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A B S T R A C T

Background: Cryptococcosis is one of the most common life-threatening opportunistic mycoses worldwide.
Insidious presentation and slow onset of symptoms make it difficult to recognize, complicating the diagnostic
process. Delays in diagnosis may lead to increased mortality. We aim to determine the frequency of missed
opportunities for diagnosis of cryptococcosis and its effects on mortality.
Methods: To estimate the proportion of individuals with a potentially missed diagnosis for cryptococcosis in
hospitalized patients, we conducted a retrospective cohort study using the Healthcare Cost and Utilization
Project State Inpatient Databases from 2005 to 2015 from eight states. All hospitalized adult patients diag-
nosed with cryptococcal infection or cryptococcal meningitis were included. Potentially missed diagnoses
were defined as admissions coded for a procedure or diagnosis suggestive of cryptococcosis in the 90-days
prior to the initial cryptococcosis admission. Generalized estimating equations models were used to evaluate
the association between underlying comorbidities and potential missed diagnosis of cryptococcosis and 90-
day all-cause in-hospital mortality.
Findings: Of 5,354 patients with cryptococcosis, 2,445 (45¢7%) were people living with HIV (PLWH). Among
PLWH, 493/2,445 (20¢2%) had a potentially missed diagnosis, of which 83/493 (16¢8%) died while hospitalized
compared with 265/1,952 (13¢6%) of those without a potentially missed diagnosis (relative risk [RR] 1¢04, 95%
CI 0¢99�1¢09). Among HIV-negative patients, 977/2,909 (33¢6%) had a potentially missed diagnosis, of which
236/977 (24¢2%) died while hospitalized compared with 298/1,932 (15¢4%) of those not missed (RR 1¢12, 95%
CI 1¢07�1¢16).
Interpretation: Missed opportunities to diagnose cryptococcosis are common despite highly efficacious diag-
nostic tests and are associated with increased risk of 90-day mortality in HIV-negative patients. A high index
of clinical suspicion is paramount to promptly diagnose, treat, and improve cryptococcosis-related mortality.
Funding: National Center for Advancing Translational Sciences, Washington University Institute of Clinical
and Translational Sciences, and the Agency for Healthcare Research and Quality.

© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Cryptococcosis is one of the most common life-threatening oppor-
tunistic mycoses worldwide. Variable presentation and slow onset of
symptoms make it difficult to recognize, especially in populations
with lesser known risk factors, resulting in high morbidity and mor-
tality [1,2].

Several studies have shown poorer outcomes for cryptococcosis in
the general population when compared to people living with HIV
(PLWH) or patients with a solid organ transplant [3�6]. The root causes
of poor outcomes remain unclear, but a delay in diagnosis of cryptococ-
cosis has been suggested as a possible reason for worse outcomes seen
in HIV-negative patients [6,7]. Delayed diagnosis is a major concern,
because dissemination and progression to more severe disease may
occur, resulting in higher risk for mortality [6,7]. Diagnosis of cryptococ-
cosis using cryptococcal antigen (CrAg) testing is inexpensive, easy to
use, and highly reliable [8�10], suggesting that delayed diagnosis is
more often due to lack of consideration of cryptococcosis in the differen-
tial diagnosis rather than availability of an affordable test.
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We used population-based administrative billing data from mul-
tiple US states to investigate the association between missed diag-
nosis and mortality risk. Administrative billing data are a part of the
information stored in patient electronic health records. Billing data
include the information generated for health insurers for billing
purposes containing a summary of inpatient care transformed into
medical codes, using a standardized language of ICD9 or ICD10 [11].
These data were used to estimate the proportion of PLWH and HIV-
negative individuals with a potentially missed opportunity for diag-
nosis of cryptococcosis and identify relevant patient characteristics
and underlying conditions associated with increased risk of delayed
diagnosis.

2. Methods

2.1. Data source and patient population

We used the Healthcare Cost and Utilization Project (HCUP) [11]
State Inpatient Databases (SID) from Arkansas (2008�2015), California
(2005�2011), Florida (2005�2015), Massachusetts (2010�2015), Mary-
land (2013�2015), Nebraska (2005�2015), New York (2005�2015),
and Wisconsin (2013�2015). The SID are census-level uniformly for-
mated databases available through the Agency for Healthcare Research
and Quality (AHRQ). They consist of all-payer inpatient hospital dis-
charge data within a year from all community acute-care hospitals
within a participating state. The SID contain information on patient
demographics, diagnoses and procedures, payment sources, and
discharge status.

