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Abstract

Background: The incidence of cryptococcal meningitis (CM) has gradually increased in recent years. Cerebrospinal
fluid (CSF) cytology and cell count are very important for CM on etiology diagnosis and assessment of disease
status and therapeutic response. However, the clinical significance of CSF white cell count (WCC) in CM patients is
not fully understood. Using longitudinal data of CSF WCC and its relationship with clinical outcomes in CM |patients,
we aimed to elucidate the clinical significance of this test.

Methods: We retrospectively analyzed the medical records of 150 CM patients admitted to our hospital between
January 2008 and December 2018.

Results:CM patients with lower baseline CSF WCC, CSF protein concentration or CD4/CD8 ratio, and those with
altered mentation or HIV coinfection were more likely to have poor clinical outé&D®%). CM patients with
triple therapy during the induction period presented with a better clinical outcé®@ @5). Baseline CSF WCC had
a moderate positive correlation with peripheral CD4+ T lymphocyte couift {38P < 0.001) and CD4+ T
lymphocyte percentage £ 0.616P < 0.001). The best cut-off value to predict a poor clinical outcome was 40 [cells/

L during baseline CSF WCC. The predictive model incorporating longitudinal data of CSF WCC had better
sensitivity, specificity, and accuracy than a model incorporating only baseline CSF WCC data.

Conclusions:Our results indicated that baseline CSF WCC and changes in CSF WCC over time could be used to
assess the prognosis of CM patients.
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Background Africa [2]. Globally, an updated data from 2017 show that
Cryptococcal meningitis (CM), caused byryptococcus annual deaths from CM are about 181,100 [95% confidence
spp, is responsible for significant morbidity and mortality interval (Cl), 119,400-234,300]. Moreover, 15% (95% ClI,
and requires prolonged treatmentl]. It is an opportunistic  10-19%) of Acquired Immune Deficiency Syndrome
fungal infection common amag human immunodeficiency (AIDS) patients died from CM B]. The incidence of CM in
virus (HIV)-infected patients, particularly in sub-Saharan HIV-infected patients has decreased in the era of antiretro-
viral therapy. However, in recent years, CM has been on
+ Correspondencév33966@126.com _the rise in_HIV-negative hosts_vx_/ith organ transpl_ants, al_Jto-
Center of Infectious Disease, West China Hospital, Sichuan University, 37mMmMune disease, immune defemcies, hematological malig-
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even in apparently immunocompetent individualS]f Re- analysis were carried out. The enzyme-linked im-
cent advances in the care for CM patients and CM preven-munosorbent assay (ELISA) or chemiluminescence
tion, including some new agents and adjunctiveimmunoassay was used to detect HIV infection, and
immunomodulatory therapies, have the potential to reduce positive results were confirmed by western blot (Mp
mortality from the disease4, 5]. Biomedicals Asia Pacific Pte. Ltd., Singapore). A
Lumbar puncture (LP) is a common procedure in CM lymphocyte subset analysis was done by flow cytome-
patients. Aggressive management of elevated intracraniaky. LP was performed before treatment was initiated.
pressure via LP is beneficial to CM patient${8]. Ac- The CSF samples were analyzed immediately for cell
curate analysis of the cerebrospinal fluid (CSF) profile iscount, biochemical parameters, India ink staining,
essential when diagnosing and managing CM. CSF celluacid-fast smears for tuberculosis (TB), TB DNA ana-
lar analysis, India ink staining, CSF Cryptococcal antigenysis, and fungal and bacterial cultures. Latex agglu-
(CrAg) test, fungal culture, and molecular techniquestination (LA) test or lateral flow immunoassay (LFA)
are used to diagnose CM. Many previous studies havevas used to detect the CSF CrAg titer. Fungal CSF
shown that high CSF CrAg titer (>1:1024) was an inde-culture was done in Sabouraud dextrose agar plates.
pendent risk factor for poor prognosis in CM patients After the initiation of antifungal therapy, CSF examin-
[9, 10]. However, several CrAg measurements are prob-ation was performed approximately once a week. All
ably unhelpful for CM management because CrAg canexaminations included cell count, biochemical test,
still be positive even if the pathogen has been clearedndia ink staining, and fungal culture.
[11]. CSF cytology and cell count can provide quick and
cost-effective important information on possible etiolo- Treatment strategies
gies that could lead to diagnosis and guide immediateCryptococcal disease manament was done follow-
therapeutic decisions. More importantly, dynamic ing the Infectious Diseases Society of America and
changes in CSF cell count could help assess disease stadr country’s guidelines, and based on our experi-
tus and therapeutic response. Some previous studiegnce p, 7, 15]. Induction therapy for HIV-negative
have suggested that low baseline CSF white cell coun€CM patients lasted 612 weeks and included ampho-
(WCC) was a predictor for poor clinical outcomes in tericin B (0.5-1.0 mg/kg/day) or amphotericin B lipo-
CM patients [10, 12], but other studies showed that CSF somes (3.0 mg/kg/day) and 5-flucytosine (100 mg/kg/
WCC was not associated with clinical outcome$d, 14]. day). Some patients also received fluconazole 400
Therefore, the clinical significance of CSF WCC in CM 800 mg/day) or voriconazole (loading dose of 6.0 mg/
patients is not fully understood, and data on CSF WCCkg/12 h, a maintenance dose of 4.0 mg/kg/12h, and
changes over time during antifungal therapy in these pa-further dose adjustments according to the actual
tients are rare. blood concentration). Consolidation therapy was
In this retrospective study, we aimed to evaluate thegiven for more than 6 months, and consisted of flu-
clinical significance of longitudinal CSF WCC data and conazole (406600 mg/day), voriconazole (200 mg/12
elucidate its relationship with clinical outcomes in pa- h), or itraconazole (200 mg/12 h), with or without 5-
tients with CM who were admitted to a university hos- flucytosine. Maintenance therapy and antiretroviral

