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Abstract 

Background: Urinary tract infection is one of the most 

common bacterial infections. Since antibiotics are given 

empirically, it is necessary to assess the distribution and 

susceptibility of the microorganisms in each case. 

Objectives: To evaluate the demographic characteris-

tics of ambulatory patients with UTI, the distribution and 

susceptibility of uropathogens, and the risk factors associ-

ated with trimethoprim-sulfamethoxazole resistant bacte-

ria in women. 

Methods: During 12 days in August 1997 all the urine 

cultures sent to the Tel-Hanan Laboratory (Haifa) were 

evaluated. Demographic characteristics of the patients, 

their underlying diseases and the previous use of antibiot-

ics were obtained. 

Results: During the 12 day survey 6,495 cultures were 

sent for evaluation. Of the 1,075 (17%) that were positive 

950 were included in the study; 83.7% were from females, 

of whom 57% were ≥50 years old. Escherichia coli was the 

most common pathogen, with 74.7% in the female and 

55% in the male population; 86.2% of the E. coli were re-

sistant to amoxicillin, 38.8% to cephalexin and 46.8% to 

TMP-SMX. Cefuroxime (4.2%), ofloxacin (4.8%), cipro-

floxacin (4.8%) and nitrofurantoin (0.4%) showed the

lowest rates of resistance. By a multivariant analysis, 

post-menopause and recurrent UTI were found to be

independent factors related to TMP-SMX resistance in 

women. 

Conclusion: In northern Israel, ampicillin, cephalexin 

and TMP-SMX cannot be used empirically in the treat-

ment of community-acquired UTI. Post-menopause and 

recurrent UTI are independent factors associated with 

TMP-SMX resistant pathogens in women. 
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UTI = urinary tract infection

TMP-SMX = trimethoprim-sulfamethoxazole

Urinary tract infection is one of the most common

diseases encountered in medical practice. It is the second 

leading cause for the use of antibiotics in the community 

[1,2]. Physicians, after sending a urine culture, start anti-

biotic therapy empirically according to clinical symptoms. 

In order to choose an appropriate agent, the physician 

must be familiar with the antimicrobial susceptibility pat-

terns of the uropathogens according to different demo-

graphic groups in each area. 

The aims of the present study were to evaluate the dis-

tribution of community-acquired uropathogens among 

different age and gender groups and the susceptibility

patterns of the infecting organisms. However, since UTI 

is a very common infectious disease in women, we de-

cided to analyze specifically not only demographic charac-

teristics but also distribution of microorganisms and sus-

ceptibility to antibiotics, according to the patients’ clinical 

conditions. In addition, since TMP-SMX is recommended 

as the drug of choice in the treatment of UTI and since we 

know that there are high levels of resistance to this drug, 

we decided also to identify women at high risk of develop-

ing UTI associated with microorganisms resistant to 

TMP-SMX. 

Material and Methods 

During a 2 week period in August 1997 all the urinary

cultures sent to the Tel-Hanan Microbiology Laboratory 

were examined. The Tel-Hanan laboratory is the largest 

community microbiological laboratory in Israel and serves 

a population of 700,000 inhabitants in northern Israel. 

Urinary cultures were excluded from the study if they 

were sent from nursing homes or day-care centers. Only 

one sample from each patient was examined during the 

study period. 

All the patients with a positive urinary culture were

enrolled in the study without consideration of the clinical 

significance of the microbiological findings. Data on age 

and gender of all the patients were obtained by contacting 

the primary care physician of each patient. In addition, 
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clinical characteristics of the female population — such as 

underlying diseases, previous UTI, pregnancy and the use 

of antibiotics, especially TMP-SMX — were also recorded. 

Urine was cultured by using the Uritest system (Hylab 

dipslides, Rehovot, Israel). A culture was defined as posi-

tive if ≥104 cfu/ml of probable urinary pathogens were 

found. More than two microorganisms in one positive

culture were considered as contamination. Susceptibility 

tests were performed using the Kirby-Bauer method 

(Mast Diagnostics, Merseyside, UK). 

Statistical analysis 

All the data were analyzed by the SPSS statistical package 

program. The relationships between categorical variables 

were examined using the Chi-square test. To assess the 

influence of different variables, univariant and multivariant 

logistic regression models were used. Odds ratio intervals 

were calculated from the models. 

