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Abstract

Background: Systemic antifungal treatment in intensive care units (ICUs) is frequently 
initiated before microbiological confirmation. Earthquake-affected ICUs provide an impor-
tant setting for examining antifungal decision-making under sudden patient surges and 
disrupted care processes. We compared initiation patterns across ordinary pre-pandemic, 
COVID-19, and earthquake-affected ICU cohorts. Methods: This retrospective single-
center study included 566 adults receiving systemic antifungal therapy for suspected 
or blood-culture-confirmed Candida bloodstream infection: 256 ordinary pre-pandemic, 
150 COVID-19, and 160 earthquake-affected patients. Initiation was classified as empirical, 
culture-guided, or same-day indeterminate using the recorded ICU days of treatment initia-
tion and blood culture positivity. Initial antifungal class, documented infectious diseases 
consultation, and total treatment duration were compared. Thirty-day all-cause mortality 
after antifungal initiation was a secondary exploratory outcome. Results: Initiation patterns 
differed across cohorts (p < 0.001; Cramer’s V = 0.449). Empirical initiation occurred 
in 15.6%, 85.3%, and 69.4% of ordinary, COVID-19, and earthquake-affected patients, re-
spectively. Echinocandins accounted for 96.0% of initial therapy in the COVID-19 cohort. 
Infectious diseases consultation was documented in 80.5%, 66.7%, and 19.4%, respectively. 
Median treatment durations were 8 (interquartile range, 6–10), 8 (4–14), and 6 (5–7) days 
(p < 0.001). After excluding 63 same-day cases, empirical initiation was not significantly 
associated with mortality after adjustment (adjusted odds ratio, 0.891; 95% confidence 
interval, 0.522–1.519; p = 0.671). Alternative same-day classifications also yielded non-
significant associations. Conclusions: Recorded antifungal initiation timing and treatment 
patterns differed across the three ICU cohorts. These descriptive findings do not establish 
causal effects of healthcare context, treatment appropriateness, or equivalence between 
initiation approaches.

Keywords: antifungal therapy; empirical antifungal therapy; invasive candidiasis; antifun-
gal stewardship; intensive care unit; COVID-19; earthquake

1. Introduction
Invasive candidiasis and candidemia remain important causes of morbidity and mortality 

among critically ill patients. However, early diagnosis of invasive candidiasis in the intensive 
care unit (ICU) remains challenging because clinical manifestations are often nonspecific, 
and microbiological confirmation may not yet be available when treatment decisions need 
to be made, partly because of the limited sensitivity of blood cultures [1,2]. The frequent 
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coexistence of multiple risk factors in critically ill patients—including broad-spectrum antibiotic 
exposure, invasive devices, major surgery, immunosuppression, and organ dysfunction—may 
prompt initiation of antifungal therapy before microbiological confirmation in selected high-
risk patients [1,2]. Conversely, minimizing unnecessary antifungal exposure is important 
to reduce drug-related toxicity, costs, and the selective pressure contributing to antifungal 
resistance [3,4]. Balancing timely initiation of appropriate therapy for suspected invasive 
fungal infection against avoidance of unnecessary antifungal use therefore remains a central 
challenge in antifungal and diagnostic stewardship in the ICU [1–4].

Decisions regarding antifungal initiation may be influenced not only by patient-level 
clinical characteristics but also by the healthcare context in which critical care is deliv-
ered. During the COVID-19 pandemic, the convergence of multiple factors associated with 
candidemia—including prolonged ICU stay, broad-spectrum antibiotic exposure, central ve-
nous catheterization, mechanical ventilation, dialysis, and immunomodulatory therapies—
further complicated the diagnosis and management of invasive fungal infections in critically 
ill patients [5,6]. A recent systematic review and meta-analysis including 81 studies and 
351,268 patients reported a pooled prevalence of COVID-19-associated candidemia of 4.33% 
among ICU patients and a mortality rate of 68.4% among ICU patients who developed 
candidemia [5]. During the COVID-19 period, heightened clinical uncertainty, increased 
workload, and concerns regarding fungal coinfections also posed challenges to antifungal 
stewardship, making the appropriateness of empirical antifungal use and the integration of 
microbiological diagnosis into treatment decisions particularly important [6].

Large-scale natural disasters may affect the organization of critical care services and 
infection management through multiple pathways. Following the earthquakes that struck 
southeastern Türkiye on 6 February 2023, large numbers of earthquake victims were trans-
ferred to tertiary referral centers in neighboring provinces, creating substantial challenges 
for infection management in the context of trauma-related tissue injury, invasive procedures, 
repeated surgical interventions, and extraordinary healthcare delivery conditions [7–9]. In 
a multicenter study of earthquake-affected adult ICU patients, microbiologically confirmed 
infections were identified in 50.5% of 107 patients, with multidrug-resistant organisms ac-
counting for a substantial proportion of these infections [7]. Similarly, reports from different 
centers following the 2023 earthquakes highlighted the clinical importance of infections and 
antimicrobial resistance in the management of earthquake victims [8,9]. Collectively, these 
findings suggest that earthquake-affected critically ill populations may present distinct 
clinical and organizational characteristics relevant to infection management compared with 
patients treated under routine ICU conditions.

Despite growing attention to antifungal stewardship and the early management of in-
vasive candidiasis in critically ill patients, variation in systemic antifungal initiation patterns 
across substantially different healthcare contexts remains insufficiently characterized [1–3,6]. 
The existing literature has focused predominantly on the epidemiology of invasive candidiasis, 
antifungal treatment following microbiological diagnosis, or antifungal stewardship practices 
under routine healthcare conditions [1–3]. Although the epidemiology of fungal infections 
and challenges related to antifungal stewardship during the COVID-19 period have been ex-
tensively addressed [5,6], studies involving critically ill patients affected by large-scale natural 
disasters have focused primarily on bacterial infections, multidrug-resistant organisms, and 
broader antimicrobial management [7–9]. Accordingly, evaluating key treatment-initiation 
decisions across different healthcare contexts—including the timing of antifungal initiation 
relative to microbiological confirmation, the interval from ICU admission to treatment initia-
tion, the choice of initial antifungal class, and infectious diseases consultation—may provide a 
more comprehensive understanding of systemic antifungal initiation patterns.
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The primary aim of this study was to characterize and compare patterns of systemic 
antifungal therapy initiation among adult ICU patients across three distinct healthcare 
contexts: an ordinary pre-pandemic ICU cohort, a COVID-19 ICU cohort, and an earthquake-
affected ICU cohort. Specifically, we evaluated the timing of antifungal initiation relative 
to microbiological confirmation, the interval from ICU admission to antifungal initiation, 
the initial antifungal class selected, and infectious diseases consultation before or at the 
time of antifungal initiation. As a secondary and exploratory objective, we examined the 
association between antifungal initiation classification and 30-day all-cause mortality while 
accounting for selected clinical characteristics. Given the observational design and the 
fact that the cohorts represented distinct clinical populations and healthcare contexts, the 
mortality analysis was intended to explore potential associations rather than to estimate the 
causal treatment effects of different antifungal initiation approaches.

2. Results
2.1. Patient Selection and Cohort Characteristics

A total of 1920 records were screened, and 1354 were excluded: prophylaxis alone 
(n = 768), a distinct trauma-related antifungal treatment pathway (n = 98), insufficient data 
(n = 208), age <18 years (n = 102), antifungal treatment directed solely at fungal growth in 
non-blood specimens (n = 96), and recurrent eligible records (n = 82). The final cohort 
comprised 566 patients: 256 (45.2%) in the ordinary pre-pandemic cohort, 150 (26.5%) in 
the COVID-19 cohort, and 160 (28.3%) in the earthquake-affected cohort (Figure 1).

