1000 0.25/0.5 1000 0.5/2 04 2/>8 820 054 205
Meropenem <0.06/<0.06 1000 <006/0.12 1000 <0.06/0.25 1000 0.5/>8 87 iz 20
Aminoglycosides

Amikacin 4/8 %5 2/>32 7.8 2/>32 814 4>32 700 >32/>32 423
Gentamicin 12 916 1/>16 60.7 1/>16 4 2/>16 620 4/>16 518
Tobramycin iz €07 2/>16 528 1/>16 70.7 1/>16 60.7 2/>16 67.9
Fluoroquinolones

Ciprofloxacin 0.03/0.5 916 0.06/0.5 %5 0.06/>2 86.2 0.25/>2 67.3 >2/>2 445
Gatifloxacin <0.03/0.5 R5 0.06/0.5 %6 0.06/4 836 />4 66.7 4>4 482
Levofloxacin 0505 20 051 A9 0.5/4 874 05/>4 680 4>4 474
Trovafloxacin <0.03/0.5 916 0.06/0.5 A9 0.06/4 844 05/>4 64.0 1>4 504
Grepafloxacin <0.25/<0.25 %8 <0.25/0.5 926 <0.25/>2 806 0.5/>2 65.7 <0.25/>2 517
Others

Tetracycline <4/>8 60.2 <4/>8 787 <4/>8 70.7 >8/>8 13 <4/>8 701
Trimethoprim/
Sulfathoxazole 2/>2 469 <05/>2 610 <05/>2 737 2/>2 40 2/>2 337

2 Percentage of susceptible strains according to NCCLS criteria [NCCLS 2000].
b Percentage of strains with MIC > 2 ng/mL indicating possible ESBL production.
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Table8. Antimicrobia activity and spectrum of drugstested against themost preva ent Gram-positive pathogens
causing bloodstreaminfectionsin Brazil - SENTRY program 1997 to 1999

Pathogen (prevalencerank/ no. tested)

Antimicrobial class/agent S. aureus (1/473) CoNS® (2/241) Enterococcus spp. (8/54)
Cephalosporins

Cefazolin <2/>16 70.6° 4/>16 19.9° >16/>16 -
Ceftriaxone 4/>32 70.6° 16/>32 199 >32/>32 -
Cefepime 4/>16 70.6° 8/>16 199 >16/>16 -
Ceftazidime 8/>16 551 >16/>16 199 >16/>16 -
Other b-lactams

Oxacillin 05/>8 706 >8/>8 199 >8/>8 -
Ampicillin 16/>16 123 16/>16 133 v4 A4
Penicillin 16/>32 116 16/>32 83 4/16 852
Amoxicillin/Clavulanate 2/>16 70.6° 4/>16 199 14 85.2°
Piperacillin/Tazobactam 2/>64 70.6° 4/>64 199 4/>64 85.2°
Imipenem <0.06/>8 706° 1/>8 199 2/8 -
MLS

Clindamycin 0.25/>8 708 >8/>8 456 >8/>8 -
Erythromycin 1/>8 295 >8/>8 304 >8/>8 19
Doxycycline 0.5/>4 8.3 1/8 86.7 4/8 630
Fluoroquinolones

Ciprofloxacin 0.5/>2 706 1>2 502 2/>2 389
Gatifloxacin 0.12/4 8.0 0.25/2 929 05/>4 66.7
Trovafloxacin <0.031 0.7 0.25/4 759 0.25/>4 64.8
Others

Gentamicin 1/>16 685 16/>16 411 16/>16 -
Gentamicin (HL)4 <500/<500 - <500/<500 - <500/>1000 630
Streptomycin (HL)® <1000/2000 - <1000/2000 - <1000/>2000 685
Rifampin 0.5/2 778 0.25/>2 68.0 >2/>2 204
Chloramphenicol 8/>16 636 16/>16 498 8/>16 537
Tetracycline <4/>8 66.6 <4/>8 76.3 >8/>8 370
Trimethoprim/

Sulfamethoxazole <052 727 2/>2 390 <05/2 685
Quinn/Dalf. 0.25/05 06 0251 9838 4/>8 56
Teicoplanin 12 9.6 2/16 834 <0.12/05 81
Vancomycin 171 1000 212 1000 12 B.1

