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Background: Since urine cultures are only guaranteed for patients with obvious urinary
symptoms in most cases, most of candiduria episodes are ignored in clinic.

Objective: This study aimed to design a screening protocol to improve diagnostic efficiency
of candiduria, and provide information of Candida species and drug susceptibility.
Methods: All patients, who were admitted to the intensive care unit (ICU) of our hospital
during December 1, 2018 and October 1, 2019, were enrolled in this study. Urinalysis was
performed every three days for each subject from the first day of ICU admission. Urine
specimens were sampled for fungal culture with either condition: (1) yeast-like cell counting
(YLCC) >200; (2) positive YLCCs were observed in two consecutive tests, and at least one
YLCC >100.

Results: The screening protocol dramatically improved the candiduria diagnostic rate of
ICU patients from 2.28% to 17.27%. However, compared to the historical control, the
screening protocol has no time-saving advantage in candiduria diagnosing. Higher percen-
tage of C. albicans in screening protocol-identified candiduria patients was observed,
although there was no statistical difference. Our results indicated that female gender,
pneumonia, diabetes and infarction/hemorrhage patients were more prone to develop candi-
duria. Non-candiduria patients showed a better tendency for survival and shorter ICU stay
length. Multisite colonization was common in the surveyed candiduria patients, who were up
to 70.83% showed Candida positive cultures in sputum.

Conclusion: The screening protocol established in the study was a convenient and practical
tool for early warning and feasible management of candiduria and IC.

Keywords: candiduria, intensive care unit, screening protocol, urinalysis, yeast-like cell

counting

Introduction

Candiduria is defined as the presence of Candida species in the urine. Usually,
candiduria is typically asymptomatic and rare in healthy patients, but it is more
common in hospitalized patients and especially those in intensive care units
(ICU)."? As our previous study indicated, the candiduria incidence rate is as high as
1.61% in hospitalized patients and 22.89% in ICU patients.’ Diabetes, urinary cathe-
ter, female gender, antibiotics, major abdominal surgery and ICU admission are
considered as the important risk factors for candiduria.*> Most researchers believe
that candiduria is an ominous characteristic sign of serious underlying conditions. The
mortality rate in candiduria ICU patients is about 3 times higher than those without
candiduria.*® Candiduria is not only a marker for seriously ill patients that need
particular attentions, but also an independent risk factor for invasive candidiasis
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(IC).” For example, the Infectious Diseases Association of
America (IDSA) guidelines (2016 version) emphasized the
importance of treatment for candiduria patients under high-
risk candidiasis conditions. A molecular correlation between
Candida strains isolated from candidemia and concomitant
candiduria indicated that hematogenous dissemination pos-
sibly existed in ICU candiduria patients.®

For clinical laboratories, urine culture is still the gold
standard method for the candiduria diagnosis. Overall,
urine culture is not sensitive enough and generally con-
sumes about 2—-5 days to achieve conclusive results.”
Lamentably, the slow turnaround time usually leads to
the delayed therapeutic interventions and poor outcomes
of candiduria patients. Furthermore, urine culture is gen-
erally only guaranteed when patient show symptoms of
urinary tract infection (UTI) in, which means most of
candiduria cases might be ignored in clinical practices.

Yeast-like cell counting (YLCC) is a parameter of auto-
matic urinalysis system, which is shown as a reliable appli-
cation for fungal detection in urine in several studies.'®'?
Our previous work showed that YLCC is suitable for iden-
tifying urines with relatively high Candida CFUs."* YLCC-
positive urinalysis could imply candiduria prior to urine
culture, especially the persistent positive YLCC cases.
However, YLCC of urinalysis alone cannot provide suffi-
cient information for candiduria managing, such as the

Candida species identification and yeast susceptibility test.
In the present study, we therefore designed a convenient
candiduria screening protocol for the potential candiduria
patients. The advantages of YLCC and urine culture were
combined together in the protocol to significantly enhance
the efficiency of the candiduria identifying in ICU.

