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Surveillance programsar e essential to detect theincr ease of antimicrobial resistance, and
several different programs are being conducted in many countries. The RESISTNET isa
surveillanceprogram for bacterial resistanceagainst sever al antimicr obial agentsinitiated in
1998 among L atin American countries. In Brazil, several centers were invited to join this
aurveillanceand atotal of 11 center s(6 from Sdo Pauloand 5from other states) participated inthe
study. All resultswereanalyzed usingthe WHONET program. A total of 894 Escherichiacoli,
386 Klebsiellapneumoniae, 70 Shigella spp and 57 Salmonella spp strainswer eanalyzed in this
study from April, 1998, to April, 1999. Susceptibility testing wasper formed by thedisk diffusion
method using NCCL S1998 guidedlinesfor several different drugs. For all strains, imipenem was
themost effectivedrug (100% of thestrainswer esusceptible). Klebsiella pneumoniae presented
ahighresistanceratetoampicillin (96.4%). Therate of probable ESBL producer samong K.
pneumoniae strainswas 36.3%, most of them beingisolated from catheters(58.8%). Among all
Escherichia coli strains analyzed, the highest resistance rate was found for trimethoprim/
sulfamethoxazole (46.9% ) and the majority of theresistant strainswereisolated from urine
samples(47.8%). Among Salmonellaspp, theresistancerateswerelow for all antibioticstested.
For Shigellaspp strainstherewasahigh resistancetotrimethoprim/sulfamethoxazole (80.0%).
Noresistanceto ceftriaxonewasobser ved in thesestrains. Surveillanceof antimicr obial resistance
iscritical for thesuccessful management of infectiousdiseases. Theresultsof thissurvey show
significant resistance rates among these bacteria which areresponsible for several types of
human infections.
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Theincreasein antimicrobia resistance of bacteria
to different antimicrobialsleads many countriesto
initiate surveillance programs|[1-3]. From al bacteria
that have developed resistance, the
Enterobacteriaceae are agroup of special concern
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due to the high increase of resistance recently
observed. Salmonella spp and Shigella spp areclear
examples, with anincreaseinresistanceto antibiotics
that are considered drugs of choicein thetreatment
of infections caused by these bacteria. Some strains
of Klebsiella pneumoniae and Escherichia coli
produce different enzymes (ESBL, carbapenases,
beta-|actamases) that are changing the therapeutic
usefulnessof someantimicrobias.

There are some situations that physicians and
microbiologistsmust know in order to have abetter
understanding of the dissemination and control of
bacterid resstance. Surveillance programsareessentia
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to meet thisgoal . In 1998, the RESISTNET program
wasinitiated to analyzetheres stance patternsof severd
bacteriafrom L atin American countries.

Thisstudy presentsdatapertaining to antimicrobial
resistance of Escherichia coli, Klebsiella
pneumoniae, Shigella spp, and Salmonella spp
collected from 11 centersaround Brazil. All datawas
entered into the WHONET program [4]. The
WHONET programisacomputer program designed
to monitor and manage information about bacterial
res stance by merging frommany centersand providing
anoverview of global antimicrobia res stance patterns.

Materialsand Methods

In this study, resistance datawere collected from
April, 1998, to April, 1999, from 11 centersin Brazil.
Six centerswerelocatedin thecity of Sdo Paulo (Santa
Casa de Misericordia de So Paulo, Hospital Sdo
Paulo, Laboratorio de Investigagdo Médica- LIM-
54- Divisio de MoléstiasInfecciosase Parasitériasdo
HC FMUSRP, Hospital Emilio Ribas, Faculdade de
Ciéncias Farmacéuticas USP and Hospita Helidpalis).
Theother fivecenterswerefrom different citiesaround
the country (Brasilia— L aborat6rio Exame; Curitiba—
Hospital das Clinicasde Curitiba; Salvador - Hospital
Alianca; Fortdeza— L aboratdrio L ouisPasteur; Porto
Alegre—Hospital dasClinicasde Porto Alegre).

A total of 894 Escherichia coli, 386 Klebsiella
pneumoniae, 70 Shigella spp, and 57 Salmonella
op strainsfrom inpatientsand outpatientsfrom varied
anatomical sites were analyzed in this study.
Susceptibility testswereperformed by thedisk diffuson
method and the resultswere eval uated according to
theNCCL S1998 guidelines[5]. Thefollowing drugs
were tested against E.coli and K. pneumoniae:
ampicillin, cephalotin, ceftriaxone, ciprofloxacin,
gentamicin, imipenem, ampicillin/sulbactam, and
trimethoprim/sulfamethoxazole. For Salmonella spp
and Shigella spp, the following drugs were tested:
ampicillin, chloramphenicol, ceftriaxone, ciprofloxacin
and trimethoprim/sulfamethozaxole. All resultswere
entered into the WHONET program (WHONET?4).

