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Abstract

Cryptococcus neoformans causes life-threatening meningoencephalitis. Human immunodeficiency virus
(HIV) infection is the most significant predisposing condition, but persons with other immunodeficiency
states as well as phenotypically normal persons develop cryptococcosis. We retrospectively reviewed med-
ical records of all patients with a diagnosis of cryptococcosis between 2005 and 2017 at our inner-city
medical center in the Bronx, an epicenter of AIDS in New York City, and analyzed demographic data, clin-
ical manifestations, laboratory findings, treatment, and mortality for these patients. In sum, 63% of the
cases over this 12-year period occurred in HIV-infected patients. And 61% of the HIV-infected patients were
non-adherent with antiretroviral therapy, 10% were newly diagnosed with AIDS, and 4% had unmasking
cryptococcus-associated immune reconstitution inflammatory syndrome. The majority were Hispanic or
black in ethnicity/race. HIV-uninfected patients (47/126) were older (P < .0001), and the majority had an im-
munocompromising condition. They were less likely to have a headache (P = .0004) or fever (P = .03), had
prolonged time to diagnosis (P = .04), higher cerebrospinal fluid (CSF) glucose levels (P = .001), less CSF
culture positivity (P = .03), and a higher 30-day mortality (P = .03). Cases in HIV-uninfected patients were of-
ten unsuspected during their initial evaluation, leading to a delay in infectious diseases consultation, which
was associated with mortality (P = .03). Our study indicates that HIV infection remains the most important
predisposing factor for cryptococcosis despite availability of antiretroviral therapy and highlights poten-
tial missed opportunities for earlier diagnosis and differences in clinical and prognostic factors between
HIV-infected and HIV-uninfected patients.

Key words: Cryptococcus neoformans infection, HIV infection, Cryptococcus-associated immune reconstitution inflammatory
syndrome, solid organ transplant recipients, infectious diseases consultation, mortality.

Introduction

Cryptococcus neoformans is an environmentally ubiquitous
yeast that can cause life-threatening infection, especially cryp-
tococcal meningitis. Those at the highest risk for cryptococcosis
are persons with human immunodeficiency virus (HIV) infection
due to Cryptococcus neoformans var. grubii; however, those
with other conditions of immune deficiency, as well as those
with no apparent immune deficiency also develop disease.1–4

Despite significant improvements in access to combination an-
tiretroviral therapy (cART) and retention in HIV care, the main
predisposing condition for cryptococcosis is still HIV infection,
which continues to affect racial and ethnic minorities dispro-
portionately in areas of poverty in the United States.5–8 Recent
reports highlight a proportional increase in non-HIV associated
cryptococcosis as the number of persons receiving solid organ
transplants, immune modulating drugs, and biological response
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modifiers such as tumor necrosis factor alpha and Bruton’s tyro-
sine kinase inhibitors9–12 has increased. There are also sporadic
cases of cryptococcosis in patients with hypogammaglobuline-
mia, idiopathic CD4 lymphopenia, and sarcoidosis.1–4,13 In this
report, we review cases of cryptococcosis at our urban safety net
hospital located in the Bronx from 2005 to 2017 and compare
the clinical manifestations, laboratory findings and mortality of
patients with and without HIV infection.

Methods

Ethics statement

This study was approved by the Albert Einstein College of
Medicine Institutional Review Board for human subjects with
a waiver of informed consent.

