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Abstract
Background: Emerging risk factors highlight the need for an updated understanding of 
cryptococcosis in the United States.
Objective: Describe the epidemiological trends and clinical outcomes of cryptococcosis in 
three patient groups: people with HIV (PWH), non-HIV-infected and non-transplant (NHNT) 
patients, and patients with a history of solid organ transplantation.
Methods: We utilized data from the Merative Medicaid Database to identify individuals aged 
18 and above with cryptococcosis based on the International Classification of Diseases, Tenth 
Revision diagnosis codes from January 2017 to December 2019. Patients were stratified into 
PWH, NHNT patients, and transplant recipients according to Infectious Diseases Society of 
America guidelines. Baseline characteristics, types of cryptococcosis, hospitalization details, 
and in-hospital mortality rates were compared across groups.
Results: Among 703 patients, 59.7% were PWH, 35.6% were NHNT, and 4.7% were transplant 
recipients. PWH were more likely to be younger, male, identify as Black, and have fewer 
comorbidities than patients in the NHNT and transplant groups. Notably, 24% of NHNT 
patients lacked comorbidities. Central nervous system, pulmonary, and disseminated 
cryptococcosis were most common overall (60%, 14%, and 11%, respectively). The incidence 
of cryptococcosis fluctuated throughout the study period. PWH accounted for over 50% 
of cases from June 2017 to June 2019, but this proportion decreased to 47% from July to 
December 2019. Among the 52% of patients requiring hospitalization, 61% were PWH and 
35% were NHNT patients. PWH had longer hospital stays. In-hospital mortality at 90 days was 
significantly higher in NHNT patients (22%) compared to PWH (7%) and transplant recipients 
(0%). One-year mortality remained lowest among PWH (8%) compared to NHNT patients (22%) 
and transplant recipients (13%).
Conclusion: In this study, most cases of cryptococcosis were PWH. Interestingly, while the 
incidence remained relatively stable in PWH, it slightly increased in those without HIV by the 
end of the study period. Mortality was highest in NHNT patients.

Correspondence to: 
Daniel B. Chastain 
Department of Clinical and 
Administrative Pharmacy, 
University of Georgia 
College of Pharmacy, 1000 
Jefferson Street, Albany, 
GA 31701, USA 
daniel.chastain@uga.edu

Qian Zhang
Department of Statistics, 
University of Georgia 
Franklin College of Arts 
and Sciences, Athens, 
GA, USA

Xianyan Chen
Department of 
Epidemiology & 
Biostatistics, University of 
Georgia College of Public 
Health, Athens, GA, USA

Henry N. Young
Department of Clinical and 
Administrative Pharmacy, 
University of Georgia 
College of Pharmacy, 
Athens, GA, USA

Carlos Franco-Paredes
Hospital Infantil de México, 
Federico Gómez, México 
City, México

Department of 
Microbiology, Immunology, 
and Pathology, Colorado 
State University, Fort 
Collins, CO, USA

Jose Tuells
Department of Community 
Nursing, Preventive 
Medicine, Public Health 
and History of Science, 
University of Alicante, 
Alicante, Spain

George R. Thompson III
Department of Medicine, 
Division of Infectious 
Diseases, and the 
Department of Medical 
Microbiology and 
Immunology, University of 
California, Davis Medical 
Center, Sacramento, CA, 
USA

Andrés F. Henao-Martínez
Division of Infectious 
Diseases, University 
of Colorado, Anschutz 
Medical Campus, Aurora, 
CO, USA

1244967 TAI0010.1177/20499361241244967Therapeutic Advances in Infectious DiseaseDB Chastain, Q Zhang
research-article20242024

Original Research

Plain language summary 

Epidemiological trends of cryptococcosis in the US

The epidemiology and outcomes of cryptococcosis across the United States have not 
been recently examined. This study analyzed an insured population from 2017 to 2019 
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Introduction
The increasing number of cases following solid 
organ transplantation and in individuals considered 
phenotypically normal without immunosuppres-
sive risk factors is a growing concern.15,16 Reports 
have identified a rising trend in NHNT patients, 
attributed to various factors such as malignancies, 
autoimmune diseases, hepatic cirrhosis, COVID-
19, and the use of immunosuppressive medica-
tions.6 –14 Despite the presence of recognized risk 
factors for cryptococcosis, approximately 30% of 
cases in the United States occur in individuals who 
lack any obvious clinical predisposition.9,16

Moreover, there are often delays in diagnosing 
cryptococcosis,17 indicating a lack of suspicion, 
especially in patients with non-traditional risk fac-
tors. Notably, individuals without HIV tend to 
experience a longer duration from initial presen-
tation to diagnosis (ranging from 26 to 68 days 
versus 22 days), despite exhibiting symptoms for a 
longer period compared to PWH (44 days versus 
19 days).18 These delays in diagnosis contribute 
to poorer outcomes.

These findings underscore the need for improved 
recognition of individuals susceptible to crypto-
coccosis beyond those with HIV, particularly due 
to the increasing prevalence of immunosuppres-
sive diseases and the widespread use of immuno-
suppressive medications. Therefore, this study 
aimed to refine our understanding of the complex 
and evolving landscape of cryptococcosis in the 
United States. The objectives were to describe 
the epidemiology and clinical outcomes of cryp-
tococcosis across the United States, with a spe-
cific focus on the three distinct patient groups 
defined by the current IDSA guidelines: (1) 
PWH, (2) NHNT patients, and (3) patients with 
a history of solid organ transplantation.1

Methods

Study design and population
We used data from the Merative Medicaid 
Database (formerly IBM® MarketScan® Medicaid 
Database) between January 2017 and December 
2019 due to database availability in accordance 
with our institutional use agreement. This data-
base encompasses adjudicated health insurance 
claims for over 44 million Medicaid enrollees 
from 8 to 12 unidentified, geographically diverse 
states. It includes hospital discharge diagnoses, 
outpatient diagnoses and procedures, outpatient 
pharmacy claims, and ethnicity information. 
Medicaid primarily covers publicly insured indi-
viduals, including low-income adults, elderly 
individuals, children, pregnant women, and per-
sons with disabilities.19 Therefore, Medicaid ben-
eficiaries generally exhibit a higher prevalence of 
comorbidities and experience greater socioeco-
nomic disadvantage and overall vulnerability 
compared to commercially insured beneficiar-
ies.20 The database is fully de-identified and con-
tains none of the data identifiers prohibited by the 
Health Insurance Portability and Accountability 
Act (HIPAA) Privacy Rule. Therefore, the 
University of Georgia Institutional Review Board 
determined that review and approval were not 
required (PROJECT00006726).