Figure 1. Cohort selection and recorded antifungal initiation classification. Cohort-specific screening 
totals were calculated from excluded records and included patients. Patients without blood cultures 
(n = 148) were included within the insufficient-data exclusions. Only the first eligible systemic 
antifungal treatment episode per patient was retained. Same-day indeterminate cases (n = 63) were 
included in the descriptive cohort but excluded from the primary exploratory mortality model.
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Cohort-specific exclusion totals were 304, 546, and 504 for the ordinary, COVID-19, and 
earthquake-affected cohorts, respectively. Adding the included patients yielded screening 
totals of 560, 696, and 664. Among the 208 insufficient-data exclusions, 148 patients lacked 
blood cultures: 35 ordinary, 66 COVID-19, and 47 earthquake-affected patients. Detailed 
exclusion counts are presented in Supplementary Table S3.

Clinical characteristics are summarized in Table 1. Median age was 66 years (IQR 
55–77) in the ordinary cohort, 67 (58–78) in the COVID-19 cohort, and 69 (57–78) in the 
earthquake-affected cohort (p = 0.271). Admission SOFA scores had a median of 6 in each 
cohort (p = 0.454), whereas admission APACHE II scores differed across cohorts (p = 0.004). 
Candida scores, calculated using information available up to antifungal initiation, also 
differed (p < 0.001).

Table 1. Clinical Characteristics of the Study Population According to ICU Healthcare Context.

Characteristic Overall 
(n = 566)

Ordinary 
Pre-Pandemic 

(n = 256)

COVID-19 
(n = 150)

Earthquake-
Affected 
(n = 160)

p-Value

Age, years, median (IQR) 68 (56–77.25) 66 (55–77) 67 (58–78) 69 (57–78) 0.271
Male sex, n (%) 312 (55.1) 133 (52.0) 92 (61.3) 87 (54.4) 0.181
Diabetes mellitus, n (%) 204 (36.0) 115 (44.9) 45 (30.0) 44 (27.5) <0.001
Chronic kidney disease, n (%) 68 (12.0) 29 (11.3) 21 (14.0) 18 (11.3) 0.683
Malignancy, n (%) 0.156
Hematologic malignancy 41 (7.2) 23 (9.0) 7 (4.7) 11 (6.9)
Solid malignancy 75 (13.3) 40 (15.6) 14 (9.3) 21 (13.1)
No malignancy 450 (79.5) 193 (75.4) 129 (86.0) 128 (80.0)
Systemic corticosteroid exposure, n (%) 119 (21.0) 29 (11.3) 59 (39.3) 31 (19.4) <0.001
Septic shock, n (%) 247 (43.6) 100 (39.1) 88 (58.7) 59 (36.9) <0.001
New dialysis requirement at antifungal initiation, 
n (%) 80 (14.1) 37 (14.5) 23 (15.3) 20 (12.5) 0.759

APACHE II score, median (IQR) 13 (8–18) 15 (10–19) 12 (8–18) 12 (8–18.75) 0.004
SOFA score, median (IQR) 6 (4–8) 6 (4–9) 6 (3.75–9) 6 (4–8) 0.454
Candida score, median (IQR) 2 (1–3) 2 (1–3) 1 (0–2) 2 (1–3) <0.001
Lactate, mmol/L, median (IQR) 2.00 (1.28–3.00) 2.10 (1.30–2.98) 2.60 (1.80–3.90) 1.41 (1.00–2.09) <0.001

CRP, mg/L, median (IQR) 11.75 
(6.31–18.20)

13.25 
(7.43–18.50)

10.45 
(5.70–18.95)

11.40 
(6.01–17.48) 0.143

Procalcitonin, ng/mL, median (IQR) 1.01 (0.21–5.50) 1.27 (0.25–5.98) 0.79 (0.19–5.90) 0.64 (0.20–4.59) 0.103
Albumin, g/dL, median (IQR) 2.80 (2.44–3.16) 2.80 (2.47–3.18) 2.79 (2.43–3.09) 2.80 (2.41–3.20) 0.820
Creatinine, mg/dL, median (IQR) 0.90 (0.51–1.98) 0.99 (0.50–1.97) 0.94 (0.57–2.01) 0.78 (0.42–1.93) 0.132

Note: Data are presented as n (%) or median (interquartile range [IQR], 25th–75th percentiles). 
Categorical variables were compared using Pearson’s chi-square test, and continuous variables using 
the Kruskal–Wallis test. APACHE II and SOFA scores reflect the first 24 h of ICU admission, not 
antifungal initiation. The Candida score was calculated using information available up to antifungal 
initiation. Systemic corticosteroid exposure refers to use before antifungal initiation. New dialysis 
requirement refers to a new requirement for intermittent hemodialysis or continuous renal replacement 
therapy present at antifungal initiation. Abbreviations: APACHE II, Acute Physiology and Chronic 
Health Evaluation II; SOFA, Sequential Organ Failure Assessment; CRP, C-reactive protein; ICU, 
intensive care unit; IQR, interquartile range.

Diabetes mellitus, septic shock, and systemic corticosteroid exposure before antifungal 
initiation differed across cohorts (all p < 0.001). No statistically significant differences were 
detected in new dialysis requirement at antifungal initiation (p = 0.759) or malignancy 
distribution (p = 0.156). Lactate levels differed across cohorts (p < 0.001), whereas CRP, 
procalcitonin, albumin, and creatinine levels did not show statistically significant differences 
(all p > 0.05).
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2.2. Antifungal Initiation Patterns Across Healthcare Contexts
Among the 566 patients, antifungal initiation was classified as empirical in 279 (49.3%), 

culture-guided in 224 (39.6%), and same-day indeterminate in 63 (11.1%). The distribu-
tion differed across the three cohorts (Pearson’s χ2  = 228.69, df = 4, p < 0.001; Cramer’s 
V = 0.449) (Table 2).

Table 2. Systemic Antifungal Initiation and Management Patterns According to ICU Healthcare 
Context.

Characteristic Overall 
(n = 566)

Ordinary 
Pre-Pandemic 

(n = 256)

COVID-19 
(n = 150)

Earthquake-
Affected 
(n = 160)

p-Value

Antifungal initiation classification, n (%) <0.001
Empirical 279 (49.3) 40 (15.6) 128 (85.3) 111 (69.4)
Culture-guided 224 (39.6) 160 (62.5) 17 (11.3) 47 (29.4)
Same-day indeterminate 63 (11.1) 56 (21.9) 5 (3.3) 2 (1.3)
ICU admission to antifungal initiation, days, median (IQR) 9 (6–12) 9 (6–12) 8 (5–14) 10 (8–12) 0.048
Initial systemic antifungal class, n (%) <0.001
Echinocandin 369 (65.2) 141 (55.1) 144 (96.0) 84 (52.5)
Fluconazole 169 (29.9) 106 (41.4) 4 (2.7) 59 (36.9)
Other systemic antifungal 28 (4.9) 9 (3.5) 2 (1.3) 17 (10.6)
ID consultation before or at antifungal initiation, n (%) 337 (59.5) 206 (80.5) 100 (66.7) 31 (19.4) <0.001
CVC present at antifungal initiation, n (%) 479 (84.6) 205 (80.1) 132 (88.0) 142 (88.8) 0.024
Total antifungal treatment duration, days, median (IQR) 7 (5–10) 8 (6–10) 8 (4–14) 6 (5–7) <0.001
Antifungal agent switching, n (%) 11 (1.9) 0 (0.0) 11 (7.3) 0 (0.0) <0.001

Note: Data are presented as n (%) or median (interquartile range [IQR], 25th–75th percentiles). 
Initiation classification was based on the recorded ICU days of systemic antifungal initiation and 
fungal blood culture positivity. Empirical initiation comprised treatment preceding recorded positivity 
or treatment for suspected fungemia with negative blood cultures during follow-up. Culture-guided 
initiation required recorded positivity on an earlier ICU day. Same-day cases were classified as 
indeterminate because their within-day sequence was unavailable. Recorded positivity did not 
establish the precise time of clinician awareness. Initiation classification, initial antifungal class, 
documented ID consultation, and CVC presence were compared using Pearson’s chi-square test. ICU-
to-antifungal initiation time and total treatment duration were compared using the Kruskal–Wallis 
test. Agent switching was compared using the Fisher–Freeman–Halton exact test. Other systemic 
antifungals comprised voriconazole and amphotericin B. The ICU-to-antifungal interval was measured 
from ICU admission at our center. Total antifungal duration included treatment across agent changes. 
Switching direction and reason were unavailable; switching was therefore not classified as escalation 
or de-escalation. Documented ID consultation was distinct from drug authorization or undocumented 
telephone advice. Abbreviations: ICU, intensive care unit; IQR, interquartile range; ID, infectious 
diseases; CVC, central venous catheter.

