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ABSTRACT

Objective: We assessed the antimicrobial resistance patterns of pathogens responsible for urinary tract infections (UTI) in
outpatientsin Sdo Paulo, Brazil, aswell asthe Escherichia coli antimicrobial resistance trend.

Materialsand Methods: Outpatients urine cultureswere collected from January 2000 to December 2003. Statistical analy-
sis considered positive results for one bacterial specieswith colony count = 100,000 CFU/mL. Stratification was done on
age group and gender. Statistical tests used included chi-square and the chi-square test for trend to evaluate differences
between susceptibility rates among age groups and ordering in the E. coli resistance rates per year, respectively.

Results: Therewere 37,261 positive resultswith Enterobacteriaceaeisolated in 32,530 (87.3%) and Gram-positive cocci in
2,570 (6.9%) cultures. E. coli had the highest prevalence (71.6%). Susceptibility tests were performed in 31,716 cultures.
E. coli had elevated resistance rates (> 30%) to ampicillin, trimethoprim-sulfamethoxazole, and tetracycline. Significant
differences between age groups and ordering among years were observed.

Conclusions: The use of trimethoprim-sulfamethoxazole is precluded in the population studied due to el evated resistance
rates (> 30%) among most prevalent pathogens. Significant resistance rate differences among age groups and years were
observed, particularly for fluoroquinolones. Fluoroquinolones should be used with caution. Nitrofurantoin should be used
asempirical therapy for primary, non-complicated urinary tract infections.
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INTRODUCTION monly used community antimicrobials (1-6). Surveil-
lance programs may be valuable tools and may offer
Controlling theincrease in antimicrobial re- important information on bacterial resistance trends

Sistance is amajor issue confronting organized health either per geographical location or per diseasetypein
care today. Although multiple factors play arole in community or hospital settings (7,8). However, sur-
this problem, the selective pressures of inappropriate veillance programs must be stratified by region and
and widespread use of antibiotics are considered ma- population, not to incur in general and mostly non-
jor contributors. A few studies have analyzed the anti- applicable conclusions. Regiona studies analyzing
microbial resistance patterns of bacteria causing com- community acquired UTI and their antimicrobial re-
munity acquired urinary tract infections (UTI) (1-5). sistance pattern are currently needed in many areas,
International resistance surveillance studies have particularly major urban centers worldwide because
shown an increasing resistance pattern against com- of their specificities on antimicrobial usage density.
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Thus, the goa of this study was to assessthe
most frequent pathogensresponsiblefor urinary tract
infections (UTI) in outpatients and their antimicro-
bial resistance pattern in S&o Paulo, Brazil, through
consecutive urine samples collected during a four-
year period, from January 2000 to December 2003.
Additionally, the study also aimed at identifying pos-
sible resistance trends.

MATERIALSAND METHODS

From January 2000 to December 2003, rou-
tine urine cultures were consecutively collected at a
private medical diagnostic center from patients re-
siding in the S&o Paulo city area, Brazil. The city is
located in Southeast Brazil and hasaround 10,000,000
inhabitants. The private medical diagnostic center has
12 collection sites distributed over the city areaand
serves mostly the population with access to private
health care system within thisarea. All cultureswere
collected from outpatients with medical requests
through midstream urine samples, except for children
below 2 yearsold, who had collections by sterile col-
lector vials. More than one culture from the same
patient was only included in the database if collected
more than 30 days apart.

Urine sampleswere plated on cystine-lactose-
electrolyte-deficient (CLED), MacConkey and citrate
agars (deep dlide methodology) up to 20 minutes af -
ter collection and then incubated at 37°C for 18 to 24
hours. Negative urine samples (refrigerated aliquot)
after initial 24 hours incubation with abnormal leu-
kocyte count (= 30,000/mL) or bacteriuria on direct
non-centrifuged urine microscopi c examination were
aso cultivated on blood agar and incubated for an
additional 24 hours.