Qudity control wasperformedwiththefollowing ATCC
strains: Saphylococcusaureus 25923, E. coli 25922,
and P. aeruginosa 27853.

Results and Discussion

Theresistanceratesfor all 4 bacteriaanalyzedin
thisstudy arepresentedin Figure 1. Table 1 showsthe
difference in the resistance rates for these bacteria

isolated from outpatientsand inpatients.

Antimicrobia Susceptibility of Klebs dla pneumoniae

From the 386 strainsof K. pneumoniaeanayzed, 270
(70%) werefrom inpatientsand 116 (30%) werefrom
outpatients. Among all K. pneumoniae analyzed,
31.9% (123) were isolated from urine, 13.7% (53)
fromblood, 9.3 % (36) wereisolated from samples of
thelower respiratory tract, 5.7% (22) from abscesses,
4.1% (17) from catheters and 35.4% were isol ated
from severd other clinical specimens.

Imi penem wasthe most efficient drug against K.
pneumoniae (all strains were susceptible). The
percentage of resistanceto ciprofloxacinwas2.2% and
res sancetotrimethoprim/sulfamethoxazole (TSX) was
33.3%. Thepercentage of res stance among outpetients
to ampicillin/sulbactamwas 11.3% and, toampicillin
aone, theresstancewas 94.5%. A smilar profilewas
observed for inpatients, wherewe had 33.7%res stance
toampicillin/sulbactam, and 97%to ampicillinaone.
Therewas 3.9% resistanceto cefoxitin, probably the
same percentage of anpC K. pneumoniaestrains. The
highest percentage of K. pneumoniaesrainsproducing
ampC (5.9%) were found in strains isolated from
catheters. Among al strainstested, wefound 36.3%
of strains to be possible ESBL producers when
NCCL Scriteria(inhibition zones< 25 mm) wereused
to evaluate ceftriaxoneactivity. Fromthe 53 strains of
K. pneumoniaeisolated from blood samples, 47.2%
were probable ESBL producersand over half (58.8%)
of thoseisolated from catheters were a so probable
ESBL producers. In al strainsisolated from urine
samples, 24.4% were probable ESBL producers. From

www.infecto.org.br/bjid.htm



10 Multicenter Evaluation: RESISTNET Surveillance Program

BJID 2001, 5 (February)

the 123 strainsisolated from urine samples, 41 (33%)
werefrom outpatientsand 17.1% of thesestrainswere
found to be probable ESBL producers. These data
indicatethat thisisan important point to beconsidered
when treating thiskind of infection. The high rates of
ESBL producing strainsin Latin American countries
have been described in several other studies(2, 6, 7].
Theratesfoundinthesesurvallancesudiesshow smilar
percentages among K. pneumoniae strains. In a
multicenter study from 5 European countries, the
percentage of probable ESBL producerswas lower
than the percentage found in our study. In that study
the highest percentageswerefoundin Portugd (36.0%)
and in France (26.0%) [1]. Another interesting
observationinthisstudy wastheimportant difference
intheresistanceratesfor aminoglycosides between
strainsisolated from inpatientsand outpatients (Table
1). Thiscould bedueto theextensiveuse of thisclass
of antimicrobiasinthehospita environment.

Antimicrobia Susceptibility of Escherichiacoli

From the 894 strains of E. coli analyzed 67.1%
(600) wereisolated from inpatientsand 32.9% (294)
from outpatients (Table 1). Of al thestrainsof E. coli
analyzed, 52.7% (471) were isolated from urine
samples, 7.6% (68) from abscess, 6.4% (57) from
blood, 2.8% (25) from surgical wounds, 0.2% (2) from
catheters, and 30.3% (271) wereisolated from severa
other clinical specimens. For all strains, therewasa
55.0% resistance rate to ampicillin; however, the
associ aionwith sulbactam showed asignificantly lower
resistancerate (12.0%).

A similar profilewas observed when weanalyzed
strains from inpatients and outpatients. Among
inpatients, all strains showed 13.7% resistance to
ampicillin/sulbactam and 55.9% ressancetoampicillin
alone. Therewasa46.9% resistanceto TSX among
all strains(Figure1). A higher percentage of strains
resistant to TSX wasobserved in strainsisolated from
urine samples (47.8%). Cephalotin is another drug
commonly used for thetreatment of urinary infections
in Brazil, and we observed 11.5% resistance and
32.5% intermediateresi stanceto thisdrug. Thismay

be dueto the extensive use of cephalotin for treating
thistypeof infection. Thescenariowassmilar for srains
isolated fromblood cultures, with al strainspresenting
ahigh percentage of resistanceto cephal otin (23.6%)
andto TSX (41.8%).