@ CoNS: coagulase-negative staphylococci.

b Susceptibility predicted by the oxacillin result.
¢ Susceptibility predicted by the penicillin result.
4 High level aminoglycoside resistence screen.
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Table 9. Comparison of the antimicrobial susceptibility of Pseudomonas aeruginosaisolates collected from
variousinfectionstes

Antimicrobial agents % Susceptible

BSI2(150) LRTIP(242) WSSTI¢(45)  UTI(59)  All sites (496)

Cefepime 66.7 599 556 441 59.7
Ceftazidime 66.7 595 556 441 595
Piperacillintazobactam 740 707 711 62.7 708
Imipenem 820 669 644 542 69.8
Meropenem 87 711 756 66.1 744
Gentamicin 620 550 622 254 556
Amikacin 700 616 6389 390 558
Ciprofloxacin 673 59.9 578 322 587
Gatifloxacin 66.7 5.1 511 3R2 550

aBSl: bloodstream infection.

b LRTI: lower respiratory tract infection.

¢ WSSTI: wound or skin and soft tissue infection.
4 UTI: urinary tract infection.

Table 10. Comparison of the antimicrobial susceptibility of Enterobacter spp. isolates collected from various
infectionstes

Antimicrobial agents % Susceptible
BSI2(167) LRTI®(56)  WSSTI®(29) UTIY(27)  All sites (279)

Cefepime 91.0 89.3 1000 839 914
Ceftazidime 737 625 69.0 44 68.1
Piperacillin/tazobactam 707 66.1 655 519 674
Imipenem N4 1000 1000 1000 996
Meropenem 1000 1000 1000 1000 1000
Gentamicin B4 768 89.7 593 774
Amikacin 814 8.7 RB1 704 824
Ciprofloxacin 86.2 85.7 89.7 519 832
Gatifloxacin 836 8.3 931 593 864

aBSl: bloodstream infection.

® LRTI: lower respiratory tract infection.

¢ WSSTI: wound or skin and soft tissue infection.
4 UTI: urinary tract infection.
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Table 11. Comparison of theantimicrobia susceptibility of S aureusisolates collected from variousinfection
gtes

Antimicrobial agents % Susceptible Strains
BSI= (473) LRTI*(173)  WSSTI¢(197)  All sites (852)
Oxadllin 706 520 66.0 660
Cefepime 706 520 66.0 66.0
Ceftriaxone 706 520 66.0 66.0
Ceftazidime 551 44 493 518
Clindamycin 708 520 685 66.5
Trimethoprim/ 727 536 675 68.0
Sulfametoxazole

Ciprofloxacin 706 50.3 330 65.6
Gatifloxacin 890 8.0 898 893
Teicoplanin 9.6 1000 1000 0.8
Vancomycin 1000 1000 1000 1000

aBSl: bloodstream infection.
® LRTI: lower respiratory tract infection.
¢ WSSTI: wound or skin and soft tissue infection.

Table 12. Comparison of theantimicrobia susceptibility of chromosomally inducible b-lactamase producing
isolates collected from variousinfection sites

Antimicrobial agents % Susceptible
All isolates? Ceftazidime-resistant strains®
(442.0 (120.0)
Cefepime R5 800
Ceftazidime 729 -
Piperacillin/tazobactam 68.6 158
Imipenem 0.3 1000
Meropenem 1000 1000
Gentamicin 713 425
Amikacin 79.0 517
Ciprofloxacin 765 0.8
Gatifloxacin 80.3 583

aInclude Enterobacter spp., Serratia spp., Citrobacter spp., Providencia spp., Proteus vulgaris,
and Morganella morganii.
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MIC,,, >8 mg /mL for both imipenem and
meropenem; Table 2). Tetracyclineshowed somein
vitro activity (64.7% susceptibility). The next most
active compound wastobramycin, which inhibited
56.3% of the isolates tested (MIC,, 4 ng/mL).
Interestingly, gentamicin (MIC_, 16 ng/mL ; 49.6%
susceptibility) showed higher in vitro activity than
amikacin (MIC,, >32 ng/mL ; 31.7% susceptibility).
All other compoundswere active against < 40% of
theisolates (Table 2).