Data collection

A retrospective cohort study was conducted by reviewing
the medical records (electronic and/or paper chart) of all
patients ≥18 years old with the diagnosis of cryptococcosis
at Montefiore Medical Center (MMC), an inner-city tertiary
care medical center composed of 1490 beds, from January
2005 through December 2017 in the Bronx, New York,
USA. Patients with International Classification of Disease, 9th
revision diagnosis code of cryptococcosis were identified by
using Looking GlassTM Clinical Analytics (Streamline Health,
Atlanta, GA, USA). Patients were categorized as HIV-infected
or HIV-uninfected according to the documented HIV status. All
cases were reviewed but only the first cryptococcosis episode
during the examined period was used for the analysis of variables
concerning the patients. The following were reviewed: patient
demographics, clinical presentation, underlying conditions,
laboratory findings including cryptococcal antigen (CALAS R©;
Meridian Bioscience, Inc. Cincinnati, OH, USA), blood cultures,
initial cerebrospinal fluid (CSF) cell count, chemistry, culture,
and opening pressure (OP) when available, time from symptom
onset to diagnosis, time from admission to evaluation by
the infectious diseases (ID) consultant, treatment regimen(s),
occurrence of cryptococcus-associated immune reconstitution
inflammatory syndrome (C-IRIS), and mortality at 30 days and
1 year. CD4 T cell count, HIV viral load were reviewed in all
patients when available and HIV-infected patients were followed
up to 1 year to evaluate CD4 T cell count and HIV viral load.
Factors associated with mortality at 30 days were evaluated.

Definitions

The diagnosis of cryptococcosis was based on the following:
a positive culture for Cryptococcus neoformans from blood,
CSF and/or lung, a positive histopathological study or a posi-
tive blood/CSF cryptococcal antigen (CrAg) with a compatible
clinical and/or radiographic presentation. Sites of involvement

included: (1) central nervous system (CNS), which included
meningeal and parenchymal brain involvement, including pa-
tients with infection of the CNS with and without extra-neural
disease; (2) pulmonary, which included the lungs, pleura, and/or
pleural fluid involvement but not the CNS; (3) blood, which
involved isolation of C. neoformans in blood culture; and (4)
other. A single patient may have had involvement of more than
one site. Isolates from the cultures were speciated upon request.
Cryptococcus gattii has not been isolated at our institution. Time
from symptom onset to diagnosis was defined by the number of
days between documented time of symptom onset and meeting
the case definition. Time from admission to diagnosis was de-
fined by the number of days between admission and meeting the
case definition.

Statistical analysis

Categorical variables were compared by Fisher exact test and re-
ported by absolute number (percentages). Continuous variables
were compared by Mann-Whitney test and reported by the me-
dian and range. Factors associated with all-cause mortality at
30 days were evaluated using a logistic regression model. Fac-
tors with P-value less than .05 in univariate analysis were used
for further multivariate analysis. Odds ratios (OR) and corre-
sponding 95% confidence intervals were calculated. A P-value
of < .05 was considered statistically significant. R was used for
analysis.

Results

During the 12-year period from 2005 to 2017, there were 126
patients diagnosed with cryptococcosis: 79 (59 male, 20 female)
were HIV-infected, and 47 (28 male, 19 female) were HIV-
uninfected (Table 1). The total number of hospitalizations for
cryptococcosis during this period was 114 in the HIV-infected
group and 50 in the HIV-uninfected group. On average, there
were 11 hospitalizations for cryptococcosis per year (Fig. 1).

Baseline demographics, underlying conditions, and
sites of involvement

The male sex was predominant in both groups (Table 1). Com-
pared to HIV-uninfected patients, HIV-infected patients were
younger (44 vs 57 years, P < .0001), and more were Hispanic or
black in ethnicity/race (92% vs 68%, P = .0009). There was no
significant difference in rate of substance use between the two
groups (35% vs 43%, P = .43) (Table 1). In sum, 59/74 (80%)
of the patients were not on combination antiretroviral therapy
(cART), among whom 45/74 (61%) were nonadherent to cART
and 14/74 (19%) were cART-naive. Of the 15 patients on cART,
four (27%) were started on therapy within 30 days prior to pre-
sentation. The diagnosis of HIV was made in 8/79 (10%) of the
HIV-infected patients at the time of presentation with cryptococ-
cosis. The median CD4 cell count of HIV-infected patients was
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Table 1. Demographic, clinical and laboratory findings of HIV-infected and HIV-uninfected patients with cryptococcosis.