In the ordinary pre-pandemic cohort, 40/256 patients (15.6%) were classified as empir-
ical, 160/256 (62.5%) as culture-guided, and 56/256 (21.9%) as same-day indeterminate. 
In the COVID-19 cohort, the corresponding counts were 128/150 (85.3%), 17/150 (11.3%), 
and 5/150 (3.3%). In the earthquake-affected cohort, they were 111/160 (69.4%), 47/160 
(29.4%), and 2/160 (1.3%), respectively.

2.3. Timing of Antifungal Initiation and Initial Treatment Characteristics
The median interval from ICU admission at our center to systemic antifungal initiation 

was 9 days (IQR 6–12) overall. Cohort-specific intervals were 9 (6–12) days in the ordinary 
pre-pandemic cohort, 8 (5–14) in the COVID-19 cohort, and 10 (8–12) in the earthquake-
affected cohort (Kruskal–Wallis H = 6.085, df = 2, p = 0.048).

Initial antifungal class differed across cohorts (Pearson’s χ2  = 96.47, df = 4, p < 0.001; 
Cramer’s V = 0.292). Echinocandins were used in 141/256 ordinary patients (55.1%), 
144/150 COVID-19 patients (96.0%), and 84/160 earthquake-affected patients (52.5%). 
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Fluconazole was used in 106/256 (41.4%), 4/150 (2.7%), and 59/160 (36.9%), respectively. 
Voriconazole and amphotericin B together accounted for the remaining 28 courses.

Overall, initial agents were anidulafungin in 258 patients (45.6%), caspofungin in 111 
(19.6%), fluconazole in 169 (29.9%), voriconazole in 18 (3.2%), and amphotericin B in 10 
(1.8%). Micafungin was not used.

Total antifungal treatment duration was a median of 7 days (IQR 5–10; range 1–36) 
overall. Durations were 8 (6–10) days in the ordinary cohort, 8 (4–14) in the COVID-19 
cohort, and 6 (5–7) in the earthquake-affected cohort (Kruskal–Wallis H = 41.404, df = 2, 
p < 0.001). Agent switching occurred in 11/566 patients (1.9%), all in the COVID-19 cohort 
(11/150, 7.3%), compared with none in the ordinary or earthquake-affected cohorts (exact 
p < 0.001).

Infectious diseases consultation before or at antifungal initiation was documented 
in 206/256 ordinary patients (80.5%), 100/150 COVID-19 patients (66.7%), and 31/160 
earthquake-affected patients (19.4%) (Pearson’s χ2  = 156.86, df = 2, p < 0.001; Cramer’s 
V = 0.526).

A central venous catheter was present at antifungal initiation in 205/256 ordinary 
patients (80.1%), 132/150 COVID-19 patients (88.0%), and 142/160 earthquake-affected 
patients (88.8%) (Pearson’s χ2  = 7.47, df = 2, p = 0.024; Cramer’s V = 0.115). Treatment 
and consultation findings are summarized in Table 2.

2.4. Microbiological Findings and Candida Species Distribution
Candida growth in blood cultures was documented in 296/566 patients (52.3%), 

whereas 270 (47.7%) had no documented fungal blood culture growth during follow-
up. Blood culture positivity occurred in 220/256 ordinary pre-pandemic patients (85.9%), 
27/150 COVID-19 patients (18.0%), and 49/160 earthquake-affected patients (30.6%). These 
proportions describe the selected antifungal-treated cohort rather than candidemia preva-
lence among all ICU admissions.

Among the 296 culture-positive patients, positivity was recorded before antifungal 
initiation in 224 (75.7%), on the same ICU day in 63 (21.3%), and after initiation in 9 
(3.0%). The nine patients with post-initiation positivity comprised four ordinary and 
five COVID-19 patients; none belonged to the earthquake-affected cohort. These patients 
remained classified as empirical. The 63 patients with same-day positivity remained in the 
indeterminate category because the within-day sequence could not be established.

Candida albicans was identified in 128/296 patients (43.2%), C. parapsilosis in 99 (33.4%), 
C. tropicalis in 55 (18.6%), C. glabrata in 12 (4.1%), and C. kefyr and C. krusei in one patient 
each (0.3%).

In the ordinary cohort, species counts were 108 C. albicans, 72 C. parapsilosis, 35 C. 
tropicalis, and five C. glabrata. In the COVID-19 cohort, counts were 17 C. albicans, three C. 
parapsilosis, and seven C. tropicalis. In the earthquake-affected cohort, counts were three C. 
albicans, 24 C. parapsilosis, 13 C. tropicalis, seven C. glabrata, one C. kefyr, and one C. krusei. 
Cohort-specific species counts are presented in Supplementary Table S4.

2.5. Exploratory Analysis of 30-Day Mortality
Thirty-day all-cause mortality after antifungal initiation was 365/566 (64.5%) in the full 

cohort. The primary exploratory mortality analysis excluded 63 same-day indeterminate 
cases and included 503 patients, of whom 325 (64.6%) died within 30 days.

Unadjusted mortality was 193/279 (69.2%) in the empirical group and 132/224 (58.9%) 
in the culture-guided group (p = 0.017). After adjustment, empirical initiation was not sig-
nificantly associated with mortality compared with culture-guided initiation (aOR = 0.891; 
95% CI 0.522–1.519; p = 0.671).
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Compared with the ordinary pre-pandemic cohort, the COVID-19 cohort had higher 
adjusted odds of mortality (aOR = 7.240; 95% CI 3.505–14.956; p < 0.001). The earthquake-
affected cohort estimate was 1.734 (95% CI 0.975–3.082; p = 0.061). Higher Candida score 
(aOR = 2.271; 95% CI 1.861–2.773; p < 0.001), new dialysis requirement at antifungal initi-
ation (aOR = 3.559; 95% CI 1.798–7.043; p < 0.001), and solid malignancy (aOR = 2.059; 
95% CI 1.041–4.071; p = 0.038) were associated with higher adjusted odds of mortal-
ity. Inverse associations were observed for admission APACHE II (aOR = 0.968; 95% 
CI 0.941–0.995; p = 0.022) and pre-initiation systemic corticosteroid exposure (aOR = 0.561; 
95% CI 0.328–0.960; p = 0.035). Complete model estimates are presented in Table 3.

Table 3. Exploratory Multivariable Logistic Regression Analysis of 30-Day All-Cause Mortality.

