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Cryptococcus is an invasive fungus that causes cryptococcosis in both immunocompromised and immunocompetent
hosts. The two species of Cryptococcus that are commonly
associated with infections in humans are C. neoformans and
C. gatti [1]. C. neoformans is commonly recovered from avian
droppings while C. gattii is recovered from decayed woods inside trunk hollows of diverse tree species. Infection with C. neoformans and C. gattii starts with inhalation of the fungus that
can establish pulmonary infection and subsequently spread to
other organs of the body especially to the central nervous system causing inflammation of the meninges and consequently
the fatal cryptococcal meningoencephalitis [2]. Cryptococcus
has several virulence factors, especially the capsule that consists of high molecular weight polysaccharides, mainly glucuronoxylomannan (GXM) and, to a lesser extent, galactoxylomannan (GalXM) and mannoproteins (MP). The capsule acts as
a barrier against the host’s defenses. Other virulence factors
include the ability to grow at 37 ° C, melanin production, which
protects against phagocytosis, and the production of various
enzymes such as proteases, ureases, superoxide dismutase and
phospholipase B, which facilitates tissue invasions [3-6].
The severity of the disease and the prognosis in cryptococcosis are largely dependent on the integrity of the host immune
system and on the characteristics of each variety of C. neoformans and C. gattii [7]. Studies investigated the correlation of
immunity in human immunodeficiency virus-infected patients
to cryptococcal infection and analyzed the rate of clearance of
infection by serial quantitative cerebrospinal fluid fungal cultures through the measurement of cytokines, and the results
demonstrated that pro-inflammatory mediators (IL-6, IFN-γ,
TNF-α, and IL-8) were significantly higher in survivors compared with nonsurvivors. In addition, the increased cytokine
production was associated with increased macrophage activation, more rapid clearance of fungal from cerebrospinal fluid
and survival [8-9]. In common with a number of other chronic
fungal and bacterial infections, the protection to cryptococcosis
is associated with an active inflammatory response with a pattern of Th1-cytokine released [10]. The role of Th1 response is
also reinforced by studies showing that patients who survived
neurocryptococcosis have higher levels of IFN-γ in cerebrospinal fluid than patients who died [11].
C. neoformans can cause infection in immunocompetent
individuals but preferentially infects immunocompromised
hosts, especially human immunodeficiency virus-infected
patients, but also other underlying disorders, including malignancy, collagen vascular disease, transplantation and, immunosuppressant usage [12]. In addition, tobacco smoke is
also considered a risk factor for cryptococcosis [13]. Cigarette
smoking is a worldwide epidemic, and it is one of the main pre-
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ventable causes of morbidity and mortality worldwide. Cigarette smoke contains about 45,000 chemical substances, with
several of them showing toxic effects, including mutagenic and
carcinogenic properties [15]. Of the numerous smoking-related disorders the most common is chronic obstructive pulmonary disease (COPD) and the most deadly is lung cancer [16].
COPD is characterized by a chronic inflammatory process and
progressive airflow obstruction. Pathological changes that are
induced by chronic exposure to cigarette smoke are observed
more early in airway epithelium [17]. The most pronounced
changes are hyperplasia of goblet-producing goblet cells and
basal cells, metaplasia of squamous epithelial cells, shortening
of the cilia (resulting in less mobility of the mucus produced
by goblet cells and less elimination of pathogens) and loss of
tight junctions that impairs the protection the respiratory tract
against pathogens, xenobiotics and other harmful particles
[16,17]. In addition, the cigarette smoking causes activation
and damages of epithelial cells, which induce the secretion of
chemical mediators (chemokines, cytokines and others), and
consequently the recruitment of leukocytes (mainly neutrophils and macrophages) to the lungs. The migration and activation of leukocytes in the inflammation zone intensify the
airways inflammatory process increasing the secretion of several pro-inflammatory (cytokines, chemotactic factors, oxygen
radicals and others) and enzymes providing an uncontrolled
inflammatory response. The continuous inflammatory process
of the airways causes also the destruction of the lung parenchyma with consequent loss of the alveolar attachments of the airways leading to obstruction or limitation of airflow [16-18]. The
inflammatory response in patients with COPD involves both
innate and adaptive immune responses and could be amplified
during acute exacerbations or precipitated by bacterial or viral
infection [18]. Interesting, there are components from cigarette
such as nicotine that demonstrate immunosuppressive effect in
innate cells, including bronchial epithelial cells, macrophages,
neutrophils and lymphocytes, of the host might cause increase
of the susceptibility to infections [15,19,20]. Interesting, immunodeficiency virus-infected individuals who were current smokers had at increased risk for C. neoformans infection [21,22],
which can favor the invasive fungal disease. In another study,
MacDougall et al. 2011 [23] observed an increase of C. gattii infection in smokers in an immunosuppressive state, induced by
oral corticosteroid use or with invasive cancers. Although most
cases of C. gattii infection occur in healthy individuals, it may
also occurs in immunosuppressive individuals. These increased
susceptibility to C. neoformans and C. gattii infection could be
associated to the adversely effects of smoking in the respiratory
system (smoking impairments the protective barriers in airways
and inhibition of mucociliary clearance). Furthermore, chronic inflammation of the airway may well contribute to impaired
immunity and to a predisposition to criptococcosis [21,24].
Additionally, the tobacco contains a large number of chemicals
and the consequent absorption of tobacco ingredients directly into the lungs or bloodstream during smoking could provide
compounds that serve as precursors for synthesis of several
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substances including melanin [13,25]. Interesnting, melanized
cells of C. neoformans are more virulent and exhibit increased
resistance to host defenses and thus survive longer [26] as well
as reduced susceptibility to antifungal agents [27]. Additionally, the fungus has tropism by the central nervous system, since
this organ has optimal concentrations several nutrients assailable by it such as the presence of melanin precursors [14].
Taken together, smoking weakens pulmonary function
and provides substances associated to fungal resistance mechanisms that contribute towards enhancing the risk of cryptococcosis in smokers but mainly those affected by immunosuppressed conditions.
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