For all of the E coli strainsanalyzed, therewasa
5.9% resistance rate to ciprofloxacin. In strains
isolated from urine, the percentageincreased to 6.4%
and, for strains isolated from blood cultures, the
resistance rate was 5.5%. Based on the samecriteria
used to analyze K. pneumoniae ESBL producer
strains, therewasalower percentage of E. coli Strains
probable ESBL producers (8.0%). This percentage
islower than the one presented by Gales, et al. [6]
but very smilar totheratefound by Hsung, et d. [7].
There was no important difference between the
resistance rates of E. coli strains isolated from
inpatientsand outpatients (Table 1).

Antimicrobia Susceptibility of Salmonella spp and
Shigellaspp

Of al Salmonella spp strainsanayzed, 66.7% (38)
werefrominpatientsand 33.3% (19) from outpatients.
For Shigella spp strains, 81.4% (57) were from
inpatientsand 18.6% (13) from outpatients. Of the57
strains of Salmonella spp analyzed, 35.0% were
isolated from blood, 49.1% from stool, and 15.9%
from other sites(urine, abscess, bile). Of the 70 strains
of Shigella spp, 20.0% were isolated from blood,
74.3%from stool, and 5.7% from other Sites. Shigella
sonnel wasthemost frequent speciesisolated (63.0%).
All Salmonella species were susceptible to TSX,
ceftriaxoneand ciprofloxacin (Figurel) (Tablel). The
rateof resstancetoampicillin (7.0%) israther low when
compared to theresistanceratesfound in other Latin
American countries (Argentina 60.3%, Colombia
20.0%, Mexico 16.7%) [8]. If weandyzetheres stance
patterns of theisolates obtained from blood and stool
toampicillin, wenotethat thereisno res stlanceamong
strainsisolated from blood but among strainsisol ated
fromstool, 10.7% areresistant. Thismight be because
some of theseinfectionsaretreated with ampicillin
and other common drugsthat are very popular in
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Figurel. Antimicrobia resstanceratesamong al strainsanayzed (1,407 strains)
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Table 1: Percentage of resistance of K. pneumoniae, E.coli, Salmonella spp and Shigella spp from inpatients
and outpatients

Antimicrobial K. pneumoniae E. coli Salmonella spp Shigella spp
In Out In Out In Out In Out
(n=270) (n=116) (n=600) (n=294) (n=38) (n=19) (n=57) (n=13)
Ampidllin 97.0** 945 55.9 53.1 53 105 333 7.7
Amikadn 16.3 4.3 12 0.3 - - - -
Cephdoatin 38.3 12.9 154 13.7 - - - -
Ceftazidime 185 4.3 0.8 14 - - - -
Cefoxitin 4.8 1.7 0.3 0.7 - - - -
Ceftriaxone* 42.2 224 9.0 5.8 0 0 0 0
Chloramphenicol - - - - 0 5.6 10.9 0
Ciprofloxacin 2.2 0 5.0 79 0 0 0 0
Gentamicin 25.2 52 4.4 31 - - -
Imipenem 0 0 0 0 - - - -
Ampialliry 33.7 11.3 13.7 8.6 - - - -
Sulbactam
Trimethoprim 39.3 20.7 47.4 45.7 0 0 82.5 69.2
Sulfamethozaxole

In: inpatients; Out: outpatients;-: not tested.*: considering ceftriaxone< 25 mm; ** : percentage of resistance.
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some countries. Chloramphenicol is another
antimicrobid that presented different resistancerates
in blood and stool isolates, with 0% and 4%
resistance, respectively.

There was ahigh resistance rate to TSX among
Shigella species (80.0%), with similar resistancein
strainsisolated from blood (76.9%) and stool (83.0%).
All strains showed 28.6% resistance to ampicillin.
Shigella spp isolated from stool samples showed
30.2% resistanceto ampicillin, and thoseisol ated from
blood showed 23.1% resistance. Theresistancerates
toampicillinarehigher inother Latin American countries
thantheoneswefoundinthisstudy [8]. Thesamewas
observed with chlorampheni col wherewe observed a
9.0% resistance, whiletheresistancerateswere much
higher in other countries (over 40.0%). Noresistance
was observed to ceftriaxone.

Theresultsof thisstudy show theimportance of
these 4 bacteriaas causesof infections. Furthermore,
we demonstrated that important antimicrobial
resistance rates exist among the 4 isolates analyzed.
In making therapeutic choices, it isvery important
to know the antimicrobial resistance rates of these
bacteriawhen selecting empiric therapy for apatient.
Surveillance studies play avery important rolefor
the management of infectiousdiseases. Itisimportant
to conduct these studiesto obtain datawhich allow
usto recognizethe susceptibility patternsof different
bacteria species.
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