The selection of states and years was limited to those available for
purchase with the availability of a patient-level encrypted identifier,
which is needed to follow hospitalizations over time for a single indi-
vidual. The states included represent 30% of the total US population
and a wide variety of geographic regions and cryptococcosis epidemi-
ology. We excluded patients diagnosed with cryptococcosis within
the first three months of the first year from each state, as well as new
diagnoses in the last three months of the last year available from
each state. This was to ensure a minimum of 90 days of retrospective
analysis and 90 days of follow-up.

Eligibility criteria for the study were: 1) a discharge International
Classification of Diseases, 9th edition, Clinical Modification (ICD-9-
CM) diagnosis code for cryptococcal infection (117¢5) or cryptococcal
meningitis (321¢0); 2) age � 18 years; 3) residence in the state of hos-
pitalization; 4) availability of linkage with patient-level encrypted
identifier; 5) non-missing gender and death status. New York and
Nebraska do not provide a patient-level encrypted identifier for
PLWH due to privacy concerns. Therefore, only data for HIV-negative
patients were included from New York and Nebraska and no analyses
for PLWH could be performed. If the patient had multiple hospitaliza-
tions coded for cryptococcosis, the earliest coded encounter was
identified as the index hospitalization. Due to the limited nature of
the dataset, and as the analysis of the data denotes minimal risk to
the patient, this study was considered exempt from ethics board
review by the Washington University School of Medicine Human
Research Protection Office.

2.2. Definitions

The index hospitalization was defined as the admission during
which the diagnosis of cryptococcosis was coded. We defined a
potential missed diagnosis of cryptococcosis as a hospitalization that
met the following criteria: 1) the patient was hospitalized in the 90-
days prior to the admission date and was discharged to home, or was
transferred into the index hospitalization after a stay of seven or
more days without coding for cryptococcosis, and 2) the patient had
one or more procedures or diagnoses related to a central nervous sys-
tem (CNS), respiratory condition, or a diagnosis of non-specific signs
of infection suggestive of cryptococcosis (Supplementary Table 1).
Hospitalizations of more than seven days that resulted in transfer to
the index hospitalization were categorized as a potential missed
diagnosis of cryptococcosis because the physicians had sufficient
time to diagnose cryptococcosis, as the median time to diagnosis of
cryptococcosis is five days from admission [12].

To determine which CNS, respiratory, and non-specific signs of
infection conditions were suggestive of cryptococcosis, three physi-
cians, who are experts in the management of cryptococcosis, inde-
pendently reviewed the ICD-9-CM procedure and diagnosis codes
coded during all hospitalizations in the 90 days prior to the crypto-
coccosis admission and classified only those highly suggestive of
cryptococcosis into the three groups (CNS, respiratory, or non-spe-
cific signs/symptoms of cryptococcosis). A select group of codes were
chosen, resulting in a more restrictive group of codes suggestive of
cryptococcosis. Each physician expert reviewed this code list three
times, each time eliminating, but never adding, codes to provide a
conservative estimate of a missed diagnosis of cryptococcosis. The
patients were classified as missed using hierarchical categories, with
cryptococcosis-related procedure and diagnosis codes for CNS dis-
ease being preferred to those of respiratory conditions, which in turn
were preferred to non-specific signs of infection (Supplementary
Table 1 and Supplementary Table 2).

Comorbidities were identified within 90 days prior to and during
the index hospitalization. Variables were selected based on those
classically associated with cryptococcus, including leukemia, cellular
immunodeficiency, history of solid organ transplant, and neurologic
and autoimmune disorders (Supplementary Table 3) [13,14]. We also

Research in context

Evidence before this study

Cryptococcosis is one of the most common life-threatening
opportunistic mycoses worldwide.

Diagnosis is readily made using the cryptococcal antigen
test, which is inexpensive, rapid, and highly sensitive.

Early diagnosis during the asymptomatic phase of illness in
cryptococcosis has been associated with lower mortality.

Added value of this study

To our knowledge, this is the first and largest epidemiological
study to report the proportion of potentially missed opportuni-
ties for cryptococcosis diagnosis and its association with
mortality.

The overall missed Cryptococcal diagnosis rate was 27%.
Potential missed opportunities for diagnosis were associated
with an absolute 8.8% increased risk of 90-day mortality in the
non-HIV cohort.

Metastatic cancer, lymphoma, and neurological disorders
were associated with increased risk of possible missed diagno-
sis in both people living with HIV and HIV-negative patients.

Implications of all the available evidence

Missed opportunities to diagnose cryptococcosis in the hospital
setting are common, particularly among HIV-negative patients.

Missed opportunities are associated with significantly
increased risk of 90-day mortality in the HIV-negative group.

