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Abstract

Objective: To evaluate the effect of templated microbiology reporting comments on antifungal utilization in patients with candiduria.

Design: In this retrospective, quasi-experimental study, we evaluated a preimplementation cohort (June 2018–January 2019) compared with a
postimplementation cohort (June 2019–January 2020).

Setting: A multisite health system including 1 academic hospital and 4 community hospitals.

Patients: Patients were aged ≥18 years, were hospitalized, and had candiduria documented at least once during their admission. The study
included 156 patients in the preimplementation period and 141 patients in the postimplementation period.

Methods: In June 2019, Saint Luke’s Health System implemented the use of templated comments for urine cultures with Candida spp growth.
When Candida is isolated, the following comment appears in the microbiology result section: “In the absence of symptoms, Candida is gen-
erally considered normal flora. No therapy indicated unless high risk (pregnant, neonate, or neutropenic) or undergoing urologic procedure.
If Foley catheter present, remove or replace when able.” The primary outcome was rate of antifungal prescribing.

Results: Antifungal administration within 72 hours of a culture identifying a Candida spp occurred in 75 patients in the preimplementation group
and 48 patients in the postimplementation group (48.1% vs 34.0%; P = .02). We did not detect a difference between groups in antifungal admin-
istration between 73 and 240 hours (1.3% vs 3.5%; P = .26), nor did we detect a difference in median antifungal duration (4 vs 3 days; P = .43).

Conclusion: Using a templated comment with urine cultures reduced antifungal prescription rates in hospitalized patients with candiduria.
This strategy is a low-resource technique to improve antimicrobial stewardship.

(Received 6 May 2022; accepted 1 August 2022)

Antimicrobial stewardship programs (ASPs) aim tominimize anti-
microbial resistance, improve patient outcomes, reduce untoward
adverse events, and optimize resource utilization through the pro-
motion of evidence-based practice.1 It has been estimated that up
to 50% of antimicrobial use is inappropriate.2 Implementing
behavioral interventions to guide healthcare providers in treating
infections has been shown to reduce the use of inappropriate anti-
biotics.2–5 One such intervention comprised passive education
utilizing microbiology results, sometimes referred to as nudg-
ing, which has been shown to be an effective vehicle to promote
stewardship.6–8 Previous studies have leveraged microbiology
comments to positively impact antibiotic prescribing for

patients with pneumonia.3,9 This passive stewardship technique
is intended to educate and influence while promoting medical
provider autonomy in making treatment decisions.

Drug-resistant fungal infections are increasing in the United
States.10,11 It has been estimated that 10%–15% of hospital-
acquired urinary tract infections are caused by Candida spp.12

Generally, asymptomatic growth of Candida in urine cultures is
considered colonization, not infectious.12,13 Treatment of asymp-
tomatic Candida infections contributes to antifungal overuse and,
potentially, resistance.14 Clinical practice guidelines recommend
against the treatment of asymptomatic candiduria unless the
patient is considered high risk.13 High-risk patients include neu-
tropenic patients, very low-birth-weight infants (<1,500 g), and
patients who undergo urologic procedures.13 Although guide-
lines recommend against treatment, the overtreatment of
asymptomatic candiduria continues to be a problem in hospital-
ized patients.15,16
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In June 2019, Saint Luke’s Health System developed and imple-
mented templated comments for urine cultures that had Candida
growth. The goal was to passively influence antifungal prescribing
and to subsequently assess the impact of templated microbiology
reporting comments in patients with candiduria.

Methods

Study design

This quasi-experimental multisite study was conducted at 5 hospi-
tals within the Saint Luke’s Health System, Kansas City, Missouri.
Patients were included in the study if they were aged ≥18 years,
were hospitalized, and had a urine culture with Candida spp
growth during admission. Patients were excluded if they received
a systemic antifungal within 7 days prior to the culture result, if the
urine culture was polymicrobial, or if they had an active suspected
or confirmed nonurinary fungal infection. Patients with urinary
Candida growth in the preimplementation cohort (June 2018–
January 2019) were compared with those in a postimplementation
cohort (June 2019–January 2020).

We evaluated the use of antifungal medications in patients with
urine cultures growing Candida spp, according to electronic medi-
cal record (EMR) documentation. When Candida was isolated in
the urine, the following comment appeared on the culture result:
“In the absence of symptoms, Candida is generally considered
normal flora. No therapy indicated unless high risk (pregnant, neo-
nate or neutropenic) or undergoing urologic procedure. If Foley
catheter present, remove or replace when able.” Only the first pos-
itive culture result per patient encounter was included.

