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Cryptococcosis, which is caused by the Cryptococcus species complex (including Cryptococcus neoformans and 
Cryptococcus gattii), is well known as one of the most important medical problems. However, the of the Cryptococcus 
species complex is still limited to pneumonia and meningitis. In particular, the differences in virulence among the five 
major serotypes of the Cryptococcus species complex are not fully understood. To elucidate the virulence of the 
Cryptococcus species complex when it is disseminated hematogenously, rats were infected by different strains of the 
Cryptococcus species serotype, and their histopathological characteristics were compared after infection. The cumulative 
mortality ratio of rats infected with serotype B strain was slightly higher than in the other experimental groups. In addition, 
the average recovery of the Cryptococcus species complex from rats infected with serotype B strain was significantly 
higher than in the other groups in almost all organ samples except spleen. The recovery of the Cryptococcus species 
complex was associated with the severity of histopathological lesions, including bleeding, inflammation, and tissue damage 
in all organs. In rats infected with serotype B strain, the virulence was the most severe, especially in the lungs and liver. 
These results indicate that the pathophysiology of the Cryptococcus species complex infection differs according to serotype. 
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INTRODUCTION 

 
The Cryptococcus species complex (including Crypto- 

coccus neoformans and Cryptococcus gattii) is an oppor- 
tunistic fungal pathogen that causes the life-threatening 
infection, Cryptococcosis. This pathogen is distributed world- 

wide, and major habitats are avian droppings and contami- 
nated soil (Buchanan and Murphy, 1998; Hansong and Robin, 
2009; Negroni, 2012). The infection is initiated primarily 
by the inhalation of cryptococcal infectious particles emitted 
from environmental materials, which can cause infection in 
the lung and central nervous system (CNS) in human and 
animal hosts, particularly in immunocompromised patients. 
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It is generally known that the major infection sites of the 
Cryptococcus species complex are brain and lung. These 
fungal pathogens may spread hematogenously to other organ 
systems (Buchanan and Murphy, 1998; Lortholary et al., 
1999; Hansong and Robin, 2009; Negroni, 2012). 

Cryptococcosis has been responsible for high morbidity 
and mortality rates, particularly in AIDS patients. Globally, 
approximately 1 million cases of meningitis occur each year 
in AIDS patients, resulting in approximately 624,700 deaths 
within three months after infection by the Cryptococcus 
species complex (Centers for Disease Control and Preven- 
tion, CDC, Atlanta, USA, http://www.cdc.gov/). In addition, 
the incidence of cryptococcosis has increased in recent years 
because of the large increase in the number of AIDS patients, 
population aging, and the expanded use of immunosuppres- 
sive drugs for cancer treatment, organ transplantation, etc. 
(Park et al., 2009; Michael and Christina, 2010; Cogliati, 
2012). Therefore, cryptococcosis is regarded as one of the 
most important opportunistic fungal diseases. 

The Cryptococcus species complex is currently classified 
into two species and five major serotypes. Cryptococcus neo- 
formans (C. neoformans) and Cryptococcus gattii (C. gattii). 
Because of the differences in ecological, biochemical, and 
molecular features, C. gattii (including serotypes B and C) 
has been defined as a separate species. C. neoformans is 
divided into two varieties: C. neoformans var. grubii (in- 
cluding serotypes A) and C. neoformans var. neoformans 
(including serotypes D and A/D) (Chen et al., 2011). The 
differences between Cryptococcus species complex are asso- 
ciated with epidemiology, pathogenicity, and geographic dis- 
tribution. C. neoformans var. grubii (serotype A) is predom- 
inant strain of C. neoformans that is isolated from infected 
patients and is distributed worldwide and responsible for 
more than 90% of the cases of systemic Cryptococcosis. C. 
neoformans var. neoformans (serotypes D and A/D) occurs 
worldwide but mainly in temperate climates, such as Europe 
and South America. In comparison, the geographical distri- 
bution of C. gattii (serotypes B and C) is more restricted than 
C. neoformans, which is in tropical and subtropical regions 
(Chen et al., 2011; Negroni, 2012). However, recent studies 
have reported its worldwide distribution, such as in British 
Columbia (Canada) and the Pacific Northwest in the US 

(Nielsen et al., 2007; Chaturvedi and Chaturvedi, 2011; 
Ngamskulrungroj et al., 2011). Although cases of Cryto- 
coccosis caused by C. gattii are rare, compared with C. 
neoformans, they can cause life-threatening infections in 
immunocompetent hosts (Negroni, 2012). 

