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Summary

Since the diagnosis of cryptococcosis is challenging in low prevalence settings, uncovering
predictive factors can improve early diagnosis and timely treatment. The aim of the study was to
relate clinical outcomes to predictive variables for the presence of cryptococcosis. A retrospective
case-control study matching by collection date, age, and gender at a 1:2 ratio (55 cases and 112
controls) was performed in case patients diagnosed with Crypfococcus infection at the University
of Colorado Hospital between 2000 and 2017 (n=167). A bivariate and a forward, stepwise
multivariable logistic regression model was performed to identify predictors of cryptococcosis. In
an adjusted multivariable model; cryptococcal infection was significantly associated with the
presence of respiratory symptoms, hyponatremia, lung disease, or corticosteroids. Additionally;
cryptococcal meningitis was associated with headaches, corticosteroids, or increased CSF protein.
Conversely, a reduced risk of cryptococcosis was associated with hypertension or peripheral
monocytosis. Cryptococcal meningitis lead to subsequent hearing impairment (16% vs. 4%
(control), p=0.013), muscle weakness (40 vs. 20%, p=0.021), cognitive deficits (33% vs. 6%,
p=0.0001) or any adverse outcome (84% vs. 29%, p=0.0001). We uncovered novel clinical
predictors for the presence of cryptococcal infection or cryptococcal meningitis. This study in
patients at a low prevalence US medical center underscores the importance of early diagnosis in
this population.
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Introduction

Cryptococcal meningitis upholds a large global impact with nearly 223,000 new cases each
year and results in 181,100 deaths among HIV infected individuals [1]. Internationally,
cryptococcal meningitis causes 15% of all AIDS-related deaths with an estimated mortality
of approximately 20%. In the United States, cryptococcal meningitis causes about 3,400
hospitalizations every year [2]. Despite diminishing incidence in the United States due to an
increase in the use of antiretroviral drugs, cryptococcal disease maintains a high mortality
rate [2]. Cryptococcosis is also now associated with new hematologic cancer chemotherapies
and its incidence among HIV-negative patients approaches those of patients with HIV [3, 4].
When a patient becomes infected with Cryptococcus, it commonly manifests in one of two
ways, cryptococcal meningitis or pulmonary cryptococcosis. Disseminated infection is
associated with higher mortality [5]. The risk of dissemination or neuroinvasion increase in
immunosuppressed patients with HIV infection with or without AIDS, solid organ
transplantation, systemic lupus erythematosus (SLE), malignancy, sarcoidosis, or cirrhosis
[6-10]. Cryptococcal meningitis is associated with the presence of fever, headaches, altered
mental status (AMS), weight loss, or high dose corticosteroids [6, 11-13]. However, the
clinical presentation of cryptococcosis in immunocompromised patients is often atypical,
overlaps with other medical conditions, and in low prevalence locations results in a delayed
diagnosis. This delay often leads to an increased risk of neurologic sequela [14].
Identification of clinical risk factors for cryptococcosis and neuroinvasive disease may allow
more accurate, and timely prediction of the disease among immunosuppressed patients with
non-specific symptoms in low prevalent settings. Early diagnosis should prevent the
development of neurological complications. Finally, clinical outcomes and neurologic
sequela among survivors of cryptococcal meningitis are poorly characterized. The aim of
this study was to perform a matched case-control analysis in patients with or without
cryptococcal infection to assess clinical predictors for cryptococcosis and to describe
adverse clinical outcomes in patients with cryptococcal meningitis.

Patients/Methods

Ethics statement

The present investigation is in health insurance portability and accountability act (HIPAA)
compliance according to the Colorado Multiple Institutional Review Board (COMIRB) at
University of Colorado Denver. Analysis of clinical data has been performed under an
approved protocol (COMIRB Protocol 15-1340).