Results 

During 12 days in August 1997, 6,495 urine cultures were 

sent to the Tel-Hanan Laboratory, of which 1,075 (17%) 

were positive. Altogether, 125 cultures were excluded (95 

cultures sent from nursing homes and 30 were repeated 

positive cultures). The survey included 950 positive uri-

nary cultures, of which 83.7% were from females — 734 

women and 61 girls (<16 years old). Inquiry results were 

obtained for 724 (98.6%) of them. The distribution of

bacteriuria according to age and gender is shown in Ta-

ble 1; 84% of the bacteriuria cases were women, and 56% 

of them were older than 50 years. Escherichia coli was the 

most common pathogen in community-acquired bacteri-

uria and comprised 71.4% of cases, with a significant

statistical difference between males and females (55% vs. 

74.2%, P<0.0001). This was in marked contrast to other 

gram-negative bacteria such as Klebsiella pneumoniae that 

grew in 10.6% of all the cases, Citrobacter, Enterobacter 

and Pseudomonas aeruginosa in 2.9%, which are more 

common in males. Gram-positive microorganisms grew in 

only 3.8% of the positive cultures, with a moderate pre-

dominance in males. 

Table 2 presents the distribution of pathogens accord-

ing to gender and age. In the 1–15 year old male group, all 

isolates were E. coli with a constant reduction in favor of 

other gram-negative bacteria, and in the ≥65 year old 

group only 51% of the positive cultures were due to E. 

coli. However, in the female group, E. coli was the major 

pathogen, with 82% in the youngest group, and persisted 

in the other groups at about 74%. 

The susceptibility of all the uropathogens according to 

age is presented in Table 3. The overall resistance to

ampicillin was 83%, to TMP-SMX 48.6%, to cephalexin 

38.4%, to cefuroxime 7.1%, and to amoxicillin-clavulanic 

acid 9.9%. Nitrofurantoin and quinolones showed the 

lower rates of resistance. In addition, it is noteworthy that 

even in patients aged 16–49 years the microorganisms 

were more sensitive to all the antibiotics, even though the 

percentage of resistance was considerably elevated. In 

Table 4 we can see the differences in susceptibility 

between E. coli and the other gram-negative bacteria. 

Escherichia coli was statistically significantly more

sensitive to cefuroxime, augmentin and nitrofurantoin. 

Regarding quinolones, even though we did not find statis-

tical significance, there is a trend towards high resistance 

rates of other gram-negative bacteria rather than

Escherichia coli. No differences were observed with 

ampicillin, TMP-SMX and cephalexin. 

Among women with bacteriuria, several high risk 

groups were defined:  

• 44 women who were immunosuppressed — 31 with 

malignancy and 13 with steroid or cytotoxic treatment 

for autoimmune diseases, comprising 8.2% of all 

women with bacteriuria 

• 44 women (8.2%) with urogenital disorders — 25 with 

urolithiasis, 10 with urinary incontinence, 5 with

permanent catheter, 2 with tuberculosis of the urinary 

tract and 2 with neurogenic bladder

• 82 women (15.4%) with diabetes mellitus

• 398 (74.8%) who were post-menopausal 

Table 1. Distribution of bacteriuria according to age and gender 

Gender Age groups (yr) Total
1–15 16–49 50–64 >65

Male 2.6% 13% 17.4% 67% 155 (16.0%)

Female 6% 38% 13% 43% 795 (84.0%)

Total 65 (6.8%) 320 (34%) 133 (14%) 432 (45%) 950 (100%)

Table 2. Distribution of gram-negative pathogens according to gender and 

age 

Age group
(yr)

Gender E. coli
(%)

Other gram-
negative bacteria

1–15 Male
Female

100
82

None
16.4

16–49 Male
Female

63.2
74.1

36.8
20.5

50–64 Male
Female

67
71.7

33
27.4

>65 Male
Female

51
74

40
25.8

Table 3. Percentage of resistance of all the pathogens according to age 

Antimicrobial
agent

1–15
yr

16–49
yr

50–64
yr

>65 yr Total

Ampicillin 87.9% 79.3% 88.7% 85.7% 83%
TMP-SMX 51.7% 39.3% 49.1% 51.2% 48.6%
Cephalexin 43.9% 34.2% 40.6% 38.7% 38.4%
Cefuroxime 0 3.7% 8.5% 7.6% 7.1%
Amoxicillin and
clavulanic acid