Variable Adjusted OR 95% CI p-Value
Antifungal initiation classification
Empirical vs. culture-guided 0.891 0.522–1.519 0.671
ICU healthcare context
Earthquake-affected vs. ordinary pre-pandemic 1.734 0.975–3.082 0.061
COVID-19 vs. ordinary pre-pandemic 7.240 3.505–14.956 <0.001
Age, per year 0.996 0.983–1.009 0.557
APACHE II score, per point 0.968 0.941–0.995 0.022
Candida score, per point 2.271 1.861–2.773 <0.001
Septic shock 1.007 0.655–1.547 0.975
New dialysis requirement at antifungal initiation 3.559 1.798–7.043 <0.001
Malignancy status
Hematologic malignancy vs. no malignancy 1.879 0.732–4.822 0.189
Solid malignancy vs. no malignancy 2.059 1.041–4.071 0.038
Systemic corticosteroid exposure 0.561 0.328–0.960 0.035

Model performance: Omnibus χ2  = 122.555, df = 11, p < 0.001; −2 log likelihood = 531.157; Cox–Snell 
R2  = 0.216; Nagelkerke R2  = 0.297; Hosmer–Lemeshow χ2  = 11.728, df = 8, p = 0.164; AUC = 0.782 
(95% CI 0.739–0.824). Overall classification accuracy at a probability threshold of 0.50 was 75.5%. note: 
The primary exploratory analysis included 503 patients after exclusion of 63 same-day indeterminate 
cases. The outcome was 30-day all-cause mortality after systemic antifungal initiation (death = 1; 
survival = 0). Adjusted odds ratios were estimated using binary logistic regression. Reference 
categories were culture-guided initiation, the ordinary pre-pandemic cohort, and no malignancy. 
Age, admission APACHE II, and Candida score were entered as continuous variables. Corticosteroid 
exposure referred to systemic use before antifungal initiation. Covariates were selected on clinical 
grounds rather than solely by univariable significance. Initiation classification reflected recorded 
ICU days of treatment and blood culture positivity, not verified clinician notification times. The 
model assessed exploratory associations and did not estimate causal treatment effects or establish 
equivalence between initiation categories. Cohort-specific outcome cells and sensitivity analyses 
are presented in Supplementary Tables S5 and S2, respectively. Abbreviations: OR, odds ratio; CI, 
confidence interval; ICU, intensive care unit; APACHE II, Acute Physiology and Chronic Health 
Evaluation II; AUC, area under the receiver operating characteristic curve.

Cohort-specific mortality counts differed between initiation categories. In the ordinary 
cohort, deaths occurred in 31/40 empirical and 83/160 culture-guided patients; correspond-
ing counts were 95/128 and 17/17 in the COVID-19 cohort, and 67/111 and 32/47 in the 
earthquake-affected cohort. All 17 culture-guided COVID-19 patients died. These outcome 
cells are presented in Supplementary Table S5.

Variance inflation factors ranged from 1.019 to 2.139, and tolerance values ranged from 
0.467 to 0.982. VIFs were 1.575 for initiation classification, 1.607 for earthquake cohort, 2.139 
for COVID-19 cohort, 1.105 for Candida score, and 1.046 for septic shock.

The overall model likelihood-ratio test was significant (χ2  = 122.555, df = 11, p < 0.001; 
Nagelkerke R2  = 0.297). The Hosmer–Lemeshow statistic was 11.728 (df = 8, p = 0.164). 
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Apparent discrimination was AUC = 0.782 (95% CI 0.739–0.824), with classification accuracy 
of 75.5% at a probability threshold of 0.50.

2.6. Sensitivity Analyses of the Mortality Model
When all 63 same-day indeterminate cases were classified as culture-guided, the 

adjusted odds ratio for empirical versus culture-guided initiation was 0.766 (95% CI 
0.455–1.287; p = 0.313). When all same-day cases were classified as empirical, the cor-
responding estimate was 1.155 (95% CI 0.739–1.806; p = 0.528).

In the 503-patient analysis excluding admission APACHE II while retaining the other 
covariates, the adjusted odds ratio for empirical versus culture-guided initiation was 0.916 
(95% CI 0.540–1.552; p = 0.744). The COVID-19 versus ordinary cohort estimate was 7.433 
(95% CI 3.627–15.231; p < 0.001), and the earthquake-affected versus ordinary cohort 
estimate was 1.800 (95% CI 1.017–3.186; p = 0.044).

Thus, no statistically significant adjusted association between initiation classification 
and mortality was detected under any of these specifications, although the point estimate 
changed direction between the two alternative same-day classifications. The earthquake 
cohort estimate crossed the conventional significance threshold when APACHE II was 
omitted. Mortality sensitivity results are summarized in Supplementary Table S2.

2.7. Sensitivity Analyses of Antifungal Initiation Classification
After excluding 63 same-day indeterminate cases, empirical initiation occurred in 

40/200 ordinary pre-pandemic patients (20.0%), 128/145 COVID-19 patients (88.3%), and 
111/158 earthquake-affected patients (70.3%). The distribution of empirical versus culture-
guided initiation differed across cohorts (Pearson’s χ2  = 179.023, df = 2, p < 0.001; Cramer’s 
V = 0.597).

When all same-day cases were classified as empirical, the corresponding proportions 
were 96/256 (37.5%), 133/150 (88.7%), and 113/160 (70.6%) in the ordinary, COVID-19, 
and earthquake-affected cohorts, respectively (Pearson’s χ2  = 113.253, df = 2, p < 0.001; 
Cramer’s V = 0.447).

When all same-day cases were classified as culture-guided, empirical initiation occurred in 
40/256 (15.6%), 128/150 (85.3%), and 111/160 (69.4%), respectively (Pearson’s χ2  = 219.863, 
df = 2, p < 0.001; Cramer’s V = 0.623).

Across all three specifications, empirical initiation remained more frequent in the 
COVID-19 and earthquake-affected cohorts than in the ordinary cohort. Detailed distribu-
tions are presented in Supplementary Table S1.

3. Discussion
Among ICU patients receiving systemic antifungal therapy for suspected or confirmed 

Candida bloodstream infection, recorded initiation patterns differed across the ordinary pre-
pandemic, COVID-19, and earthquake-affected cohorts. Initiation classified as empirical was 
more frequent in the COVID-19 and earthquake-affected cohorts, whereas culture-guided 
initiation predominated in the ordinary cohort. Initial drug class, documented infectious 
diseases consultation, and total treatment duration also differed. The between-cohort 
pattern of initiation classification persisted when same-day cases were excluded or assigned 
to either binary category. These findings describe practice within selected antifungal-treated 
populations. They do not establish differences in prescribing rates among all ICU patients, 
the appropriateness of individual treatment decisions, or causal effects of pandemic or 
earthquake exposure.

Antifungal initiation in critically ill patients requires balancing timely treatment of sus-
pected invasive candidiasis against unnecessary exposure when infection is unconfirmed. 
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Diagnostic limitations and uncertainty about treatment indications complicate this bal-
ance [2,10]. In the multicenter evaluation by Logan et al., empirical treatment accounted for 
the largest share of antifungal consumption, and echinocandins were the most commonly 
prescribed class [11]. The international CanDi-Score study also identified clinical risk 
factors and durations of ICU exposures associated with candidemia, supporting assessment 
of risk as the ICU course evolves [12]. However, these studies evaluated clinical prescribing 
indications, antifungal consumption, or candidemia risk, whereas our classification relied 
on the recorded days of blood culture positivity and treatment initiation. Our empirical cat-
egory therefore cannot be assumed to correspond directly to clinically adjudicated empirical 
or pre-emptive treatment in other studies. Its frequency describes initiation before recorded 
confirmation and does not, by itself, establish unnecessary or inappropriate antifungal use.

