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Purpose: Urinary tract infections are diagnosed by clinical symptoms and detection of 
causative uropathogen. Antibiotics are usually not indicated in candiduria and no-growth 
urine. We aimed to develop a predictive score to distinguish bacteriuria, candiduria, and no- 
growth urine, and to describe the distribution of microorganisms in urine.
Patients and Methods: A single-center, retrospective cohort study was conducted between 
January 2017 and November 2017. Patients with concomitant urinalysis and urine culture 
were randomly sorted for a clinical prediction model. Multivariable regression analysis was 
performed to determine factors associated with bacteriuria, candiduria, and no-growth urine. 
A scoring system was constructed by rounding the regression coefficient for each predictor to 
integers. Accuracy of the score was measured by the concordance index (c-index).
Results: There were 8091 positive urine cultures: bacteria 85.6%, Candida 13.7%. 
Randomly selected cases were sorted into derivation and validation cohorts (448 cases and 
272 cases, respectively). Numerous yeast on urinalysis predicted candiduria with complete 
accuracy; therefore, it was excluded from a score construction. We developed a NABY score 
based on: positive nitrite, 1 point; Antibiotic exposure within 30 days, –2 points; numerous 
Bacteria in urine, 2 points; few Yeast in urine, –2 points; moderate Yeast in urine, –5 points. 
The c-index was 0.85 (derivation) and 0.82 (validation). A score ≥0 predicted 76% and 54% 
of bacteriuria in the derivation and validation cohorts, respectively. A score ≤−3 predicted 
96% of candiduria in both cohorts.
Conclusion: Numerous yeast on urinalysis and the NABY score may help identify patients 
with a low risk of bacteriuria in whom empiric antibiotics for UTIs can be avoided.
Keywords: urinary tract infection, Candida, antibiotics, microscopy, urine culture, NABY 
score

Introduction
Urinary tract infection (UTI) is a common infectious disease in both outpatient and 
inpatient settings. Diagnosis of UTI is based on the presence of clinical symptoms or 
signs consistent with UTI and detection of bacteria in urine culture; ≥105 colony- 
forming units (CFU)/mL for most symptomatic UTI,1 and ≥103 CFU/mL for catheter- 
associated (CA) UTI.2 Clinical symptoms of UTI include dysuria, urinary frequency 
or urgency, suprapubic pain, or flank pain.3,4 However, older patients, debilitated 
patients, or patients with an indwelling bladder catheter may present with nonspecific 
symptoms without the localized symptoms of UTIs. Furthermore, older patients are 
more likely to have atypical symptoms, such as anorexia, confusion, impaired 
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functional status, and absence of fever.5,6 Patients with cog
nitive deficits might have impaired ability to communicate 
and may have existing chronic genitourinary symptoms (eg, 
incontinence, urgency, and frequency), which makes the 
diagnosis of UTIs more difficult.7 Patients with a long- 
term indwelling urethral catheter cannot discern frequency 
or dysuria; therefore, the diagnosis of UTI relies on urine 
workup and exclusion of other causes.7 The most common 
causative pathogens for uncomplicated UTI was Escherichia 
coli, followed by Klebsiella pneumoniae, Staphylococcus 
saprophyticus, Enterococcus faecalis, group 
B Streptococcus (GBS), Proteus mirabilis, Pseudomonas 
aeruginosa, Staphylococcus aureus and Candida spp. For 
complicated UTI, E. coli was the most common etiologic 
agent, followed by Enterococcus spp., K. pneumoniae, 
Candida spp., S. aureus, P. mirabilis, P. aeruginosa and 
GBS.8

