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Quality of life of HIV‑negative, 
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The morbidity and mortality of cryptococcal meningoencephalitis (CM) in previously healthy, HIV‑
negative individuals is increasingly recognized. We administered a healthcare associated quality of life 
(QOL) survey to the largest longitudinally followed cohort of these patients in the United States. We 
identified moderate or severe self‑reported impairment in at least one QOL domain in 61% of subjects 
at least one year following diagnosis. Self‑reported cognitive impairment was noted in 52% and sleep 
disturbance was noted in 55%. This is the first comprehensive study of cross‑sectional long‑term QOL 
in previously healthy patients following cryptococcal infection.

Cryptococcus is a cause of fatal meningoencephalitis that kills 250,000 people worldwide each year 1. Mortality 
of CM is high in both immunocompetent and immunocompromised populations, reaching 42% and 72% at one 
year  respectively2. Between 20–70% of CM survivors are estimated to have long-term disability following infec-
tion, similar to other causes of acute infectious meningitis like tuberculosis, although the number and quality 
of current studies is  limited2.

In the U.S., 17–30% of non-HIV infected individuals with CM have no apparent underlying condition, 
accounting for approximately 1000 cases per year 1. This group has some of the highest mortality rates in the 
U.S.3 and significant disease sequelae including a fronto-subcortical  syndrome4, hearing  loss5, vision loss, and 
spinal  arachnoiditis6, associated with direct fungal damage as well as a post-infectious inflammatory response 
syndrome (PIIRS)7. The effect of these sequelae on quality of life (QOL) is not known. Here, we examined QOL of 
HIV-negative, previously healthy individuals at least one year following CM diagnosis using the patient-reported 
survey instrument Quality of Life in Neurological Disorders or Neuro-QoL.

Results
Of 66 subjects eligible for survey participation, 56 (85%) completed the survey between January 2020 and June 
2020. Ten surveyed subjects (18%) did not have CNS disease; 9 had isolated pulmonary disease and one had 
confirmed osteomyelitis of the thoracic vertebrae (T4-T5). The demographic and clinical characteristics of the 
surveyed population are shown in Table 1. Fifteen patients (33%) with CNS disease received corticosteroid 
therapy, with varied tapers and dosing, during their treatment course. The most common pre-existing condi-
tions in surveyed subjects were idiopathic CD4 + lymphopenia (14%) and diabetes mellitus (7%). All known 
pre-existing conditions prior to diagnosis are listed in Supplemental Table 2.

The distributions of the population scaled Neuro-QoL T-scores with CM and non-CNS cryptococcosis are 
summarized in Fig. 1 and Supplemental Tables 3 & 4. Sixty-one percent of those with CNS disease and 50% in 
the non-CNS group had evidence of moderate or severe impairment in at least one QOL domain. The median 
total number of moderately and severely impaired QOL domains was equal in both groups, 1 (IQR [0–3]) in 
those with CNS disease and 1 (IQR [0–3]) in the non-CNS group .
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In the CNS cryptococcosis group, sleep disturbance (55% with at least mild symptoms) and cognitive func-
tion (52% with at least mild impairment) were reported as the most affected domains (Supplemental Table 3). 
The domain with the lowest frequency of symptoms or impairment in the CNS group was stigma (16% with at 
least mild symptoms).

In the CNS cryptococcosis group, sleep disturbance T-scores were positively correlated with fatigue  (rs = 0.70, 
P < 0.0001), anxiety  (rs = 0.73, P < 0.0001), depression  (rs = 0.75, P < 0.0001), as well as negatively correlated with 
positive affect and wellbeing  (rs = -0.71, P < 0.0001). Depression T-scores were positively correlated with anxiety 
 (rs = 0.76, P < 0.0001) and negatively correlated with positive affect and wellbeing  (rs = -0.75, P < 0.0001). All cor-
relations between Neuro-QoL T-score domains are shown in Fig. 2.

Within the non-CNS group, mild symptoms were noted by at least one subject in all reported QOL domains. 
Similar to the CNS group, cognitive function (50% with at least mild impairment) and sleep disturbance (50% 
with at least mild symptoms) were the most reported affected domains. The domains with the lowest frequency 
of reported symptoms or impairment were mobility, communication, and stigma at 10%, respectively (Sup-
plemental Table 4).

The presence of a neurosurgical intervention in the CNS group during hospital course was not associated 
with a difference in the median number of moderately or severely self-reported impaired domains (1.0 versus 
1.0, P = 0.338).

