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Management of candiduria is limited by the lack of information about its natural history
and lack of data from controlled studies on the efficacy of treating it with antimycotic agents.
We compared fungal eradication rates among 316 consecutive candiduric (asymptomatic or
minimally symptomatic) hospitalized patients treated with fluconazole (200 mg) or placebo
daily for 14 days. In an intent-to-treat analysis, candiduria cleared by day 14 in 79 (50%) of
159 receiving fluconazole and 46 (29%) of 157 receiving placebo (P <.001), with higher erad-
ication rates among patients completing 14 days of therapy (P <.0001), including 33 (52%)
of 64 catheterized and 42 (78%) of 54 noncatheterized patients. Pretreatment serum creatinine
levels were inversely related to candiduria eradication. Fluconazole initially produced high
eradication rates, but cultures at 2 weeks revealed similar candiduria rates among treated and
untreated patients. Oral fluconazole was safe and effective for short-term eradication of can-
diduria, especially following catheter removal. Long-term eradication rates were disappointing

and not associated with clinical benefit.

Candiduria, although rare in healthy people, is common in
hospitalized patients [1-5]. In tertiary care facilities, as many
as 10% of positive urine cultures yield a fungal pathogen [6,
7]. Nosocomial candidal urinary tract infections increased dra-
matically in the past 2 decades as the pool of at-risk patients
increased, together with the cumulative pressure of contributing
factors such as urinary instrumentation and prolonged use of
broad-spectrum antibiotics [5, 8].

The overwhelming majority of fungal urinary tract infections
are caused by Candida albicans and other Candida species, and
they are usually acquired by the ascending route [1, 8]. A mi-
nority of patients with candiduria have systemic infections with
renal involvement acquired by the hematogenous route. The
presence of candiduria may signal diverse pathological states,
including invasive renal parenchymal disease, fungal balls in
obstructed ureters, superficial lower urinary tract infection, and
lower urinary tract candidal colonization associated with uri-
nary catheterization. Accordingly, a wide spectrum of clinical
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disease occurs, although the majority of patients present with
asymptomatic candiduria.

Whereas symptomatic candidal urinary tract infection re-
quires antifungal therapy, there is considerable controversy
about whether and when to treat asymptomatic candiduria,
primarily because the natural history of untreated candiduria
and its morbidity have been poorly studied. Much of the con-
fusion also results from a dearth of information regarding the
efficacy of antimycotic agents in eradicating candiduria.

Controversy continues as to the effectiveness of systemic an-
tifungal therapy as opposed to local irrigation of the lower
urinary tract with amphotericin B [9-12]. In the past, systemic
therapy with iv amphotericin B was often considered too ex-
treme for asymptomatic or symptomatic fungal lower urinary
tract infection; moreover, oral azole therapy with ketoconazole
and itraconazole was frequently disappointing and ineffective
[13]. The availability of oral fluconazole, which has a favorable
side-effect profile and is excreted unchanged in high concen-
trations in the urine, afforded an opportunity to provide ef-
fective antifungal therapy to patients with candiduria [14].

We conducted the first prospective, multicenter placebo-con-
trolled study evaluating the efficacy of fluconazole in eradicat-
ing candiduria in patients with asymptomatic or minimally
symptomatic urinary tract infection.

Methods

Study population.  This was a multicenter, randomized, double-
blinded, placebo-controlled evaluation of the efficacy and safety of
fluconazole (200 mg/d) for short-term eradication of candiduria.
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The study was undertaken by the National Institute of Allergy and
Infectious Diseases (NIAID) Mycoses Study Group.

Patients were eligible if 2 consecutive urine cultures that were
performed at least 24 h apart were positive for yeast and if the
patient had not received treatment with systemic or local antifun-
gals within the previous 7 days. Candiduria was defined as the
presence in both cultures of =10* c¢fu/MI. Urine for culture was
obtained from noncatheterized patients by the clean-catch method.

Catheterized patients were eligible only if a follow-up culture
was positive after removal or replacement of the catheter. Patients
could either have the catheter removed and a second positive cul-
ture specimen obtained 24 h later, or else have the catheter changed
and a second positive culture specimen taken 30 minutes later.
Similarly, 2 positive urine cultures were required for patients un-
dergoing intermittent catheterization.

