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Abstract

Background Cryptococcosis is progressively acknowledged among people, irrespective of the human with or
without immunodeficiency virus (HIV). This change in epidemiology has been recorded in recent years, prompting
closer examination and a broader understanding of the disease manifestations and risk factors.

Methods The data of cryptococcal infections in China during 11 years were retrospectively analyzed. According
to the position of infection, the patients were categorized into the pulmonary infection group and extrapulmonary
infection group. The composition of the two groups was compared, and the potential risk factors of disseminated
infection were analyzed. Logistic regression was used to analyze the prognostic risk factors of the disease.

Results A total of 165 patients were enrolled. 113 (68.5%) were male, and the age was 47.49 (18-82) years. 101
cases (61.2%) had a normal immune function and 64 cases (38.8%) had impaired immune function. 45 patients

had extrapulmonary infection, involving the central nervous system, bone and joint, skin and bloodstream, and

120 patients had simple pulmonary infection. The mortality of the extrapulmonary infection group (48.9%) was
significantly higher than that of the pulmonary infection group (0.8%). According to univariate logistic regression
analysis, immune status (hazard ratio [HR], 4.476; 95% confidence interval [Cl], 1.725-11.618; P=0.002), infection
position ([HR], 113.826; [Cl], 14.607-886.967; P<0.001), white blood cell count, ([HR],1.209;[Cl], 1.054-1.386; P=0.007),
hemoglobin ([HR], 0.970; [Cl], 0.955-0.986; P < 0.001), platelet count ([HR], 0.993; [Cl], 0.987-0.999; P=0.026), neutrophil
percentage ([HR], 1.115; [Cl], 1.065-1.168; P<0.001), lymphocyte percentage ([HR], 0.875; [Cl], 0.827-0.927; P<0.001),
neutrophil-to-lymphocyte Ratio (NLR) ([HR], 1.144; [Cl], 1.072-1.221; P<0.001), monocyte percentage ([HR], 0.752;
[Cl], 0.618-0.915; P=0.004) were related to the prognosis. Multivariate logistic regression analysis showed that the
infection position was remained related to the prognosis with statistical significance ([HR], 0.018; [CI], 0.001-0.384;
P=0.001).

fZiwei Tao and Qingin Pu contributed equally to this work and
shared first authorship.

*Correspondence:
Xiaowu Zhu
13365517957@189.cn
YaliWeng
wengyali@njmu.edu.cn

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-024-09895-9&domain=pdf&date_stamp=2024-9-19

Tao et al. BMC Infectious Diseases (2024) 24:1018

Page 2 of 10

Conclusion Extrapulmonary infection of Cryptococcosis is an important risk factor for prognosis. High levels
of neutrophils and NLR, and low levels of lymphocytes and monocytes may lead to disseminated infection of
Cryptococcosis. Further studies are needed to reduce the occurrence rate of extrapulmonary infection and mortality.

Keywords Cryptococcus, Extrapulmonary infection, Pulmonary infection, Prognosis

Background

Cryptococcus is an opportunistic pathogenic yeast that is
prevalent in the environment, thriving in pigeon guano,
some plants (e.g. eucalyptus trees) and soil [1]. Nor-
mally, Cryptococcus in the environment invade the lungs
through the respiratory tract, which is often confined to
the lungs or resolved by the human innate immune sys-
tem. However, Cryptococcus may cause life-threatening
illnesses in immunocompromised individuals, such as
cryptococcal meningitis (CM), either from reactivation
of a previously acquired latent infection or novel expo-
sure [2—4].

The mortality rate among patients with extrapulmo-
nary cryptococcosis is extremely high, particularly in the
case of CM, where the mortality rate can reach as high
as 60—80% within 6 months after diagnosis [5]. Although,
in recent years, it has not only been in those with HIV
and natural or iatrogenic immunosuppression but also
in apparently immunocompetent individuals [6-9]. In a
previous study, it was reported that 67% of instances of
pulmonary cryptococcosis among immunocompetent
patients progressed to disseminate into the central ner-
vous system, leading to CM, not to mention immuno-
compromised patients [10].

