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ABSTRACT: Thirty-seven adult patients with acute uri
nary tract infections (UTI) were randomized to receive 
either a seven day (lower UTI) or a 14 day (upper UTI) 
course of norfloxacin 400 mg orally twice daily, or 
nalidixic acid 1 g orally four times per day. Mean age. 
underlying disease and infecting organisms were 
similar in the two groups. Nine patients in the 
norfloxacin group and seven in the nalidixic acid group 
had presumptive evidence of upper UTI. Overall. 12 
patients had antibody-coated bacteria-positive infec
tions. The infecting organisms were: Escherichia coLi 
(27). coagulase-negative staphylococci (four). Citrobac
ter jreundii (three). Klebsiella pneumoniae (three). and 
Proteus mirabilis, Proteus vulgaris. Pseudomonas 
aeruginosa, Enterobacter agglomerans, Streptococcus 
agalactiae, Enterococcus jaecalis (one of each). All of the 
organisms were susceptible to norfloxacin, while 81 % 
were susceptible to nalidixic acid. The effects on the 

U RINARY TRACf INFECfiON (UTI) IS A COMMON 
CLINical problem, and individuals with recur

rent infections can be especially difficult to treat 
because of antimicrobial resistance of the infeCt
ing organism. Newer oral agents are needed to 
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periurethral and anal canal flora were similar in both 
groups. Five patients in each group experienced adverse 
clinical effects. The cure rates for norfloxacin and 
nalidixic acid were 79 and 83%. respectively. There were 
two failures, two relapses and four reinfections in the 
norfloxacin group. In the nalidixic acid group, there 
were two failures , one relapse and four reinfections. One 
of the failure patients in the nalidixic acid group 
developed resistance to the drug, and two of the four 
reinfections were due to organisms resistant to nalidixic 
acid. In this patient population it was concluded that 
nalidixic acid may be as effective as norfloxacin in the 
treatment of acute, symptomatic UTI. Can J Infect Dis 
1990; 1(2):35-40 

Key Words: Nalidixic acid, Norjloxacin, Urinary tract 
infection 

treat these infections adequately. Norfloxacin. an 
oral quinolone carboxylic acid antimicrobial 
agent, has been shown to be very active in vitro 
against a wide variety of aerobic Gram-negative 
bacilli (including Pseudomonas aeruginosa) and 
Gram-positive organisms (including coagulase
negative staphylococci and enterococci) (l-3). It is 
well absorbed after oral administration and 
achieves active drug levels in urine approximately 
100 times the serum level (4). 

Norfloxacin is structurally related to nalidixic 
acid, which was introduced in 1964 as an anti
microbial agent with activity against Gram-nega
tive bacilli (5). However, although efficacious, 
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nalidixic acid use has been frequently associated 
with side effects or the emergence of resistant 
mutant strains (6-9). 

This study was designed as a prospective, open, 
randomized comparison of the efficacy, tolerance 
and safety of orally administered norfloxacin and 
nalidixic acid in the therapy of acute UTI. The 
influence of these drugs on the microflora in the 
periurethral area and the anal canal was also 
compared. 

PATIENTS AND METHODS 
Patient selection: Outpatients of both sexes 
presenting to the authors' infectious disease 
clinics with clinical symptoms and signs of acute 
upper (fever, flank pain or tenderness) or lower 
(dysuria, urgency or frequency) UTI and significant 
bacteriuria were enrolled in this study. Patients 
with structural abnormalities were also enrolled. 
Significant bacteriuria was defined as a midstream 
urine culture bacterial count of greater than or 
equal to 108 colony forming units (cfu)/L of urine. 
Significant pyuria was defined as greater than or 
equal to 10x106 leukocytes/L of urine (10). How
ever, patients with counts of less than 108 cfu/L 
but more than 106 cfu/L with significant pyuria 
were also included (11,12) . 

Patients were excluded if there was: a history of 
allergy to nalidixic acid; evidence of renal dysfunc
tion (serum creatinine greater than 130 !J.mol/L); 
a history of renal calculi (these patients are known 
to relapse); or pregnancy. In addition, patients 
known to be infected with organisms resistant to 
the study drug or who had had antimicrobial 
therapy less than 72 h before entry were excluded. 