Theresultsof theantimicrobia susceptibility of three
most frequently i solated Gram-pogitivecocci areshown
onTable5. Ingenerd, 34%of S aureusisolateswere
resistant to oxacillin. The broad-spectrum b-lactams
showed similar spectrum to that shown by oxacillin,
except for ceftazidime, which wasactiveagainst only
51.8% of S aureus isolates. In addition, cross-
resistance to other antimicrobial classes was very
commonamong oxacillin-resstant strains(Tables5and
6). Clindamycin, trimethoprim/sulfamethoxazole,
ciprofloxacin, and gentamicin wereactiveagainst less
than 10% of oxacillin-resistant S. aureus (ORSA)
(Table6). Ontheother hand, 69.3% of ORSA isolates
were susceptibleto the new quinolone gatifloxacin
(MIC,,, 4ng/mL ). Vancomycinwas uniformly active
against S. aureus strains; however, reduced
susceptibility toteicoplaninand quinupridin/dafoprisin
wasdetectedin 1isolate (Table6).

Resistanceratesto b-lactamswere much higher
among CoNS and lessthan 20% of the strainswere
considered susceptible to oxacillin and broad-
spectrum b-lactams (Table 5). Gatifloxacin was
active against 92.7% of the CoNSisolates (MIC,,
2 mg/mL) and decreased susceptibility to
vancomycin was not detected among CoNS(MIC,,
2nmg/mL). Thevast majority of enterococci isolates
were represented by E. faecalisand only 1isolate
with reduced susceptibility to glycopeptides was
detected during the period of the program (Table
5). In addition, ampicillin resistance wasvery low
among enterococci (98.0% susceptibility). Onthe
other hand, almost 30% of the enterococci isolates
evauated showed high level resstanceto gentamicin
or streptomycin (Table5).

Tables7 and 8 show theantimicrobia susceptibility
of themost frequently isolated speciesfromBS, while
Tables 9, 10, and 11 exhibit the antimicrobial
susceptibility of specific species (P. aeruginosa,
Enterobacter spp., and S. aureus, respectively)
according tothesite of infection. Table 12 showsthe
antimicrobia susceptibility of chromosomaly inducible
b-lactamase producing strains (Enterobacter spp.,
Serratia spp., Citrobacter spp., Proteus vulgaris,
Morganella morganii, and Providencia spp.) broken
down according to the ceftazidime susceptibility.

Discussion

Asresistanceto antibiotics continuestoincrease,
surveillance hasbecome awel l-recogni zed necessity,
and should combinelocal, national, and international
efforts. Multicenter surveillance program monitoring
at thehospital, or evenat ward level, isa so critical to
understanding therelativeimportance of risk factors,
the evolution of resistance over time, aswell asfor
the development and assessment of preventive
measures[1, 6].

Gram-negative bacilli and S. aureus were the
predominant pathogens causing infections in the
Brazilian medical centers participating in the
SENTRY. Sincetheisolateswere consecutively
collected according to the site of infection, our
results show the most frequently isolated species
inthe sites of infection evaluated. Therank order
of occurrence differed slightly from that reported
for North American centers participating in
SENTRY [1]. In general, the most important
discrepancies were a higher prevalence of
Acinetobacter spp. and a lower prevalence of
Enterococcus spp. in Brazil, when compared to
North American centers. Thetop 10 pathogensin
the present study accounted for almost 90% of all
isolates. Among isolatesfromBSl, 38.3% weredue
to Gram-positive cocci, but Enterococcus spp. was
isolated in only 2.7% of the cases. In contrast, inthe
U.S,, the Gram-positive cocci wereresponsiblefor
46% of the BSI cases and Enterococcus spp. was
isolated in almost 10% of cases[1].
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Theresstanceratesweregenerally higher in Brazil
when compared to those of North America, especialy
among the Gram-negative rods [7, 8]. The main
resistance problems detected in this study were: 1)
extremely high rates of ESBL-producing
Enterobacteriaceae; 2) carbapenem resistanceamong
non-fermentative Gram-negative bacilli, especially P.
aeruginosa; 3) and high rates of stably derepressed
Bush-Jacoby-Medeiros group 1 strains among
Enterobacteriacese.