Asymptomatic candiduria was defined as absence of both urinary
symptoms and fever (temperature of 37.8°C [100°F]). Occasionally,
afebrile patients (<5%) with mild lower urinary tract symptoms
were also enrolled.

Eligible patients were stratified by catheterization status and ran-
domized in a 1 : 1 fashion to receive either fluconazole or placebo
for 2-weeks. In the analysis of therapeutic efficacy, patients were
stratified according to presence or absence of a catheter, recent
catheterization, or change of catheter.

Exclusion criteria included systemic antifungal treatment within
the preceding 7 days, known urologic obstructive abnormalities,
neutropenia, and history of intolerance of or allergy to azoles. Also
excluded were patients who had clinical, radiological, histopath-
ologic, serological, or microbiological evidence of fungal infection
at an extraurinary site and those with an oral temperature >37.8°C
(>100°F). Other exclusion criteria included a serum creatinine level
>3.5 mg/dL, moderate or severe liver disease, and an anticipated
life expectancy of <4 weeks. All patients or their legal guardians
provided written informed consent according to local institutional
review board guidelines.

Treatment regimens.  Patients received a loading dose of four
100-mg capsules of fluconazole or 4 capsules of placebo, followed
the next day by two 100-mg capsules of fluconazole or placebo,
which they then received once a day for 13 days. Fluconazole doses
were adjusted for renal insufficiency: for creatinine clearance of
21-50 mL/min, 100 mg daily; for creatinine clearance of 11-20 mL/
min, 100 mg on alternate days.

Assessment of response.  Once a week during antifungal ther-
apy, patients were assessed clinically for efficacy and evidence of
toxicity. On days 3, 7 and 14 urine was obtained for follow-up
urinalysis and culture. Follow-up clinical evaluations were per-
formed at 2 weeks post-therapy for assessment of response and
relapse; these included hematologic studies, serum chemistries, and
urine gram stains and cultures.

Endpoints were as follows. Improvement/satisfactory response
was defined as resolution of baseline urine fungal culture positivity,
i.e., mycologic eradication at completion of therapy. Lack of ef-
ficacy was defined as persistence or recurrence of urine fungal cul-
ture positivity or progressive clinical features compatible with fun-
gal urinary tract infection or systemic fungal infection at end of
therapy. All deaths were monitored and classified as either sec-
ondary or unrelated to fungal infection. Similar endpoints were
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evaluated at the posttherapy follow-up visit for mycologic cure or
relapse.

Statistical methods.  Fisher’s exact test was used to compare
the 2 treatment groups with respect to sex, presence of diabetes,
catheterization, occurrence of Candida albicans, and mycologic
eradication rates. x* analyses and Student’s 7-test were used to
compare the 2 groups with respect to race distribution and age,
respectively. Logistic-regression analysis was performed to evaluate
the effects of the following factors on microbiological efficacy for
catheterized and noncatheterized patients: diabetes, Candida spe-
cies, mixed species, and baseline serum creatinine levels.

Results

Study population.  Three hundred and sixteen hospitalized
patients with candiduria were evaluated in an intent-to-treat
analysis (159 received fluconazole and 157 received placebo;
table 1). No differences were observed in demographic char-
acteristics of the 2 treatment groups with regard to age, sex,
race, underlying comorbid conditions, prior use of antibiotics,
and presence or absence of urinary catheter at the time of
diagnosis of candiduria.

Among the catheterized subjects there were more women in
both treatment groups, and more noncatheterized patients had
underlying diabetes mellitus. For purposes of randomization,
“catheterized” referred only to catheters in situ at the time the
cultures were repeated (accounting for 56% of patients in both
treatment groups); 19 patients undergoing intermittent cathe-
terization were included in the noncatheterized group. It is note-
worthy that only 14 patients in the fluconazole group and 13
patients receiving placebo had not been catheterized at all dur-
ing the hospitalization. A further 12 patients in the fluconazole
group and 16 patients in the placebo group had been catheter-
free for at least 7 days before urine cultures were performed.

Table 1. Demographic characteristics at baseline of patients with
candiduria who received fluconazole or placebo.