Baseline characteristics were collected the day the urine culture
was identified with Candida spp. The Saint Luke’s Health System’s
ASP performed daily prospective audits with feedback during the
pre- and postimplementation periods, and their practice remained
unchanged during this time. Data were collected from the EMR for
all patients (Epic, Verona, WI). The study received a waiver of
approval from the institutional review board.

Study outcomes

The primary outcome was the rate of antifungal administration
within 72 hours after culture results showed Candida spp growth
in the urine. The 72-hour time frame was chosen to give the pro-
vider adequate time to evaluate the urine culture result and to
determine need for treatment. Secondary outcomes included dura-
tion of therapy and rate of antifungals prescribed within 73–240
hours after culture result. The 73–240-hour time frame was chosen
to assess the safety of implementing the templated comment due to
concerns that the comment may inadvertently cause providers to
avoid treatment, when in fact, it may have been necessary.

Statistical analysis

Baseline characteristics and outcomes with categorical variables
were assessed with the Fisher exact test. Continuous variables were
assessed with either the Student t test or the Wilcoxon rank-sum
test for normally distributed and nonnormally distributed varia-
bles, respectively. Two-tailed statistical tests were utilized, with
the significance level set at P < .05. Logistic regression was per-
formed for the primary outcome to account for baseline differences
between groups. This model was not parsimonious or predictive;
rather, we aimed to adjust for potential confounding variables.
Statistical analysis was completed using Stata version 14.2 software
(StataCorp, College Station, TX).

Results

The study included 297 patients between the 2 groups: 156 in the
preimplementation group and 141 in the postimplementation
group. Baseline characteristics were generally similar between
groups (Table 1). Notable differences included a greater occurrence
of the following in the postimplementation group: peripheral
vascular disease (21.3% vs 7.1%; P < .01), myocardial infarction
(24.8% vs 12.8%; P = .01), nephrolithiasis (19.1% vs 9.0%;
P = .01), urinary stents (11.3% vs 2.6%; P < .01), and acute kidney
injury (67.4% vs 46.2%; P< .01). The species most often isolated in
the urine cultures of both groups was Candida albicans (Table 2).

The primary outcome of antifungal administration within
72 hours was significantly lower in the postimplementation group
(48.1% vs 34.0%; P = .02). We did not detect a difference for the
secondary outcome of patients requiring antifungal administration
within 73–240 hours after microbiology results were available
(1.3% vs 3.5%; P = .26). Two patients in the study were diagnosed
with candidemia later in their hospitalization, with 1 occurring in
each group. There was also no difference in mean antifungal
duration (4 vs 3 days; P = .43). After multivariable adjustment
on characteristics that differed significantly between groups
(ie, height, myocardial infarction, peripheral vascular disease, acute
kidney injury, nephrolithiasis, urinary stent, and Charlson comor-
bidity index), the significant difference in the postimplementation
group persisted (odds ratio [OR], 0.42; 95% confidence interval
[CI], 0.2–0.70; P < .01).

Discussion

As ASPs continue to evolve and become central to promoting
appropriate antimicrobial use, increased emphasis has been placed
on enhancing microbiology reporting to influence prescribing and
to supplement active ASP efforts. Culture or organism-specific
comments serve as a passive mode of provider education.
Wording of such comments, when concise and informative, allows
for the evolution of noninvasive stewardship when direct contact is
not required to influence prescribing, and it likely provides a
durable education mechanism.

To our knowledge, this is the first study to specifically evaluate
the effect of templated comments for hospitalized patients with
candiduria.We detected a 14.1% decrease in antifungal prescribing
for patients with candiduria by leveraging passive microbiology
comments, further supporting a growing body of research for
embedding templated microbiology comments as a useful strategy
to improve antimicrobial stewardship. Once a culture shows
growth, there may be a natural inclination to treat (if not already);
therefore, we targeted antifungal administration within 72 hours
of the results becoming available, allowing providers ample time
to evaluate culture results and determine need for treatment.
Furthermore, the net effect of the comment(s) may be greater; we
evaluated their effect in the period immediately after implementation.
Despite a few baseline characteristics being higher in the postimple-
mentation group, the primary outcome remained significant even
after adjusting for select differences. Importantly, the comparator
groups represented the same calendar periods to minimize any sea-
sonal variance or other unintended confounders.

