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Abstract

Fungal infections by Candida spp. have emerged as one of the major concerns of high mortality in immunocompromised 
patients. It is one of the kingpins of the critical priority group of WHO fungal priority pathogens list 2022. Modern medicine has 
made its way for the better treatment of diseases and bacterial infections. But with drug-resistance in bacteria causing millions 
of deaths and to add on the trouble, invasive fungal infections which remains unnoticed is culminating into a challenge among 
the immunocompromised patients. A proper understanding of the host-pathogen interaction and the detailed immunology 
against fungal pathogens provides a better insight. This helps in development of efficient strategies for new generation 
antifungals and vaccination. In this review invasive fungal infections or fungemia caused by Candida species will be the heart. 
According to WHO fungal priority pathogens list (WHO FPPL 2022) for this group of fungus no commercial vaccine is available 
and it has become the need of this decade. The current efforts and preventive strategies studied against this infection will help 
in the up growth of vaccination against Invasive Candidiasis (IC).
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Introduction

Fungi are eukaryotic members containing membrane-
bound organelles, including species of mycelia, yeasts, and 
molds. The basic characteristic that makes fungi unique as 
a separate kingdom is the presence of chitin in its cell wall 
[1]. Some fungi are edible like for example some species of 
mushrooms, Agaricus bisporus, Letinula edodes etc. They 
provide nutritional benefits. But most are commensal 
and when they multiply in the host cell, it becomes 
pathogenic and can cause diseases with high mortality 
rates. Communicable or infectious disease has different 
types of causative organisms. Among them fungal infections 
and diseases came into limelight after pandemic with 
various types of secondary infections like mucormycosis, 
aspergillosis and candidemia (WHO FPPL). These are 

not just limited to skin and hair but proceed to infect the 
entire body known as comorbid invasive fungal infections, 
having high mortality rate. WHO after its successful 
bacterial priority pathogen list (WHO BPPL) in 2017 has 
now published it first fungal priority pathogen list (WHO 
FPPL) in October 2022. According to the list Aspergillus, 
Candida, and Cryptococcus are ranked in the critical 
priority group that cause severe illnesses and infections 
to humans. Followed by Mucorales, Histoplasma, Fusarium, 
Eumycetoma and Candida species are in high priority group. 
Our focus will be only on critical and high priority group 
(the details of the species from WHO FPPL is in (Table 
1). The major drawback in treating of fungal infection is 
that since they are eukaryotes, the antifungal drugs show 
detrimental effect even to the host cell. Due to this, a new 
approach to develop vaccine should be taken where the 
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host cell can fight its own battle. Such a systemic fungal 
invasion of pathogens that destroy essential organs causes 
extensive lethality in human hosts. The group of high-risk 
people whose immune system is weakened, fungal infection 
like candidiasis is generally diagnosed in young infants, 
elderly people, and immunosuppressed individuals with 
conditions like diabetes, HIV/AIDS, steroid treatment, and 
of course, extensive cancer treatments like chemotherapy 
and radiation therapy and succumb to the infection as 
proper medication cannot be prescribed [2].

Critical Priority Group High Priority Group

Cryptococcus neoformans Histoplasma spp.

Candida auris Candida tropicalis

Aspergillus fumigatus Fusarium spp.

Candida albicans Eumycetoma & Mucorales

Table 1: The two groups which this review focuses on 
from the WHO FPPL 2022 has divided the fungal species in 
according to the criteria of infection & mortality rates.

Infection caused by fungal organisms came in to the 
limelight of research since 1990s as a predominant infection 
which can cause mortality and to be considered for medical 
research. But with time the number of such diseases has kept 
increasing since then [2]. With fungal infections spreading to 
blood makes it life threatening and it is termed as Invasive 
Fungal Infections (IFIs) or fungemia. The most prevalent 
species that are responsible for IFIs are Cryptococcus 
spp., Aspergillus spp. and Candida spp. Candida species 
are quotidian carriers for causing Invasive Candidiasis 
(IC). In human beings they are ranking in the top of the 
list in of WHO FPPL, for being life-threatening causative 
agents. Having high mortality and delayed recovery rates of 
nosocomial bloodstream infections in hospital environment. 
When Candida causes systemic fungal infections, it is known 
as Invasive Candidiasis. When IC occurs in blood it is known 
as Candidemia. One such Candida species that is a source 
of candidemia is the new ‘Superbug ‘Candida auris. That 
prevails in hospital setups (ICUs & OT) infecting immune 
compromised patients [3]. Immunocompromised patients 
are those who cannot defend themselves from opportunistic 
pathogenic infections due to their weak immune systems. 
Once C. auris circulates in the bloodstream, its diagnosis, 
treatment, and prevention becomes even more laborious 
[4].This highlights an increasing urge to develop an effective 
and preventive measure to cease the havoc caused by these 
fungus. The barrier which is preventing the protection of 
the patients with opportunistic fungal infections that have 
escalated to a systemic level is that they are impotent to 
launch protective responses due to their weakened immune 

