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Candida  albicans,

In an experimental rat model, the present study aimed to evaluate the immunological
effectiveness of a B-glucan vaccine derived from Candida yeast. B-glucans are
immunomodulatory polysaccharides that can be used as adjuvants in vaccines and as
antifungal agents. In this study, B-glucan was extracted, purified, and administered
subcutaneously on a weekly basis (10 pg/0.1 ml on day 0 and 20 pg/0.1 ml on day 7) to
Rattus norvegicus albino Wistar rats. To assess both preventive and therapeutic effects,
the animals were vaccinated and subsequently infected with Candida albicans cells. Prior
to the Candida challenge, immunological evaluations revealed a significant increase in
pro-inflammatory cytokines—IL-1p, IL-18, IL-17, and IL-23 (P < 0.05)—as well as in
immunoglobulin G (IgG) antibody titers (P < 0.05) in the vaccinated groups compared to
the control groups, indicating strong stimulation of both humoral and cellular immune
responses. Interestingly, following the infection challenge, the concentrations of IgG, IL-
1B, IL-18, and IL-17 decreased non-significantly in the vaccinated groups compared to
controls, while IL-23 levels showed a significant reduction. These results suggest
effective immune modulation and a less severe infection. Moreover, B-glucan vaccination
appeared to serve dual functions: enhancing host immunity and regulating inflammatory
responses during infection. Notably, fungal burden analysis demonstrated that liver
tissues in vaccinated rats had significantly fewer colony-forming units (CFUs) than those
in unvaccinated controls (P < 0.05), with a mean difference of 10.1, indicating better
protection and reduced fungal load. In conclusion, Candida-derived B-glucan shows
promise as a vaccine candidate capable of eliciting protective immune responses while
minimizing immunopathology. This study supports further research into B-glucan-based
vaccines as safe and effective strategies for combating fungal infections.

1. INTRODUCTION

Fingerprints of polysaccharides and, similarly, f-glucan, a
component of the fungal cell wall, are regarded as potential

Vaccines are biological preparations intended to confer
protection against specific infectious diseases by enhancing
the immune system’s capacity to recognize and fight bacterial
as well as viral infections. There exist several kinds of
vaccines. Each type works differently in stimulating or
eliciting an immune response. Vaccines are essential for
increasing resistance to a variety of diseases. They provide one
of the most reliable tools and affordable means of maintaining
public health. Approximately 154 million deaths, or six deaths
every minute, have been avoided over the previous 50 years
thanks to vaccination [1, 2].

Vaccines against a variety of infections have saved
hundreds of millions of lives over the past several decades [3].
And greater numbers of people are recognizing the
tremendous promise of vaccines to halt disease outbreaks and
provide protection for older individuals. Respiratory syncytial
virus infection is a deadly disease caused by RSV, which
usually infects children. People aged 65 and older should
receive immunization for tetanus, diphtheria, influenza, herpes
zoster, and pneumococcal disease [4].
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diagnostic and therapeutic elements in invasive fungal
infections (IFIs) [5]. These molecules’ effects in regulating the
immune system and their antimicrobial, anticancer, anti-
inflammatory, and antiallergic properties have been proven [6,
7]. Also, Scientists have documented the synergistic effects of
B-glucans as antioxidant, antigenotoxic, and antimutagenic
properties [7, 8].

B-glucan is able to both stimulate and modulate the immune
system. By binding to Dectin-1, complement receptor 3 (CR3),
and Toll-like receptor 2 (TLR-2) expressed by dendritic cells,
neutrophils, eosinophils, monocytes, and macrophages, this
polysaccharide mediates the induction or priming of innate
immune responses [9]. Receptor binding to B-glucan leads to
two signal transduction pathways, involving nuclear factor
kappa B (NF-kf) and spleen tyrosine kinase (Syk). Then
follows the expression of adhesion molecules and the
synthesis and secretion of pro-inflammatory cytokines such as
TNF-a, IL-1, and IL-6 [7].

Beta-glucan activates B cells to produce IL-18, which
induces neutrophil recruitment without the participation of T
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cells. Beta-glucan causes the activation of B cells and the
production of IgG immunoglobulins [10]. Some of the works
identify the significance of isolation of beta-glucans on the cell
wall of the yeast S. cerevisiae and P. carini as components of
immunodrugs that trigger the activation of the immune cells
[11].

Early in the 1990s, the impact of B-glucans and their
application as adjuvants in vaccines was researched. B-glucan
that includes Bacillus Calmette-Guerin (BCGQG)-like activity
induces the tripartite motif family (TRIM) phenotype that is
linked to the recognition of pathogens and the transcriptional
regulation of the innate immune system [12].

Additionally, combined with other factors, there is an
additive and synergistic effect of B-glucans [13]. As a result,
there is a significant amount of studies devoted to the
application of 2-glucans in vaccines against bacterial, viral,
and parasitic diseases [9, 14]. They are vaccines against
hepatitis B, Toxoplasma gondii, Staphylococcus aureus, and
various types of fungi, such as Candida species and
Cryptococcus neoformans [15, 16]. In a single study, complete
B-glucan particles were used to produce a vaccination against
coccidioidomycosis and systemic aspergillosis. The results
disclosed that entire B-glucan particles were capable of
producing a fungal vaccine [17].

Another study revealed that mice immunized against
cryptococci  were  immunized against recombinant
cryptococcal protein in B-glucan particles [17]. It enhances the
immune response to vaccination since B-glucan is structurally
similar and size-similar to natural pathogens. Nonetheless, it
is now critical to develop antigen delivery systems for new
vaccines with natural polymers. At the same time, fine-particle
B-glucan may be an antigen carrier as well as an
immunological stimulator [18, 19].

This study aims to evaluate the protective efficacy of the
vaccine produced out of purified and extracted Candida
specimen beta-glucan to elucidate the underlying immune
responses by assessing the concentrations of immunoglobulin
G and pro-inflammatory cytokines.

2. MATERIALS AND METHODS

2.1 Extraction and preparation of -glucan vaccine

Candida albicans was cultured on SDA media for 72 hr at
37°C, from 50 petri dishes, and cells were harvested to collect
about 48 g from colonies on the media. f-glucan was extracted
from the Candida albicans cell wall using an alkaline-acid
treatment method, modified from research [20]. 48 g of
harvested yeast was mixed with 250 ml of 1M NaOH, and the

mixture was incubated at 80°C in a magnetic stirrer for 2 hours.