The epidemic rate of ESBL -producing strains of
K. pneumoniaeand E. coli in Brazil isof grest concern.
Althoughtheratesof ESBL -producing stransmay vary
sgnificantly fromregiontoregion, or evenfromhospital
to hospital within the same geographic region, the
Brazilian ratesare much higher than rates seenin most
other partsof theworld. IntheU.S., ESBL-production
ratesareusually lessthan 5% for K. pneumoniae and
lessthan 2%for E. coli [1]. In Europethe prevaence of
ESBL-producing K. pneumoniae may be ashigh as
15%to 20%, or even higher inisolatesfrom ICUs[9,
10]. Incontrag, inthe present sudy, approximately 9%
of E. coli and 50% of K. pneumoniae were
characterized asESBL producers Other Brazilianstudies
havevalidatedthe SENTRY resultsby showingsmilar
rates of ESBL-producing strainsin several hospitals
around the country [11]. Although the extensive
dissemination of aplasmid harboring the ESBL gene
cannot be completely disregarded, the great genomic
variability demondrated by theESBL -producing trains
strongly suggeststhe continued selection of resistant
mutants[12, 13]. Some studieshave shownthat among
other identified risk factors, the use of third-generation
cephalogporins, especidly ceftazidime, isrdated tothe
appearanceof ESBL-producing strains[ 14, 15].

Although theseenzymesare usudly inhibited by b-
lactamase inhibitors, such as clavulanic acid and
tazobactam, a significant percentage of ESBL-
producing strains showed in vitro resistance to b-
lactam-b-lactamaseinhibitor combinations, including
piperacillintazobactam. A low activity of b-lactam-b-
lactamase inhibitor combinations against ESBL-
producing strains has been documented in other studies
and the mechanisms of resistance involved are not

completely elucidated [16-18]. Thus, clinical studies
arenecessary todarify theroleof b-lactam-b-lactamase
inhibitor combinationsin thetrestment of infectionsdue
to ESBL -producing strains. Actually, some authors
have advocated that the b-lactamase-inhibitor
combinationsmight be used to prevent theemergence
of ESBL -producing strains. In acase control-control
study conducted inanintensivecareunit toinvestigate
the risk acquisition of ESBL -producing strains, b-
lactamase-inhibitor therapy was shown to be a
protectivefactor [15]. Other investigators have been
ableto decreasetherate of colonizationwith ESBL-
producing K. pneumoniae by using piperacillin/
tazobactam, rather than ceftazidime, in theempirical
treatment for nosocomial infections[15, 19].

Insummary, Table4 showsthat therearevery few
therapeutic optionsto treat infectionsdueto ESBL -
producing strainsin Brazil. Only the carbapenems
were active against >75% of ESBL-producing E.
coli, while the quinolones represent a reasonable
alternative to the carbapenems against K.
pneumoniae. All quinolonesevaluated inhibited more
than 90% of ESBL -producing K. pneumoniaewith
similar invitro activity. In addition, thefinding of an
isolate of K. pneumoniaewith intermediate MIC for
meropenem is of great concern since widespread
carbapenem resistance among Enterobacteriaceae
would have catastrophi c consequences.

Theantimicrobia susceptibility resultsfor Gram-
positive cocci showed very high rates of oxacillin
resistance among staphylococci with cross-resi stance
tomost antimicrobia agents, except the glycopeptides.
Ontheother hand, our study showed very low ratesof
resistance to ampicillin and glycopeptides among
enterococci. Thehighrateof susceptibility toampicillin
may reflect the higher prevalence of E. faecalisasthe
causeof enterococd infectionsinthehospitalseva uated.
Theseresultsaredifferent from thosereported by the
SENTRY intheU. S., whereboth the proportion of
E. faecium and the prevalence of glycopeptide
resistancearemuch higher [2].

Isolatesfrom BSl wereandyzed separatel y because
they are more likely to represent isolates from true
infectionsand becausethe number of isolatesfromthis
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site was significantly higher. The antimicrobial
susceptibilities of isolatesfrom BSI (Tables 7 and
8) werevery similar to that found when all isolates
were analyzed together (Tables 2 and 5). One of
the highest discrepancies was noted in the
carbapenem susceptibility of P. aeruginosa. While
82.0% of isolates from BSI were susceptible to
imipenem (Table 7), less than 70% of all P.
aeruginosa evaluated was susceptible to this
compound (Table 2). A tendency of higher rates of
resistance among isolatesfrom UTI was a so noted
for this pathogen. In contrast, the highest rates of
susceptibilitieswere detected among i sol atesfrom
BSI (Table 9). Similarly, S. aureus from BSI
presented higher rates of susceptibility when
compared to S. aureusfrom LRTI (Table 11).