Patients and data collection

We collected data on all patients with a culture that grew Cryptococcus or with positive
serum antigens from any specimen (pleural, CSF, blood, synovial, bronchoalveolar lavage,
peritoneal fluid, and tissue) that were recorded at the University of Colorado Hospital
microbiology laboratory between January 2000 and February 2017. After collecting all
negative serum cryptococcal antigen results from the microbiology lab during the same
period; controls were randomly chosen patients with a matched to cases by specimen
collection date, age, and gender at a 1:2 (case: control) ratio. If controls had CSF studies, we
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verified that the CSF cryptococcal antigen was also negative. Controls were patients
evaluated in both the hospital and ambulatory settings where clinicians had suspicious for
cryptococcal infection and test was ordered to rule out the disease. Controls share common
associated risk factors and they came from the same community that University of Colorado
hospital serves. Cryptococcus infection was identified through Immuno-Mycologics Inc.
(IMMY, OK) serum and CSF cryptococcal antigen tests (CrAg® LFA —Cryptococcal
Antigen Lateral Flow Assay) using semi-quantitative enzyme immunoassay. Cryptococcal
meningitis was defined as a positive cryptococcal CSF antigen study or positive CSF culture
or a positive blood cryptococcal culture with endophthalmitis or known history of
cryptococcal meningitis. Medical reports were accessed to collect clinical and laboratory
variables for all patients. The following data were retrospectively collected: demographics
(gender, race, age, place of birth, place of residence, and occupation); symptoms
(constitutional, headaches, altered mental status, respiratory abnormalities, fever, and
others), medical history (smoking, lung disease, diabetes mellitus, hypertension, lupus,
malignancy, sarcoidosis, cirrhosis, HIV infection, solid organ transplant, use of calcineurin
inhibitors or corticosteroids, and prednisone dose); HIV (time since diagnosis, history of
HIV antiretroviral drug resistance, antiretroviral therapy, CD4 count, and viral load);
transplant (type and time since transplant); vital signs at collection times (systolic blood
pressure, diastolic blood pressure, weight, pulse, temperature, and BMI); absence of
presence of cryptococcal meningitis, laboratory results (complete blood cell count,
comprehensive metabolic panel, baseline renal function, lumbar puncture opening pressure,
serum cryptococcal antigen, cerebrospinal fluid (CSF) cryptococcal antigen, CSF culture,
blood culture, CSF cell count, CSF glucose, and CSF protein), and outcomes of cryptococcal
infection: immune reconstitution syndrome (IRS), treatment regimen, death and attributable
death, cognitive deficits, muscle weakness, speech difficulties, hearing impairment, MRI
imaging results; use of ventriculoperitoneal shunts (VPS), new onset cryptococcal infection,
and relapse.

A detailed description of the definition of each variable is already published [15]. For a
direct access please see Appendix A.

Statistical analysis

We used data from 167 patients which included 55 patients with Cryptococcus infection and
112 controls without infection. Statistical analyses were performed using STATA software,
version 12.1 (StataCorp, College Station, Texas, USA). The means and standard deviations
for continuous variables were calculated. For categorical variables, frequencies and
percentages were calculated. We initially performed a bivariate analysis for dichotomous
outcomes variables using chi-squared, and the Fisher exact test for dichotomous and
nominal independent variables respectively. For interval independent variables, we used the
t-test. For the multivariable analysis, we selected variables associated with outcome with a
p-value <=0.05, and variables known to be associated with the outcome or known to be
confounders. We removed collinear variables or variables with a significant number of
missing data. For incorporation of variables, we transformed nominal and ordinal variables
to dichotomous variables. We determined if interval variables followed a normal distribution
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by performing the Shapiro-Wilk test. If the data were not normally distributed, the variable
was transformed into a dichotomous variable. Final selected variables were included in a
multivariable, forward, stepwise logistic regression model. A parallel conditional logistic
regression model was run for comparison. Multivariable analysis was done for all cases vs.
controls and separately for cases with meningitis vs. controls. Post-estimation models’
performance outputs were evaluated for sensitivity, specificity, and area under the receiver
operator characteristic (ROC) curve.

