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meningitis: A prospective
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The cerebrospinal fluid (CSF) immune responses in HIV-uninfected cryptococcal
meningitis (CM) have not been well studied. In this study, we aimed to explore the
phenotype of CSF immune response during the course of disease and to
examine relationships between phenotypes and disease severity. We profiled
the CSF immune response in 128 HIV-uninfected CM and 30 pulmonary
cryptococcosis patients using a 27-plex Luminex cytokine kit. Principal
component analyses (PCA) and logistic regression model were
performed. Concentrations of 23 out of 27 cytokines and chemokines in
baseline CSF were significantly elevated in CM patients compared with
pulmonary cryptococcosis cases. In CM patients with Cryptococcus
neoformans infection, IL-1ra, IL-9, and VEGF were significantly elevated in
immunocompetent cases. Cytokine levels usually reached peaks within the
first 2 weeks of antifungal treatment and gradually decreased over time. PCA
demonstrated a co-correlated CSF cytokine and chemokine response consisting
of Thl, Th2, and Thl7 type cytokines. Prognostic analysis showed that higher
scores for the PCs loading pro-inflammatory cytokines, IFN-y, TNF-a, and IL-12;
and anti-inflammatory cytokine, IL-4; and chemokines, Eotaxin, FGF-basis, and
PDGF-bb; as well as lower scores for the PCs loading RANTES were associated
with disease severity, as defined by a Glasgow Coma Scale of <15 or death. In
conclusion, combined inflammatory responses in CSF involving both pro- and
anti-inflammatory cytokines and chemokines are upregulated in HIV-uninfected
CM, and associated with disease severity.
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Introduction

Cryptococcal meningitis (CM) with high mortality and
morbidity poses a great public health challenge worldwide. It
occurs not only in those with HIV/AIDS and natural or
iatrogenic immunosuppression but also in apparently
immunocompetent individuals. CM causes 15% of AIDS-
related deaths and results in approximately 181,100 deaths
annually (1). In recent years, a growing number of HIV-
uninfected cases have been reported, especially in China. Here,
65%-70% of HIV-uninfected cases are immunocompetent, with
an annual incidence of 2.62/100,000, and is twice as high in HIV-
infected patients (2-5). The mortality rate of CM in China
exceeds 30% and is comparable in patients with and without
HIV co-infection (4).

Previous studies suggested that adequate CD4+ T cell
immune responses to Cryptococcus are crucial for infection
control. T helper 1 (Th1) cell responses involving the release
of pro-inflammatory cytokines interferon (IFN)-y, tumor
necrosis factor oo (TNF-ou), interleukin (IL)-12, lead to classical
activation of macrophages to kill Cryptococcus (6, 7). Th17 cells
with the production of IL-17 also help to mediate the resolution
of cryptococcal infection (8, 9). In contrast, Th2 cells producing
IL-4, IL-5, and IL-13, are related to alternatively activation of
macrophages, leading to worsened pathology and increased risk
of dissemination (10, 11). Additionally, Xu et al. suggested the
important role of chemokine receptor CXCR3 in the lethal brain
pathology but not pathogen clearance during cryptococcal
meningoencephalitis (12). Human data are more limited and
are mostly performed in the context of HIV-infected CM. Altfeld
et al. observed a Thl to Th2 shift cytokine profile in peripheral
blood of HIV-infected patients, which correlated with an
increased vulnerability to cryptococcal infection (13). Jarvis
et al. provided immunological associations, indicating that
high proportions of IFN-y and TNF-o double producing
cryptococcal-specific CD4+ memory T cells were associated
with survival (14). Adjunctive IFN-y therapy also appeared to
augment fungal clearance (15). Moreover, profiling studies at the
site of infection showed that baseline pro-inflammatory cytokine
responses in central nervous system (CNS) were associated with
rapid clearance of infection and improved outcomes (16).
Nevertheless, the role of cytokines in patients with HIV-
uninfected CM is yet to be elucidated. Although Panackal
et al. observed that stronger immune responses may be
associated with pathological damage in CNS, such as enriched
cryptococcal-specific T cells, high concentrations of IFN-y, IL-6,
IL-10, IL-18, and elevated levels of markers of axonal damage in
cerebrospinal fluid (CSF), the immune profiles in HIV-
uninfected CM remain understudied (17).