pital in China between 2008 and 2018. therapy were given to patints with HIV infection.
Mannitol or glycerin fructose, frequent lumbar

Methods drainage, or lumbar subarachnoid continuous drain-

Patients age was applied to control high CSF pressure.

This is a retrospective cohort study was conducted on

CM patients admitted to West China Hospital, Sichuan Clinical definitions

University, Chengdu, Sichuan, China between Januarglinical outcomes of patients with CM were evaluated at
2008 and December 2018. The diagnosis of CM wa< and 10 weeks after diagnosis or initiation of antifungal
done based on clinical manifestations and positive CSRherapy. Based on clinical manifestations and laboratory
culture for Cryptococcu®r positive CSF India ink stain- findings, clinical outcomes were divided into good or
ing. Exclusion criteria were age under 14years, suspoor. Patients were assigned to the poor outcome group
pected or confirmed co-infection with other pathogens, if they had died or the disease has progressed or re-
and those who had received antifungal treatment beforelapsed. Disease progression was defined as aggravation

admission to our hospital. of consciousness disorders, fever, headaches, and other
clinical manifestations, and persistently positive CSF cul-
Laboratory studies tures or India ink staining. Relapse was defined as a situ-

Laboratory tests such as routine blood tests, blood bio-ation in which CSF culture or India ink staining has
chemistry, and peripheral blood T lymphocyte subsetsturned negative and then positive again, and symptoms
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and signs of infection appear again after they have disap93 and 94 CM patients, respectively. Therefore, data
peared. A good outcome was defined as a situation inassessed after 10 weeks was used for clinical analysis.
which CSF culture or India ink staining turned negative The demographic and clinical features of these pa-
after being positive, and clinical symptoms havetients are summarized in Tablel. CM was more

improved. prevalent between the ages of 31 and 60years (91,
60.67%) than in the other age groups. Male patients
Statistical analysis older than 60years were more likely to have a poor

