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2013 and 2025 were included and followed for one year after diagnosis or until death.
Demographic, clinical, laboratory, and treatment data were collected. Survival was ana-
lyzed using Kaplan-Meier methods and compared with the log-rank test. Cox proportional
hazards regression was used to identify factors independently associated with mortality.
Subgroup analyses were performed according to HIV status. Results: A total of 92 patients
with an average age of 46 £ 16 years were included; 56.5% were PLWH, and 87% were
immunocompromised. Central nervous system involvement was the most common presen-
tation (64.1%). Overall one-year mortality was 46.7%. In the multivariable Cox regression
analysis, altered consciousness (HR 3.110, 95% CI 1.624-5.956, p < 0.001) and disseminated
infection (HR 2.155, 95% CI 1.156-4.016, p = 0.016) were independently associated with
increased mortality, whereas higher serum albumin levels were independently associated
with improved survival (HR 0.532, 95% CI 0.328-0.861, p = 0.010). Age remained inde-
pendently associated with mortality (HR 1.025 per year, 95% CI 1.006-1.045, p = 0.010).
Kaplan—-Meier analysis showed significantly lower one-year survival among patients with
altered consciousness and disseminated infection. Although CNS involvement was more
frequent among PLWH (78.8% vs. 45%, p < 0.001), mortality rates were comparable between
PLWH and non-HIV patients. Conclusions: Cryptococcal infections are associated with
high mortality regardless of HIV status. Altered consciousness and disseminated infection
were independently associated with one-year mortality, whereas higher albumin levels
were associated with improved survival. Simple clinical parameters may contribute to
early clinical risk assessment, particularly in resource-limited settings.

Keywords: Cryptococcus neoformans; Papiliotrema laurentii; cryptococcal infections; mortality;
prognostic factors; HIV; PLWH; immunocompromised host; albumin; central nervous system

1. Introduction

The majority of human cryptococcal infections are caused by members of the Crypto-
coccus neoformans/ C. gattii species complex. Rare opportunistic infections caused by other
encapsulated basidiomycetous yeasts, such as Papiliotrema laurentii (formerly Cryptococcus
laurentii), have also been reported, particularly in immunocompromised (IC) individ-
uals [1,2]. Cryptococcal infection is caused by an encapsulated yeast that can lead to
meningoencephalitis, pneumonia, and skin infections in IC individuals, particularly in
people living with HIV (PLWH). It remains one of the leading causes of fungal-related
mortality worldwide, particularly among PLWH [3]. Despite improvements in antifungal
therapy and antiretroviral treatment, cryptococcal meningitis continues to account for
substantial global mortality, especially in resource-limited settings [4]. Globally, there are
approximately 1 million cases and more than 600,000 deaths annually. Although tradition-
ally associated with advanced HIV infection, cryptococcosis increasingly affects non-HIV
populations, including patients with hematological malignancies, solid organ transplan-
tation, autoimmune diseases requiring immunosuppressive therapy, cirrhosis, diabetes
mellitus, and even individuals without identifiable immunodeficiency [5-7]. Several multi-
center cohorts have demonstrated that non-HIV, non-transplant patients may experience
equal or even higher mortality compared to PLWH [5,6]. This condition underscores that
immune competence does not universally confer protection and may mask disease severity
until late.

Reported mortality rates in cryptococcal meningitis or disseminated cryptococcosis
range between 20% and 50%, depending on host immune status, central nervous system
(CNS) involvement, fungal burden, and the adequacy of antifungal therapy [3,8]. Altered
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mental status, hydrocephalus, elevated intracranial pressure, dissemination, and delayed
treatment initiation have consistently been associated with poor outcomes [6,9]. Adequate
induction therapy with liposomal amphotericin B (L-AmB)-based regimens significantly
improves survival [10,11]. International guidelines and the World Health Organization
emphasize L-AmB plus flucytosine as first-line induction therapy and highlight the im-
portance of aggressive intracranial pressure management [10]. The duration of induction
therapy has also been linked to mortality risk [11]. In addition to clinical factors, laboratory
biomarkers such as the neutrophil-to-lymphocyte ratio (NLR), lymphopenia, and inflam-
matory markers have been explored as prognostic indicators in cryptococcosis [7,12]. The
ASM/ECMM/ISHAM global guideline underscores the clinical complexity of cryptococco-
sis and the need for precise risk stratification to guide timely diagnostic and therapeutic
decisions [13].

A number of studies have been conducted that have identified poor prognostic factors
in cryptococcal infections. In Tiirkiye, only one study has been conducted in this context in
recent years, by Hakyemez et al. [14]. However, given that the study incorporates patient
data from multiple countries, the findings do not accurately reflect the demographics of
our geographical region. Despite extensive data from high-income settings, evidence from
middle-income countries remains limited, particularly regarding treatment constraints
such as restricted access to flucytosine and their impact on outcomes. Furthermore, the
epidemiological shift toward non-HIV populations necessitates updated comparative
analyses across different immune status groups. In Tiirkiye, multicenter data evaluating
prognostic factors in cryptococcal infections are scarce. Therefore, this study aimed to
analyze a nationwide multicenter cohort of patients with cryptococcal infections, identify
factors independently associated with mortality, and compare the clinical characteristics
and outcomes between PLWH and non-HIV patients.