We had previously characterized the baseline CSF cytokines
of HIV-uninfected CM patients in a clinical cohort and found
IL-10 as an independent predictor for disease severity (18). In
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the present study, we aimed to explore the phenotypes of the
CSF immune response during the clinical course of HIV-
uninfected CM, as well as to examine the relationships
between the phenotypes and disease severity.

Methods
Participants and procedures

A total of 128 HIV-negative adults (age =19 years) with a
first episode of CM were consecutively enrolled from January
2014 to December 2017 in Huashan Hospital. All patients met
>1 of the following: positive CSF smear for Cryptococcus,
positive CSF or brain tissue culture for Cryptococcus, or
positive CSF cryptococcal antigen (CrAg) test (IMMY
Cryptococcal Antigen Lateral Flow Assay; Immuno-
Mycologics) (19). Identification of clinical isolates was
achieved by chemotyping with canavanine-glycine-
bromothymol blue medium and multilocus sequence typing
(MLST) analysis using the ISHAM consensus MLST scheme
for the C. neoformans and C. gattii. Patients who developed
abnormal mental status (Glasgow Coma Scale score, [GCS] <15)
or died within 2 weeks after initial antifungal treatment (AFT)
were considered as severe cases, otherwise as non-severe cases.
Lumber puncture was done at physician discretion, according to
clinical need. Surplus CSF samples were collected at baseline,
before or within 7 days after AFT, and during the follow-ups. A
total of 505 CSF samples were obtained.

Thirty cases of proven or probable HIV-uninfected
pulmonary cryptococcosis were included as control group.
Proven cases were diagnosed through histopathology or tissue
culture (19). A probable diagnosis of pulmonary cryptococcosis
was made if all of the following conditions were met (1): positive
blood CrAg, (2) nodular or cavity lesions in lung which were
found by computed tomography scan, and (3) improvement of
symptoms and radiology after AFT (19, 20). Diagnostic lumber
puncture and cranial magnetic resonance imaging were done for
each patient to rule out cryptococcal CNS involvement. Those
who had abnormal CSF laboratory testing or cranial radiology
were excluded. Surplus CSF samples of pulmonary
cryptococcosis cases before treatment were collected as controls.

CSF samples were centrifuged at 600 g for 10 minutes within
1 hour of collection. The supernatants were frozen at -80°C until
analysis using Bio-Plex Pro " Human Cytokine 27-plex Assay
kit and Bio-Plex® 200 system (Bio-Rad, Hercules, CA, USA). All
samples were tested at first thaw and being run at 1:2 dilution.

Demographic and clinical data were recorded on
standardized forms. All participants provided written informed
consent. This study was approved by the Ethic Committee/
Institutional Review Board (HIRB) of Huashan Hospital,
Fudan University.
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Statistical analyses

Continuous variables were compared with Mann-Whitney
U test and categorical variables by %2 analysis or Fisher’s exact
test. Concentrations of baseline CSF cytokine and chemokine
were analyzed by principal component analysis (PCA), resulting
in linearly uncorrelated principal components (PCs) by reducing
dimensionality of such datasets. Associations between PC scores
and clinical variables were examined by Pearson’s correlation
test. Logistic regression model was constructed using stepwise
regression with the objective of determining the independent
factors for disease severity. All variables with a value of P < 0.05
in the univariate analysis were included. The results of the
multivariate analysis were expressed as odds ratio (OR) and
the corresponding 95% confidence intervals (CIs). Data were
analyzed with the use of SPSS, version 17.0 (SPSS Inc.); and
Prism, version 8 (GraphPad Software). All tests were two-sided,
and significance was defined as P < 0.05.

