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Abstract

Purpose The neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR) have been
studied in many diseases. However, their roles in
cryptococcal meningitis (CM) are unclear. The pur-
pose of this article was to analyse the roles of the PLR
and NLR in CM patients during treatment.

Methods 139 newly diagnosed CM patients were
enrolled. We divided patients into two groups: the
successful group (n = 121) and the failure group
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(n = 18) based on the prognosis of patients. Then, we
analyzed changes in clinical data of two groups, which
were measured at the time of admission, after 2 weeks
and 4 weeks in the hospital. Then the patients were
divided into HIV group (n = 26) and non-HIV group
(n = 113) to determine whether HIV status had an
impact on the prognosis and clinical data of patients.
Results Most patients were male living in rural
areas; headache was the most common symptom
before admission. In the subgroup analysis based on
HIV status, there were significantly fewer patients
with HIV (26 individuals) than without HIV (113
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individuals), and 40.7% non-HIV CM patients had no
underlying diseases. There was no significant differ-
ence in prognosis (p = 0.746), lymphocytes
(» = 0.109) or neutrophils (p =0.269) between
patients with and without HIV. A mixed-effect model
indicated that there was no difference (p = 0.171) in
PLR between successful group and failure group.
However, the change of NLR was statistically signif-
icant (p = 0.004 < 0.05) between successful group
and failure group.

Conclusion Anincrease in the NLR during treatment
may be used as an indicator of treatment failure.

Keywords Meningitis - Cryptococcus neoformans -
Neutrophil-to-lymphocyte ratio - Platelet-to-
lymphocyte ratio - Prognosis - Mixed-effect model

Introduction

Cryptococcal meningitis is an invasive fungal disease
mainly caused by Cryptococcus neoformans [1] with a
high morbidity and mortality [2]. Cryptococcal
meningitis mainly occurs in immunocompromised
individuals such as HIV patients. In 2014, it was
estimated that there were over 220,000 new cases of
cryptococcal meningitis worldwide, leading to more
than 180,000 deaths and 15% of all AIDS-related
deaths [2]. Although highly active antiretroviral
therapy (HAART) has been widely used, the one-year
mortality of cryptococcal patients in North America
ranges from 10 to 30%, and in low-income countries, it
is up to 50-100% [3-5]. In addition, organ transplan-
tation, the use of corticosteroids and immunosuppres-
sive therapies are common risk factors for the
pathogenesis of cryptococcal meningitis [6, 7]. Anti-
fungal drug therapy remains the mainstay of treatment
for cryptococcal meningitis. The timely evaluation of
therapeutic effects is necessary. Neutrophils and
lymphocytes play a non-negligible role in inflamma-
tory diseases [8], and the NLR has been identified as a
useful index for inflammatory diseases [9, 10].
Eduarda Cristina Martins et al. [11] found that the
NLR can be used as an indicator for early sepsis
detection. CaoYuan Yao et al. [12] found that the NLR
may be a simple and useful prognostic marker for
hospital mortality in patients with acute exacerbation
of chronic obstructive pulmonary disease (AECOPD).
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Similar to the NLR, the PLR is also a useful index in
patients with inflammatory diseases and cancer [13].
Hakyemez et al. showed that there was significant
difference in NLR between different outcome of CM
patients. [14] However, the association of the change
in NLR and PLR of cryptococcal meningitis patients
during treatment in hospital has not been clarified. In
this article, we collected clinical data of patients at
admission and after 2 weeks and 4 weeks in the
hospital to determine the specific roles of the PLR and
NLR during treatment for CM.

Materials and Methods

We retrospectively collected clinical data from 154
CM patients who were first recruited at Jiangxi Chest
Hospital from January 2014 to December 2019. All
patients were newly diagnosed and had not received
any antifungal drug therapy. All HIV patients received
HAART. A total of 139 patients were enrolled in this
study, and 15 patients were excluded due to a lack of
clinical data. The clinical data included white blood
cells, platelets, lymphocytes, neutrophils, the PLR and
NLR at admission and after 2 weeks and 4 weeks in
the hospital. We divided patients into two groups
based on prognosis: the successful group (121 per-
sons) and failure group (18 persons). If there were any
differences, we next divided patients into the HIV
group (26 persons) and non-HIV group (113 persons)
to determine whether HIV status had an impact on the
prognosis and clinical data of patients. All the patients
were followed up for 6 months. Written approval for
this study was obtained from the ethics committee of
Jiangxi Chest Hospital. All patients or their family
members provided written consent in accordance with
the ethical committee standards during their hospital
stay or outpatient follow-up.