Self-reported cognitive function T-scores were not significantly associated with diagnostic CSF cryptococ-
cal antigen (coefficient = 24.79, P = 0.2834) or CSF glucose (coefficient = 0.7921, P = 0.1137). CSF:blood glucose 
ratios at 100 + /- 50 days past diagnosis were not significantly associated with cognitive function T-scores (coef-
ficient = -0.117, P = 0.991). Longitudinal plots of CSF:blood glucose ratios and CSF white blood cell count are 
shown in Supplementary Fig. 1. Notable are the traces of some patients maintaining low glucose ratios for weeks 
and months following diagnosis and perceived infection control and a qualitative note that some these traces 
were associated with low cognitive function T-scores.

Among the overlapping CNS group patients who underwent comprehensive neuropsychological (NP) testing, 
self-reported cognitive function T-score was positively correlated with global NP T-score  (rs = 0.552, P = 0.067, 
n = 12), with declines in function in both. In the same way, Beck Depression Inventory (BDI) scores were posi-
tively correlated with the depression T-scores  (rs = 0.582, P = 0.05) and Beck Anxiety Inventory (BAI) scores were 
positively correlated with anxiety T-scores  (rs = 0.605, P = 0.04).

Discussion
In this study we described the patient-reported QOL of one of the largest cohort of previously healthy patients 
with cryptococcosis. We found that the majority of subjects in the NIH cohort endorsed significant QOL issues 
in at least one domain, with cognitive function and sleep disturbance being the most commonly self-reported 
affected domains. Impairment in mobility, fine motor, ability to participate in social roles and activities (SRA), 
and satisfaction with SRA domains was also identified; these four Neuro-QoL domains correlate with common 
measures of activities of daily living (ADL) and instrumental ADL completion (Barthel and Lawton IADL 
Indices,  respectively8,9.

The identification of self-reported cognitive impairment in 52% of subjects with CNS disease aligns with 
previous reports of neurocognitive  deficits10–12. Our group recently defined a persistent fronto-subcortical syn-
drome in HIV-negative subjects with  CM4, several of the same patients being involved in this study. Although 

Table 1.  Patient demographic and clinical characteristics. CSF: cerebrospinal fluid; *18/19 with neurosurgical 
intervention (95%) had a ventriculoperitoneal shunt placement, 1 (5%) had a lumbar drain placement.

CNS disease, n = 46 Non-CNS disease, n = 10

Age at Diagnosis, median years [IQR] 51.2 [37.2–60.4] 42.9 [34.0–53.3]

Diagnosis to HRQOL survey, median years [IQR] 5.4 [2.4–8.4] 8.3 [4.8–8.6]

Gender, male/female (% male) 27/19 (59) 3/7 (30)

Race, n (%)

White 36 (78) 7 (70)

Black/African American 3 (7) 1 (10)

Asian 3 (7) 1 (10)

American Indian/Alaska Native 1 (2) 0 (0)

Multiracial or other 3 (7) 1 (10)

Ethnicity, n (%) Hispanic 4 (4) 1 (2)

Cryptococcal Isolate

C. neoformans 16 (35) 3 (30)

C. gattii 12 (33) 2 (20)

Unknown 18 (39) 5 (50)

CSF glucose at diagnosis, median [IQR] mg/dL n = 22 30 [19–51] N/A

CSF Cryptococcal Antigen titer at diagnosis, median [IQR] n = 22 1:1236 [1:448–1:2048] N/A

Neurosurgical Intervention during hospitalization*, no. (%) 19 (44) N/A
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Figure 1.  Patient reported quality of life following microbial recovery from cryptococcosis by population scaled 
Neuro-QoL domains. (A) subjects with CNS cryptococcosis (n = 46). (B) non-CNS cryptococcosis subjects 
(n = 10). Box plots show median, 25th, and 75th percentiles. The yellow region designates mild symptoms or 
impairment, orange, moderate, and red, severe. The gray dotted line represents the mean T-score (50) of the 
U.S. population reference for each Neuro-QoL domain. The asterisk* indicates measures that were centered 
to U.S. clinical reference population. All other domains were centered to a U.S. general population reference. 
Abbreviations: CNS, central nervous system, ADL, activities of daily living, SRA, social roles and activities.