Results

Patient demographics and baseline
characteristics

Baseline CSF samples were available from 104 out of 128
CM cases enrolled, and from 30 pulmonary cryptococcosis
cases, whose demographic and clinical characteristics are
compared in Table 1. Of CM patients, the median age was 46
years (inter-quartile range [IQR], 36-59) and 69.2% were male.
Fifty-five (52.9%) patients had predisposing conditions, the
most prevalent of which was corticosteroid use. Eighty-eight
(84.6%) Cryptococcus strains were isolated, of which 83 (79.8%)
were identified as C. neoformans and 5 (4.8%) were C. gattii.
Forty-four (42.3%) patients had extracranial lung (44/104,
42.3%) or lymph node (1/104, 1.0%) infection. Mortality at
2-weeks was 7.7% and 34 (32.7%) developed abnormal mental
status. Of 30 pulmonary cryptococcosis cases, 13 (43.3%) were
diagnosed by surgical pathology or percutaneous biopsy. Five
out of 10 immunocompromised patients had solid tumor. No
significant difference was identified in demographics between
2 groups.

Baseline CSF cytokines and chemokines
responses

Concentrations of baseline CSF cytokines are shown
in Figure 1A. The median levels of 23 cytokines in CM cases
were significantly higher than those in pulmonary
cryptococcosis cases (P < 0.05), except for IL-7, IL-13,
granulocyte macrophage colony-stimulating factor

Frontiers in Immunology

03

10.3389/fimmu.2022.993495

(GM-CSF) and monocyte chemotactic protein-1 (MCP-1).
The ratio of IFN-y/IL-10 was comparable in CM and control
cases, while IL-12/IL-10 was significantly lower in CM cases (P
< 0.001). We observed up to 400-fold higher level of IL-6 in
CM when compared with that in controls, followed by IL-1j,
exhibiting a nearly 200-fold increase. The TNF-a, IL-10, IL-8,
IL-1ra, and IFN-inducible protein-10 (IP-10) levels in CM
were also 11.1 to 34.7 times higher than the levels observed in
controls, indicative of localized higher inflammation in CNS.
In addition, overall, no significant difference of CSF cytokines
levels was found between patients with and without
predisposing conditions. While among 83 CM patients
caused by C. neoformans, IL-1ra (P = 0.036), IL-9 (P =
0.027), and VEGF (P = 0.017) were significantly elevated in
immunocompetent cases (Figure 1B).

PCA was used to determine the variance of co-correlated
cytokine and chemokine measurements among 104 CM
patients. The majority of variance (77.3%) in dataset could be
explained by the first 4 PCs exceeding an eigenvalue of 1
(Figure 2A). Contribution of each variable to the variance
between patients in PC-1 to PC-4 is shown in the heat map
(Figure 2B). The variance in PC-1 was driven by positive
loading scores for pro-inflammatory cytokines TNF-a, IL-12,
and IFN-vy; anti-inflammatory cytokines IL-4; and chemokines
eotaxin, basic fibroblast growth factor (FGF-basic), and
platelet-derived growth factor (PDGF)-bb. Another 13
cytokines also made a positive, albeit more modest
contribution to the PC-1 score. The variances in PC-2 to PC-
4 were all due to negative loading scores. The PC loadings heat
map indicated that macrophage inflammatory protein (MIP)-
1B, MIP-1ct and IL-10 loaded low in PC-2; IFN-y, granulocyte
colony-stimulating factor (G-CSF), IL-2, and IL-17 in PC-3;
and RANTES in PC-4. The positive or inverse correlations (e.g.
TNF-o and RANTES) between PC scores and cytokines and
chemokines are shown in Figure 2C.