After written consent was obtained, the patients 
were stratified into either upper or lower UTI 
groups on the basis of clinical symptoms and/or 
antibody-coated bacteria testing if available. A 
randomization list for nalidixic acid and 
norfloxacin based on a table of random numbers 
was held in the hospital pharmacy. After 
stratification each patient was then randomized 
via the randomization list to receive either 
norfloxacin 400 mg orally twice daily or nalidixic 
acid 1 g orally four times daily. The lower UTI were 
treated with a seven day course of therapy, while 
the upper UTI received a 14 day course. 
Patient assessment: Patients were assessed clini
cally before therapy, during therapy at three to five 
days, and after the completion of therapy at days 
5 to 9 and at four to six weeks. A midstream urine 
sample was obtained at each visit for quantitative 
bacterial culture and antimicrobial susceptibility 
testing. In female patients. swabs of the 
periurethral and anal canal areas were also 
similarly tested. Hematological and biochemical 

36 

parameters of blood were also monitored for as
sessment of drug toxicity. 
Bacteriology: An absolute leukocyte count and 
antibody-coated bacteria testing were performed 
on all urine samples as previously described (13). 
Midstream urine specimens and swabs of the 
periurethral area and the anal canal were cultured 
aerobically and processed as previously described 
(14). All organisms present were identified. 
Coagulase-negative staphylococci which were 
novobiocin-resistant were designated Staphylococ
cus saprophyticus. All other coagulase-negative 
staphylococci were designated Staph epidermidis. 
Antimicrobial susceptibility testing was performed 
by the disk diffusion method and by the agar 
dilution method for determination of minimal in
hibitory concentrations (MICs) (2,15,16). Biotyp
ing of Escherichia coli was performed to distinguish 
between reinfection and relapse ( 16). 
Definitions: Cure was defined as improvement of 
symptoms and eradication of the pre-therapy in
fecting organism on follow-up culture. Failure was 
defined as continued presence of the pre-therapy 
infecting organism during therapy. Relapse was 
defined as recurrence of infection with the same 
organism less than four to six weeks after therapy, 
whereas reinfection was defined as recurrence of 
infection with a different organism after therapy. 

Organisms were reported as antibody-coated 
bacteria-positive if there was uniform fluores
cence of at least five bacteria per slide with a 
nonfluorescing negative control. Nonspecific 
fluorescence was reported if there was also 
fluorescence in the negative control and antibody
coated bacteria status could not be determined 
(12). Susceptibility to norfloxacin and nalidixic 
acid was defined as zone diameters of greater than 
17 and greater than 19 mm, respectively, or M!Cs 
of less than 16 mg/L, or both. 

Statistical analysis of proportions was carried 
out with the x2 test with Yates' correction or with 
Fisher's exact test, and confidence intervals were 
calculated. 

RESULTS 
Forty symptomatic patients were entered and 

randomized to either treatment group (Table 1). In 
the nalidixic acid group, three patients were ex
cluded from the data analysis: one was lost to 
follow-up after the first visit, another had an or
ganism resistant to the randomly chosen anti
microbial agent, and the third was found to have 
bilateral renal calculi demonstrated on in
travenous pyelography. A total of 33 patients had 
midstream urine bacterial counts greater than or 
equal to 108 cfu/L, and 29 of these had significant 
pyuria. Four patients had midstream urine bac-
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TABLE 1 
Characteristics of the population receiving norfloxacin 
or nalidixic acid 

Treatment 
Characteristic Norfloxacin Nalidixic acid 
Number of patients entered 19 21 
Number of patients excluded 0 3 
Mean age (range) (years) 46 (19-77) 47 (19-76) 
Sex (M/ F) 1/18 2!1 6 
MSU~ 108 cfu/L 15 18 
MSU< 1 cjl cfu/L 4 0 
Number of patients with pyuria 

;?:10xHi' WBC/L 16 17 
<10xHf' WBC/L 2 1 
Not done 1 0 

Antibody-coa ted bacteria 
status 6 6 

Positive 11 12 
Negative 1 0 
Nonspecific fluorescence 1 0 
Not done 

Site of infection (clinical) 
Upper tract 9 7 
Lower tract 10 11 

Adverse effects 5 5 
No. who d isc ontinued drug 4 2 

M Male: F Female: MSU Midstream urine bacterial count; CFU Colony
forming units; WBC Leukocytes 

terial counts of less than 108 cfu/L; all of these 
had significant pyuria. They were all randomized 
to the norfloxacin treatment group. 