2. Materials and Methods
2.1. Study Design and Setting

This retrospective multicenter cohort study was conducted across 16 tertiary hospitals
in Tiirkiye. Patients followed by physicians who were members of the Turkish Clinical
Microbiology and Infectious Diseases Association (KLIMIK) Fungal Study Group (MICG)
were included in the study. Each center contributed data using a standardized electronic
case report form developed by the coordinating investigator. The study protocol was
approved by the institutional review boards of the participating centers. The primary
outcome was one-year all-cause mortality. All patients were followed for a minimum of
365 days after diagnosis. For patients who died within the first year, follow-up ended on
the date of death.

2.2. Participants

Adult patients (age > 18 years) diagnosed with cryptococcal infection between Jan-
uary 2013 and June 2025 were included in the study. Diagnosis required clinical findings
consistent with cryptococcal infection and at least one of the following: 1. Positive culture
for Cryptococcus spp. from sterile sites. 2. Positive cryptococcal antigen (CrAg) detection in
serum or cerebrospinal fluid (CSF). 3. Histopathological evidence consistent with cryptococ-
cal infection. Patients were excluded if clinical data were incomplete or if microbiological
confirmation was lacking.

2.3. Data Collection

Data were retrospectively extracted from electronic medical records or patients’ files
using a standardized data collection form. The following variables were recorded: demo-
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graphics (age and sex), comorbidities and immunosuppression status, duration of immuno-
suppression, clinical presentation (fever, headache, seizure, altered consciousness, etc.),
Glasgow Coma Scale (GCS) score, infection involvement type (CNS, pulmonary, skin, and
disseminated), laboratory parameters (complete blood count, neutrophil-to-lymphocyte
ratio (NLR), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and albumin),
fungal culture results, serum/CSF cryptococcal antigen results, radiological findings, inten-
sive care unit (ICU) admission, and outcomes (mortality, relapse, and sequelae). Antifungal
therapy details and adjunctive interventions (lumbar punctures to manage intracranial
pressure) were also documented.

2.4. Definitions

CNS involvement was defined as the presence of clinical features consistent with
meningitis or meningoencephalitis, along with either abnormal CSF findings or neuroimag-
ing compatible with cryptococcal infection. Altered consciousness was defined using the
Glasgow Coma Scale (GCS) recorded at presentation. A GCS score < 15 was considered in-
dicative of altered consciousness in the primary analysis, as this threshold was intended to
capture any degree of impaired consciousness. To evaluate the consistency of the findings,
a sensitivity analysis was also performed using a GCS score < 13, a commonly accepted
threshold for moderate impairment of consciousness. Pulmonary involvement was defined
as radiological findings suggestive of pulmonary infection combined with microbiologi-
cal confirmation from respiratory samples. Cutaneous involvement was defined as skin
lesions with microbiological or histopathological confirmation of Cryptococcus spp. Dis-
seminated infection was defined as involvement of two or more non-contiguous organ
systems and/or positive blood cultures [1]. Inmunosuppression included HIV infection,
malignancy, solid organ transplantation, immunosuppressive therapy, or other conditions
associated with impaired immunity. Relapse was defined as the recurrence of clinical
disease with microbiological confirmation after initial improvement. Sequelae were defined
as persistent neurological deficits at the last follow-up visit. Inmune reconstitution inflam-
matory syndrome (IRIS) was defined as paradoxical clinical worsening after the initiation of
antiretroviral therapy in PLWH [15]. Induction therapy was defined as the initial antifungal
treatment phase, typically including L-AmB-based regimens with flucytosine. L-AmB was
combined with fluconazole in the absence of flucytosine.

2.5. Laboratory Work

Clinical specimens were processed in the local microbiology laboratories according
to the routine diagnostic procedures of each participating center. Where available, iso-
lates were identified by matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS). In participating laboratories without MALDI-TOF MS,
conventional phenotypic methods, including standard biochemical tests and canavanine-
glycine-bromothymol blue (CGB) agar, were used for species identification and differentia-
tion of the Cryptococcus neoformans/C. gattii species complex. Papiliotrema laurentii (formerly
Cryptococcus laurentii) isolates were identified by MALDI-TOF MS. No isolates belonging
to C. gattii were identified during the study period. Cryptococcal antigen (CrAg) testing
in serum and/or cerebrospinal fluid was performed using either latex agglutination or a
lateral flow assay, according to institutional availability.