The pellet was collected by cooling the centrifuge at 6000 xg
for 20 min. At 4°C and washed in 3-fold of distilled water. The
step was repeated, and the supernatant was discarded. Then,
the sediment was dissolved in 250 ml of 1M acetic acid
(CH3COOH). The mixture was incubated at 80°C in a
magnetic stirrer for 2 hours. Then the pellet was collected by
centrifugation at 6000 xg for 20 min. At 4°C, the cells were
washed with distilled water 3 times and centrifuged at 6000 xg
for 25 min at 4°C. The supernatant was discarded, and after
that, the pellet was mixed with 600 mL of absolute ethanol
with a magnetic stirrer for 1 hour, and the suspension was
centrifuged at 6000 xg for 25 min. At 4°C, the pellet was dried
in a glass Petri dish by a hot air oven at 60°C for 24 hr to be
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ready for diagnosis.

2.2 Diagnosis of B-glucan by high-performance liquid
chromatography (HPLC)

An auto sampler high-performance liquid chromatography
system (SYKAM-Germany), supplied with a CI18-NH
analytical column (250 mm x 4.6 mm, 5 pm), was used for the
diagnosis of pB-glucan. Mobile phase = D.W: MeOH (98:2).
The flow rate was 0.7 mL/min, the injected volume was 100
pL, with Detector = RI (refractive index detector).

2.3 Vaccination schedule

To estimate the efficacy of the B-glucan vaccine in
vaccination, forty rats (Rattus norvegicus albino strain Wister)
aging 40 days were obtained from the animal house of the
University of Babylon and maintained under controlled
environmental conditions (temperature 22 + 2°C, relative
humidity 50-60%, and a 12h light/dark cycle). Standard
laboratory chow and water were provided. Rats were divided
into four groups: twenty rats were used for vaccination, and
twenty rats were used as a control group. Each group
comprised ten animals per cage in clean, sterilized cages and
was housed for three weeks for adaptation.

Vaccines were emulsified with the same volume of
Complete Freund’s Adjuvant, and two booster injections were
administered to rats. On Day 0, rats in the vaccinated group
received a subcutaneous injection of 10 pg B-glucan (in 0.1 ml
PBS), emulsified with an equal volume of Complete Freund's
Adjuvant (CFA). On Day 7, a booster dose (10 pg/0.1 ml -
glucan in PBS) was administered subcutaneously, emulsified
with an equal volume of Incomplete Freund's Adjuvant (IFA;
Sigma, USA). On Day 14, a final booster dose of 20 pg f-
glucan in 0.1 ml PBS (without adjuvant) was injected
subcutaneously.

The control group received PBS mixed with the
corresponding adjuvants on the same schedule. Seven days
after the last injection, ten rats from each group were sacrificed
for blood collection and serum separation at -20°C. while the
other groups were challenged after 14 days with 0.2 ml of
(10%/0.1 ml) of viable colonies aged 72 hr. of the viable strain
of C. albicans. On Day 49 (21 days post-challenge), rats were
anesthetized by intraperitoneal injection of 0.2ml of a
ketamine—xylazine mixture (2:1 ratio) 15 minutes prior to
sacrifice [21]. Blood was collected into gel tubes, and serum
was separated and stored at -20°C for ELISA analysis.

Serum levels of IgG, IL-1p, IL-18, IL-17, and IL-23 were
quantified using enzyme-linked immunosorbent assay (ELISA)
kits (ELK Biotechnology Co., Cat. No. 80202, USA),
following the manufacturer's instructions. Liver tissues were
homogenized in PBS using a tissue homogenizer, and 0.1 ml
of the homogenate was plated on Sabouraud Dextrose Agar
(SDA). Plates were incubated at 37°C for 48 hours to
determine colony-forming units (CFUs) of Candida albicans.

2.4 Preparation and viable cell count of Candida albicans
for challenge inoculum

To prepare a cell suspension, Candida albicans was
cultured in SDA media for 24-72 hr at 37°C. Then cells were
collected by centrifugation and washed with 10 mL PBS,
mixing well by shaking. The process was repeated. The
Supernatant was discarded to collect the pellet. 50 pl of



Candida albicans cells were diluted with 950 pl of PBS to tested particle. Figure 2 shows the obtained chromatogram,
prepare a stock solution. After that, 50 pl of diluted cells was while Table 1 summarizes the comparative data between the
aspirated with 50 pl of trypan blue stain. Cell numbers were sample and the standard.

counted under a light microscope by a hemocytometer using
the following formula [22]:

Total viable cells count (cells/ml) = (total cells counted x
dilution factor x 10.000 cells/ml) /number of squares counted

2.5 Quantification of Candida albicans CFUs in liver tissue
post-challenge

Rats were dissected and organs separated from the body,
about 1 g from the liver, and were weighed in a balance,
transferred to a sterile test tube, mixed, and crushed with PBS
in the test tube using a tissue homogenizer. About 100ul of
homogenized liver tissue was streaked on SDA petri dishes
and incubated at 37°C for 24 hr. Growth was examined daily, Figure 1. Crushed p-glucan particles from Candida abicans
and colonies of Candida albicans were counted to calculate
colony-forming units per 1 ml. Colonies were counted in each
petri dish after 24 hr [23]. 12

2.6 Statistical analysis

4.08

All data of the present study were analyzed using SPSS g‘u
(version 26), and the comparison between groups was done
using one-way ANOVA followed by Tukey’s post hoc test.
Data was divided into four groups (vaccinated and non-
vaccinated groups before and after challenge), each group o
comprises 10 rats. All data were expressed as mean, standard foin]
error, and standard deviation (SD). A probability value of P <
0.05 was considered statistically significant.

=
5.02

Figure 2. HPLC chromatogram of the f-glucan sample
showing that the retention time matches the standard

3. RESULTS reference
3.1 Extraction of p-glucan vaccine

In the current study, from about 48 g of Candida albicans
growth, B-glucan particles extracted by the Alkaline-acidic
extraction method, after drying, weighed almost 3.25 g,
appeared in bright brownish color, sold as particles (Figure 1).

3.2 Analysis of p-glucan by high-performance liquid
chromatography (HPLC) technique

Beta-glucan was analyzed using high-performance liquid
chromatography (HPLC) to diagnose the active elements and
compare them with the standard. The results revealed a clear

similarity in retention time and absorbance values with the Figure 3. Viable cells of Candida albicans under a light
reference standard, verifying the identity and purity of the microscope (10x)

Table 1. HPLC identification of B-glucan extracted from Candida albicans

No. Reten. Time, min  Area, mAU.s Height, mnAU Area, % Height, % W.s, min

Sample 4.08 69844.98 654.89 90.00 90.00 0.25

5.02 854.00 88.45 10.00 10.00 0.02

Standard p-glucan 4.05 2001.89 592.61 100.00 100.00 0.25
3.3 Candida cells viability count Signs were monitored in the vaccine-treated rats for 21 days.
No mortalities appeared during this period, weight increased,
Candida albicans cells were grown on SDB with Tween 20 and then the rats were dissected, while the control group
for 48-72 hr for challenge infection, and cells were counted to showed white/creamy colonies of Candida albicans on the

get 6 x 103 (Figure 3). tissues (Figure 4).
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Figure 4. Liver from the control group showed regions with
creamy colonies of Candida infection