We highlight the need for a higher index of suspicion for
cryptococcosis, and emphasize the importance of early crypto-
coccal antigen testing to accelerate diagnosis and decrease
cryptococcal-related mortality.
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supplemented those with commonly available comorbidities from
the well validated algorithm of Elixhauser, as they have been shown
to be good predictors of in-hospital mortality [15,16]. The neurologic
and autoimmune disorders variables were a modification of two Elix-
hauser variables, rheumatoid arthritis and other neurological disor-
ders, respectively (Supplementary Table 3).

2.3. Statistical analysis

After calculating the proportion of patients with potential missed
diagnosis for cryptococcosis, we performed univariate and multivari-
able analyses to evaluate the association between underlying condi-
tions and (1) a potential missed diagnosis of cryptococcosis; and (2)
90-day all-cause in-hospital mortality. All analyses were performed
separately for PLWH and non-HIV patients due to significant underly-
ing differences [3,12,17]. Chi-square and Fisher’s exact test were used
for univariate analyses, as appropriate. Predictive variables with p
<0¢2 in univariate analysis or with clinical/biological plausibility
were assessed in multivariable generalized estimating equations
models, accounting for clustering at the hospital-level [18]. Back-
wards variable elimination was used to develop the most parsimoni-
ous models, retaining only variables with p < 0¢05 in the final
models. For the mortality models, missed opportunity was included
in the model regardless of significance in order to assess its impact;
comorbidities were to adjust for potential confounding. In the HIV-
negative mortality analysis, the impact of age on mortality was not
linear. To adjust for this, splines were used to model age, but were
not necessary in the model of PLWH, where age was not associated
with mortality. Results from all regression models are presented as
relative risk (RR) and 95% confidence intervals (CI).

Kaplan-Meier plots were used to visualize the time from index
admission date (hospitalization in which diagnosis of cryptococcosis
was first coded) to death by the presence of missed opportunity to
diagnose cryptococcosis, stratified by HIV status. The model was
adjusted for potential confounders. We verified the assumption of
proportional hazards for the missed using visual inspection. All anal-
yses were performed using SAS v¢9¢4 statistical software (SAS Insti-
tute Inc., Cary, NC).

3. Role of the funding source

No funding source had any role in the design or conduct of the
study, collection, analysis and interpretation of the data, or writing of
the manuscript. All investigators had full access to the data and had
final responsibility for the decision to submit the manuscript for pub-
lication.

4. Results

4.1. Cohort demographics

During the study period, 5,354 patients were coded for cryptococ-
cosis during an inpatient admission. Cases were distributed across
the following states: California (42¢9%), Florida (31¢9%), New York
(12¢6%), Arkansas (4¢8%), Massachusetts (2¢8%), Maryland (2¢8%),
Nebraska (1¢1%), and Wisconsin (1¢1%). The baseline characteristics of
the cryptococcosis populations are shown in Table 1. Less than half of
the cohort were PLWH (45¢7%), of which a large majority (78¢5%)
were between ages 18�50 years. PLWH were most commonly Afri-
can American (44¢0%), residing in the lowest income quartile (51¢4%)
and had Medicaid listed as the primary payer (54¢0%). More than 70%
of HIV-negative patients were over the age of 50. The HIV-negative
group was predominantly white (52¢5%), with equal distribution
across the income quartiles, and 46¢9% had Medicare listed as the pri-
mary payer.

4.2. Identification of potential missed opportunities for diagnosis of
cryptococcosis

A total of 1,470/5,354 (27¢5%) patients had a potentially missed
diagnosis of cryptococcosis (Fig. 1). Of the patients considered to
have a potentially missed cryptococcosis diagnosis, 778/1,470
(52¢9%) were coded for a CNS-related condition(s), 575/1,470 (39¢1%)
were coded for pulmonary-related conditions, and 117/1,470 (8¢0%)
were coded for non-specific signs or symptoms of infection (Supple-
mentary Table 2). The most common CNS-related conditions coded
for individuals with a potential missed diagnosis of cryptococcosis
included lumbar puncture (214/1,47014¢6%), encephalopathy (235/
1,470, 16¢0%), and focal neurological diseases (140/1,470, 9¢5%). The
most common pulmonary-related conditions during prior hospitali-
zation were pneumonia without a specified organism (490/1,470,
33¢3%) and mediastinal and pleural disease (85/1,470, 5¢8%).