Identification of all isolates was done by
VITEK (bioMérieux Inc., Durham, North Carolina,
USA) automated system. Susceptibility testing was
performed according to medical requestsand wasdone
by VITEK (bioMérieux, Inc.) automated system for
Enterobacteriaceae and disk diffusion test (Oxoid,
Basingstoke, Hampshire, UK) were used for Gram-
positive bacteriaand Pseudomonas aeruginosa. Thefol-
lowing antimicrobia sweretested against Gram-nega:

43

tive isolates. ampicillin, ceftriaxone, cephalothin,
ciprofloxacin, gentamicin, naidixic acid, nitrofuran-
toin, norfloxacin, tetracycline, and trimethoprim-
sulfamethoxazole. The following antimicrobials were
tested against Gram-positive isolates: ciprofloxacin,
clindamycin, erythromycin, nitrofurantoin, oxacillin,
penicillin G, tetracycline, trimethoprim-
sulfamethoxazole, and vancomycin (results not fully
shown). Interpretative criteriaused werefor the respec-
tiveyearsCLSI (formerly NCCL S) documents (9-12).

Only positive results with one bacterial spe-
cies and a colony count = 100,000 CFU/mL were
considered for descriptive and inferential analysis.
Stratification by gender and age was done, and age
groupsweredivided asfollowing: <4 years-old; = 4
and < 13 years-old; > 13 and < 60 years-old; and >
60 years-old. In order to investigate possible factors
associated to resistance, E. coli, as the most preva-
lent microorganism, and its susceptibility rates to
ampicillin, ciprofloxacin, nitrofurantoin, norfloxacin,
tetracycline, and trimethoprim-sulfamethoxazole
were defined as the dependent variables. Age groups
were defined as the independent variables. The chi-
square test was used to identify differences between
the observed E. coli susceptibility rates of the six
antimicrobials among all four age groups. Addition-
aly, the Fisher exact test was used to evaluate differ-
ences between the observed resistance rates between
< 13 and = 60 years old groups (13). An exact 2-
tailed P value was computed, as well as the confi-
dence intervals around the differences using the nor-
mal approximation. Finaly, the chi-square test for
trend, as described by Altman 1991 (13), was applied
to compare ordering between E. coli resistance rates
to ampicillin, ciprofloxacin, nitrofurantoin,
norfloxacin, tetracycline, trimethoprim-
sulfamethoxazol e, and nalidixic acid among the four
years (2000 to 2003). P values below 0.05 were con-
sidered significant for all tests.

RESULTS

Frequency of Microorganism |solation
There were 37,261 positive results and En-
terobacteriaceae wereisolated in 32,530 (87.3%) cul-
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tures, followed by Gram-positive cocci with 2,570
(6.9%). E. coli presented the highest prevalence
(71.6%), followed by Klebsiellapneumoniae (6.4%),
Proteus mirabilis (6.1%), and Enterococcus faecalis
(4.8%), Pseudomonas aeruginosa (1.8%), Staphylo-
coccus saprophyticus (1.6%), Enterobacter aerogenes
(1.6%), Enterobacter cloacae (1.1%), and others
(5.0%).

Among the positive cultures, 88.8% belonged
to female and 11.2% to male patients. Among the
33,090 UTI in females, 59.2% was detected in the
population of = 13 and < 60 years old. On the other
hand, among the 4,171 UTI in males, 54.2% was de-
tected in the population of = 60 years old. The age
group of <4 yearsold contributed with 13.0% of cases
in the male and with 4.4% in the female population.

Table-1 shows the total amount of microor-
ganismsisolated per age group and gender. Overall, E.
coli was the most prevalent isolate in al groups. K.
pneumoniae, although with a significant prevaence,
was more commonly isolated in the population = 13
yearsold. P. mirabiliswas more prevalent in the popu-
lation= 13yearsold, athough the population < 4 years
old also presented a significant prevaence.

Susceptibility Patterns
Susceptibility testswere performedin 31,716
cultures. The susceptibility pattern of the most preva-

lent microorganismsisolated from UTI in outpatients
is described in Table-2. E. coli presented resistance
rate to ampicillin of 43.4%, followed by 33.7% to
trimethoprim-sulfamethoxazol e and by 30.5% to tet-
racycline. Ceftriaxone was the most active agent
against E. coli (99.7% susceptible), with an extremely
low resistance rate (0.3%). Also, E. coli presented
low resistance rates to gentamicin and nitrofurantoin
(3.0% and 2.9%, respectively). For K. pneumoniae,
the second highest prevalent pathogen, significant
resistance rates were noted to nitrofurantoin, tetracy-
cline, trimethoprim-sulfamethoxazole and nalidixic
acid (21.2%, 19.8%, 17.7%, and 15.2% respectively),
with low resistance rates to ceftriaxone, gentamicin,
and ciprofloxacin (1.7%, 3.3% and 6.0%, respec-
tively). For P. mirabilis, thethird most frequently iso-
lated, considerable rates were observed only to
trimethoprim-sulfamethoxazole and ampicillin
(21.5% and 18.9%), apart from the intrinsic resis-
tances to nitrofurantoin and tetracycline.