systems. Hence, due to the rising resistance against the 
antifungals, which is making the existing ones ineffective and 
also have toxic effect on the weaken host makes us question 
about the treatment. A more appropriate line of prevention 
would be to help the body’s natural defense measures to 
fight their own battles. As a result, the gravity to develop 
a constructive vaccine which can be the only hope in this 
darkness to successfully immunize impuissant patients 
against fungal infections is the need of the hour.
 

Immunization through vaccines helps protect the 
body from catching an infectious disease. The triumph in 
effective vaccine development has become an important aid 
to better healthcare for society. From the discovery of first 
vaccine by Dr. Jenner for cowpox, followed by development 
of rabies, polio and the recent COVID-19 pandemic, most of 
these diseases are prevented by their respective vaccines 
and have saved mankind [5]. Most vaccines are made of an 
attenuated or weakened immunogenic antigen joined with 
adjuvants administered to the human body for our immune 
system to provide innate protection or a memory against 
that antigen. Hence, if and when the same antigen happens 
to infect the host, it triggers an instinctive immune response 
within the body with a detailed memory of battle with that 
specific antigenic molecule from the pathogen. This will 
result in a very low spread of the disease and will decrease 
the risk of life of the patient. Owing to the aforementioned, 
the route of immunization through effective vaccines serves 
as a template to strengthen the host’s immune system to 
combat invasive fungal infections, including C. auris and 
other fungal pathogens causing invasive candidiasis, when 
they are incapable of doing so naturally. This in turn not 
only protects and saves people from infections but also 
economizes billions of dollars in healthcare industries [5]. 
The review focuses generally on to these fungal pathogens 
that are detrimental to human host and the roadmap for 
development of a commercial vaccine.

Immunosuppressed patients, such as the ones 
undergoing treatment for hematologic malignancies like 
leukemia, lymphoma and other cancer conditions develop 
an increased mortality rate of 35% due to fungal infections 
[6-9]. On the other hand, high-risk patients suffering from 
Human Immunodeficiency Virus (HIV) are at a high rate of 
being susceptible to opportunistic fungal pathogens like 
Candida albicans and Cryptococcus neoformans. It culminates 
to roughly 47% of deaths per year despite antiretroviral 
(ARV) therapy [9-12].

By virtue of these facts, it has become a necessity to 
generate vaccines that can protect such immunosuppressed 
and immunocompromised patients to develop a long - 
term memory using both innate and adaptive immunity. 
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We will ponder the updates on the advancement in vaccine 
development in correlation with invasive fungal infections 
[12-14].
 

The Plague of Candidiasis

Candida usually thrives in warm, moist environments 
like the mouth, diaper regions of babies, and in women, they 
can also be found in the vagina. There are approximately 200 
species of Candida, out of which more than 20 are causative 
agents of diseases in humans. Important ones that are 
pathogenic are Candida albicans, Candida krusei, Candida 
auris, Candida parapsilosis, and Candida tropicalis [15]. 
Candida is typically labeled as an ‘opportunistic microbe’, 
dependent on the number of cells present in the body and 
the surrounding residual environment. At minimum cell 
count and growth, these cells are generally harmless. On 
the other hand, during immunocompromised state of the 
host, the immune system is down which allows the over 
growth of Candida cells and start invade other tissues, 
which leads to the cause of the disease [16]. C. albicans, the 
most studied microbe, has dimorphic phenotypes having 
contrasting protein profile expressions and giving different 
functional properties. Candida in yeast form is harmless; 
it just transposes them from one cell to another. Whereas 
in filamentous form, Candida cells are better at invading 
tissues and causing infection [16]. According to the Center of 
Disease Control and Prevention (CDC), the most widespread 
thrush can be seen as a vaginal yeast infection, oral thrush, 
and cutaneous candidiasis. Hence, being dimorphic, Candida 
albicans is considered not only a commensal organism but 
also an opportunistic pathogen that can gradually promote 
IC depending on the capability of immune defense lines 
[16,17]. There are various options for treating candidiasis, 
but the mainstay remains to be antifungal agents against 
the causative organism like Fluconazole and others [13]. 
But another complexity arises when the patient is already 
having certain comorbidity and these anti-fungal agents 
while eliminating the pathogen also harms the already 
weaken host stated prior. Even sometimes these antifungals 
are ineffective as the organism have developed resistance or 
become persistent to it.