4

Vol:.(1234567890)

Scientific Reports |         (2021) 11:3673  | https://doi.org/10.1038/s41598-021-83176-2

www.nature.com/scientificreports/

interpretation is limited by the small number of overlapping subjects (n = 12), summative NP T-score trended 

Figure 2.  Correlation matrices of Neuro-QoL Domain T-scores for (A) CNS subjects (n = 36) and (B) non-CNS 
subjects (n = 10).  rs = Spearman correlation coefficient.
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towards a positive correlation with self-reported cognitive function T-score. Given the varied distribution of 
responses to the cognitive function Neuro-QoL measure and the lack of a clear ceiling effect in the data (Sup-
plementary Fig. 1A), this measure may be a useful adjunct and a partial alternative when it is too costly or time 
consuming to conduct intensive formal NP testing for this disease in outpatient clinic settings. Further study 
is necessary to validate this finding, given that self-reported cognitive complaints often do not correlate with 
objective cognitive function and may be more strongly correlated with emotional  distress13–16.

The identification of sleep disturbance in 56% of subjects with CNS disease was interesting. Given the low 
frequency of pre-existing sleep conditions in the CNS group (3 subjects with sleep apnea), we believe it is likely 
that cryptococcal infection may be driving this symptomatology. Although self-reported impaired sleep is known 
to be a long-term consequence of viral,  bacterial17, and tuberculous  meningitis18, cryptococcal meningitis has 
not been previously associated with a change in sleep quality.

The anxious and depressive symptoms identified in 30% and 17% of subjects with CNS disease respectively 
(Supplemental Table 3) corresponds with our groups’ previous report as well. In Traino et al. 2019, the median 
self-reported anxiety score using the BAI was 5 in previously healthy subjects with CNS cryptococcosis. Subjects 
with CNS cryptococcosis self-reported BAI scores an average of 10.5 and BDI scores6.0 higher than a control 
group of subjects with mild cognitive  impairment19. We identified that BAI and BDI scores were moderately 
correlated with their respective self-reported QOL domain scores in the 12 subjects with overlapping data. 
Interestingly, sleep disturbance may be linked with the prevalence of anxiety and depression in this population; 
given the highly correlated QOL scores on these metrics (Fig. 2A).

We also identified significant self-reported impairment in many QOL domains in the non-CNS cryptococcosis 
group. Despite being limited by a small sample size, it seems there is significant impairment present in several 
QOL domains including cognitive function and sleep disturbance, similar to the CNS group (Fig. 1b). We had 
expected this group to be less disabled given the lack of CNS involvement. Marr et al. 2020, who surveyed a 
cohort of HIV-negative cryptococcosis patients, found that HIV-negative patients with non-CNS cryptococcosis 
had a higher aggregate QOL score, the RAND-36 total score, than those with CNS disease at diagnosis 20. We can 
think of several explanations for these data, that the genetic or acquired defects that predispose this population 
to cryptococcal infection may also chronically affect other body systems, the inflammatory response to crypto-
coccosis in the lungs is also a source of debilitation, and/or these are neuropsychological sequalae common to 
the diagnosis and treatment of life-threatening illness.

Antifungal and/or immunosuppressive therapy may also contribute to QOL impairment in cryptococcosis. 
Amphotericin B treatment, both with intrathecal and intravenous dosing, has been associated with confusion 
and disorientation hours to weeks after initiation, with symptoms typically resolving after treatment  cessation21. 
Corticosteroid therapy has also been associated with mood disturbance, hypomania, psychosis, depression, 
and cognitive dysfunction. While typically considered dose-dependent and self-resolving, corticosteroids may 
also cause persistent neuropsychological  dysfunction22–24. Variance in treatment courses precluded treatment 
subgroup analyzes in this cohort.

This study is primarily limited by its cross-sectional design. Given the varied time points, disease courses, 
and treatment courses, it was not possible to identify predictive laboratory or clinical measures of future QOL 
impairment. Further complicating the interpretation of these data is the varied past medical history of this patient 
cohort, while although likely not as confounding as the biopsychosocial complexities present in an HIV-positive 
cohort with cryptococcosis, these conditions may be altering the QOL domain results in this study. The extended 
median time from diagnosis of the QOL survey of greater than 5 years may increase the chances of alternative 
diagnoses confounding our results. This extended time period is likely secondary to the many years this cohort 
has been followed at the NIH Clinical Center and that many subjects were referred to the NIH on an outpatient 
basis months or years following their initial diagnosis at outside institutions. We also note that the patients 
referred to the NIH Clinical Center may be of higher acuity than the HIV-negative patients routinely seen in 
other U.S. hospital systems, because many are referred due to refractivity in clinical response.