Dynamic CSF cytokine and chemokine
patterns during the course of HIV-
uninfected CM

A total of 505 CSF samples were collected (median: 4
samples per patient, range: 1-18 samples per patient) from
128 CM cases with an average follow-up of 92 days. Most
cytokines reached peaks within 2 weeks of AFT and gradually
decreased over time. The trends were more obvious when
cytokines were categorized and compared by disease courses,
briefly described as CM1 (within 2 weeks of AFT), CM2 (2-10
weeks after AFT), and CM3 (after 10 weeks of AFT). One
hundred and eighty-six (36.8%) samples were collected in the
period of CM1, 175 (34.7%) were in CM2, and 144 (28.5%)
were in CM3. The median levels of 24 out of 27 CSF cytokines
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TABLE 1 Patient Demographics and Baseline Characteristics.

10.3389/fimmu.2022.993495

Variable® Cryptococcal Meningitis (n = 104) Pulmonary Cryptococcosis (n = 30) P Value
Age, years 46 (36 - 59) 48 (41 - 57) 0.392
Male 72 (69.2) 20 (66.7) 0.825
Predisposing conditions 55 (52.9) 10 (33.3) 0.059
Blood CrAg test® 1280 (10 - >2560) 10 (0 - 320) 0.000
CSF laboratory findings
Intracranial pressure, cmH,O 25.5 (14.9 - >30.0) 14.5 (9.3 - 19.4) 0.000
Leucocytes count, x10°/L 63 (24 - 153) 2(1-3) 0.000
Glucose, mmol/L 1.7 (<1.1 - 2.4) 3.1 (2.8 -3.5) 0.000
Protein, g/dL 1.2 (0.6 - 1.5) 0.3 (0.2 -0.5) 0.000
CrAg® 1280 (160 - > 2560) 0
CSF smear 73 (70.2) 0
CSF or brain tissue culture! 88 (84.6) 0
CSF fungal burden, CFU/mL* 9800 (285 - 182500) 0
Multi-site infection 44 (42.3) 0
Blood culture’ 24 (23.8) 0
Abnormal mental status 34 (32.7) 0
2-week mortality 8(7.7) 0

CSF, cerebrospinal fluid; CrAg, cryptococcal antigen; CFU, colony forming unit.
“Data are n (%) or median (IQR).

"Blood CrAg test was performed in 99 (95.2%) cryptococcal meningitis patients and 28 (93.3%) pulmonary cryptococcosis patients.

“CSF CrAg test was performed in 102 (98.1%) patients, with all positive results.

dCryptococcus were isolated from CSF in 87 (83.7%) patients and from brain tissue in 1 (1.0%) patient.
“Quantitative CSF cultures were done for 61 cryptococcal meningitis patients, 50 of which were cultured positive.

"Blood culture was performed in 101 (97.1%) patients.

in CM2 were significantly lower than those in CM1 (P < 0.05).
In CM3, cytokine levels declined further, albeit with slower
decline rates. Median levels of 10 cytokines in CM3 reduced
to baseline control levels while the other 17 cytokines were
still significantly higher than control levels. Moreover, GM-
CSF and MCP-1 did not significantly change throughout the
course of the disease, and the ratio of IFN-y/IL-10 and IL-12/
IL-10 progressively increased during follow-up. Cytokines
that increased over 10 times compared to controls in CM1
all fell by over 50% in CM2: IL-6, IL-1ra, IP-10, IL-8, IL-1,
IL-10, and TNF-a. The most significant decrease was found
in IL-6, exhibiting a fall by 95%. Levels of G-CSF and IFN-y,
presenting 8.1 to 9.2-fold increase in CM1, also dropped by
over half in CM2. Chemokines (MIP-1o, MIP-1f, and
RANTES), increased 6.0 to 9.8 times at baseline, declined
relatively slow (Figure 3).