The modernization of healthcare facilities has paved the 
way for improved clinical diagnosis and treatment options 
which was once baffling to a content. While this is true, 
modernization can have various consequences, even to the 
patients who are making use of them [18]. One key example 
of such a consequence is the development of Bloodstream 
Nosocomial Infections in human immunocompromised 
primates. Over time, fungi and yeast have evolved from being 
justs superficial to causing serious Bloodstream Infections 
(BSIs). BSIs are infections that are caused due to the 

presence of viable pathogenic microorganisms in the blood 
that disseminate to other parts of the body serious enough to 
elicit an immune response [19, 20].

The major victims of the invasive fungal attack the 
skin, heart, brain, and respiratory organs [21,22]. Candida 
spp. are the major causative agents of IFIs in healthcare 
settings, with Aspergillus spp. coming up second. Superficial 
infections are quite common for fungus and they are 
characterized by rough and cracked skin having sore rash 
over the infected area. With the risk of spreading, there 
are several ointments and topical creams given for their 
prevention. The brain and the heart are important and 
vital organs for the proper functioning of the body. Any 
infection to such organs would certainly be life threatening. 
This being said, an infected heart is generally characterized 
myocardial cell damage with or without the detection by a 
contraction band necrosis. In addition to that, large necrotic 
areas are seen with evidence of blastoconidia and budding 
yeast cells in the arterioles of myocardium and pericardium 
detected in the later stage of the infection. They are observed 
in the capillaries rather than the common cerebral tissues. 
An infected kidney can cause severe damage due to heavy 
necrotized areas with focal distribution of tubuli and multi-
focal infiltration with yeast cells within the parenchyma 
tissue (Figure 1).

BSIs have been considered as one of the top seven causes 
of death by North American, Asian and European countries, 
amalgamated with a 13% to 20% mortality rate with 2 million 
episodes and around 250,000 deaths around the world [19]. 
The general research and literature synopsis of BSIs is more 
inclined towards bacterial infections like sepsis, meningitis, 
and bacteremia instead of Invasive bloodstream fungal 
infections. In general, even though fungal BSIs account for 
71% of the total mortality rate data, fungal diseases receive 
less attention due to their epidemiological suppression 
compared to bacterial diseases [2, 13, 23]. Bloodstream 
infections specifically caused by Candida species account for 
90% of all the fungal BSIs together with 53% mortality rate 
(WHO FPPL). To top that, a study revealed that the hospital 
and healthcare costs reach up to 563 million Australian 
Dollars (AUD), with $24 billion/year in the US alone [13, 24-
28].

Despite the high mortality rate among the entire 
fungal community, there haven’t been much statistics 
found and collected after 2017. An additional challenge 
is the widespread epidemiology and sudden pathogenic 
emergence of new Candida strains. Several population-
based studies have been demonstrated that reveal the 
distribution of C. albicans to non-albicans species varies 
by region clade. The non-albicans species discussed in this 
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review are C. glabrata, C. tropicalis, and C. auris. Out of these, 
C. glabrata are generally found in Central and Northern 
Europe, whereas C. tropicalis is generally distributed in the 
Asia-Pacific region [29,30]. C. auris on the other hand, is 
globally widespread with five clades spreading from India, 
Pakistan, South Africa, South America, North America, and 
many parts of Europe. There are other non-albican species 
that are distributed globally and available, but not discussed. 
This suggests that more work needs to be done concerning 
the statistical epidemiology of Candida species that cause 
BSIs in human beings. Out of these, a few studies are worth 
mentioning; a healthcare-based study done [31]. revealed 
the dispersion and incidence of these species from January 
1997 to December 2000 showing the most prevalent species 
as C. albicans with 54%, descending with other non-albican 
species with C. glabrata at 16%, C. parapsilosis at 15%, C. 
tropicalis at 10% and the lowest of C. krusei at 2%.Another 