Resistance rates to third-generation
cephal osporinsand b-lactam-b-lactamasesinhibitor
combinations were high among Enterobacter spp.
and other species that produce large amounts of
inducible Bush-Jacoby-Medeiros group 1 (AmpC)
b-lactamase (Table 10)[20]. Morethan 440 isol ates
of Enterobacter spp., Serratia spp., Citrobacter
spp., Proteusvulgaris, Morganella morganii, and
Providencia spp. were analyzed asagroup and the
antimicrobial susceptibility pattern of thisgroup was
very similar to that showed by Enterobacter spp.
(Table 12). When the ceftazidime-resistant strains
(stably derepressed Bush-Jacoby-Medeiros group
1) were analyzed separately (120 isolates), we
verified that only the carbapenems (100%
susceptibility) and cefepime (80% susceptibility)
showed reasonabl e activity against this group of
multiresistant organisms. The newer quinolones
gatifloxacin and levofloxacin were active against
57.5% of theisolates(MIC,, 2ng/mL ), and all other
compounds were active against less than 50% of
thestrains (Table 12).

SENTRY is one of the largest and most
comprehensive surveillance programs in place
worldwide. Thisprogram has been contributing to
the better understanding of antimicrobial resistance
in several areas of the world. Due to the lack of
regional data, Brazilian physicians relied on

susceptibility datafromtheU. S. and Europeto guide
their empiric antimicrobial therapy and alsoto direct
infection control measures. SENTRY hasanalyzed
more than 4,000 clinical isolates (3,728 from
nosocomial infections and 612 isolates from
community acquired infections) from four Brazilian
citiesin 3 consecutive years. This Program has
detected important differencesin the antimicrobial
susceptibilities in Brazil, North America, and
Europe, further emphasizing the importance of
having regional datato guide empiric therapy. In
addition, the program has performed molecular
typing in several groups of resistant organisms
(data not shown). Theresultsfrom this part of the
Program allow usto better understand the mode
of dissemination of antimicrobial resistance, and to
guide the infection control measures necessary to
control the problem [9-11,21].

Antimicrobial resistance may vary significantly
withinacountry and SENTRY evaluate only asmall
percentage of Brazilian hospitals. However, the
leading objective of the Programisto detect themain
problemswithin the country and to guidemoreregiona
programs. A broader study that evaluated morethan
36 Brazilian hospitalsfocusing on BSI found that the
antimicrobial resistance problems detected by
SENTRY arewidespread and not restricted to only
those hospitalsevaluated by the Program [11].

References

1 JonesR.N., Pfaller M.A. Bacterial resistance: A worldwide
problem. Diagn Microbiol Infect Dis1998;31:379-88.

2 Pfaller M.A., JonesR.N., Doern G.V., et al. Survey of
blood stream infections attributable to gram-
positive cocci: frequency of occurrence and
antimicrobial susceptibility of isolates collected in
1997 in the United States, Canada, and Latin
America from the SENTRY Antimicrobial
Surveillance Program. Diag Microbiol Infect Dis
1999;33:283-97.

3. Sader H.S,, JonesR.N., Gales A.C., et a. Antimicrobial
susceptibility of patterns for pathogens isolated from
patients in Latin American medical centers with a
diagnosis of pneumonia: Results from the SENTRY
Antimicrobial Surveillance Program (1997). Diag
Microbiol Infect Dis1998;32:289-301.

www.infecto.org.br/bjid.htm



214 Antimicrobial Susceptibility of Nosocomial Bacteria(SENTRY) BJID 2001; 5 (August)
4. SaderH.S., Sampaio JL.M., Zoccali C., JonesR.N. Results 13. SaderH.S,, JonesR.N., Winokur PL ., et al. Antimicrobial
of the SENTRY antimicrobial surveillance program susceptibility of bacteriacausing urinary tract infections
resultsinthree Brazilian medical centersfor 1997. Braz inLatin American hospitals: Resultsfromthe SENTRY
Jinfect Dis1999;3:63-79. antimicrobid surveillance program (1997). Clin Microbiol