Among PLWH, 715/2,445 (29¢2%) had a prior hospitalization
within 90 days, and 493/2,445 (20¢2%) were coded for a condition
during a prior hospitalization considered to represent a potentially
missed diagnosis of cryptococcosis. Among HIV-negative patients,
1,304/2,909 (44¢8%) had a prior hospitalization within 90 days, of
which 977/2,909 (33¢6%) had a potential missed diagnosis of crypto-
coccosis (Fig. 1). For the subgroup of patients that were initially
treated at another hospital, and then transferred to the index hospital
in which the diagnosis of cryptococcosis was established (n = 88), the
median length of stay was 14 days (IQR 10, 19).

4.3. Risk of missed diagnosis of cryptococcosis during a prior
hospitalization

Univariate predictors of a potential missed diagnosis of cryptococ-
cosis in PLWH and HIV-negative patients are listed in Supplementary
Table 4. In multivariable analysis in the PLWH population, several fac-
tors were independently associated with potentially missed diagno-
sis of cryptococcosis, including metastatic cancer, lymphoma, other
neurological disorders, chronic pulmonary disease, nutritional defi-
ciency anemia, drug abuse (excluding alcohol), and congestive heart
failure (Table 2). In HIV-negative patients, factors associated with
potentially missed diagnosis of cryptococcosis in multivariable analy-
sis included metastatic cancer, lymphoma, deficiency anemia, leuke-
mia, chronic liver disease, weight loss, other neurological disorders,
and chronic pulmonary disease (Table 2).

4.4. Risk of 90-day in-hospital mortality

The 90-day mortality rate in PLWH was 14¢2% (348/2,445) (Fig. 1).
We found a trend of increased all-cause in-hospital mortality in
patients with a potentially missed diagnosis of cryptococcosis com-
pared to patients without a missed diagnosis (16¢8% vs. 13¢6%, respec-
tively; RR 1¢04, 95% CI 0¢99�1¢09).

The 90-day mortality rate in HIV-negative patients was 18¢4%
(534/2,909). Mortality was significantly higher in patients with a
potentially missed diagnosis of cryptococcosis compared to those
without a missed diagnosis of cryptococcosis (24¢2% vs. 15¢4%% RR
1¢12; 95% CI, 1¢07�1¢16). Patients with a prior hospitalization in the
past 90 days that was not coded for a potentially related diagnosis of
cryptococcosis or procedure also had significantly higher 90-day all-
cause mortality 22= compared to those with no prior hospitalization
(22¢6% vs. 14¢0%, respectively; p < 0¢001).

Univariate predictors of 90-day mortality in PLWH and HIV-nega-
tive patients are listed in Supplementary Table 5. In the PLWH popu-
lation, potentially missed diagnosis of cryptococcosis was associated
with marginally increased risk of 90-day mortality compared to
patients without a potentially missed diagnosis of cryptococcosis
(log-rank test p = 0¢075) (Fig. 2A). In contrast, potentially missed
diagnosis of cryptococcosis was associated with significantly
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increased risk of 90-day mortality in the HIV-negative population
compared to patients without a potentially missed diagnosis of cryp-
tococcosis (log rank p<0¢001) (Fig. 2B).

In multivariable analysis among PLWH, factors independently
associated with significantly increased risk of 90-day mortality
included rheumatoid arthritis, peripheral vascular disease, metastatic
cancer, congestive heart failure, other neurological disorders, chronic
liver disease, and hypertension (Table 3). Potentially missed diagno-
sis of cryptococcosis was not associated with increased risk of mortal-
ity in PLWH after adjusting for other factors (RR, 0¢97; 95% CI,
0¢75�1¢25). In the HIV-negative cohort, significantly increased risk of
90-day mortality was associated with chronic liver disease, weight
loss, congestive heart failure, and potentially missed diagnosis of
cryptococcosis (RR, 1¢27; 95% CI, 1¢09�1¢49). A history of solid organ
transplant was associated with significantly lower risk of mortality in
the HIV-negative population (RR, 0¢59; 95% CI, 0¢44�0¢80) (Table 3).

5. Discussion

To our knowledge, this is the first epidemiological study reporting
the proportion of potentially missed opportunities for diagnosis of
cryptococcosis and its association with mortality in HIV-negative
patients. In our cohort, the 90-day in-hospital mortality rate (16¢5%)
was similar to mortality rates reported in previous studies
(16%�31%) [3,6,12,17,19�21]. Not surprisingly, HIV-negative
patients had higher mortality than PLWH (18¢4% vs 14¢2%, respec-
tively). Previous studies have shown similar associations of mortality
due to cryptococcosis by HIV status in the US (22�35% vs. 15�19%,
respectively) [3,19,21] and in Taiwan (30% vs. 5%, respectively) [5].
Our study only allowed us to assess inpatient mortality, thus account-
ing for the lower observed mortality, comparable with mortality seen
in other studies using SID [20]. Missed opportunities for diagnosis in
HIV-negative patients was associated with a 9% increase of absolute
risk of mortality [8�10]. This is consistent with the absolute differ-
ence in mortality previously observed in the literature between the
groups of PLWH and those that are HIV-negative (8%�20%), suggest-
ing that this difference may exist due to delays in diagnosis [3,17,19].