14.3% 4.85% 16.1% 9.9! 9.9%

Nitrofurantoin 8.2% 4% 3.8% 7% 6.9%
Ofloxacin 0 1% 5.7% 7.9% 5.7%
Ciprofloxacin 0 0.7% 5.7% 7.9% 5.2%
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• 302 (57%) women who had two or more urinary tract 

infections in the last 6 months 

• 57 women had received treatment with TMP-SMX 

during the preceding 6 months.  

Table 5 shows the susceptibility to TMP-SMX in bac-

teriuric women according to risk factors. On univariant 

analysis, urogenital disorders, diabetes, post-menopause 

and recurrent UTI were statistically significant risk

factors related to TMP-SMX resistant pathogens.

However, by a multivariant model, only post-menopause 

and recurrent UTI were independent factors associated 

with TMP-SMX resistance (P<0.05; odds ratio 1.42 and 

1.47 respectively). Curiously, the use of TMP-SMX during 

the previous 6 months had no influence on the develop-

ment of resistance. Of 724 women, 332 (45.8%) had taken 

antibiotics during the previous 6 months. The most

common drugs were cephalexin (32.2%), nitrofurantoin 

(31.9%), cefuroxime and amoxicillin-clavulanic acid (24% 

each), and 123 women (17%) had taken ciprofloxacin. An 

obvious relation between exposure to specific antibiotics 

and the appearance of resistance was found only to oflox-

acin (P<0.05) and ciprofloxacin (P<0.0001). 

Discussion

Community-acquired UTI is a predominant infectious dis-

ease in women.  In the present study 84% of all the posi-

tive urinary cultures were found in women, and more than 

half of them were post-menopausal. 

Since we did not know what method was used to collect 

the urine, we must be emphatic in the drawing of conclu-

sions regarding several different patient populations,

especially among children. Although Escherichia coli re-

mains the most common pathogen, several studies have 

shown a constant reduction in the incidence of E. coli with 

a parallel increase of other microorganisms. Weber et al. 

[3] presented a surveillance study in southern Israel, 

showing that the incidence of E. coli dropped from 70.5% 

in 1991 to 61.2% (P<0.0001), with a significant increase of 

Enterococcus from 1.7% to 7.2% in 1995 (P<0.0001),

respectively. We observed in a previous study [4] con-

ducted in northern Israel that 69% of all the isolates were 

E. coli in 1991–92. However, these studies did not differ-

entiate between the distribution of the microorganisms 

according to age and gender. 

In the present study 71.4% of the microorganisms were 

E. coli, but there was a significant difference between 

males and females: among males only 55% of the patho-

gens were E. coli compared to 74.2% among females 

(P<0.05). The incidence of Enterococcus in our area is low 

– 3%, with a predominance in men at 5.8% vs. 2.4% in 

women. This low incidence can be explained by the

restrictive use of cephalosporins in our region [5].

Curiously, Staphylococcus saprophyticus is a very uncom-

mon pathogen, as we previously described [6]. 

The distribution of the pathogens in the current study 

was not only different by gender but by age groups as 

well. Whereas there were no significant differences in 

females in the prevalence of E. coli, 100% of bacteriuria 

cases among boys were due to E. coli but its incidence 

decreased, and in elderly men there were only 51% due to 

other gram-negative microorganisms. 

In our previous study we observed that in 1991 the rate 

of resistance to ampicillin, TMP-SMX and cephalexin was 

high (68%, 49% and 40%, respectively), and no significant 

differences were noted in the present survey (83%, 48.6% 

and 38.4%). Since our previous study presented microbi-

ological data without differentiating distribution of the

microorganisms and their susceptibility according to age 

or gender, we presumed that significant differences would 

be found between men and women, and specifically be-

tween young and post-menopausal patients. For example, 

we presume that young women with UTI will have more 

susceptible microorganisms than post-menopausal women 

or men with prostatitis.  