In the norfloxacin group. there were five 
patients older than 65 years, and nine with three 
or more UTis in the previous year. There were four 
patients with renal anomalies or previous surgical 
procedures: one malrotated right kidney; one pre
vious right ureteric reflux with obstruction; one 
previous bladder surgery and left nephrectomy for 
chronic pyelonephritis; and one previous left 
nephrectomy for chronic pyelonephritis. A fifth 
patient had systemic lupus erythematosus which 
was being treated with prednisone. In the nalidixic 
acid group, there were five patients older than 65 
years and seven with three or more UTis in the 
previous year. There were three patients with 
complicating factors increasing their risk for 
recurrence: one duplex left kidney collecting sys
tem; one paraplegic using self-catheterization; 
and one patient with three previous bladder surg
eries for incontinence and a history of chronic 
pyelonephritis. 

In the norfloxacin and nalidixic acid upper UTI 
groups. five of six and four of six patients, respec
tively, had positive antibody-coated bacteria tests 
(12) . The data on the infecting organisms are 
presented in Table 2. Escherichia coli was the most 
frequently recovered isolate, accounting for 27 
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TABLE 2 
Infecting organisms with antimicrobial susceptibility 

Patients susceptible/resistant 
Infecting organism Norfloxacin Nalidixic acid 
Escherichia coli 15/0 12/0 
Coagulase-negative 3/0 0/ 1 

staphylococci 

Citrobacter freundii 0/0 3/0 
Proteus mirabilis 1/0 0/0 
Enterobacter agglomerans 0/0 1/0 
Pseudomonas aeruginosa 1/0 0/0 
Streptococcus agalac tiae 1/0 0!0 
Enterococcus toecolis 1/0 0/0 
Klebsiella pneumoniae 1/0 2/0 
Proteus vulgaris 0/0 1/0 

Some p atients were infected with more than one organism. n= 19 for 
norfloxacin: n= 18 for nalid ixic acid . n Number of patients 

(63%) of all isolates, whereas coagulase-negative 
staphylococci accounted for four (9%), Citrobacter 
jreundii for three (7%) , and KLebsiella pneumoniae 
for three (7%). In the norfloxacin group, all 19 
were infected with organisms susceptible to 
norfloxacin, and six of these were infected with 
organisms resistant to nalidixic acid: the resistant 
organisms were Ps aeruginosa, Proteus mirabilis , 
Streptococcus agalactiae, Staph epidermidis 
(three), and K pneumoniae. One patient was in
fected with two resistant organisms. In the 
nalidixic acid group, 18 patients were infected 
with an organism that was susceptible to nalidixic 
acid. One patient had Staph saprophyticus resis
tant to nalidixic acid but was cured. This patient 
was included in the study because she responded 
to therapy clinically before antimicrobial sen
sitivities were available, and although the or
ganism was not sensitive to nalidixic acid by 
laboratory testing, the antibiotic appears to have 
been clinically efficacious. All of the organisms in 
the nalidixic acid group were sensitive to 
norfloxacin. Therefore. all isolates were suscep
tible to norfloxacin, and 35 (81 %) to nalidixic acid. 
The range of MICs for norfloxacin (0 .063 to 4 
mg/L) was much lower than for nalidixic acid ( 1 to 
greater than 128 mg/L). 

In the norfloxacin group, 15 of 19 patients or 
79% (95% confidence interval 61 to 97) were cured 
of their initial infections compared with 15 of 18 
or 83% (95% confidence interval 66 to 100) in the 
nalidixic acid group. This difference was not sig
nificant (P=0.54). Of the patients designated as 
cures. four in each treatment group developed 
reinfection with different organisms. Also, one 
patient in each group received only one week of 
follow-up. All of the other patients had four to six 
weeks of follow-up. There were two failures and 
two relapses in the norfloxacin group. while the 
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nalidixic acid group had two failures and one 
relapse. In the norfloxacin group, five of these 
eight patients had histories of multiple recurrent 
infections, and one relapse had a history of pre
vious nephrectomy and chronic pyelonephritis . 
One relapse received nine days of therapy, and 
one failure one day; both discontinued therapy 
due to side effects. In the nalidixic acid group, all 
five reinfections and relapses had histories of mul
tiple recurrent UTI. The two patients who failed 
therapy did not take complete courses of therapy 
(one discontinued therapy after two days and the 
other after three) due to side effects. 