We included patients aged 18 years and above 
diagnosed with cryptococcosis based on the 
International Classification of Diseases, Tenth 
Revision (ICD-10-CM) diagnosis codes 
(Supplemental Table S1).21 We designated the 
index date as the first instance in which the diag-
nosis code was used during the study period. 
Patients had to have maintained continuous 
health plan enrollment for 6 months preceding 
the index date, with no restrictions applied to 

and revealed a relatively stable incidence of cryptococcosis among people with HIV, 
while concurrently demonstrating a slightly increased incidence among individuals 
without HIV. Notably, mortality rates were highest among non-HIV-infected and non-
transplant patients.
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enrollment after this date. Patients with insurance 
plans who did not contribute data to the database 
were excluded. When a patient had multiple 
encounters coded for cryptococcosis, we consid-
ered the earliest coded encounter as the index 
encounter.

Patients were categorized into one of three groups 
based on the IDSA clinical guidelines for manag-
ing cryptococcal disease,1 HIV, NHNT, and solid 
organ transplant, depending on comorbidities 
recorded prior to or during the index encounter 
(Supplemental Table S2).

We determined the demographic characteristics 
based on the index date and included age, sex, 
race, and type of health insurance plan as recorded 
in the database (Supplemental Table S3). We 
assessed underlying comorbidities using ICD-
10-CM diagnosis codes for each group, including 
HIV, solid organ transplantation, systemic con-
nective tissue disorders, immunodeficiencies, 
type 2 diabetes mellitus (DM), malignancies, 
hepatic fibrosis and cirrhosis, heart failure, nonin-
fective enteritis and colitis, chronic kidney disease 
(CKD), and chronic lower respiratory diseases 
(Supplemental Table S2).

For PWH, receipt of ART was established by the 
presence of at least one pharmacy claim for antiret-
roviral medications identified by the national drug 
code (Supplemental Table S4) within 3 months 
before the index date.22,23 ART was defined as a 
single tablet regimen (STR) or using two or more 
single antiretroviral medications or fixed-dose 
combination products containing two or more sin-
gle antiretroviral medications.

We selected the clinical spectrum of cryptococ-
cosis based on ICD-10-CM diagnosis codes, 
including pulmonary, disseminated, central nerv-
ous system (CNS), cutaneous, osseous, other 
forms, and unspecified cryptococcosis 
(Supplemental Table S1). We plotted diagnoses 
and types of cryptococcosis for each 6-month 
interval over the study period and stratified the 
proportion of cryptococcosis across the different 
groups to capture trends over time.

We collected data on the place of service and pro-
vider type, stratified by outpatient and inpatient 
settings (Supplemental Table S5). Outpatient 
provider type was identified within 30 days of the 

index date, whereas inpatient provider type was 
established during hospitalization. Patients 
receiving inpatient and outpatient services on the 
same day were classified as inpatient. For patients 
whose initial diagnosis was outpatient, we deter-
mined the rate of subsequent cryptococcosis-
related hospitalization.

Among patients with inpatient service records, we 
evaluated clinical symptoms and findings sugges-
tive of cryptococcosis within 90 days before or 
30 days after the index date, including the index 
date, using ICD-10-CM diagnosis codes 
(Supplemental Table S6). We also examined hos-
pitalization characteristics related to cryptococco-
sis, such as the length of stay, patient status at 
discharge, and infectious diseases (ID) consulta-
tion. Receipt of services from critical care provid-
ers was used as a proxy to determine whether 
patients required treatment in an intensive care 
unit. Procedures conducted within 30 days of the 
index date were identified using Current 
Procedural Terminology (CPT) codes, including 
a composite of diagnostic or therapeutic lumbar 
puncture (LP) and ventriculostomy or external 
ventricular drain (VD), per patient across groups 
(Supplemental Table S7). The Elixhauser 
Comorbidity Index was calculated for readmis-
sions and in-hospital mortality using ICD-10-CM 
diagnosis codes for 29 comorbidities present on 
the index date.24 In-hospital mortality was deter-
mined for inpatient admissions within 90 days 
and 1 year after the index date.

Outcome measures
The primary outcome of this study was to assess 
the demographics, underlying comorbidities, and 
the types of cryptococcosis, among PWH, NHNT 
patients, and those with a history of transplant. 
The secondary outcomes included comparing 
baseline characteristics, clinical symptoms sug-
gestive of cryptococcosis, rates of procedures, 
provider types, length of hospitalization, and in-
hospital mortality among hospitalized patients in 
the three groups.

Statistical analysis
Descriptive statistics were employed to present 
the demographic and clinical characteristics of 
PWH, NHNT patients, and transplant patients. 
Analysis of variance, chi-squared test, and Fisher’s 
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exact test were utilized to examine the association 
between group and patients’ demographic and 
clinical characteristics, such as underlying condi-
tions and comorbidities, clinical symptoms and 
findings suggestive of cryptococcosis, types of 
cryptococcosis, rate of procedures, hospitaliza-
tion, length of hospitalization, and in-hospital 
mortality. Logistic regression and Firth logistic 
regression models were built to explore the rela-
tionship between in-hospital mortality and each 
patient group, the type of cryptococcosis, and the 
interaction between these factors, controlling for 
covariates such as age and gender.25 Post hoc mul-
tiple comparisons with Tukey–Kramer adjust-
ment were used to assess for differences among 
PWH, NHNT patients, and transplant patients.26 
The statistical analyses were performed using 
SAS software, version 9.4 (SAS Institute, Inc., 
Cary, NC, USA).

