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Abstract: Cryptococcus neoformans is a common opportunistic pathogen, exhibiting pronounced
neurotropism that often results in cryptococcal meningitis. Its invasive ability is closely associated
with multiple factors, including capsular polysaccharides, melanin, hydrolases, and adaptability to
the host environment. Conventional diagnostic methods such as fungal culture and India ink
staining, though still in use, have notable limitations, whereas emerging techniques like molecular
diagnostics, imaging technologies, and biochips have significantly enhanced the diagnostic
accuracy and sensitivity. In clinical treatment, amphotericin B and fluconazole are widely used as
first-line antifungals, while the resistance to azoles is a growing problem and results in an elevated
rate of clinical treatment failure. This is mainly attributed to target alterations, upregulation of
efflux pump expression and genomic ploidy changes. Recent studies on virulence factors and
resistance mechanisms have driven the development of novel antifungal therapies, including drug
repurposing, novel drug development, and innovative drug delivery strategies. This article reviews
the latest research in the virulence factors, diagnostic techniques, antifungal resistance mechanisms,
and therapeutic development of C. neoformans, providing insights into the clinical management of
cryptococcosis.
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Infection routes of Cryptococcus neoformans and its distribution in nature
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Virulence factors of Cryptococcus neoformans and related mechanisms

Virulence Mechanisms Related genes References
factors
Polysaccharide The thick layer covering the surface of fungal cells is associated with high-  CAS, Pho, CAP [43-56]
capsule temperature stress tolerance and immune evasion
Melanin Enhancement of C. neoformans immune escape and tolerance to stressful MET3, cirl, hapX, [57-63]

environments LACI, LAC2, CATI,

CAT3, MRJ1,

Hydrolysis Urease hydrolyzes urea to release ammonia, which elevates environmental ~ PLBI, RACI, UREI, [64-71]
enzyme pH and promotes melanization of surrounding cells. Phospholipase LACI

hydrolyzes phospholipid junctions in cell membranes, which play an
important role in the survival and spread of Cryptococcus neoformans
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Table 2 Intra-host survival mechanisms of Crypfococcus neoformans

Mechanisms Related genes References
Adaptation to host environment
Temperature Hog1/p38 pathway, Set3, TVF1, Aaps, dnjl, CSN1201 [72-76]
Gas condition Target of rapamycin (TOR) pathway [77-78]
Nutrition metabolism CTR4, CGP1, Aaps, Cufl, Ctrl, Ctrd [79-86]
High-salt CSN1201 [76]
Lipid homeostasis Opi3 [87]
Immune evasion
Intra-phagocyte survival Csnl201 [76,88-95]
Anti-oxidation Sod, Cepl [95-98]

>4 actamicro@im.ac.cn, 7 010-64807516



AW S | BUEYSEAR, 2025, 65(5)

1923

2.1.2 ZEAERMS

X F 18 FARN CO, I B3 R P [F) A 28 56
HEL FABRERE HA AR E Co, b
JHTT CO, TE MM BE 1. Chadwick U7X AN )
i} 5% CO, K- 18T A= BR BR B AT T 4258 A/ ER
YL SIS 23 S 3 U R 2 AR A ot 2 A SRR
YL J5 SN N AE R COy ¥R I K #7 Hi 3k
k. SR, TOR 8 [ 240 M AR o 1Y) 5 98 ]
REJE COL Al I [ B R RS, s e ZEH T
T NPEXT T AR RERE N E X, R TR
SRR g 2 BR85S TR 38 AL, At 5 24
Pt FT AL T B isAR
2.1.3 EFRIHFREE

B AR B R B A AE y oles HL Al ) FH SR
DIFEAN TR A g vp AR A7 o 778 BN H DL S
FRBR WA A, B A BBk o mT Ak b A 2 A A
e B MCE A DGR Y CTR4 A CGPI &
S 1153 o AR N O A o I AT BT B U = 7
iR 5 B (Aaps) Fei k¥ AN R) & g S I 5 1
SR BRI T A RRVEEO,

HRAE R —F e R A8 N A RGER , FT LA
P2 P8 A BRER T 21 I P 4335 74 48 (reactive oxygen
species, ROS) P AEBY o nf | 8 25 1 g A 76 1
VAT 58 R ANZ R A S R TR A OC
PR AR, EVURKSHURTE RREk i b A 5 E
TR, A Bk R AL 1 T e A 4%
PR e A MRS S A CEEALR], @l S Cufl
VAT, A R A LT R R A
T ASE A AR, LA R S . R Y
He S04y WISE ST Corl T Crrd ZhZS R 4 45
RS, DLSCEAN AR R A A 550 Rl A,
TERTERIZ 2RI, B A BRBR TR Ay oz 1 =5 VA
MIBhAS AR IREE, R TEmE AR N H T 1Y
MRRAR IR AR, QA o AN R A R ) ARG
B, LSSV BEE IS BT A SR 55 R AR
YRS ORI SIS, R A B
BRI 25 i 2 S T JEL %