Clinical characteristics of patients with cryptococcosis

We evaluated a total of 55 patients with Cryptococcus infection and 112 controls without
infection (Table 1). The median age for the cases was 54.3 years. Patients were
predominantly male, Caucasian, and held an outdoor occupation. Constitutional symptoms
predominated in cases and controls. Headaches (37% vs. 15.2%, p=0.002) and respiratory
symptoms (32.7% vs. 13.4%, p=0.003) were more frequently present in patients with
cryptococcosis. The most prevalent comorbidities among patients with cryptococcal
infection were HIV infection (44.4% vs. 35.7%, p=0.279), corticosteroid use (28.3% vs.
16.4%, p=0.076), malignancy (25.5% vs. 18.8%; p=0.317), active smoking (20.0% vs.
24.1%; p=0.751), transplant status (18.9% vs. 18.8%; p=0.986), and lung disease (18.2% vs.
4.45%; p=0.004). The most common condition among controls was the diagnosis of altered
mental status, most of which were diagnosed with transient metabolic or medication-related
encephalopathy. Patients with cryptococcal infection had slightly lower systolic blood
pressures (119.8 vs. 127.9 mm Hg; p=0.025) and had normal heart rates, temperatures, and
body mass indices. Laboratory data in patients were significant for normal white blood
counts (WBC), hemoglobin (Hb), and platelets counts. Compared to controls, patients with
Cryptococcosis had lower monocyte counts (0.48 vs. 0.64 x 109/L; p=0.049), relative
hyponatremia (134.8 vs. 137.3 mmol/L; p=0.004) and normal kidney and liver function tests.
Compared to controls, patients had increase cerebrospinal fluid (CSF), opening pressure
(27.3 vs. 21.1 cm H,0; p=0.232), elevated CSF WBC (121.5 vs. 32.7 x 106/L; p=0.011),
and more predominantly neutrophilic CSF CBC composition (51.2%). In patients with
cryptococcal meningitis, CSF monocytes were markedly increased (30.6 vs. 6.4 x 106/L;
p=0.034) and CSF protein was larger. Cases were characterized by the presence of
hypoglycorrhachia (CSF glucose 41.5 vs. 66 mg/dl; p=0.0001). Approximately 15% of
patients had meningeal enhancement on the MRI result. As reported previously, our data
confirm the lack of systemic response, lack of meningeal enhancement on MRI images in
most of the cases, and possible SIADH related hyponatremia in case patients.

Predictors of cryptococcal Infection

In a multivariable analysis, the following variables were found to be statistically
significantly associated with cryptococcosis at the 0.05 alpha level (table 2): symptoms of
headaches (OR: 11.09, 95% ClI: 3.42 — 35.94; p=0.0001), respiratory complaints (OR: 7.47,
95% CI: 2.39 - 23.35; p=0.001); history of lung disease (OR: 5.33, 95% CI: 1.11-25.65;
p=0.037), corticosteroids use (OR: 4.57, 95% CI: 1.37-15.19; p=0.013), and hyponatremia at
presentation (OR: 9.53, 95% ClI: 2.57-35.35); p=0.001). Conversely, hypertension (OR: 0.24,
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95% ClI: 0.08 — 0.74; p=0.013), and peripheral monocytosis (OR: 0.14, 95% CI: 0.03 - 0.67;
p=0.014) were associated with absence of a diagnosis of cryptococcosis. Although altered
mental status (OR: 0.21, 95% CI: 0.07 — 0.66; p=0.007) was significantly present in controls
compared to patients, this sign commonly triggers physicians to order the cryptococcal
serum antigen test. The multivariable model had a sensitivity of 67.4%, specificity of 89.9%,
positive predictive value of 75%, and a negative predictive value of 86.0% in classifying a
patient as having Cryptococcosis. A conditional logistic regression model displayed very
similar results.

Predictors of cryptococcal meningitis disease

In a multivariable analysis, the following variables were found to be statistically
significantly associated with cryptococcal meningitis at the 0.05 alpha level (table 3):
Headaches (OR: 49.15, 95% CI: 3.91 — 618.08; p=0.003), corticosteroids use (OR: 96.46,
95% CI: 4.82 — 1932.37; p=0.003), and increased CSF protein (OR: 30.55, 95% ClI: 2.39 —
390.85; p=0.009). History of hypertension associated with a reduced risk of having
cryptococcal meningitis (OR: 0.012, 95% CI: 0.0004 -0.44; p=0.016). The multivariable
model had a sensitivity of 83.3%, specificity of 95.6%, positive predictive value of 87%, and
a negative predictive value of 94.2% in classifying a patient as having cryptococcal
meningitis.

Outcomes and adverse clinical outcomes in cryptococcal meningitis

Cryptococcal meningitis resulted in hearing impairment (16% vs. 4%, p=0.013), muscle
weakness (40 vs. 20%, p=0.021), cognitive deficits (33% vs. 6%, p=0.0001) or any adverse
outcome (84% vs. 29%, p=0.0001) more frequently than controls (Figure 1). Hydrocephalus
with the need for a ventriculoperitoneal shunt (7.4%) and death (28.1%), were frequent in
this cohort of patients with cryptococcal meningitis. Relapses occurred in 23% of the cases.
Stroke arose as a complication in 33% of the patients with cryptococcal meningitis.