Other potential factors contributing to poorer outcomes in this
group may include the number and severity of underlying comorbid-
ities. Comparable with previous studies, our results showed that
patients with organ failure syndromes, such as congestive heart fail-
ure and chronic liver disease, had increased 90-day mortality
[6,19,20]. It is also possible that PLWH experience better outcomes
because the immune function of PLWH is more readily reversible,
with proper intervention, when compared to other immunocom-
promising conditions. However, this explanation is less likely because
the majority of cryptococcosis mortality occurs soon after diagnosis,
and PLWH with cryptococcosis appear to have high mortality after
the initial phase of disease [21].

Infectious diseases with sub-acute and pleomorphic clinical pre-
sentations pose a challenge for timely diagnosis, especially in popula-
tions with lower incidence. We found that missed opportunities for
diagnosis of cryptococcosis were common in the hospital setting,
with 27¢5% of all cases of cryptococcosis having a potential missed
opportunity for diagnosis during a prior hospitalization(s), and the
HIV-negative group having a higher rate of missed diagnosis than
PLWH (33¢6% vs 20¢2%, respectively). Miller et al. found a comparable
missed diagnosis rate of 25% for tuberculosis [22] utilizing HCUP data
from both inpatient and emergency department encounters [23].
Similarly, in two studies examining missed opportunities in coccidi-
oidomycosis, diagnosis was delayed by more than a month in 46%
and 43% of patients [24,25]. In smaller cohorts of patients with cryp-
tococcal infection, missed opportunities for diagnosis have been
shown to be associated with delayed initiation of treatment, ulti-
mately leading to further dissemination and progression of disease,
permanent neurological deficits, and higher all-cause [3] and

disease-specific mortality [3,4]. Conversely, early diagnosis during
the asymptomatic phase of illness is associated with lower mortality
[26,27], and has formed the basis for cryptococcal antigen (CrAg)
screening of HIV-positive patients at highest risk of cryptococcosis at
time of presentation (PLWH and a CD4 count less than 100 cells/mL)
[28] which has been associated with a 28% survival benefit [29].

Time to diagnosis can be significantly longer among HIV-negative
patients compared to PLWH and has been proposed as a cause of
increased mortality. [3,12,30] Brizendine et al. reported time from
initial presentation to diagnosis was longer in HIV-negative patients
compared to PLWH (26�68 vs 22 days), even though HIV-negative
patients are generally symptomatic for a longer duration prior to
diagnosis (44 days vs 19 days) [6]. These observations have been
repeated in other studies [12,19,31], and the less “classical” underly-
ing conditions such as cirrhosis, immunosuppressant medications
and even those who are immunocompetent are associated with more
delays in diagnosis [19,32�34]. As the majority of the global burden
of cryptococcosis is in PLWH [2,20,35], clinicians have a higher level
of suspicion when considering cryptococcosis in HIV in PLWH. As

Table 1
Baseline Characteristics of 5354 Patients Diagnosed with Cryptococcosis Strati-
fied by HIV Status.

Characteristic PLWH
N (%)

HIV-Negative
N (%)

Total 2,445 (100%) 2,909 (100%)
Age (years)
18�40 960 (39¢3) 381 (13¢1)
41�50 958 (39¢2) 461 (15¢9)
51�60 411 (16¢8) 677 (23¢3)
60�70 94 (3¢8) 668 (23¢0)

22 (0¢9) 722 (24¢8)
Sex
Female 431 (17¢6) 1,104 (38¢0)

Race
White 629 (25¢7) 1,527 (52¢5)
African American 1,076 (44¢0) 430 (14¢8)
Hispanic 618 (25¢3) 543 (18¢7)
Other 122 (5¢0) 409 (14¢1)

Insurance
Medicaid 1,083 (44¢3) 505 (17¢4)
Medicare 459 (18¢8) 1,363 (46¢9)
Self-Pay/Private/Others 903 (36¢9) 1,041 (35¢8)