Materials and Methods
Study Design

This was a single-center perspective cohort study aiming to
validate the efficiency of a candiduria screening protocol in
ICU. All patients, who were admitted to the ICU of our
hospital during December 1, 2018 and October 1, 2019,
were enrolled in this study. The schematic of the candiduria
screening protocol is shown in Figure 1. Briefly, urinalysis
was performed every three days for each subject from the
first day of ICU admission. Urine samples were applied to
fungal culture at either condition: (1) YLCC > 200; (2)
positive YLCCs were observed in two consecutive tests,
and at least one >100. Notably, since the objective of this
study was not intended to impact ICU patient care or man-
agement, physicians were informed about the fungal culture
results only if the necessities were confirmed. Patient char-
acteristics and management data were abstracted from med-

ical records after ICU discharge or death.

Patients enrolled in ICU

Urinalysis every three days

Anytime YLCC=200;
YLCC consecutively positive and at least

one > 100;

YLCC consecutively negative;
YLCC consecutively positive but < 100;
YLCC intermittently positive but < 200;

Start fungal culture and susceptibility test

Do not start fungal culture

@

Candiduria Candiduria

confirmed denied

Figure | The schematic of the candiduria screening protocol designed in this study.

Candiduria

denied
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To assess the diagnostic efficiency and Candida spe-
cies distribution, the medical records of 1007 ICU patients
admitted in our hospital between May 1st 2016 and
November 30th 2018 were retrospectively reviewed and
served as a historical control.

Clinical Urinalysis

Urine samples were firstly analyzed using the fully auto-
matic UF-1000i system. Date, time and the urine collection
method were registered by the attending nurse. All the urine
samples were collected from the indwelling urine bags of the
ICU patients. Hand washing was mandatory before the
specimen collection and the external orifice of catheter was
sterilized by 10% iodophor using a cotton swab for two
times. Then, about 10 mL of urine was collected with
a sterile syringe and stored in a disposable clean bottle
with a screw top lid. All samples were analysed within 3
hours after the sample collection. The performance of uri-
nalysis was conducted following the manufacturer’s instruc-
tion in an ISO9000 certified laboratory.

Isolate Identification and Antifungal
Susceptibility Test

YLCC positive urine specimens were applied to microbial
cultivation to identify Candida species. Briefly, 10 puL of
urine was plated onto Candida chromogenic agar
(CHROMagar™, Paris, France) using a half-plate quantita-
tive urine streaking method. Plates were incubated at 35°C
for 48 h. The Candida species were screened based on the
growth color and colony shape. Further fungal characteriza-
tion and in vitro susceptibility tests were performed by
a MA120 automated ID & Ast system (Meihua Med Tech,
Zhuhai, China), with  the

instructions.

compliant manufacturer

The MA120 system is an automatic identification system
which works based on the conventional biochemical reac-
tion. Multi-charge coupled device (CCD) detection technol-
ogy, multiple algorithms and advanced expert system are
applied to ensure the validity of test results. Susceptibility
test was carried out according to the Clinical & Laboratory
Standards Institute (CLSI) (2016) drug sensitivity standard.
The system has passed the registration and certification of
Guangdong Drug Administration of the China (No.:
20,152,220,508). The effectiveness of microbial identifica-
tion and susceptibility test was confirmed by comparing with
16S rDNA sequencing and the VITEK 2 system.'*

Statistical Analysis

Statistical analysis was performed with GraphPad Prism
7.00. For continuous variables, the Student’s #-tests and
Mann—Whitney U-tests were applied at the significant
level P< 0.05. Categorical variables are described by per-
centage, which was studied using the Chi-square test or

Fisher’s exact test at the significance P< 0.05.