Although urine culture is the gold standard to support the 
diagnosis of UTI, the time required for organism growth is 24– 
48 h.9 Urinalysis is a useful tool for initial evaluation. 
Leukocytes in the urine imply inflammation and tissue inva
sion of the urinary tract.10 Pyuria is present in most cases of 
acute simple cystitis in women. The absence of pyuria suggests 
an alternative diagnosis and does not warrant antibiotic 
treatment.11 In contrast, pyuria is not diagnostic of CA- 
bacteriuria or CA-UTI in catheterized patients.12 Pyuria cannot 
be used to differentiate CA-asymptomatic bacteriuria (CA- 
ASB) from CA-UTI, as it is usually present in both 
conditions.2 Furthermore, catheterized patients can have 
pyuria without bacteriuria, as the catheter itself may cause 
bladder inflammation.12 Commercially available urine dip
sticks that test for leukocyte esterase and nitrite are convenient 
for screening for UTI. Leukocyte esterase is an enzyme 
released by neutrophils and reflects pyuria. A review of studies 
reported that the sensitivity and specificity of leukocyte ester
ase for culture-confirmed UTI were 72–97% and 41–86%, 
respectively.13 Nitrite indicates the presence of bacteria, 
which convert urinary nitrate to nitrite. Many gram-negative 
and some gram-positive bacteria are able to make this 
conversion.13 The sensitivity and specificity of nitrite for cul
ture-confirmed UTI were 19–48% and 92–100%, 
respectively.13

In a study by Van Nostrand et al, at least moderate num
bers of bacteria on microscopy showed significant association 
with UTI. However, the use of this finding as the sole pre
dictor of UTI was not sufficient. The sensitivity and specifi
city of this parameter were 46.4% and 89%, respectively.14

Candiduria is a common finding in hospitalized patients. 
Sobel et al reported that at least 10–15% of hospitalized 
patients had candiduria.15 Candiduria is more common in 
intensive care units (ICUs), diagnosed in 22–40% of the 
patients.15 Risk factors associated with candiduria included 
advanced age, female sex, antibiotic use, urinary drainage 
devices, previous surgical procedures, and diabetes 
mellitus.16 Yeast observed by microscopy may be the first 
clue for candiduria.17 The majority of cases were asympto
matic UTIs.18 Asymptomatic candiduria rarely needs 
treatment.19

Urinalysis and urine culture are commonly ordered tests in 
hospitals. Urinalysis and/or urine culture were obtained in 70% 
of 3748 admitted patients in a prospective multicenter trial.20 

Unnecessary urine testing and false-positive results have led to 
overtreatment with antibiotics. Fever was the sole indication 
for obtaining a urine culture in 74% of patients.21 Positive 
urinalysis results were associated with antibiotic prescription 
in asymptomatic patients.22 Although there were substantial 
evidence and strong recommendations against treatment for 
ASB, inappropriate antibiotic use is very common for this 
condition. A retrospective cohort study of 2733 patients with 
ASB found that 83% were treated with antibiotics for a median 
of 7 days.23 Positive urinalysis and urine cultures with 
a bacteria ≥105 CFU per high-power field were the crucial 
factors for overtreatment of ASB.23 Lammers et al estimated 
that 23–50% of antibiotic-days for asymptomatic bacteriuria 
were unnecessary.24 Antibiotic exposure is a major component 
for antibacterial resistance.25 The higher resistance rate of 
uropathogen was reported in antibiotic groups, which have 
been frequently used for treating UTI.26 As the gaps in knowl
edge, attitude, and practice remain a challenging problem, 
early exclusion of bacteriuria could be useful to avoid unne
cessary use of empirical antibiotics in the case of candiduria or 
no-growth urine.

The primary objective of this study was to develop 
a predictive score for distinguishing between bacteriuria, 
candiduria, and no-growth urine. The secondary objective 
was to assess the species distribution of microorganisms in 
positive urine cultures and the proportion of patients under
going empirical treatment for UTI in a real-world setting.

Materials and Methods
Study Population
A single-center, retrospective cohort study was conducted at 
Ramathibodi Hospital, a 1300-bed, tertiary-care university 
hospital with kidney and stem cell transplant units in 
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Bangkok, Thailand. The hospital served at least 5000 outpa
tient visits per day. Data were collected from January 2017 
through November 2017. All urine sample data were retrieved 
from the laboratory database. Patients 18 years of age and older 
with concomitant microscopic urinalysis and urine culture on 
the same day were randomly selected for the analysis. The 
exclusion criteria were unavailable medical records, insuffi
cient quantity of urine sample (<5 mL), and urine samples from 
the same patient within 30 days.