study released data ranging from 2010 to 2014, and the 
results were analogous to the previous study revealing 
the highest prevalence of C. albicans (48%), followed by C. 
parapsilosis (30%), C. tropicalis (10%), C. glabrata (9%), 
and lastly C. krusei (0.8%) [32]. A similar study showed the 
highest prevalence of C. albicans (37%), then C. parapsilosis 
(19.8%), C. tropicalis (14.9%), C. glabrata (7.4%), and lastly C. 
krusei (4.1%) [33]. Next study showed a compiled data from 
January 2006 to December 2017 revealed opposing lineage 
starting from the highest C. glabrata (30%), C. albicans 
(23.5%), C. parapsilosis (19.4%), C. tropicalis (17.9%), and 
then C. krusei (3.1%) [34]. this is the only study that shows a 
higher incidence of C. glabrata instead of C. albicans. Lastly, a 
study [35], showed similar results, giving C. albicans (47.4%) 
of highest incidence and episodes, and then subsequently C. 
parapsilosis (26.6%), C. tropicalis (9.6%), and the least with 
C. glabrata (7.6%) incidence.

Figure 1: An infected kidney can cause severe damage due to heavy necrotized areas with focal distribution of tubuli and 
multi-focal infiltration with yeast cells within the parenchyma tissue.
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Immunology of Fungal Infections

Humans tend to develop fungal infection or diseases 
when their cipher increases or immune system of the 
individual is compromised. Fungi are infamous among other 
infectious agents like bacteria and viruses; however, they 
possess elaborate and intricate tie-ups with the human and 
other vertebrate immune defense systems [36]. Exposure to 
fungal microbes having viable pathogenic activity induces 
a synchronized innate and adaptive immune response for 
proper eradication and functional effect of memory B cells of 
the encounter [36, 37]. Fungal organisms can affect various 
vital organs and causes cutaneous infections by Candida, 
respiratory infections by Aspergillus, and others.
 

The primary antifungal response against fungal 
pathogens is dependent on innate immune cells like 
macrophages, dendritic cells, and neutrophils [36-39]. 
The first and the most critical step is the recognition of 
foreign fungal antigens that invade the immune system, 
hence initiating an immune response. Fungal particles are 
either recognized or opsonized i.e., bind to opsonins in 
advance of binding [38]. Recognition is done by the innate 
cells - macrophages and dendritic cells and is facilitated 
by Pattern Recognition Receptors (PRR) of Pathogen-
Associated Molecular Patterns (PAMPs) and opsonic 
receptors [37,38]. Some examples of opsonic receptors are 
Complement receptors like CR3, Toll-like receptors (TLRs) 
like TLR4, TLR2, mannose receptors ,Dendritic Cell-Specific 
Intercellular adhesion molecule-3-Grabbing Non-integrin 
(DC-SIGN),glucan receptors, CD14, and Fc receptors of an 
immunoglobulin. Glucans, glycoproteins, and mannosylated 
proteins are some of the major components of the fungal and 
yeast cell wall which are key for PAMP recognition [1,36-39].

Binding of fungal particles to PRR leads to activation of 
intracellular signaling pathways, setting in motion the MAPK 
pathway hence activating MAP kinases [38,40]. With this, 
NFKBs are translocated to the nucleus, where the genes for 
cytokines and chemokines are transcribed [38-40]. Cytokines 
such as Interleukin-1⍺ (IL-1⍺), IL-1β, IL-10, and TNF-⍺ are 
synthesized and released from cells, such that these cells are 
recruited to the site of infection and inflammation where they 
work their magic. Hence, macrophages are prime immune 
cells that are responsible to recognize fungal antigens and 
regulate responses like phagocytosis, antigen presentation 
to humoral cells, and secretion of immune modulators 
to defend against fungal infections [39,41]. In case of IC 
neutrophils are the key blood cells that are activated and 
recruited to the site of infection. Their main mode of action 
involves phagocytosis, activation of Neutrophil Extracellular 
Trap (NET) formation, and the delivery of antimicrobial 
contents through them [42,43].

The switch from our body’s defense lines to become 
adaptive from innate during fungal infections is primarily 
done by dendritic cells and macrophages [14,43,44]. These 
cells are phagocytes and are called Antigen-Presenting Cells 
(APCs), which then introduce the fungal antigen, to Major 
Histocompatibility Complex (MHC) II - bound Th cells. CD8 
T cells or TCYT are also activated by dendritic cells after 
binding that fungal antigen to MHC I molecule [39,44,45]. 
With this, the commitment to effector Th subsets commences. 
These Th subsets are Th1, Th2, Th17, and Treg cells that 
help in various effector functions. All of these T helper 
subsets secrete their respective cytokines and chemokines 
that orchestrate an antimicrobial response against fungal 
pathogens invading the body [46]. The Th1 subset is critical 
in the immune response against fungi and its significance has 
been well recognized in many in vivo experiments involving 
murine models and human infection [46,47]. Dendritic cells 
and macrophages recruited against fungi secrete IL-2 which 
is essential for Th1 lineage, following which the IL-2 pathway 
is established [47]. This cytokine pathway has been proven 
to be of great significance with many fungal diseases like 
Candidiasis, Cryptococcus, and Coccidioidomycosis. [1, 45].