HIV-infected (n = 79)1,2 HIV-uninfected (n = 47) P value

Male sex 59/79 (74%) 28/47 (59%) .11
Age, median years (range) 44 (14–70) 57 (20–87) <.0001
Race

Hispanic
Black
White
Other

26/79 (32%)
47/79 (59%)
1/79 (1%)
5/79 (6%)

13/47 (27%)
19/47 (40%)
5/47 (10%)
10/47 (21%)

.55

.04

.02

.02
History of substance abuse 26/74 (35%) 19/44 (43%) .43
On cART
Not on cART

cART naive
cART experienced (nonadherent)

15/74 (20%)3

59/74 (80%)
14/74 (19%)
45/74 (61%)

N/A

CD4 T-cell count (cells/mm3), median (range) 27 (1–341) (n = 75) 427 (8–1044) (n = 14) <.0001
HIV RNA VL (copies/mL),
median (range)

73,545 (75–7,500,000)
(n = 70)

N/A

Data presented as no. (%) unless otherwise indicated.
cART, combination antiretroviral therapy; HIV, human immunodeficiency virus; N/A, not applicable; VL, viral load.
18 patients were newly diagnosed with HIV when they presented with cryptococcosis.
21 patient from West Africa was infected with HIV-2; 4 patients had congenital HIV infection
34 patients started cART within the past 30 days prior to diagnosis of cryptococcosis.

Figure 1. Number of hospitalizations for cryptococcosis in HIV-infected and HIV-uninfected individuals during the 12 years at Montefiore Medical Center
(2005–2017). The total number of hospitalizations for cryptocccosis is shown on the Y axis for HIV-infected and HIV-uninfected individuals as indicated in the
legend for the years shown on the X axis. This Figure is reproduced in color in the online version of Medical Mycology.

27 (range, 1–341) cells/mm3 and their median HIV viral load
(VL) was 73,545 (range, 75–7,500,000) copies/mL (Table 1).
The median CD4 cell count of those who were receiving cART
at the time of presentation was 45 cells/mm3 (n = 15).

Of the HIV-uninfected patients, 33/46 (72%) were on chronic
prednisone, 24/47 (51%) were solid organ transplant (SOT)

recipients all of whom were on chronic steroids, 8/47 (17%)
had an autoimmune condition, 7/47 (14%) had malignancy,
4/47 (8%) had cirrhosis, 2/47 (4%) had chronic obstructive
pulmonary disease (COPD) on inhaled steroids, and 2/47 (4%)
had no apparent immunocompromising condition (Table 2).
Three of the non-HIV infected patients had CD4 T cell count
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Table 2. Clinical variables associated with cryptococcosis in HIV-

uninfected patients.

Variable No. (%) (n = 47)

Receipt of immunosuppressive agents
Prednisone only
Prednisone + MMF + tacrolimus
Prednisone + MMF
Prednisone + others (tocilizumab)
Inhaled corticosteroids

Others (methotrexate, interferon,
thalidomide, blinatumomab)

38/46 (82%)
5/46 (11%)
25/46 (54%)
2/46 (4%)
1/46 (2%)
2/46 (4%)
3/46 (7%)

Immunocompromising condition
Solid organ transplantation 24/47 (51%)
Autoimmune disease 8/47 (17%)
Malignancy 7/47 (14%)
Cirrhosis 4/47 (8%)
Asthma/COPD on inhaled steroids 2/47 (4%)
Normal host 2/47 (4%)

Type of transplant
Liver 2/24 (8%)
Heart 1/24 (4%)
Kidney 20/24 (83%)
Liver/Kidney 1/24 (4%)

Weaning of immunosuppressive agents
after diagnosis of cryptococcosis

31/38 (82%)

High dose corticosteroid use for C-IRIS 5/47 (11%)

Data presented as no. (%) unless indicated otherwise.
C-IRIS, cryptococcus-associated immune reconstitution inflammatory syndrome;
COPD, chronic obstructive pulmonary disease; MMF, mycophenolate mofetil.

<300 cells/mm3 (one with cirrhosis, one with possible sarcoido-
sis, and one with no immunocompromising condition).