Cryptococcosis that is caused by the Cryptococcus species 
complex is well known as one of the most important medical 
problems worldwide. However, cryptococcosis that is caused 
by the different cryptococcal serotypes is not fully understood. 
In this study, we compared the histopathological changes of 
rats intravenously infected by different serotypes of crypto- 
coccal strains. 

 
MATERIALS AND METHODS 

Animals 

Six-week-old male Sprague Dawley (SD) rats (weighing 
110~150 grams) were purchased from Samtako Bio Korea, 
Inc. (Osan, Korea). The rats were raised under specific-
pathogen-free conditions in cages covered by a filter top and 
were given clean food and water ad libitum. All rats were 
adapted to a 12-hour light/dark cycle at a temperature of 25℃ 
for one week. The Animal Care and Use Committee of the 
Catholic University of Pusan (CUP-AEC 2012-02) approved 
this study. 

Fungal strains 

C. neoformans serotype D (ATCC 66031), serotype A/D 
(ATCC 48184) strains, and C. gattii serotype B (MYA-4560), 
serotype C (ATCC 32608) strains were used in this study. 
These Cryptococcus species complex strains were purchased 
from the American Type Culture Collection (ATCC). One 
clinical strain (CS), identified as C. neoformans var. grubii, 
which was provided by the general hospital in Busan, Korea. 
This strain was used as the serotype A of C. neoformans. 
All cryptococcal strains were stored at -70℃ in a freezer 
until they were used. 

Cultures of Cryptococcus species complex 

To prepare the working fungal solution, all C. neoformans 
and C. gattii strains were recovered from frozen glycerol 
stocks. One hundred micro-liters from glycerol stock was 
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inoculated onto a sunflower seed (Helianthus annus) agar 
(SSA, the selective culture medium for Cryptococcus species 
complex) plate containing 0.1% creatinine and 40 mL chlo- 
ramphenicol (50 μg/mL) to detect the typical brown pig- 
mentation of the Cryptococcus species complex. The plates 
were incubated in the dark at 37℃ under a humid condition. 
After five days, brown colonies of each strain were recovered 
and then transferred into 10 mL Sabouraud dextrose broth 
(SDB) before they were incubated for 48 hours at 37℃ in 
a shaker. Each culture suspension was centrifuged at 6,500 
× g for 1 min; the supernatant was then discarded. The 
fungal pellets were washed three times with sterilized phos- 
phate buffered saline (PBS), and the fungal cells were counted 
with a hemocytometer. The cryptococcal cells of each strain 
were diluted to obtain a concentration of 2.0 × 107 cells/ 
mL in sterilized PBS. 

Design of animal study 

After adaptation for one week, the rats were divided into 
6 groups (5 heads in each group, except for negative control) 
and treated as shown in Table 1. Briefly, experimental groups 
I to V (1, 3, and 5 weeks) were infected by the injection of 
100 μL (approximately 2.0 × 106 cells/rat) inoculums of 
the Cryptococcus species complex serotype A, B, C, D and 
AD, respectively. The control group received with sterile 
saline. All groups were injected intravenously (tail vein in- 
jection) using a 26 gauge needle attached to a 1 mL syringe. 
All live rats in the experimental and control groups were 
sacrificed at six weeks after the first infection. 

Histopathological findings 

All experimental rats were anesthetized through the in- 
halation of ethyl ether. For the histopathological examination, 
the lung, brain, heart, liver, spleen, kidney, testis, and muscle 
tissues were aseptically collected from the sacrificed rats. 
The collected organs were fixed in 10% neutral buffered 
formalin for 24 hours at room temperature. A portion of 
each organ (left hemisphere of lung, kidney, and brain and 
segments of liver and spleen tissues) was separately collected 
for recovery of the infected Cryptococcus species complex. 
The organs were fixed in paraffin-embedded histological 
cassettes. The paraffin-embedded organ blocks were cut into 
5-μm sections and then were stained with periodic acid-
Schiff (PAS). To detect histopathological characteristics, such 
as inflammation, bleeding, tissue damage, and cryptococcal 
cells, all tissue sections were observed by light microscopic 
examination. 

