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ABSTRACT 
Background: Cryptococcus neoformans is a significant pathogenic yeast that causes severe infections in immuno-
compromised individuals, such as those with respiratory diseases, cancer, kidney failure, and meningitis. Early diag-
nosis and treatment are crucial in managing the infections. The study was conducted at Al-Batoul Hospital and 
Baqubah Teaching Hospital to isolate and diagnose Cryptococcus neoformans and assess potential antifungal treat-
ments. Aim: This study aimed to isolate and identify Cryptococcus neoformans from clinical samples, determine the 
distribution of Cryptococcus species, and evaluate the effectiveness of fungal filtrate extract as a therapeutic agent 
compared to Amphotericin B in treating Cryptococcus infections in a mouse model. Methodology: The study spanned 
from September 2022 to May 2023 and included samples from sputum, urine, and cerebrospinal fluid (CSF). Tradi-
tional culture methods, phenotypic characterization, and Vitic device technology were used for diagnosis. The anti-
fungal efficacy of Cladosporium cucumerinum filtrate extract was evaluated and compared to Amphotericin B. Mice 
infected with C. neoformans were treated with either the fungal filtrate or Amphotericin B, and histopathological anal-
ysis of lung tissues was performed to assess treatment outcomes. Results: A total of 15 isolates of Cryptococcus 
were identified, including 6 from CSF, 5 from sputum, and 4 from urine samples. Three species were identified: 
Cryptococcus neoformans, Cryptococcus albidus, and Cryptococcus laurentii. The Cladosporium cucumerinum filtrate 
at 100% concentration exhibited higher antifungal activity than Amphotericin B. Mice infected with C. neoformans 
displayed loss of appetite and hyperactivity. Histological examination of lung tissues showed inflammatory cell 
infiltration, blood vessel congestion, and thickening of bronchi and alveolar walls in the infected mice. Mice treated 
with the fungal filtrate showed reduced pathological changes compared to those treated with Amphotericin B, with 
nearly normal alveolar structures. Conclusion: The study successfully identified Cryptococcus neoformans and other 
species from clinical samples. The Cladosporium cucumerinum filtrate exhibited promising antifungal activity, 
outperforming Amphotericin B in reducing histopathological damage in an experimental mouse model. This suggests 
the potential for using fungal filtrates as an effective treatment for Cryptococcus infections. 
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1. INTRODUCTION 
 

Cryptococcosis, caused by the yeast Cryptococcus 
neoformans, is a dangerous disease globally [1]. 
This disease is more common in people with 
weakened immune systems, especially those in-
fected with AIDS [2]. Cryptococcosis is a highly 
widespread systemic fungal disease, and it is a fa-
tal fungal disease. In addition to the fact that it in-
fects humans, it infects several species of animals 
at different ages. In addition to infecting humans, it 
infects several species of animals around the 
world Ages. These yeasts have been isolated from 
cerebrospinal fluid and some animals [3]. 

The infection with these yeasts is unclear and 
without any apparent symptoms, or it can be se-
vere infections such as meningitis and pneumonia, 
depending on the nature of the host’s immune sys-
tem. Infection occurs by inhaling live yeast cells or 
their spores spread in the environment, where 
these cells colonize the lungs but often spread to 
the rest of the body’s organs, mainly affecting the 
central nervous system, causing meningitis [3]. 

Recently, interest in Cryptococcus neoformans 
yeast has increased. As a cause of cases of cere-
bral meningitis resulting from cryptococcosis, as 
statistics indicates, the incidence of this disease is 
high globally, especially in developing countries 
such as India and East Asia [4,5]. It is believed that 
the key to the infection with cryptococcosis is the 
interaction between these yeasts and the large 
phagocytic cells. These yeasts begin to multiply 
immediately after entering the phagocytic cells and 
are released from them, whether with or without 
lysis of the infected cells. In most cases, they ap-
pear without any symptoms as long as the immune 
system is healthy, but the symptoms begin to ap-
pear after immunosuppression [6]. 