2.14 FEERBRES

I I A 25 X R 00 i v 22 B At 1 A
DL AR BRI . 2SR RS B G E, K
T BB 23 5% i 3500 R AR A I B0 19 fE
R TSR A BRER TR 5 RE I 4ERR R T4
MTTLERENS 16 T R ZB BT, Lee 507 fifi
T —Fh il = B 507 25 158 A Bk e 28 A48
1, IZGEARRERZ G it W P BE- IR D It - Wl B 15 B
fitg i) OPI3 JE[H, F-EBH X Fp e AU AT DL o SR
NEAK . BEAG BEARGE . 11 BUREBE AR £ B
f, AR N DI RE, MGk Opi3 & H
FER 235 ) HLAE il g B 20 B P A A7 TG, S
25 HAE /N RAR N BURRE S . B2, X
TAERAE T g o - % B A= Bk v 735 1 R 19
vrik, I 2% B IR DL S 3R A ) 1Y)
HABH
22 GREKR

P FE 9% W R P LR AR — B B k. B
IV 21 L 2% T 18 R IMAS RN T 5 0 52 A 7T A e i A
BRER BT A9 8 W 1 IS, e 400 e BB Al K
Rof o A, 3K 32 2 5 Aot S b A Il X L T
Az i A A O, R AN A5 41 (natural
killer cell, NK cell) Fll 4% 2& 1R 41 2 (dendritic cell,
DC cell)th 25 T 7 4= Faek g (1 P9 Ak A 110
FASVEGRPE RGN T 4UHE A B 4 it )3 3 = A=
240 i PR - AN RO & HE B VR P R
A B BR TR L At T e A L R 2 sl
A S Gy ) v o BN, BR 1S meAE
Ah, B BRER TS W AN I A AR ] g Sk
P RERAEME TEWAI, B2 iFSE g
J 2 A 25 W (R T 2SR A sl T

B A BRK T 1) 224 S IR E 28 7 AR AL TE B
REH IR e FEAE AT e & ] LA
A WA FH SIS 110G 7 B A% 4, ) A aok <R
AR, HLHIPY, o gk 45 o o w3 it HL 7
AR LETERE /). Black 2505V 3R, Bk Bk
TR 3 2o R e AR AR A e H R 7 2 2 PR
FOFNZR A A ) A AR SR TR B, AT 5

http://journals.im.ac.cn/actamicrocn



1924

SU Yanyu et al. | Acta Microbiologica Sinica, 2025, 65(5)

F 575 LA P R PR IS N RE T . AR AERE
MRS Ak, ESCREPIR M A& H Csnl1201
ANAAT Bl 0 DA A I 4 TP A, IR RE I
T G RN, AR R AR BB T A il S
HEUOL,FR A A B A T R AR R AR
AT AN, DAL ZR G5 0T A B ER R 1Y
S S i 32 % VAR O, ] i ks ARk B 1B A
(superoxide dismutase, SOD) ¥ 4 1] 2544
Hd A E AT, MM G R o o ALY
(cytochrome ¢ peroxidase, Cepl) 7] ¥ i S8 fb & 4%
PSRRI A 7R 5 ROS #1
BT A AF I RRIR R . Kelley SESE, 75
ROS ZF T, Btk BEBR A A tRINA B 1 FI% 53
AZ BRI, RUTH T mRNA B8 H
[ A2 B T i 22 B S WA /), B A B R T
AE 8 T 401 N A AL PRI o Sk SE LA B T8 A=
Bk BTEfE AN L4

3 kKR BF

FURT, % Bk i a1 12 B 32 2O T 552
B =AY o DL PR Tk A 45 BN R AR T e 8

R3  FRIKEREMIRRISETRA

(India ink staining, [1S), ELREFF . ML 2ARM
LU HR TR AR BR (3R 3). AR, BThY
ZWEARBAEAWBETT &
3.1 ENEZETHE

B8 A8 7 G o 2 07 AR BRk i B L 1) PRk 12
Wiz —. HERVERTE, SEEEH T W4 A
Bl 2 2Pl R YRR, $eom B A Rk T A R o
SRIT, TIS FEAS[R] TR v %) S0 3 A PH 1 AR
SE N REF RS Wi iR, eAlh, ENESRIT G
TN HE 28 S i L TR AR g RN 25 IR T T A,
AR — 7 B R BR
32 HEEHF

LR 35 IR 0212 W L TR R AR ) bR ifE . BT
A BRER TR H 0 355 5% A0 45 V0 DR ) 2 B 1S R
1 7 B % 4 %5 B (yeast extract peptone dextrose,
YPD)R5F 3k, 18 25 °CHl 37 °C F 1592 24 d 1]
A RSB B P A KO e Ah, nTARIE R SR B
AW AERIE S AT XA 500, il ants Feka ek
WAE R T - H &2 -5 A 5L M #% (canavanine
glycine bromothymol blue, CGB)#% 3 & [ 25 7= =
WA R, A B ER B e AR Rl sk