In the COVID-19 cohort, 85.3% of antifungal courses were classified as empirical, 
and echinocandins accounted for 96.0% of initial therapy. However, only 27/150 patients 
(18.0%) had documented Candida growth in blood cultures during follow-up, compared 
with 220/256 (85.9%) in the ordinary cohort. This difference in microbiological confirmation 
is important when interpreting the initiation patterns: a patient without documented blood 
culture positivity could not be classified as culture-guided. The observed contrast therefore 
reflects both the composition of the selected treated cohorts and the recorded relationship 
between results and treatment initiation. Studies of critically ill COVID-19 patients have 
described candidemia risk and challenges in antifungal management [5,6], but our data 
cannot determine whether perceived risk, diagnostic uncertainty, or other clinical factors 
caused the high proportion of initiation before confirmation. Likewise, negative blood 
cultures alone do not establish that treatment was unnecessary.

Bienvenu et al. reported increased voriconazole and caspofungin consumption during 
the COVID-19 pandemic in a study encompassing 14 ICUs; the increases exceeded the 
corresponding changes in invasive fungal disease incidence [13]. Machado et al. reported 
higher candidemia incidence among patients with COVID-19 than among those without 
COVID-19 [14], while Kayaaslan et al. identified ICU-related factors associated with can-
didemia in critically ill COVID-19 patients [15]. These studies provide context but use 
populations and denominators different from ours. Because our cohort comprised only 
antifungal-treated patients, neither the proportion classified as empirical nor the distri-
bution of initial agents measures antifungal consumption or candidemia incidence across 
the ICU population. Echinocandins are a principal treatment class for invasive candidiasis 
in critically ill patients [10]; their predominance in our COVID-19 cohort therefore does 
not independently establish overuse. Crisis-period stock problems were reported at our 
institution, with available agents influencing initial selection, but stock availability and its 
contribution to individual prescribing decisions were not quantified.

In the earthquake-affected cohort, 69.4% of antifungal courses were classified as empir-
ical, while echinocandins and fluconazole accounted for 52.5% and 36.9% of initial therapy, 
respectively. Blood culture positivity was documented in 49/160 patients (30.6%), again 
indicating a different microbiological composition from the ordinary cohort. Reports follow-
ing the 2023 earthquakes in Türkiye have described infections and antimicrobial resistance 
among patients receiving emergency and intensive care [7–9]. However, this literature does 
not establish the reasons for antifungal initiation in our cohort. Transferred patients had 
received initial emergency care but no systemic antifungal therapy before arrival at our 
center. The interval measured from admission to our ICU consequently cannot quantify 
the total time from injury or illness onset to treatment. The median ICU-to-antifungal 
interval differed by only one day between the earthquake-affected and ordinary cohorts; 
the overall statistical comparison should not be interpreted as evidence of a clinically 
important treatment delay. The observed initiation pattern describes antifungal-treated 
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earthquake-affected patients within a distinct disaster-care setting rather than a causal effect 
of earthquake exposure on prescribing.

Documented infectious diseases consultation before or at antifungal initiation occurred 
in 80.5% of ordinary, 66.7% of COVID-19, and 19.4% of earthquake-affected patients. Spe-
cialist involvement is relevant to antifungal management: Kobayashi et al. reported that 
consultation in patients with candidemia was associated with lower mortality and more 
frequent performance of recommended management procedures [16]. A population-based 
Canadian cohort likewise associated specialist consultation with greater implementation 
of selected candidemia management recommendations, although adherence varied across 
measures [17]. However, documented consultation in our study was not equivalent to 
all specialist involvement or drug authorization. Telephone advice could occur without a 
separately recorded consultation, and the institutional antifungal authorization workflow 
changed during the earthquake response, allowing subspecialists to initiate treatment with-
out routing the drug report for infectious diseases specialist approval. Workload-related 
interruptions in laboratory–clinical communication could also affect when culture infor-
mation was recognized, although patient-level notification times were unavailable. These 
distinctions limit interpretation of consultation rates across cohorts. The lower documented 
rate in earthquake care does not establish absence of specialist input, inappropriate prescrib-
ing, or poorer care, and our data do not demonstrate that consultation differences caused 
the observed initiation patterns.

Candida albicans accounted for 43.2% of blood culture isolates overall, followed by C. 
parapsilosis (33.4%) and C. tropicalis (18.6%). Species composition differed descriptively 
across cohorts: C. parapsilosis represented 72/220 culture-positive ordinary patients (32.7%), 
3/27 COVID-19 patients (11.1%), and 24/49 earthquake-affected patients (49.0%). The 
small number of culture-positive COVID-19 patients limits interpretation of that cohort’s 
species proportions. Ramos-Martínez et al. described changes in candidemia epidemiology 
and fluconazole-resistant C. parapsilosis during the pandemic [18], but species identification 
alone cannot establish comparable resistance or transmission patterns in our setting. Anti-
fungal susceptibility and molecular typing data were unavailable, precluding conclusions 
about resistance, clonal spread, or susceptibility-based treatment appropriateness. Further-
more, species identified after empirical initiation could not have informed the initial agent 
choice. These findings describe the microbiological composition of the treated cohorts and 
should not be used as a causal explanation for their prescribing differences.

The mortality analysis was secondary and exploratory. Although unadjusted mortality 
was higher in the empirical group, the adjusted association was not statistically significant 
(aOR = 0.891; 95% CI 0.522–1.519; p = 0.671). No significant association was detected when 
same-day cases were assigned to either initiation category or when admission APACHE II 
was omitted. Nevertheless, the point estimate changed direction between the alternative 
same-day classifications, and the confidence intervals remained compatible with clinically 
relevant associations in either direction. These results therefore do not establish equivalence 
or comparable treatment effectiveness. Pham et al. examined empirical and pre-emptive an-
tifungal treatment and adjusted for the interval from admission to treatment initiation [19], 
but their clinical definitions and outcome differed from ours. In our study, culture-guided 
classification required documented positivity before treatment, creating a different pre-
initiation selection process from that of empirical treatment. Follow-up from antifungal 
initiation and conventional covariate adjustment cannot eliminate this selection. Blood cul-
ture collection dates and susceptibility-based treatment appropriateness were unavailable, 
preventing analysis of culture-collection-to-effective-treatment timing. The findings should 
consequently be interpreted as adjusted associations within a selected treated cohort. In a 
multicenter retrospective cohort of critically ill patients with confirmed candidemia, early 
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source control was associated with improved 14-day survival [20]. Our lack of intervention 
timing and susceptibility-based appropriateness data prevents an analogous assessment 
and leaves these management factors as potential sources of residual confounding.

Systemic corticosteroid exposure before antifungal initiation was associated with lower 
adjusted odds of mortality in the main-effects model, but this association should not be 
interpreted as a protective treatment effect. Steroid indication, dose, and duration were 
unavailable, limiting adjustment for differences between exposed and unexposed patients. 
The unadjusted associations also varied across cohorts: mortality was higher among steroid-
exposed earthquake-affected patients but lower among exposed patients in the ordinary 
and COVID-19 cohorts. These comparisons involved small exposed subgroups, including 
only six deaths among 23 exposed ordinary patients and seven survivors among 31 exposed 
earthquake-affected patients. Steroid-by-cohort interaction estimates were therefore not 
retained as substantive findings in the revised analysis. Neither the pooled adjusted associa-
tion nor the subgroup proportions establish benefit or harm from corticosteroid treatment.

The inverse association between admission APACHE II and mortality was contrary to 
the clinically expected direction and should not be interpreted as protective. Both APACHE 
II and SOFA characterized the first 24 h of ICU admission, whereas antifungal therapy 
generally began later. Neither score therefore captured illness severity at treatment initiation. 
Selection of patients who survived to receive antifungal therapy, changes in clinical condition 
during the intervening ICU stay, and residual confounding may have contributed to this 
finding. Omitting APACHE II did not materially alter the initiation-classification estimate, 
but the earthquake cohort association crossed the conventional significance threshold 
despite a similar point estimate, indicating sensitivity to model specification. The large 
adjusted COVID-19 association likewise cannot be attributed solely to healthcare context 
because severity at antifungal initiation and other relevant clinical factors were unmeasured. 
Low VIF values do not resolve these limitations or the sparse outcome cells, particularly 
the absence of survivors among the 17 culture-guided COVID-19 patients.