Statistical analysis wasarried out using SPSS for clinical outcome P<0.05). The most common clinical
Windows, version 22.0 (IBM Corp., Armonk, NY, symptoms were headache (136, 90.67%) and vomiting
USA). Continuous variables were assessed for nor{78, 52.00%). Altered mentation was more common in
mality using the Shapiro-Wilk test. Groups were the poor outcome than the good outcome groupP€
compared using the Studerd t-test for normally dis- 0.05). The most frequent underlying diseases were
tributed continuous variables or the Mann-Whitney HIV infection (32, 21.33%) and immune system dis-
U test for non-normal data. Categorical variablesease (16, 10.67%). A higher percentage of patients in
were compared using the Chi-squared test or Fish-the good outcome group (26.60%, 25/94) had no
ers exact test. Associations between quantitative varunderlying diseases or factors compared to the poor
iables were assessed by Spearrsarank correlation outcome group (12.50%, 7/562< 0.05).
coefficient ¢) for non-normal data. An r-value
greater than 0.8 was considered strong positive cor-Laboratory data
relation; 0.2 < <0.5 was considered as weak correl-The laboratory tests results in patients with CM are
ation. CSF WCC receiver operating characteristicshown in Table2. The baseline CSF WCC and protein
(ROC) curve was plotted, and the area under theconcentration in the poor outcome group were lower
curve (AUC) was calculated using the MedCalc soft-than the good outcome groupR < 0.05). The positive
ware, version 11.5.1.0 (MedCalc Software, Ostendrate of CSF India ink staining in the poor outcome
Belgium).The AUC was used to evaluate the progno-group (54, 96.43%) was higher than in the good outcome
sis for CM patients. A machine learning algorithm group (66, 70.21%P < 0.05). There was no difference in
(C 5.0 decision tree) was implemented in the R 3.5.1CSF glucose or chloride levels and the positive rates of
program for Windows to identify the relationship be- CSF fungal culture between the two groups. The per-
tween dynamic changes in CSF WCC and clinicalcentage of serum CD4+ T lymphocyte (11.97% vs.
outcome, and the predictive value of the dynamic 31.35%P<0.001) and CD4/CD8 ratio (0.10 vs. 1.1@<
changes in CSF WCC for clinical outcome. We split 0.001) were lower in the poor outcome group than in
the data into training (70%) and test (30%) datasetghe good outcome group.
while preserving the proportions of the good and
poor outcome categories. The training data set wasTreatment strategies and clinical outcomes
used to build a C5.0 decision tree model. We thenA total of 134 CM patients received antifungal treatment
repeated 10 times a random leave-one-out cross-after diagnosis. The remaining patients (16/150, 10.67%)
validation (LOOCYV) test to identify the optimal pa- did not receive antifungal treatment because their dis-
rameters. The testing dataset was then used in theease had rapidly progressed to death before such treat-
trained model to predict the outcome. We randomly ment could be initiated or because they were abandoned
chose 50 seeds to run our model 50 times. The finalby their family members and were discharged voluntar-
model results and the featurésmportance analysis ily. Treatments for the other patients were categorized
results (the importance interval being 0~ 100) are as monotherapy, two-drug combination, or triple ther-
the mean values of these 50 runs. A two-taildlet apy. Most patients (81/150, 54.00%) were treated by the