Urinalysis and Urine Culture
Fresh urine specimens were collected in preservative-free, 
antiseptic-free containers. Uncentrifuged urine samples 
were put into test tubes for processing upon arrival at the 
clinical microscopy laboratory. Physical and chemical ana
lysis was performed with the cobas u 601 urine analyzer 
(Roche Diagnostics International AG, Rotkreuz, 
Switzerland). The cobas u 601 analyzer is a fully auto
mated reflectance photometry urine test strip analyzer, as 
well as physical cell measurements of clarity and specific 
gravity.27 Urine sediment analysis was performed by the 
Sysmex UF-1000i urine particle analyzer (Sysmex, Kobe, 
Japan). The UF-1000i system is a fully automated flow 
cytometer for identification and quantification of micro
scopic materials suspended in the urine. It also has 
a dedicated chamber for bacteria and separate bacterial 
analysis channel to discriminate bacteria from debris. 
Detection is based on flow cytometry combined with 
impedance method.28 The abnormal sediments, including 
cells, casts, bacteria, and yeast were confirmed by micro
scopic examination of centrifuged urine by trained medical 
technicians. Visualized sediments were classified accord
ing to established guides.29 The turn-around time for the 
results was within 2 h of arrival in the laboratory.

Quantitative urine culture was performed using 1 μL of 
urine, spread in a pinwheel streak onto 5% human blood 
agar plates and MacConkey agar (BBL; BD, Sparks, MD, 
USA) prepared by the microbiology laboratory. The plates 
were incubated aerobically at 35°C for 24 h. The final 
urine culture result was reported 48 h after incubation.

Data Collection
The patients were classified by microorganism into bacter
iuria or candiduria groups (or no-growth group). 
Demographic information, preexisting medical conditions, 
location at time of urine sample collection (emergency 
department, outpatient clinic, or hospital ward), recent 
antibiotic exposure (within 30 days prior to urine 

examination), presence of an indwelling urinary catheter, 
as well as the results of urinalysis and urine culture were 
collected from medical records. Information on empirical 
antibiotics initiated on the day of urine collection and 
documented indication for treatment were collected.

Statistical Analysis
The distribution of microorganisms (bacterial or Candida spe
cies) in urine culture was calculated from all urine cultures of 
adults submitted to the microbiology laboratory during the 
study period. A prediction model was developed and validated, 
as previously described.30 Sample size of the derivation cohort 
was estimated from at least 10 events (bacteriuria) per candi
date predictor.31 Equal numbers, and equal quantity of bacter
iuria, candiduria, and no-growth urine were randomly selected. 
Categorical and ordinal variables were presented as frequen
cies and percentages and were compared using the chi-square 
test and Kruskal–Wallis H-test, where appropriate. Continuous 
variables were presented as medians and interquartile ranges 
(IQRs) and were compared using Student’s t-test and the 
Wilcoxon rank-sum test, where appropriate. Logistic regres
sion was used to estimate the odds ratios (ORs) and associated 
95% confidence intervals (CIs) of factors associated with 
bacteriuria, candiduria, and no-growth urine. Variables with 
a P-value <0.10 in the univariate analysis were included in the 
logistic regression model for the multivariate analysis. All test 
P-values of <0.05 were considered to be statistically signifi
cant. Backward elimination was performed for variable selec
tion. The Hosmer–Lemeshow goodness of fit test was used for 
the calibration of the predictive model. The receiver operating 
characteristic (ROC) curves and the concordance statistic 
(c-index) from 1000 bootstrap replications were used to eval
uate discriminative ability. The scoring system was developed 
by rounding the regression coefficient to the nearest integers.32 

External validation in randomly selected patients visiting the 
emergency room (other than in the derivation cohort) from the 
same dataset was evaluated. Stata software, version 16.0 
(StataCorp LLC, College Station, TX, USA) was used for 
analyses.

Ethical Approval
This study was approved by the ethics institutional review 
board of Ramathibodi Hospital, with a waiver of informed 
consent due to the retrospective nature of the study 
(approval number: MURA2021/507). De-identification of 
data was used to prevent personal identifiers. All data was 
kept confidential. This study was conducted in accordance 
with the Declaration of Helsinki.
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Results
Microorganism Distribution in Cultured 
Urine Samples
A total of 20,433 urine samples were collected between 
January 2017 and November 2017. There were 16,568 
urine samples from adults. Of these, 8091 samples 
(48.8%) grew microorganisms: bacteria in 6929 samples 
(85.6%) and Candida in 1106 samples (13.7%). The most 
common bacterium was Escherichia coli (44.7%), fol
lowed by Enterococcus spp. (12.0%), Klebsiella spp. 
(11.3%), and Pseudomonas aeruginosa (9.4%). The most 
common fungus was C. albicans (53.6%), followed by 
C. tropicalis (23.3%) and C. glabrata (15.7%) (Figure 1).