The CNS was the most common site of infection in HIV-
infected and HIV-uninfected patients (64 vs 63%, P > .99),
followed by blood stream infection (47 vs 27%, P = .04)
(Table 3). HIV-uninfected patients were more likely to have non-
bloodstream extra-neural involvement, including pulmonary,
skin, soft tissue, larynx, or osteo-articular sites than HIV-infected
patients although this difference was not statistically significant
(36 vs 20%, P = .06) (Table 3).

Serological results

HIV-infected patients had higher median serum CrAg titers
than HIV-uninfected patients (512 versus 64, P = .0002)
(Table 3).

Signs and symptoms

Among patients with cryptococcal meningitis, HIV-infected pa-
tients were more likely to present with a headache (88% vs
50%, P = .0004) and a fever (94% vs 76%, P = .03) than
HIV-uninfected patients (Table 3). There was no significant dif-
ference between the two groups in regards to altered mental
status, photophobia, blurred vision, seizures, dizziness, nausea

and vomiting, fatigue, or fall as part of their initial presenting
symptoms (Table 3).

CSF findings

CSF findings for the 51 HIV-infected and 30 HIV-uninfected pa-
tients with cryptococcal meningitis are shown in Table 3. The
CSF CrAg was positive in all patients with cryptococcal menin-
gitis. An OP ≥ 25 cmH2O was common in both groups (45% vs
50%, P = .78). HIV-uninfected patients had lower CSF culture
positivity (33% vs 60%, P = .03) and higher glucose levels (70 vs
52 g/l, P = .001) than HIV-infected patients. There was no sig-
nificant difference in CSF leukocyte counts and protein levels
between the two groups (Table 3).

Diagnosis

The median time to diagnosis from documented symptom
onset for HIV-infected and HIV-uninfected patients were 8 days
(range, 1–36 days) and 13 days (range, 1–240 days), respectively
(P = .047) (Table 3). For the SOT recipients, the median time
from transplant to cryptococcosis was 11 months (n = 20;
range, 6 days–16 years). The median number of hospital days
until an ID consultation was requested for HIV-infected and
HIV-uninfected were 1 day (range, 1–19 days) and 2 days
(range, 1–30 days), respectively (P = .24), and the median
number of hospital days until the diagnosis of cryptococco-
sis was made were 2 days (range, 1–20 days) and 6 days
(1–60 days), respectively (P < .0001) (Table 3).

Among HIV-uninfected patients, cryptococcosis was in the
initial differential diagnosis of either the ID consultant or the
primary team in 53% (24/45) of the cases. In 46% (21/45) of
cases when cryptococcosis was not in the initial differential di-
agnosis, cryptococcosis was diagnosed after cultures from the
blood, CSF, lung tissue, or histopathology unexpectedly yielded
C. neoformans.

Antifungal therapy

The main induction treatment in both groups was an ampho-
tericin B-based regimen administered per Infectious Diseases So-
ciety of America (IDSA) guidelines. Among the HIV-uninfected
group with cryptococcal meningitis, 23/29 (79%) of the patients
were treated with 2 weeks of amphotericin and flucytosine and
3/29 (10%) received 4–6 weeks of induction therapy with am-
photericin (Table 3). Among HIV-uninfected patients with cryp-
tococcosis, 23/42 (55%) developed acute renal insufficiency and
2/42 (5%) developed cytopenia during treatment with antifungal
therapy.

Complications and mortality

In HIV-infected patients, five patients had clinical presenta-
tions suggestive of paradoxical C-IRIS and three had unmasking
C-IRIS based on the case definitions outlined by Haddow et al.14
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Table 3. Clinical and cerebral spinal fluid (CSF) findings, time to infectious diseases (ID) consult/diagnosis, treatment and outcomes in

HIV-infected and HIV-uninfected patients with cryptococcosis.