Total antifungal treatment duration differed across cohorts, with a median of 6 days 
in earthquake-affected patients and 8 days in both the ordinary and COVID-19 cohorts. 
However, duration alone cannot establish treatment adequacy or stewardship performance. 
Death, discharge, and treatment discontinuation may influence the observed duration, and 
reasons for stopping therapy were unavailable. Similarly, the 11 recorded agent switches, 
all in the COVID-19 cohort, could not be classified as escalation or de-escalation because 
their direction and rationale were not recorded. Dose information and susceptibility-based 
assessment of treatment appropriateness were also unavailable. The study therefore de-
scribes treatment duration and switching without demonstrating successful de-escalation, 
avoidance of unnecessary exposure, or adherence to recommended treatment courses. Evi-
dence for biomarker-guided discontinuation is not uniform. De Pascale et al. found shorter 
empirical treatment with a beta-D-glucan-guided strategy in a single-center randomized 
trial, while emphasizing the need for larger safety studies [21]. In contrast, Erb et al. found 
no reduction in antifungal consumption using a beta-D-glucan/mannan termination algo-
rithm in a small randomized study [22]. These findings do not validate short treatment 
courses in our cohort, where these biomarkers were unavailable and stopping decisions 
were not recorded.

A strength of this study is the examination of antifungal initiation across three distinct 
ICU cohorts within the same center, using a consistent patient ascertainment approach and 
equivalent laboratory and information systems. The analysis included patients treated for 
suspected fungemia despite negative blood cultures, rather than being restricted to culture-
positive cases. Same-day episodes were retained as a separate category, acknowledging 
the limits of day-level records. Alternative classifications preserved the principal between-
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cohort distributional pattern, while mortality sensitivity analyses evaluated the effects of 
classification uncertainty and inclusion of admission APACHE II. Cohort-specific microbio-
logical findings, initial agents, documented consultation, treatment duration, and switching 
provide complementary descriptions of practice. These strengths support the descriptive 
scope of the study without overcoming its selection and measurement limitations.

This study has several limitations. Its retrospective, single-center design limits general-
izability, and the cohorts differed in patient characteristics and healthcare context. Because 
only antifungal-treated patients were included, prescribing incidence, consumption per 
patient-day, and candidemia prevalence among all ICU admissions could not be estimated. 
Calendar period and healthcare context were inseparable. Exclusion of 148 patients without 
blood cultures may have reduced representation of empirical treatment; their initiation 
categories could not be reliably determined. The exclusion of treatment directed solely at 
non-blood fungal findings and of the distinct trauma-related treatment pathway also limits 
applicability to broader ICU antifungal practice. PCR confirmation was not required for ev-
ery patient in the COVID-19 cohort. The Candida-focused scope does not permit conclusions 
about COVID-associated pulmonary aspergillosis or trauma-associated mucormycosis.

Blood culture collection dates and within-day timestamps were unavailable. Recorded 
result timing did not establish when clinicians first received or recognized culture informa-
tion, and same-day sequencing remained uncertain. Clinical empirical and pre-emptive 
indications could not be reliably distinguished by the timing classification. Non-culture 
fungal biomarkers were unavailable throughout the study, and the study did not system-
atically exclude aspergillosis. Telephone specialist input could be undocumented, while 
the earthquake-period authorization workflow further limited comparability of recorded 
consultation. Workload, communication interruptions, and drug availability were not 
quantified at patient level and cannot be established as causes of the observed patterns.

The exploratory mortality analyses were subject to confounding by indication, selection 
before antifungal initiation, and sparse subgroup outcome cells. Admission APACHE II and 
SOFA did not measure severity at antifungal initiation, and mechanical ventilation data were 
unavailable. Antifungal dose, susceptibility-based treatment appropriateness, and steroid 
indication, dose, and duration could not be evaluated. Catheter removal and total catheter 
duration were recorded, but the timing of removal relative to antifungal initiation was 
unavailable, preventing assessment of timely catheter source control. Other source-control 
measures were not comprehensively evaluated. Treatment duration could be influenced 
by death, discharge, or stopping decisions, and switching lacked direction and rationale. 
The sensitivity analyses addressed selected classification and model-specification uncer-
tainties but did not eliminate temporal selection or residual confounding. Consequently, 
the mortality findings cannot establish causal treatment effects or equivalence between 
initiation approaches.

4. Materials and Methods
4.1. Study Design and Setting

This retrospective, single-center observational study was conducted in the adult inten-
sive care units (ICUs) of Mersin City Training and Research Hospital, a tertiary referral 
center in southern Türkiye. Adults aged ≥18 years who initiated systemic antifungal ther-
apy for suspected or confirmed Candida bloodstream infection during their ICU stay were 
evaluated across three predefined healthcare contexts.

The ordinary pre-pandemic cohort comprised eligible patients who initiated systemic 
antifungal therapy between 1 January 2017 and 10 March 2020. The COVID-19 cohort 
comprised eligible patients managed in dedicated COVID-19 ICUs between 11 March 2020 
and 5 February 2023 for clinically suspected or laboratory-confirmed COVID-19. A positive 
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SARS-CoV-2 polymerase chain reaction (PCR) result was not mandatory. Patients with neg-
ative or unavailable PCR results were eligible if they were managed for suspected COVID-19 
on the basis of clinical assessment and characteristic chest computed tomography findings.

The earthquake-affected cohort comprised eligible adults identified in hospital records 
as directly affected by the earthquakes of 6 February 2023 and admitted to designated ICUs 
between 6 February and 30 April 2023. Membership required earthquake-related patient 
status and was not determined solely by admission during a post-earthquake calendar 
period. Transferred patients had received initial emergency care at field hospitals, including 
urgent procedures such as fasciotomy when required. No included earthquake-affected 
patient had received systemic antifungal therapy before transfer to our center.

For transferred patients, the interval from ICU admission to antifungal initiation was 
measured from admission to the ICU at our center. It therefore did not represent time from 
injury, illness onset, or initial admission to another healthcare facility.

The three cohorts represented distinct patient populations and healthcare contexts 
rather than interchangeable temporal samples of a homogeneous ICU population. Compar-
isons were intended to describe antifungal initiation patterns. Because healthcare context 
and calendar period were inseparable in this design, between-cohort differences were not 
interpreted as causal effects of COVID-19 or earthquake exposure.

4.2. Patient Selection and Data Collection
Patients receiving systemic antifungal therapy during an ICU stay were identified 

through the hospital information system. ICU clinical records and microbiology records 
were subsequently reviewed using the same ascertainment approach in all three cohorts. 
Screening did not begin with a list of culture-positive patients.

Eligible patients were adults treated for suspected fungemia or blood-culture-confirmed 
candidemia. Patients treated empirically for suspected fungemia were retained when blood 
cultures had been obtained but remained negative. Patients receiving antifungal therapy 
solely for fungal growth in urine or respiratory specimens were excluded. Non-blood 
Candida colonization documented in otherwise eligible patients could contribute to the 
Candida score but was not itself a criterion for inclusion or microbiological confirmation.

Systemic antifungal agents included fluconazole, caspofungin, anidulafungin, voricona-
zole, and amphotericin B. Treatment initiated on the day of ICU admission was eligible. 
Only the first eligible treatment episode per patient was included.