3.4 Evaluation of vaccine efficacy

-Determination of humoral and cellular immune response
The concentrations of immunoglobulin G were measured in
the sera of vaccinated and control rats. The results revealed
that there were significant differences between concentrations
in rats vaccinated with p-glucan vaccine (G1:10.737 pg/ml)
compared with the control group (C1: 4.45 pg/ml) (p < 0.05).
While the results after challenging infections showed that
there was a non-significant elevation in rats vaccinated with f3-
glucan challenged with Candida cells (G2: 4.269 pg/ml) by
comparing with control groups (C2: 5.052 pug/ml).
Additionally, statistical analysis revealed that there was a
significant difference in the concentration of immunoglobulin
G in rats vaccinated with beta-glucan before challenge
compared with those after challenge (p < 0.05) (Figure 5).
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Figure 5. The mean concentration of IgG in vaccinated and

control groups before and after challenge
C1 = control group before challenge, C2 = control group after challenge, G1
= B-glucan vaccinated group before challenge, and G2 = B-glucan vaccinated
group after challenge

The concentrations of interlukine-1p measured in sera of
vaccinated and control rats were measured by the ELISA
technique. The statistical analysis revealed that the mean
concentrations of IL-1f noticeably increased in rats vaccinated
with B-glucan (G1: 64.342 pg/ml) compared with the control
group (C1: 33.243 pg/ml) (p < 0.05). While the results after
challenging infections showed that there were no significant
differences in rats vaccinated with B-glucan challenged with
Candida cells (G2: 66.188 pg/ml) by comparing with control
groups (C2: 69.126 pg/ml) (Figure 6).

Also, statistical analysis showed a significant increase in the
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mean serum level of IL-18 in the B-glucan vaccinated group
before challenge (185.544 pg/ml) compared with the control
group (138.013 pg/ml) (P < 0.05). Moreover, the mean IL-18
concentrations in the B-glucan vaccinated group after
challenging (142.525 pg/ml) also showed significant
differences when compared with the control group (141.335
pg/ml) (P <0.05) (Figure 7).
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Figure 6. IL-1p concentrations in the vaccinated and control

groups before and after challenge
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Figure 7. IL-18 concentrations in vaccinated and control
groups before and after challenge
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Figure 8. Mean concentration of IL-17 in vaccinated and
control groups before and after challenge

Statistical analysis showed a significant difference in the
mean concentrations of IL-17 in vaccinated rats with beta-
glucan before challenge (G1: 12.332 pg/ml) compared with the
control group (C1: 7.128 pg/ml) (p < 0.05). After challenge,



the mean level of IL-17 in rats vaccinated with beta-glucan
(G2:7.393 pg/ml) revealed a noticeable change compared with
the non-vaccinated group (8.8 pg/ml) (p < 0.05) (Figure 8).
Moreover, statistical analysis results revealed a significant
difference in the mean concentrations of IL-23 between the -
glucan-treated group before challenge (Gl: 44.947 pg/ml)

compared with the control group (C1: 39.164 pg/ml) (p <0.05).

After challenge, data analysis showed a noticeable decrease in
IL-23 mean levels in rats vaccinated with B-glucan (G2:
35.504 pg/ml) compared with the control group (C2: 43.834
pg/ml) (p <0.05) (Figure 9).
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Figure 9. Mean concentration of IL-23 in vaccinated and
control groups before and after challenge

-Tissue burden evaluation by colony-forming unit (CFU)

Colony-forming unit in the liver revealed a clear protective
effect of B-glucan vaccination. The livers of vaccinated rats
remained free of visible Candida colonies following challenge,
whereas non-vaccinated rats developed multiple whitish
lesions corresponding to fungal colonization (Figure 4). These
observations indicated that B-glucan vaccination effectively
reduced fungal burden in hepatic tissues compared with the
control group.

CFU in liver
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Figure 10. The mean of colony-forming units in the liver of
vaccinated and control groups after challenge

A statistically significant reduction in the mean hepatic
CFU counts was observed in the B-glucan vaccinated rats (5.2
CFU/100pul) compared to the unvaccinated controls (15.3
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CFU/100ul) (p £ 0.05). These findings indicated that 3-glucan
vaccination effectively decreased the fungal burden in the liver,
reflecting its protective role against Candida colonization
(Figure 10).

-Correlation among the study parameters

In the G1 group, correlation analysis between IgG and
cytokines (IL-1B, IL-17, IL-18, and IL-23) revealed no
statistically significant associations (p > 0.05). Although weak
positive correlations were observed, such as between IgG and
IL-17 (r = 0.311), and weak negative correlations with IL-18
(r = -0.231), these relationships did not reach statistical
significance. Similarly, a moderate positive correlation was
detected between IL-18 and IL-23 (r = 0.568, p = 0.087) and
between IL-1 and IL-17 (r = 0.494, p = 0.146), but these also
remained non-significant. These findings suggest that humoral
immunity, as reflected by IgG levels, may act independently
of the cytokine-mediated cellular immune responses within
this sample. The non-significant positive trends among IL-17,
IL-18, and IL-23 may indicate a potential activation of the
Thl7-related cytokine pathway, but the limited sample size
(n=10) likely reduced the statistical power to detect significant
associations.

In the C1 group, the correlation analysis between IgG and
the studied cytokines (IL-1f, IL-17, IL-18, IL-23) revealed no
statistically significant relationships (p > 0.05). IgG showed
weak negative correlations with IL-1f (r = -0.268) and IL-17
(r =-0.251), and nearly no correlation with IL-18 (r = 0.062)
or IL-23 (r = 0.001). Similarly, inter-cytokine correlations
such as between 1L-17 and IL-18 (r = 0.477, p = 0.163) and
between IL-17 and IL-23 (r = -0.449, p = 0.193) indicated
moderate trends but did not reach statistical significance.
These findings suggest that [gG-mediated humoral immunity
is not directly associated with the cytokine profile within this
sample. The observed, though non-significant, associations
among IL-17, IL-18, and IL-23 may reflect partial
involvement of the Th17 cytokine axis, but the limited sample
size (n = 10) likely constrained the statistical power to detect
significant correlations.

While in the G2 group, the correlation analysis
demonstrated a strong and statistically significant positive
association between IgG and IL-17 (r=0.862, p =0.001). This
indicates that higher IgG levels were closely associated with
increased IL-17 concentrations in the studied group. Such a
strong correlation suggests a potential interaction between
humoral immunity and Th17-mediated cellular responses. No
significant correlations were detected between IgG and other
cytokines (IL-1p, IL-18, IL-23), as all p-values exceeded 0.05.
The observed 1gG-IL-17 relationship may reflect the role of
Thl7-related cytokines in modulating B-cell responses and
enhancing antibody production, consistent with previous
reports linking IL-17 activity to humoral immune regulation.
The lack of significant associations with IL-1f, IL-18, and IL-
23 may be attributed to either independent regulatory
mechanisms or the limited sample size (n = 10), which may
have reduced statistical power.