HIV-infected
patients (n = 79,

CM in 51)

HIV-uninfected
patients (n = 47,

CM in 30) P value

Sites of infection
CNS
Bloodstream
Pulmonary
Skin, soft-tissue, or osteoarticular
Others (stomach, placenta, larynx)

51/79 (64%)
34/72 (47%)
11/79 (13%)

3/79 (3%)
2/79 (2%)

30/47 (63%)
11/40 (27%)
13/47 (27%)

3/47 (6%)
1/47 (2%)

>.99
.04
.06
.67

>.99
Serum cryptococcal antigen titer, median (range) 512 (2–65,536) (n = 73) 64 (2–16,384) (n = 41) .0002

Presenting symptoms and CSF findings in those with CM
Headache 45/51 (88%) 15/30 (50%) .0004
Fever 48/51 (94%) 23/30 (76%) .03
Altered mental status 27/51 (52%) 17/30 (56%) .81
Photophobia 15/51 (29%) 4/30 (13%) .11
Blurred vision 6/51 (11%) 0/30 (0%) .07
Seizures 6/51 (11%) 2/30 (6%) .70
Dizziness 7/51 (13%) 3/30 (10%) .73
Nausea and/or vomiting 18/51 (35%) 11/30 (36%) >.99
Fatigue, lethargy 9/51 (17%) 9/30 (30%) .26
Fall 3/51 (20%) 3/30 (10%) .66
Opening pressure ≥ 25 cmH2O 21/46 (45%) 9/18 (50%) .78
Positive CSF culture 28/46 (60%) 10/30 (33%) .03
CSF glucose, g/l, median (range) 52 (5–683) (n = 51) 70 (8–175) (n = 30) .001
CSF WBC, cells/mm3, median (range) 6 (0–590) (n = 51) 17 (0–1550) (n = 30) .06
CSF protein, g/l, median (range) 47 (6–249) (n = 51) 56 (8–622) (n = 30) .12

Time to diagnosis from symptom onset, days, median (range) 8 (1–36) (n = 71) 13 (1–240) (n = 43) .047
Hospital day ID consult was requested, days, median (range) 1 (1–19) (n = 68) 2 (1–30) (n = 43) .24
Hospital day diagnosis was made, days, median (range) 2 (1–20) (n = 69) 6 (1–60) (n = 44) <.0001

Induction treatment for CM
Amphotericin + flucytosine
Amphotericin
Fluconazole

43/51 (84%)
7/51 (14%)
1/51 (2%)

23/29 (79%)
3/29 (10%)
3/29 (10%)

.76
>.99
.12

Paradoxical C-IRIS
Unmasking C-IRIS

5/79 (6%)
3/79 (4%)1

5/47 (10%) .49

Readmission
6 month
1 year

13/79 (16%)
21/79 (26%)

0/47 (0%)
1/47 (2%)

.001
.0002

Lost to follow-up
30 days
1 year

11/79 (14%)
24/79 (30%)

3/47 (6%)
5/47 (11%)

.24

.02

Mortality
30-day mortality
1-year mortality

4/68 (6%)
7/55 (13%)

9/44 (20%)
10/42 (24%)

.03

.18

Cause of death
Cryptococcosis 3/7 (43%) 6/10 (60%) .63

Data presented as no. (%) unless indicated otherwise.
C-IRIS, cryptococcus-associated immune reconstitution inflammatory syndrome; CM, cryptococcal meningitis; CNS, central nervous system; CSF, cerebrospinal fluid; ID,
infectious diseases; WBC, white blood cell.
11 case was diagnosed prior to 2012 when serum cryptococcal antigen screening was being routinely recommended in the United States.
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In non-HIV infected patients, there were five cases of paradox-
ical C-IRIS as defined by Singh et al.15,16 in the setting of anti-
fungal therapy and reduction of immunosuppression (Table 3).
Four cases occurred in SOT recipients and one in a patient with
rheumatoid arthritis on chronic prednisone. All five patients had
CNS involvement with persistently elevated intracranial pres-
sure, had higher initial median serum CrAg titer compared to
those who did not develop C-IRIS (1024 vs 64, P = .15), and had
worsening mass lesion in the CNS (2/5) or lungs (1/5) concerning
for cryptococcomas during anti-fungal treatment. All cases oc-
curred within 2 to 6 weeks of anti-fungal therapy and reduction
in immunosuppression. All SOT recipients were on tacrolimus,
mycophenolate mofetil (MMF), and prednisone. Once diagno-
sis of cryptococcosis was made, MMF was held and tacrolimus
and prednisone were given at a lower dose; 75% (3/4) of the
transplant recipient with C-IRIS developed graft failure. All five
patients required serial lumbar punctures or lumbar drain place-
ment and were started on a course of high-dose corticosteroids
with clinical improvement and survival at 1 year.