CSF cytokines and chemokines correlate
with disease severity

Associations of baseline CSF cytokines and chemokines as
well as demographic, clinical and laboratory characteristics
with disease severity were explored (Table 2). Thirty-four
(32.7%) of the 104 CM patients with a GCS <15 or who died
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within 2 weeks were classified as a severe group, with the rest
classified as non-severe. The PCA of CSF analytes reflects
variance in the dataset with 4 components: PC-1 (56.9%),
PC-2 (8.9%), PC-3 (6.0%), and PC-4 (5.5%). All cytokines
and chemokines identified as statistically associated with
disease severity loaded into PC-1 and PC-4 (Figure 4), both
of which were negatively correlated with CSF glucose (Table 3).
A logistic regression model was further constructed for severity
that included the following factors: vomiting, epilepsy, CSF
CrAg titre, blood culture, C-reactive protein level,
ventriculomegaly, CSF fungal burden, multi-site infection,
and PC-1 and PC-4 scores. The associations of C-reactive
protein level (OR 3.17, 95% CI 1.03-9.74, P = 0.044), PC-1
score (OR 2.78, 95% CI 1.14-6.78, P = 0.025), and PC-4 score
(OR 2.60, 95% CI 1.31-5.12, P = 0.006) with disease severity
remained significant.

Discussion

Our study utilized a well-characterized large cohort of HIV-
uninfected individuals with CM to do profiling studies on CSF
cytokines and chemokines. Levels of baseline CSF cytokines and
chemokines were significantly elevated in CM patients
compared with pulmonary cryptococcosis cases and could be
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FIGURE 1

Comparisons of concentrations of baseline CSF cytokines and chemokines between CM (n = 104) and PC (n = 30) patients (A), and between
CM patients with (n = 44) or without (n = 39) predisposing conditions who were caused by Cryptococcus neoformans (B). Medians and
interquartile ranges are shown. The Mann-Whitney U test was used. *P < 0.05, **P < 0.01, ***P < 0.001. CSF, cerebrospinal fluid; CM,
cryptococcal meningitis; PC, pulmonary cryptococcosis; IL, interleukin; FGF, fibroblast growth factor; G-CSF, granulocyte colony-stimulating
factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN, interferon; IP, interferon-inducible protein; MCP, monocyte
chemotactic protein; MIP, macrophage inflammatory protein; PDGF, platelet-derived growth factor; TNF, tumor necrosis factor; VEGF, vascular

endothelial growth factor.

resolved into 4 principal components, 2 of which were associated
with severe disease, as defined by altered mental status or death.
Our data provide important additional insight into the immune
response against Cryptococcus in HIV-uninfected patients.

Our data showed that baseline CSF cytokines were
significantly elevated in cryptococcosis with CNS involvement
(21). Notably, pro-inflammatory cytokines IL-6, IFN-y, and
TNEF-o, were significantly increased in both HIV-infected and
HIV-uninfected CM while IL-10 was only significantly elevated
in HIV-negative cases (17, 22). However, when using PCA to
identify co-correlated Thl, Th2, and Thl17 type cytokines in
HIV-infected CM, positive loading scores were found in IFN-y,
IL-4, IL-6, IL-8, IL-10, and IL-17, showing compensatory
parallel increases in Th2-type cytokines (15). Of HIV-
uninfected CM, a more highly activated immune status was
observed. Comparatively higher CSF levels of IL-6, IL-8, IL-10,
and TNF-o were detected in HIV-negative CM than that in HIV
patients (23). In our present study, we prospectively recruited
104 CM patients, 47.1% of whom were immunocompetent.
Interestingly, no significant difference in CSF cytokines was
found in patients with or without predisposing conditions.
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While among 83 patients who were identifiable with C.
neoformans infection, IL-1ra, IL-9, and VEGF were
significantly elevated in immunocompetent cases, indicating
the underlying influence of immune status in HIV-
uninfected hosts.