value <0.05 was considered statistically significant. two-drug combination, but patients receiving the triple
therapy had a better clinical outcomeP(< 0.05), as
Results shown in Table3.
Patient characteristics
A total of 150 patients with CM (mean age 45.93 = Associations with baseline cerebrospinal fluid white cell
15.73 years; 98 males) were admitted to our hospitakount
from January 2008 to December 2018 and were in-The CM patients were divided in two ways; one division
cluded in this retrospective study. They were catego-was based on their clinical outcomes, and the other
rized into two groups (good and poor outcome based on their HIV-infection status. As can be seen in
groups) according to their clinical outcome. Clinical Fig. 1, the baseline CSF WCC in the good outcome
improvements after 2 and 10 weeks were observed irgroup (90 vs. 10 cellsL, P<0.001) and in the non-HIV
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Table 1 Demographic and clinical characteristics in patients with cryptococcal meningitis
Variables AIN= 150) Good outcome = 94) Bad outcomeN=56) Pvalue
(n,%) (n.%) (n.%)
Male 98 (65.33) 58 (61.70) 40 (71.43) 0.288
Age
30 31 (20.67) 26 (27.66) 5(8.93) 0.000
31-60 91 (60.67) 59 (62.77) 32 (57.14)
>60 28 (18.67) 9 (9.57) 19 (33.93)
Presenting symptoms and signs
Headache 136 (90.67) 89 (94.68) 47 (83.93) 0.029
Vomiting 78 (52.00) 46 (48.94) 32 (57.14) 0.331
Fever 74 (49.33) 52 (55.32) 22 (39.29) 0.057
Altered mentation 31 (20.67) 12 (12.77) 19 (33.93) 0.002
Abnormal vision 29 (19.33) 20 (21.28) 9 (16.07) 0.435
Cough 12 (8.00) 7 (7.45) 5(8.93) 0.746
Abnormal hearing 9 (6.00) 5(5.32) 4 (7.14) 0.726
Seizure 7 (4.67) 4 (4.26) 3(5.36) 1.000
Underlying diseases or factors
HIV infection 32 (21.33) 8 (8.51) 24 (42.86) 0.000
Immune system disease 16 (10.67) 12 (12.77) 4 (7.14) 0.413
Hepatobiliary diseases 14 (9.33) 11 (11.70) 3(5.36) 0.170
Hypertension 13 (8.67) 9 (9.57) 4 (7.14) 0.768
Corticosteroid medication or immunosuppressive drugs 15 (10.00) 9 (9.57) 6 (10.71) 0.822
Diabetes mellitus 12 (8.00) 9 (9.57) 3(5.36) 0.536
Chronic lung disease 6 (4.00) 4 (4.26) 2 (3.57) 1.000
Renal transplantation 7 (4.67) 4 (4.26) 3(5.36) 1.000
Tuberculosis 6 (4.00) 1 (1.06) 5 (1.79) 0.027
Others 26 (17.92) 15 (15.96) 11 (19.64) 0.564
None 32 (21.97) 25 (26.60) 7 (12.50) 0.042
Table 2 Laboratory data in patients with cryptococcal meningitis
Variables All Good outcome Bad outcome Pvalue
(N=150) (N=94) (N=156)
CSF
WCC (cellsl), Median (IQR) 60.00 (1618Mm.00) 90.00 (46-0@0.00) 10.00 (0-2m.00) 0.000
Total protein (mg/dL), Median (IQR) 0.81{0.52) 0.87 (0.61.23) 0.65 (0.40.91) 0.002
Glucose (mmol/L), Median (IQR) 1.954R.83) 1.88 (0.8R.66) 1.99 (0.92.96) 0.728
Chloride (mmol/L), (mean + SD) 118.75+6.14 118.62+5.70 118.96 + 6.85 0.345
Positive India ink stain(%) 120 (80.00%) 66 (70.21%) 54 (96.43%) 0.000
Positive CSF fungal culture(%) 116 (77.33%) 75 (79.79%) 41 (73.21%) 0.421
Positive India ink stain & fungal culture(%) 96 (64.00%) 57 (60.64%) 39 (69.64%) 0.295
Serum
Albumin(g/L), (mean + SD) 39.73+4.81 40.43+4.33 37.98+5.56 0.025
WBC (x 1%L), (mean + SD) 8.35+3.46 8.54+3.20 8.01+3.88 0.364
Hemoglobin (g/L), (mean + SD) 124.49 + 19.66 127.95+20.51 120.02 +19.67 0.022
CD4 T lymphocyte (%),(mean + 8D) 25.14+16.75 31.35+14.40 11.97 £13.58 0.000
CD8 T lymphocyte (%),(mean + 8D) 34.52+16.80 29.61+13.61 44.92+18.32 0.000
CD4/CDS ratio (%), Median (RQR) 0.93 (0.2L.57) 1.19 (0.70.76) 0.10 (0.63.83) 0.000