HIV-infected patients were significantly more likely to be
readmitted in 6 months (16 vs 0%, P = .001), in 1 year (26 vs
2%, P = .0002) and more likely to be lost to follow up in 1
year (30 vs 11%, P = .02) (Table 3). At 1 year follow-up, 20/44
(45%) patients had detectable viral load.

Overall, 1-year mortality was 18% (17/97). HIV-uninfected
patients had significantly higher 30-day mortality (20 vs 6%,
P = .03) and higher 1-year mortality that was not significant
(24 vs 13%, P = .18) (Table 3). Death was attributable to cryp-
tococcosis in 43% of HIV-infected group and 60% of HIV-
uninfected group. In univariate analysis, factors associated with
mortality at 30 days included: older age (P = .001), elevated
CSF white blood cell count (WBC) (P = .04), longer time to ID
consultation (P = .0009), and longer time to diagnosis of cryp-
tococcosis (P = .006) (Table 4). In multivariate analysis, older
age (OR 5.03, P = .01) and longer time to ID consultation (OR
2.49, P = .03) were significantly associated with mortality at 30
days (Table 4).

Discussion

In our center, 63% of cryptococcosis cases over the 12-year pe-
riod from 2005 to 2017 occurred in HIV-infected persons. Most
cases occurred in patients who were nonadherent with or not on
cART; the remainder were newly diagnosed with HIV and/or
exhibited unmasking C-IRIS. Consistent with earlier reports
that pre-date the cART era,6,17,18 HIV-infected patients with
cryptococcosis were younger, had a shorter time from symp-
tom onset to diagnosis, higher serum CrAg titer, more positive
blood and CSF cultures, and were more likely to present with a
headache and a fever than HIV-uninfected patients. The majority
of cases occurred in racial and ethnic minorities with a history of

substance abuse. The latter is closely linked to poor medical com-
pliance and a break in linkage to care.19

Others have reported a declining incidence of cryptococcosis
in HIV-infected compared to non-HIV individuals in the cART
era.7,17,20–24 In the Bronx, there has been a decrease in HIV di-
agnoses and an increase in people living with HIV/AIDS, among
whom 69% had a suppressed viral load in year 2017 (New
York City Department of Health HIV/AIDS Annual Surveillance
Statistics, 2001–2017). Nevertheless, our data show a consistent
absolute number of cases of cryptococcosis in HIV-infected in-
dividuals in each year of this study, greater than that of HIV-
uninfected individuals, reflecting failure to engage and retain
marginalized group of individuals most at risk. This is becom-
ing a challenge in other African and Latin American cohorts as
well where over 50% of cryptococcosis cases are now being di-
agnosed in cART-experienced patients with universal access to
cART.25–29 Few cases of unmasking C-IRIS that were noted in
our cohort which represent missed opportunities to screen with
CrAg prior to initiation of cART may also have occurred due to
inconsistent medical follow-up and/or providers’ unfamiliarity
with the guidelines.30 As “treatment as prevention” and “test
and treat”31 strategies allow earlier diagnosis and treatment in
cART-naive individuals, it would be important to place extra
effort in engaging key at-risk population who remain vulnerable
despite improving screening and treatment strategies.