This study is reported according to the 
Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) checklist 
(Supplemental Material).27

Results

Characteristics of all patients with 
cryptococcosis
A total of 703 patients with cryptococcosis were 
included, of which 59.7% (n = 420) were PWH, 
35.6% (n = 250) were NHNT, and 4.7% (n = 33) 
had a history of solid organ transplantation 
(Supplemental Table S8). PWH were younger 
[median 44 years (first quartile (Q1)−third quar-
tile (Q3) 34–51.5)] than NHNT patients [53 years 
(Q1–Q3 41–62)] and those with a history of 
transplant [57 years (Q1–Q3 51–62)]. There were 
more male patients in the PWH group (73%) 
than NHNT and transplant groups (59% and 
52%, respectively). The majority of PWH (68%) 
identified as Black, while a larger proportion of 
NHNT patients (60%) identified as White. White 
and Black individuals were equally represented 
among transplant patients (47%), with few 
Hispanic patients identified in any group.

PWH had fewer comorbidities [median 0 (Q1–
Q3 0–1)] than NHNT and transplant patients [1 
(Q1–Q3 1–3) and 2 (Q1–Q3 2–4), respectively]. 
Chronic lower respiratory disease and malignancy 
were the most common comorbidities across all 

groups but were more prevalent in NHNT and 
transplant patients (Supplemental Table S8). 
Transplant patients had the highest rates of CKD, 
heart failure, hepatic fibrosis and cirrhosis, malig-
nancy, DM, as well as autoimmune and inflam-
matory diseases, while other immunodeficient 
conditions were more frequent among NHNT 
patients. Among NHNT patients, risk factors for 
cryptococcosis included chronic lower respiratory 
disease (37%), malignancy (24%), DM (24%), 
systemic connective tissue disorders (10%), 
hepatic fibrosis and cirrhosis (9%), immunodefi-
ciencies (9%), and noninfective enteritis and coli-
tis (8%). Interestingly, 24% (n = 59/250) of 
NHNT patients had no identified comorbidities.

Notably, 28% (n = 117/420) of PWH had received 
ART before the index date. Among these indi-
viduals, 80% (n = 94/117) were taking an STR, 
with bictegravir/emtricitabine/tenofovir alafena-
mide, dolutegravir/abacavir/lamivudine, and 
elvitegravir/cobicistat/emtricitabine/tenofovir 
alafenamide being the most common. The 
remaining 20% (n = 23/117) received two or more 
individual antiretroviral medications or fixed-
dose combinations, most often including dolute-
gravir or ritonavir- or cobicistat-boosted darunavir 
with emtricitabine/tenofovir alafenamide or 
emtricitabine/tenofovir disoproxil fumarate.

Types and incidence of cryptococcosis among 
all patients
Over the 3-year study period, 60% (n = 423) of 
patients had ICD-10-CM diagnosis codes for 
CNS involvement, 14% (n = 101) had pulmonary 
cryptococcosis, and 11% (n = 78) had dissemi-
nated cryptococcosis. Cutaneous and osseous 
cryptococcosis were rare, with less than 1% 
observed for each (n = 6 and n = 2, respectively). 
An additional 20% (n = 143) and 5% (n = 33) 
were classified as unspecified or other types, 
respectively. The overlap of multiple types of 
cryptococcosis based on ICD-10-CM diagnosis 
codes was infrequent. Only a small number of 
patients with CNS cryptococcosis also had pul-
monary (7%, n = 28/423) or disseminated (4%, 
n = 15/423) cryptococcosis, and a negligible por-
tion had both (<1%, n = 3/423).

The majority of cases of CNS (70%) and dissemi-
nated (73%) cryptococcosis occurred in PWH 
(Figure 1). Among PWH, CNS, disseminated, 
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and pulmonary cryptococcosis were the most 
common types (71%, n = 297/420; 14%, 
n = 57/420; and 6%, n = 27/420; respectively). 
NHNT patients accounted for 66% (n = 67/101) 
of all cases of pulmonary cryptococcosis. In addi-
tion, 46% (n = 114/250) of cases in the NHNT 
group were CNS cryptococcosis. By contrast, few 
cases of cryptococcosis were diagnosed in trans-
plant recipients. CNS and pulmonary cryptococ-
cosis comprised 36% (n = 12/33) and 21% 
(n = 7/33) of cases in transplant recipients, respec-
tively, while 39% were categorized as unspecified 
or other forms of cryptococcosis. The median 
time from transplantation to the diagnosis of 
cryptococcosis was 6 months (Q1–Q3 0–9 months; 
range 0–35 months).

The incidence of cryptococcosis varied across 
groups during the study period (p = 0.03) (Figure 
2). While PWH consistently represented a major-
ity of cases, their proportion fluctuated between 
52% and 64% from June 2017 to June 2019 
before dropping to 47% in the latter half of the 
study period (July–December 2019). Notably, 
the incidence of PWH remained relatively stable 
throughout. Conversely, a slight increase was 
observed among NHNT and transplant patients 
during the same timeframe, reaching 45% and 
8%, respectively.

Location of the initial diagnosis among all 
patients
The index diagnosis was predominantly made in 
the outpatient setting rather than the inpatient 
setting (58%, n = 408 versus 42%, n = 295, respec-
tively, p = 0.008). A higher percentage of trans-
plant recipients (79%, n = 26/33) were diagnosed 

Figure 1. Types of cryptococcosis among people with HIV, NHNT patients, 
and transplant patients.
NHNT, non-HIV-infected and non-transplant.

Figure 2. Distribution of cryptococcosis among people with HIV, NHNT patients, and transplant patients.
NHNT, non-HIV-infected and non-transplant.
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in the outpatient setting compared to PWH (56%, 
n = 237/420, p = 0.016) and NHNT patients 
(58%, n = 145/250, p = 0.023).

The overall rate of cryptococcosis-related hospi-
talization among those initially diagnosed in the 
outpatient setting was 18%. This rate was highest 
among transplant patients (31%, n = 8/26), fol-
lowed by PWH (18%, n = 42/236) and NHNT 
patients (16%, n = 23/145).