The main cytokines released by Th1 subsets are IFN-γ, 
TNF-α, and GM-CSF [46,48]. Out of these, the signature pro-
inflammatory cytokine is IFN-γ which is responsible for 
exhibiting pleiotropic effects on immune cells during an 
infection, followed by the induction of classical activation 
of APCs that are important in arresting the growth and 
proliferation of fungal pathogens. On the other hand, the Th2 
subset immune responses involve the secretion of IL-4, IL-
5, and IL-13, and exhibit calamitous effects on the host. The 
defense mechanisms carried out by Th2 secreted cytokines are 
multifarious, wherein both IL-4 and IL-13 induce alternative 
activation of APCs which are affiliated with rampant fungal 
growth. Th 17, conversely, is another subset of CD4 T helper 
cells, but are distinctly different from both Th1 and Th2 cells 
[41-48]. Th 17 lineage is differentiated quite uniquely, and 
requires certain cytokines and transcription factors for their 
specific expression, mainly of which are IL-17A, IL-17F, and 
IL-22. TGF-β and IL-6 are the prime factors of differentiation 
that sets Th 17 exclusive from Th1 and Th2 [46,48]. There 
are two dedicated mechanisms that the Th17 cells use to 
potent antimicrobial activity against fungal pathogens. 
First, these cells recruit neutrophils by the release of CXC 
chemokines, which in turn exhibit specific anti-Candida 
activity and inhibit that pathogen. Secondly, Th17 cells signal 
the release of antimicrobial peptides (AMPs) like S100A 
proteins, β-defensins, and histatins from epithelial cells and 
keratinocytes that display direct specific killing mechanisms. 
The last subset of T helper cells, i.e. Treg cells are significant in 
limiting the collateral damage in the body due to the extensive 
battle between the host and pathogen [46]. They dampen the 
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responses via the secretion of cytokines like IL-10, TGF-β, 
or IL-35, and by many more inhibiting mechanisms.CD8 
cytotoxic T cells are vital for potent activity against viruses 
and tumors, but their participation against fungal pathogens 
is not yet comprehensive and proven [45,48,49]. Owing to 
this, the activity of CD8 T cells against fungal pathogenesis 
needs to be confirmatory evaluated.
 

In comparison to the process of antigen presentation and 
activation of T cells, the activity of B cells is more direct with 
its action against fungal antigens with the help of secretion 
of immunoglobulins under the influence of the fungal 
infection [50]. In general, immunoglobulin’s or antibodies 
elicit their defense responses by targeting dominant 

antigens of the pathogen like the fungal cell wall containing 
β-glucan, mannoproteins, agglutinin-like sequences 
(ALS),glucuronoxylomannan, and heat shock protein 60/90. 
These mechanisms are vaguely divided as either direct 
or indirect - based on their mode of action [50], [51]. By 
strict definition, the direct mechanism contributes to the 
direct binding of the Igs to the pathogen resulting in arrest, 
inhibition of growth, or microbiocidal activity. The indirect 
mechanism involves the activation of immunoglobulin-
mediated pathways like ADCC. ADCC induces the destruction 
of fungal cells with the help of antibodies secreted by B cells, 
triggering innate responses like phagocytosis, and apoptosis 
[50-52]. The diagrammatic representation of the same has 
been represented in (Figure 2).

Figure 2: ADCC induces the destruction of fungal cells with the help of antibodies secreted by B cells, triggering innate 
responses like phagocytosis, and apoptosis.