We did not detect any differences in secondary outcomes
between groups. For patients receiving antifungal treatment, there
was not a significant difference in antifungal duration, though the
postimplementation group had 1 less day of exposure. Regarding
concerns for the need to add antifungal therapy later in a case
when the templated comment incorrectly nudged providers,
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we found no statistical difference in antifungal administration
rates 73–240 hours after cultures resulted. This finding suggests
that the comment did not increase the risk of inappropriate treat-
ment decisions secondary to the nudge.

Preceding work in this area has influenced a trend to incorpo-
rate templated comments as a stewardship tactic. In a quasi-

experimental study, Musgrove et al3 evaluated the effect of com-
ments on respiratory cultures. For cultures that grew only normal
respiratory flora, they added comments regarding the absence of
Pseudomonas aeruginosa or Staphylococcus aureus, resulting in a
higher rate of broad-spectrum antibiotic de-escalation (39% vs
73%; P < .01) and a 5.5-fold increased odds of antibiotic

Table 1. Baseline Characteristics

Variable

Preimplementation
Group

(n = 156)

Postimplementation
Group

(n = 141) P Value

Age, mean y (SD) 69.3 (15.3) 69.8 (15.5) .79

Sex, female, no. (%) 99 (63.5) 102 (72.3) .11

Race, no. (%) .29

African American 27 (17.3) 30 (21.3)

Asian 1 (0.6) 0 (0.0)

Hispanic or Latino 3 (1.9) 0 (0.0)

White 122 (78.2) 107 (75.9)

Pacific Islander 1 (0.6) 0 (0.0)

Other/Unknown 2 (1.3) 4 (2.4)

Weight, mean kg (SD) 83.7 (26.4) 85.0 (26) .68

Height, mean inches (SD) 66.3 (4.0) 65.4 (3.8) .04

Body mass index, mean (SD) 29.4 (8.6) 30.8 (8.9) .19

Length of stay, median d (IQR) 9.0 (5.0, 19.0) 9.0 (5.0, 17.0) .73

Acute kidney injury, no. (%) 72 (46.2) 95 (67.4) <.01

Myocardial infarction, no. (%) 20 (12.8) 35 (24.8) <.01

Chronic heart failure, no. (%) 59 (37.8) 62 (44.0) .29

Peripheral vascular disease, no. (%) 11 (7.1) 30 (21.3) <.01

Cerebrovascular accident or transient ischemic attack, no. (%) 31 (20.1) 28 (19.9) 1.00

Dementia, no. (%) 14 (9.0) 23 (16.3) .08

Chronic obstructive pulmonary disease, no. (%) 30 (19.4) 35 (24.8) .26

Connective tissue disease, no. (%) 5 (3.2) 8 (5.7) .40

Peptic ulcer disease, no. (%) 5 (3.2) 8 (5.7) .40

Chronic liver disease, no. (%) 6 (3.8) 9 (6.4) .43

Hemiplegia, no. (%) 25 (16.0) 25 (17.7) .76

Chronic kidney disease, no. (%) 91 (58.3) 104 (73.8) .07

Hemodialysis, no. (%) 13 (8.3) 10 (7.1) .83

Nephrolithiasis, no. (%) 14 (9.0) 27 (19.1) .01

Urinary Stent, no. (%) 4 (2.6) 16 (11.3) <.01

Instrumentation of urinary tract at time of culture collection, no. (%) 4 (2.6) 7 (5.0) .36

Renal transplant, no. (%) 0 (0.0) 3 (2.1) .11

Diabetes mellitus, no. (%) 80 (51.3) 87 (61.7) .08

Malignancy, no. (%) 18 (11.5) 28 (19.9) .06

Acute immune deficiency syndrome, no. (%) 0 (0.0) 1 (0.7) .48

Leukemia, no. (%) 3 (1.9) 3 (2.1) 1.00

Lymphoma, no. (%) 4 (2.6) 1 (0.7) .37

Serum creatinine, mean mg/dL (SD) 1.73 (1.49) 1.73 (1.32) .99

White blood cell count, mean ×109/L (SD) 11.7 (6.2) 13.9 (14.9) .08

Charlson comorbidity index, mean (SD) 6.6 (3.1) 7.3 (2.8) .046

Note. SD, standard deviation; IQR, interquartile range.
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de-escalation for pneumonia after adjusting for severity of illness
and baseline comorbidities.3 The same group recently published a
follow-up study demonstrating that the intervention resulted in a
durable stewardship practice.17 A review by Langford et al8 high-
lighted a more global assessment of various nudging tactics that
which can be used to influence antimicrobial prescribing for a
number of infectious sources, including urinary. We focused on
a different subset of patients, those with urinary growth of
Candida, which is frequently associated with colonization rather
than infection. Similar to previous studies, we also detected a sig-
nificant reduction in antifungal prescribing using passive culture-
embedded guidance. Cumulatively, the works by Musgrove et al,3