Results
YLCC Combined with Yeast Culture

Improved Candiduria Screening Efficiency
In this study, 615 urinalysis tests were totally carried out
for the 139 patients, in which 24 candiduria episodes were
confirmed by the screening protocol. All candiduria sam-
ples confirmed by the YLCC- criteria were culture posi-
tive, and the identified incidence rate for candiduria is
17.27% (24/139). For the historical control group, 23
candiduria episodes were confirmed by the physician pre-
scribing urine culture empirically. Thus, the resultant rate
of candiduria incidence identified by the conventional
procedure was 2.28%, which is significantly (P < 0.0001)
lower than that indicated by our protocol. Moreover, there
was no significant difference in the interval time from ICU
admission to confirmed candiduria for screening protocol
group (median 15; inter-quartile range, 10-21) and the
historical control group (median 10; inter-quartile range,
5-21) (Figure 2). Therefore, the screening protocol did not
contribute to decrease the time-consuming for the candi-

duria diagnosis.
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Figure 2 The interval times from ICU admission to confirmed candiduria
by screening protocol and traditional pathway (historical control) are similar (P
= 0.254).
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Clinical Characteristics of Candiduria and

Non-Candiduria Patients

Patients usually suffered from complicated diseases at
the same time when they are admitted to ICU. In order
to homogenize the cohort clinical characteristics, the
enrolled patients were assessed by malignant tumor,
diabetes, severe pneumonia, systematic infection, car-
diac dysfunction, liver dysfunction, renal dysfunction,
cerebral infarction/hemorrhage and surgical morbid-
ities. Sequential organ failure assessment (SOFA)
score was also recorded when a patient was admitted
into the ICU ward. The patient characteristics and out-
comes of the enrolled patients are listed in Table 1.
Candiduria incidence rate was significant higher (P =
0.0070) in female gender than that in male. ICU
patients with pneumonia, diabetes and infarction/
hemorrhage were more prone to develop candiduria.
Compared to candiduria patients, non-candiduria
patients showed a better tendency for survival and

shorter ICU stay length.

Table | The Characteristics of the Patients Enrolled in This
Study (n=139)

Characteristics Intensive Care Unit P value
Patients, N (%)
Candiduria | Non-
(n=24) Candiduria
(n=115)
Age, years 69.58+18.99 | 69.58+20.64 0.4385
Female gender 14 (58.33) 34 (29.57) 0.0070*
Basic conditions
SOFA score® 5.83%3.10 6.69+3.17 0.3955
Malignant tumor 6 (25.00) 22 (19.13) 05143
Diabetes 10 (41.67) 24 (20.87) 0.0311*
Pneumonia 20 (83.33) 32 (27.83) <0.0001*
Systematic infection 4 (16.67) 22 (19.13) >0.9999
Respiratory failure 11 (45.83) 8 (33.04) 0.2329
Cardiac dysfunction 13 (54.17) 9 (33.91) 0.0622
Liver dysfunction 3 (12.50) 24 (20.87) 04116
Renal dysfunction 2 (8.33) 2 (27.83) 0.0648
Infarction/hemorrhage 10 (41.67) 2 (10.43) 0.0004*
Surgical morbidities 4 (16.67) 40 (34.78) 0.0956
Outcomes
Dead in hospital 12 (50.00) 19 (16.52) <0.0001*
ICU stay length 21 (17-98) 10 (1-108) 0.0002*
(median, range)

Note: *P < 0.05.
Abbreviation: *SOFA, sequential organ failure assessment.

Distribution and Drug Sensitivity of
Candida Species

In this study, 24 candiduria cases were, respectively, identified
the different Candida species including 12 strains (50%) of
C. albicans, 4 strains (16.67%) of C. tropicalis, 4 strains
(16.67%) of C. glabrata and 4 strains (16.67%) of
C. parapsilosis were identified. For the 23 historical control
candiduria cases which were confirmed by conventional clin-
ical procedure, the proportion of C. albicans, C. tropicalis,
C. glabrata and C. parapsilosis accounted for 30.43%,
34.78%, 21.74% and 13.04%, respectively (Figure 3).
Specially, the percentage of C. albicans associated candiduria
was higher (50% VS 30.43%) in the screening protocol group
although there was no statistical difference between this study
and the historical control group.