Satistics

E. coli wasthe most frequently isolated patho-
gen in all age groups (22,693) and the majority had
susceptibility tests performed (22,679). Table-3 shows
E. coli resistance rates to ampicillin, ciprofloxacin,
nitrofurantoin, norfloxacin, tetracycline,
trimethoprim-sulfamethoxazole and the chi-square

Table 1 —Total amount of microorganismsisolated fromUTI in outpatients and their distribution according to age groups

and gender, years 2000 to 2003, Sao Paulo, Brazil.

Age Group

<4y-0 > 4<13y-0 > 13<60y-0 >60y-0
Microorganism Total F M F M F M F M
E. coli 26,693 972 252 1172 77 15230 730 7329 931
K. pneumoniae 2,391 75 24 76 6 1128 61 912 109
P. mirabilis 2,266 308 183 226 111 829 28 476 105
E. faecdlis 1,803 14 6 55 8 665 82 649 324
P. aeruginosa 672 20 23 10 9 35 50 234 291
S. saprophyticus 606 0 1 6 2 566 7 20 4
E. aerogenes 596 10 15 7 0 375 21 131 37
E. cloacae 391 13 14 13 2 98 30 136 85
C. freundii 193 8 5 1 0 24 4 109 42
S. epidermidis 161 0 1 6 1 58 12 38 45
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Table 2 — Resistance pattern (%) of the most prevalent microorganisms isolated from UTI in outpatients, years 2000 to

2003, Sho Paulo, Brazl.

Microor ganism Total AMP CFL  CRO CIP GEN NAL NIT NOR SXT TET
E. coli 22,679 434 13.9 0.3 119 3.0 155 29 120 337 305
K. pneumoniae 2,059 100.0 7.6 1.7 6.0 33 152 212 89 177 1938
P. mirabilis 1,944 18.9 31 0.4 4.2 23 89 1000 40 215 1000
E. faecalis 1,525 0.3 — — 16.1 — — 08 — — 592
P. aeruginosa 605 — — 89.1 634 483 — — 61.6 — —

S. saprophyticus 531 — — — 13 — — 06 — 70 158
E. aerogenes 510  100.0 100.0 2.0 51 22 96 212 55 7.8 6.9
E. cloacae 331  100.0 1000 329 387 242 444 396 411 384 470
C. freundii 168  100.0 1000 20.2 226 125 286 83 214 256 535

—= Not tested; AMP = ampicillin; CFL = cephalotin; CRO = ceftriaxone; CIP = ciprofloxacin; GEN = gentamicin; NAL = nalidixic
acid; NIT = nitrofurantoin; NOR = norfloxacin; SXT = trimethoprim-sulfamethoxazole; TET = tetracycline.

test with P values for comparisons of proportions
among age groups.

Table-4 showsatest intended to identify pos-
sible ordered resistance rates of the most prevalent
microorganism during the study period. The chi-
sguare test for trend was performed for comparisons
of the ordered differences between E. coli resistance
rates to the described antimicrobials among the four
years surveyed, i.e. 2000 to 2003.

COMMENTS

Uncomplicated UTI are amongst the most
common infectionsin outpatient women with signifi-
cant morbidity and health costs (14). This study did

not discriminate among uncomplicated and compli-
cated UTI inthe sample evaluated and this could lead
to acase mix with confounding variablesin terms of
resistance patterns. However, it should be noted that
the vast majority of the samples collected from adults
correspond to clean-catch midstream urine and that
it isacommon practicein our areato order urine cul-
tures for uncomplicated UT]I, since results are avail-
able no later than 48 hours after sample collection.
Additionally, as stated, only one urine sample per
patient in a 30-day period was entered in the data-
base, diminishing the possibility of frequent UTI re-
currences.