Of the two patients in the norfloxacin treatment 
group who failed therapy, one presented with an 
upper UTI with significant pyuria; the initial urine 
culture grew two antibody-coated bacteria-nega
tive organisms, Strep agaLactiae and Staph epider
midis (three}, both at 6 x 107 cfu/mL. Both 
organisms were sensitive to norfloxacin and resis
tant to nalidixic acid. One week after discontinua
tion of treatment the patient was symptomatic 
and the urine culture grew Strep agalactiae 
greater than 108 cfu/L which was sWl sensitive to 
norfloxacin. The other patient who failed therapy 
had a history of recurrent UTI and presented with 
a lower UTI. The initial urine culture showed E coli 
with significant pyuria, sensitive to both study 
antimicrobial agents. This patient only took three 
pills and discontinued therapy due to side effects. 
The repeat urine grew the same biotype of E coli, 
still sensitive to both antimicrobial agents. The 
two relapses with norfloxacin occurred in two 
patients with E coli upper UTI, antibody-coated 
bacteria test positive and long histories of recur
rent infections. One of the patients took only nine 
days of therapy due to medication side effects. For 
both patients the organism was sensitive to both 
antimicrobial agents, and remained so at relapse. 

The two patients in the nalidixic acid group who 
failed therapy discontinued their medication early 
due to side effects . One patient had an upper UTI 
with antibody-coated bacteria-positive E coli but 
discontinued therapy after three days. At this time 
she still had symptoms and the urine culture grew 
the same biotype of antibody-coated bacteria
positive E coli which had become resistant to 
nalidixic acid. The second patient had a lower UTI 
with K pneumoniae, but discontinued therapy 
after 48 h. She remained symptomatic and her 
urine culture sWl showed K pneumoniae greater 
than 108 cfu/L sensitive to nalidixic acid . The one 
patient who relapsed after nalidixic acid therapy 
for a lower tract E coli infection had a history of 
multiple infections in the previous year. When 
relapse occurred, the E coli retained its suscep
tibility to nalidixic acid. 
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Of the 12 patients with infecting organisms 
which were antibody-coated bacteria test positive, 
six of six were cured with norfloxacin, and five of 
six with nalidixic acid. The one patient who was 
not cured did not take a full course of therapy. All 
three patients with positive antibody-coated bac
teria tests who received the seven day course of 
therapy were cured. Among patients treated as 
upper UTI, eight of nine were cured with 
norfloxacin and six of seven with nalidixic acid. 
Therefore, in the norfloxacin group nine of 10 
patients diagnosed as having upper UTI either 
clinically or by antibody-coated bacteria testing 
were cured, and in the nalidixic group eight of 
nine such patients were cured. However, one of 
the nine patients with an upper UTI in the 
norfloxacin group had a reinfection six weeks after 
completing therapy. The reinfecting organism was 
E calL Three of eight patients with an upper UTI in 
the nalidixic acid group had reinfections at six 
days and four and five weeks, respectively, after 
completion of therapy. The reinfecting organisms 
were E coli in two of the patients and an alpha
hemolytic streptococcus in the third. All of the 
reinfecting organisms were sensitive to norflox
acin; however, one of the nalidixic acid-treated 
patients developed an infection that was resistant 
to nalidixic acid (alpha-hemolytic streptococcus). 

In the norfloxacin group three of 10 patients 
with lower UTI had reinfections occurring at nine 
days and four and five weeks, respectively, after 
therapy was discontinued. The reinfecting or
ganisms were E coli, K pneumoniae, and Strep 
agalactiae, all of which were sensitive to 
norfloxacin, but the K pneumoniae and the Strep 
agaLactiae were resistant to nalidixic acid. In the 
nalidixic acid group only one of the 11 patients 
with lower UTI had reinfections, which occurred 
five weeks after completion of therapy. This was 
due to Enterococcusjaecalisresistant to both anti
microbial agents. 

Serial cultures from the periurethral area and 
the anal canal were obtained from 15 patients in 
the norfloxacin group and 12 in the nalidixic acid 
group (Table 3). However. since some of the 
patients were infected with more than one or
ganism, there was a total of 18 and 13 organisms 
assessed in the norfloxacin and nalidixic acid 
groups, respectively. The infecting organism was 
eradicated from the periurethral flora in 10 of 13 
cases (77%) in the norfloxacin group and seven of 
10 cases (70%) in the nalidixic acid group 
(P=0.54). Eradication of the infecting organism 
from anal canal flora occurred in seven of 11 cases 
(64%) treated with norfloxacin and in five of eight 
cases (62%) treated with nalidixic acid (P=O. 70). 
Three of the four patients in the norfloxacin group 
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TABlE 3 
Influence of norfloxacin and nalidixic acid on microflora in the periurethral area and the anal canal 

Serial cultures obtained Infecting organism present• Infecting organism eradicatedt 
Treatment (Number of patients) Periurethral area Anal canal Periurethral area Anal canal 
Norfloxacin 15 13 (87%) 11 (73%) 10 (77%) 7 (64%) 

Nalidixic acid 12 10 (83%) 8 (67%) 7 (70%) 5 (62%) 
Values ore number of patients. "There were four patients with two infecting organisms. one or both of which were present. 1/n patients who hod two 
infecting organisms present in either area. both hod to be eradicated 

who had reinfections were noted to have the rein
fecting organism present in their flora either 
during therapy or at the time of reinfection. All 
four patients in the nalidixic acid group who had 
reinfections had the organism present in their 
flora. 