Antifungal susceptibility testing was carried out on the 24
Candida isolates that were identified in the study. As indicated
in Table 2, all yeast strains were mostly susceptible to fluor-
ocytosine (24/24), voriconazole (23/24) and amphotericin
B (23/24). But the rates of fungal resistance to fluconazole,
itraconazole and caspofungin were relatively higher, especially
in C. glabrata. Interestingly, we identified a multidrug-
resistant C. tropicalis isolate which was resistant to flucona-
voriconazole, itraconazole,

zole, amphotericin B and

caspofungin.

Candiduria and Multisite Candida
Colonization/Infection

Multisite Candida colonization/infection was found to be
highly prevalent in the ICU candiduria patients. We reviewed
the records of sputum culture collected from the 24 candi-
duria patients identified by the screening protocol. Seventeen
(70.83%) of the candiduria patients showed positive sputum
culture for Candida (Table 3). In 10 cases, the positive
Candida cultures in sputum were earlier reported than those

100 4
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I Candida albicans
Candida tropicalis

E\: Candida glabrata
]
g 34.78% Candida parapsilosis
§ 404 16.67%
& 204 16.67% 21.74%
16.67% 13.04%
0 T

T
screening protocol historical control

Figure 3 Candida species distribution in groups of patients identified by screening
protocol and historical control. Percentage of C. albicans was higher in the screening
protocol group than the historical control group. However, the difference was not
significant.
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Table 2 Antifungal Susceptibility Testing Results for Common Candida Species Causing Candiduria Reviewed in This Study (n=24)

Organism (n) Antifungal Agent MIC Range (mg/L) No. of Strains
Susceptible %S-DD/I? Resistant

C. albicans (12) Fluorocytosine <2 12 0 0
Fluconazole <2 12 0 0
Voriconazole <0.12 12 0 0
Itraconazole <0.06 to >2 10 | |
Amphotericin B <0.25 to | 12 0 0
Caspofungin <0.12 to | 3 8 |

C. tropicalis (4) Fluorocytosine <2 4 0 0
Fluconazole <2 to >64 3 0 |
Voriconazole <0.12 to 2 3 0 |
Itraconazole =0.25 to >2 0 2 2
Amphotericin B <0.25to 2 3 0 |
Caspofungin <0.12 to | 2 | |

C. glabrata (4) Fluorocytosine <2 4 0 0
Fluconazole <2 to 64 | 2 |
Voriconazole <0.12 to 0.25 4 0 0
Itraconazole 0.12 to | | | 2
Amphotericin B 05to | 4 0 0
Caspofungin 0.25 to 0.5 0 2 2

C. parapsilosis (4) Fluorocytosine <2 4 0 0
Fluconazole <2to 8 3 0 |
Voriconazole <0.12 4 0 0
Itraconazole 0.12 to 0.25 2 2 0
Amphotericin B 0.5 4 0 0
Caspofungin <0.12 to | 4 0 0

Abbreviations: *S-DD, susceptible dose dependent; |, intermediate.
in urine. Same Candida species cultures were obtained both  Discussion

in sputum and urine of 7 patients. Antifungal therapies were
initiated for 19 patients, in which 14 patients were confirmed
candiduria prior to the therapies. Moreover, 4 of the 139
enrolled patients were diagnosed with invasive candidiasis
(IC) (3 with positive blood cultures and 1 with positive
peritoneal fluid culture). Remarkably, all of these IC patients
had candiduria before diagnosed, and 3 of them had been
identified the same Candida species in their sputum, urine
and sterile body fluid.

YLCC is a urinalysis parameter which is easy to con-
duct and obtain in clinical laboratories. Previous studies
have shown that this parameter has the potential to
candiduria 13.15.16
this
designed to answer the combination of YLCC and

screen patients efficiently.

Particularly, prospective study was primarily

urine microbial culture can achieve the rapid and effec-
tive identification of candiduria and Candida species.