Characteristic Fluconazole (n=159) Placebo (n=157)
Age (y) 702 * 1.2 702 * 1.1
Male 65 (41) 55 (35)
Female 94 (59) 102 (65)
White 122 (77) 118 (75)
Black 33 (21) 38 (24)
Diabetes mellitus 77 (45) 70 (45)
Recent antibiotics 144 (91) 146 (93)
Catheterized 89 (56) 88 (56)
Age (y) 716 * 1.6 720 £ L5
Male 27 (30) 27 (31)
Female 62 (70) 61 (69)
Diabetic 36 (40) 35 (40)
Noncatheterized® 70 (44) 69 (44)
Age (y) 683 + 1.8 677 + 14
Male 38 (54) 28 (41)
Female 32 (46) 41 (58)
Diabetic 41 (59) 35 (51)

NOTE. Data are no. (%) or mean + SE. None of the comparisons achieved
statistical significance.

# Includes 8 patients in fluconazole group and 11 patients in placebo group
who underwent intermittent catheterization.
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Microbiology.  The 2 groups were well matched for urinary
Candida species isolated prior to randomization and therapy:
50% of patients in the fluconazole group and 49% of patients
in the placebo group were infected with C. albicans (table 2).
The second most frequently isolated species was Candida gla-
brata, present in 28 patients (18%) receiving fluconazole and
37 patients (24%) receiving placebo. Seven percent of patients
in the fluconazole group and 10% of patients in the placebo
group had >1 fungal species identified in 1 or both of the urine
specimens obtained at least 24 h apart.

Response to treatment.  In the intent-to-treat analysis (n =
316), urine was available for culture on day 14 for 135 (85%)
of 159 patients receiving fluconazole and 131 of (83%) 157
patients receiving placebo. In this analysis, missing specimens
were considered culture-positive. By this method, cultures ob-
tained on day 14 after initiation of therapy revealed mycologic
eradication in 79 (50%) of the 159 patients receiving fluconazole
and in 46 (29%) of the 157 receiving placebo (P <.001; table
3). Eradication rates were considerably higher in noncathet-
erized patients in both study groups. Fluconazole eradicated
Candida organisms from 39% of catheterized patients, whereas
mycologic eradication was achieved with fluconazole in 63% of
patients who were noncatheterized (or intermittently catheter-
ized; P =.004).

Of the 316 evaluable patients, 238 completed the full treat-
ment regimen of 14 days of fluconazole or placebo; of these
238 patients, 235 had urine specimens obtained for culture.
Urine samples from 3 patients receiving placebo were lost and
hence considered culture-positive. A subgroup analysis of those
238 patients who completed the 14-day treatment protocol
showed results similar to those obtained in the intent-to-treat
analysis (table 3). Higher eradication rates were apparent in
the fluconazole group than in the placebo group (75 [63%)] of
118 patients vs. 42 [35%)] of 120 patients; P <.001). Among
patients who completed a 14-day course, fluconazole success-
fully eradicated candiduria in 78% of noncatheterized but only
52% of catheterized patients (P = .0015).

A separate subgroup analysis was performed to evaluate
early clearance of candiduria (at day 7 of treatment) in those
117 of the 238 evaluable patients whose candiduria was found
to be eradicated in testing on day 14. Among the noncathet-
erized patients, for 31 (74%) of 42 receiving fluconazole and 18
(69%) of 26 receiving placebo whose urine eventually cleared
(by day 14), the candiduria had cleared by day 7 (P =.78).
Among catheterized patients, for 18 (55%) of 33 receiving flu-
conazole and only 3 (19%) of 16 receiving placebo, candiduria
had cleared by day 7 (P =.03).

Since at the time of study enrollment all catheterized patients
had their catheters removed and (in the majority of cases) re-
placed with a new catheter, those persistently catheterized pa-
tients receiving placebo demonstrated the effect of catheter
change per se on the natural history of candiduria in cathe-
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Table 2.  Fungal species isolated from urine at baseline/pretreatment.

Fungal species Fluconazole (n=159) Placebo (n=157)

Candida albicans 79 (50) 77 (49)
Non-albicans Candida
Candida glabrata 28 (18) 37 (24)
Candida tropicalis 18 (11) 15 (10)
Candida parapsilosis 503) 0
Candida krusei 4 (3) 2(1)
Candida lusitaniae 2(1) 1 (<)
Candida kefyr 1 (<) 0
Other 4 (3) 1 (<)
Saccharomyces cerevisiae 1 (<) 0
Not specified (yeast) 4 (3) 8 (5)
Mixed 11 (7) 16 (10)

NOTE. Data are no. (%).

terized patients. In 20% of placebo-treated catheterized pa-
tients, candiduria resolved (table 3).