Additionally, in the C2 group, correlation analysis
demonstrated a strong and statistically significant positive
association between IgG and IL-18 (r = 0.794, p = 0.0006),
indicating that higher IgG levels are closely associated with
elevated IL-18 concentrations in the studied group. Moderate
positive correlations were also observed between IgG and IL-
1B (r=0.323,p =0.363) and between IgG and IL-17 (r=0.193,
p = 0.594), but these did not reach statistical significance. No



meaningful correlation was found between IgG and IL-23 (r =
-0.064, p =0.860). The strong IgG—IL-18 relationship suggests
a potential link between humoral immunity and pro-
inflammatory cytokine responses, highlighting a coordinated
interaction between antibody production and IL-18-mediated
immune activity. Other cytokines may be regulated
independently or may not show detectable associations due to
the limited sample size (n = 10).

4. DISCUSSION
4.1 Extraction and purification of p-glucan vaccine

The extraction and purification of f-glucan from yeast cell
walls is a critical determinant of vaccine quality and
immunogenicity. Crude yeast cell wall preparations contain a
complex mixture of polysaccharides, proteins, lipids, and
nucleic acids, which can mask antigenic epitopes or induce
undesired immune responses. Therefore, effective purification
protocols are essential to isolate B-glucan in a structurally
intact and immunologically active form [24, 25].

In the current study, B-glucan purification was done using
alkaline-acid treatment. It is commonly employed in yeast
polysaccharide extraction, where mannoproteins and lipids are
removed by alkaline hydrolysis and release of B-glucan in the
complex cell wall matrix, which is removed by acid treatment
that also simplifies the separation of any remaining impurities.
It has been testified by numerous reports that B-glucan
preparations of high purity, and with the triple-helix structure,
both necessitate biological activity that is obtained by
combined alkaline-acid extraction [18, 26].

According to the analysis of analytical HPLC of this
investigation, high B-glucan concentrations were present in the
purified fractions, and the elution patterns were very similar to
the original reference standard. The distribution of molecular
weight and conformational integrity of the B-glucan was not
lost in the purification process, as the profile was very similar
to the standard profile. These findings are aligned with other
recent studies that indicate that when extraction steps are done
correctly, B-glucan fractions can have chromatographic
profiles that are almost identical to commercial standards [25,
217].

Crucially, the high-purity B-glucan offers a strong platform
for immunological research. Branching patterns, solubility,
and molecular weight alone can significantly alter the
interaction between Dectin-1 and, consequently, immune
activation, and thus provide a direct relationship between
structural integrity and immunostimulatory ability. The
current results support the effectiveness of the purification
method and highlight its future applicability to vaccine
production, as demonstrated by the achievement of both the
increased concentration and compliance with the accepted
reference values [9, 28].

Apparently, the whole procedure of the HPLC validation
and alkaline-acid purification yielded high-quality p-glucan
preparations that were of the set standards. These data support
the fact that the method can be used in the pipeline of
developing antifungal vaccines and support the idea that it can
be reproducible and reliable.

The results of the present purification are consistent with the
past research on the yeast B-glucan purification. Previous
study showed that alkaline-acid extraction produced B-glucan
with purity levels above 80%, but the remaining mannoprotein
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had to be removed through the use of enzymes. Conversely,
the current procedure produced a high-purity product with the
HPLC chromatogram being very similar to the industry
standard, meaning that there was no need to add enzyme
treatment to remove contaminants [24]. Similar to this, Chioru
and Chirsanova [18] found that differences in extraction
techniques had a significant impact on the molecular weight
distribution and solubility of B-glucan. As it has been revealed
through our inquiry, sequential treatments of the sample with
acid and base did not cause the samples of the fraction to lose
their triple-helical structure and immunologic capability.

The fact that the purified fractions and the reference profile
were congruent is a strong indication that the conformational
integrity was not lost during the extraction procedure, and this
supports the existing results.

Our investigation has indicated that fractions that had
undergone sequential acid-base treatment did not lose their
triple helical structure and immunological property. The fact
that the purified fractions matched the standard profile is a
strong indication that the conformational integrity was not lost
during the extraction, thus supporting the observed results.
According to Zheng et al. [27], who highlighted the
significance of HPLC as a gold-standard technique for
evaluating B-glucan purity and structural consistency, the
reproducibility of the chromatographic profile obtained in this
study further solidifies its position. Strong confirmation that
the purification procedure satisfied global standards for
biochemical quality is thus provided by the close
correspondence between our results and the reference standard.

In summary, by showing that B-glucan of a quality
comparable to commercial standards can be obtained through
acid-base purification and HPLC validation, the present result
not only supports but also goes beyond earlier reports. These
findings highlight the possibility of the translational
application of the extraction method to develop antifungal
vaccines and make it a reliable method to be used in further
immunological testing [9, 28].

4.2 Determination of humoral and cellular immune
response

The production of specific IgG antibodies after B-glucan
vaccination is an important step of the adaptive immune
response against Candida albicans. Earlier studies have
proved that anti-p-glucan antibodies adsorb to the fungal cell
walls, enhance the opsonophagocytosis process, and directly
block the growth of fungi [28]. Given the fact that long-term
protection requires humoral immunity and 1gG levels are
supplemented by innate antifungal immunity, the increase of
IgG levels in this study demonstrates that the vaccine
preparation has been capable of stimulating humoral immunity
[9]. The reduced levels of cytokines and the declined levels of
antibody in vaccinated groups subsequent to the Candida
challenge could be viewed as evidence of effective immune
regulation rather than immune suppression. The significant
rise in the pre-infection levels of antibodies and cytokines
indicates that the f-glucan immunization was a strong
stimulator of humoral and cellular response. The host could
respond very fast and efficiently to the pathogen in case of
exposure to the pathogen because of this immune priming [29,
30]. Therefore, the deterioration of the immune parameters
after the challenge is a shift to an activated condition to a
regulated balance, a hallmark of protective immunity and
functional immunological memory [31, 32].



In contrast to the non-treated control group, as the present
research has shown, the vaccination with B-glucan resulted in
a significant increase in concentrations of IL-1f in
successively vaccinated rats before the challenge. The initial
increase states that f-glucan is a good inducer of the innate
immune system and causes early activation of inflammatory
cytokine cascades. This is pre-emptive of what could be
termed trained immunity, whereby a phenotype of priming of
B-glucans is said to restructure innate immune cells such as
dendritic cells and macrophages that are subsequently able to
respond with a greater degree of cytokine response to a

subsequent stimulating occurrence of the identical antigen [33].