2.6. Statistical Analysis

Statistical analyses were performed using the Statistical Package for the Social Sciences
(SPSS) v.28.0 (IBM Corp., Armonk, NY, USA). Categorical variables were presented as fre-
quencies and percentages, while continuous variables were expressed as mean =+ standard
deviation (SD). Comparisons between groups were performed using the Mann-Whitney
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U test or Student’s t-test for continuous variables and Fisher’s exact test or chi-square
test for categorical variables, as appropriate. Overall survival was defined as the time
from the date of cryptococcal infection diagnosis to death from any cause or the end of
the one-year follow-up period. Patients who survived beyond one year were censored
at 365 days. Survival probabilities were estimated using the Kaplan-Meier method and
compared using the log-rank test. To identify factors associated with one-year mortality,
univariable Cox proportional hazards regression analyses were initially performed for each
potential predictor. Variables with a p value < 0.10 in the univariable analyses, together with
clinically relevant variables, were considered for inclusion in the multivariable Cox pro-
portional hazards model. The final multivariable model was fitted using the enter method.
Analyses were performed using complete-case data; no imputation was performed. The
proportional hazards assumption was assessed graphically using log-minus-log survival
plots, and no major violations were observed. Given the limited number of events, the
number of variables included in the multivariable model was restricted to reduce the risk
of overfitting. Hazard ratios (HRs) with 95% confidence intervals (CIs) were calculated. A
two-sided p value < 0.05 was considered statistically significant.

3. Results
3.1. Patient Characteristics

A total of 92 patients with cryptococcal infection were included in the study. The
mean age was 46 & 16 years, and 72% were male. The majority of patients (87%) were IC,
with 56.5% being PLWH. The mean duration of immunosuppression prior to diagnosis
was 26 £ 37 months. The mean duration of symptoms until diagnosis was 50 & 80 days.
The most common presenting symptoms were fever (66.3%), headache (58.7%), altered
consciousness (43.5%), nausea/vomiting (42.4%), and cough (41.3%). CNS involvement
was the most frequent clinical manifestation (64.1%), followed by pulmonary involvement
(28.3%) and disseminated infection (27.2%). Cutaneous involvement was observed in 12%
of patients. Cryptococcus neoformans was the predominant species (66.3%), while P. laurentii
accounted for 8.7% of cases. Overall mortality was 46.7%. Among survivors, relapse
occurred in 7.6%, and neurological sequelae occurred in 13%. Of the 12 individuals without
IC, 3 had chronic liver disease (2 of whom died), 3 had diabetes mellitus (1 of whom died),
1 had chronic lung disease, and 5 had no known disease.

3.2. Comparison Between Survivors and Non-Survivors

Comparisons between survivors (n = 49) and non-survivors (n = 43) are summarized
in Tables 1 and 2. Non-survivors were older (51 £ 18 vs. 42 £ 13 years, p = 0.007) and had
a longer duration of immunosuppression (34 + 42 vs. 18 & 30 months, p = 0.001). The use
of immunosuppressive agents was more frequent among non-survivors (41.8% vs. 22.4%,
p = 0.046), although the overall prevalence of immunosuppression and HIV infection did
not differ significantly between groups. Clinically, non-survivors more frequently presented
with fever (79% vs. 55.1%, p = 0.015), altered consciousness (65.1% vs. 24.4%, p < 0.001),
and seizures (27.9% vs. 8.1%, p = 0.013). They also had lower GCS scores at presentation
(11.4 £ 3.4 vs. 14 £ 1.6, p < 0.001). Disseminated infection was more common among non-
survivors (39.5% vs. 16.3%, p = 0.013), whereas cutaneous involvement was less frequent
(4.6% vs. 18.3%, p = 0.043). Laboratory findings showed that non-survivors had higher
inflammatory markers, including NLR (24.1 4= 34 vs. 7.8 £ 6.8, p = 0.004), CRP (67 = 63 vs.
25+ 41 mg/L, p <0.001), and ESR (63 £ 29 vs. 46 £+ 27 mm/h, p = 0.004). They also had
lower lymphocyte counts, hemoglobin, platelet counts, and albumin levels (p < 0.05). With
respect to treatment, the duration of L-AmB therapy was shorter among non-survivors
(13 & 8 vs. 26 £ 14 days, p < 0.001). Fluconazole use and duration were also lower in
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non-survivors (p = 0.002 and p < 0.001, respectively). Intensive care unit (ICU) admission

was significantly more frequent among non-survivors (74.4% vs. 26.5%, p < 0.001).

Table 1. Baseline demographic and clinical characteristics of patients with cryptococcal infection

according to survival status.

All Patients (n = 92)

Non-Survivors (n = 43)