We further categorized the 27 cytokine analytes into 4 PCs.
PC-1 was driven by higher levels of some pro-inflammatory
cytokines including TNF-o. and IFN-y, while PC-2 included
negative weightings in the chemokines MIP-1a. and MIP-1f,
reminiscent of a similar analysis in HIV-infected CM patients
although we showed a more diverse interplay of pro- and anti-
inflammatory cytokines and chemokines compared with the
analysis in the HIV population (16). IL-17 and RANTES
contributed most to PC-3 and PC-4, respectively. In addition,
CSF fungal burden was much lower in our study than in HIV-
infected cohorts, perhaps indicating, together with the cytokine
data, an increased role for immunopathology in HIV-uninfected
CM (16). Panackal et al. described a “Th1-M2 discordance” in
cryptococcal postinfectious inflammatory response syndrome
(cPIIRS), suggesting a pro-inflammatory phenotype and a
downstream monocyte defect in the efferent arm of the
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https://doi.org/10.3389/fimmu.2022.993495
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

10.3389/fimmu.2022.993495

Jiang et al.
A
14 - 307 o
12 4
10 4 20
v d)
3 81 S
2 . & 10 o
2 £ 3
4 1 Ot s oo ofiree somien oo i ........... ! .......... i .....
2 o
0 ——SSeansss oe0o— 10— : ;
0 5 10 15 20 25 ’ v > >
Component Qo Qc' Qo Qc’
B
PC1 PC-2 PC-3 PC-4
IL.-4
Eotaxin
TNF-a
FGF-basic asi
PDGF-bb [
IL-12 2
IFN-y IFN-y
IL-2
MIP-18
MIP-1a
IL-17
IL-10
5-( S G-CSF (
S RANTES
c -0.5 0 +1.0
51 Pearson’sr=.674 — 37 Pearson’s r=-.223
5 P<.001 . -E' °® ©° p= 028
E 4 s 24 I
s %
C S
g ° 3
=1 &
5 z
= < <
<
T 1 -1 T T T T 1
8 10 6 -4 2 0 2 4
PC-1 PC-4
FIGURE 2

Principal component analysis scores and weightings. Analyses were made among 23 cytokines and chemokines that showed significant
difference between cryptococcal meningitis patients and controls. (A), Eigenvalues as proportion of variance in the dataset explained by each of
the principal component (PC) and the variance of the first 4 PC scores among the 104 patients studied. (B), Contribution of each of the CSF
cytokines and chemokines to the variance in 4 PCs depicted by heat map. (C), PC-1 scores were positively correlated with concentrations of
CSF TNF-a, and PC-4 scores were inversely correlated with concentrations of CSF RANTES. IL, interleukin; FGF, fibroblast growth factor; G-CSF,
granulocyte colony-stimulating factor; IFN, interferon; IP, interferon-inducible protein; MIP, macrophage inflammatory protein; PDGF, platelet-
derived growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor

immune response in HIV-uninfected CM (17). Healthy
individuals with Cryptococcus infection were also reported to
have defective macrophage signaling, suggested by STATS5-
blocking antibodies to GM-CSF, with retention of normal T-
cell activity (24, 25). Our study found a positive correlation of
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PC-1 with CrAg titre and a negative correlation with CSF

glucose. No correlation was found between CSF white cell
count and PCs, suggesting CSF cytokines were probably
derived from activated resident cells (23). Further

investigations are required to elucidate the cell-specific
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Changes of CSF cytokine levels during the clinical course of cryptococcal meningitis. Medians and interquartile ranges are shown. CSF,
cerebrospinal fluid; IL, interleukin; G-CSF, granulocyte colony-stimulating factor; IP, interferon-inducible protein; TNF, tumor necrosis factor;

IFN, interferon; MIP, macrophage inflammatory protein

responses due to complexity and diversity of immune
mechanisms in HIV-uninfected CM.