347 missing valuesCSF cerebrospinal fluid WCC white cell count, WBC white blood cell
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Table 3 Therapeutic regimen of 150 patients with cryptococcal meningitis

Treatment AlIN=150) Good outcome = 94) Bad outcomeN=56) Pvalue
(n,%) (n,%) (n,%)

No treatment 16 (10.67) 0 (0.00) 16 (28.57) 0.000

Monotherapy 11 (7.33) 3(3.19) 8 (14.29)

Two-drug combination 81 (54.00) 54 (57.45) 27 (48.21)

Triple therapy 42 (28.00) 37 (39.36) 5(8.93)

Antifungal treatment
AmB 9 (6.00) 3(3.19) 6 (10.71) 0.079
FCz 2(1.33) 0 (0.00) 2 (3.57) 0.138
AmB + 5FC 59 (39.33) 40 (42.55) 19 (33.93) 0.296
AmB +FCZ 9 (6.00) 4 (4.26) 5 (8.93) 0.295
AmB +VCZ 3(2.00) 1 (1.06) 2 (3.57) 0.556
FCZ+ 5-FC 4 (2.67) 3(3.19) 1(1.79) 1.000
VCZ + 5-FC 6 (4.00) 6 (6.38) 0 (0.00) 0.084
AmB + FCZ+ 5-FC 15 (10.00) 13 (13.83) 2 (3.57) 0.050
AmB +VCZ+ 5-FC 27 (18.00) 24 (25.53) 3(5.36) 0.002

AmB amphotericin B,FCZ fluconazole,VCZ voriconazole,5-FC 5-flucytosine

infection group (80 vs. O cellsL, P<0.001) were higher ROC curve of CSF WCC for prognosis evaluation

than in the control group @ < 0.01). Figure 3 depicts the ROC curve of CSF WCC for prog-
nosis evaluation in patients with CM. The AUC of CSF
Relationship of baseline cerebrospinal fluid white cell WCC was 0.831 (95% CI: 0.766.883;P < 0.001). The

count and T lymphocyte subsets in the peripheral blood most effective cutoff value of CSF WCC for evaluating

Results of CD4+ T lymphocyte count in the periph- poor clinical outcomes in CM patients was 40 celld,,
eral blood were obtained in 35 cases. The correlationgor which Youderis index was 0.58.

between CSF WCC and CD4+ T lymphocyte count,

CD4+ T lymphocyte percentage, CD8+ T lymphocyte The relationship between dynamic changes in CSF WCC
percentage, and CD4/CDS8 ratio were analyzed. CSFand clinical outcome

WCC and CD4+ T lymphocyte count were closely The dynamic changes of CSF WCC are shown in Hg.

correlated ¢=0.738,P<0.001), as shown in Fid. The CSF WCCs were higher among patients in the good
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Fig. 1 Baseline cerebrospinal fluid white cell count (CSF WCC) in cryptococcal meningitis p&@&®htg8/CC in the good outcome group wag
higher than in the poor outcome groug’€ 0.001)b CSF WCC in the non-HIV infection group was higher than the HIV-infection
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Fig. 2 Relationship between cerebrospinal fluid white cell count (CSF WCC) and peripheral T lymphocyte subsets. Spearman correlatipn analysis
was used to study the association between CSF WCC and peripheral CD4+ T lymphocyte count, CD4+ T lymphocyte percentage, CDB+ T
lymphocyte percentage, and CD4/CD8 ratio in cryptococcal meningitis pai€ s WCC was positively correlated with peripheral CD4+ T
lymphocyte countr(=0.738P< 0.001)b CD4+ T lymphocyte percentage=(0.616P< 0.001), andd) CD4/CD8 ratia € 0.592P< 0.001)c CSF
WCC had a weak negative correlation with CD8+ T lymphocyte percenta§€.364P< 0.001). Forty-seven values of CD4+ T lymphocyte
percentage, CD8+ T lymphocyte percentage, and CD4/CD8 ratio were missing

\

outcome group on weeks 0, 1, 2, 3, 4, 5, 6, B(0.05). (importance: 92.4 in model 1, 91.5 in model 2). In model
The counts decreased faster in this group compared to2, the importance of CSF WCCs from week 1 to week
the poor outcome group. Two predictive models (C5.0 10 were all greater than zero (Tabl®.