Comparison of Bacteriuria, Candiduria, 
and No-Growth Urine in the Derivation 
Cohort
We randomly sorted 192 bacteriuria, 192 candiduria, and 64 
no-growth urine samples into the derivation cohort. The med
ian age of the bacteriuria, candiduria, and no-growth urine 
groups were 67 years, 69 years, and 67 years, respectively. 
There was no significant difference in the comorbidities among 
the three groups. The most common pre-existing condition was 
diabetes mellitus (29.0%). Several differences between the 

three groups were evident. Recent antibiotic exposure in 30 
days in the bacteriuria, candiduria, and no-growth urine groups 
were 30.2%, 84.9%, and 56.3%, respectively (P < 0.001). The 
presence of an indwelling urinary catheter in the bacteriuria, 
candiduria, and no-growth urine groups were 35.9%, 62.5%, 
and 34.4%, respectively (P < 0.001) (Table 1).

Positive nitrite was found more in the bacteriuria group 
(19.3%) than in the candiduria (5.7%) and no-growth urine 
groups (3.1%). The no-growth urine group was less likely to 
have moderately to markedly positive leukocyte esterase, posi
tive blood, 3+ or 4+ protein, or white blood cells ≥5 cells/high 
power field. Bacteriuria specimens had a higher likelihood of 
numerous bacteria on microscopic examination. Candiduria 
specimens were more likely to have few, moderate, or numer
ous yeast. None of the bacteriuria specimens had numerous 
yeast cells. Of the 64 no-growth urine samples, only two 
patients had at least a moderate amount of bacteria, and none 
had at least a moderate amount of yeast (Table 2).

Score for Distinguishing Bacteriuria, 
Candiduria, and No-Growth Urine
The univariate analysis of factors associated with bacteriuria, 
candiduria, and no-growth urine is shown in Table 3. In the 
multivariate analysis, factors significantly associated with 
bacteriuria were recent antibiotic exposure (OR 0.19; 95% 

Figure 1 Distribution of microorganisms in urine culture. 
Abbreviation: CFU/mL, colony-forming unit per milliliter.
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CI 0.11–0.31, P < 0.001), positive nitrite (OR 3.39; 95% CI 
1.24–9.28, P = 0.02), numerous bacteria (OR 7.35; 95% CI 
2.44–22.20, P < 0.001), few yeast (OR 0.13; 95% CI 0.05– 
0.34, P < 0.001), and moderate yeast (OR 0.01; 95% CI 
0.001–0.10, P < 0.001). Numerous yeast was perfectly pre
dictive of not having bacteriuria, and that parameter was 
omitted from score construction (Table 4).

We developed a score using the variables selected 
in the multivariate model. The synthetic score on 
a scale of −7 to 3 for the risk of bacteriuria was 
obtained from the weight of coefficient (β) in the 
model (Table 5). We called it the NABY score (posi
tive Nitrite, recent Antibiotic exposure, amount of 
Bacteria in urine, amount of Yeast in urine). The best 

cutoff value for bacteriuria was established at a score 
≥0 points. The Hosmer–Lemeshow goodness-of-fit test 
had a P-value of 0.51. The c-index in the derivation 
and validation cohorts was 0.85 (95% CI 0.81–0.88), 
and 0.82 (95% CI 0.78–0.86), respectively.

Risk Groups Within Derivation and 
Validation Cohorts
A total of 272 patients (108 bacteriuria, 112 candiduria, 52 
no-growth urine) visiting the emergency room were ran
domly sorted into the validation cohort. Nineteen patients 
in the derivation cohort, and six patients in the validation 
cohort with numerous yeast cells in their urine were 
excluded from the risk score. The risk groups classified 

Table 1 Demographic Data and Other Characteristics of Patients with Candiduria, Bacteriuria, and No-Growth in the Derivation 
Cohort

Patient Characteristics Bacteriuria (N = 192) Candiduria (N = 192) No Growth (N = 
64)

P-value

Demographic data
Median (IQR) age, years 67 (55–79) 69 (55–83) 67 (58–80) 0.46
Male, n (%) 78 (40.6) 74 (38.5) 26 (40.6) 0.91