Similarly, since only 13 and 14 patients in each study group
(8%) had not been catheterized at any time during the current
hospitalization (before enrollment), the majority of noncath-
eterized placebo recipients demonstrate the effect of catheter
removal alone on the outcome of candiduria. Thus in ~41% of
catheterized subjects, candiduria resolved as the result of cath-
eter removal only (table 3).

A stepwise logistic-regression model was used to evaluate the
prognostic significance of comorbid factors, including fungal
species, on microbiological efficacy at day 14 following initi-
ation of therapy. Coexistent diabetes mellitus failed to influence
response to therapy for both catheterized and noncatheterized
patients. The presence of Candida tropicalis in pretherapy urine
cultures was associated with a significantly higher treatment
failure rate in both groups (P = .018), but not if patients whose
cultures yielded C. tropicalis plus another fungal species were
included. None of the other non-albicans Candida species, in-
cluding C. glabrata, were associated with a suboptimal response
to therapy (P >.5). Although mixed infections demonstrated a
trend toward more difficult eradication, insufficient numbers
precluded a definitive answer.

For noncatheterized patients, serum creatinine levels were
inversely related to and significantly associated with microbi-
ological efficacy at 14 days in the analysis of all patients
(P =.003), patients completing at least 7 days of therapy
(P =.003), and patients completing 14 days of treatment
(P =.003). For catheterized patients, elevated serum creatinine
levels were similarly associated with reduced microbiological
efficacy in the analyses of all patient subgroups, but the as-
sociation was not as highly significant (P = .045).

Follow-up studies. ~ Culture results at 14 days after comple-
tion of therapy were available for 55% of enrolled patients (table
3). The majority of patients had already been discharged from
the hospital, and follow-up was difficult. Missing data were
equally represented (45% of patients) in both treatment groups.
In the intent-to-treat analysis, among the patients whose urine
was cleared at completion of therapy, 4 (9%) of 44 noncath-
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Table 3. Rates of mycologic eradication of candiduria in the 2 re-
cipient groups.

Analysis group Fluconazole Placebo P

All enrolled patients (n = 316)" 79/159 (50)  46/157 (29) <.001

Catheterized 35/89 (39) 18/88 (20) .008
Uncatheterized 44/70 (63) 28/69 (41) .01
Patients completing 14 days of therapy 75/118 (63)  42/120 (35) <.0001

(n = 238)
Catheterized 33/64 (52) 16/65 (25) .002
Uncatheterized 42/54 (78) 26155 (47) .0015
Two-week follow-up® 59/87 (68) 56/86 (65) 7
after therapy completed (n = 173)b
Catheterized 27/44 (61) 22/39 (56) N
Uncatheterized 32/43 (74) 34/47 (72) 1.00

NOTE. Data are no. of recipients whose candiduria was eradicated/no. of
recipients (%). Eradication was determined on the basis of urine culture status
immediately after completion of therapeutic trial (day 14).

“ Intent-to-treat analysis.

" Culture status 2 weeks after completion of therapeutic trial.

eterized patients who received fluconazole had relapsed at the
2-week follow-up, versus 1 (4%) of 28 noncatheterized patients
who received placebo (P =.6). Among catheterized patients, 3
(9%) of 35 who received fluconazole relapsed, versus 5 (28%)
of 18 who received placebo (P =.1).

The prevalence of candiduria after treatment was analyzed
by 2 methods: by comparing only those patients in each group
for whom culture data were available and by comparing all
patients (in which case those whose urine culture results were
missing were considered to be culture-positive). Both analyses
showed that the percentage of urine cultures yielding fungi was
not statistically different between the fluconazole-treated and
placebo-treated groups 14 days after completion of treatment
(P>.5). No patients in the study developed pyelonephritis or
fungemia.