Median Household Income State Quartile
0�25th 1,256 (51¢4) 815 (28¢0)
26�50th 530 (21¢7) 752 (25¢9)
51�75th 406 (16¢6) 702 (24¢1)
76�100th 201 (8¢2) 562 (19¢3)
Missing 52 (2¢1) 78 (2¢7)

Number of Patients by State
Arkansas 72 (2¢9) 184 (6¢3)
California 1,284 (52¢5) 1,013 (34¢8)
Florida 931 (38¢1) 779 (26¢8)
Massachusetts 45 (1¢8) 103 (3¢5)
Maryland 100 (4¢1) 51 (1¢8)
Nebraska ¢¢ 57 (2¢0)
New York ¢¢ 677 (23¢3)
Wisconsin 13 (0¢5) 45 (1¢6)

Selected Comorbidities
Neurological Disorders* 124 (5¢1) 187 (6¢4)
Chronic Pulmonary Disease 66 (2¢7) 224 (7¢7)
Diabetes Mellitus 228 (9¢3) 1,054 (36¢2)
Hypertension 670 (27¢4) 1,746 (60¢0)
Autoimmune Disorders* 51 (2¢1) 304 (10¢4)
Lymphoma 53 (2¢2) 229 (7¢9)

* Modified from Elixhauser � Neurological disorders excludes the following
conditions: altered mental status, aphasia, convulsions, cerebral degeneration;
Autoimmune disorders include: psoriatic arthritis, psoriasis, reactive arthritis,
Kawasaki, Takayasu, granulomatosis w/polyangiitis, eosinophilic (Wegener)
giant cell arteritis, hypersensitivity angiitis, Cerebral arthritis, arteritis not oth-
erwise specified, Sj€ogren, Inflammatory bowel disease, lupus, sarcoid, Cushing
disease.
Abbreviations: HIV, human immunodeficiency viruses; PLWH, people living
with HIV.
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such, PLWH are diagnosed earlier and have lower mortality [3,19,21].
Conversely, patients with cirrhosis, for example, are at an increased
risk for cryptococcosis [35], however, most physicians do not con-
sider them to be an at-risk population, resulting in delayed diagnoses
and mortality as high as 80% [12].

We investigated the association between the type of insurance
coverage and risk of missed diagnosis or mortality. We hypothesized
that private insurance served as a surrogate marker for higher socio-
economic status. For this purpose, patients were categorized into two
groups: those who were uninsured or had government provided

Fig. 1. Flowchart for characterization of patients with cryptococcal disease stratified by HIV status. Potentially missed diagnoses for cryptococcal disease (CD) are common in both
Persons Living with HIV (PLWH) and in HIV-negative populations. In the HIV-negative population, a potentially missed CD diagnosis is associated with higher mortality.

Table 2
Multivariable Analysis of Risk for Missed Diagnosis within 90 Days Prior to the Cryptococcosis Admis-
sion by HIV Status.

PLWH HIV-NEGATIVE
RR (95% CI) P RR (95% CI) P

History of Solid Organ Transplant 1¢22 (1¢06�1¢41) 0¢004
Congestive Heart Failure 1¢55 (1¢20�2¢02) 0¢001 1¢21 (1¢09�1¢35) <0¢001
Chronic Liver Disease 1¢35 (1¢14�1¢60) <0¢001 1¢44 (1¢26�1¢65) <0¢001
Hypertension 1¢41 (1¢21�1¢63) <0¢001 1¢30 (1¢15�1¢47) <0¢001
Metastatic Cancer 2¢53 (1¢73�3¢71) <0¢001 1¢57 (1¢33�1¢85) <0¢001
Other Neurological Disorders* 1¢73 (1¢41�2¢13) <0¢001 1¢41 (1¢22�1¢64) <0¢001
Autoimmune Disordersy 1¢39 (1¢23�1¢59) <0¢001
Pulmonary Circulation Disorders 1¢31 (1¢15�1¢50) <0¢001
Chronic Pulmonary Disease 1¢66 (1¢43�1¢91) <0¢001 1¢40 (1¢26�1¢55) <0¢001
Peripheral Vascular Disease 1¢24 (1¢07�1¢43) 0¢004
Diabetes Mellitus 1¢15 (1¢05�1¢27) 0¢004
Hypothyroidism 1¢57 (1¢05�2¢33) 0¢027 1¢20 (1¢07�1¢34) 0¢002
Leukemia 1¢48 (1¢21�1¢80) <0¢001
Lymphoma 1¢94 (1¢40�2¢69) <0¢001 1¢54 (1¢33�1¢78) <0¢001
Obesity 1¢46 (1¢06�2¢03) 0¢022 1¢24 (1¢09�1¢41) 0¢001
Deficiency Anemia 1¢59 (1¢35�1¢86) <0¢001 1¢52 (1¢36�1¢70) <0¢001
Drug Abuse 1¢56 (1¢32�1¢84) <0¢001 1¢27 (1¢05�1¢54) 0¢014
Alcohol Abuse 1¢29 (1¢05�1¢59) 0¢015
Weight Loss 1¢43 (1¢30�1¢58) <0¢001
* Other neurological disorders include: altered mental status, aphasia, convulsions, cerebral