Organism quantity, n (%)
≥105 CFU/mL 64 (33.3) 64 (33.3) NA

104 CFU/mL 64 (33.3) 64 (33.3) NA
103 CFU/mL 64 (23.1) 64 (33.3) NA

Setting, n (%) <0.001
Inpatient 126 (65.6) 175 (91.2) 50 (78.1)

Outpatient 19 (9.9) 17 (8.9) 6 (9.4)

Emergency 47 (24.5) 0 (0) 8 (12.5)

Coexisting condition, n (%)
Diabetes mellitus 53 (27.6) 59 (30.7) 18 (28.1) 0.79
Cardiovascular disease 45 (23.4) 44 (23.0) 20 (31.3) 0.38

Chronic kidney disease 46 (24.0) 59 (30.7) 13 (20.3) 0.16

Chronic lung disease 24 (12.5) 42 (21.9) 8 (12.5) 0.03
Chronic liver disease 11 (5.8) 20 (10.4) 3 (4.7) 0.14

Neurologic disease 50 (26.0) 40 (20.8) 16 (25.0) 0.47

Hematologic malignancy 17 (8.9) 21 (10.9) 12 (18.8) 0.09
Solid malignancy 42 (21.9) 54 (28.1) 10 (15.6) 0.09

Receiving chemotherapy within 6 months 26 (13.5) 26 (13.5) 11 (17.2) 0.74

Autoimmune diseases 27 (14.1) 29 (15.1) 5 (7.8) 0.33
Solid organ transplantation 16 (8.3) 12 (6.3) 1 (1.6) 0.16

Bone-marrow transplantation 1 (0.5) 1 (0.5) 1 (1.6) 0.64

HIV infection 2 (1.0) 4 (2.1) 3 (4.7) 0.20

Recent antibiotic exposure within 30 days, n 

(%)

58 (30.2) 163 (84.9) 36 (56.3) <0.001

Indwelling urinary catheter, n (%) 69 (35.9) 120 (62.5) 22 (34.4) <0.001

Abbreviations: CFU/mL, colony-forming unit per milliliter; NA, not applicable.
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by the NABY score are shown in Figure 2. A NABY score 
of ≥0 correctly classified 76% and 54% of bacteriuria in 
the derivation and validation cohorts, respectively. 
A NABY score of ≤−3 correctly classified 96% of candi
duria in both cohorts.

Empirical antibiotics for UTI on the day of urine 
examination was documented in 28.6% (55/192) of the 
bacteriuria, 30.2% (58/192) of the candiduria, and 10.9% 
(7/64) of the no-growth groups in the derivation cohort. 
These were 43.5% (47/108) of the bacteriuria, 46.4% (52/ 
112) of the candiduria, and 23.1% (12/52) of the no- 
growth groups in the validation cohort.

Discussion
Almost 85% of the patients with candiduria in our study 
had recent antibiotic exposure within 30 days. This is 
consistent with a prospective multicenter surveillance 
study which found 90% of 861 hospitalized patients had 
received antibiotics within 1 month prior to the onset of 
funguria.33 Antibiotics suppress the susceptible endogen
ous bacterial flora and facilitate epithelial surface fungal 
colonization.34 The recent use of antibiotics is a risk factor 
for candiduria.16 Initial recognition of the possibilities of 
candiduria in patients receiving antibiotics for previous or 
concomitant bacterial infections in the last 30 days could 

Table 2 Urinalysis Profile of Patient with Candiduria, Bacteriuria, and No-Growth Urine in the Derivation Cohort

Urinalysis Bacteriuria (N = 192) Candiduria (N = 192) No Growth (N = 64) P-value

Nitrite, n (%) 37 (19.3) 11 (5.7) 2 (3.1) <0.001

Leukocyte esterase, n (%) <0.001

Negative to slightly positive 97 (50.5) 79 (41.2) 47 (73.4)
Moderately to markedly positive 95 (49.5) 113 (58.9) 17 (26.6)

Blood, n (%) 0.001

Negative 36 (18.8) 25 (13.0) 17 (26.6)

Trace or slightly positive 54 (28.1) 42 (21.9) 24 (37.5)
Moderately or markedly positive 102 (53.1) 125 (65.1) 23 (35.9)

Protein, n (%) 0.01
Negative or trace 101 (52.6) 71 (37.0) 37 (57.8)