Although the spectrum of agentscausing UTI
in outpatientsisrelatively constant, their susceptibil-
ity patterns are different in different environments.

Table 3 — Chi-square test for comparisons of E. coli resistance rates (%) to various antimicrobials among age groups.

E. coli Resistance Rate (%)

Age Group N  Ampicillin Ciprofloxacin Nitrofurantoin Norfloxacin Trimeth-sulfa  Tetracycline
<4 969 60.8 0.9 19 1 49.6 33.7

> 4and<13 979 574 15 1 21 49.0 32.2

> 13and<60 13,675 39.8 7.1 16 7.2 29.8 26.6

> 60 7,056 46.1 24.3 5.9 244 37.0 37.3
Chi-square 209.61 1450.24 308.04 1424.65 271.37 217.34
Pvalue < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

n = number of strains tested.
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Table 4 — Chi-square test for trend applied to E. coli resistance rates (%) to various antimicrobials in 4 surveyed years

(2000 to 2003).

2000 2001 2002 2003 x2for Trend p Value
Ampicillin 44.3 41.0 42.8 45.0 0.243 0.6
Ciprofloxacin 9.3 10.8 135 14.0 77.366 < 0.0001
Nitrofurantoin 31 24 35 27 0.550 0.5
Norfloxacin 9.4 10.9 13.7 14.0 76.736 < 0.0001
Tetracycline 35.0 29.9 29.6 28.9 98.600 < 0.0001
Trimeth-sulfa 335 33.0 34.3 336 0.384 05
Nalidixic acid 131 14.3 17.2 174 51.520 < 0.0001

In the present study, among the 22,679 E. coli tested,
theresistancerateto trimethoprim-sulfamethoxazole
was 33.7%. Additionally, 11.9% of the E. coli were
resistant to ciprofloxacin, 12.0% to norfloxacin and
15.5% to nalidixic acid. Amongst the gram-positive
isolates, E. faecalis presented considerabl e resistance
to ciprofloxacin (16.1%). Although with a different
methodol ogy, the present study demonstrated similar
E. coli resistance rates when compared to the Hum-
mers-Pradier clinical study (15); nevertheless E.
faecalis showed amarked differencein theresistance
rateto ciprofloxacin (82.8%) if compared to the same
study (15). There were also significant differencesin
the E. coli resistance rates to trimethoprim-
sulfamethoxazole in comparison to recent studies
from other environments, which reported rates from
15-25%inasurveillance (6) and aclinical study (16),
and from around 2-15% onisolateswith asingle cross-
resistance in another surveillance study (17). This
study showed that nitrofurantoin was very active
against isolates of E. coli and E. faecalis but not
againgt K. pneumoniae, similar to other studies (6,15~
18).

Furthermore, the present study detected that
resistance rates of E. coli, P. mirabilis and K.
pneumoniae to ceftriaxone were 0.3%, 0.4% and
1.7%, respectively. A possible explanation to thisfact
might be the presence of Extended Spectrum Beta-
Lactamases (ESBL) in these strains (all of them in
the age groups over 4 years old - data not shown).
This finding suggests the existence of non-commu-
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nity acquired infections among the population under
surveillance (possibly but not exclusively nursing
homes and home-carefacilities), which may havetests
performed in the present centre. It is worth to men-
tion that ceftriaxone is not the best screening drug
for ESBL sand thiswas not the objective of thisstudy.
However, thisisarelevant finding, sinceit might in-
dicate that infections with these types of strains are
being detected in outpatientsin Brazil - although fur-
ther confirmation and stratification for risk factors
are needed.

As seen in Table-3, E. coli resistance rates
for ciprofloxacin and norfloxacin were 24.3% and
24.4% respectively in the age group of = 60 years
old, whileit was below 8% for both drugsin all other
age groups. It was also noticed a variation of E. coli
resistance rates to ampicillin and trimethoprim-
sulfamethoxazole between age groups, with higher
rates seen in the age groups below 13 years old. As
for tetracycline, E. coli resistance rates ranged from
26.6% to 37.3%, showing generally more elevated
resistancelevelsamong all age groups; although with
aparticular higher resistancerate seeninthe age group
= 60 years old. Finaly, nitrofurantoin showed low
resistance rates in al age groups, with a higher rate
observed for this drug in the group = 60 years old
(5.9%).

