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Fungi in human pathology - are we ready to handle them?
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Fungi are ubiquitous organisms and essential
components of natural ecosystems, with many
positive effects. Beside bacteria, they are natural
recyclers on the Earth. Nevertheless, nowadays,
together with the high incidence of conditions
associated with immune-depression and with the
development and implementation of prosthetic
devices in humans, the negative effects of fungi
gain more and more interest. The imbalance between the presence of fungal pathogenicity factors and the compliance of the host defense systems is the main determining factor for fungal
infections outcome, but allergies, mycotoxicoses
and food poisonings are also unwanted effects of
fungi over the human body.
The regnum of fungi includes a high variety of eukaryotic micro- and macro-organisms,
where the number of genera and species can only
be approximated. The taxonomy of fungi is on
constant change, as the DNA sequencing methods bring new evidence for their classification.
The fungi form their own microsystem on Earth,
with different behavior, complex interaction between them and the environment, thus making
them unpredictable in relation with their toxicity

and pathogenicity. The impact of these constant
changes reflects on the ecosystem, but not the
least, on human pathology (either as toxicoses or
infections) (1).
Yeast pathology represents one of the most
common fields of research in this large microbiological branch of mycology. Candida spp.
are the most well described and studied fungal
species, as they are the most common etiological agents of fungal infections. Several comorbidities are known to be associated with yeast
infections, where diabetes mellitus, acquired or
primary immune-deficiencies, malignancies are
only of the few that are constantly described.
Usually, some imbalances or presence of some
favoring factors will finally lead to the development of fungal infections. Not only the virulence
factors, but also the replication rate of yeasts are
key factors for the disease. Recent studies that
simulated the internal conditions of a diabetic
patient, showed that the replication rate of Candida albicans is increased in the presence of glucose, but decreased in the presence of fructose
(a common sweetener used by diabetic patients),
or that metformin, a common antidiabetic drug,
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drastically increases the replication rate and
slightly increases the germ-tube formation (2,3)
Some hypotheses suggest that yeast colonization
of the oral cavity directly influences the tendency of an individual to develop type 2 diabetes, by
inducing insulin-resistance (4).
There is a thin line between yeast colonization and infection. The interpretation of laboratory findings has to be performed critically, as
some human sites can be colonized with yeasts,
without clinical implications. For example, the
presence of Candida spp. in sputum can be due
to the improper harvesting of the pathological
product, being actually o contamination from
oral sites, especially if the patient is an elder with
dental prosthesis. Instead, growth of Aspergillus
spp. from sputum can have clinical significance,
in the context of a pulmonary aspergillosis. Development and progression of yeast infections in
colonized (oral or vaginal) mucosa and to adjacent sites is possible, in the context of different
favoring factors such as the use of antibiotics,
alcohol intake, smoking or radiotherapy (5).
Many studies are required in order to bring
details on the epidemiology of fungal infections.
These studies have to go beyond the classic approach, where patient data were correlated with
laboratory data. For example, further correlations between genotypes and pathogenicity factors are bringing more evidence on the interrelation between host and microorganism. An epidemiological study published on this issue follows
these factors that contribute to the pathogenic
potential of C. albicans (6), and it was found
that the levels of enzymatic activity of C. albicans is a strain-dependent variable, and that not
all strains were capable to produce biofilm. Such
details are important to be considered when dealing with Candida infections, remembering that
even if the identified species is the same from
different patients/samples, they can also be totally different in terms of pathogenicity and chemo-resistance.

Beside the common fungal infections which
are intensively studied, another type of pathology is associated with fungi: the mycotoxicoses.
These are non-invasive fungal diseases, which
are developed usually due to ingestion of fungal
secondary metabolites, called mycotoxins, such
as aflatoxin, zearalenone, fumonisins or ochratoxin. Acute effects of mycotoxins are easy to
follow in vivo. Weight loss, liver and kidney injury, metabolic alterations, enzymatic impairment,
immune-suppression or tumor development are
only a few of the effects produced by high doses
of mycotoxins (7,8). Instead, the long-term exposure and accumulation of mycotoxins is hard
to predict and control. The effects of mycotoxins, though well-described in vitro studies, are
difficult to be interpreted in real life, as different pathological conditions may be expressed by
multiple factors which can overlap the assimilation of small but continuous amounts of mycotoxins. In addition, the food industry, though
governed by food safety legislation, is hard to be
properly controlled, so higher amounts of mycotoxins than permitted by law may be present
in various products. Local market products, even
common spices (9), were found to be full of fungi and mycotoxins.
If the treatment of mycotoxicoses is virtually
inexistent, the treatment options of fungal infections are available, but limited to the few antifungal classes: azoles, polyenes, echinocandins,
allylamines and nucleoside analogs. The antifungal susceptibility testing methods are more
demanding and harder to implement as routine
than the antibiotic susceptibility testing, requiring quantitative detection methods (microdilution, automated breakpoint detection methods
– e.g. Vitek2 systems). For the detection of antifungal resistance, simple PCR methods are limited, as the resistance to azoles is not encoded by
a specific gene (similarly as antibiotic resistance
is encoded in many bacteria), but rather by gene
mutations or target site upregulations, which are
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detectable only by gene sequencing, qPCR for
allele discrimination, RT-PCR for gene expression/miniarrays. The resistance can be induced
by suboptimal dose use of azoles, so the injudicious use of antifungal drugs (e.g treatment of a
yeast colonization) can have non-desired effects
for a long time. Many epidemiological studies
assess the antifungal susceptibility of clinical
isolates, in order to create a wider view on the
fungal resistance phenomenon (10–12). This
would bring evidence that can be successfully used for the implementation of an empirical
treatment, depending on the pathology, infection
site and identified species.
To conclude the initial question, we should
be able to handle the fungal infections if we extract and take into account the essential information from the literature, following the epidemiology, antifungal resistance patterns, clinical status
of the patient or favoring factors for infections.
We should not forget about the particularities
and individual characteristics of fungal strains
when dealing with treatment failure.
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