Categorical variables were analyzed by the chi-
squared test or Fisher’s exact test if any expected value
was below five. Continuous variables with a normal
distribution were analyzed by Student’s t test and are
represented as the mean and standard deviation.
Variables with a nonnormal distribution were tested
by the Wilcoxon sum rank test and are represented as
the median and interquartile range. A p value < 0.05
was considered to indicate statistical significance.
ANOVA was implemented to test the difference in
changes in clinical data between two groups. A mixed-
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effect model for repeated measures was applied to
measure the change in the NLR and PLR between two
groups of patients. The model includes the group and
visit as covariates, the intercept as the random effect,
and the baseline as the fixed effect, and with an
unstructured covariance matrix to model repeated
observations, estimates the overall difference in the
NLR and PLR between two groups.

Results
Clinical Characteristics of Patients

A total of 139 patients were enrolled in this study. The
average age in the successful group was lower than
that in the failure group, although there was no
significant difference (Table 1). More than half
(64.7%) of CM patients were male, and most patients
(73.3%) lived in rural areas. The time from onset to
diagnosis in the successful group was shorter than that
in the failure group; however, there was no significant
difference (Table 1). The most common symptom
before admission in patients was headache (36%),
followed by nausea and vomiting (24.5%), fever
(20.1%) and disturbance of consciousness (19.4%). In
the subgroup analysis based on HIV status, there were
significantly fewer patients with HIV (26 persons)
than without HIV (113 persons). A total of 40.7% of
CM patients without HI'V had no underlying diseases;
in the other 67 patients, the most common risk factor
was diabetes mellitus (DM) (29.9%), followed by the

use of corticosteroids or other immunosuppressants
(20.9%), organ transplantation and surgery (17.9%),
tuberculosis (11 cases; 3 with CNS infection and 8
with lung infection) (16.4%), hepatitis B infection
(14.9%), systemic lupus erythematosus (SLE) 7.5%
and other underlying diseases (13.4%).

Changes of the NLR and PLR in CM Patients
of Different Groups

The changes in white blood cells, platelets, lympho-
cytes, neutrophils, the NLR and PLR on admission and
after 2 weeks and 4 weeks in the hospital are shown in
Fig. 1. We used the value at the time of admission as
the covariate and the group (success and failure) as the
independent variable to analyse the data for covari-
ance. There was no significant difference in white
blood cells and platelets after 2 weeks in the hospital
(» =0.731, p = 0.978) and 4 weeks in the hospital
(p = 0.746, p = 0.0542) in the two groups. Compared
with the failure group, the average number of
lymphocytes and neutrophils in the success group at
4 weeks in-hospital was 0.397*10°L  higher
(» =0.004) and 1.813*10°/L lower (p = 0.009),
respectively. The mixed-effect model was used to
estimate the change in the NLR and PLR and showed
that there was a significant difference in the NLR
(p = 0.040) between the two groups; the value of the
success group was 2.495 lower than that of the failure
group. However, there was no difference in the PLR
(» = 0.171) between the two groups.