To further improve our comprehension of the manifes-
tations and consequences of cryptococcosis diagnosed in
Chinese people with or without HIV infection, we per-
formed a retrospective study. The aim of this study is to
compare the clinical characteristics and treatment strat-
egies between pulmonary and extrapulmonary infection
of Cryptococcus, explore the potential risk factors for the
development of pulmonary cryptococcosis to CM, iden-
tify the prognostic factors of cryptococcosis, and provide
new ideas for preventing extrapulmonary infection and
improving the prognosis of patients.

Materials and methods

Research objects

One hundred and sixty-five patients diagnosed with cryp-
tococcosis in the First Affiliated Hospital with Nanjing
Medical University from January 2010 to December 2021
were included in the study, including 113 males and 52
females. Inclusion criteria: cryptococcal disease had to be
“proven” by radiographic anomalies consistent with the
disease, coupled with confirmed culture positivity from
sterile fluid or biopsy confirmation. Alternatively, a diag-
nosis of “probable” cryptococcosis was assigned in cases
exhibiting antigen positivity in blood or cerebrospinal

fluid (CSF). Instances where microbial retrieval from
sputum or bronchoalveolar lavage lacked concordance
with clinical and/or radiographic evidence were catego-
rized as “possible” pulmonary disease. Diseases involving
the central nervous system (CNS) with evidence of Cryp-
tococcus in histological examination, antigen detection,
or culture of brain tissue or CSF were also included [11,
12]. The exclusion criteria: patients under the age of 18.

The study conformed to the ethical guidelines of the
Declaration of Helsinki and was approved by The Ethics
Committee of The First Affiliated Hospital with Nanjing
Medical University. Because it was a retrospective nature
of the study with anonymized clinical data, the informed
consent was waived.

Research methods

A retrospective analysis of the clinical data of 165
patients, including gender, age, immune status, comor-
bidities, clinical symptoms; laboratory indicators: blood
routine examination, serum procalcitonin (PCT), C-reac-
tive protein (CRP), erythrocyte sedimentation rate (ESR),
fasting plasma glucose; antifungal regimens; treatment
efficacy, etc. Outcomes: all-cause case fatality at 30 days
after the diagnosis.

Statistical methods

All data statistics used are carried out by SPSS 26.0 soft-
ware. Count data were expressed as 7 (%) and x2 test or
Fisher’s exact probability test was used. Normally, dis-
tributed measurement data were expressed as x*s and
analyzed with independent samples t-test. Non-normally
distributed measurement data were expressed as median
(M) and interquartile range (Q1-Q3) indicates that the
non-parametric test was used. Logistic regression analy-
sis was used for multivariate analysis. P<0.05 was con-
sidered statistically significant.

Results

General information

According to the inclusion and exclusion criteria, a total
of 165 adult cases of cryptococcosis were screened, as
shown in Fig. 1. Subject demographic characteristics,
exposures, and immunosuppressive conditions are sum-
marized in Table 1. Among 165 patients, 113 (68.5%) were
male, the age was 47.49 (18-82) years, and 58 (35.2%)
patients had a history of smoking. Normal immune
function was observed in 101 cases (61.2%), whereas 64
cases (38.8%) exhibited impaired immune function. The
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Fig. 1 Flow chart of study sample selection

Table 1 Demographic characteristics of 165 patients with
cryptococcosis

Variables Values
Mean age, (year) 4749 (18-82)
Male sex, no (%) 113 (68.5)
Smoker, no (%) 58(35.2)
Alcohol, no (%) 32(194)
Underlying diseases, no (%)
Diabetes mellitus 27 (164)
Autoimmune disease 13(7.9)
soild organ transplantation 7 (4.2)
Hematologic malignancy 5(3.0)
Decompensated liver disease 3(1.8)
Solid tumor 4(24)
Invasive Fungal Infection history 3(1.8)
Acquired immunodeficiency syndrome 8(4.8)
Immunosuppressive medications
Glucocorticoid therapy 16 (9.7)
Cytotoxic chemotherapy 6(3.6)
Calcineurin/mTOR inhibitors 7(4.2)

majority of patients with abnormal immune status had
conditions such as diabetes mellitus, autoimmune dis-
eases, and glucocorticoid therapy.

Characteristics at admission

Of the 165 patients, 45 individuals were afflicted with
extrapulmonary infection, which affected their central
nervous system, bones and joints, skin, or bloodstream.
Meanwhile, the remaining 120 patients suffered from a
more straightforward pulmonary infection.