Culture for recovery of Cryptococcus species complex 
from the various organs 

For recovery of the Cryptococcus species complex from 
the various organs of the infected rats, a portion of each 
organ was homogenized in 10 mL of PBS; 100 μL of the 
organ homogenates were plated onto SSA plates and in- 
cubated for 48~72 hr at 37℃. Blood for culturing was 
collected directly from the heart of the infected rats. One 
milliliter of each blood sample was inoculated onto the SSA 
plates and incubated at 37℃ under a humid condition. After 
incubation, the brown pigmented colonies were counted to 
calculate the recovery rate of the Cryptococcus species com- 

Table 1. Experimental design of animal study for Cryptococcus species complex by serotype 

Groups Animal (n) Inoculums (2.0 × 106 cells/100 µL) Injection 
I  5 C. neoformans var. grubii clinical strain 1, 3, and 5 weeks 
II  5 C. gattii (ATCC MYA-4560) 1, 3, and 5 weeks 
III  5 C. gattii (ATCC 32608) 1, 3, and 5 weeks 
IV  5 C. neoformans var. neoformans (ATCC 66031) 1, 3, and 5 weeks 
V  5 C. neoformans var. neoformans (ATCC 48184) 1, 3, and 5 weeks 

Control  2 Sterile saline 1, 3, and 5 weeks 
Total 27   
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plex. The number of the brown pigmented colonies was 
normalized according to organ weight. 

Identification of Cryptococcus species complex 

Genotyping was used to identify the recovered single pure 
colonies. The genotyping of the fungal pathogens was per- 
formed as previously described (Chae et al., 2012). Briefly, 
each pure colony from the organ samples was cultured on 
SDB for 48 hours at 25℃. One milliliter of cultivated broth 
was moved to a new tube and centrifuged. The sample pellet 
was suspended in 500 μL of extraction buffer (100 mM 
Tris HCl [pH 9.0], 40 mM EDTA) and then mixed after the 
addition of 100 μL of 10% sodium dodecyl sulfate (SDS) and 
300 μL of 99% benzyl chloride. The mixture was homo- 
genized and incubated at 50℃ for 30 min with gentle 
shaking. After centrifugation, the supernatant was transferred 
to a new tube. After the addition of 1/10 volume of 3 M 
sodium acetate and an equal volume of isopropyl alcohol 
in the supernatant, the tube was slightly vortexed and then 
stored at -70℃ for 1 hr. The DNA was precipitated after 
centrifugation, and the supernatant was removed. The pellets 
were washed with 500 μL of ethanol, and then the super- 
natant was removed by centrifugation. The pellet was dried at 
room temperature for 10 min and then resuspended in 50 μL 
of distilled water (D.W.). The extracted genomic DNA was 
stored at -70℃ until use. 

PCR was performed using the AccuPower PCR premix 
Kit (Bioneer, Seoul, Korea). A total volume of 20 μL of the 
reaction mixture was contained within each 1 μL of primer 
(10 pM/μL), 2 μL of template DNA (1 μg/μL), and 16 μL 
of D.W. The amplification of the CNLAC1 gene was carried 
out using the following conditions: initial denaturation at 
95℃ for 5 min; 35 cycles of 95℃ for 1 min; 58℃ for 1 
min; 72℃ for 90 sec; and a final extension at 72℃ for 7 
min. The PCR products were analyzed by electrophoresis 
with 1.2% agarose gels containing ethidium bromide and 
were visualized under UV light. The amplified DNA frag- 
ments in the gel were purified using the Accuprep® Gel 
Purification Kit (Bioneer, Seoul, Korea) and identified by 
DNA sequence analysis. 

 

Statistical analysis 

All experimental data were expressed as mean ± standard 
deviation (S.D.). The mortality of rats infected with the 
fungal pathogen was analyzed using the Kaplan-Meier sur- 
vival curve with a log-lank significance test. The crypto- 
coccal colonies recovered from homogenates were analyzed 
using a one-way analysis of variance (ANOVA) with the 
Scheffe post hoc test. All statistical analyses were performed 
using the programs SPSS version 20.0 and Microsoft Excel. 
A P-value <0.05 was considered statistically significant. 