1+ or 2+ 56 (29.2) 85 (44.3) 19 (29.7)

3+ or 4+ 35 (18.2) 36 (18.8) 8 (12.5)

White blood cells, cells/HPF, n (%) <0.001

0–4 105 (54.7) 97 (50.5) 54 (84.4)
5–20 33 (17.2) 48 (25.0) 8 (12.5)

Over 20 54 (28.1) 47 (24.5) 2 (3.1)

Red blood cells, cells/HPF, n (%) 0.05

0–4 129 (67.2) 121 (63.0) 50 (78.1)

5–20 22 (11.5) 31 (16.2) 10 (15.6)
Over 20 41 (21.4) 40 (20.8) 4 (6.3)

Quantitative measurement of bacteria, n (%) <0.001
None 76 (39.6) 85 (44.3) 50 (78.1)

Few 54 (28.1) 78 (40.6) 12 (18.8)

Moderate 17 (8.9) 19 (9.9) 1 (1.6)
Numerous 45 (23.4) 10 (5.2) 1 (1.6)

Quantitative measurement of yeast, n (%) <0.001
Negative 185 (96.4) 73 (38.0) 63 (98.4)

Few 6 (3.1) 62 (32.3) 1 (1.6)

Moderate 1 (0.5) 38 (19.8) 0
Numerous 0 19 (9.9) 0

Abbreviation: HPF, high power field.
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be helpful in determining these patients whom UTI is 
subsequently suspected.

The suboptimal performance observed in our study of 
individual parameters in urinalysis for predicting bacteriuria 
agrees with most previous reports. This study found a higher 
proportion of leukocyte esterase among candiduria (58.9%) 
compared with bacteriuria (49.5%) and no-growth urine 
(26.6%) specimens. A similar finding was observed for 

white blood cells in urine. High false-positive rates of leuko
cyte esterase in the testing limit its effectiveness for the 
diagnosis of bacterial UTI.35 Nitrite was more likely to be 
positive in the bacteriuria group (19.3%), and it remained 
significant after controlling for the other variables in our 
study. The positive nitrite could be useful for ruling in 
patients who have bacteriuria, as it had high specificity 
(85–98%).35 However, its low sensitivity (45–60%) limits 

Table 3 Univariate Analysis of Factors Associated Between Bacteriuria, Candiduria, and No-Growth Urine with P-value <0.10 in the 
Derivation Cohort

Variables Bacteriuria Candiduria No Growth

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Coexisting condition
Chronic lung disease 0.59 (0.35–1.00) 0.049 1.96 (1.18–3.25) 0.009

Chronic liver disease 2.01 (0.99–4.09) 0.054

Chronic kidney disease 1.48 (0.97–2.26) 0.068
Hematologic malignancy 2.06 (1.01–4.18) 0.047

Solid malignancy 1.54 (0.99–2.38) 0.055 0.54 (0.27–1.11) 0.09

Recent antibiotic exposure 0.12 (0.08–0.19) <0.001 9.69 (6.06–15.49) <0.001

Indwelling urinary catheter 0.45 (0.31–0.66) <0.001 3.02 (2.05–4.46) <0.001 0.53 (0.30–0.91) 0.02

Nitrite 4.46 (2.30–8.66) <0.001 0.34 (0.17–0.68) 0.002 0.22 (0.05–0.94) 0.04

Leukocyte esterase 1.84 (1.26–2.69) 0.002 0.30 (0.17–0.54) <0.001

Blood
Trace or slightly positive 1.14 (0.62–2.09) 0.67 0.83 (0.42–1.66) 0.61

Moderately or markedly 

positive

2.12 (1.24–3.62) 0.006 0.34 (0.17–0.67) 0.002

Protein
1+ or 2+ 0.58 (0.38–0.88) 0.01 2.20 (1.44–3.36) <0.001

3+ or 4+ 0.85 (0.51–1.43) 0.54 1.63 (0.96–2.76) 0.07

White blood cells, cells/HPF
5–20 0.85 (0.52–1.39) 0.52 1.92 (1.18–3.12) 0.009 0.36 (0.16–0.79) 0.01

Over 20 1.58 (1.00–2.51) 0.05 1.38 (0.87–2.19) 0.18 0.07 (0.02–0.30) <0.001

Red blood cells, cells/HPF
5–20 0.92 (0.44–1.93) 0.83
Over 20 0.24 (0.08–0.69) 0.01