Among HIV-uninfected patients with cryptococcosis, 24/47
(51%) were SOT recipients, and 33/46 (72%) were on chronic
prednisone. This is reflective of SOT volume at MMC, where
there were 270 SOTs performed in adults between July 2016 and
June 2017 (Scientific Registry of Transplant Recipients). Cirrho-
sis, which is associated with high risk of disseminated cryptococ-
cosis,32–34 was present in 4/47 (8%) of HIV-uninfected patients.
This is a lower rate than in other centers, where 21 to 36% of
HIV-uninfected cases occurred in patients with cirrhosis.2,32–35

Our rate of cases in those with no immunocompromising con-
dition, 2/47 (4%), was also lower than that reported in other
centers; up to 20% in the United States, Australia, and New
Zealand,2,36,37 and 64% of CN cases in China38 occurred in
non-immunocompromised patients.

The risk factors associated with cryptococcosis in otherwise
phenotypically “normal” patients are not fully understood. One
patient in our study with no obvious risk factors had CD4
T-cell count of 237 cells/μl concerning for undiagnosed idio-
pathic CD4 lymphopenia. While not tested in our patient, studies
have shown presence of anti-granulocyte-macrophage colony-
stimulating factor (GM-CSF) as a risk factor for CNS infection
by Cryptococcus gattii in immunocompetent patients.39 Of note,
two patients had inhaled corticosteroids use as their only risk
factors and developed laryngeal and pulmonary cryptococcosis
respectively. Inhaled corticosteroid use, while not generally rec-
ognized as a risk factor for disseminated cryptococcosis, has been
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Table 4. Factors associated with 30-day mortality in patients with cryptococcosis.

Univariate logistic regression1 Multiple logistic regression

Variable Odds ratio P value P trend2 Odds ratio P value

Age, years
1–37 Reference
38–48 0.87 .92 0.001 5.03 .01
49–58 1.13 .93
59–87 15.9 .01

Positive blood culture 0.79 .72
Positive CSF culture 1.53 .51
Cryptococcal meningitis 3.58 .11

CSF WBC, cells/mm3

0–1 Reference
2–7 4.00 .27 0.04 1.75 .13
8–38 6.10 .12
39–1550 8.42 .06

CSF CrAg reactive 6.74 × 107 .99

Time to ID consultation, days
1–2 Reference
2–3 4.24 × 10−7 .99 0.0009 2.49 .03
3–4 12.3 .05
4–30 25.9 .003

Time to diagnosis, days
1–2 Reference
2–3 1 1 0.006 1.56 .5
3–7 6.50 × 107 .99
7–60 1.05 × 108 .99

Amphotericin and flucytosine 1.23 .73
Amphotericin alone 1.82 .4
Fluconazole alone 0.22 .16

Note: The continuous variables were categorized by quartiles for the regression analysis. R was used for analysis. CSF, cerebrospinal fluid; ID, infectious diseases; WBC, white
blood cell.
1The reference group is group 1. All other groups were compared with group 1.
2The groups were considered as an ordeal variable.

reported to be associated with localized laryngeal infection with
cryptococcosis.40,41

The lower rate of cryptococcosis in our HIV-uninfected
patients may reflect a failure to pursue the diagnosis of crypto-
coccosis due to nonspecific presenting symptoms noted in our
cohort, unfamiliarity of the disease by the clinicians, and/or
limited sensitivity of the cultures in the setting of low fungal
burden as reflected in our low blood/CSF culture positivity. In
fact, cryptococcosis was in the initial differential diagnosis of
HIV-uninfected patients in only 24/45 (53%) of the cases. In
many cases, this led to a delay in evaluation by an infectious dis-
eases specialist, which was significantly associated with 30-day
mortality in our multivariate analysis. While involvement of ID
consultant did not always lead to an earlier diagnosis, we spec-
ulate that it had facilitated adherence to standards of care and
improved management of patients. Spec and others reported a
higher 90-day mortality in patients with cryptococcosis who did

not have an infectious diseases consultant involved in their care
compared to those who did.42 Growing evidence supports early
involvement of infectious diseases consultants for management
of resistant and difficult to treat infections, which has been
linked to improved patient care, mortality, and morbidity.43–45