degeneration.
y Autoimmune disorders include: psoriatic arthritis, psoriasis, reactive arthritis, Kawasaki, Takayasu,

granulomatosis w/polyangiitis, eosinophilic (Wegener) giant cell arteritis, hypersensitivity angitis,
Cerebral arthritis, arteritis not otherwise specified, Sj€ogren, Inflammatory bowel disease, lupus, sar-
coid, and Cushing disease.
Abbreviations: HIV, human immunodeficiency viruses; PLWH, people living with HIV; RR, relative risk;
CI, confidence intervals.
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insurance (i.e. Medicaid), and those with private insurance. Previous
studies have found that PLWH with cryptococcosis and with no
insurance or the government option had higher mortality rates com-
pared to those with private insurance [21]. In our cohort, having
Medicaid or being uninsured was associated with an increased risk of
missed diagnosis in PLWH in the univariate analysis. However, no
effect was seen after adjustment in the multivariate analysis.

With the advent of effective antiretroviral therapy, the risk of crypto-
coccosis in PLWH has decreased significantly but has remained constant
in HIV-negative patients [20]. As a result, non-HIV patients with crypto-
coccosis now outnumber PLWH patients with cryptococcosis in many
institutions in the United States (36�56% vs 35�40%, respectively)
[17,20,36,37]. The HIV-negative group of patients with cryptococcosis is
highly heterogeneous, including both immunocompetent (13�39%) and
immunocompromised persons (61�87%). [17,19,30,32,38] Thus, it is
vital that physicians are familiar with factors associated with increased
risk of delays in diagnosis in these individuals.

Several underlying comorbidities, including congestive heart fail-
ure, chronic liver disease, cancer, chronic pulmonary disease, and
lymphoma, were associated with increased risk of missed diagnosis
of cryptococcosis in both PLWH and HIV-negative persons. This is
likely due to one of two possible reasons. First, many of these are risk
factors for development of cryptococcosis [35], however, persons
with these conditions do not fit into the classical high risk popula-
tions for cryptococcosis. Second, the early symptoms of cryptococco-
sis are nondescript and pleomorphic and can easily be attributed to
another disease or condition. For instance, a new diagnosis of pulmo-
nary nodule may not be malignancy but could be the evolution of
cryptococcosis [39]. Episodes of hepatic encephalopathy or culture-
negative spontaneous bacterial peritonitis presenting as non-differ-
entiating sepsis in cirrhotic patients could be due to cryptococcosis
[12,19]. It is possible that patients are misdiagnosed or miscoded
with another condition with similar symptoms, and for this reason,
clinicians should keep a high index of suspicion for cryptococcosis.

Possible reasons for this delay from presentation to diagnosis could
be atypical presentations of cryptococcosis, especially in HIV-negative
patients [19], and lack of experience identifying these complex pheno-
types. The clinical presentations of cryptococcosis differ based on
immune status [19]. For example, approximately 30% of HIV-negative
patients have meningitis, compared to 70% in PLWH. Fever is present in
only about 50% of HIV-negative patients, compared to 70% of PLWH
[6,19]. A recent study of cryptococcal meningitis reported significant
delays in diagnosis driven by knowledge deficits, leading to a failure to
consider cryptococcosis in the differential diagnoses even in common
syndromes such as meningitis [23,25]. Though states with high rates of
cryptococcosis hospitalization independent of HIV status, such as Flor-
ida, Maryland and New York (>4 hospitalizations per million popula-
tion) [33], were included in the analysis, no association between state
andmissed diagnosis was found.

In our study, lumbar puncture was coded in 14¢6% of patients with
a potentially missed diagnosis (Supplementary Table 2), suggesting
that suspicion for meningitis was raised, but cryptococcosis was not
identified. Incorporating CrAg screening of cerebrospinal fluid or
serum as a part of routine practice could help improve diagnosis rates

Fig. 2. Cox proportional hazards curves comparing time from index admission to
death by potential missed diagnosis of cryptococcal disease for (a) persons living with
HIV and (b) HIV-negative patients. Patients with a potential missed opportunity for
diagnosis of Cryptococcus have a higher mortality amongst those that are HIV-nega-
tive, but not those that are HIV positive.