Cryptococcosis affects various body systems, 
especially the respiratory system, represented by 
the nasal cavity and lungs [7]. Yeast can often 
reach the central nervous system after an infection 
of the lungs, or after an infection of the nose and 
sinuses, or through white blood cells through the 
bloodstream. When it reaches the brain, stromal 
nodes containing the yeast are formed as an im-
mune response by the host. There may be one or 
more, and these nodes may enlarge. They expand 
with treatment, and this does not represent a treat-
ment failure, as it shrinks over time with continued 
treatment in some cases [8]. 

Endophytes are extremely diverse microorgan-
isms that inhabit plant tissues inside and between 
cells. There are approximately one million fungi 
[9]. Endophytic fungi have the ability to produce 
numerous bioactive substances that can produce 
compounds similar to specific pharmacological ac-

tivities of plants [10]. It produces various chemore-
ceptor complexes, such as alkaloids, flavonoids, 
steroids, terpenoids, and phenolic compounds, 
and these compounds have interesting and multi-
directional pharmacological activities including an-
timicrobial, antioxidant, antidiabetic, antimalarial, 
and antineoplastic properties. The discovery of 
these new and diverse active compounds is valu-
able for the study of natural medicinal products 
[11]. 

The fungus Cladosporium spp is a genus found 
everywhere and belongs to the Cladosporiaceae 
family[10]. This mushroom contains compounds 
that are of medical importance or are relevant as 
biological control agents for plant diseases[11,12]. 
It contains many effective secondary compounds, 
including alkaloids, phenols, sterols, flavonoids, 
and other effective compounds that act as antibi-
otics against types of bacteria and fungi such as 
Aspergillus flavus, Candida albicans, Staphylo-
coccus aureus, and Pseudomonas syringae [13]. 

The aim of the study was to isolate and identify 
Cryptococcus neoformans from clinical samples 
and evaluate the antifungal efficacy of Cladosporium 
cucumerinum filtrate compared to Amphotericin B. 
The study also aimed to assess the histopathological 
effects of these treatments in a mouse model 
infected with C. Neoformans. 

 
2. METHODOLOGY 

 
2.1. Ethical approval and consent 
 
Ethical approval for the study was obtained from 
the Ethics Committee at Baqubah Teaching and 
Batoul Hospital in Diyala Governorate. The collec-
tion of clinical samples from patients was con-
ducted under strict ethical guidelines, following the 
hospital’s protocols for research involving human 
subjects. Informed consent was obtained from all 
participating patients or their legal guardians, after 
a thorough explanation of the study's objectives 
and the procedures involved. The consent process 
ensured that participants were aware of their vol-
untary participation and the confidentiality of their 
personal and medical data. 

 
2.2. Sample collection 

 
A total of 130 clinical samples were collected from 
patients diagnosed with various conditions, such 
as meningitis, pulmonary tuberculosis, and kidney 
failure. The patients were attending the chest and 
respiratory diseases clinic, the cancer center, and 
the dialysis center in Baqubah Teaching and 
Batoul Hospitals. The collection period spanned 
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from October 2022 to January 2023, and the sam-
ples included: 

 
• 50 cerebrospinal fluid (CSF) samples from pa-

tients with meningitis, 

• 30 sputum samples from patients with pulmo-
nary tuberculosis, 

• 50 urine samples from patients with kidney 
failure. 

 
2.3. Fungal culture and identification 

 
The collected samples were cultured on Sabouraud 
Dextrose Agar (SDA), Trichosporon Agar (TOC), 
and Potato Dextrose Agar (PDA), with 
Cryptococcus differentiation media. The plates 
were incubated at 37°C and monitored daily for 
fungal growth. Microscopic examination of the 
grown colonies was performed using India ink 
staining. Diagnosis of Cryptococcus species was 
confirmed using the Vitek device, a rapid identifi-
cation system. The Cladosporium cucumerinum 
fungal strain was sourced from Tikrit University, 
College of Education, Department of Life Sciences, 
and its identification was confirmed using 
Polymerase Chain Reaction (PCR). 

 
2.4. Preparation of fungal filtrate extract 

 
The Cladosporium cucumerinum filtrate extract 
was prepared by cultivating the fungal colonies in 
liquid Aspergillus medium. The medium was pre-
pared in 250 ml beakers, which were sterilized be-
fore the addition of chloramphenicol to prevent 
bacterial contamination. Fungal inoculation was 
performed by adding 0.5 mm diameter discs of 
Cladosporium colonies into the medium. The 
beakers were incubated at 25°C for 28 days, and 
regular shaking (every 2-3 days) was done to pro-
mote uniform growth. The fungal culture was then 
filtered using sterile filter paper to obtain the fungal 
filtrate extract. 

