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Carbohydrates are a universal feature present on the surface of all 
living cells: they may be covalently linked to either lipids, proteins or 
other sugars forming polysaccharides. Even some enveloped viruses of 
eukaryotes contain glycoproteins embedded in the viral membrane. So, 
when it comes to the recognition of pathogens by the immune system, 
it is easy to realize that the outermost, exposed molecules of pathogens, 
i.e., those based on sugar moieties, are among the first components to
be sensed and to drive an immune response towards the antigen source.

Among all the medically relevant fungal species, some of them have 
the ability to intrinsically damage the host regardless the status of the 
host immune system, but the opportunistic fungal pathogens rely on 
a temporal or permanent impairment of the immune system, in order 
to successfully colonize and invade the host tissues [1]. Thus, there is 
a close balance between immune sensing of fungal cells and disease 
establishment. The antigenic properties and the immune system-
fungus interaction have been extensively studied during the last fifty 
years, and although we have a significant advance understanding this 
relation, we are still far away to have the whole picture of this event. 
Nowadays, it is quite clear that the fungal cell wall components are the 
first molecules to be in contact with the immune cells, and therefore 
are the pathogen-associated molecular patterns and main antigens 
involved in triggering an antifungal immune response. Candida 
albicans is one of the most studied opportunistic fungal pathogens 
in terms of its cell wall composition and relevance of its components 
for immune sensing; and there is a significant advance in establishing 
the relative importance of the cell wall components for the C. albicans 
immune recognition [2]. We know, for example, that b1,3-glucan 
and mannans, the latter are the glycan moieties attached to cell 
wall glycoproteins, are the main cell wall stimuli for pro- and anti-
inflammatory cytokine production, phagocytosis, and establishment 
of a successful anti-Candida immune response [2-4]; the glycolipid 
phospholipomannan is also an important element for innate immune 
sensing of this fungus [2], and interestingly, chitin seems to be a cell 
wall polysaccharide that blocks the proper innate immune sensing 
of C. albicans [5]. This great advance in fungal sensing seems to be 
quite promising to dissect this interaction and might lead to unveil 
an Achilles’ heel to fight fungal pathogens using immunomodulatory 
approaches. However, when these observations are extrapolated to 
other fungal pathogens the scenario is in some cases totally different: 
the amount and kind of structural cell wall polysaccharides may vary 
from fungal species (some of them may have higher levels of chitosan, 
different ratios of b-glucans, presence of α-glucans that are absent from 
the C.  albicans cell wall). Glycoproteins and glycolipids are cell wall 
components with structural variability across fungal species: while 
C. albicans contains mannans attached to cell wall proteins, other
fungi may have complex glycans conformed by a variety of different
monosaccharides, as galactomannans in Aspergillus fumigatus [6] and
rhamnomannan in Sporothrix schenckii [7]. Furthermore, these cell
wall polysaccharides can play in favor of the fungal pathogen, helping
establishing immune evasion strategies: α1,3-glucan and N-linked
mannans form a shield covering the immune stimulating factors
of Histoplasma capsulatum and Saccharomyces cerevisiae cell walls,
respectively [8,9]; A. fumigatus galactomannans induce non protective
Th2 and Th17 lymphocyte stimulation [6], and Cryptococcus neoformans

capsular galactoxylomannans are strong negative immunomodulators 
that stimulate apoptosis of immune cells [10]. Although these are big 
leaps towards the dissection of the fungal immune sensing, the field still 
has limited information on the detailed structure of oligosaccharides 
present on the cell wall of fungal pathogens different to C.  albicans. 
Even S.  cerevisiae, a close phylogenetic relative of C.  albicans, has 
mannans that are significantly different in their structures, and these 
changes are enough to avoid recognition by DC-SIGN receptor [11]. 
We currently lack information about the glycan structures present in 
C. neoformans, other Candida species, Blastomyces dermatitidis, H.
capsulatum, Paracoccidioides spp., Coccidioides spp., etc. Bioinformatics
efforts have been done to predict the presence and structure of glycans
in fungal cells [12]; and this is indeed a good starting point, but
experimental analyses must be conducted to establish the abundance
of glycans and their localization within the cell wall. Thus, this is an
area of opportunity where glycobiology as a field can make a significant
contribution to the immune sensing of fungal pathogens, solving the
structure of complex glycans, assessing the abundance of specific sugar
moieties by lectin-based microarrays, etc. These studies, along with
molecular and genetic approaches will provide significant information
to understand the complexity, organization and composition of the cell
wall of different fungal pathogens, and might generate useful tools to
continue dissecting the fungus-host immune system interaction.

Scientific knowledge generation must be accompanied by 
forums where science can be communicated to general and specific 
audiences, and scientific journals have traditionally been the way to 
do it. Glycobiology has specialized journals dedicated to communicate 
research made in this area, but the open access options are quite 
limited so far. At first glance open access may be an expensive way to 
communicate science, and in a way it is; however, gives authors the 
means to reach a broader audience and to spread quicker their finding. 
In addition, nowadays some funding agencies such The Wellcome 
Trust and NIH are supporting the ideology to make science freely 
available to the community and absorb the expensive publication fees.
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