Survivors (n =49) p Value

Age 46 + 16 51+ 18 42 +13 0.007
Female gender 25 (27.1%) 17 (39.5%) 8 (16.3%) 0.013
History of bird feeding 11 (12%) 2 (4.6%) 9 (18.3%) 0.047
Diagnosis in 2020 and beyond 65 (70.7%) 28 (65.1%) 37 (75.5%) 0.275
CCI score 52 +3.5 53+3.3 51437 0.627
Immunosuppression 80 (87%) 40 (93%) 40 (81.6%) 0.106
HIV infection 52 (56.5%) 22 (51.1%) 30 (61.2%) 0.331
Non-HIV immunosuppression 28 (30.4%) 18 (41.8%) 10 (20.4%) 0.224
- Hematological malignancy 10 (10.9%) 8 (18.6%) 2 (4%)
- Solid organ malignancy 10 (10.9%) 6 (13.9%) 4 (8.1%)
- Transplantation 4 (4.3%) 2 (4.6%) 2 (4%)
- Rheumatological disease 6 (6.5%) 2 (4.6%) 4 (8.1%)
a‘gﬂf)“ of immunosuppression ¢ 47 34+ 42 18 + 30 0.001
Immunosuppressive drug usage 29 (31.5%) 18 (41.8%) 11 (22.4%) 0.046
Steroid usage 15 (16.3%) 9 (20.9%) 6 (12.2%) 0.261
Other drug usage 23 (25%) 14 (32.5%) 9 (18.3%) 0.117
Intravenous drug usage 14 (15.2%) 6 (13.9%) 8 (16.3%) 0.951
Other opportunistic infection 34 (37%) 16 (37.2%) 18 (36.7%) 0.962
Symptoms
Fever > 37.7 °C 61 (66.3%) 34 (79%) 27 (55.1%) 0.015
Headache 54 (58.7%) 26 (60.4%) 28 (57.1%) 0.747
Neck stiffness 25 (27.2%) 15 (34.8%) 10 (20.4%) 0.119
Nausea/vomiting 39 (42.4%) 17 (39.5%) 22 (44.8%) 0.604
Altered consciousness 40 (43.5%) 28 (65.1%) 12 (24.4%) <0.001
Cranial nerve involvement 17 (18.5%) 9 (20.9%) 8 (16.3%) 0.570
Focal neurological sign 22 (23.9%) 12 (27.9%) 10 (20.4%) 0.400
Seizure 16 (17.4%) 12 (27.9%) 4 (8.1%) 0.013
Increased intracranial pressure 25 (27.2%) 12 (27.9%) 13 (26.5%) 0.882
Cough 38 (41.3%) 19 (44.1%) 19 (38.7%) 0.599
Dyspnea 32 (34.8%) 16 (37.2%) 16 (32.6%) 0.647
Tachypnea 28 (30.4%) 15 (34.8%) 13 (26.5%) 0.385
Skin lesion 16 (17.4%) 6 (13.9%) 10 (20.4%) 0.415
Duration of symptoms (day) 50 £ 80 40 £72 58 £ 86 0.145
GCS score 12.8 £ 2.9 1144+ 34 14+16 <0.001
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All Patients (n =92) Non-Survivors (n =43) Survivors (n=49) p Value
Infection involvement type
CNS involvement 59 (64.1%) 27 (62.7%) 32 (65.3%) 0.802
Lung involvement 26 (28.3%) 14 (32.5%) 12 (24.4%) 0.391
Dissemination 25 (27.2%) 17 (39.5%) 8 (16.3%) 0.013
Skin involvement 11 (12%) 2 (4.6%) 9 (18.3%) 0.043

CCI: Charlson comorbidity index, GCS: Glasgow Coma Scale, CNS: Central nervous system. For categorical

variables, 11 (%); for continuous variables, mean + SD values were given.

Table 2. Baseline laboratory and treatment characteristics of patients with cryptococcal infection

according to survival status.