Upon analyzing the composition of the pulmonary
infection group and the extrapulmonary infection group,
it was observed that the proportion of patients with
abnormal immune function in the extrapulmonary infec-
tion group was higher, and the clinical manifestations
of the two groups were significantly different. The main
manifestations of the pulmonary infection group were
cough (57.5%), expectoration (38.4%), and chest pain
(16.8%). In contrast, the extrapulmonary infection group
primarily exhibited symptoms such as headache (80.0%),
fever (68.9%), nervous system symptoms (57.8%), and
vomiting (42.2%). Furthermore, in the laboratory exam-
ination, the percentage of neutrophils (82.5%) and
NLR (6.7131) in the extrapulmonary infection group
were higher, hemoglobin (115 g/L), platelet count
(179.04x10°/L) and lymphocyte percentage (14.17%)
were lower. Additionally, an increase in PCT, CRP and
fasting blood glucose was more common. (Table 2).

Treatment

The lung infection mainly accepts azole monotherapy,
while extrapulmonary infection only 19 cases (42.2%)
use azole monotherapy. Out of the remaining 26 patients
with extrapulmonary infections, 19 patients were sub-
jected to treatment using amphotericin B alone or in
conjunction with azoles or in combination with 5-FC. 2
patients were subjected to triple therapy. 4 patients were
left untreated as a consequence of either discontinuing
their treatment prematurely or the rapid progression of
their disease. In addition to antifungal treatment, adjunc-
tive treatment was also provided (Table 3). 11 patients
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Table 2 Comparison of clinical characteristics between patients with cryptococcosis
Total cohort (n=165) Pulmonary infection Extrapulmonary PValue
(n=120) infection(n=45)
Mean age, year (range) 4749 (18-82) 47.6 (18-80) 47.2(19-82) 0.866
Male, no (%) 113 (68.5) 84 (70.0) 29 (64.4) 0.494
Smoking, no (%) 58(35.2) 45 (37.5) 13(28.9) 0302
Alcohol drinking, no (%) 32(194) 23(19.2) 9 (20) 0.904
Epidemiological, no (%) 8 (4.8) 5(4.2) 3(6.7) 0.796°
Immune status, no (%) 64 (38.8) 33(27.5) 31(68.9) <0.001
Underlying diseases, no (%)
Diabetes mellitus 27 (16.4) 22 (18.3) 501.1) 0.264
Autoimmune disease 13(7.9) 54.2) 8(17.8) 0.010°
soild organ transplantation 7(4.2) 1(0.8) 6(13.3) 0.002°
Hematologic malignancy 5(3.0) 1(0.8) 4(8.9) 0.029°
Decompensated liver disease 3(1.8) 1(0.8) 2 (4.4) 0372°
Solid tumor 424) 4(33) 0 0.502°
Invasive Fungal Infection history 3(1.8) 1(0.8) 244 0.372°
Acquired immunodeficiency syndrome 8 (4.8) 0 8(17.8) <0001°P
Immunosuppressive medications, no (%)
Glucocorticoid therapy 16 (9.7) 4(33 12 (26.7) <0001P
Cytotoxic chemotherapy 6 (3.6) 2(1 4(8.9) 0.082°
Calcineurin/mTOR inhibitors 7(4.2) 325 4(8.9) 0.168°
Diagnosis.no. (%)
Proven 133 (80.6) 89 (74.2) 44(97.8) <0.001
Probable 27 (164) 26 (21.7 122 <0.001
Possible 5(3.0) 5(4.2) 0 0378°
Concurrent (non-lung) site of infection, no (%)
CNS 39(23.6) 39 (86.7)
Bloods tream 9 (5.5) 9(20.0)
Bone/joint 2(1.2) 2(44)
Skin 3(1.8) 3(6.7)
Clinical characteristic, no (%)
Fever 50(20.3) 19(15.2) 31(68.9) <0.001
Cough 80 (48.5) 69 (57.5) 11 (24.4) <0.001
Expectoration 56 (33.9) 48 (384) 8(17.8) 0.012
Neurological symptomsd, no (%) 26 (15.8) 0 26 (57.8) <0.001
Vomit 19 (11.5) 0 19 (42.2) <0.001
Headache 37 (224) 1(0.8) 36 (80.0) <0.001
Dyspnea 22 (13.3) 17 (14.2) 5011 0.607
Chest pain 21(02.7) 21(16.8) 0 0.003
Skin lesion 5(3.0) 0 5011.1) <0.001°
Time to diagnosis
Mean number of days (IQR) 4(0.5-10) 5(0.25-10) 3(0.5-8) 0.515
Laboratory results
WBC (x10%/L) 6.77 (5.34-8.92) 6.67 (5.51-8.18) 8.38+4.26 0.074
Hb (g/L) 135 (121-148) 142 (131-153) 115 (85.5-125) <0.001
PLT (x10%/L) 213(162.75-268) 222(179-278) 181(108-283.4) 0.002
Neutrophils® (%) 65.95 (58.9-76.9) 63.05(56.23-70.85) 82.5(71.8-88.65) <0.001
Lymphocytes© (%) 24.7 (14.40-31.00) 27.75(20.26-33.77) 12.2(5.75-19.6) <0.001
NLR 2.72 (1.90-5.25) 2.26 (1.61-3.32) 6.7131 (3.61-15.34) <0.001
Monocytes® (%) 6.43(4.75-8.10) 6.60 (5.18-841) 5.50(3.20-7.95) 0.008
CRP? 57/136 33/98 24/38 0.002
PCT® 38/63 17/35 21/28 0.033
ESR® 28/51 15/30 13/21 0400
GLU? 38/155 21/113 17/42 0.005
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Table 2 (continued)
Total cohort (n=165) Pulmonary infection Extrapulmonary PValue
(n=120) infection(n=45)
Serum CrAg 76/93 65/79 11/14 1.000°
CSF CrAg 15/25 15/25
CSF smear 29/34 29/34
CSF cluture 8/12 8/12
Antifungal regimen, no (%)
Azole monotherapy 131 (794) 112 (93.3) 19 (42.2) <0.001
Non-azole monotherapy 27 (16.4) 1(0.8) 26 (57.8)
None 11 (6.7) 7(5.8) 4(8.9)
Qutcome, no (%)
Survivors 142 (86.1) 119(99.2) 23(51.1) <0.001
Non-survivors 23 (13.9) 1(0.8) 22 (48.9)