Immunization Against Candida: Vaccines

Over the last decades, there are various studies in the 
field of medical mycology that focus on the development 
of new immunization practices against invading fungal 
pathogens. Several apropos articles and papers have been 
published giving insight on new strategies, challenges, and 
necessity to the development of invasive antifungal vaccines 
[53-62]. But not even one vaccine is present for the strains 
of Candida spp. This sudden increase in interest is because 

of the rise in mortality rates by lethal systemic fungal 
infections, especially in immunocompromised patients, 
premature infants, cancer patients and those with invasive 
treatments for long periods in hospital settings, which 
are known as high-risk groups [9,63]. For such infections, 
standard antifungals have been issued and approved by the 
FDA that impart efficacy in almost successfully inhibiting the 
infection. Such treatments improve patient’s survival rates 
to a high point, but also affect the innate barrier of the host, 
even highly impacting the strength of the immune system, 
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leading to high chance of acquiring infections caused by 
these pathogenic fungal strains [9,64].

Hence, the development of new treatments by antifungal 
drugs, especially those that are affected by, and affect 
aggressive immunosuppressive therapies will continue to 
rise and increase the rate of deaths due to invasive fungal 
infections [9,63]. The surfacing crisis of Invasive Fungal 
infections (IFI), especially those with Candida species has 
created the growing need to clarify defense strategies against 
fungi with the ultimate goal of therapeutic intervention 
[2,5,9,23,65]. Immunization methods against fungi are 
severely under-researched compared to bacterial and viral 
diseases. Due to its uncommonness and available treatment, 
fungal diseases are generally neglected and major vaccination 

priorities are shifted to other pathogenic microbes [2]. 
However, sufficient antifungal elements are not available in 
the market, and among them also most of them are not 100% 
accurate and efficient due to the fungi and yeast’s ability to 
resist its mode of action and still continuously replicating 
both in vitro and in vivo. The main goal of an efficient 
antifungal vaccine is to evoke a strong immune response that 
leads to immunological memory and consecutive protection 
against a recurrent exposure to those fungal pathogens [9, 
61, 66, 67]. Fungal pathogens dwell on the surface of the 
host for months before showing any sign of infection. Even 
some accumulate inside various tissues of the host to evade 
the immune system and cause serious invasive infection. A 
tabular representation of the current targets for vaccination 
against Candida species is discussed in (Table 2).

Candida 
species Vaccine Antigen Used Adjuvant Phase Outcome References

C. auris

NDV-3A Recombinant 
Als3p protein Alum Pre-clinical 

Phase

Vaccine injected mice generated high titre 
anti-Als3p Abs that recognized Candida 

auris. 
Induced robust cross-reactive antibodies. 

Induced CD4+ T helper cells activation 
and immune response, biased with higher 

Th2 and Th17 subset activity.

[68-71]

In silico 
multivalent 

epitope-
based vaccine

Als3p RS09,Flagellin Immuno- 
informatics

Vaccine construct predicted to be stable, 
soluble, highly antigenic, non-toxic, and 

non-allergenic.
[62,68,69]

C. albicans

NDV-3A Recombinant 
Als3p protein

Aluminum 
hydroxide in 

PBS

Pre-Clinical 
Phase+ Phase 

1a/1b

Pre-clinical phase showed effective 
protection from oropharyngeal, vaginal 

and intravenous infection of Candida 
albicans. Human trials revealed 

generation of Anti-Als3p IgG and IgA 
at high peaks. Seroconversion seen in 

all vaccinated human subjects. Induced 
the production of Peripheral Blood 

Mononuclear Cells (PBMCS) OF IFN-γ and 
IL-17A. Induced T cell immune response 

in all subjects. Reduced frequency of 
Recurrent Vulvovaginal Candidiasis 

(RVVC)

[9,67,68]

PEV7

Truncated 
recombinant 

secreted 
aspartic 

protease 2 
(SAP2)

rSap2p plus 
virosome 
adjuvant

Phase 1

Phase 1 showed evidence of strong 
immune response detected in vaginal and 

cervical samples. 
Volunteering patients showed a mucosal 

immune response with constant high 
titers across the chosen group. Effective in 
clearing the infection without any adverse 

effects. The results were more specific 
and robust with high dosage than those 
yielded with low dosage of the vaccine.

[62,69]

https://medwinpublishers.com/OAJMMS/
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C. glabrata

Immuno- 
informatic 

epitope-
based vaccine

Fba1 (Fructose 
biphosphate 

aldolase 
protein)

No adjuvant 
used

Pre analytical 
Phase + 

Analytical 
Phase 
+ Post-

analytical 
Phase

Immunoinformatic revealed 11 effective 
epitopes for B cells. Predicted that the 

peptides QTSNGGAAY and LFSSHMLDL 
are the best Candidates for designing 

epitope-based vaccine against C. glabrata. 
Result had high specificity, safe, less time 
consuming, non-toxic, less allergic, and 

more antigenic.