All Patients (n =92) Non-Survivors (n =43)  Survivors (1 = 49) p Value
Culture positivity 69 (75%) 36 (83.7%) 33 (67.3%) 0.047
Cryptococcus neoformans 61 (66.3%) 34 (79%) 27 (55.1%)
Papiliotrema laurentii 8 (8.7%) 2 (4.6%) 6 (12.2%)
Laboratory results
Leukocyte (cell/puL) 7983 £ 6539 7869 + 4896 8083 + 7751 0.460
Neutrophil (cell/uL) 6776 £ 6628 7083 + 6029 6506 £ 7164 0.210
Lymphocyte (cell/puL) 928 £ 913 737 £ 734 1095 + 1023 0.015
NLR 15.5 + 25 241+ 34 78 +68 0.004
Hemoglobin (g/dL) 11+24 10.1 £ 2.1 11.8+24 <0.001
Platelet (cell/pL) 210,722 + 110,500 179,294 £+ 117,911 238,302 £+ 96,551 0.010
CRP (mg/L) 45 £+ 56 67 £ 63 25+ 41 <0.001
ESR (mm/h) 55 +29 63 £ 29 46 £+ 27 0.004
AST (U/L) 36 + 35 35+ 25 37 £ 42 0.493
ALT (U/L) 34 +41 30 £ 29 37 £49 0.436
Creatinine (mg/dL) 09+0.7 1.1+£08 09+0.6 0.182
Albumin (g/dL) 31+07 2.8 £ 0.6 33+07 <0.001
CD4+ T lymphocyte (cell /uL) 75+ 99 58 £ 66 88 + 117 0.541
CD8+ T lymphocyte (cell /uL) 488 =+ 358 475 £ 400 497 £+ 330 0.831
CD4/CD8 ratio 0.15 £ 0.18 0.13 £0.12 0.17 £ 0.21 0.656
HIV RNA (copy/mL) 2,044,330 £ 5,698,040 3,578,323 + 8,483,807 919,404 + 1,372,680 0.176
Pathological cranial MRI 41/59 (69.5%) 20/27 (74%) 21/32 (65%) 0.124
Hydrocephalus 16/59 (27.1%) 10/27 (37%) 6/32 (18.7%) 0.164
Cerebral infarction 20/59 (33.8%) 10/27 (37%) 10/32 (31.2%) 0.741
Cerebral edema 9/59 (15.2%) 5/27 (18.5%) 4/32 (12.5%) 0.417
Cryptococcoma 16/59 (27.1%) 6/27 (22.2%) 10/32 (31.2%) 0.415
Treatment characteristics
L-AmB usage 74 (80.4%) 36 (83.7%) 38 (77.5%) 0.457
L-AmB, duration of therapy (day) 20+ 14 13+8 26 =14 <0.001
FLU usage 84 (91.3%) 35 (81.3%) 49 (100%) 0.002
FLU, duration of therapy (day) 170 £+ 285 67 + 141 244 + 336 <0.001
Flucytosine 5 (5.4%) 2 (4.6%) 3 (6.1%) 0.562
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Table 2. Cont.
All Patients (1 =92) Non-Survivors (n =43)  Survivors (1 = 49) p Value
Flucytosine, duration of therapy (day) 2147 22+11 207 0.819
L-AmB + FLU usage 72 (78.3%) 34 (79%) 38 (77.5%) 0.860
Surgery 10 (10.9%) 5 (11.6%) 5 (10.2%) 0.544
Therapeutic lumbar puncture 23/59 (38.9%) 10/27 (37%) 13/32 (40%) 0.717
Total duration of therapy (day) 164 + 284 60 + 135 256 + 344 <0.001
Duration of ward hospitalization (day) 37 £ 66 32 +£90 42 £33 <0.001
ICU admission 45 (48.9%) 32 (74.4%) 13 (26.5%) <0.001
Duration of ICU stay (day) 17 +£19 16 £ 19 18+ 19 0.940
Unintended consequences
IRIS 4 (4.3%) 3 (6.9%) 1 (2%) 0.261
Relapse 7 (7.6%) 0 7 (14.2%) 0.010
Sequelae 12 (13%) 0 12 (24.4%) <0.001
NLR: Neutrophil /lymphocyte ratio, CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, AST: Aspar-
tate aminotransferase, ALT: Alanine aminotransferase, MRI: Magnetic resonance imaging, L-AmB: Liposomal
amphotericin B, FLU: Fluconazole, IRIS: Immune reconstitution inflammatory syndrome, ICU: Intensive care unit.
For categorical variables, n (%); for continuous variables, mean =+ SD values were given.
3.3. Papiliotrema laurentii Characteristics
Eight patients (8.7%) had infections due to P. laurentii, of whom six were IC patients.
The majority of these cases presented with pulmonary involvement (62.5%). Two patients
died during follow-up. Given the small sample size, no formal statistical comparisons
were performed for this subgroup. The baseline characteristics of patients with P. laurentii
infections are presented in Table 3.
Table 3. Baseline characteristics of Papiliotrema laurentii infections.
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
Age 40 32 66 77 31 43 50 65
Gender F F M M M M M F
Charlson comorbidity index 12 3 9 4 0 11
Immunosuppression + + + + + - + -
HIV infection - - - - - — — -
&;iiiho)n of immunosuppression 4 3 1 1 2 3 _
Pansgmiaccson matod oL AL MALPE AL AL AL ALDE Lo
Infection involvement type il;gzciion I;llgégtion I;EZCgtion il;ll?(:cgtion il;ggftion 1Sr11<fl§ction isrlfflt?ction ilrﬁgcljiirgn
ICU admission — - — + - + — -
Mortality - - - + + - - -
Relapse — — — — — — — —
Sequelae - - — — - - — -

F: Female, M: Male, ICU: Intensive care unit.

3.4. Multivariate Cox Regression Analysis for Mortality

In univariate Cox regression analysis, age, disseminated infection, altered conscious-

ness, and albumin levels were significantly associated with one-year mortality. In mul-
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tivariable analysis, altered consciousness (HR 3.110, 95% CI 1.624-5.956, p < 0.001) and
disseminated infection (HR 2.155, 95% CI 1.156-4.016, p = 0.016) were independently associ-
ated with increased mortality, while higher albumin levels were independently associated
with improved survival (HR 0.532, 95% CI 0.328-0.861, p = 0.010). Age remained a modest
but significant predictor of mortality (HR 1.025, 95% CI 1.006-1.045, p = 0.010) (Table 4).
Kaplan-Meier curves for one-year overall survival stratified by altered consciousness and

dissemination at presentation are shown in Figure 1. Patients presenting with altered con-

sciousness had significantly worse one-year survival compared to those without (log-rank

p < 0.001), with a median survival of 21 days. Likewise, dissemination at baseline was

associated with significantly reduced one-year survival (log-rank test p = 0.008), with a

median survival of 36 days.

Table 4. Univariate and multivariable Cox proportional hazards regression analyses for one-year mortality.