Baseline cytokine responses have been found to be
predictive of clinical outcomes in cryptococcal infection. An
IFN-y/TNF-o predominant response contributed to a
protective immune response and was correlated with
survival in HIV-infected CM (14, 26). Animal models
showed consistent findings, highlighting microglial cell
activation in response to IFN-y for host resistance to
cryptococcal infection (27). When it comes to Th2 type
cytokines, evidence remained controversial. Mora et al.
suggested significantly increased baseline CSF level of IL-10
in fatal HIV-infected CM cases at 2 weeks after AFT, while
Siddiqui et al. showed a relatively lower level (22, 28).
Interestingly, Jarvis et al. found that levels of IL-4 and IL-10
in baseline CSF positively correlated with IFN-vy
concentrations, and both were associated with better
control of cryptococcal infection and lower mortality, while
in mouse models of cryptococcal infection these cytokines are
associated with alternative activation of effector cells and
worse outcome (16, 29). Notably, cytokines are intricately
linked to programmed cell death mechanisms (pyroptosis,
apoptosis, and necroptosis) which were conceptualized as
“PANoptosis”.
pathogenic cytokine release mediated by PANoptosis

For immunocompetent individuals,

through membrane pores and cell lysis could drive life-
threatening damage to host tissues and organs and lead to
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adverse clinical outcomes (30). MCP-1 was reported to be
correlated with CM-associated immune reconstitution
inflammatory syndrome (IRIS) in HIV-negative populations
(31). In our present study, we demonstrated the diversity of
immune mechanisms with higher scores for PC-1 associated
with disease severity, suggesting that a combined
inflammatory response involving multiple immune
mediators may be critical to disease outcome.

The dynamic changes of CSF cytokines during the clinical
course of CM were previously illuminated in HIV patients.
Elevated levels of IL-6, IL-1f, TNF-0., and IFN-y on the 3rd day
of AFT compared to baseline, and a significant decrease in IL-8
and IFN-y levels observed at week 2 were thought to be
attributed to the antigenic stimulation following AFT (28).
Recently, Mora et al. followed 33 HIV-infected CM patients for
16 weeks and observed that both CSF and serum levels of IL-4,
IL-10, and chemokine (C-X-C motif) ligand (CXCL)-10 were
significantly decreased when compared to baseline values (32).
Further in vitro studies found that peripheral blood
mononuclear cells produced higher levels of IL-4 than those
of healthy controls in response to glucuronoxylomannan
(GXM) stimulation, and IL-4 levels progressively decreased
during treatment, also indicating that a progressive shift
favoring a pro-inflammatory pattern is crucial in controlling
cryptococcal infection (32). Data on the dynamic cytokine
patterns in the clinical course of HIV-uninfected CM remain
sparse. In our present study, a total of 45 patients completed a
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TABLE 2 Univariate and multivariate analysis of factors associated with clinical severity of cryptococcal meningitis.

Variable®

Non-severe Group (n = 70)
Age, years 45 (35-55)
Male 48/70 (68.6)

Predisposing conditions 36/70 (51.4)

Symptoms at presentation

Fever 48/70 (68.6)
Headache 66/70 (94.3)
Vomiting 30/70 (42.9)
Epilepsy 10/70 (14.3)

Cranial nerve palsies 26/70 (37.1)

CSF laboratory findings
Intracranial pressure 230 cmH,O 26/68 (38.2)

72.0 (24.8-155.5)
18/70 (25.7)
1.0 (0.6-1.4)
47/70 (67.1)
56/70 (80.0)

33/70 (47.1)

Leucocytes count, x10°/L
Glucose <1.1 mmol/L
Protein, g/dL
CSF smear
CSF or brain tissue culture
CrAg >1:1280
Blood laboratory findings
11/69 (15.9)
39/69 (56.5)
26/67 (38.8)

Blood culture
CrAg >1:1280
CRP >8.20 mg/L
Cranial MRI
48/61 (78.7)
45/61 (73.8)

Parenchymal lesions

Focal cerebral ischemia

Granulomatous lesion 6/61 (9.8)
Meningeal enhancements 33/61 (54.1)
Ventriculomegaly 5/61 (8.2)

1,300 (23-11,525)
24/70 (34.3)
30 (14-61)
59/70 (84.3)

CSF fungal burden, CFU/mL®
Multi-site infection
Time to diagnosis, days
Amphotericin B -based therapy
PCA

PC-1 score 0.0 (-0.4-0.1)

PC-4 score -0.3 (-0.7-0.2)