A total of 1920 records were screened, and 1354 were excluded: prophylaxis alone 
(n = 768), a distinct trauma-related antifungal treatment pathway (n = 98), insufficient 
data (n = 208), age < 18 years (n = 102), treatment directed solely at fungal growth in 
non-blood specimens (n = 96), and recurrent eligible records (n = 82). The final cohort 
comprised 566 patients.

In the ordinary, COVID-19, and earthquake-affected cohorts, respectively, exclusion 
counts were 204, 306, and 258 for prophylaxis; 8, 0, and 90 for the trauma-related pathway; 
52, 96, and 60 for insufficient data; 14, 52, and 36 for age <18 years; 18, 48, and 30 for 
non-blood fungal indications; and 8, 44, and 30 for recurrent records. Total exclusions 
were therefore 304, 546, and 504. Together with the included patients, these counts yielded 
cohort-specific screening totals of 560, 696, and 664.

Within the 208 insufficient-data exclusions, 148 patients lacked blood cultures: 
35 ordinary, 66 COVID-19, and 47 earthquake-affected patients. These patients were ex-
cluded because absence of fungal growth could not be distinguished from absence of 
blood culture assessment. They were not counted as an additional exclusion category. 
Other insufficient-data exclusions concerned records in which initiation timing, key clinical 
variables, or the outcome could not be reliably established.
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Traumatic injury alone was not an exclusion criterion. The trauma-related exclusion 
applied when antifungal therapy was directed primarily at suspected fungal infection of 
wounds, burns, fasciotomy sites, or complex soft-tissue injuries rather than suspected or 
confirmed fungemia.

Data extracted from the hospital records included demographics, comorbidities, clin-
ical and laboratory variables, microbiological findings, the recorded ICU days of fungal 
growth and antifungal initiation, initial antifungal agent, total antifungal treatment dura-
tion, agent switching, documented infectious diseases consultation, central venous catheter 
variables, dialysis requirement, systemic corticosteroid exposure before antifungal initiation, 
and 30-day vital status. Blood culture collection dates and within-day timestamps were 
unavailable. The patient selection process is presented in Figure 1.

4.3. Definitions and Antifungal Initiation Classification
Antifungal initiation was classified according to the relationship between the recorded 

ICU day of systemic antifungal initiation and the recorded ICU day of fungal growth in 
blood culture. The recorded result day was used as a proxy for microbiological confirmation 
timing; it did not establish the exact time at which the treating clinician became aware of 
the result. Final species identification was not used as the timing reference. Blood culture 
collection dates and within-day timestamps were unavailable.

Empirical initiation was defined as treatment started on an ICU day preceding the 
recorded day of fungal blood culture positivity, or treatment started for suspected fungemia 
when blood cultures remained negative during follow-up. Subsequent blood culture posi-
tivity did not change the initial classification.

Culture-guided initiation was defined as treatment started on an ICU day after fun-
gal blood culture positivity had been recorded. This category indicated that a positive 
result preceded treatment in the available records; it did not independently verify clinician 
awareness or that the result was the sole reason for treatment initiation.

Same-day indeterminate initiation was defined as fungal blood culture positivity and 
antifungal initiation recorded on the same ICU day. Because their within-day sequence 
could not be established, these cases were retained as a separate category in the primary 
descriptive analysis.

These operational categories describe recorded microbiological-result timing rather 
than fully adjudicated clinical treatment indications. In particular, clinical empirical and 
pre-emptive treatment could not be distinguished reliably using timing alone. Prophylaxis 
was excluded during patient selection.

The primary descriptive analysis included all 566 patients: 279 classified as empirical, 
224 as culture-guided, and 63 as same-day indeterminate. The primary exploratory mortality 
model excluded the 63 same-day cases and included 503 patients. Sensitivity analyses 
assigned all same-day cases to the empirical category and, separately, to the culture-guided 
category. These alternative classifications were evaluated for both between-cohort initiation 
patterns and adjusted mortality associations.

Fungemia was defined as fungal growth in at least one blood culture. Candidemia was 
defined as isolation of Candida spp. from at least one blood culture in a compatible clinical 
setting [1]. Only blood culture findings were used to determine microbiological confir-
mation for initiation classification. Catheter culture findings were considered supportive 
only when accompanied by positive blood cultures. Isolated catheter, urine, or respiratory 
culture positivity did not establish fungemia or culture-guided initiation.
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4.4. Microbiological Assessment
Blood cultures were processed according to routine laboratory procedures using the 

BACTEC FX®  and BacT/Alert®  automated blood culture systems. Positive bottles under-
went Gram staining and subculture onto appropriate media. Samples with suspected yeast 
growth were evaluated using Sabouraud dextrose agar and/or CHROMagar Candida® . Can-
dida isolates were identified using conventional microbiological methods and the VITEK®  2 
Compact system (bioMérieux, Marcy-l’Étoile, France), with additional conventional con-
firmation when required. Routine antifungal susceptibility testing was not performed 
during any of the three study periods; therefore, minimum inhibitory concentration and 
susceptibility results were unavailable.

Laboratory and hospital information systems and access to diagnostic methods were 
equivalent across the three cohorts, with no identified period-specific change in these 
systems. Beta-D-glucan, mannan, and galactomannan testing were unavailable in all three 
study contexts.

Although the technical infrastructure remained equivalent, the operational commu-
nication of culture results differed. During ordinary care, infectious diseases physicians 
and infection-control nurses obtained daily culture growth information from the laboratory 
before rounds, sometimes before formal report approval. During COVID-19 and earthquake 
care, increased workload interrupted or delayed this communication, and recognition of an 
approved result could occur later. Patient-level communication and acknowledgment times 
were not recorded. This institutional workflow description therefore cannot establish the rea-
son for an individual treatment decision or explain the between-cohort differences causally.

The recorded day of fungal blood culture positivity was used for initiation classification. 
It should not be interpreted as the precise time of clinician notification, formal report 
approval, or final species identification.

The included antifungal courses were directed at suspected or confirmed Candida 
infection. No included course was identified as treatment for a clinical Aspergillus syndrome. 
However, the absence of galactomannan testing means that this finding should not be 
interpreted as systematic laboratory exclusion of aspergillosis. Non-blood culture findings 
were not used to establish fungemia or determine culture-guided initiation. The study did 
not assess the full spectrum of invasive fungal diseases, including mucormycosis; these 
inclusion criteria do not imply absence of mold infections among other ICU patients or 
earthquake victims.

4.5. Clinical Variables, Infectious Diseases Consultation, and Endpoints
Diabetes mellitus and chronic kidney disease were recorded as pre-existing comorbidi-

ties. Dialysis requirement was defined as a new requirement for intermittent hemodialysis 
or continuous renal replacement therapy present at systemic antifungal initiation, distinct 
from pre-existing chronic renal replacement therapy. Septic shock was assessed at systemic 
antifungal initiation and recorded as present or absent according to the Sepsis-3 criteria. Ma-
lignancy was categorized as hematologic malignancy, solid malignancy, or no malignancy 
based on the documented medical history, including both current and previous diagnoses. 
Clinical laboratory values in Table 1 were obtained from the closest reliable measurement 
before systemic antifungal initiation.

Systemic corticosteroid exposure was defined as documented systemic corticosteroid 
use before antifungal initiation. Topical and inhaled corticosteroids were not included. 
Steroid indication, dose, and duration were unavailable.

APACHE II and SOFA scores were determined using clinical and laboratory data 
from the first 24 h of ICU admission. They therefore characterized admission severity 
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rather than severity at antifungal initiation. Corresponding scores at antifungal initiation 
were unavailable.