Table 3
Multivariable analysis of risk for mortality within 90 days after the cryptococcosis admission by HIV status.

PLWH HIV-NEGATIVE*
RR (95% CI) P RR (95% CI) P

Potential Missed Opportunity for Diagnosis of Cryptococcosis y 0¢97 (0¢75�1¢25) 0¢807 1¢27 (1¢09�1¢49) 0¢003
History of Solid Organ Transplant 0¢59 (0¢44�0¢80) <0¢001
Congestive Heart Failure 2¢12 (1¢54�2¢91) <0¢001 1¢31 (1¢11�1¢5) 0¢002
Chronic Liver Disease 1¢42 (1¢10�1¢83) 0¢008 2.11 (1¢77�2¢52) <0¢001
Weight Loss 1.41 (1¢21�1¢67) <0¢001
Hypertension 1¢37 (1¢13�1¢66) 0¢001
Metastatic Cancer 2¢32 (1¢21�4¢45) 0¢011
Rheumatoid Arthritis or Collagen Vascular Diseasesz 2¢73 (1¢02�7¢33) 0¢047
Peripheral Vascular Disease 2¢68 (1¢74�4¢15) <0¢001
Other Neurological Diseasesx 1¢71 (1¢22�2¢39) 0¢002
* HIV-negative model was adjusted for age (splines used,7 knots), age was not a significant variable in the model of PLWH.
y Variable was forced into the model as it was the primary exposure.
z Modified from Elixhauser - domain excludes Systemic Lupus Erythematous.
x Other neurological disorders include: altered mental status, aphasia, convulsions, cerebral degeneration

Abbreviations: HIV, human immunodeficiency viruses; PLWH, people living with HIV; RR, relative risk; CI, confidence intervals.
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of cryptococcosis [10]. CrAg testing is highly sensitive (98�100%) and
specific (99�100%) for diagnosis of cryptococcal meningitis in both
PLWH and HIV-negative patients [3,39�41]. As such, the test should
be used with serum for patients who present with other syndromes
that overlap with cryptococcosis. The test yields results within
15 min, and with an estimated total cost of $5¢43 per test [8], it is
highly cost- and time-effective [42], and simple to use [41]. Thus,
there are limited barriers for implementation of routine CrAg testing
in patients with syndromes compatible with cryptococcosis, for
example, all adults with suspected meningitis and pneumonia that
do not respond to antibiotics. While these clinical presentations have
a wide differential diagnoses, dissemination is often under evaluated
in pulmonary cryptococcosis [23] with lower mortality seen in pul-
monary cryptococcosis has than cryptococcal meningitis [21]. The
CrAg screen-and-treat strategy is a highly effective intervention and
key to preventing progression to more severe disease and lowering
cryptococcosis-related mortality [8,9].

Overall, our results are generalizable across a variety of settings. The
data used for our analysis was collected from 8 different states, compris-
ing roughly 30% of the country, and representing a wide variety of geo-
graphic regions spanning the range of rate of diagnosis, covering low,
middle, and high prevalence areas. Due to the pervasive nature of cryp-
tococcus worldwide, the results of our study are important for global
practice. Lastly, recognition of cryptococcosis, especially in low preva-
lence areas, is important for general practice, considering that a patients
first encounter is likely not with an infectious disease specialist.

Our study is limited by its retrospective design and the nature of
the administrative database. Additionally, the SID does not include
laboratory results or consulting physician specialty (i.e. infectious dis-
eases), limiting our analysis into effects of consultation by different
specialties and differences in laboratory characteristics (ie, CrAg)
between groups. Furthermore, it is likely that our study underesti-
mated the proportion of patients with cryptococcosis with missed or
delayed diagnosis as we did not have access to outpatient records,
where patients may have initially sought care. Additionally, because
the database only captures in-hospital mortality, patients who died
without receiving a diagnosis or received only postmortem diagnosis,
were not included in our analysis, further underestimating the mag-
nitude of missed opportunities. We also did not have access to out-
of-hospital mortality data, and therefore the mortality accounted for
in our study is likely an underestimate of the true 90-day death rate.
Combined, these limitations are likely to underestimate the magni-
tude of the effect observed.

Missed opportunities to diagnose cryptococcosis in the hospital
setting are common, particularly among HIV-negative patients.
Potentially missed diagnoses were associated with increased risk of
90-day mortality in HIV-negative patients. This emphasizes the need
for a higher index of suspicion for cryptococcosis, as well as high-
lights the importance of early CrAg testing.
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