Characteristics of hospitalized patients with 
cryptococcosis
Among the 369 patients requiring hospitalization, 
61% (n = 226) were PWH, 35% (n = 128) were 
NHNT patients, and 4% (n = 15) had a history of 
transplant (Table 1). The median age of PWH 
was significantly lower than that of patients in the 
NHNT and transplant groups [43 years (Q1–Q3 
33–50) versus 52 (38.5–62) versus 57 (46–67), 
respectively]. Male patients comprised 74% of 
the PWH and 63% of the NHNT groups but only 
47% of those with a history of transplant. In addi-
tion, Black individuals represented 65% of the 
PWH group, while White individuals comprised 
58% and 53% of the NHNT and transplant 
groups, respectively.

Comorbidities were relatively uncommon among 
PWH. However, chronic lower respiratory dis-
ease (19%), malignancy (16%), and DM (12%) 
were the most prevalent. Notably, 16% 
(n = 36/226) of PWH requiring hospitalization 
had already been receiving ART before the index 
date. Similarly, among NHNT patients, chronic 
lower respiratory disease (30%), DM (31%), and 
malignancy (24%) were the most common 
comorbidities. In addition, among patients with a 
history of transplant, 73% had CKD, 60% had 
DM, and 33% had either malignancy or chronic 
lower respiratory disease.

Among all hospitalized patients with cryptococ-
cosis over the 3-year study period, 66% 
(n = 244/369) had ICD-10-CM diagnosis codes 
for CNS involvement, 16% (n = 60/369) had dis-
seminated cryptococcosis, and 14% (n = 51/369) 
had pulmonary cryptococcosis. Cutaneous and 
osseous cryptococcosis were rare, with less than 
1% observed for each (n = 3/369 and n = 2/369, 
respectively). An additional 19% (n = 70/369) 
and 4% (n = 15/369) were classified as 

unspecified or other types, respectively. The 
majority of cases of disseminated (70%) and CNS 
(67%) cryptococcosis occurred in PWH 
(Supplemental Figure S1). Among PWH, CNS 
cryptococcosis was most common (73%, 
n = 297/420) followed by disseminated (19%, 
n = 42/226). NHNT patients accounted for 61% 
(n = 31/51) of all cases of pulmonary cryptococ-
cosis. In addition, 59% (n = 75/128) of cases in 
the NHNT group were CNS cryptococcosis. By 
contrast, few cases of cryptococcosis were diag-
nosed in transplant recipients. CNS and pulmo-
nary cryptococcosis comprised 33% (n = 5/15) 
and 20% (n = 3/15) of cases in transplant recipi-
ents, respectively.

The median duration of hospitalization did not 
significantly differ between PWH [13 days (Q1–
Q3 5–18)], NHNT patients [10 days (Q1–Q3 
5–17.5)], and transplant recipients [6 days (Q1–
Q3 3–25)] (p = 0.568) (Table 2). In patients with 
CNS cryptococcosis, PWH had a median dura-
tion of hospitalization of 14 days, which was 
longer but not significantly different than NHNT 
patients (12 days) and transplant recipients 
(4.5 days) (p = 0.271). Alternatively, for dissemi-
nated cryptococcosis, PWH experienced the 
shortest hospitalization (12 days) compared to 
NHNT patients (18 days) and transplant patients 
(23 days), though no significant difference was 
observed (p = 0.120). Notably, the median dura-
tion of hospitalization for pulmonary cryptococ-
cosis was significantly longer for PWH (15 days) 
compared to NHNT patients (6 days) and trans-
plant recipients (4 days) (p = 0.002).

Among all hospitalized patients, 41% 
(n = 152/369) were assessed by ID providers and 
7% (n = 27/369) by critical care providers. PWH 
(46%, n = 105/226) were more frequently seen by 
ID providers than NHNT patients (34%, 
n = 43/128, p = 0.025) and patients with a history 
of transplant (27%, n = 4/15, p = 0.221).

Clinical manifestations of cryptococcosis in 
hospitalized patients
Among hospitalized patients with CNS crypto-
coccosis, altered mental status was documented 
in 27% of PWH, 40% of NHNT patients, and 
40% of patients with a history of transplant, with 
no significant differences between the groups 
(p = 0.116) (Table 3). Conversely, cerebral edema 
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was documented more often in NHNT patients 
(21%) and transplant patients (20%) than in 
PWH (10%) (p = 0.04). Meningismus, menin-
goencephalitis, and papilledema were rarely doc-
umented, with no differences observed between 
the groups.

Cough and headache were the most frequently 
documented symptoms across all groups in 
patients with disseminated cryptococcosis. Fever 
was documented in 29% of PWH and 20% of 

NHNT patients but not in individuals with a his-
tory of transplant. Notably, altered mental status 
was more common in NHNT patients (40%) and 
transplant recipients (67%) compared to PWH 
(16%). However, there were no statistically sig-
nificant differences in any of the assessed symp-
toms between the groups.

Cough was the most frequently documented 
symptom across all groups in patients with pul-
monary cryptococcosis. Chest pain and fever 

Table 1. Baseline characteristics among hospitalized people with HIV, non-HIV-infected and non-transplant 
patients, and transplant patients with cryptococcosis.

Variable HIV (n = 226) NHNT (n = 128) Transplant (n = 15)

Age at index event (years), median (Q1–Q3) 43 (33–50) 52 (38.5–62) 57 (46–67)

Male sex 167 (74) 81 (63) 7 (47)

Race

 White 43 (25) 61 (58) 8 (53)

 Black 112 (65) 29 (27) 6 (40)

 Hispanic 8 (5) 12 (11) 0 (0)

 Other 9 (5) 4 (4) 1 (7)

Health insurance plan type

 Comprehensive 178 (81) 94 (75) 10 (77)

 HMO 43 (19) 32 (25) 3 (23)

Comorbidities

 Number of comorbidities, median (Q1–Q3) 0 (0–1) 1 (0–3) 2 (2–4)

 Chronic lower respiratory diseases 43 (19) 39 (30) 5 (33)

 Chronic kidney disease 23 (10) 20 (16) 11 (73)