a. The detection value was higher than the reference range (CRP 0-8 mg/L, PCT 0-0.05ng/ml, ESR 0-20 mm/h, GLU 3.9-6.1mmol/L)

b. Fisher exact probability method
c. Percentage of each type of cell in blood cells

d. Neurological symptoms: hearing loss, vision loss, cognitive impairment, personality change, coma, delirium, epilepsy, etc

Table 3 The therapeutic methods of patients with

Table 4 Univariate analysis of factors for cryptococcosis patients

Cryptococcosis prognosis
Antifungal regimen, no (%)  Total Pulmonary Extrapul- Variables PValue 95%Cl
cohort infection ~ monary Age 0.222 1.021 (0.988-1.055)
(n=165)  (n=120) infection ), 0.399 1480 (0.595-3.680)
— (n=45) Smoking 0,667 1220 (0493-3.019)
Amphotericin B+ 5FC 6(35) 0 6(13.3) Immune status 0.002 4476 (1.725-11.618)
Azole monotherapy 136(800) 1120933 19(422) Diagnosis of time 0513 0977 (0.913-1.047)
Amphotericin 8 monotherapy 2 (1.2 0 244 Infection position <0001 113.826 (14.607-886.967)
Amphotericin B+azole 12(7.1) 1(0.8) 11 (24.4) WEBC 0,007 1209 (1.054-1.386)
Azolet5FC 106) 0 1@2) Hb <0001 0970 (0.955-0.986)
Triple therapy 2(12) 0 244 PLT 0.026 0.993 (0.987-0.999)
None ) 769 469) NC <0.001 1115 (1.065-1.168)
Adjunctive management L <0001 0.875 (0.827-0927)
ng-h-dose corticosteroids 15(8.8) 0 15(33.3) NLR <0001 1144 (1072-1.221)
Serial LP . 13(7.6) 0 13(28.9) Ve 0,004 0752 (0618-0915)
CSF shunt/ventriculostomy 1(06) 0 122) CRP? 0,049 2743 (1.005-7.484)
Surgical lung resection 12(7.1) 11(8.8) 122 PCT? 0,085 0385 (0.846-13.544)
GLU® 0.003 4359 (1.678-11.325)
with pulmonary infection underwent lung resection and > A9 0577 1.846(0214-15.902)
Azole monotherapy <0.001 0.134 (0.052-0.344)

resection of lesions. In cases of extrapulmonary infec-
tion, especially for patients with cryptococcal meningitis,
15 patients were administered high-dose corticosteroids
to control inflammation, and 13 patients received serial
LP to manage high-pressure and relieve symptoms such
as headaches. The mortality of extrapulmonary infection
group (48.9%) was significantly higher than that of pul-
monary infection group (0.8%).