The screening protocol improved the candiduria
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Table 3 Characteristics of Multisite Colonization for the 24
Candiduria Patients Identified in This Study

Characteristics No. of
Patients (%)
Multisite colonization 17 (70.83)
Same Candida species in urine and sputum 7 (29.17)
Sputum culture positive before urine 10(45.83)
Urine culture positive before antifungal therapy | 14 (58.33)
Evidence of invasive candidiasis” 4 (16.67)

Notes: *Calculating percentages, the denominator was the 24 candiduria patients;
®3 with positive blood cultures and | with positive peritoneal fluid culture.

diagnostic rate ranged from 2.28% to 17.27% in ICU,
which is consistently similar to our previous retrospec-
tive analysis.> In the traditional course of the clinical
diagnosis and treatment, physicians usually tend to
focus on candiduria patients with obvious UTI symp-
toms. Most candiduria patients, especially those asymp-
tomatic cases, are ignored by the management path.
Indeed, it is reasonable to suspect that a part of candi-
duria clinical investigations based on traditional path-
way may be affected by such ignorance.'” Compared
with the historical control cases, the screening protocol
here has no time-saving advantage in candiduria diag-
nosing. The reason may be that the candiduria cases
diagnosed by traditional pathway often show UTI symp-
toms in the early stage of ICU admission, while most
cases diagnosed by screening protocol are secondary
and asymptomatic.

According to the screening protocol with the higher
candiduria diagnosing efficiency and a larger number of
candiduria population in ICU, we tried to describe the
characteristics and clinical outcomes of the candiduria
patients. Female gender and diabetes were associated
with candiduria, which was consistent with many previous
studies.'®'” We have found that pneumonia patients were
prone to develop candiduria in another retrospective
study,?® which was once again confirmed in this observa-
tional study. We may speculate the fact that the ICU
pneumonia patients often experience a long period of
intensive use of antibiotics, which has been recognized
as an important risk factor for candiduria.?'** While for
infarction/hemorrhage patients, the longer ICU stay length
may be the main cause of candiduria.' Numerous previous
reports have indicated that candiduria was a marker for

3,23,24 It is

poor clinical prognosis. therefore not suspiring

that we observed the higher mortality (more than 3 times)
and the longer ICU stay length in candiduria patients.

showed the
C. albicans in the screening protocol-identified candiduria

Our findings higher proportion of
patients, without the statistical difference. Differed from
the candiduria patients confirmed by traditional pathway,
most of candiduria patients diagnosed in this study were
asymptomatic. Previous studies have produced mixed
results on which Candida species is more likely to cause
UTIs. C. albicans,”® C. tropicalis®®*’" and C. glabrata'’
have been, respectively, considered to be more associated
with urinary infection in the different reports. Thus, the
differentiation of Candida species distribution of urinary
Candida colonization and infection is an issue worthy of
discussion in future clinical research.

Another important finding of this study was the fact
that multisite colonization was common in candiduria
patients. Up to 70.83% of candiduria patients had
Candida positive cultures in sputum. Candida coloniza-
tion is considered to be associated with IC, and multisite
colonization is an important risk factor in clinic.’®?®
Several risk assessment tools including colonization
index (CI),%® corrected colonization index (CCI)** and
Candida score (CS)*' are used to evaluate the possibility
of IC in critical patients. Among these tools, multisite
Candida colonization is an important clinical reference
index. Though only two sites of ICU patients were inves-
tigated in this study, a considerable number of multisite
colonization candiduria cases were found, especially 4
cases of evidence-based IC. We speculated that the inci-
dence of multisite colonization and IC may be higher than
is generally thought.

In conclusion, our protocol essentially moved the can-
diduria screening standard from urinary symptoms to uri-
nalysis data, which greatly enhanced the efficiency of
candiduria diagnosing. We believe this convenient and
practical protocol play important implications for early
warning and management of candiduria and IC.
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