The vaccinated group's IL-1pB levels decreased after the
challenge infection, but the difference was not statistically
significant compared to pre-challenge levels. This pattern
might be the result of the immune system adjusting its
regulation to prevent hyperinflammation. It has been
demonstrated through previous studies that exposure to f-
glucan can induce metabolic and epigenetic reprogramming
and, consequently, limit excessive activation of the
inflammasome to downregulate tissue damage and promote
cytokine responses in parallel [33]. The observed downtrend
in IL-1B may therefore indicate the establishment of a
balanced inflammatory state, in which protective immunity is
preserved without triggering harmful immunopathology.

According to the traditional activation of the NLRP3
inflammasome in response to infection, the non-treated control
group, on the other hand, revealed a significant increase in IL-
1B following the challenge infection in comparison to baseline
values. This not-inspected increase in IL-1p in unvaccinated
animals shows how B-glucan vaccination helps to regulate the
cytokine environment and emphasizes the absence of immune
priming. Recent studies have verified that f-glucan can serve
as an immune adjuvant by boosting protective responses and
diminishing the risk of an excessive inflammatory pathway
[34].

All these findings suggest a biphasic immunologic outcome
of B-glucan immunization, characterized by a priming phase
enhancement in the production of IL-1B before the antigen
challenge with immunologic effects, and then the active
regulation phase that diminishes further increases in the
production of cytokines on further exposure to pathogens. This
dual action highlights B-glucan's function as a modulator of
inflammatory homeostasis as well as an immune stimulant. In
this regard, said features can have great ramifications on the
development of vaccines, where the requirements of safety and
efficacy are at loggerheads with a carefully-tuned generation
of cytokine profiles [14].

Similarly, Inflammasome activation can be proven to play
an antifungal defense role, as it leads to a rise in the levels of
IL-18. The initial vaccination with B-glucan likely increased
IL-18 because of activation of inflammasome pathways and
enhanced signaling by receptors such as Dectin-1, which
promote caspase-1-mediated maturation of IL-18 [35]. After
challenge infection with Candida albicans, the observed
decrease in systemic IL-18 may be due to rapid consumption
of IL-18 at the site of infection, migration of IL-18-producing
cells into tissues, or the engagement of regulatory feedback
mechanisms that drop IL-18 release. Furthermore, IL-18 is
known to raise both Th1 and Th17 responses (for example, via
IFN-y induction and modulation of y3T cells), and thus its
decrease might signify transition from acute innate activation
to a regulated adaptive phase [36]. Finally, the timing of
sampling relative to peak IL-18 kinetics is critical; if sampling
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was taken after the initial surge, levels in the circulation could
already have waned despite ongoing local immune action.
Together, these mechanisms may explain the pattern of IL-18
increasing post-vaccination and reduction following fungal
challenge. Growing evidence suggests that IL-18 and IL-12
are synergistic in boosting Thl-selected immunity and
production of IFN-y, and this leads to fungus clearance and
macrophage activation [37]. According to the current study,
the vaccination of B-glucan has a good prospect of training
both cellular and adaptive immune cells, thereby enhancing
host protection against candidiasis at the systemic level.

The early elevation in IL-17 levels after PB-glucan
vaccination can be attributed to the potent activation of Th17
differentiation via Dectin-1 and other pattern-recognition
receptors, which are known to trigger 1L-23/IL-6-dependent
IL-17 secretion [38, 39]. After the infection with Candida
albicans, the observed decline in systemic IL-17
concentrations may reflect migration of IL-17-producing cells
from the circulation to the site of infected tissues, consumption
of IL-17 at the mucosal site, or induction of regulatory
feedback mechanisms such as IL-10/Tregs, which dampen
Th17 responses [40, 41]. Furthermore, the dynamic
remodeling of fungal cell-wall B-glucan exposure during
infection could modulate dectin-1 signaling and thereby alter
subsequent IL-17 output after the challenge [38]. Finally, the
timing of sample collection relative to peak IL-17 kinetics is
critical sampling occurred post-peak, the decrease may be
attributed to the waning phase of IL-17 production rather than
failure of the vaccine-induced response [42, 43]. Together,
these mechanisms provide plausible explanations for the
pattern of IL-17 elevation after immunization and decline
following fungal infection.

The early increase in IL-23 in the B-glucan-treated group
before the pathogen challenge is in line with the
immunostimulatory effect of B-glucans through Dectin-1
engagement on macrophages and dendritic cells, which
triggers 1L-23/Th17 axis responses and activates Syk/NF-«kB
signaling [44, 45]. This finding supports the idea of trained
immunity, which speculates that an individual becomes more
susceptible to training through exposure to -glucan, in which
greater stimulations invoke a significant cytokine response
among the previous exposure of the cell [46, 47]. There could
be a number of causes for the subsequent decrease in IL-23
levels after the challenge infection. First, to protect the organs
from tissue damage, negative immune regulation (such as the
production of IL-10 or the activation of Treg cells) may
suppress IL-23 [48]. Second, systemic cytokine concentrations
may be temporarily dropped by functional exhaustion or the
redistribution of IL-23-producing cells to infected tissues.
Third, the IL-23/Th17 pathway may be downregulated by a
shift in immune dominance toward Thl/IFN-y responses,
although some pathogens are also known to actively suppress
IL-23 secretion as a means of immune evasion. Collectively,
these results imply that B-glucan vaccination successfully
primes the IL-23/Th17 pathway; however, its subsequent
modulation is determined by post-challenge regulation and
pathogen interactions.

The immunomodulatory function of B-glucan vaccination is
approved by the decrease in IL-1, IL-17, IL-23, and IL-18
concentrations seen in treated groups following Candida
infection, in contrast to their distinct elevation in non-treated
controls. Elevation in levels of IL-23 and IL-17, which are
known to mediate mucosal immunity, can progress to too
much inflammatory response and tissue damage when



dysregulated, which was a sign of a vigorous Thl7-driven
inflammatory reaction in control animals. This is due to the
unchecked proliferation of fungi [33].

Conversely, the noted decline in the number of colony-
forming units (CFU) in the hepatic tissue proves that prior
immune priming of the body by B-glucan vaccination is what
supports the quick fungal elimination is supported by. As a
result, there is a reduced antigen load with resulting
suppression of the sustenance stimulus of occurrences of
prolonged cytokine generation, which portrays a success in
suppressing the pathogen. Furthermore, B-glucan offers
immunoregulatory properties that will suppress overinflamed
hyperinflammation and promote a balanced immune reaction.
Therefore, downregulation of IL-1p, IL-17, IL-23, and IL-18
indicates a controlled equilibrium state that reduces host
immunopathology rather than immune suppression [49, 50].

According to recent research, B-glucan can stimulate both
innate and adaptive immunity through "trained immunity"
mechanisms, improving early pathogen control while also
altering inflammatory pathways [51]. In addition, vaccine
trials against Candida show that protective immunity depends
on a balanced response that combines early Th17 activation
with prompt inflammation resolution, rather than just
persistent IL-17 overexpression [32].