Prognostic analysis

According to univariate Logistic regression analysis,
several factors were found to be related to the progno-
sis of cryptococcosis, including immune status (hazard
ratio [HR], 4.476; 95% confidence interval [CI], 1.725—
11.618; P=0.002), infection position ([HR], 113.826;
[CI], 14.607-886.967; P<0.001), white blood cell count,

([HR],1.209%[CI], 1.054-1.386; P=0.007) ,hemoglobin
([HR], 0.970; [CI], 0.955-0.986; P<0.001), platelet count
([HR], 0.993; [CI], 0.987-0.999; P=0.026), neutrophil
percentage ([HR], 1.115; [CI], 1.065-1.168; P<0.001),
lymphocyte percentage ([HR], 0.875; [CI], 0.827-0.927;
P<0.001), Neutrophil-to-Lymphocyte Ratio (NLR) ([HR],
1.144; [CI], 1.072-1.221; P<0.001), Monocyte percentage
([HR], 0.752; [CI], 0.618-0.915; P=0.004) were related
to the prognosis (Table 4). Multivariate logistic regres-
sion analysis showed that the infection position remained
was related to the prognosis, with statistical significance
([HR], 0.018; [CI], 0.001-0.384; P=0.001), fasting blood
glucose ([HR], 4.359; [CI]1.678-11.325; P=0.003), and
azole monotherapy ([HR], 0.134; [CI], 0.052-0.344;
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P<0.001) were related to the prognosis. Further multi-
variate logistic regression analysis revealed that infection
position remained significantly related to the prognosis
([HR], 0.018; [CI], 0.001-0.384; P=0.010). (Fig. 2).

Discussion

Cryptococcus is an opportunistic pathogen that invades
the lungs through the respiratory tract and gives rise to
pulmonary cryptococcosis, which is the most preva-
lent form of cryptococcosis. When the immune system
is compromised, Cryptococcus can breach the pulmo-
nary immune defenses and disseminate to other body
sites such as the central nervous system, lymph nodes,
bones and joints, and skin, leading to disseminated
cryptococcosis.

Cryptococcus is a lethal fungus whose polysaccharide
capsules are considered the primary virulence factors
[13]. Polysaccharides are immunomodulators, One of
their target cell populations for modulation are macro-
phages, Polysaccharide capsules affect the immune func-
tion of macrophages by reducing the antigen presentation
function, changing co-stimulatory molecules, regulating
the secretion of pro-inflammatory and anti-inflammatory
cytokines, and up-regulating the death receptor Fas/FasL
to stimulate cell apoptosis [14—18]. Various studies have
proved that cryptococcal antigen (CrAg) titer in blood
and CSF could act as risk factors for predicting the extent
of pulmonary cryptococcosis and outcome in non-HIV
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patients [19, 20]. We also analyzed the association of
CrAg with cryptococcosis, but we found that there was
no significant difference between the two groups for
CrAg in serum, and no relationship was shown between
CrAg and cryptococcosis outcome, which might due to
the small size and individual difference.

Macrophages are vital cellular components of innate
immunity, serving as the primary barrier against patho-
gens and regulating homeostasis and inflammatory
responses. Macrophages hold an integral role in the
defense against Cryptococcus, especially alveolar mac-
rophages (AMs) as first responders, whose surface
complement binds to mannose receptors, mediates
phagocytosis, clears Cryptococcus or forms inflamma-
tory granulomas to confine Cryptococcus to the lungs
[21, 22]. Host cytokines kill Cryptococcus by inducing
macrophage polarization. It has been shown that activa-
tion of M1 macrophages and downstream Thl response
effectively control Cryptococcus infection [23-26]. In
addition, macrophages release high levels of reactive
nitrogen intermediates (RNI), nitric oxide, reactive oxy-
gen intermediates(ROI) and superoxide, which damage
DNA and a number of chemical moieties of Cryptococ-
cus [27]. Malfunction in macrophage development, acti-
vation, proliferation, and signaling collectively contribute
to a heightened risk of disseminated cryptococcal infec-
tion [28-31]. Monocytes in the blood give rise to mac-
rophages, which escape from blood vessels and infiltrate