 
RESULTS 

Mortality of rats infected with Cryptococcus species com- 
plex 

The cumulative mortality of rats infected with Crypto- 
coccus species complex differed according to serotype (Fig. 
1). After the first infection with the Cryptococcus species 
complex, no rat mortality was observed for about 18 days. 
In experimental group II, rat mortality occurred primarily on 
the 19th day after the first infection. Rat mortality occurred 
in groups II and III on the 26th and 32nd days after the 
second infection, respectively. Only one rat infected with C. 
neoformans strains died on the 23rd day post-infection (pi). 

In group II, which was infected with C. gattii MYA-4560 
(serotype B), two rats died (2/5, 40.0%) during the experi- 
ment. During the experiment, one rat died in group III, which 
was infected with C. gattii 32608 (serotype C). One rat died 
in group IV, which was infected with C. neoformans 66031 
(serotype D) (1/5, 20.0%). No mortality occurred in group 
I, which was infected with C. neoformans var. grubii (sero- 
type A) or in group V, which was infected with C. neo- 
formans 48184 (serotype A/D) (0/5, 0.0%). 

To determine the differences in pathogenicity between C. 
gattii and C. neoformans, the Kaplan-Meier survival analysis 
with a log-lank significance test was performed by using 
SPSS version 20.0. The cumulative mortality of rats infected 
with C. gattii (3/10, 30.0%) was higher than that of rats 
infected with C. neoformans (1/15, about 6.7%). A significant 
difference was not found (P = 0.130) in the cumulative 
mortality of rats infected with C. gattii (serotypes B and C)  
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and with C. neoformans (serotypes A, D, and A/D) (Fig. 1). 

Recovery of cryptococcal colonies from various organs 

This experiment was performed using organ homogenates 
from live experimental rats. The recovery of cryptococcal 
colonies was determined by culturing homogenized organ 
samples. After incubation for 72 hours on SSA plates, brown 
pigmented pure colonies were obtained. They were counted 
in homogenized organ samples of each experimental group 
except the negative control group. Cryptococcal brown pig- 
mented colonies were recovered from almost all infected 
organs (lung, liver, kidney, brain, and spleen) but not from 

the blood samples. Brown cryptococcal colonies (mean ± 
S.D) were recovered from all organ culture samples of rats 
infected with C. gattii MYA-4560 (Group II), 32608 (Group 
III), C. neoformans 66031 (Group IV), 48184 (Group V), 
and CS (Group I) in that order (Table 2). Generally, the 
number of recovered crytococcal colonies was higher in rats 
infected with C. gattii MYA-4560 than in the other groups. 
The one-way ANOVA and the Scheffe post hoc test revealed 
significant differences in the mean number of the recovered 
colonies in all experimental groups (Fig. 2). In particular, 
the number of cryptococcal colonies recovered from the 
lung and liver culture samples was significantly higher (P 
< 0.05) in rats infected with Cryptococcus species complex 
serotype B than in the other groups (Fig. 2. (A) and (D)). 
The number of cryptococcal colonies that were recovered 
from the kidney and spleen culture samples was significantly 
lower (P < 0.05) in rats infected with Cryptococcus species 
complex serotype A than in the other groups (Fig. 2. (B) and 
(E)). The number of cryptococcal colonies that were re- 
covered from the brain culture samples was significantly 
higher (P < 0.05) in rats infected with Cryptococcus species 
complex serotype B and D than those infected with the other 
serotypes (Fig. 2. (C)). These results showed that the in- 
fection and replication of the Cryptococcus species complex 
differed according to serotype. 

The results of the one-way ANOVA and the Scheffe post 
hoc test showed that the average number of cryptococcal 
colonies were recovered from lung samples was significantly 
higher (P < 0.05) than in the other organ samples (Fig. 3). 
However, cryptococcal colonies were recovered not only 

Table 2. The numbers of recovered cryptococcal colonies from organs of the rats infected by Cryptococcus species complex 

Groups 
Organs 

Lung Liver Kidney Brain Spleen 
I 92.80 ± 17.60 34.60 ± 7.47 31.40 ± 9.74* 43.00 ± 11.24 14.80 ± 4.32 
II 182.33 ± 22.37* 155.00 ± 8.89* 94.33 ± 10.21 92.67 ± 8.50* 84.67 ± 12.66 
III 95.50 ± 18.08 46.50 ± 12.50 65.50 ± 19.84 51.50 ± 6.99 99.25 ± 15.59 
IV 101.75 ± 18.00 49.75 ± 12.91 65.50 ± 19.84 86.25 ± 5.44* 93.00 ± 10.42 
V 105.00 ± 13.66 50.80 ± 12.13 85.00 ± 7.65 60.60 ± 14.47 66.00 ± 5.83 

Control  0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Note. All data are mean ± S.D. 
*, P < 0.05. 