Variable Crude HR (95% CI)  p Value Adjusted HR (95% CI)  p Value
Age (per year) 1.031 (1.011-1.051) 0.002 1.025 (1.006-1.045) 0.010
Disseminated infection 2.228 (1.206-4.114) 0.010 2.155 (1.156-4.016) 0.016
Altered consciousness * 3.546 (1.881-6.685) <0.001 3.110 (1.624-5.956) <0.001
Albumin (per g/dL) 0.487 (0.317-0.747) 0.001 0.532 (0.328-0.861) 0.010

HR: Hazard ratio; CI: Confidence interval. HR < 1 indicates an inverse association with mortality. * Sensitivity
analysis using a GCS threshold of <13 showed similar results (crude HR 3.343, 95% CI 1.811-6.172, p < 0.001;

adjusted HR 2.813, 95% CI 1.501-5.273, p = 0.001).

(A) Altered consciousness at baseline
1.0 4

0.8

0.6
+

0.4 *

0.2

Log-rank test: x3(1) = 17.545, p < 0.001
0.0

Overall 1-Year Survival Probability

T T T T T
0 100 200 300 365

Days After Diagnosis

e (B) Dissemination at baseline

0.8

0.6

4
0.4

0.2
Log-rank test: ¥?(1) = 6.99, p = 0.008

0.0

Overall 1-Year Survival Probability

T
200
Days After Diagnosis

T
0 100 300 365

Altered consciousness

at baseline

—— 0 = No altered consciousness

—— 1 = Altered consciousness

0-censored
1-censored

Dissemination at baseline
—— 0 = No dissemination
—— 1 = Dissemination

+ 0-censored

1-censored

Figure 1. Kaplan—-Meier curves for one-year overall survival stratified by altered consciousness

(A) and dissemination (B) at presentation in patients with cryptococcal infection. Patients presenting

with altered consciousness and those with disseminated infection had significantly lower one-year

survival than patients without these features (log-rank test p < 0.001 and p = 0.008, respectively).
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3.5. Sensitivity Analyses

To evaluate the consistency of the primary findings, three sensitivity analyses were
performed. First, patients with P. laurentii infection were excluded from the multivariable
Cox regression analysis. The factors associated with one-year mortality remained consistent,
with advanced age, disseminated infection, altered consciousness, and lower serum albu-
min continuing to be independently associated with mortality (Supplementary Table S1).
Second, HIV status was forced into the multivariable Cox regression model because it
was central to the study objective. HIV infection was not independently associated with
one-year mortality (adjusted HR 0.865, 95% CI 0.436-1.716; p = 0.678), and its inclusion
did not materially alter the effect estimates of the other variables (Supplementary Table S1).
Third, a sensitivity analysis was performed using a GCS threshold of <13 instead of <15
to define altered consciousness. This analysis yielded similar results, with altered con-
sciousness remaining significantly associated with one-year mortality in both univariable
(HR 3.34, 95% C1 1.81-6.17; p < 0.001) and multivariable analyses (adjusted HR 2.81, 95%
CI1.50-5.27; p = 0.001), confirming the robustness of the findings. Overall, all sensitivity
analyses yielded results consistent with the primary analysis, supporting the robustness of
the study findings.

3.6. PLWH vs. Non-HIV Patients Analysis

Non-HIV patients were significantly older than PLWH (56 + 17 vs. 41 £ 11 years,
p = 0.002) and more frequently female (45% vs. 13.5%, p < 0.001). Headache and increased
intracranial pressure were more frequently observed in PLWH (73.1% vs. 40%, p < 0.001
and 36.5% vs. 15%, p = 0.021, respectively), and CNS involvement was significantly higher
in this group (78.8% vs. 45%, p < 0.001). Laboratory findings differed between groups, with
non-HIV patients demonstrating higher leukocyte and neutrophil counts (both p < 0.001),
whereas inflammatory markers such as ESR were higher in PLWH (p = 0.015). Serum and
CSF cryptococcal antigen positivity rates were also higher in PLWH (p = 0.021 and p = 0.016,
respectively). Regarding management, L-AmB was used more frequently in PLWH (88.5%
vs. 70%, p = 0.027), and the hospital length of stay was longer in this group (47 £ 83 vs.
25 + 29 days, p = 0.017). Non-HIV patients had longer ICU stays (23 &= 24 vs. 11 &£ 11 days,
p = 0.037), although ICU admission rates were comparable. Mortality was numerically
higher in non-HIV patients (52.5% vs. 42.3%). However, this difference did not reach
statistical significance (Supplementary Tables S2 and S3).

4. Discussion

To our knowledge, this represents one of the largest multicenter cohorts of patients
with cryptococcal infections from Tiirkiye, encompassing both PLWH and non-HIV popula-
tions. Given regional differences in access to antifungal agents, healthcare organization, and
epidemiological patterns, these findings provide real-world evidence from a middle-income
setting. This multicenter study found that disseminated infection, altered consciousness,
and advanced age were independently associated with one-year mortality in patients with
cryptococcal infections. In addition, higher serum albumin levels were independently
associated with improved survival.