[62,69,72]

Peptide-
based 

Dendritic Cell 
vaccine

Peptide from C. 
tropicalis cell 
wall protein - 

Met6

No adjuvant 
used

Pre-clinical 
Phase

DC vaccination induced substantial 
immunity in immunosuppressed mice. 
Substantial reduction of fungal burden 

(CFU count) in kidney and brain as 
compared to normal controls.

[73]

C. 
tropicalis

Peptide-
based 

Dendritic Cell 
vaccine

Cell surface 
protein – 5 
methyltetra 
hydropter 

oyltriglutamate

No adjuvant 
used

Pre-clinical 
Phase

DC vaccination induced substantial 
immunity in immunosuppressed mice. 
Substantial reduction of fungal burden 

(CFU count) in kidney and brain as 
compared to normal controls.

[73]

Table 2: Targets for vaccination against Candida species for immunization against Invasive Candidiasis.

Candida albicans

C. albicans being the most studied causative agent for IC. 
It is one of the Candida sp which gets placed in the critical 
priority group of WHO. It has a few current strategies for 
its effective suppression through vaccinations. The current 
known inhibition strategy involves the suppression of 
lanosterol 4-α-demethylase, further inhibiting ergo sterol 
synthesis in the endoplasmic reticulum [62]. Agglutinin-like 
sequence (Als) proteins are cell surface proteins that help in 
inhibition of Candida species by blocking fungal cell adhesion 
to biotic and abiotic surfaces for further invasion, and biofilm 
formation. Several Als proteins such as Als1, Als2, Als3, Als7 
have been studied for treatment of fungal infections. One 
study involving the recombinant Als1 protein revealed a 
50–57% increased survival rate in immunocompromised 
and immunosuppressed mice models [63]. This vaccine, 
given via intraperitoneal and subcutaneous routes both 
gave successful results of effective inhibition of C. albicans 
disseminated infection in mice models. Another study of 
2019 [67], used the rAls3 N-terminus protein conjoint with 
aluminum hydroxide, and showed evidence of generation 
of anti-Als3p antibodies against C. albicans. Additionally, 
a new vaccine developed by Pevion Biotech is a virosomal 
vaccine that gives evidence of a strong response in vaginal 
and cervical samples added to a strong mucosal immune 
response as well [68-70].

Candida auris

Since the last decade, C. auris is gradually becoming 
a notorious superbug that has also achieved its position 

in the critical priority group of WHO FPPL 2022. After its 
detection from a Japanese patient’s ear canal in 2009, C. auris 
has traveled around the world, spreading and causing life-
threatening infection in immunocompromised patients in 
clinical and hospital settings [74-76]. C. auris can be easily 
transmitted within hospitals; its patients and the persistence 
of this yeast on both abiotic surfaces like catheter tubes, 
hospital beds, curtains, etc. and also on biotic surfaces like 
epithelial tissues of skin and organs make this pathogen 
as deadly as any other bacterial nosocomial organism like 
Staphylococcus aureus [77-80]. Owing to this, C. auris spreads 
to prime organs of the body through the bloodstream, 
causing IC [75,76,81]. The mortality rate at the beginning 
was said to be around 33%, but the extensive prevalence has 
raised the stakes to 55-60% [74-76,81-86]. WHO mentions 
mortality rate of IC caused by C. auris ranges from 29-53%. 
Even the hospital stays of patient infected increases from 68 
days to 140 days. In the past decade, Candida auris isolates 
have been differentiated into four distinct clades based on 
pathogenicity and distribution across the globe- Clade I 
(South Asian), Clade II (East Asian), CladeIII (South African), 
and Clade IV (South American) [74,84,85]. There has also 
been speculation and discussion for a fifth clade containing 
isolates of Iran as well. C. auris is shown to be resistant to 
nearly all classes of antifungal classes- azoles, polyenes, 
and Echinocandins; and extreme efforts are being made 
for battling this problem. To date, there has been some 
published research regarding the immunology of C. auris 
done in animal models like Galleria mellonella, mammals and 
murine models [87-89].

Several ideas and experiments have been put forward to 
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treat IC caused by Candida auris. One study carries forward 
the results of the NDV vaccine against C. albicans to check 
whether Als3p is effective in immunocompetent mice with 
Candida auris infection. The NDV-3A vaccine against C. 
auris proved to be efficient in inhibiting C. auris infection 
and increasing the survival rates to up to 40% by day 7 
[71]. A bioinformatics approach with the same Als3p was 
apprehended with flagellin, which in turn demonstrated to 
be non-toxic and safe to use [68].