The pB-glucan-vaccinated rats exhibited a significant
deficiency in hepatic CFU counts when compared with the
non-immunized controls, suggesting that B-glucan may be
protective against Candida infection. This effect is most likely
mediated through the activation of innate immune mechanisms,
specifically the stimulation of neutrophils, dendritic cells, and
macrophages—key effectors in fungal clearance [50]. It has
been demonstrated that B-glucan improves phagocytosis and
oxidative killing of fungal pathogens, which lowers the fungal
burden in target organs [5S1]. The observed decline in fungal
colonization in vaccinated groups is in line with earlier
research  showing that p-glucan can act as an
immunomodulatory factor that can improve host resistance to
a Candida challenge by evoking trained immunity [52]. Thus,
the present results supply strong evidence supporting the
potential of B-glucan-based vaccines as promising candidates
in antifungal immunotherapy.

After challenging, there was no mortality observed in the
non-vaccinated groups and no dissemination of the fungal
cells to all organs. This result may be attributed to different
factors, including the overall good health status of the rats, the
optimal environmental conditions maintained during the
experiment duration, which collectively may strengthen their
immune system. Additionally, the inoculum of Candida cells
might have been relatively low and too little to evoke severe
infection. Moreover, the innate immune cells may have played
an important role in restricting the fungal infection and
stopping the spread of fungal dissemination [53, 54].

The limitation of this study is that the structural
characterization of the extracted B-glucan was primarily based
on HPLC analysis. Future studies would benefit from more
comprehensive techniques, such as Fourier-transform infrared
spectroscopy (FTIR) for chemical bond confirmation and
Congo red assay for verifying the triple-helix structure. Also,
it is recommended to do histopathological micrograph studies
that clarify the differences in tissue structure of the liver,
kidney, or lymphoid organs in vaccinated and control groups.

Collectively, these results imply that B-glucan vaccination
not only prepares the immune system for quick pathogen
removal but also encourages immune homeostasis following

2286

infection, which is essential for reducing host pathology.

5. CONCLUSIONS

Considering the results provided in this research, it was
observed that B-glucan vaccination has a significant induction
of immunization, as evidenced by the increases in the
concentrations of antibodies and pro-inflammatory cytokines
before the occurrence of the infection. Following Candida
challenge, a decrease in these immunological parameters
indicated a controlled and balanced reaction that avoided
hyperinflammation. Importantly, vaccinated groups also
showed a significant decrease in liver yeast CFU counts,
suggesting better protection against fungal growth. These
results support the efficacy of B-glucan as a vaccine candidate
or antigen that stimulates effective and regulated host defense.

ACKNOWLEDGMENT

This article was done as part of the requirements for the
Ph.D. degree at the University of Basrah. We are thankful the
support of the Department of Biology/ College of Science for
providing the necessary facilities and materials to conduct this
study.

REFERENCES

[1] Dumpa, N., Goel, K., Guo, Y., McFall, H., Pillai, A.R.,
Shukla, A., Repka, M.A., Murthy, S.N. (2019). Stability
of wvaccines. AAPS PharmSciTech, 20: 42.
https://doi.org/10.1208/s12249-018-1254-2

Shattock, A.J., Johnson, H.C., Sim, S.Y., Carter, A., et al.
(2024). Contribution of vaccination to improved survival
and health: Modelling 50 years of the Expanded
Programme on Immunization. The Lancet, 403(10441):
2307-2316.
https://doi.org/10.1016/S0146736(24)00850-X

Hou, Y., Chen, M., Bian, Y., Zheng, X., Tong, R., Sun,
X. (2023). Advanced subunit vaccine delivery
technologies: From vaccine cascade obstacles to design
strategies. Acta Pharmaceutica Sinica B, 13(8): 3321-
3338. https://doi.org/10.1016/j.apsb.2023.01.006
Cunningham, A.L., Mclntyre, P., Subbarao, K., Booy, R.,
Levin, M.J. (2021). Vaccines for older adults. BMJ, 372:
n188. https://doi.org/10.1136/bmj.n188

Han, B., Baruah, S.K., Cox, E., Vanrompay, D., Bossier,
P. (2020). Structure-functional activity relationship of B-
glucans from the perspective of immunomodulation: A
mini-review. Frontiers in Immunology, 11: 658.
https://doi.org/10.3389/fimmu.2020.00658

De Oliva-Neto, P., Oliveira, S.S., Zilioli, E., Zilioli
Bellini, M. (2016). Yeasts as potential source for
prebiotic B-glucan: Role in human nutrition and health.
In Probiotics and Prebiotics in Human Nutrition and
Health. https://doi.org/10.5772/63647

Nakashima, A., Yamada, K., Iwata, O., Sugimoto, R.,
Atsuji, K., Ogawa, T., Ishibashi-Ohgo, N., Suzuki, K.
(2018). B-Glucan in foods and its physiological functions.
Journal of Nutritional Science and Vitaminology, 64(1):
8-17. https://doi.org/10.3177/jnsv.64.8

De Marco Castro, E., Calder, P.C., Roche, H.M. (2021).

(2]

(6]

(7]



[9]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

B-1,3/1,6-glucans and immunity: State of the art and
future directions. Molecular Nutrition & Food Research,
65(1): €1901071.
https://doi.org/10.1002/mnfr.201901071

Alapan, D., Bisweswar, O., Prasenjit, S., Prasanjit, D.,
Arkapal, B. (2024). Recent advances in the clinical
development of antifungal vaccines: A narrative review.
Frontiers in Tropical Diseases, 5: 1446477.
https://doi.org/10.3389/fitd.2024.144647

Liu, H., Meng, Z., Wang, H., Zhang, S., Huang, Z., Geng,
X., Guo, R., Wu, Z., Hong, Z. (2021). Robust immune
responses elicited by a hybrid adjuvant based on -glucan
particles from yeast for the hepatitis B vaccine. ACS
Applied Bio Materials, 4(4): 3614-3622.
https://doi.org/10.1021/acsabm.1c00071

Ciecierska, A., Drywien, M.E., Hamulka, J., Sadkowski,
T. (2019). Nutraceutical functions of beta-glucans.
Roczniki Panstwowego Zaktadu Higieny, 70(4): 315-
324, https://doi.org/10.32394/rpzh.2019.0082

Paris, S., Chapat, L., Martin-Cagnon, N., Durand, P.Y.,
et al. (2020). B-glucan as trained immunity-based
adjuvants for rabies vaccines in dogs. Frontiers in
Immunology, 11: 564497.
https://doi.org/10.3389/fimmu.2020.564497