 Heart failure 13 (6) 27 (21) 3 (20)

 Hepatic fibrosis and cirrhosis 0 (0) 18 (14) 2 (13)

 Immunodeficiencies 5 (2) 9 (7) 0 (0)

 Malignancy 37 (16) 31 (24) 5 (33)

 Noninfective enteritis and colitis 26 (12) 8 (6) 3 (20)

 Systemic connective tissue disorders 0 (0) 11 (9) 1 (7)

 Type 2 diabetes mellitus 28 (12) 40 (31) 9 (60)

Data are presented as n (%) unless otherwise noted.
HMO, health maintenance organization; NHNT, non-HIV-infected and non-transplant; Q1, first quartile; Q3, third quartile.
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were noted in varying percentages in PWH and 
NHNT patients but were absent in those with a 
history of transplant. Likewise, altered mental 
status and headache were documented in PWH 
and NHNT patients but not observed in the 
transplant group. Interestingly, hypoxemia was 
uncommon, documented in 6% of PWH and 
10% of NHNT patients, but in none of the indi-
viduals with a history of transplant. Consistent 
with the findings for CNS and disseminated cryp-
tococcosis, there were no statistically significant 
differences in any of the assessed symptoms across 
the groups.

LPs and VDs in hospitalized patients
163 LPs or VDs were documented as performed 
in 162 hospitalized patients, with 98% 

(n = 159/163) being diagnostic LPs and 2% 
(n = 4/163) being therapeutic LPs. A higher pro-
portion of PWH (52%, n = 117/226) underwent 
LP compared to NHNT patients (32%, 
n = 41/128, p = 0.0004), and patients with a his-
tory of transplant (27%, n = 4/15, p = 0.07) (Table 
2). However, the median number was similar for 
PWH [1 (Q1–Q3 0–1)], NHNT patients [1 (Q1–
Q3 0–1)], and transplant recipients [0 (Q1–Q3 
0–1)] (p = 0.875).

Of all documented LPs, 78% (n = 127/163) were 
performed in patients with CNS cryptococcosis. 
However, only 52% (n = 127/244) of all patients 
with CNS cryptococcosis underwent LP, which 
was more common among PWH (58%, 
n = 95/164) compared to NHNT patients (41%, 
n = 31/75) and those with a history of transplant 

Table 2. Clinical characteristics and outcomes among hospitalized people with HIV, non-HIV-infected and 
non-transplant patients, and transplant patients with cryptococcosis.

Variable HIV (n = 226) NHNT (n = 128) Transplant (n = 15) p value

Duration of hospitalization (days), 
median (Q1–Q3)

13 (5–18) 10 (5–17.5) 6 (3–25) 0.568

 CNS 14 (6–19.5) 12 (6–22) 4.5 (3–7) 0.271

 Disseminated 12 (6–19) 18 (8–40) 23 (10–32) 0.120

 Pulmonary 15 (13–25) 6 (3–11) 4 (1–5) 0.002

Evaluated by an ID provider 105 (46) 43 (34) 4 (27) 0.03

Evaluated by a CC provider 13 (6) 11 (9) 3 (20) 0.096

LPs or VDsa 117 (52) 41 (32) 4 (27) 0.0006

Number of LPs and VDs, median 
(Q1–Q3)

1 (0–1) 1 (0–1) 0 (0–1) 0.875

Elixhauser Comorbidity Index for 30-
day re-admission, median (Q1–Q3)

5 (3–9) 4 (0–7) 4 (0–4) 0.005

Elixhauser Comorbidity Index for in-
hospital mortality, median (Q1–Q3)

−4 (−9 to 0) 0 (−7 to 1.5) −1 (−2 to −1) <0.001

In-hospital mortality within 90 days 
after the index, n (%)

15 (7) 28 (22) 0 (0) <0.001

In-hospital mortality within 1 year after 
the index, n (%)

18 (8) 28 (22) 2 (13) 0.003

Data are presented as n (%) unless otherwise noted.
aProcedures included a composite of diagnostic lumbar punctures, therapeutic lumbar punctures, and ventriculostomy or 
external VD.
CC, critical care; CNS, central nervous system; ID, infectious diseases; LP, lumbar puncture; NHNT, non-HIV-infected and 
non-transplant; Q1, first quartile; Q3, third quartile; VD, ventricular drain.
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Table 3. Clinical manifestations among hospitalized people with HIV, non-HIV-infected and non-transplant 
patients, and transplant patients stratified by the central nervous system, disseminated, and pulmonary 
cryptococcosis.