Univariate Analysis

Multivariate Analysis®

Severe Group (n = 34) P Value OR (95% CI) P Value
44 (36-57) 0.992
24/34 (70.6) 0.834
19/34 (55.9) 0.682
28/34 (82.4) 0.137
34/34 (100.0) 0.301
34/34 (67.6) 0.018 NS
12/34 (35.3) 0.014 NS
15/34 (44.1) 0.495
18/33 (54.5) 0.121
64.0 (24.0-166.3) 0.758
14/34 (41.2) 0.109
1.2 (0.8-2.3) 0.310
26/34 (76.5) 0.329
32/34 (94.1) 0.061
22/32 (68.8) 0.042 NS
13/32 (40.6) 0.007 NS
19/31 (61.3) 0.655
19/28 (67.9) 0.010 3.17 (1.03-9.74) 0.044
26/33 (78.8) 0.991
26/33 (78.8) 0.589
2/33 (6.1) 0.708
19/33 (57.6) 0.746
14/33 (42.4) 0.000 NS
200,000 (1,025-825,000) 0.002 NS
20/34 (58.8) 0.018 NS
33 (20-73) 0.386
28/34 (82.4) 0.803
0.1 (-0.2-0.5) 0.000 2.78 (1.14-6.78) 0.025
0.4 (-0.1-0.9) 0.000 2.60 (1.31-5.12) 0.006

CSF, cerebrospinal fluid; CrAg, cryptococcal antigen; CRP, C-reactive protein; MRI, magnetic resonance imaging; CFU, colony forming unit; PCA, principal component analysis; OR, odds

ratio; CI, confidence interval; NS, not significant.

“Data are n (%) or median (IQR). Missing data not provided by the sites are indicated by the denominators in each variable.
°Quantitative CSF cultures were done for 44 patients in non-severe group and 17 patients in severe group.
“Logistic regression model was used to identify independent factors for severity using variables with a value of P < 0.05 in the univariate analysis.

follow-up time of more than 10 weeks. We detected a common
trend that cytokines usually reached peaks during the first 2
weeks of AFT and gradually decreased over time. IFN-y/IL-10
and IL-12/TL-10 ratios increased inversely with time on AFT,
indicating a reconstitution of Th-1/Th-2 balance.

Strengths of our study include the comprehensive analysis of
CSF immune parameters and large size and long-term follow-up of
our cohort. However, there are noteworthy limitations. First, the
cellular source of the CNS cytokine production is not possible to be
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elucidated from these data. Second, several other genetic and clinical
factors may also influence cytokine dynamics. Third, we categorized
disease severity based on GCS scores and death, given the relatively
low mortality in our cohort. Larger cohorts are needed in order to
definitively analyze factors associated with improved survival.

In summary, combined inflammatory responses involving
both pro- and anti-inflammatory cytokines and chemokines are
associated with disease severity in HIV-uninfected CM patients
in China. Our findings provide additional insights into the
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FIGURE 4

Associations between PC scores and disease severity. Medians and interquartile ranges are shown. The Mann-Whitney U test was used. Adjusted
P values were derived by the logistics regression analyses. PC, principal component.

TABLE 3 Correlations between PC scores and clinical variables in cryptococcal meningitis.

Variable PC-1 PC-2 PC-3 PC-4
Pearson’s r P Value Pearson’s r P Value Pearson’s r P Value Pearson’s r P Value
CSF WBC 0.091 0.357 0.501 0.000 0.048 0.630 0.084 0.397
CSF glucose -0.296 0.002 0.108 0.274 0.116 0.241 0213 0.030
CSF protein 0.362 0.000 0.425 0.000 0.004 0.964 0.178 0.071
CSF CrAg 0.247 0.013 -0.250 0.012 -0.046 0.649 0.131 0.194

immunopathogenesis of CM. Prospective multi-center cohort
studies in larger scale and further investigation of specific cell-
based cytokine patterns and interplays may be helpful in the
development of future host-directed immunotherapies.
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