Table 1 Clinical features
of CM patients

Success;: Treatment was
considered successful if
cerebrospinal fluid cultures
were negative at 2 and

10 weeks or if the patient
was clinically stable at

2 weeks and asymptomatic
at 10 weeks

Failurey: Death, Persistent
infection and relapse

Variable Success; (n = 121) Failurey (n = 18) P value
Demographical characteristics

Age (years) 50.17 £ 17.09 53.67 £ 17.53 0.338
Sex: Male (n%) 80 (60.2%) 10 (55.6%) 0.377
Location: City (n%) 33 (27.6%) 4 (22.2%) 0.639
Time to diagnosis (days) 34.74 £ 34.65 473 £ 75.73 0.185
Exposure; (n%) 0 (0%) 1 (2.4%) 0.379
Underlying diseases; (n%) 58 (58.5%) 9 (64.2%) 0.685
HIV status (n%) 22 (18.2%) 4 (22.2%) 0.746
Clinical symptoms on set

Fever (n%) 24 (19.8%) 4 (22.2%) 0.760
Conscious disturbance (n%) 24 (19.8%) 3 (16.7%) 0.999
Headache (n%) 44 (36.4%) 6 (33.3%) 0.803
Nausea/vomiting (n%) 29 (24.0%) 5 (27.8%) 0.726
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Fig. 1 Change of clinical
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HIV Status did not Impact the Prognosis Discussion

or the Value of Lymphocytes and Neutrophils

We next divided the patients into the HIV and non-
HIV groups to determine whether HIV status has any
impact on the prognosis and the value of lymphocytes
and neutrophils. There was no significant difference in
prognosis between the HIV group and the non-HIV
group (p =0.704 Table 2). We used covariance
analysis to examine the impact of HIV status on
lymphocytes and neutrophils, and there was no
significant difference between the HIV and non-HIV
groups (p = 0.109, p = 0.269).
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Our statistical analysis of the clinical data of CM
patients at admission and after 2 weeks and 4 weeks in
the hospital indicates that the NLR showed a decreas-
ing trend in successfully treated patients, while in the
failure group, it showed a decreasing trend and then an
increasing trend after 2 weeks in the hospital. There
was no clear difference in the PLR between the two
groups. The NLR may be used as a clinical indicator to
evaluate the prognosis of CM patients. Similar to this
conclusion, Li Minjia et al. [15] found that a moderate
reduction in the NLR during chemotherapy is
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Table 2 The differences of treatment effect between CM
patients with HIV and without HIV

Variable Success; Failurey In total
HIV 22(18.2%) 4(22.2%) 26
Non-HIV 99(81.8%) 14(77.8%) 113

In total 121 18 139

p =0.746 > 0.05

Success;: Treatment was considered successful if cerebrospinal
fluid cultures were negative at 2 and 10 weeks or if the patient
was clinically stable at 2 weeks and asymptomatic at 10 weeks

Failurey: Death, Persistent infection and relapse

conducive to prolonging the survival of patients with
advanced cancer.

In this study, we found that most CM patients in
China did not have HIV, and 40.7% of non-HIV CM
patients had no underlying diseases, which may be
associated with multiple polymorphisms in the genes
encoding mannose-binding lectin (MBL) and Fc-
gamma receptor 2B (FCGR2B) in the Han population,
a major ethnic group in China [1]. When CM patients
are first admitted to the hospital, they receive 2 weeks
of induction therapy and then consolidation therapy
based on the guidelines. Therefore, we chose to collect
the clinical data at admission and after 2 weeks and
4 weeks in the hospital. We also found that there were
differences in lymphocytes and neutrophils between
the successful group and failure group, indicating their
unique roles in inflammatory diseases [16]. Further-
more, in this study, HIV status had no impact on
prognosis and the value of lymphocytes and neu-
trophils and may be associated with HAART [17]

In this article, we first found an association between
the NLR and CM and the potential role of the NLR in
predicting the prognosis of CM using a mixed-effect
model. The values obtained from patients at admission
and after 2 weeks and 4 weeks in the hospital were all
calculated to make the results more informative. This
model regards the whole as multilevel data and
considers the time and group influence on the outcome
to make the results more robust and convincing.

There were some weaknesses in our study. First, the
number of patients in the failure group was small, and
all the patients came from one hospital. Second, this
study was designed as a retrospective study lacking
longitudinal observations. Finally, we did not divide

the patients into different subgroups based on the
underlying disease due to the small number of
patients. Hence, additional studies are needed to
improve the generalizability of these data to further
confirm our results.

In conclusion, the NLR may be used as a clinical
indicator to evaluate the prognosis of CM patients, and
an increase in the NLR during treatment may be used
as an indicator of treatment failure.
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