Variable HIV NHNT Transplant p value

CNS n = 164 n = 75 n = 5  

 Altered mental status 45 (27) 30 (40) 2 (40) 0.116

 Cerebral edema 16 (10) 16 (21) 1 (20) 0.040

 Chest pain 32 (20) 12 (16) 0 (0) 0.632

 Cough 31 (19) 13 (17) 1 (20) 0.941

 Fever 43 (26) 13 (17) 1 (20) 0.270

 Headache 81 (49) 33 (44) 2 (40) 0.705

 Hypoxemia 6 (4) 4 (5) 0 (0) 0.603

 Meningismus 2 (1) 0 (0) 0 (0) 1

 Meningoencephalitis 7 (4) 6 (8) 0 (0) 0.421

 Papilledema 1 (<1) 0 (0) 0 (0) 1

Disseminated n = 42 n = 15 n = 3  

 Altered mental status 7 (17) 6 (40) 2 (67) 0.121

 Cerebral edema 2 (5) 3 (20) 0 (0) 0.222

 Chest pain 7 (17) 5 (33) 0 (0) 0.335

 Cough 13 (31) 3 (20) 1 (33) 0.784

 Fever 12 (29) 3 (20) 0 (0) 0.667

 Headache 12 (29) 4 (27) 1 (33) 1

 Hypoxemia 4 (10) 2 (13) 0 (0) 0.745

 Meningismus 0 (0) 0 (0) 0 (0) 1

 Meningoencephalitis 0 (0) 0 (0) 0 (0) 1

 Papilledema 1 (2) 0 (0) 0 (0) 1

Pulmonary n = 17 n = 31 n = 3  

 Altered mental status 4 (24) 5 (16) 0 (0) 0.835

 Cerebral edema 1 (6) 1 (3) 0 (0) 1

 Chest pain 5 (29) 10 (32) 0 (0) 0.692

 Cough 7 (41) 8 (26) 1 (33) 0.547

 Fever 7 (41) 6 (19) 0 (0) 0.189

 Headache 4 (24) 8 (26) 0 (0) 1

 Hypoxemia 1 (6) 3 (10) 0 (0) 1

 Meningismus 0 (0) 0 (0) 0 (0) 1

 Meningoencephalitis 1 (6) 1 (3) 0 (0) 1

 Papilledema 0 (0) 0 (0) 0 (0) 1

Data are presented as n (%) unless otherwise noted.
CNS, central nervous system; NHNT, non-HIV-infected and non-transplant.
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(20%, n = 1/5). Notably, no hospitalized patient 
with CNS cryptococcosis underwent ventriculos-
tomy or external VD placement.

Outcomes among hospitalized patients
The Elixhauser Comorbidity Index indicated a 
higher risk of 30-day all-cause readmission for 
PWH compared to NHNT (p = 0.001) (Table 2). 
However, the risk of 30-day all-cause readmission 
did not significantly differ between PWH and 
transplant patients (p = 0.092). Conversely, the 
Elixhauser Comorbidity Index risk of in-hospital 
mortality was lowest among PWH indicating a 
lower likelihood for in-hospital death versus 
NHNT patients (p < 0.001) and those with a his-
tory of transplant (p = 0.018).

The overall in-hospital mortality rate within 
90 days and 1-year after the index date was 12% 
(n = 43/369) and 13% (n = 48/369), respectively. 
At 90 days, the mortality rate was significantly 
higher in NHNT patients (22%, n = 28/128) 
compared to PWH (7%, n = 15/226) and trans-
plant recipients (0%) (p < 0.001) (Table 2 and 
Supplemental Table S9). One-year in-hospital 
mortality was lowest among PWH (8%, 
n = 18/226) compared to NHNT patients (22%, 
n = 28/128, p = 0.0004) and transplant recipients 
(13%, n = 2/15, p = 0.359). Mortality rates were 
similar between PWH who received ART before 
being diagnosed with cryptococcosis versus those 
who did not (6%, n = 2/36 versus 8%, n = 16/190, 
p = 0.745).

The 90-day and 1-year all-cause in-hospital mor-
tality rates were 8% (n = 31/369) and 10% 
(n = 36/369) for individuals with CNS cryptococ-
cosis, 1.4% (n = 5/369) and 1.6% (n = 6/369) for 
disseminated cryptococcosis, and less than 1% 
(n = 3/369 for both) for pulmonary cryptococco-
sis. LPs performed on patients with CNS crypto-
coccosis were not associated with decreased 
1-year mortality rates overall (12%, n = 15/127 
versus 18%, n = 21/117, p = 0.207) or across 
groups. PWH with CNS cryptococcosis had 
lower 90-day (6%, n = 13/226) and 1-year (7%, 
n = 16/226) in-hospital mortality compared to 
NHNT patients with CNS cryptococcosis (14%, 
n = 18/128 for both). Nearly all PWH who died 
within 90 days (87%, n = 13/15) and 1 year (89%, 
n = 16/18) of hospitalization had CNS cryptococ-
cosis. Similarly, among NHNT patients who died 
at both 90-day and 1 year, 64% (n = 18/28) had 

CNS cryptococcosis. The 90-day and 1-year in-
hospital mortality rates for disseminated crypto-
coccosis and pulmonary cryptococcosis among 
NHNT patients were 3% (n = 4/128) and 2% 
(n = 3/128), respectively. Evaluation by an ID 
provider was not associated with a significant dif-
ference in mortality rates at either 90 days 
(p = 0.212) or 1 year (p = 0.126) across patient 
groups or types of cryptococcosis (Supplemental 
Table S9).

Logistic regression analysis demonstrated signifi-
cantly higher odds of 90-day in-hospital mortality 
among NHNT patients compared to PWH (odds 
ratio 3.91, 95% confidence interval 2.03–7.52, 
p < 0.0001) (Supplemental Table S10).

Discussion
Our analysis has uncovered significant trends in 
the epidemiology and outcomes of cryptococcosis 
across the United States as new risk factors for 
this infection continue to be identified. 
Historically, PWH accounted for the majority of 
cases, but in recent years, this proportion has sig-
nificantly decreased due to the expansion of ART 
and a reduced prevalence of advanced HIV.2 
Alternatively, cases have emerged in people with-
out HIV, driven by higher rates of comorbidities, 
organ transplants, malignancies, and increased 
use of immunosuppressive therapies,28 –31 consist-
ent with our findings. A multicenter study con-
ducted in Australia and New Zealand between 
2015 and 2019 revealed that 39% of the 475 
cases of cryptococcosis lacked an underlying 
immunodeficiency.14 However, 56% (n = 35/62) 
of these patients had at least one underlying 
comorbidity, such as chronic lung disease, liver 
disease, kidney disease, or DM, which may have 
increased their susceptibility to cryptococcosis. 
Conversely, 24% of NHNT patients in our study 
did not have any comorbidity associated with 
immune dysfunction.

While the overall distribution of cases among 
PWH, NHNT, and transplant patients in our 
study was similar to other reports from the United 
States,7,21 we observed several noteworthy differ-
ences. Previous studies performed in the United 
States were often limited to specific regions21 or 
single institutions,7,32 and many did not provide 
details on NHNT and transplant patients.33 Our 
cohort, which was more recent and utilized data 
for Medicaid enrollees from geographically 
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dispersed states across the United States from 
2017 to 2019, provided a broader perspective of 
cryptococcosis.7,21,33 In addition, the Merative 
Medicaid Database (formerly IBM® MarketScan® 
Medicaid Database) allowed for analysis of ser-
vices from both inpatient and outpatient settings, 
whereby 58% of cases in our study were first diag-
nosed in the outpatient setting, but 52% of all 
patients required hospitalization. In the hospital-
ized cohort, the majority were PWH, followed by 
NHNT patients and those with a history of trans-
plant, consistent with findings from comparable 
studies involving hospitalized patients with 
cryptococcosis.21,33

Demographic characteristics and clinical mani-
festations of cryptococcosis also varied among 
groups overall and among hospitalized patients. 
As observed in other reports,21,32 CNS and dis-
seminated cryptococcosis occurred more fre-
quently in younger Black male PWH compared 
to individuals without HIV. Less than 30% of 
PWH were receiving ART within the 3 months 
prior to the index date, and laboratory data were 
unavailable to assess virological and immunologi-
cal control. Conversely, the burden of comorbidi-
ties was lower among PWH.