Table 3  Clinical diagnostic techniques for Cryptococcus neoformans infections

Techniques Clinical features Applications References
India ink staining Faster but lower specificity No specific restrictions [99]
Fungal culture Gold diagnostic standard No specific restrictions [100-102]

Tissue biopsy

Invasive procedures are limited when they are

Respiratory infections, spondylitis, [16,103-106]

Immunological tests

Molecular tests

Magnetic resonance
imaging

In vivo confocal
microscopy

Electric microfluidic
biochip

severe and associated with risk of infection

Detection of pathogen antigens, antibodies,
cytokines, and inflammatory proteins may help
with monitoring and prognosis

Fast, sensitive, and effective in differentiating
cross-infection pathogens

Reflection of fungal load

Diagnosis and infection monitoring

Effective differentiation between C. neoformans
and the rare C. gattii, with a differentiation rate
close to 100%

surface infections, etc.

No specific restrictions [107-113]
No specific restrictions [17,114-119]
Central nervous system infections [120-121]
Corneal infections [122]

No specific restrictions [123]

>4 actamicro@im.ac.cn, 7 010-64807516



AW S | BUEYSEAR, 2025, 65(5)

1925

2014 4 19—y Bl i s, DUEME e R
(Debaryomyces hansenii, Hij ¥ Candida famata)
METE CGB }i 7 dt bl s a0, X3k
HIBR L R 52 oh, b R AR SR, an ik il
IKAFRE, TR X 40
3.3 (ALAER

HAVH A H T PICE G, | BRI
FIRGL IS WO 1T ] RS R A 11 B G
0 J5 1 A 315 95 AR OKS - §F 41 (hematoxylin-eosin,
H&E) Y4 1 F1 Gomori W AR Ye (a3, J5 &
A A A SR A Bk e %, SR, T ER
FERRAE 2007 e LAHT T A i 28 R G K
ge, HARWIE ™ EI ] RETCE AT, A7 TR
LU
3.4 HEBEFIZH

00 8 AU v ) B K T T D 3 AR T
i B o W M ol % (enzyme-linked
immunosorbent assay, ELISA) Fli 40 i A . )
W, ELISA AT H] 46 00 357 £F Bk o 22 Wi 5t
S 2 A A R A 2 SO B U v T
For I L 2 1 A W R P, R P E B €5 AT
JH T 60 e B 2235 AR 43 B 4 ] gt 07O
SR, PURRIMAFAE 5 XIS, Pl il i i
Al RE BB B VESS SR, DRI RR 2 AT A R
b AN R T R AR FORIB AR S , AGI A
VR %) A B R] R A E 1 X R A Y A A
i WARA . Okafor M2 AN T 337 44
I 35K T ik 4 B VR v %) 440 i XL - A Ak
K7, 454G 14 d AEE SR 1T 000, K B04n

=4 [RIKERREM S FISWRA

HFEPERI A IL-12, TNF-o, JORIEE B AT IP-10
KT ] REAR 2 14 d RSB TR, X3
HH 4 i A 11 R 240 L PR] A A e K T o s R
Wb B EEAEH . s, RUHSWXT TRk
B R 1R I FLA G 22 & %L . Pruksaphon
SEUBIFE R T —Fh & T MADI8BT7 ML Ay Je 0
PEJZMTRLINGE , 27 X AR BRIK TR GXM il
B SRR e, A7 S R I S R T i B 4% 1) K
TORFERR

3.5 o il

H B T8 A B sk T G o 2 W i HOR
F A R A B 5k =X I )V (polymerase chain
reaction, PCR)., HE 41 [ili & 5 B 4" 14 (recombinase
polymerase amplification, RPA) . KL : 1] b
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Table 4 Molecular diagnostic techniques of Cryptococcus infections

Diagnostic Target genes Evaluation References

technique

PCR OSP1, 28§ rRNA, 18S  Qualitative and quantitative, but difficult to achieve immediate detection; [114-117]
rRNA, ITS, cyt b multiplex PCR technology can detect a variety of pathogens

RPA-Cas ITS Efficient, fast, accurate, no cross-reactivity [118]

12a

mNGS ITS, 18S rRNA Improved efficiency in the diagnosis of multi-pathogen co-infections [17,119]
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Figure 2 Electric microfluidic biochip for Cryptococcus neoformans detection. Adapted from literature [123].
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Table 5 Resistance mechanisms of Cryptococcus neoformans and related genes

Mechanisms Explanation Related genes References

Target alteration Lower binding effectivity of drug-target combination ERGII [132-135]
Upregulation of efflux Increased drug effluent Afr3 [136-138]
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