Adpverse effects.  There were few major adverse events re-
corded in either treatment group. Patients classified as expe-
riencing any toxicities were equally represented in both treat-
ment groups (P >.5). There were a total of 26 deaths (8.2%)
recorded in the case-record forms: 12 in the fluconazole group
and 14 in the placebo group (P =.69). None of these were
related to fungal infection or treatment; however, 22 (85%) of
26 patients who died were catheterized at the time of enrollment.
Elevated hepatic enzyme levels in 3 patients receiving flucon-
azole and 2 receiving placebo were reported, and 3 patients
receiving fluconazole and 1 receiving placebo developed in-
creases in serum creatinine levels. Nine fluconazole recipients
and 7 placebo recipients developed bacteriuria.

Discussion

Although candiduria is common, its management is erratic.
Physicians are inconsistent because they do not always under-
stand the clinical significance of this finding, because they lack
information about the natural history of asymptomatic can-
diduria, and are often unwilling to administer systemic am-
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photericin B [12, 15-17]. Although safer, systemically active
azoles are now available, there is a paucity of data regarding
their ability to eradicate candiduria. More important, however,
is the need to document that patients benefit from eradication
of asymptomatic candiduria.

As in most published studies of candiduria, our patients were
hospitalized, elderly (mean age, 70.2 years), and predominantly
female, and they had numerous comorbid medical conditions
[1, 2, 18]. More than 50% were catheterized at the time they
were enrolled in the study, and almost all of the remainder had
undergone instrumentation or catheterization in the period pre-
ceding the study; approximately half of the patients were dia-
betic. Virtually every patient was receiving or had recently re-
ceived broad-spectrum antibiotics. Death unrelated to fungal
infection was common; 8.2% of the study population died over
a l-month period.

The present study was restricted to asymptomatic or mini-
mally symptomatic patients with candiduria, since the man-
agement of symptomatic patients is less problematic. Flucon-
azole, given orally and in doses adjusted for renal insufficiency,
eradicated candiduria in 63% of study patients who completed
14 days of therapy. Eradication occurred in only 52% of per-
sistently catheterized patients but was considerably more fre-
quent in noncatheterized and no-longer-catheterized patients
(78%). Short-term eradication rates for these patients were
therefore significantly better than for matched placebo-treated
patients.

The placebo-treated group afforded an opportunity to study
the natural history of untreated candiduria in hospitalized pa-
tients. Given the limitations of this post-hoc analysis, we es-
timate that candiduria resolved in ~20% of chronically cathe-
terized patients because their catheter was changed only, and
was eradicated in 41% of untreated patients when the catheter
was removed. Our clearance rate among untreated patients is
similar to that observed by Storfer et al. in a small retrospective
study [19].

It is notable that in this large study population, complications
of fungal urinary tract infection, including pyelonephritis, can-
didemia, systemic candidiasis, and fungus-related death, were
not observed in either study group. These results provide evi-
dence that asymptomatic or minimally symptomatic candiduria
is in itself usually benign, even in debilitated patients with un-
derlying diseases, including diabetes mellitus. Storfer et al. ob-
served 11 episodes of candidemia in 105 patients with candi-
duria, although it is unclear whether in these symptomatic
patients candidemia might have led to candiduria [19]. In a
large review of candidemic subjects, Ang et al. concluded that
candidemia was rarely the consequence of candiduria and then
usually occurred only in the presence of upper urinary tract
obstruction [20].

Several other authors have similarly concluded that asymp-
tomatic candiduria is benign and often self-limiting if the pre-
disposing factors are corrected. On the other hand, Nassoura
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et al. emphasized that candiduria should never be ignored in
septic patients, since it may be the only and is often the first
indication of systemic or invasive candidiasis [21]. In their study
of a small number of patients in a surgical intensive care unit,
these authors emphasized the advantages of systemic antifungal
therapy in this subpopulation of patients and reported failure
of amphotericin B irrigation in candiduric patients [21].

Although we demonstrated high short-term rates of eradi-
cation of urinary Candida with fluconazole, the clinical benefits
are less apparent in this predominantly elderly, debilitated,
asymptomatic or minimally symptomatic population. More-
over, we were unable to document continued yeast eradication
in the urinary tract 2 weeks after discontinuation of antifungal
therapy. Although the data were incomplete, patients who had
received either fluconazole or placebo had similar rates of can-
diduria 2 weeks after the end of therapy. Not surprisingly, can-
diduria was more common at the 2-week follow-up visit in those
patients whose catheters remained in place.