Moorlag, S.J.C.F.M., Khan, N., Novakovic, B,
Kaufmann, E., Jansen, T., van Crevel, R., Netea, M.G.
(2020). B-glucan induces protective trained immunity
against Mycobacterium tuberculosis infection: A key
role for IL-1. Cell Reports, 31(7): 107634.
https://doi.org/10.1016/j.celrep.2020.107634

dos Santos, J.C., de Figueiredo, A.M.B., Silva, M.V.T.,
Cirovic, B., et al. (2019). B-glucan—induced trained
immunity protects against Leishmania braziliensis
infection: A crucial role for IL-32. Cell Reports, 28(10):
2659-2672. https://doi.org/10.1016/j.celrep.2019.08.004
Clemons, K.V., Antonysamy, M.A., Danielson, M.E.,
Michel, K.S., Martinez, M., Chen, V., Stevens, D.A.
(2015). Whole glucan particles as a vaccine against
systemic coccidioidomycosis. Journal of Medical
Microbiology, 64(10): 1237-1243.
https://doi.org/10.1099/jmm.0.000138

Soares, E., Cordeiro, R., Faneca, H., Borges, O. (2019).
Polymeric nanoengineered HBsAg DNA vaccine
designed in combination with B-glucan. International
Journal of Biological & Macromolecules, 122: 930-939.
https://doi.org/10.1016/j.ijbiomac.2018.11.024

Specht, C.A., Lee, C.K., Huang, H., Hester, M.M., et al.
(2017). Vaccination with recombinant Cryptococcus
proteins in glucan particles protects mice against
cryptococcosis in a manner dependent upon mouse strain
and Cryptococcal species. mBio, 8(6): ¢01872-17.
https://doi.org/10.1128/mBi0.01872-17

Chioru, A., Chirsanova, A. (2023). p-Glucans:
Characterization, extraction methods, and valorization.
Food and Nutrition Sciences, 14(10): 963-983.
https://doi.org/10.4236/fns.2023.1410061

Vetvicka, V., Vetvickova, J. (2020). Anti-infectious and
anti-tumor activities of B-glucans. Anticancer Research,
40(6): 3139-3145.
https://doi.org/10.21873/anticanres.14295

Pengkumsri, N., Sivamaruthi, B.S., Sirilun, S., Peerajan,
S., Kesika, P., Chaiyasut, K., Chaiyasut, C. (2017).
Extraction of B-glucan from Saccharomyces cerevisiae:
Comparison of different extraction methods and in vivo

2287

(21]

[23

—_

[24]

[25]

[26]

(27]

(28]

[29]

[31]

[32]

assessment of immunomodulatory effect in mice. Food
Science  and  Technology,  37(1): 124-130.
https://doi.org/10.1590/1678-457X.10716

Essa Aledani, A.H., Khudhair, N.A., Alrafas, H.R.
(2020). Effect of different methods of anesthesia on
physiobiochemical parameters in laboratory male rats.
Basrah Journal of Veterinary Research, 19(1): 206-214.
Strober, W. (2015). Trypan blue exclusion test of cell
viability. Current Protocols in Immunology, 111:
A3.B.1-A3.B.3.
https://doi.org/10.1002/0471142735.ima03bs111
Benson, H.J. (2001). Microbiological Applications:
Laboratory Manual in General Microbiology. 8th ed.
New York: The McGraw-Hill.

Hameed, M.A K., Alsafah, A.H., Mahdi, H.T. (2024).
Beta-glucan: An overview of its properties, sources,
health benefits, immunity and extraction methods.
Journal of Kerbala University, 21(2): 1-13.
https://journals.uokerbala.edu.ig/index.php/UOKJ/articl
e/download/2665/1585/9478utm_source=chatgpt.com.
Amirinia, F., Jabrodini, A., Morovati, H., Ardi, P.,
Motamedi, M. (2025). Fungal B-Glucans: Biological
properties, immunomodulatory effects, diagnostic and
therapeutic applications. Infectious diseases & clinical
microbiology, 7(1): 1-16.
https://doi.org/10.36519/idem.2025.448

Chioru, A., Chirsanova, A., Dabija, A., Avramia, I.,
Boistean, A., Boistean, A. (2024). Extraction methods
and characterization of B-glucans from yeast lees of
wines produced using different technologies. Foods,
13(24): 3982. https://doi.org/10.3390/foods 13243982
Zheng, Z., Tang, W., Lu, W., Mu, X,, Liu, Y., Pan, X,
Wang, K., Zhang, Y. (2022). Metabolism and
biodegradation of f-glucan in vivo. Frontiers in
Veterinary Science, 9: 889586.
https://doi.org/10.3389/fvets.2022.889586

Pietrella, D., Rachini, A., Torosantucci, A., Chiani, P.,
Brown, A.J.P., Bistoni, F., Costantino, P., Mosci, P.,
d’Enfert, C., Rappuoli, R., Cassone, A., Vecchiarelli, A.
(2010). A B-glucan-conjugate vaccine and anti-p-glucan
antibodies are effective against murine vaginal
candidiasis as assessed by a novel in vivo imaging
technique. Vaccine, 28(7): 1717-1725.
https://doi.org/10.1016/j.vaccine.2009.12.021

Vuscan, P., Kischkel, B., Joosten, L.A.B., Netea, M.G.
(2024). Trained immunity: General and emerging
concepts. Immunological Reviews, 323(1): 164-185.
https://doi.org/10.1111/imr.13326

Li, S., Zou, Y., McMasters, A., Chen, F., Yan, J. (2025).
Trained immunity: A new player in cancer
immunotherapy. eLife, 14: €104920.
https://doi.org/10.7554/eLife.104920

Kumar, M., Yip, L., Wang, F., Marty, S.E., Fathman,
C.G. (2025). Autoimmune disease:  Genetic
susceptibility, environmental triggers, and immune
dysregulation. Where can we develop therapies?
Frontiers in Immunology, 16: 1626082.
https://doi.org/10.3389/fimmu.2025.1626082

Rossi, A., Ferrari, G., Galli, V., Bonacini, M., Carnevale,
G., Pisciotta, A., Di Tinco, R., Catanoso, M., Brandolino,
F., Galluzzo, C., Zerbini, A., Salvarani, C., Croci, S.
(2025). Immunomodulatory effects of dental pulp stem
cells on lymphocytes and monocytes from patients with
rheumatoid arthritis. Clinical and Experimental



[33]

[36]

[37]

[38]

[40]

[41]

[42]

[43]

Rheumatology, 43(5): 809-814.
https://doi.org/10.55563/clinexprheumatol/164k20
Netea, M.G., Dominguez-Andrés, J., Barreiro, L.B.,
Chavakis, T., et al. (2020). Defining trained immunity
and its role in health and disease. Nature Reviews
Immunology, 20: 375-388.
https://doi.org/10.1016/j.cell.2020.07.034