There were five patients in each group who 
experienced adverse clinical effects. The main 
complaints in the norfloxacin group included: 
nausea. severe headache, presyncope and vag
initis. In the nalidixic acid treatment group the 
main adverse effects complained of were head
ache, nausea, epigastric pain, emotional lability 
and vaginitis. There were no biochemical or hema
tological abnormalities noted in the 37 patients 
throughout the study. 

DISCUSSION 
The results of this trial in this small patient 

population suggest that nalidixic acid may be as 
efficacious as norfloxacin in the therapy of 
patients with acute, symptomatic upper or lower 
UTI. However, it is recognized that due to the 
small number of subjects enrolled in each arm, 
there was a very large beta error. 

Patients with upper UTI showed similar respon
ses to both drugs. In the norfloxacin group. nine 
of 10 such patients (90%) were cured, and in the 
nalidixic acid group, eight of nine (89%) were 
cured. Since this study had a high proportion of 
patients with a history of multiple recurrent infec
tions and underlying diseases which increased 
their risk of recurrence, the cure rate of 79% with 
norfloxacin therapy is slightly less than the 
author's previous study in normal females with 
acute upper and lower UTis (1 0). Furthermore, in 
both groups the majority of failures occurred in 
patients who did not complete their course of 
therapy due to side effects. In the norfloxacin 
group, one of two failures. and in the nalidixic acid 
group, both failures, took their medications for 
less than 48 h. This cure rate is comparable to 
other studies in the literature using norfloxacin in 
complicated and uncomplicated UTI (18-20). 
Comparative trials of norfloxacin and nalidixic 
acid have demonstrated similar results with rela
tively equal efficacy of both drugs, a lthough these 
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studies also had small numbers of patients (21-
22). In the present study, the percentage of 
patients who developed reinfections was 21 for 
those who received norfloxacin and 22 for those 
who received nalidixic acid. This high frequency of 
reinfection reflects the study population, which 
had a high percentage of individuals with a history 
of recurrent infection (23). 

This study also confirms the previous observa
tion that norfloxacin has a broader spectrum of 
activity against Gram-negative and Gram-positive 
urinary pathogens than nalidixic acid (1-3). All of 
the organisms at the beginning of this study were 
susceptible to norfloxacin, including Gram-posi
tive pathogens (four coagulase-negative staphylo
cocci, one Efaecalis and one Strep agalactiae) and 
three Gram-negative pathogens (K pneumoniae, 
Ps aeruginosa and P mirabilis) which were all 
resistant to nalidixic acid . 

Norfloxacin and nalidixic acid were similar in 
their abilities to eradicate the infecting organisms 
from flora in the periurethral area and anal canal 
(Table 3). It may be significant that two of the four 
reinfections in the nalidixic acid group were due 
to organisms resistant to nalidixic acid. These two 
patients also had nalidixic acid-resistant or
ganisms concomitantly present in the flora of the 
periurethral area and the anal canal. Also, the 
infecting organism in one of the patients who 
failed therapy with nalidixic acid developed resis
tance. None of the patients who were considered 
failures (two). relapses (two) or reinfections (four) 
in the norfloxacin group became infected with an 
organism which was resistant to norfloxacin. 

Both drugs were equally well tolerated with 
major side effects in two patients in the 
norfloxacin group and in three in the nalidixic acid 
group. These side effects were similar for the two 
drugs and included symptoms of nausea, 
headache and abdominal pain. The overall rate of 
side effects for both drugs was 26%, which is 
consistent with the literature (20,2 1,24). 

The clinical response of patients to therapy with 
norfloxacin correlated well with the in vitro sus
ceptibility data and demonstrated that this drug 
should be a useful adjunct to the treatment of UTI 
caused by a variety of Gram-negative and Gram-
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positive organisms. This study further supports 
previous reports (25-27) that norfloxacin is an 
effective antimicrobial agent in the treatment of 
individuals with acute symptomatic upper and 
lower UTis, even in those with multiple recurren
ces or underlying diseases. 
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