Amount of bacteria
Few 1.07 (0.69–1.65) 0.78 1.75 (1.14–2.69) 0.01 0.32 (0.17–0.61) 0.001

Moderate 1.51 (0.75–3.01) 0.25 1.56 (0.78–3.15) 0.21 0.09 (0.01–0.67) 0.02

Numerous 7.27 (3.55–14.88) <0.001 0.32 (0.15–0.67) 0.003 0.06 (0.01–0.43) 0.005

Amount of yeast
Few 0.07 (0.03–0.17) <0.001 30.09 (13.20–68.59) <0.001 0.06 (0.01–0.43) 0.005
Moderate 0.02 (0.003–0.14) <0.001 129.1 (17.42–956.44) <0.001 a

Numerous a a a

Note: aPerfectly predicted. 
Abbreviations: CI, confidence interval; OR, odds ratio.
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the use of negative nitrite for ruling out bacteriuria, as the 
majority of bacteriuria specimens were negative for nitrite.35

At least moderate numbers of bacteria on microscopy 
showed a significant association with UTI. However, this 
finding had a low sensitivity of 46.4%.14 We found that 
a moderate amount of bacteria was observed more in the 
candiduria group, while numerous bacteria were detected 
more in the bacteriuria group. Only numerous bacteria on 
microscopy was significantly associated with bacteriuria. 
Although the finding of yeast cells on microscopy may 
initially suggest candiduria,17 the degree of association has 
never been studied. Our results showed that the more yeast 
detected by microscopy, the more the likelihood of candi
duria. Numerous yeast cells in particular perfectly pre
dicted candiduria.

E. coli was the most common bacterium (38.3%). 
Candida was found in 13.7% of all positive urine cultures, 
similar to a previous report of 10–15% in hospitalized 
patients.15 Half of the urine cultures during the study 
period grew no organisms, comparable with a previous 
report.36 This might reflect the overuse of urine testing. 
Both bacteriuria and candiduria had a high proportion of 
positive urinalyses. Positive urinalysis could induce cog
nitive biases in favor of a bacterial UTI, even in patients 
with unfulfilled criteria of the recommended guideline.37 

The perceived risk for bacterial UTI is higher in debili
tated patients and patients with a urinary catheter given the 
difficulty of nonspecific symptoms and communication.7,16

No single parameter has good predictive ability to 
detect bacterial UTI. Score development using multiple 

Table 4 Multivariate Analysis of Factors Associated Between Bacteriuria, Candiduria, and No-Growth Urine with P-value <0.05 in the 
Derivation Cohort

Bacteriuria Candiduria No Growth

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Recent antibiotic exposure 0.19 (0.11–0.31) <0.001 8.31 (4.29–16.08) <0.001

Nitrite 3.39 (1.24–9.28) 0.02 0.21 (0.06–0.77) 0.02

Amount of bacteria
Numerous 7.35 (2.44–22.20) <0.001 0.10 (0.01–0.88) 0.04

Amount of yeast
Few 0.13 (0.05–0.34) <0.001 18.12 (7.26–45.21) <0.001 0.05 (0.01–0.39) 0.004

Moderate 0.01 (0.001–0.10) <0.001 220.19 (20.00–2423.80) <0.001 a

Numerous a a a

Note: aPerfectly predicted. 
Abbreviations: CI, confidence interval; OR, odds ratio.

Table 5 Scoring System to Calculate Point Values for the Risk Score of Bacteriuria vs Candiduria

Variable Category Coefficient (β) Score

Recent antibiotic exposure No Reference 0

Yes −1.686 −2

Nitrite Negative Reference 0

Positive 1.222 1

Amount of bacteria None, few, moderate Reference 0

Numerous 1.620 2

Amount of yeasta None Reference 0

Few −2.039 −2

Moderate −4.553 −5

Intercept 0.868

Notes: aNumerous yeast cells was perfectly predictive of not having bacteriuria and was excluded from the score construction.
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components could improve the predictive ability. Clues 
in the form of a score might reduce the overdiagnosis of 
bacterial UTI. The c-index of our derivation cohort and 
validation cohort showed good diagnostic accuracy. 
However, our optimal cutoff score of ≥0 identified 76% 
and 54% of true bacteriuria in the derivation cohort and 
validation cohort, respectively. The NABY score is more 
useful for exclusion of bacteriuria, as most patients with 
a score ≤−3 points had candiduria in both cohorts. This 
score was greatly driven by the amount of yeast in the 
urine. Approximately 80% of no-growth urine had nega
tive chemistry and sediment in the urine. The no-growth 
urine could be predicted by negative urinalysis, as in 
usual practice.