decision tree), using the caret package, revealed the rela-

tionship between dynamic changes in CSF WCC and theDiscussion

clinical outcome. The covariables used to predict the Cryptococcal meningitis is the most common life-
outcome in both models were sex, age, Charlson comorthreatening fungal meningitis, so it is important to
bidity index, hemoglobin concentration, peripheral WBC recognize its clinical characteristics and explore new
count, neutrophil concentration, treatment strategies, methods for early diagnosis and prognostic assessment.
CSF protein concentration, CSF chloride concentration, This study found that older male patients with CMx
CSF India ink staining, and CSF culture. Model 1 only 60 years) had the worst clinical outcome. This finding is
used CSF WCC at week 0, while model 2 used CSEimilar to previous research resultsl]. The immune
WCCs at weeks 0 to 10. The sensitivity, specificity, acfunction in older individuals shows the characteristics of
curacy, and AUC of model 2 were superior to those ofimmune senescence, as it declines and weakens the abil-
model 1. In both models, CSF WCC at week 0 made aity of older people to respond to infection 1[7]. This
great contribution to predicting the clinical outcome might be one of the reasons for the poor prognosis in



Qui et al. BMC Infectious Diseases (2020) 20:571

100

80

60

40

Sensitivity

20

LAY DL R BN R R BN R B R |

0 PRI TR TR TN NN SO S [T TR ST U S N A |
0 20 40 60 80 100

100-Specificity

Fig. 3 Receiver operating characteristic (ROC) curve for

cerebrospinal fluid white cell count (CSF WCC) as a means to
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interval (Cl) 0.766.883]
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the poor outcome group suffered from disturbances to
their consciousness and thus could not complain about
their sufferings. This study also suggests that CM pa-
tients with HIV or tuberculosis infection were associated
with worse outcomes. An important characteristic of
these patients is their impaired cellular immune function
[19, 20]. Such impairment might reduce the recruitment
of macrophages and neutrophils to the sites of infection,
thereby reducingCryptococcuglearance 21].

CM patients with lower baseline CSF WCC and pro-
tein level had poor clinical outcomes. Several previous
studies have also found that CM patients with lower
CSF WCC had a lower survival rat®, 23], but other
results suggested that baseline CSF WCC is not associ-
ated with mortality in patients with HIV-associated CM
[13]. Lower CSF WCC indicates a lower intensity of the
inflammatory response, thus affecting the clinical out-
come. A weak inflammatory response in the central ner-
vous system (CNS) of CM patients with lower CSF

rhe Protein level might lead to a decrease in the transport of
denadétifungal drugs to the CNSZ4]. In this study, a high

positive rate of CSF India ink staining was found in the
poor outcome group. Positive India ink staining often
signifies a high fungal burden, which indicates a poor

older CM patients. Headache, fever, vomiting, and al-clinical outcome [L3, 25. CD4+ T lymphocyte percent-
tered mentation were common clinical manifestations of age and CD4/CD8 ratio in the serum were significantly
CM in our patients. Many previous reports have also lower in the poor outcome group. One study examined
found similar results and showed that altered mentation the cryptococcal-specific peripheral CD4+ T-cell re-
was an independent indicator of poor outcomes for CM sponse in HIV-associated CM patients. The researchers
patients P, 18]. A higher proportion of patients in the found that these cells could produce macrophage in-

good outcome group presented with headache in thisflammatory protein 1, interferon

(IFN- ), and tumor

study. This finding might be because some patients innecrosis factor (TNF- ). These results show that when

160
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Fig. 4 The dynamic changes of cerebrospinal fluid white cell count (CSF WCC) at baseline (week 0) and through antifungal therafg@Xweeks 1
in patients with cryptococcal meningitis (CM). CM patients in the good outcome group had higher CSF WCC ironaeks/fek 10 than
those in the poor outcome grougPk 0.05). Missing data in each group and each week were not used in Figure 4. No CSF WCC records were
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Table 4 Prediction models for clinical outcome in patients with cryptococcal meningitis