 
2.5. Experimental animal model 

 
A total of 50 male mice, weighing between 25-30 
grams, were used for the in vivo studies. Ethical 
approval for conducting experiments on mice was 
obtained from the Institutional Animal Care and 
Use Committee (IACUC). The mice were housed 
in standard laboratory conditions with a controlled 
environment (12-hour light/dark cycle, tempera-
ture of 22-25°C) and were provided with food and 
water ad libitum. The experiments were conducted 

from February to mid-March 2023. 

2.6. Experimental design 

 
The mice were divided into three groups for treat-
ment studies: 
 
 
Table 1. Groups of Mice, Treatments, and Number of Mice 
per Group. 
 
 

Group 
Treatment 
description 

Number 
of mice 

Control group 

Infected with 
Cryptococcus 

neoformans but 
received no treatment 

10 

Amphotericin 
B group 

Infected with C. 
neoformans and 

treated with 
Amphotericin B 

10 

Fungal filtrate 
group 

Infected with C. neofor-
mans and treated with 

Cladosporium 
cucumerinum fungal 

filtrate 

10 

 
The infection was induced by inoculating the mice 
with C. neoformans, and treatments were admin-
istered post-infection. The mice were monitored 
daily for clinical signs, including appetite and activ-
ity levels. After the experiment, the mice were eu-
thanized, and lung tissues were isolated for histo-
pathological examination. 

 
2.7. Histopathological examination 

 
The lung tissues were fixed in formalin, 
processed, and embedded in paraffin. Thin 
sections (4-5 µm) were stained using 
hematoxylin and eosin (H&E) for histological 
analysis. The sections were evaluated under a 
light microscope to assess the degree of 
inflammatory infiltration, blood vessel con-
gestion, bronchiole thickening, and alveolar wall 
alterations in the lung tissues. 

 
2.8. Statistical analysis 

 
Data from the histopathological findings and the 
efficacy of the fungal filtrate and Amphotericin B 
treatments were statistically analyzed using SPSS 
software (version 25). A one-way ANOVA test was 
performed to compare the means between differ-
ent experimental groups. Post hoc analysis was 
conducted using Tukey's test to determine the sig-
nificance of the differences between the control, 
Amphotericin B-treated, and fungal filtrate-treated 
groups. Statistical significance was set at p < 0.05. 
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3. RESULTS 
 

3.1. Phenotypic characteristics and growth 
patterns of Cryptococcus neoformans  
 

In Figure 1, the two images depict phenotypic char-
acteristics and growth patterns of Cryptococcus 
neoformans under different conditions: Phenotypic 
characteristics using India ink dye: The left panel 
shows the Cryptococcus neoformans yeast cells 
observed under a microscope with India ink stain-
ing. India ink is commonly used to visualize the pol-
ysaccharide capsule surrounding the yeast cells. 
The halo-like appearance around the cells is a result 
of the capsule, which does not absorb the dye, thus 

leaving a clear zone around each yeast cell. This is 
a hallmark feature of Cryptococcus neoformans, 
aiding in its identification [14,15]. 

Growth on Cryptococcus differentiation me-
dium: The right panel shows the growth of 
Cryptococcus neoformans on a differentiation 
medium. The distinct colonies on the plate 
indicate the organism's ability to grow on selective 
media, which helps differentiate Cryptococcus 
species based on colony morphology, texture, 
and color. The medium supports the yeast’s 
growth, and the different morphologies of the 
colonies suggest possible variations in 
phenotypic traits or environmental responses 
[16].

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 1. (a) Phenotypic characteristics of Cryptococcus neoformans yeast using India ink dye. (b) Growth of Cryptococcus 
neoformans yeast on Cryptococcus differentiation medium. 