The NABY score provides an easy-to-use tool to identify 
patients with a low risk of bacteriuria, in whom empiric 
antibiotics can be avoided. This is done by focusing on 
recent antibiotic exposure in the last 30 days, nitrite, and 
the amount of bacteria and yeast in urinalysis. The security 
of having laboratory parameters to identify patients at low 
risk is likely to be helpful in avoiding empirical antibiotic 
treatment in the face of concern for bacterial UTI.

The step approach should start from pre-test probability of 
UTI. Common nonspecific cues such as delirium, weakness, 
falls, or any febrile illness must be carefully considered for 
alternate explanations, as these are guidelines-discordant cues 
for UTI.37 Urine tests should be ordered exclusively in patients 
with new urinary symptoms or no other plausible cause to 
explain clinical presentation in debilitated patients and cathe
terized patients.38 Urinalysis can be interpreted using NABY 
score to estimate the likelihood of bacteriuria and candiduria. If 
numerous yeast is reported or NABY score ≤−3, urine culture 
and antibiotics for bacterial UTI can be avoided. However, 
a routine activity across most healthcare settings is sending 
a urine test for many nonspecific reasons.38 The barriers 

against conforming to recommended guidelines might be 
improperly constructed clinicians’ mental models rather than 
lack of knowledge.37 Our study found pyuria had low predic
tive value for bacteriuria, similar to previous studies and 
guidelines.2,10,12,16 The influence of prior belief in pyuria and 
UTI perpetuate the guidelines-discordant cues,37 perhaps 
because of fear of missing an infection. There were 1.6% and 
2.9% more empirical antibiotics for UTI in candiduria group 
than bacteriuria group in the derivation and validation cohorts, 
respectively. The no-growth urine group had empiric UTI 
treatment 10.9% in derivation cohort, and 23.1% in validation 
cohort. Although empirical treatment would be deemed appro
priate for some bacteriuria which were true UTI, all candiduria 
and no-growth urine would not warrant the antibiotics for UTI. 
Early prediction to exclude bacteriuria might reduce overtreat
ment of presumed UTI. The NABY score can be integrated as 
a part of intervention to reduce unnecessary urine culture and 
antibiotic use, while working toward a sustainable practice 
change through effective system-level solutions.

Our study has several limitations. First, we could not 
include the entire data set in our analysis. Nevertheless, 
our sample size and random selection demonstrated the 
generalizability in the derivation and validation cohorts. 
Second, this study was conducted in a single center. The 
prevalence of candiduria varies depending on the hospital 
setting. The majority of candiduria occur in hospitalized 
patients, especially those in ICUs and those with an 
indwelling bladder catheter.15 Therefore, the NABY 
score is more advantageous in the inpatient setting than 
the outpatient setting. Third, the review of cases occurred 
retrospectively. There may be clinical data that informed 
decisions to initiate antibiotic that were unavailable in 
the medical records, along with missing records of the 
source of infection and indication for antibiotic. 
Consequently, our number of antibiotic prescriptions for 

Figure 2 Percentage of patients with true bacteriuria, true candiduria, and true no-growth urine by NABY score category; (A) derivation cohort, (B) validation cohort.
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UTI was likely to be underestimated. The results should 
be further validated in another cohort or prospective 
study.

We do not intend to put forward a proposition on the 
treatment of asymptomatic bacteriuria or candiduria. We 
continue to agree that treatment should be established 
based on clinical presentation, predisposing conditions, 
and guidelines, independently of this score.

Conclusion
Our study reiterates the proportion of bacteriuria and candi
duria. Candiduria may be more frequent, depending on the 
healthcare setting and risk factors. Numerous yeast cells on 
urinalysis accurately predicted candiduria. Numerous yeast 
cells and the NABY score can be applied to identify patients 
with low risk of bacteriuria, in whom urine culture and 
empiric antibiotics for UTIs can be avoided.
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Data can be made available through contact with the 
corresponding author.
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