The high rate of ampicillin resistance to gram-negative 

bacteria justifies its use only in UTI due to gram-positive 

microorganisms, which represent a very low percentage 

of our uropathogens. TMP-SMX has been the drug of 

choice for treating UTI in the USA and several European 

Table 5. Bacteriuria in women: susceptibility to TMP-SMX, and risk factors 

associated with resistance 

Risk factor % of
resis-
tance

O.R
.

95%
C.I.

P
value

Univariant analysis
Immunosuppression 50 1.19 0.52, 3.28 <0.5
Urogenital disorders 59 1.76 1.05, 3.28 <0.05
Diabetes mellitus 58.5 1.78 1.17, 2.84 <0.05
Post-menopause 51 1.6 1.18, 2.14 <0.05
Recurrent UTI 53 1.6 1.21, 2.2 <0.05
Previous TMP-SMX
treatment
(within last 6 months)

51 1.2 0.73, 2.7 <0.1

Multivariant analysis
Post-menopause 1.42 1.04, 1.94 <0.05
Recurrent UTI 1.47 1.08, 2.02 <0.05

*C.I. = Confidence Interval

Table 4. Percentage of resistance to antimicrobials between E. coli and 

other gram-negative bacteria 

% of resistance
E. coli Other gram-

negative bacteria
P value

Ampicillin 86.2 86.1 NS
TMP-SMX 46.8 47.8 NS
Cephalexin 38.8 40.4 NS
Cefuroxime 4.2 15.2 <0.005
Amoxicillin-
clavulanic acid

7.3 18.2 <0.05

Nitrofurantoin 0.4 26.3 <0.0001
Ofloxacin 4.8 8.1 NS
Ciprofloxacin 4.8 6.2 NS
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countries [2]. However, in our area half of the positive 

cultures were resistant in vitro. One of the hypotheses of 

this study was that probably in the group of young women 

with uncomplicated cystitis we might find a better micro-

biological profile, which will allow us to treat those women 

empirically with TMP-SMX. Unfortunately, in spite of the 

fact that patients aged 16–49 years presented a lower rate 

of resistance than children and elderly patients, the 39.3% 

resistance is extremely high when considering treatment 

with TMP-SMX in these patients. 

We also looked for clinical risk factors associated with 

TMP-SMX resistant organisms. In a univariant analysis 

we observed that diabetes, urogenital disorders, post-

menopause, and recurrent UTI are significantly associated 

with the development of resistant TMP-SMX organisms, 

however the use of this drug during the previous 6 

months had no influence on the development of resis-

tance. This finding supports the theory that microorgan-

isms acquired resistance to TMP-SMX a long time before. 

Yet, in the multivariant analysis only post-menopause and 

recurrent UTI were independent factors related to TMP-

SMX resistance. 

Gupta et al. [7] also found that in women with uncom-

plicated cystitis the resistance of E. coli to ampicillin, 

TMP-SMX and cephalexin was considerably increased, 

and similar to our findings the levels of resistance to 

nitrofurantoin and quinolones were very low. 
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Profiling a pathogen 

The use of whole-genome sequencing to develop new 

strategies to fight infectious diseases is the focus of two 

reports. Neisseria meningitidis causes septicemia and 

meningitis and is responsible for epidemics in sub-

Saharan Africa, as well as deaths and disability worldwide. 

Tettelin et al. report the complete genome sequence of a 

strain of N. meningitidis that belongs to serogroup B. 

Analysis of the genome revealed possible virulence-

associated genes and ways in which the bacterium can 

evade host defense mechanisms. Pizza et al. analyzed the 

sequence to predict open-reading frames which could encode 

 

proteins that might be found on the surface of the bacte-

rium or exported, and thus serve as potential vaccine can-

didates. A total of 350 such candidates were expressed in 

Escherichia coli, and the proteins were assayed for surface 

expression and for their ability to induce a bacteria-killing 

immune response in mice. Five proteins that tested posi-

tive in these assays showed sequence conservation, which 

suggests that they might induce immunity against a variety 

of serogroups and species of Neisseria. 

Science 2000;287:1809, 1816. 

The only difference between men and boys is the price of their toys. 

Liberace