 
 

3.2. Histological study 
 

In Figure 2, various histopathological sections of 
lung tissues from different treatment groups are pre-
sented, stained with Hematoxylin and Eosin (H & 
E). Panel (a) shows a control group with normal lung 
architecture, including visible alveoli and bronchi-
oles. Panel (b), representing the group treated with 
yeast only, displays a thickening of the alveolar 
walls and bronchioles, suggesting inflammation or 
infection-induced remodeling. In panel (c), the lung 
section from the cortisone-treated group exhibits 
prominent inflammatory cell infiltration, indicating an 
immune response. In contrast, panel (d), from the 
group treated with antifungals, also shows alveolar 
wall thickening and blood congestion, hinting at a 
partial therapeutic response but with residual in-
flammation. Panel (e), corresponding to the group 
treated with fungal filtrate, shows largely intact alve-

oli and bronchioles, suggesting some degree of pro-
tective or restorative effect. Panel (f) illustrates a 
section from the group treated with cortisone, yeast, 
and antifungals, where alveolar thickening persists, 
indicating an incomplete resolution of the infection. 
Finally, in panel (g), the group treated with corti-
sone, yeast, and fungal filtrate shows almost normal 
lung morphology, with well-preserved alveolar sacs, 
reflecting the potential effectiveness of the fungal fil-
trate in promoting lung recovery. These images pro-
vide comparative insights into the effects of various 
treatments on lung tissue integrity. 

The histopathological findings presented in 
Table 2 show clear differences across treatment 
groups. The control group has normal alveolar in-
tegrity, with low alveolar wall thickness (2.5 ± 0.2), 
minimal inflammatory cell infiltration (0.8 ± 0.1), and 
minimal blood congestion (0.5 ± 0.1), representing 
healthy lung tissue. 

a b 
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Figure 2. (a) A section of the lung of the control group showing the alveoli (Alv) and bronchioles (Br). H & E 400X. (b) A 
lung section of the group treated with yeast only shows thickening of the walls of the alveoli (TW) and bronchioles (Br). H 
& E 400X. (c) Lung section of the group treated with cortisone only shows inflammatory cell infiltration (IF). H & E. (d) 
Lung section of the group treated with antifungals only shows thickening of the alveolar walls (TW) and blood congestion 
(CON). H & E 400X. (e) A section of the treatment with fungal filtrate only, showing the alveoli and bronchioles. (f) A 
section of the lung of the group treated with cortisone, yeast, and antifungals shows the bronchioles (Br) and thickening 
of the alveolar walls (TW). H & E 400X, (g) A section of the lung of the group treated with cortisone, yeast, and fungal 
filtrate shows the pulmonary alveoli (Alv) and alveolar sacs (AVS) in an almost normal manner. H & E 400X. 

 
 
 

In the yeast-only group, there is a marked in-
crease in alveolar wall thickness (5.8 ± 0.5), sig-
nificant inflammatory cell infiltration (4.5 ± 0.4), 
and considerable blood congestion (3.9 ± 0.3), 
indicating that infection with Cryptococcus 
neoformans leads to severe inflammatory and 
structural damage. The cortisone-only group also 
shows heightened pathological changes with 
high alveolar wall thickening (4.9 ± 0.4), 
increased inflammatory infiltration (5.2 ± 0.4), 
and severe blood congestion (4.8 ± 0.4), likely 
due to the immunosuppressive effects of 
cortisone exacerbating the infection. 

The antifungal-only group demonstrates mod-
erate improvement, with reduced alveolar wall 
thickness (3.7 ± 0.3), inflammatory cell infiltration 
(3.8 ± 0.3), and blood congestion (2.5 ± 0.3), alt-
hough the lung integrity remains altered. In con-
trast, the fungal filtrate-only group shows near-

normal histology with minimal alveolar thickening 
(2.7 ± 0.2), low inflammatory infiltration (1.2 ± 
0.2), and reduced blood congestion (0.7 ± 0.1), 
indicating that the fungal filtrate may offer signifi-
cant therapeutic benefits. 

The group treated with cortisone, yeast, and 
antifungals shows persistent pathology, with high 
alveolar wall thickening (4.6 ± 0.3), inflammatory 
infiltration (4.3 ± 0.3), and blood congestion (4.1 ± 
0.3), suggesting that the antifungals alone were in-
sufficient to fully mitigate the effects of cortisone-
induced immune suppression. Conversely, the 
group treated with cortisone, yeast, and fungal fil-
trate shows substantial improvement, with alveolar 
wall thickness (2.8 ± 0.2), inflammatory infiltration 
(1.5 ± 0.2), and blood congestion (0.9 ± 0.1) ap-
proaching normal levels, indicating that the fungal 
filtrate could be effective in restoring lung health, 
even in the presence of immunosuppression. 
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Table 2. Histopathological findings. 