The overall mortality rate of 46.7% observed in our cohort is consistent with previously
reported global mortality rates, particularly in studies involving a high proportion of CNS
involvement and advanced disease [3,16]. However, these data are largely derived from
studies indicating high mortality rates in advanced stages of the disease in sub-Saharan
Africa. Compared with multicenter cohorts from high-income settings, the mortality
observed in our study appears higher, which may be explained by delayed diagnosis,
prolonged symptom duration, and limited access to flucytosine [8,17]. Indeed, in a study
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in which the entire cohort consisted of IC hosts and the mean age was higher, the mortality
rate was less than half that observed in the present study [18]. In another study, a shorter
time to diagnosis was associated with an overall mortality rate of approximately 10% [19].

In various studies, malignancy, headache, advanced age, seizures, altered conscious-
ness, low CD4+ T lymphocyte count, and diagnosis in previous years (2000 and earlier)
were identified as factors predicting mortality in multivariate analyses [14,20-22]. Dis-
semination reflects an advanced stage of disease characterized by hematogenous spread
and a high fungal burden, which has been consistently associated with poor outcomes
in prior studies [23,24]. In our cohort, dissemination was independently associated with
mortality, emphasizing the need for early detection of systemic involvement and aggressive
treatment strategies.

Among the variables included in the multivariable analysis, altered consciousness was
strongly associated with one-year mortality in our cohort, consistent with previous reports.
It reflects advanced CNS involvement and severe disease burden. Kaplan—Meier analysis
further supports this, showing markedly reduced survival among patients presenting
with altered consciousness. We performed a sensitivity analysis using a GCS threshold
of <13, a commonly accepted definition of moderate impairment of consciousness. The
association between altered consciousness and one-year mortality remained statistically
significant, indicating that our findings were robust to the choice of GCS cut-off. Crypto-
coccal meningoencephalitis often leads to increased intracranial pressure, cerebral edema,
and neuronal dysfunction, all of which contribute to impaired consciousness [25,26]. This
finding highlights the importance of early neurological assessment and timely management
of intracranial pressure, including therapeutic lumbar punctures. This life-saving inter-
vention is a vital component of treatment, particularly in cases of cryptococcal meningitis.
Furthermore, some studies have indicated that intrathecal antifungal therapy can also be
utilized as salvage therapy in certain cases, and intrathecal therapy has led to increased
survival [27,28].

Advanced age was independently associated with mortality, likely reflecting the
impact of immunosenescence. Aging-related impairments in innate immune function,
including reduced phagocytosis and dysregulated inflammatory responses, may lead
to inadequate fungal clearance and increased tissue damage. In addition, age-related
disruption of the blood-brain barrier may facilitate central nervous system invasion, while
atypical clinical presentations in older patients may delay diagnosis. Together, these
mechanisms likely contribute to the poorer outcomes observed in elderly patients with
cryptococcosis [29].

A particularly important finding was the association between a shorter duration of
L-AmB therapy and increased mortality. Amphotericin B-based regimens remain the
cornerstone of induction therapy for cryptococcosis [10,30]. However, this association
should not be interpreted as evidence that a shorter treatment duration itself increased the
risk of death. Rather, patients with severe disease were more likely to die before completing
the planned course of L-AmB therapy, resulting in an apparently shorter treatment duration
among non-survivors. Therefore, this finding most likely reflects reverse causality and
is also susceptible to immortal time bias. Consequently, treatment duration should be
interpreted as a marker of early mortality rather than an independent determinant of
poor outcome.

In addition to these factors independently associated with one-year mortality, several
clinical and laboratory parameters were associated with mortality in univariate analyses.
A longer duration of immunosuppression was significantly more common among non-
survivors, consistent with previous studies indicating that cumulative immune dysfunction
increases susceptibility to severe infections [31]. Furthermore, the use of immunosuppres-
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sive therapies, particularly in non-HIV patients, was associated with worse outcomes,
aligning with findings that highlight increased mortality in non-HIV cryptococcosis popu-
lations [23,32].

Notably, HIV infection itself was not associated with mortality in our study, consistent
with previous reports indicating that outcomes in cryptococcosis are increasingly driven by
disease severity and treatment-related factors rather than HIV status alone [23,33]. This
observation was further supported by a sensitivity analysis in which HIV status was forced
into the multivariable Cox model without materially changing the observed associations.
Although HIV-associated cryptococcosis has historically been viewed as the main driver of
mortality, recent studies show comparable—or even worse—outcomes in non-HIV popu-
lations. Subgroup analyses revealed important differences between PLWH and non-HIV
patients. CNS involvement was significantly more frequent in PLWH, in line with the
classical presentation of cryptococcal meningitis in advanced HIV infection. In contrast,
non-HIV patients were older and had more heterogeneous clinical presentations. Despite
these distinctions, mortality rates were similar, reinforcing that cryptococcal infection is
no longer confined to advanced HIV infection and may carry an equally poor prognosis
in non-HIV populations. Among non-HIV patients, adverse outcomes may be influenced
by delayed diagnosis, heterogeneous underlying conditions, and low clinical suspicion.
Indeed, some studies suggest that these patients present later in the disease course, which
may contribute to worse outcomes [6]. Overall, these findings underscore the need for in-
creased awareness of cryptococcal infections across diverse patient populations, regardless
of HIV status.