Zheng, Q., Wang, T., Jiang, G., Li, M., Zhang, Z., Chen,
Y., Tian, X. (2023). Immunoglobulin superfamily 6 is a
molecule involved in the anti-tumor activity of
macrophages in lung adenocarcinoma. BMC Cancer, 23:
1170. https://doi.org/10.1186/s12885-023-11681-w
Shen, H., Yu, Y., Chen, S.M., Sun, J.J., et al. (2020).
Dectin-1 facilitates IL-18 production for the generation
of protective antibodies against Candida albicans.
Frontiers in Microbiology, 11: 1648.
https://doi.org/10.3389/fmicb.2020.01648

Griffiths, J.S., Camilli, G., Kotowicz, N.K., Ho, J.,
Richardson, J.P., Naglik, J.R. (2021). Role for IL-1
family cytokines in fungal infections. Frontiers in
Microbiology, 12: 633047.
https://doi.org/10.3389/fmicb.2021.633047

Mulder, P.P.G., Vlig, M., Elgersma, A., Rozemeijer, L.,
Mastenbroek, L.S., Middelkoop, E., Joosten, I., Koenen,
H.J.P.M., Boekema, B.K.H.L. (2023). Monocytes and T
cells incorporated in full skin equivalents to study innate
or adaptive immune reactions after burn injury. Frontiers
in Immunology, 14: 1264716.
https://doi.org/10.3389/fimmu.2023.1264716
Koztowska, E., Agier, J., Rozalska, S., Jurczak, M.,
Goralczyk-Binkowska, A., Zelechowska, P. (2025).
Fungal B-glucans shape innate immune responses in
human peripheral blood mononuclear cells (PBMCs): An
in vitro study on PRR regulation, cytokine expression,
and oxidative balance. International Journal of Molecular
Sciences, 26(13): 6458.
https://doi.org/10.3390/ijms26136458

van de Veerdonk, F.L., Marijnissen, R.J., Kullberg, B.J.,
Koenen, H.J., et al. (2009). The macrophage mannose
receptor induces IL-17 in response to Candida albicans.
Cell Host & Microbe, 5(4): 329-340.
https://doi.org/10.1016/j.chom.2009.02.006
Puerta-Arias, J.D., Mejia, S.P., Gonzalez, A.(2020). The
role of the interleukin-17 axis and neutrophils in the
pathogenesis of endemic and systemic mycoses.
Frontiers in Cellular and Infection Microbiology, 10:
595301. https://doi.org/10.3389/fcimb.2020.595301
Huangfu, L., Li, R., Huang, Y., Wang, S. (2023). The IL-
17 family in diseases: From bench to bedside. Signal
Transduction and Targeted Therapy, 8: 402.
https://doi.org/10.1038/s41392-023-01620-3

Pietrella, D., Rachini, A., Pines, M., Pandey, N., Mosci,
P., Bistoni, F., d'Enfert, C., Vecchiarelli, A. (2011). Th17
cells and IL-17 in protective immunity to vaginal
candidiasis. PLoS ONE, 6(7): e22777.
https://doi.org/10.1371/journal.pone.0022770

Gaffen, S.L., Hernandez-Santos, N., Peterson, A.C.
(2011). IL-17 signaling in host defense against Candida
albicans. Immunologic Research, 50(2-3): 181-187.
https://doi.org/10.1007/s12026-011-8226-x

2288

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[54]

Felipe, 1., De Galdino, P.G.C., Custodio, L.A., Conchon-
Costa, I., et al. (2013). Concanavalin-A induces IL-17
production during the course of Candida albicans
infection. In 15th International Congress of Immunology
ICy, Milan, Italy, 64(2): 273-279.
https://doi.org/10.3389/conf.fimmu.2013.02.00256
Chamilos, G., Ganguly, D., Lande, R., Gregorio, J.,
Meller, S., Goldman, W.E., Gilliet, M., Kontoyiannis,
D.P. (2010). Generation of IL-23 producing dendritic
cells (DCs) by airborne fungi regulates fungal
pathogenicity via the induction of Ty-17 responses. PLoS
ONE, 509): e12955.
https://doi.org/10.1371/journal.pone.0012955

Teufel, L.U., Arts, R.J.W., Netea, M.G., Dinarello, C.A.,
Joosten, L.A.B. (2022). IL-1 family cytokines as drivers
and inhibitors of trained immunity. Cytokine, 150:
155773. https://doi.org/10.1016/j.cyto.2021.155773
Renke, G., Baesso, T., Paes, R., Renke, A. (2022). -
glucan  “trained immunity” immunomodulatory
properties potentiate tissue wound management and
accelerate fitness recover. ImmunoTargets and Therapy,
67-73.

Krueger, J.G., Eyerich, K., Kuchroo, V.K., Ritchlin, C.T.,
et al. (2024). IL-23 past, present, and future: A roadmap
to advancing IL-23 science and therapy. Frontiers in
Immunology, 15: 1331217.
https://doi.org/10.3389/fimmu.2024.1331217

Wang, G., Li, Z., Tian, M., Cui, X., Ma, J,, Liu, S., Ye,
C., Yuan, L., Qudus, M.S., Afaq, U., Wu, K., Liu, X,
Zhu, C. (2023). B-glucan induces trained immunity to
promote antiviral activity by activating TBK1. Viruses,
15(5): 1204. https://doi.org/10.3390/v15051204
Goodridge, H.S., Wolf, A.J., Underhill, D.M. (2009). B-
glucan recognition by the innate immune system.
Immunological Reviews, 230(1): 38-50.
https://doi.org/10.1111/.1600-065X.2009.00793.x
Netea, M.G., Latz, E., Mills, K.H., O'neill, L.A. (2015).
Innate immune memory: A paradigm shift in
understanding host defense. Nature Immunology, 16(7):
675-679. https://doi.org/10.1038/ni.3178

Camilli, G., Bohm, M., Piffer, A.C., Lavenir, R.,
Williams, D.L., Neven, B., Grateau, G., Georgin-
Lavialle, S., Quintin, J. (2020). B-glucan—induced
reprogramming of human macrophages inhibits NLRP3
inflammasome activation in cryopyrinopathies. Journal
of Clinical Investigation, 130(9): 4561-4573.
https://doi.org/10.1172/JCI1134778

Bombassaro, A., Figueiredo, J.M., Taborda, C.P.,
Joosten, L.A.B., Vicente, V.A., Queiroz-Telles, F., Meis,
J.F., Kischkel, B. (2024). Skin innate immune response
against fungal infections and the potential role of trained
immunity. Mycoses, 67(1).
https://doi.org/10.1111/myc.13682

Suarez, J.A.G., Calumby, R.J.N., Silva, D.P., Barbosa,
V.T., Maranhdo, F.C.A., Moreira, I.LF., Melhem, M.S.C.,
Moreira, R.T.F. (2024). Neonatal innate immunity
response in invasive candidiasis. Brazilian Journal of
Biology, 84: e275155. https://doi.org/10.1590/1519-
6984.27515