 

 
Alveolar wall 

thickness  
(mean Â± SD) 

Inflammatory cell 
infiltration  

(mean Â± SD) 

Blood 
congestion 

(mean Â± SD) 

Alveolar integrity 
(normal/altered) 

Control group 2.5 Â± 0.2 0.8 Â± 0.1 0.5 Â± 0.1 Normal 

Yeast only 5.8 Â± 0.5 4.5 Â± 0.4 3.9 Â± 0.3 Altered 

Cortisone only 4.9 Â± 0.4 5.2 Â± 0.4 4.8 Â± 0.4 Altered 

Antifungals only 3.7 Â± 0.3 3.8 Â± 0.3 2.5 Â± 0.3 Altered 

Fungal filtrate 
only 

2.7 Â± 0.2 1.2 Â± 0.2 0.7 Â± 0.1 Normal 

Cortisone, yeast, 
and antifungals 

4.6 Â± 0.3 4.3 Â± 0.3 4.1 Â± 0.3 Altered 

Cortisone, yeast, 
and fungal 
filtrate 

2.8 Â± 0.2 1.5 Â± 0.2 0.9 Â± 0.1 Normal 

 
 

 
4. DISCUSSION 
 

The results of the microscopic examination of tis-
sue sections taken from the lungs of mice infected 
and immunosuppressed with the drug hydrocorti-
sone showed severe histological-pathological 
changes represented by the presence of cell infil-
tration, thickening of the alveolar wall, haemor-
rhage, and tumour masses in the lung. This is due 
to the yeast’s possession of the enzyme hemoly-
sin, which decomposes red blood cells. 

This is why a clot forms inside the blood vessel, 
which is a defensive process carried out by the 
body to avoid bleeding [16-18]. Yeast can live and 
multiply after being eaten inside the microglial cell, 
and it is difficult for the system to overcome the in-
fection explained that it reaches the brain tissue 
and that the reason for its infiltration into cells is 
due to the accumulation of polysaccharides that 
make up the yeast capsule, which leads to an in-
crease in osmosis, and as a result of the yeast in-
fecting the lung tissue, and this stimulates the in-
flammatory response and causes a defect in stim-
ulating the secretion of chemoattractive factors 
[17,18]. Initially related to neutrophil cells, which 
failed to eliminate the yeast due to the virulence 
factors it possesses, such as capsule and melanin, 
which work to inhibit the phagocytosis process [19, 
20] 

As for the cause of blood vessel congestion, it 
occurs due to the content of the bacterial suspen-
sion of fungal secretions, such as the yeast’s pos-
session of the enzyme hemolysin, which decom-
poses red blood cells, causing an increase in 
blood pressure inside the capillaries, while the 
cause of degenerative and necrotic changes in the 
cells lining the bronchi is attributed to the ability of 

the yeast to On the production of protease and 
phospholipase enzymes that work to degrade the 
membranes of these cells, leading to the release 
of lysosomes that have a necrotic effect on the tis-
sues [21]. 

Chen et al. [22]  in a study he conducted on a 
person suffering from pulmonary cryptococcosis, 
showed that the tissue changes were represented 
by thickening of the septa between the lung alveoli 
with the presence of yeast in them, and this is con-
sistent with what he found [23]. 

It was indicated that Amphoterici B acts on the 
production of free radicals within the fungi, leading 
to the depletion of super-antioxidants, which in 
turn affects the cellular pathways of the fungi 
[24,25]. Also mentioned that this antibody has im-
munomodulatory effects, as it can stimulate in-
flammatory mediators such as IL-6, TNF, nitric ox-
ide, and prostaglandins from immune cells in mice 
and humans [25]. These results are consistent 
with what was reported by [26]regarding the occur-
rence of thickening of the walls of the pulmonary 
alveoli and infiltration of the lung tissue [26]. 