5. National Committee for Clinical Laboratory Standards. Infect 1999;5:478-87.

Methods for dilution antimicrobial susceptibility tests 14. Schiappa D.A., Hayden M.K., Matushek M.G., et al.
for bacteriathat grow aerobically; approved standard - Ceftazidime-resistant Klebsiella pneumoniae and
fifth edition. Approved document M7-A5. Wayne, Escherichia coli bloodstream infection: a case-control
Pennsylvania. NCCL S 2000. and molecular epidemiologicinvestigation. JInfect Dis

6. Guzman-Blanco M., Casellas J M., Sader H.S. Bacterid 1996;174:529-36.
resistanceto antimicrobial agentsin Latin America. The 15. Firoth L., Aube H., Doise J.M., Vincent-Martin M.
giant is awakening. Infect Dis Clin North Amer Spread of extended-spectrum beta-lactamase-
2000;14:67-81. producing Klebsiella pneumoniae: are beta-

7. DiekemaD.J,, Pfaler M.A., JonesR.N., et a. Trendsin lactamase inhibitors of therapeutic value? Clin Infect
antimicrobial susceptibility of bacterial pathogens Dis1998;27:76-80.
isolated from patients with bloodstream infections in 16. Bryson H.M., Brogden R.N. Piperacillin/tazobactam. A
the USA, Canada and Latin America. SENTRY review of its antibacterial activity, pharmacokinetic
Participants Group. Int J Antimicrob Agents properties and therapeutic potencial. Drugs
2000;13:257-71. 1994;47:506-35.

8 Pfaler M.A., Jones R.N., Doern G.V,, et a. Bacterial 17. GadesA.C.,BolmstronA., Sampaio J., et a. Antimicrobial
pathogens isolated from patients with bloodstream susceptibility of Klebsiella pneumoniae producing
infection: frequencies of occurrence and antimicrobial extended-spectrum b-lactamases (ESBL) isolated in
susceptibility patterns from SENTRY Antimicrobial Brazilian hospitals. Braz JInfect Dis 1997;1:196-203.
Surveillance Program (United Statesand Canada, 1997). 18 Roland R.K., Mendes R.E., Silbert S., et a. In vitro
Antimicrob Agents Chemother 1998; 42:1762-70. antimicrobial activity of piperacillin/tazobactam in

9. Babini G.S., Livermore D.M. Antimicrobial resistance comparison with other broad-spectrum b-lactams. Braz
amongst Klebsiella spp. collected from intensive care Jlnfect Dis2000;4:226-35.
unit in Southern and Western Europe in 1997-1998. J 19. Rice L.B., Eckstein E.C., De Vente J., Shlaes D.D.
Antimicrob Chemother 2000;42:183-9. Ceftazidime-resistant Klebsiella pneumoniae

10. Huit A.C., JonesM.E., Schmitz F.J., et a. Antimicrobial isolates recovered at the Cleveland Department of
susceptibility and frequency of occurrence of clinical Veterans Affairs Medical Center. Clin Infect Dis
bloodisolatesin Europefromthe SENTRY antimicrobial 1996;23:118-24.
surveillance program, 1997 and 1998. Clin Infect Dis 20. Bush K., Jacoby G.A., Medeiros A.A. A functional
2000;30:454-60. classification scheme for beta-lactamases and its

11. Sader H.S. Antimicrobia Resistancein Brazil: Comparison correlation with molecular structure. Antimicrob Agents
of results from two multicenter studies. Braz J Infect Chemother 1995; 39:1211-33.

Dis2000;4:91-9. 21. Gales A.C., Jones R.N., Sader H.S., SENTRY Study

12. GaesA.C., JonesR.N., GordonK.A., etal. Activity and Group. A two year assessment of the pathogen

spectrum of 22 antimicrobial agents tested against
urinary tract infection pathogens in hospitalized
patientsin Latin America: report from the second year
of the SENTRY Antimicrobial Surveillance Program
(1998) J Antimicrob Chemother 2000;45:295-304.

frequency and antimicrobial resistance patterns
among organisms isolated from skin and soft tissue
infections in Latin American hospitals: results from
the SENTRY Antimicrobial Surveillance Program. Int
Jlnfect Dis 2000;4:75-84, 2000.

www.infecto.org.br/bjid.ntm