Variables

OR (95%CI) P Value

Immune status *
Infection position

—

WBC B —

Hb 1
PLT '

0.898 (0.154-5.238)
0.018 (0.001-0.384)
1.240 (0.927-1.658)
0.989 (0.956-1.022)
1.005 (0.993-1.018)

0.905
0.010
0.147
0.507
0.377

Neutrophils .

1.235 (0.646-2.359) 0.523

Lymphocytes .
NLR 4

1.221 (0.633-2.353)
1.002 (0.894-1.122)

0.552
0.976

Monocytes

1.021(0.491-2.122) 0.956

CRP

3.026 (0.398-23.038) 0.285

GLU

0.243 (0.037-1.587) 0.139

Azole monotherapy

0.610 (0.098-3.786) 0.596
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16 20

Odds Ratio [95% CI]

Fig. 2 Multivariable analysis of factors for cryptococcosis patient prognosis
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the tissues following further differentiation. We have
observed a statistically significant decrease in the num-
ber of monocytes in the extrapulmonary infection group
compared to that in the pulmonary infection group,
which consequently leads to a secondary decrease in
macrophages that could potentially facilitate the develop-
ment of disseminated cryptococcosis.

NLR is regarded as a diagnostic and predictive marker
of disease severity in patients with inflammatory ail-
ments, which can mirror the balance between innate and
adaptive immune reactions [32, 33], and the increase in
NLR may indicate the inflammatory response to fun-
gal infection, revealing, to some extent, the imbalance
between inflammation and immune response in our
investigation. Some studies found that an increase in the
NLR during treatment may be used as an indicator of
treatment failure for patients with cryptococcal meningi-
tis [34]. In HIV-negative immunocompetent cryptococ-
cal meningitis, they got the same conclusion, in addition,
they proved the baseline high IgM indicated a low risk of
post-infectious inflammatory response syndrome (PIIRS)
development during the treatment [35]. lymphopenia
and monocytopenia may be risk factors for cryptococcal
dissemination [36], which agrees with our study. In our
study, the percentage of neutrophils in the extrapulmo-
nary infection group was higher than pulmonary infec-
tion group, hemoglobin, platelet count and lymphocyte
percentage were lower. And univariate Analysis found
that elevated white blood cells and neutrophils, decreased
lymphocytes may serve as risk factors for the prognosis
of cryptococcosis, which is consistent with the findings of
prior investigations [37, 38]. Evidence suggests that neu-
trophils promote non-specific immunity and initiate the
body’s response to inflammation, while lymphocytes are
protective elements against inflammation. The increase
of white blood cells and neutrophils in patients with
cryptococcosis may be closely related to lymphopenia.
It is well known that the patients with lymphopenia eas-
ily leads to microbial infection which can directly induce
the recruitment of neutrophils to tissue sites and further
promote the activation of neutrophils, resulting in the
increase of the total number of white blood cells and the
percentage of neutrophils [39-41]. To a certain extent,
we can predict the prognosis by assessing the patient’s
condition based on high neutrophils and low lympho-
cytes. Previous study also has proved that low CRP levels
and high haemoglobin levels were risk factors for devel-
oping CM in cryptococcemia patients [42]. But in our
study, we found that there was no significant difference
between the two groups for CRP, and no relationship was
shown between CRP and cryptococcosis outcome, which
might due to the small size and individual difference.