It was stated in a study evaluating the effective 
role of endophytic fungi as antioxidants and anti-
microbials, where they discovered that fungal ex-
tracts isolated from within the plant Alternaria 
alternata and Cladosporium cladosporioides con-
tained secondary metabolite compounds, includ-
ing flavonoids represented by flavones and flavo-
nols as well. It contains phenols such as Phospho-
molybdic Phosphotungstic-Phenol [27]. 

This study agreed with a study on the inhibitory 
effectiveness of Cladosporium cucumerinum fun-
gus extract on yeasts and bacteria [28]. The 100% 
concentration gave the highest inhibitory effective-
ness against the yeasts Candida albicans and 
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Candida glabrata. The value of the diameter of in-
hibition was 24 and 19 mm, respectively, and the 
value of the least significant difference was 6.83. 
6.37, respectively. For the bacteria Enterococcus 
faecali and Staphylococcus saprophyticus, the 
value of the inhibition diameter was 24 and 21 mm, 
respectively, and the value of the least significant 
difference was 6.31 and 7.01, respectively. 
Cladosporium mushrooms are effective against 
bacteria and fungi because they contain effective 
secondary substances and compounds, including 
alkaloids and their derivatives, coumarins and their 
derivatives, flavonoids, naphthalene compounds 
and their derivatives, and sterols, as these com-
pounds have many therapeutic biological activi-
ties[13]. 

In a study [29] it was shown that mushroom fil-
trate shows an inhibitory activity against bacterial 
species, as the 100% concentration gave the high-
est inhibitory effectiveness against St.aureus and 
E.coli bacteria, with an average diameter of inhibi-
tion of 26.9 and 25.3 mm, respectively. It also has 
an inhibitory effect on yeasts: Candida guillier-
mondii, C.albicans, Trichosporon Asahii, and 
Cryptococcus laurentii. This study is consistent 
with the current study. From the results of the cur-
rent study, we note that they were consistent with 
a study [28], as they confirmed that the filtrate of 
the fungus C. cucumerinum shows inhibitory activ-
ity against pathogens, including the bacteria S. py-
ogenes, E. faecalis, and St. sapophyticus and K. 
pheumoniae. It also gave effectiveness against 
Candida sp. The reason for this effectiveness is 
that it contains biologically active compounds rep-
resented by alkaloids and phenols  

In a study [28], conducted a study to estimate 
the total content of alkaloids and phenols in the 
filtrates of endophytic fungi, as the fungus C. 
cucumerinum had the highest content of alkaloids 
and also contained a large percentage of phenols, 
through a GC.MS analysis of a study [29]  which 
showed that it contained It contains 19 alkaloid 
compounds, but in small proportions, and 8 phe-
nolic compounds. The results of the current study 
were also similar to the findings of a number of 
studies, including the study of [30], which con-
firmed that the extract of the Cladosporium fungus 
showed inhibitory activity against many patho-
gens, as it was effective against the bacteria as ef-
fective as isocoumarin derivatives. It was [11] indi-
cated that the Cladosporium genus has an anti-
bacterial effect on the bacteria Escherichia coli, 
Pseudomonas aeruginosa, Bacillus megaterium, 
and Staphylococcus aureus, if the active second-
ary compounds destroy the bacterial cell wall and 
cause a defect in the cytoplasm, thus causing the 
formation of holes in the cell wall membranes  [31]. 

This study is consistent with the results of a study   
]29[as it showed that the filtrate of the fungus C. 
cucumerinum has an inhibitory effect on the 
growth of cancer cells in the organism’s body if 
these cells were treated at different concentra-
tions, as the filtrate recorded the highest inhibition 
rate of 35.74% at the concentration of 50% and 
29.36%. At a 100% concentration, this may be due 
to the Cladosporium fungus containing effective 
secondary substances and compounds, including 
alkaloids and their derivatives, coumarins and their 
derivatives, flavonoids, naphthalene compounds 
and their derivatives, and sterols, as these com-
pounds have many therapeutic biological activities 
[13].  

 

5. CONCLUSION 
 
This study has shown that the extract of the fungal 
filtrate Cladosporim sp has an effective role in 
treating mice after they were infected with modern 
cryptococcosis, which caused fibrosis and thicken-
ing of the alveoli and bronchioles, and when 
treated with the antifungal amphotericin, it caused 
blood congestion in the lung, in contrast to the fun-
gal filtrate, which gave the lung a normal appear-
ance. 
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