PWH were more likely to be diagnosed with cryp-
tococcosis during hospitalization compared to 
NHNT and transplant patients. This difference 
suggests potential shortcomings in cryptococcal 
antigen screening and early detection methods 
among PWH. Existing data reveal low screening 
rates among asymptomatic PWH with poorly 
controlled HIV.34 Challenges with engagement in 
preventive care and appointments among PWH35 
could lead to missed opportunities for early symp-
tom identification, potentially resulting in delayed 
diagnosis and hospitalization. In addition, the 
higher frequency of ID evaluation during hospi-
talization for PWH might also contribute to their 
higher inpatient diagnosis rate, possibly reflecting 
heightened clinician vigilance for opportunistic 
infections in immunocompromised patients.

Despite the importance of LPs for diagnosing and 
managing CNS cryptococcosis,1,36 only half 
(52%) of hospitalized patients with CNS crypto-
coccosis in our study had evidence of undergoing 
a diagnostic LP based on CPT coding. Procedures 
to manage intracranial pressure were also uncom-
monly documented in this group. While previous 
research based on manual chart review identified 

deviations from guideline recommendations for 
managing intracranial pressure,37 the low rate of 
LPs in our study may be attributed to factors such 
as lack of familiarity with the procedure or the 
perceived complexity of performing serial LPs. 
However, it is more likely due to issues related to 
billing and coding procedures, given the number 
of cases of CNS cryptococcosis without diagnos-
tic LPs. This underutilization of LPs is concern-
ing, potentially impacting diagnosis, treatment, 
and patient outcomes. Further investigation is 
needed to confirm the role of billing and coding 
in this discrepancy.

Recent research from Australia and New Zealand 
has questioned the necessity of routine LPs in 
individuals without HIV, suggesting that a com-
bination of a high serum cryptococcal antigen 
titer and the presence of fungemia may predict 
the risk of asymptomatic cryptococcal menin-
goencephalitis, potentially reducing the need for 
LPs.14 Further investigations are necessary to 
validate the use of these biomarkers in LP deci-
sion-making. Therefore, there is a need for con-
tinued education regarding the importance of 
managing intracranial pressure in PWH display-
ing signs and symptoms associated with CNS 
involvement.

Our study did not identify a significant associa-
tion between evaluation by an ID provider and 
reduced mortality at 90 days or 1 year, regardless 
of patient group or type of cryptococcosis. 
However, it is important to consider limitations in 
interpreting this result. First, only 41% of hospi-
talized patients received an ID consult. This lim-
ited sample size might have masked a potential 
benefit, particularly for specific patient groups. 
Second, patients with cryptococcosis can present 
with a wide range of clinical manifestations and 
complications, and factors such as timeliness of 
diagnosis, selection of appropriate antifungal 
medications, management of intracranial pres-
sure, and control of underlying comorbidities sig-
nificantly influence mortality. Previous research 
supports a potential role for ID consultation in 
improving outcomes. A retrospective review 
reported significantly lower 90-day mortality 
among 147 individuals without HIV with crypto-
coccosis who received ID consultation (27% ver-
sus 45%, p < 0.001). However, it is important to 
note that these patients were also more likely to 
have CNS involvement and a higher fungal bur-
den,38 both of which are associated with worse 
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outcomes.39 The improved survival observed in 
this study is likely attributable to the increased 
utilization of procedures to manage intracranial 
pressure and combination antifungal therapy.39 
Furthermore, ID consultation can potentially 
reduce diagnostic delays. Studies have identified 
cognitive errors and knowledge deficits as con-
tributing factors to delayed diagnoses in patients 
with cryptococcosis.34,40 Earlier recognition 
through ID consultation might lead to greater 
adherence to guideline-directed management 
and improved outcomes for patients with crypto-
coccosis.37 Our study design may have limited 
our ability to detect an association between ID 
evaluation and mortality. Future studies with 
larger cohorts and a higher proportion of ID con-
sultations are needed to definitively assess the 
impact of ID involvement on outcomes in 
patients with cryptococcosis. In addition, investi-
gating the specific interventions implemented by 
ID providers and their influence on outcomes 
would provide valuable insights for optimizing 
patient management.

Most NHNT patients with cryptococcosis identi-
fied as White individuals and had a heterogene-
ous list of comorbidities, consistent with other 
reports.8 In our study, NHNT patients had low 
rates of traditional risk factors for cryptococcosis 
(e.g. immunodeficiencies, hepatic fibrosis, and 
cirrhosis), emphasizing the fact that cryptococco-
sis can affect apparently immunocompetent 
patients.7,8,17 Chronic lower respiratory diseases 
were most common among NHNT patients 
potentially contributing to the high proportion of 
pulmonary cryptococcosis in these patients, 
though we did not examine history of glucocorti-
coid or immunosuppressive therapy.41 However, 
cough, chest pain, or hypoxemia was documented 
in less than one-third of NHNT patients with 
pulmonary cryptococcosis. This observation 
underscores the likelihood of asymptomatic pul-
monary cryptococcosis and suggests that many of 
these patients may experience no symptoms.41 
The significantly higher prevalence of cerebral 
edema documented in NHNT patients compared 
to PWH and transplant recipients is an intriguing 
finding. While the underlying mechanism is 
unclear, it could be related to differences in host 
inflammatory responses or the presence of a cer-
ebral cryptococcoma.42 Similar to our findings, 
signs and symptoms associated with meningoen-
cephalitis were present in only 20% of NHNT 

patients with cryptococcosis involving the CNS,43 
despite previous reports of high rates of CNS 
cryptococcosis in individuals without HIV.8 This 
highlights the heterogeneity in presentation 
among NHNT patients with CNS cryptococco-
sis. The absence of specific symptoms along with 
fewer comorbidities associated with cryptococco-
sis leads to delayed diagnosis and worse outcomes 
in NHNT patients.17,43 Despite the availability of 
highly accurate diagnostic tests, delays persist, 
resulting in significantly higher morbidity and 
mortality. Early recognition is crucial but chal-
lenging due to the changing epidemiology of 
cryptococcosis and the increase in non-traditional 
patient populations.