The Candida score was calculated retrospectively using information available up to 
antifungal initiation. Total parenteral nutrition, surgery, and multifocal Candida coloniza-
tion each contributed one point, and severe sepsis contributed two points [23]. Multifocal 
colonization was assessed using urine and respiratory culture records available before 
treatment. Findings obtained after antifungal initiation were not incorporated retrospec-
tively. The score was used to characterize patient risk rather than as a prospectively applied 
treatment rule. Its clinical overlap with septic shock was considered when interpreting the 
mortality model.

Infectious diseases consultation was defined as a documented specialist evaluation 
before or at antifungal initiation. Later consultations were not counted for this variable. 
Documented consultation was distinct from drug authorization: telephone discussion with 
an infectious diseases specialist could permit initiation without a separately recorded con-
sultation. During the earthquake response, the institutional authorization workflow no 
longer routed antifungal drug reports for infectious diseases specialist approval, allowing 
initiation by subspecialists through the report process. Consequently, absence of a docu-
mented consultation did not establish absence of specialist input, and consultation rates 
were not interpreted as direct measures of treatment quality.

Central venous catheter presence was recorded at antifungal initiation. Catheter 
removal after fungal growth or antifungal initiation and total catheter duration were also 
recorded. However, the exact removal day relative to antifungal initiation was unavailable. 
Total catheter duration did not represent the duration already accrued at treatment initiation. 
These post-initiation variables were not entered as baseline covariates in the mortality model, 
and catheter removal was not treated as a comprehensive measure of source control.

The ICU-to-antifungal interval was calculated from admission to the ICU at our center 
to the first day of systemic antifungal therapy, with same-day initiation recorded as zero days. 
Total antifungal treatment duration included treatment across agent changes. Switching 
was recorded as present or absent; its direction and reason were unavailable, preventing 
classification as escalation or de-escalation. Antifungal dose information and mechanical 
ventilation data were unavailable in the analysis dataset.

4.6. Study Outcomes
The primary outcome was the distribution of systemic antifungal initiation classifications—

empirical, culture-guided, and same-day indeterminate—across the ordinary pre-pandemic, 
COVID-19, and earthquake-affected ICU cohorts.

Secondary descriptive outcomes included the interval from ICU admission to antifun-
gal initiation, initial antifungal agent and class, documented infectious diseases consultation 
before or at initiation, total antifungal treatment duration, agent switching, and central 
venous catheter presence at initiation. Blood culture positivity and Candida species distribu-
tion were described overall and by cohort. These microbiological proportions referred to 
the selected antifungal-treated population, not to all ICU admissions.

Thirty-day all-cause mortality was defined as death from any cause within 30 days 
after the first systemic antifungal initiation. Vital status at day 30 after initiation was verified 
for all included patients. Mortality was evaluated as a secondary exploratory outcome.

The primary adjusted mortality analysis excluded same-day indeterminate cases and 
included 503 patients. Additional sensitivity analyses classified all same-day cases as em-
pirical and, separately, as culture-guided. A further sensitivity analysis omitted admission 
APACHE II from the model.
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The mortality analyses assessed associations between recorded initiation classification 
and subsequent mortality. They were not designed to establish comparative treatment effec-
tiveness, equivalence, or causal effects. The classification groups were subject to different 
selection processes before treatment initiation, which conventional adjustment and the 
specified sensitivity analyses could not eliminate.

4.7. Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics version 25.0 (IBM Corp., 

Armonk, NY, USA). Categorical variables were summarized as counts and percentages, 
and continuous variables as medians and interquartile ranges (25th–75th percentiles). 
Categorical comparisons used Pearson’s chi-square test or an exact test when cell counts 
were sparse. Continuous variables were compared across the three cohorts using the 
Kruskal–Wallis test. Where pairwise comparisons were undertaken, Bonferroni correction 
was applied.

The primary descriptive analysis compared the three-category initiation classification 
across cohorts. Cramer’s V quantified the association between healthcare context and initia-
tion classification. Classification sensitivity analyses excluded same-day cases or assigned 
all such cases to either the empirical or culture-guided category. Total antifungal treat-
ment duration was compared using the Kruskal–Wallis test, without duration-specific pair-
wise comparisons. Antifungal switching was compared using the Fisher–Freeman–Halton 
exact test.

Thirty-day mortality was analyzed as a secondary exploratory outcome. The primary 
binary logistic regression model included 503 patients after exclusion of 63 same-day 
indeterminate cases. Death was coded as 1 and survival as 0. The model included empirical 
versus culture-guided initiation, healthcare context, age, admission APACHE II, Candida 
score, septic shock, new dialysis requirement at antifungal initiation, malignancy category, 
and systemic corticosteroid exposure before antifungal initiation. Covariates were selected 
on clinical grounds rather than solely by univariable significance. Reference categories were 
culture-guided initiation, the ordinary pre-pandemic cohort, and no malignancy. SOFA 
was not entered simultaneously with APACHE II. Results were reported as adjusted odds 
ratios with 95% confidence intervals.

Mortality sensitivity analyses repeated the adjusted model with same-day cases as-
signed to each binary initiation category. Another model excluded admission APACHE 
II while retaining the remaining covariates. These analyses assessed classification and 
model-specification uncertainty; they did not resolve selection before treatment initiation 
or substitute for severity measurements at antifungal initiation.

Multicollinearity was assessed using variance inflation factors and tolerance for the 
model predictor set. Cohort-specific outcome cells were also examined to identify sparse 
subgroups. The Hosmer–Lemeshow test assessed model fit, and apparent discrimination 
was summarized using the receiver operating characteristic area under the curve with its 
95% confidence interval. Model performance was not interpreted as evidence of causal 
validity or external predictive validity.

Steroid-by-cohort interaction estimates were not retained in the revised analysis because 
sparse outcome counts in the exposed subgroups and wide confidence intervals limited 
their interpretation.

A complete-case approach was used without imputation. All tests were two-sided, 
with p < 0.05 considered statistically significant, subject to adjustment for multiple pairwise 
comparisons where applicable. Nonsignificant mortality associations were not interpreted 
as evidence of equivalence between initiation categories.
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4.8. Use of Generative AI
During manuscript revision, ChatGPT (GPT-6, OpenAI) was used to assist with lan-

guage editing, organization of the text, preparation of SPSS syntax, and interpretation and 
presentation of statistical outputs. The authors performed the statistical analyses in IBM 
SPSS Statistics and reviewed the AI-assisted syntax, interpretations, and manuscript text 
against the study data and statistical outputs. The tool was not used to generate or impute 
patient data. The authors take full responsibility for the accuracy, integrity, and final content 
of the manuscript.

5. Conclusions
Among ICU patients receiving systemic antifungal therapy for suspected or confirmed 

Candida bloodstream infection, recorded initiation timing, initial drug class, documented 
infectious diseases consultation, and total treatment duration differed across ordinary pre-
pandemic, COVID-19, and earthquake-affected cohorts. The between-cohort pattern of 
initiation classification persisted under alternative assignments of same-day cases. Ex-
ploratory mortality analyses did not identify a statistically significant adjusted association 
with initiation classification under the evaluated model specifications, but these findings 
do not establish equivalence or comparative treatment effectiveness. The observed patterns 
cannot be attributed causally to pandemic or earthquake exposure or used to determine 
individual treatment appropriateness. Prospective studies capturing clinical indications, 
severity at treatment initiation, precise microbiological and treatment timing, specialist 
input, drug availability, and subsequent treatment decisions are needed.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/antibiotics15111083/s1. Table S1, sensitivity analyses for the classification 
of same-day indeterminate antifungal initiation. Table S2, sensitivity analyses of the association 
between initiation classification and 30-day mortality. Table S3, cohort-specific screening and exclusion 
counts. Table S4, Candida species distribution among blood culture-positive patients by cohort. 
Table S5, 30-day mortality by cohort and initiation classification in the primary analytical sample.
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