Tian et al. found that underlying disease, dyskinesia,
anemia, high peripheral blood neutrophils, low platelet
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count, high CSF fungal burden (measured by CrAg titer),
and high CSF OP, were independently associated with
prognosis in patients infected with ST5 lineage without
HIV [20]. The results of another study in HIV-negative
CM patients with acute/subacute onset suggest that the
ratio of CSF glucose/blood glucose, impaired conscious-
ness, and hospitalization length were indicated to be
not only independent prognosis factors, but also factors
significantly related to the survival time [43]. In a retro-
spective analysis of pulmonary cryptococcosis and extra-
pulmonary cryptococcosis, compared with pulmonary
cryptococcosis, a larger proportion of extrapulmonary
cryptococcosis patients were found to have immunocom-
promised conditions, which is consistent with the results
of our study. Fever and headache were more common in
extrapulmonary cryptococcosis patients [36]. And head-
ache is an independent risk factor for poor prognosis in
AIDS patients with cryptococcosis [44]. However, no
similar phenomenon was found in our study, which may
be for different groups of people, and the sample size
can be further increased in the future to strengthen the
robustness of the results.

In our study, multivariate analysis showed that extra-
pulmonary infection was a risk factor for the prognosis
of cryptococcosis, and CM accounted for 86.7% of extra-
pulmonary infection. Breaking through the blood-brain
barrier (BBB)is the most critical step in the pathogene-
sis of CM, current studies have found that Cryptococcus
may have three potential traversal pathways to cross the
BBB: Transcellular traversal, Trojan horse dissemination
and the paracellular pathway [45, 46], and in which the
transcellular traversal is primarily main pathway crossing
the BBB [45, 47-49]. CD44 expressed on the surface of
human brain microvascular endothelial cells (HBMEC)
binds to hyaluronic acid in Cryptococcus, causing Cryp-
tococcus to attach to HBMEC [50-53]. It has been shown
that the cytoplasmic tail of CD44 interacts with HBMEC
cytoskeletal linker proteins, which accumulate actin
at the site of infection and promote cytoskeletal rear-
rangement [50]. Moreover, they found that Racl and
other GTP-bound small Rho family proteins can regu-
late host cell actin cytoskeleton [54, 55]. Cryptococcus
Plbl helps fungi cross the BBB by activating host cell
Racl and its association with STAT3 [56]. Although the
mechanism of Cryptococcus entry into HBMEC remains
further exploration, these related studies are based on
the adhesion of Cryptococcus to HBMEC via hyaluronic
acid and CD44, indicating the importance of CD44 in
the invasion of Cryptococcus into the BBB. CD44 over-
expression has been found in many diseases with abnor-
mal immune status, such as HIV infection, tumors, and
autoimmune diseases etc. Overexpression of the CD44
receptor results in heightened sensitivity to hyaluronic
acid binding, which in turn promotes the invasiveness



Tao et al. BMC Infectious Diseases (2024) 24:1018

of Cryptococcus through the BBB [57-62]. This study
reveals that the incidence of abnormal immune status
was greater in the group with extrapulmonary infections,
particularly in patients with CM, suggesting that abnor-
mal immune status may contribute to central nervous
system involvement.

There are several limitations of this study that must
be acknowledged. Firstly, Cryptococcal disease was
classified as “proven” based on the presence of consis-
tent radiographic abnormalities and culture positivity
obtained from sterile fluid or confirmed by biopsy. Unfor-
tunately, the pulmonary puncture technique was not uti-
lized during the early clinical period, which resulted in a
miss ed diagnosis of pulmonary cryptococcal infection.
Additionally, not all patients were tested for cryptococcal
podococcal antigen due to doctors’ empirical consulta-
tions, which may have resulted in a missed diagnosis of
peripheral blood cryptococcal infection. Secondly, this
study involved a limited number of cases, and a large
prospective study is needed to further confirm our find-
ings. Finally, since this was a retrospective study, medical
records were limited, and some clinical information, such
as inflammatory indicators, were missing. However, this
did not affect our analysis or final conclusions.

Conclusions

In conclusion, patients with abnormal immune status,
decreased lymphocytes and monocytes, and increased
neutrophils and NLR are more likely to develop extra-
pulmonary infection, whether novel exposure or through
reactivation of a previously acquired latent infection.
CM has a high mortality rate compared with pulmonary
cryptococcosis. Timely identification of high-risk groups
of CM and preventive antifungal treatment can reduce
the incidence of CM. By delving into mechanisms of
cryptococcal action that disrupt the BBB, inhibit recep-
tor-ligand binding, and impede the transmission of sig-
naling pathways, as well as by synergizing with antifungal
medications, the objective of preventing and treating
CM can be attained. This is poised to markedly elevate
the prognostic outlook of cryptococcosis and mitigate its
mortality.
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