As in other reports,21,32 comorbidities were most 
common in patients with a history of solid organ 
transplantation, who were older and less likely to 
be male than PWH or NHNT patients. 
Cryptococcosis is uncommon following organ 
transplantation and presents as a late infection,30 
likely contributing to the limited number of cases 
in our study. The time from transplantation to 
the diagnosis of cryptococcosis in our study 
(176 days) was shorter than those observed in 
previous studies (46430 and 575 days44). In addi-
tion, patients with a history of transplantation 
accounted for the highest proportion of cases 
diagnosed in the outpatient setting, the highest 
rate of subsequent hospitalization, but the fewest 
signs and symptoms, which might reflect frequent 
outpatient follow-up or previously missed oppor-
tunities to diagnose cryptococcosis in the inpa-
tient setting.17

In-hospital mortality at 90 days and 1 year were 
12% and 13%, respectively, among all patients in 
our study, comparable to other hospitalized 
cohorts.33,45 However, these findings differ from 
the higher mortality rates reported in other stud-
ies (16–31%).7,17,21,30,32 These discordant find-
ings may be due to improved management of 
cryptococcosis in our study timeframe compared 
to historical cohorts, but most likely represent 
lower rates of comorbidities associated with poor 
outcomes, as well as lack of follow-up beyond 
1 year for our cohort.7

Our study adds to the growing body of evidence, 
highlighting the significantly higher mortality 
rates associated with NHNTs compared to PWH 
and transplant recipients.9,18 At both 90 days and 
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1 year, mortality rates were significantly higher in 
the NHNT group (22% at both time points) 
compared to PWH (7% and 8%) and transplant 
recipients (0% and 13%). The majority of deaths 
within 90 days and 1 year were attributed to CNS 
cryptococcosis, particularly in PWH and NHNT 
patients. The unexpected increase in mortality 
rates among NHNT patients was likely influ-
enced by diagnostic delays, evidenced by limited 
reported symptoms and a high proportion diag-
nosed in the outpatient setting. This underscores 
the dynamic nature of cryptococcosis outcomes. 
However, the limited information on mortality 
rates of cryptococcosis in NHNT patients under-
scores the need for further investigations to eluci-
date the unique challenges associated with 
cryptococcosis in this subgroup.

The Merative Medicaid Database (formerly IBM® 
MarketScan® Medicaid Database) allowed us to 
describe the epidemiology and outcomes of cryp-
tococcosis across the United States with a more 
recent cohort, but our study was retrospective and 
required continuous health plan enrollment dur-
ing the 6 months prior to the index date. The 
study period was also limited due to the institu-
tional user agreement, although it avoided poten-
tial confounding with cases occurring in patients 
with COVID-19. The database includes data for 
Medicaid enrollees from geographically dispersed 
states but does not provide geographic variables, 
which may limit the generalizability of our find-
ings. Comorbidities, signs and symptoms, proce-
dures, and diagnosis of cryptococcosis were 
identified using administrative codes. These codes 
can be susceptible to under-coding and misclassi-
fication, particularly for less common infections 
and not adequately capture the nuanced impact of 
transplantation on comorbidity reporting. 
Although we incorporated immunosuppressive 
conditions, the use of immunosuppressive medi-
cations was not captured, as the data were una-
vailable in the inpatient setting, potentially 
resulting in an underestimation of the prevalence 
of immunosuppression within our study popula-
tion. In addition, clinical manifestations sugges-
tive of cryptococcosis were captured, but the 
specific timing and sequencing could not be deter-
mined. Serologic and microbiologic testing results 
to support the cryptococcosis diagnosis were una-
vailable. While one study demonstrated promising 
positive predictive values for using diagnosis codes 
to identify cryptococcosis, its analysis was limited 

to just five patients with CNS cryptococcosis.46 
Another study cited unpublished work and 
reported a positive predictive value of 87% using 
diagnosis codes from 122 cases of cryptococcosis, 
but details remain unavailable due to reliance on 
personal communication.21 These limited evalua-
tions highlight the need for broader evaluation to 
assess their effectiveness and potential influence 
on conclusions drawn from these codes. We 
assessed subgroups based on types of cryptococ-
cosis due to the greater specificity of ICD-10-CM 
diagnosis codes compared to previous iterations 
but were unable to differentiate between 
Cryptococcus species, which are associated with 
variable presentations and outcomes. Furthermore, 
data on antifungal medications administered dur-
ing hospitalization was unavailable from the data-
base.19,20 This lack of information limited our 
ability to assess the potential impact of antifungal 
therapy on patient outcomes. Lastly, outcomes 
data were only available for hospitalized patients 
during their admission.

Conclusion
The epidemiology of cryptococcosis in the United 
States continues to evolve, with decreasing inci-
dence among PWH and increasing incidence 
among those with inflammatory, autoimmune, 
and neoplastic comorbidities. The rise in crypto-
coccosis is associated with aggressive immuno-
suppressive and biological therapies used to 
prevent transplant-related rejection and to treat 
malignancies and inflammatory and autoimmune 
diseases. Unfortunately, patients without HIV, 
many of whom lacked traditional risk factors for 
cryptococcosis, had higher mortality compared to 
PWH. Therefore, clinicians must be aware of the 
epidemiologic transition of underlying immuno-
suppressive conditions predisposing patients to 
develop cryptococcal infection to improve early 
detection, recognition, and treatment.
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