Fig. 1. The survival curves for experimental rats infected with C.
gattii (MYA-4560 and 32608) and C. neoformans (CS, 66031, and
48184) were 3/10 (30.0%), 1/15 (6.7%), respectively. Significant
difference was not found in mortality between rats infected with C.
gattii and C. neoformans (P = 0.130). 
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from the lung and brain samples, which are known as major 
infection sites of Cryptococcus species complex, but also 
from the kidney, liver, and spleen samples. 

Identification of Cryptococcus species complex from 
organs 

Pure brown pigmented colonies were recovered from 
the homogenized organ samples in all experimental groups. 
Every recovered fungal pathogen was identified by using 

A B

DC 

E 

Fig. 2. The results of one-way ANOVA and Scheffe
post hoc test for fungal colonies recovered from various
organs. (A) The result of one-way ANOVA and Scheffe
post hoc test for fungal colonies recovered from lung. 
(B) The result of one-way ANOVA and Scheffe post 
hoc test for fungal colonies recovered kidney. (C) The 
result of one-way ANOVA and Scheffe post hoc test for
fungal colonies recovered brain. (D) The result of one-
way ANOVA and Scheffe post hoc test for fungal colo-
nies recovered liver. (E) The result of one-way ANOVA
and Scheffe post hoc test for fungal colonies recovered 
spleen. *, P < 0.05. 
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the CNLAC1 genotyping method (data not shown). Approxi- 
mately 1,200 bp of amplified fragment was detected in all 
recovered fungal pathogens (100.0%). After the purified DNA 
was sequenced, the sequences were compared to reference 
data available in the Genbank database by using a BLAST 
search to identify the species. The results of the identification 
by PCR and sequencing were in accordance with the Crypto- 
coccus species complex serotype with which the rats were 
infected. 

Histopathological changes by Cryptococcus species com- 
plex serotype 

To determine the histological virulence of the rats infected 
with the Cryptococcus species complex, histological tissue 
sections (right hemisphere of lung, kidney, and brain and 
segments of liver, spleen, heart, and muscle tissues) of every 

experimental group were stained by PAS stain and examined 
by light microscopy to detect inflammation, bleeding, tissue

 

Table 4. Histopathology degrees of kidney and spleen sections from rats infected by Cryptococcus species complex 

Groups 

Histopathological degrees of major organ sections 

Kidney Spleen 

Bleeding Inflammation Tissue damage Bleeding Inflammation Tissue damage 
I (+) (-) (+) (-) (+) (-) 
II (++) (++) (+++) (++) (++) (++) 
III (++) (+) (++) (+) (++) (++) 
IV (+) (+) (-) (+) (++) (++) 
V (+) (++) (++) (+) (+) (+) 

Control (-) (-) (-) (-) (-) (-) 
Note. (-); no damage, (+); slight, (++); intermediate, (+++); severe 

Table 3. Histopathology degrees for major organ sections from rats infected by Cryptococcus species complex 

Groups 

Histopathological degrees of major organ sections 

Lung 
 

Liver Brain 

Bleeding Inflammation Tissue 
damage Bleeding Inflammation Tissue 

damage Bleeding Inflammation Tissue 
damage 

I (-) (+) (+)  (+) (-) (+) (-) (+) (+) 
II (+++) (++) (+++)  (++) (++) (+++) (++) (+++) (++) 
III (+) (++) (+)  (+) (+) (+) (+) (++) (+) 
IV (++) (++) (++)  (++) (++) (++) (++) (++) (++) 
V (+) (++) (++)  (+) (++) (+) (-) (+) (++) 

Control (-) (-) (-)  (-) (-) (-) (-) (-) (-) 
Note. (-); no damage, (+); slight, (++); intermediate, (+++); severe 