our study results, and previous work regarding nudging principles
support the use of templated comments as an effective antimicro-
bial stewardship tool for a variety of infectious diseases.

This study had several limitations. First, as previously
highlighted, we evaluated the intervention immediately after
implementation, which may have minimized the true effect of
the templated comments without a phase-in adoption period.
A lag period in the postintervention group analysis to allow for
providers to become acclimated to practice changes may be impor-
tant in future study designs. Another limitation is the reliance on
manual templated comment entry by microbiology laboratory
technicians, which may have been a source of inconsistency in
the postintervention group. Nevertheless, the postimplementation
group contained all patients with candiduria, regardless of com-
ment placement, to ensure consistency among groups. Since these
data were collected, the study site has shifted to automating the

addition of templated comments by the laboratory software, a
process we endorse to ensure consistency for those wishing to rep-
licate this practice. Importantly, this comment exists for both
inpatient and outpatient cultures with Candida growth, represent-
ing an unassessed cohort who may also benefit from such steward-
ship interventions. Another limitation was the evaluation of
symptomatic disease. Our goal was to evaluate the effect of the
intervention on antifungal exposure; therefore, symptomatic ver-
sus asymptomatic candiduria was not assessed. Next, the secon-
dary outcome of administration of antifungal use within 73–240
hours is not a validated method to assess safety but represents a
window of time when treatment would be initiated should patients
decline when treatment was initially withheld. Also, we did not
evaluate the need for treatment at the time of microbiology results
or the following 30 days after the initial culture results, represent-
ing an opportunity for future studies. However, only 1 patient from
the postimplementation group had a second urine culture drawn
that grew Candida and was treated with an antifungal the day after
the result. Also, baseline rates of acute kidney injuries were higher
in the postimplementation group, which may have resulted in
more patients being treated due to increased concerns for active
infection. Despite this increase, the primary outcome remained sig-
nificantly different when controlling for this along with other sig-
nificant baseline differences. Finally, although an interrupted time-
series design could have been considered, we evaluated the practice
change during the same period, 1 year apart, and immediately after
implementation. Additionally, no other ASP efforts were under-
taken to identify these patients; thus, the quasi-experimental

Table 2. Candida spp

Species
Preimplementation

Group (n = 156), No. (%)
Postimplementation

Group (n = 141), No. (%) P Value

Candida albicans 92 (59.0) 75 (53.2) .83

C. dubliniensis 1 (0.6) 3 (2.1)

C. glabrata 35 (22.4) 27 (19.1)

C. kefyr 3 (1.95) 3 (2.1)

C. krusei 3 (1.95) 4 (2.8)

C. lusitaniae 4 (2.6) 3 (2.1)

C.orthopsilosis 1 (0.6) 1 (0.7)

C. parapsilosis 4 (2.6) 4 (2.8)

C.tropicalis 12 (7.7) 19 (13.5)

C. utilis 0 (0.0) 1 (0.7)

Candida spp not specified 1 (0.6) 1 (0.7)

Table 3. Primary and Secondary Outcomes

Outcome

Preimplementation
Group
(n=156)

Postimplementation
Group
(n=141)

P
Value

Antifungal administered within 72 h of Candida result; no. (%) 75 (48.1) 48 (34.0) .02

Antifungal administered within 73–240 h Candida result; no. (%) 2 (1.3) 5 (3.5) .26

Antifungal duration, median d (IQR) 4.0 (1–7) 3.0 (1–6) .43

Note. IQR, interquartile range.
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design should have accurately characterized practice change
given the large (14.1%) change in a single year.

Our study results provide further evidence supporting the use of
templated microbiology comments to improve antimicrobial stew-
ardship. These results also show that candiduria is another impor-
tant target for passive improvement of responsible antimicrobial
prescribing and that using templated comments in urine culture
microbiology results lead to reduced antifungal exposure.
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