Overall 30-day mortality in our cohort was 12% (13/112).
Our analysis did not reveal associations between mortality and
CrAg titer or blood/CSF culture positivity as reported in studies
conducted in resource-limited countries.23,46 We did find direct
associations between mortality and CSF pleocytosis in our uni-
variate analysis, mortality, and older age in multivariate analysis
and significantly higher 30-day mortality in HIV-uninfected than
HIV-infected patients (20 vs 6%, P = .03). These findings stress
the role of host immunity in mediating the balance between
microbial clearance and damaging inflammatory process.47 The
hypothesized factors contributing to higher mortality in HIV-
uninfected patients include delayed diagnosis, poor tolerance to
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induction therapy, and/or paradoxical clinical worsening in the
setting of relatively intact host immune system.12,23,33,36,47,48

While we did not find any association between induction reg-
imen and mortality, frequent occurrence of acute renal insuf-
ficiency and cytopenia made treatment course challenging and
the regimen was often based on expert opinion extrapolated
from studies done in HIV-infected patients and retrospective
studies.49–51

Of interest, 4/24 (17%) of SOT recipients with cryptococco-
sis developed paradoxical C-IRIS, which is a rate higher than
5–14% that is reported in the literature.16,52,53 We suspect that
this may in part be due to use of potent immunosuppressive reg-
imen and aggressive reduction in immunosuppression with the
diagnosis of cryptococcosis. In our institution, management of
immunosuppression was mostly guided by the organ transplant
team and not necessarily based on a guideline that can take into
account the degree of host immunity and/or fungal burden as is
done with cART initiation in HIV-infected individuals.54 All of
our transplant recipients had immunosuppression reduced with
the diagnosis of cryptococcosis while some institutions reported
only one-quarter of the transplant recipients to have their im-
munosuppressive regimen changed with very low prevalence of
IRIS.21 Others have reported favorable outcome in SOT recipient
with CNS cryptococcosis who had C-IRIS than those who did
not which may be due to the pro-inflammatory responses55,56 or
perhaps due to the aggressive medical intervention that follows
after the diagnosis of C-IRIS to lower the intracranial pressure as
was the case in our cohort. Long-term neurological morbidities
of these patients are not well understood.57,58 These findings
highlight the complicated interplay of host and fungal factors
in susceptibility to cryptococcosis and C-IRIS.47 There are no
predictive markers of C-IRIS in this cohort. Antibody repertoire
differences have been identified in HIV-infected patients with
C-IRIS compared to those without C-IRIS.59

There were several limitations to our study. It is retrospective
and limited to a single tertiary care hospital with a relatively
small cohort. Duration of symptoms reported by the patients
is subject to recall bias. Time to ID consultation is subject to
selection bias as those with solid organ transplant, HIV, and/or
obvious clinical symptoms are more likely to have an ID evalua-
tion requested earlier in the hospital course. Correlation does not
necessarily prove causality and given high association between
presenting symptoms and timing of ID consultation, it may be
the subclinical manifestation that drove delayed diagnosis and
mortality. Finally, we combined two or more different patient
populations in the regression model with very different patho-
physiology and may have confounding variables that were not
taken into account.

Our findings underscore that cryptococcal disease is asso-
ciated with a wide spectrum of clinical manifestations that
likely depends on both pathogen and host factors. As a single

center study in an area of high HIV prevalence with a majority
of cryptococcosis cases in those with HIV infection, our data
highlight the need for expanded efforts in HIV prevention, erad-
ication, and linkage to routine HIV care for socioeconomically
disadvantaged HIV-infected persons. Cryptococcosis continues
to be an important disease with a poor prognosis that poses di-
agnostic and therapeutic challenges in HIV-uninfected patients
that contribute to high mortality. Further study is needed to un-
derstand the factors that determine clinical expression and prog-
nosis of disease in patients who are either immunosuppressed or
immunocompetent.
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