Iltems Model 1 (week 0) Model 2 (week 0-week 10)
Sensitivity 0.8828571 0.9035714
Specificity 0.6950000 0.7100000
Positive prediction value 0.8410332 0.8505685
Negative prediction value 0.7917769 0.8306219
Accuracy 0.81454545 0.83318182
AUC 0.8832813 0.8985045
The importance of variables to the predictive model
Treatment (no treatment) 98.00 97.7358
Positive CSF ink stain 91.491 92.6038
Age 89.6036 88.6226
Charlson index 85.5472 80.8676
Treatment (monotherapy) 81.434 86.0568
Treatment (triple therapy) 79.3774 81.1326
Hemoglobin 76.1708 76.982
Negative CSF fungal culture 72.9062 73.5666
Neutrophile 68.3962 60.7552
CSF proteins 67.6798 57.0194
White blood cell 67.4152 49.2082
Male 64.245 58.2074
CSF wCC
week 0 92.3776 91.472
Week 1 NA 15.6604
Week 2 NA 21.1326
Week 3 NA 10.2644
Week 4 NA 7.2828
Week 5 NA 17.17
Week 6 NA 14.1516
Week 7 NA 5.4718
Week 8 NA 3.7928
Week 10 NA 22.095

CSF cerebrospinal fluid WCC white cell count,NA Not applicable. Only variables whose importance was greater than zero were displayed

the IFN- /TNF- -producing CrAg-specific CD4+ T-cell the CSF than amphotericin B alone, amphotericin B with
response was missing, CSF lymphocyte count declinedjuconazole, or triple therapy47]. A recent study in CM
the proinflammatory CSF cytokine response was attenu-patients showed that triple therapy that combines ampho-
ated, and a higher mortality rate was recorde?. tericin B, 5-flucytosine, and fluconazole provides superior
Nowadays, options for treating CM remain limited. All clinical effectiveness when used from treatment initiation.
patients without access to treatment had a poor clinical This triple therapy was superior to the combination ther-
outcome. The best clinical outcome was of patients with apy of amphotericin B and flucytosine. Importantly, there
triple therapy. Therefore, early diagnosis and treatmentwas no difference between the treatment groups in the in-
are very important to reduce the mortality of CM patients. cidence of adverse eventgd]. Zhao et al. also found a sig-
Amphotericin B, combined with 5-flucytosine, remains nificantly higher response rate in the triple combination
the most commonly used induction therapy regimen for group than in the two-drug combination group for salvage
CM, but its therapeutic efficacy is unsatisfactory. Onetherapy in HIV-uninfected CM patients 29. Triple ther-
earlier research found that in HIV-associated CM patients,apy used during the induction period in CM patients
a combined treatment of amphotericin B and 5- could reduce fungal burden and mortality, so it might be
flucytosine could more rapidly cleaCryptococcusrom  considered as an alternative treatment for these patients.
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In this study, we observed lower CSF WCC in the Conclusions
poor outcome group and the HIV-infected group. In This study shows that CM patients with lower baseline
addition, CSF WCC was positively correlated with per- CSF WCC, lower CD4+ lymphocyte count, and altered
ipheral CD4+ T lymphocyte count, CD4+ T lymphocyte mentation as well as older male CM patients G0 years)
percentage, and the CD4/CD8 ratio. A previous studywere more likely to have a poor clinical outcome. Triple
found a positive correlation between CSF and bloodtherapy during the induction period might be an alterna-
CD4+ counts. Lower numbers of CSF T cells and NKtive treatment approach for CM patients with poor
cells, and lower expression of the neutrophil activation prognosis. Baseline CSF WCC had a moderate positive
marker CD66b26 were also observed in CM patientscorrelation with peripheral CD4+ T lymphocyte count.
with a high fungal burden 29]. Lower CSF WCC might Baseline CSF WCC below 40 celld/ might indicate
indicate a higher fungal burden in the CSF. Patients withpoor prognosis in CM patients. Baseline CSF WCC,
higher CSF fungal burden tend to have lower concentra-combined with CSF WCC changes over time, could bet-
tions of proinflammatory cytokines (IL-6, IFN-, and ter predict the prognosis of CM. More aggressive treat-
TNF- ) in their CSF B0, 31]. This lower cytokine level ment and effective management should be given to
is probably because of the high concentration of glucur- patients with poor prognosis.
onoxylomannan, the main capsular polysaccharide of
Cryptococcusin such patients, the CNS inhibits the re- Abbreviations o _ _ ‘

. fi s into the CSFE{Z] our stud CM:Cryptococcal meningitis; CSF: Cerebrospinal fluid; WCC: White cell count;
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