Fig. 3. One-way ANOVA and Scheffe post hoc test revealed sig-
nificant differences in number of fungal colonies recovered from
various organs between lung and the others. *, P < 0.05. 
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damage, and cryptococcal organism. The results (including 
inflammation, bleeding, and tissue damage) of the histological 
examination of rat organs infected with the Cryptococcus 
species complex showed different degrees of virulence in 
each experimental group (Table 3 and 4). The most severe 
bleeding, inflammation, and tissue damage was observed in 
the tissue sections of group II (especially in lung, liver, and 
brain sections). In contrast, bleeding, inflammation, and tissue 
damage were observed slightly in almost all histological 
sections of group I but were not observed in those of nega- 
tive control group (data not shown). 

Infiltrations by inflammatory and yeast cells in damaged 
alveoli were observed in the lung sections of the rats in 
groups IV and V (Fig. 4. (D) and (E)). In group II, the inter- 
alveolar septum was severely damaged and infiltrated by 
yeast cells in the alveoli and alveolar saccules, as shown in 
Fig. 4. (B). Thickening interalveolar septum around terminal 
bronchioles, which was caused by inflammation and the 
infiltration of yeast cells, were observed in group III (Fig. 4. 

(C)). Inflammation and tissue damage were observed in 
group I, but yeat cells were not detected in the lung sections 
of these rats. 

The appearance of macrophages and the infiltration of 
yeast cells in renal tubules were observed in the kidney sec- 
tions of group II (Fig. 5. (B)). Inflammation and the infil- 
tration of yeast cells in damaged renal tubules and Bowman's 
capsule were observed in the kidney sections of groups IV 
and V (Fig. 5. (D) and (E)). Infiltration of yeast cells in renal 
tubules was observed in group III (Fig. 5. (C)), but yeast 
cells were not detected in the kidney sections of group I. 

Severe inflammation and infiltration of yeast cells in the 
germinal center of the lymph node were observed the in 
spleen sections of group II (Fig. 6. (B)). Increased alveolar 
macrophage and infiltration of yeast cells in white pulp were 
observed in group III (Fig. 6. (C)). Infiltration of yeast cells 
in white pulp was observed in both group IV and group V 
(Fig. 6. (D) and (E)), but yeast cells were not detected in 
the spleen sections of group I. 

Fig. 4. Lung sections of rats infected with Cryptococcus species complex showed different histopathological characteristics between experi-
mental groups. (A) Histopathological examination of CS (serotype A, group I) infected rat lung sections (Periodic acid Schiff stain, × 100).
(B) Histopathological examination of C. gattii (serotype B, group II) infected rat lung sections (Periodic acid Schiff stain, × 200). (C)
Histopathological examination of C. gattii (serotype C, group III) infected rat lung sections (Periodic acid Schiff stain, × 200). (D) Histo-
pathological examination of C. neoformans (serotype D, group IV) infected rat lung sections (Periodic acid Schiff stain, × 200). (E)
Histopathological examination of C. neoformans (serotype A/D, group V) infected rat lung sections (Periodic acid Schiff stain, × 200).

A B C

ED 



- 191 - 

A B C

D E

Fig. 5. Kidney sections of rats infected with Cryptococcus species complex showed different histopathological characteristics between experi-
mental groups. (A) Histopathological examination of CS (serotype A, group I) infected rat kidney sections (Periodic acid Schiff stain,
× 200). (B) Histopathological examination of C. gattii (serotype B, group II) infected rat kidney sections (Periodic acid Schiff stain, × 200).
(C) Histopathological examination of C. gattii (serotype C, group III) infected rat kidney sections (Periodic acid Schiff stain, × 100). (D)
Histopathological examination of C. neoformans (serotype D, group IV) infected rat kidney sections (Periodic acid Schiff stain, × 200). (E)
Histopathological examination of C. neoformans (serotype A/D, group V) infected rat kidney sections (Periodic acid Schiff stain, × 200).