Discussion

We uncovered clinical symptoms such as headaches, respiratory complaints, history of
pulmonary disease, and corticosteroids as strong predictors of cryptococcosis in a low
prevalence tertiary care US medical center. These factors applied to a cohort of patients with
a significant proportion of immunocompromised conditions such as HIV infection,
malignancy, or transplantation. Furthermore, hypoglycorrhachia, increased CSF protein, and
corticosteroids use at presentation was associated with increased likelihood of cryptococcal
meningitis compared to controls. Patients with cryptococcosis often present with nonspecific
symptoms —as shown here— and they usually do not display a systemic inflammatory
response. Therefore, the above predictors may be useful tools to identify patients with
failure to thrive or subacute symptoms who are at increased risk for cryptococcosis. We also
described severe adverse outcomes in survivors with cryptococcal meningitis. These
meningitis survivors are more likely to develop hearing impairment, muscle weakness, and
cognitive deficits compared to other conditions that cause altered mental status. Previous
cohorts have shown rates up to 45% of long-term neurological deficits following
cryptococcal meningitis, which included cognitive impairment, vision loss, ataxia, deafness,
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and seizures [14]. Strokes — seen at a high rate in our cohort—are a complication of
cryptococcal meningitis associated vasculopathy and is rarely described [16]. Strokes in this
setting affect the basal ganglia and is a component of secondary neurologic deficits.

Limited research currently exists on predictive factors of cryptococcal meningitis in North
America, and specifically in the Mountain West Region. This study confirmed previous
recognized common risk factors for cryptococcosis: organ transplant, HIV infection,
corticosteroid use, and malignancy. In contrast to previous studies, the presence of fever [6,
11], altered mental status [17], or constitutional symptoms, were unpredictive of
cryptococcosis or meningitis in our cohort. We also did not observe other host-related
factors that have been previously reported like smoking, diabetes, and ethnicity [18-21] with
Cryptococcus infection. This may describe a true absence of these associations or
associations may have been missed due to small sample size.

We are unfamiliar with potential protective clinical factors that reduce the risk of
cryptococcal infection. Some studies have suggested a protective role for calcineurin
inhibitors (CNI) for CNS invasion in solid organ transplant recipients [22], and some /n vitro
data exhibited CNI antifungal activity [23, 24]. In our cohort, we did not observe a
protective role of CNI for cryptococcal meningitis. Conversely, the presence of a diagnosis
of hypertension and monocytosis seem to confer a protective role for cryptococcal infection.
We hypothesized that a common anti-hypertensive medication —calcium channel blockers
— may possess anticryptococcal properties. Calcium channel blockers strongly enhance 7in
vitro phagosome maturation, fungicidal activity, and reduced cryptococcal intracellular
replication [25]. Peripheral monocytes are recruited by brain tissue in cases of CNS
infections and play a role on Crypfococcus neuroinvasion [26]. This may explain the
association between CSF monocytes and the presence of cryptococcal meningitis (table 1).
Its protective mechanism role in cryptococcal infection merits further analysis.

There are several limitations in this study. The retrospective selection of data limits the
reliability of the predictors and limits the number of variables analyzed. To those that were
collected, some selection bias may exist as cases were collected by different observers.
Missing data occurred in medical records. We employed measures to reduced biases by
randomly selecting cases and controls at a 1:2 ratio and matching for age, gender, and
sample collection dates.

The average survival time of cryptococcal meningitis is less than 3 months from diagnosis,
and commonly patients do not survive past the first month of iliness [20]. Targeted screening
is an effective prevention method in immunocompromised patients at risk for cryptococcal
infection. This enables early detection, a better chance of survival, and decreased
neurological complications. We have uncovered clinical predictors associated with
cryptococcosis among immunocompromised patients in a low prevalence US center.

A larger prospective study can confirm and refine our findings. Factors associated with a

reduced risk of infection, such as hypertension and monocytosis deserve further follow up
studies. Cryptococcal infection is the third most common invasive fungal infection among
immunocompromised hosts [27]. It leads to significant mortality and disabling neurologic
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sequelae. Clinical tools to improve the timely recognition of the infection will likely result in
early diagnosis and treatment and improved outcomes.
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Appendix A: Definitions