We did not formally assess internal consistency or test–retest reliability of Neuro-QoL measures, given the 
relatively large number of number of survey items and our small cohort size. We pragmatically chose Neuro-
QoL measures because of their previous validation in several neurological diseases with varied  sequalae8,25–30; 
making it less likely that survey characteristics would be significantly affected by unique aspects of the HIV-
negative cryptococcosis patient cohort. Larger multi-site and multinational studies incorporating patient and 
caregiver interviewers are required to formally validate Neuro-QoL measures in this rare disease  population31. 
The findings of this descriptive study emphasize that cryptococcal meningoencephalitis in the previously healthy, 
HIV-negative population is associated with chronic sequalae that impact patient QOL years following infec-
tion. Following recovery from infection, despite an apparent successful clinical course, care givers should pay 
particular attention to patient cognitive function and sleep changes. In addition, these results demonstrate the 
utility of a patient-focused long-term outcome vehicle to demonstrate and compare experimental treatment 
modalities. Future prospective studies utilizing patient-reported QOL measures like the Neuro-QoL question 
battery may thus help to better understand the sequalae of this severe disease and identify predictive biomarkers 
and therapeutics to improve patient outcomes.

Methods
Study population. All previously healthy patients > 18 years old with a confirmed diagnosis of cryptococ-
cosis by histopathology, culture, or cryptococcal antigen evaluated at the NIH Clinical Center from January 
2013-January 2019 were invited to participate in this study and were recruited from an ongoing National Insti-
tute of Allergy and Infectious Disease study, Cryptococcosis in Previously Healthy Adults (NCT00001352). All 
patients had been seen at the National Institutes of Health Clinical Center, Bethesda, Maryland, and informed 
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consent was obtained. All experimental protocols were approved by the research ethics committee and Institu-
tional Review Board of the NIAID (NIH). All methods were carried out in accordance with relevant guidelines 
and regulations. Exclusion criteria included being within 1 year of cryptococcal diagnosis, HIV seropositivity, 
chemotherapeutic agent use, underlying malignancy, and/or monoclonal antibody use prior to cryptococcal 
diagnosis. Patients received standard antifungal therapy after diagnosis, at least one course of amphotericin B 
followed by prolonged maintenance therapy with fluconazole. A minority of patients also received immunosup-
pressive therapy during their hospitalization. Patients were consented and mailed a survey packet to complete 
at home. All methodology was approved by the National Institute of Allergy and Infectious Disease Intramural 
Institutional Review Board.

Survey and clinical data collection. The Quality of Life in Neurological Disorders (Neuro-QoL) is 
a patient-reported measurement system that evaluates and monitors the physical, mental, and social effects 
experienced by adults and children living with neurological  conditions8. These questions have been validated, 
and shown adequate internal consistency and re-test reliability, in patients with other conditions that confer 
chronic neurologic morbidity, such as epilepsy, multiple sclerosis, Parkinson Disease, and stroke. We utilized a 
paper survey battery consisting of 13 Adult Neuro-QoL short-forms assessing 7 functional and 6 symptomatic 
domains in English (Supplemental Table 1). Some participants with visual difficulties had assistance from their 
caregivers in completing the forms. Caregivers did not interpret or reply to questions. Results were collected over 
a 6-month period.

Surveys were scored via HealthMeasures Scoring Service (https:// www. asses sment center. net/ ac_ scori ngser 
vice). Reported T-scores have a mean of 50 and a standard deviation (SD) of 10 centered and calibrated to a 
general or clinical United States population (Supplemental Table 1). For functional measures, higher scores are 
representative of better health. For symptom measures, higher scores are representative of worse health. Following 
convention, scores 0.5–1.0 SD worse than the reference mean were considered mild symptoms or impairment, 
1.0–2.0 SD or worse, moderate impairment, and 2.0 SD or more, severe  impairment8.

Descriptive data from participants was collected through the Biomedical Translational Research Information 
System (http:// btris. nih. gov). Comprehensive neuropsychological (NP) evaluation data, as reported in Traino 
et al. 2019, was used to compare functional measures with self-reported QOL domain T-scores. Briefly, NP evalu-
ation assessed psychomotor, information processing, executive function, learning, memory, language, attention, 
and visuospatial function, summarized in a demographically-corrected global T-score. Mood symptoms were 
assessed with the Beck Depression Inventory II (BDI) and the Beck Anxiety Inventory (BAI)4.

Statistics. Continuous data were compared with two-tailed, non-paired Mann–Whitney U tests and fre-
quency data with chi-square test. Associations between T-scores and clinical continuous metrics were calcu-
lated with simple linear regressions. Significance was considered alpha < 0.05. Spearman’s rank correlation coef-
ficient was calculated between individual domain T-scores and NP test scores. Although statistical comparisons 
between the CNS and non-CNS groups were not performed given the small samples sizes in the latter group, the 
groups were displayed separately given the notable differences in clinical presentation, treatment, and sequalae 
between the populations.
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