A B C

D E

Fig. 6. Spleen sections of rats infected with Cryptococcus species complex showed different histopathological characteristics between experi-
mental groups. (A) Histopathological examination of CS (serotype A, group I) infected rat spleen sections (Periodic acid Schiff stain, × 200).
(B) Histopathological examination of C. gattii (serotype B, group II) infected rat spleen sections (Periodic acid Schiff stain, × 200). (C)
Histopathological examination of C. gattii (serotype C, group III) infected rat spleen sections (Periodic acid Schiff stain, × 200). (D) Histo-
pathological examination of C. neoformans (serotype D, group IV) infected rat spleen sections (Periodic acid Schiff stain, × 200). (E)
Histopathological examination of C. neoformans (serotype A/D, group V) infected rat spleen sections (Periodic acid Schiff stain, × 200).
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Liver lobules that were highly damaged by the infiltration 

of yeast cells were observed in the liver sections of group 
II, in addition to macrophages (Fig. 7. (B)). The infiltration 
of inflammatory cells around the central vein of the liver 
lobules was observed in group III. In addition, the infiltration 
of yeast cells was detected around the liver artery and bile 
duct (Fig. 7. (C)). Yeast cells were not detected in the liver 
artery and bile duct of the other experimental groups (groups 
I, IV, and the negative control). However, considerable 
bleeding, inflammation, and tissue damage were observed 
in the liver artery and bile duct of groups IV and V, but not 
in those of group I. 

Considerable bleeding and tissue damage were observed 
in the brain sections of all experimental groups except the 
control group. Infiltration of yeast cells was detected in 
groups I and IV, but not in other experimental groups. How- 
ever, severe brain damage was observed in group II. Slight 
inflammation and tissue damage were observed in the muscle 
and testis sections of all groups. However, yeast cells were 

 
 
 
 
 
 
 
 
 
 

detected only in the muscle sections of group V (Fig. 8). 
These results suggest that the degree of virulence of the 
Cryptococcus species complex differs in each organ depen- 
ding on serotype. 

A 

D E

B C

Fig. 7. Liver sections of rats infected with Cryptococcus species complex showed different histopathological characteristics between experi-
mental groups. (A) Histopathological examination of CS (serotype A, group I) infected rat liver sections (Periodic acid Schiff stain, × 200).
(B) Histopathological examination of C. gattii (serotype B, group II) infected rat liver sections (Periodic acid Schiff stain, × 200). (C)
Histopathological examination of C. gattii (serotype C, group III) infected rat liver sections (Periodic acid Schiff stain, × 200). (D) Histo-
pathological examination of C. neoformans (serotype D, group IV) infected rat liver sections (Periodic acid Schiff stain, × 200). (E)
Histopathological examination of C. neoformans (serotype A/D, group V) infected rat liver sections (Periodic acid Schif stain, × 200). 

Fig. 8. Histopathological examination of C. neoformans (serotype 
A/D) infected rat muscle sections (Periodic acid Schiff stain, ×
200). 
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DISCUSSION 

 
According to a recent report by the Joint United Nations 

Program on HIV/AIDS and the World Health Organization, 
34 million people have suffered HIV infection, 3 million 
AIDS patients are diagnosed every year, and 2 million AIDS 
patients have died from AIDS-related diseases. In particular, 
the third most frequent complication in AIDS patients is 
cryptococcal meningitis, where the Cryptococcus species 
complex is the major etiological agent (Park et al., 2009). 
The genus Cryptococcus species complex consists of over 
30 different species of Cryptococcus. Among these, C. neo- 
formans and C. gattii are considered major causative agents 
of nearly all cryptococcal infections in hosts, but they are 
not part of the normal flora of human and animal hosts. 
Other Cryptococcus species have been reported rarely as 
human and animal pathogens (Hansong and Robin, 2009). 
In previous research, the etiological agents of cryptococcosis, 
C. neoformans, and C. gattii species were considered a 
homogeneous species (Hansong and Robin, 2009; Negroni, 
2012). However, these two fungal pathogens have been 
classified into the five different major serotypes, A, B, C, D 
and A/D, based on several differences, including geogra- 
phical distribution, epidemiology, as well as biochemical and 
molecular features (Hansong and Robin, 2009; Negroni, 
2012). 

Many studies reported the occurrence of cryptococcosis 
caused by C. gattii worldwide (e.g., Asia, Africa, Australia, 
South and North America, etc.), which previously were not 
well known as harboring this pathogen. Recently, C. gattii 
has been considered a crucial pathogen because it mainly 
infects immunocompetent hosts (Okamoto et al., 2010; 
Byrnes et al., 2011; Springer et al., 2012; Chen et al., 2013). 
Furthermore, it was demonstrated that C. gattii was more 
virulent than C. neoformans in murine pulmonary crypto- 
coccosis and meningoencephalitis models (Thompson et 
al., 2012; Okubo et al., 2013). 