Occupation was recorded as written in the history and physical (H&P) report. An occupation
was labeled outdoor if it was performed primarily in the open air. Symptoms and past
medical history were recorded as written in the initial H&Ps (by medicine residents,
attending physicians and/or sub-specialties consults notes). Abstracted constitutional
symptoms included weakness, weight loss, fatigue, fever, myalgias, night sweats, and
malaise. Recorded respiratory symptoms included cough, shortness of breath, congestion,
sore throat, and chest pain. Other recorded symptoms included rash, pruritus, and
gastrointestinal (G1) complaints (diarrhea, flank pain, hematochezia, nausea, vomiting).
Fever was defined in the initial H&P as temperature >37.7 °C. Smoking history was
considered current or any former use of tobacco. Lung diseases included chronic obstructive
pulmonary disease (COPD), pulmonary embolism, pneumonia, bronchiectasis, obstructive
sleep apnea and lung neoplasm. Malignancy included current hematologic or solid organ
neoplasms. Prednisone dose was calculated in milligrams and for those on non-prednisone
steroids an equivalence converter was used to calculate the corresponding prednisone dose.
HIV resistance was defined as written in the HIV provider history note or by the presence of
any major mutations on a standard HIV genotype. Cryptococcus infection was identified
through Immuno-Mycologics Inc. (IMMY, OK) serum and CSF cryptococcal antigen tests
(CrAg® LFA —Cryptococcal Antigen Lateral Flow Assay) using semi-quantitative enzyme
immunoassay. Confirmation was done through regular fungal culture. These tests
unfortunately cannot distinguish the species or the genotype of the isolate. Blood cultures
were processed using the BD BACTEC 9240 automated culturing system. CD4 count, viral
load, and laboratory data were obtained at the time of diagnosis with the cryptococcal
infection. IRS was defined per previous published guided criteria [13]. Cryptococcal
meningitis was defined as a positive cryptococcal CSF antigen study or positive CSF culture
or a positive blood cryptococcal culture with endophthalmitis or known history of
cryptococcal meningitis. Standard treatment for cryptococcal meningitis was defined as at
least 14 days of amphotericin B plus flucytosine. Cryptococcus attributable death was
defined as mortality with Cryptococcus infection considered to be the direct cause of death.
Residual cognitive deficits were speech, hearing impairment, muscle weakness or gait
abnormalities documented in follow-up clinical assessments more than three months after
the episode of cryptococcal meningitis. New onset infection was defined as first episode of
cryptococcal infection. Relapse was any episode of recurrence of infection following clinical
and microbiological pathogen control. Systolic blood pressure, diastolic blood pressure,
weight, pulse, temperature, and BMI were recorded as written in medical records on date of
positive cryptococcal infection diagnosis. MRI was recorded as normal or abnormal results,
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if abnormal, result was also recorded. Place of birth and place of residency was recorded as
written in the medical records. Place of residency was also recorded as urban or rural.
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Clinical Outcomes

Any adverse outcome *x [ Cases

Speech difficulties @8 Controls
VPS
Hearing Impairment
Death
Cognitive Deficit * %
Muscle Weakness *
6'0 8l0 160
%

Figure 1. Adverse clinical outcomes for patients with cryptococcal meningitis vs. controls
VPS: ventriculoperitoneal shunt. *p-value<0.05; **p-value<0.005
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Table 2

Multivariable analysis for cryptococcal infection predictors.

Odds Ratio
Characteristic (95% Confidence Intervals) p-value
Headaches 11.09 (3.42 - 35.94) 0.0001
Respiratory Symptoms 7.47 (2.39 - 23.35) 0.001
Hyponatremia 9.53 (2.57 - 35.35) 0.001
Lung disease 5.33 (1.11 - 25.65) 0.037
Altered mental status 0.21 (0.07 — 0.66) 0.007
Corticosteroids 4.57 (1.37-15.19) 0.013
Smoking 0.46 (0.14 — 1.45) 0.185
Diabetes Mellitus 0.41 (0.11-1.53) 0.186
Hypertension 0.24 (0.08 - 0.74) 0.013
Monocytosis 0.14 (0.03-0.67) 0.014
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Table 3

Multivariable analysis for cryptococcal meningitis predictors.

Odds Ratio
Characteristic (95% Confidence Intervals) p-value
Decrease CSF glucose 11.12 (0.98 — 126.28) 0.052
Headaches 49.15 (3.91 - 618.08) 0.003
Increase CSF protein 30.55 (2.39 - 390.85) 0.009
Hyponatremia 4.42 (0.57 - 34.15) 0.155
HIV infection 7.26 (0.67 — 78.64) 0.118
SBP 0.96 (0.90 - 1.01) 0.118
Hypertension 0.012 (0.0004 -0.44) 0.016
Corticosteroids 96.46 (4.82 — 1932.37) 0.003

CSF: Cerebrospinal fluid; HIV: Human immunodeficiency virus; SBP: Systolic blood pressure.
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