Although this study was not designed to determine the op-
timal duration of therapy, eradication rates observed after 7
days of therapy indicate that, in the second week of therapy,
candiduria cleared in at least one-quarter of noncatheterized
patients and almost one-half of catheterized patients receiving
fluconazole only. These results are not surprising, since most
of these patients with complicated infections either still had or
had recently had a catheter.

The results obtained with fluconazole in the present study
are similar to those obtained in 3 other published studies that
compared oral fluconazole with amphotericin B bladder irri-
gation for eradicating candiduria [22-24]. Fan-Havard et al.
observed an 83% rate of eradication of candiduria with flu-
conazole in a small study of catheterized elderly men; results
were similar with amphotericin B irrigation [23]. Similarly, Leu
and Huang, in another small prospective study, achieved clear-
ance of funguria in 77% of patients after administration of
fluconazole for 7 days at a dosage of 100 mg/daily [24]. In that
study, amphotericin B irrigation achieved more rapid clearance,
but candiduria-eradication rates 7 days following therapy were
similar to those obtained with fluconazole.

Finally, Jacobs et al. studied a large group of acutely hos-
pitalized elderly patients but used a lower dose of fluconazole
(100 mg/d) than we did for 7 days [22]. In contrast to the above
small studies, Jacobs et al. observed not only more rapid fungal
clearance with amphotericin B irrigation but, in a comparison
2 days after completion of therapy, higher eradication rates
with amphotericin B (96%) than with fluconazole (73%). Fol-
low-up at 1 month, however, showed virtually identical fre-
quency of eradication. It is notable that in the study of Jacobs
et al. the high mortality rate associated with candiduria was
also emphasized: one-third of the enrolled patients died.

A unique observation in the present study was the high failure
rate with funguria due to C. tropicalis, which in most series is
the third most frequent Candida species (12%—28%) and is often
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found in mixed cultures. Although this organism is usually
susceptible to fluconazole in vitro, local factors such as adher-
ence to the catheter surface may contribute to the low clearance
rate. In the present study, no difference in eradication rates
with fluconazole were seen for C. glabrata versus C. albicans
and other candidal infections. C. glabrata is frequently reported
to demonstrate intrinsic resistance to fluconazole; hence, our
findings were not anticipated, especially given the high fre-
quency with which this species was found (20%) in candiduric
patients [25]. The high rates of eradication of urinary C. gla-
brata may be the consequence of the high dosage and prolonged
fluconazole therapy selected in this study.

An important finding in the present study was reduced fungal
eradication from the urinary tract of patients with impaired
renal function. A possible explanation is the reduced flucona-
zole concentrations in urine in association with reduced glom-
erular filtration. Traditionally, fluconazole doses are decreased
in cases of renal failure to avoid the adverse sequelae of high
serum levels of fluconazole; however, paradoxically, these mea-
sures may result in subtherapeutic urinary concentrations of
fluconazole. This observation may be critical in selecting the
fluconazole dosage for treating symptomatic fungal urinary in-
fections with renal failure, obstruction, and fungus balls in the
drainage system.

In conclusion, candiduria is common in an elderly, debili-
tated, hospitalized population with present or recent urinary
catheters [1, 2, 5-7]. Candiduria may resolve spontaneously,
depending on whether risk factors can be corrected. When cath-
eters remain in situ, untreated candiduria resolves in 20% of
patients. A variety of therapies, including amphotericin B ir-
rigation and oral fluconazole, appear comparable in early clear-
ance of candiduria, although long-term eradication in the pres-
ence of catheters and other risk factors appears unlikely
regardless of therapy. However, amphotericin B irrigation is
expensive and labor-intensive. When treatment of asympto-
matic or minimally symptomatic candiduria is indicated, data
obtained from this study suggest that oral fluconazole is safe
and effective.

Participating NIAID Mycoses Study Group Investigators
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(Beth Israel Deaconess Hospital Medical Center, Boston, MA);
Douglas A. Holt, M.D. (Tampa General Hospital, Tampa, FL);
Daniel Hirsch, M.D. (MacNeal Hospital, Berwyn, IL); Melanie
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Harry Gallis, M.D. (Duke Medical Center, Charlotte, NC);
Phillip Johnson, M.D. (University of Texas, Houston, TX);
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