Serum albumin was independently associated with improved survival in our study,
highlighting its potential as a simple and clinically relevant prognostic marker in cryp-
tococcal infections. Hypoalbuminemia has been linked to increased mortality across a
range of infectious diseases and critical illness, reflecting both systemic inflammation
and poor nutritional status [34]. Although it has been identified as an independent pre-
dictor of mortality in some cryptococcosis cohorts [35,36], this association has not been
consistently observed. From a clinical perspective, serum albumin may reflect multiple
pathophysiological processes, including systemic inflammation, capillary leakage, altered
drug pharmacokinetics, and underlying nutritional status, all of which can contribute to
adverse outcomes in cryptococcosis. Given its wide availability and low cost, serum albu-
min may represent a practical marker for early risk stratification, particularly in settings
where access to advanced diagnostic resources is limited.

Laboratory findings also provided important prognostic insights. Non-survivors had
significantly higher NLR, CRP, and ESR, along with lower lymphocyte counts. Elevated
NLR is a marker of dysregulated systemic inflammatory responses and has been associated
with poor outcomes in bacterial sepsis, invasive fungal infections, and other infectious
diseases. These findings suggest that routinely available laboratory parameters may con-
tribute to early clinical risk assessment. An increased fungal burden may contribute to
exaggerated innate immune activation. Our study also highlights the role of nutritional
status and systemic inflammation in disease prognosis.

The low rate of flucytosine use (5%) reflects limited access in our setting and may
have contributed to the high mortality observed, given the established survival benefit
of combination antifungal therapy [33]. The limited availability of flucytosine in Tiirkiye
results from a combination of factors, including the lack of a commercial license for the
drug on the Turkish market, global production and supply chain disruptions, and low
market demand, given that it is a specialized drug used in rare cases [37]. A key strength
of our study is that it reflects real-world clinical practice in a middle-income country,
where access to flucytosine is limited. However, this limitation should be considered when
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interpreting our treatment outcomes, as it restricted the implementation of internationally
recommended induction combination therapy and may limit the direct comparability of
our findings with cohorts from settings where flucytosine is routinely available.

P. laurentii accounted for 8.7% of isolates in our cohort, a proportion that appears higher
than that reported in most published series. This finding should be interpreted with caution,
as species identification methods and taxonomic classification have evolved considerably
over the study period. Recent reviews have highlighted the increasing recognition of rare
basidiomycetous yeasts, including Papiliotrema species, as opportunistic pathogens in IC
hosts, although their epidemiology remains incompletely defined [38]. Because of their
distinct taxonomy and epidemiology, we performed a sensitivity analysis excluding P.
laurentii cases. The results remained consistent, supporting the robustness of the primary
findings. Because of the limited number of P. laurentii cases, species-specific analyses were
not feasible. Dedicated studies focusing on P. laurentii infections are warranted to better
define their epidemiology, clinical characteristics, and optimal management.

This study has several limitations. Its retrospective multicenter design introduces
inherent limitations, including heterogeneity in clinical management across participating
centers. Variability across centers in diagnostic and treatment approaches may have in-
fluenced outcomes. The relatively small sample size may limit the generalizability of our
findings. In addition, important prognostic variables, including intracranial opening pres-
sure, quantitative measures of fungal burden, and cryptococcal antigen (CrAg) titers, were
not consistently available across centers. Although culture positivity was more frequently
observed among non-survivors and may indirectly reflect a higher fungal burden, culture
positivity is only a surrogate marker and does not directly quantify fungal burden. Further-
more, it may be influenced by factors such as specimen quality, the timing of sampling, and
prior antifungal therapy. Therefore, this observation should be interpreted with caution.
Another limitation of this study is that, because of its retrospective multicenter cohort
design, population-based incidence rates of cryptococcal infections could not be calculated,
as reliable denominator data for the general population and the HIV population served by
the participating centers were not available.

Rather than identifying novel prognostic factors, our study provides multicenter
real-world data on the clinical presentation, management, and outcomes of cryptococcal
infections in a middle-income setting where access to recommended antifungal therapies
remains limited. These findings complement the existing literature and contribute region-
specific evidence from routine clinical practice.

5. Conclusions

In conclusion, altered consciousness, disseminated infection, and advanced age were
independently associated with one-year mortality, whereas higher serum albumin levels
were associated with improved survival in patients with cryptococcal infections. Although
clinical presentations differ between PLWH and non-HIV patients, mortality rates were
comparable, underscoring the need for heightened clinical awareness across diverse patient
populations. This multicenter study provides real-world evidence from a middle-income
setting and may help inform future research and healthcare planning in similar resource-
constrained settings.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/jof12080545/s1. Table S1: Sensitivity analyses of the multivari-
able Cox proportional hazards model for one-year mortality. Table S2: Baseline demographic and
clinical characteristics of patients with cryptococcal infection according to HIV status. Table S3:
Baseline laboratory and treatment characteristics of patients with cryptococcal infection according to
HIV status.
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