Additionally, the chi-sguare test for trend
shown in Table-4 has demonstrated apparently stable
resistance rates to nitrofurantoin, ampicillin, and
trimethoprim-sulfamethoxazole (P > 0.5), though ex-
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tremely higher rates to the latter two drugs. On the
other hand, increasing resistance rates to
ciprofloxacin, norfloxacin, and nalidixic acid (P <
0.0001) have been detected, with approximately 9.0%
resistance to ciprofloxacin and norfloxacin in 2000
and 14.0% in 2003. Surprisingly, an ordered decline
of the resistance rate to tetracycline was observed,
with 35.0% in 2000 and 28.9% in 2003 (P < 0.0001).
These data may have many interpretations, among
them apossible changing pattern of antimicrobial use
in the population within the period surveyed, with
increased use of fluoroquinolones and decreased use
of other drugs, particularly in the older population.
However, if these findings are due to other factors
different from the suggested ones, such asclonal dis-
semination, as described by Manges et a. (19), or
methodological limits, remains to be determined by
further studies.

A final remark must be made on the use of
routine antimicrobial susceptibility testing databased
on breakpoint concentrations and the limits imposed
by the method. Although this has been used before
and is acceptable (15), detailed shifts or subtle dif-
ferencesin susceptibility rates may belost by itsuse,
particularly for agents where susceptibleisolates may
cluster near a breakpoint. However, it is the opinion
of the authorsthat thiswould be more problematicin
cross-sectional studies, where trends cannot be ana-
lyzed and, thus, the same method cannot be compared
throughout a certain period.

CONCLUSIONS

Elevated resistanceratesin E. coli from uri-
nary tract infections in outpatients to ampicillin,
trimethoprim-sulfamethoxazole, and tetracycline
preclude the use of these drugs for empirical treat-
ment in the environment evaluated for all age groups.
Instead, nitrofurantoin should be used as empirical
therapy for primary, non-complicated urinary tract
infections (except in patients with impaired renal
function) in outpatients of the greater Sdo Paulo area,
Brazil. Thus, there is sufficient indication showing
that the E. coli resistance trend for fluoroquinol ones
isincreasing, and although not clarified by this study,
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possibly linked to higher use of this drug class ei-
ther by theindividual and/or by the population. Due
to thistrend, this class should be used with caution,
particularly if no microbiological documentation is
available. At last, resistance preval ence studies may
be a useful tool for guiding antimicrobial therapy
and helping curb resistance due to selective pres-
sure in community-acquired infections, especially
UTI.
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EDITORIAL COMMENT

Thisisan important paper providing suscep-
tibility data on community acquired urinary tract in-
fections (UTI) from a large population. Such infor-
mation isnecessary for working out recommendations
on empirical treatment of UTI. Resistant bacterial
strainsare frequently brought to urology departments
by patientswith complicated UTI. Therefore, suscep-

EDITORIAL COMMENT

Urinary tract infections are among the most
common community acquired infections. Whereas
in nosocomial urinary tract infections surveillance
is frequently performed around the world or even
mandatory in some countries, data on outpatients’
urinary tract infections are still scarce. This study
investigated more than 37,000 urinary isolates of
outpatients in the Sao Paulo urban area. Antibiotics
such as trimethoprim/ sulfamethoxazole exhibited
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tibility data from primary health care is also impor-
tant information for urologists.

From a European perspective, it is interest-
ing to note that frequently used drugslike mecillinam
and fosfomycin trometamol still seem to be unused
therapeutic weapons.

Dr. Truls E. Bjerklund Johansen

Chair, European Society for Infectionsin Urology
Telemark Central Hospital, Urology Section
Porsgrunn, Norway

E-mail: tebj@sthf.no

high resistant rates, which precludes the use of this
substance as primary empiric treatment for outpa-
tient urinary tract infections. Additionally therewas
asignificant increase in fluoroquinolone resistance
over the last years to levels where treatment fail-
ures might occur in significant cases. Studies like
this will help to improve and tailor empiric antibi-
otic treatment for urinary tract infectionsin the area
of Sao Paulo.
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