However, accurate knowledge regarding the differences 
in the pathogenicity among the five serotypes of Crypto- 
coccus species complex is still limited. In the present study, 
an intravenous rat model was used to elucidate the different 

virulence among the five major serotypes of the Crypto- 
coccus species complex. First, we investigated the cumulative 
mortality of rats infected with five different strains of the 
Cryptococcus species complex. Previous reports showed 
that C. neoformans strains (serotype A, D, and A/D) were 
causative agents of fatal cryptococcal disease. Thompson et 
al. reported that the median survival in mice infected with 
C. gattii (10.5 days) was significantly less than in mice 
infected with C. neoformans (19.5 days). In this study, the 
cumulative mortality ratio of rats infected with C. gatii 
MYA-4560 (serotype B) was slightly higher than in the other 
experimental groups. These results suggest that the virulence 
of C. gattii strains might be higher than C. neoformans 
strains. Although there was no significant difference (P = 
0.130) in the mortality ratio between rats infected with C. 
gattii (group II and group III) and C. neoformans (group I, 
group IV, and group V) strains (Fig. 1), mortality by C. gattii 
should be considered. 

Because the five serotype strains in the experimental rats 
showed different mortalities, the recovery rates of five sero- 
type strains were investigated in the various organs of the 
rats infected by the Cryptococcus species complex. Crypto- 
coccosis is usually initiated by the inhalation of these fungi, 
which has a tendency to attack the CNS. Therefore, the lungs 
and brain are known as major organs of infection by the 
Cryptococcus species complex (Hansong and Robin, 2009; 
Negroni, 2012). In this study, the average number of crypto- 
coccal colonies recovered from the lung samples (110.71 
± 34.16) was significantly higher (P < 0.05) than in the 
other organ samples (Fig. 3). However, the average number 
of cryptococcal colonies isolated from the brain samples 
(59.62 ± 27.42) was not higher than in the other organ 
samples, including kidney, liver, and spleen. Interestingly, 
the average number of colonies recovered from the organ 
samples was different in each group (Table 2). In particular, 
the average number of colonies recovered in group II was 
significantly higher than in the other groups in almost all 
the organ samples except spleen (Fig. 2). In addition, major 
distributed organs of recovered colonies were specific by 
each group depending on serotype: lung and liver in groups 
II and group III; lung and spleen in group III, lung, spleen, 
and brain in group IV; lung and kidney in group V. to be 
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recovered the infected strains as major distributed organs, 
respectively. Lung was a major recovered organ in group I. 
The rats infected by serotype B strain showed higher viru- 
lence than the rats infected by other serotypes. These results 
suggest the existence of different infection mechanisms and 
of differences in the major organs infected by the five sero- 
types of the Cryptococcus species complex. Further studies 
are needed to elucidate the reasons for these differences. 

The average numbers of the recovered cryptococcal colo- 
nies were associated with severe histopathological changes, 
including bleeding, inflammation, and tissue damage in the 
organ sections. The degree of histopathological lesions of 
rats infected with serotype B strain was the most severe, 
especially in the lung and liver samples. However, the degree 
of histopathological lesions in rats infected with the serotype 
A strain was generally slight (Tables 3 and 4). These results 
suggest that the serotype B strain multiplies rapidly and 
survives in the lung and liver during infection. The results 
of the present study indicate that the pathophysiology of the 
Cryptococcus species complex infection differs according 
to serotype, and serotype B is the most virulent among the 
five major serotypes of the Cryptococcus species complex. 

In summary, the present study showed that histopatho- 
logical changes differed in rats infected by five major sero- 
types of the Cryptococcus species complex. Although there 
was no significant difference in the mortality ratio between 
rats infected with the C. gattii and C. neoformans strains, 
the mortality, fungal recovery, and histopathological char- 
acteristics in the rats infected with serotype B strain were 
more severe than in the rats infected by other serotype strains. 
The degree of organ damage (especially in the brain samples) 
in the group infected with the serotype B strain was more 
severe than in the other experimental groups. These histo- 
pathological characteristics are probably associated with the 
high virulence of serotype B strain. 
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