Candida Glabrata

C. glabrata is not a polymorphic microbe, but like other 
non-albican species, it causes life-threatening invasive 
infections in the human body and for that reason it has taken 
the position inhigh priority group with mortality rate ranging 
from 20 -50%. It grows as a yeast, and love macrophages 
as their main cell to attack. C. glabrata is known to infect 
and attack macrophages by modifying its phagosomal 
compartment, avoiding full maturation and acidification, 
hence preventing the phagosomal environment formation. 
The most common treatment used against C. glabrata are 
Echinocandins that inhibit beta - glucan synthetize, hence 
inhibiting cell wall synthesis [90]. Mannoproteins present 
in C. glabrata and C. albicans are evident to be homologous 
in great aspects, giving it an opportunity for greater thought 
and extra attention. One such yeast cell wall protein present 
in both species is called Fba1 which is an important enzyme 
for the glycolytic pathway. An epitope-based peptide vaccine 
has been developed using this enzyme as the potential 
antifungal target [72]. There have been several vaccines that 
used Fba1 as an immunogenic protein against pathogens like 
Salmonella spp, S. pneumonia, and M. bovis as well.
 

Discussion

Infectious disease which mainly focuses on bacterial 
infection, the main cause is considered to be antimicrobial 
resistance. But in the past decade and during the Covid-19 
pandemic the prevalence of deadly Invasive Fungal Infections 
(IFIs) has drastically augmented with doubts regarding its 
efficient treatment, developing resistance against antifungal 
which is nearly 38% of the total fungal infection (WHO FPPL). 
These complications have raised the urgency to develop new 
therapeutics through effective immunization [3,4]. With 
WHO publishing its first fungal pathogen priority list and 
mentioning the need of a vaccine against Candida sp. This 
permutes the main focus on immunosuppression therapies. 

The prime idea of therapy is believed to give 
immunization by vaccinations for proper protection of 
immune memory in advance [91]. The existing antifungals 
like Echinocandins, azoles, fluconazole, amphotericin B, 

Voriconazole, itraconazole, flucytosineare generally used 
against Candida spp. But they show a higher MICs and even 
some are ineffective against some. All these antifungal 
agents come with tremendous after effect on the host. 
Research on fungal diseases is being acutely submerged 
under the influence of other bacterial and viral diseases; 
this review puts further pressure on the gravity of this topic. 
Nevertheless, much of the knowledge used for research on 
such bacterial and viral diseases has been transferred for its 
appropriate use against fungal infections. There has been 
vast progress in our comprehension of immunology to fungal 
pathogens, and the generation of strategies for successful 
fungal immunization [21]. 

Candida albicans is the most common species of the 
genus, and there have been many immunization efforts 
against this pathogen, both locally and systemically, 
including the PEV7 vaccine that showed effective 
immunization and protection against vulvovaginitis 
(VVC) in pregnant women in the study, and NDV-3A which 
revealed safe immunization of subjects and substantial 
decrease of the fungal burden of Candida species. Even with 
this, the incidence and prevalence of C. albicans is ample 
and constantly rising. Commercialization and further 
human trials should be supported for the availability of the 
vaccine to common public to curb the infection down. On 
the same line, C. auris is an emerging Multi-drug Resistant 
(MDR) pathogen that affects immunosuppressed patients 
and it has become resistant to most of the available 
groups of antifungal drugs. Hence, immunization through 
vaccinations for invasive fungal infections is in great 
demand and appropriate. Candida auris has been studied for 
vaccine development, and a preclinical study with mice has 
been done that showed a successful decrease in yeast cell 
growth, inhibition of replication, and induction of effective 
T and B cell immune response against the pathogen. To sum 
up, a great deal of effort should be continued to be made in 
response to invasive fungal disease treatment and powerful 
immune response guarantee through vaccinations.

When Candida albicans causes localized infections, 
antifungals are sufficient. Vaccination against C. auris 
is inadequate and needs more focus, and the effort is 
being made by several researchers. In vitro activities and 
experiments are ample, and the main anchor of research 
should be in vivo experiments recording real-time 
observations of the mammalian body. Clinical trials of the 
current vaccinations of Candida species are limited, and 
further phases and experiments should be continued with 
safe and effective doses with proper FDA approval. To date, 
there have been no fungal vaccines cleared for prescription 
use; however, several experimental models exist. In short, 
more effort needs to be put forward into giving fungal 
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infections its correct attention.
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