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Abstract

Currently, AIDS represents the most common risk factor for the development of cryptococcosis. Despite of rapid
scale-up of antiretroviral therapy programs and global investement in HIV care over the past decade, the decline in
incidende and mortality rates associated with cryptococcosis has not been commensurate.

This article puts into context recent diagnostics studies and morphologies - with special attention to laboratory
diagnosis based on classical mycology: (a) histopathology through the histochemical techniques of hematoxilin and
eosin, periodic acid-Schiff, and Grocott's silver, as well special histochemical techniques such as Mayer's
mucicarmine and Fontana-Masson; (b) cultures by Sabouraud’s medium, brain-heart infusion agar, canavanine-
glycine-bromothymol blue agar, in addition to niger seed agar medium and lysis-centrifugation blood-culturing
technique; (c) serology by cryptococcal antigen test and cryptococcal antigen lateral flow assay. In this paper, we
also discussed the new rapid point-of-care lateral flow assay to be used to screening HIV-infected person with CD4
counts of less than 100 cells /uL.

It is noteworthy that laboratory findings should be interpreted considering the clinical and epidemiological history
of all patients. Consequently, diagnostic tools are only properly used, if the treating physician is aware of the

propensity of patients to acquire a fungal infection.

Keywords: Cryptococcus, Diagnostic tests routine; Diagnostic test
approval; Point-of-care lateral flow assay

Introduction

Cryptococcus has a unique history among all the fungi pathogenic
to man. It was discovered almost simultaneously to exist both as a
highly virulent agent of human disease and as a saprophyte in nature
[1,2]. In 1894, was introduced an encapsulated yeast-like fungus to the
world that we now call Cryptococcus.

In Germany, Busse isolated this encapsulated yeast (referred as
Saccharomyces sp.) from the ulcerous tibia of a woman showing a
generalized mycotic infection [2]. During the same year, the Italian
Sanfelice recovered a yeast-like organism from fermenting peach juice
and demonstrated to be pathogenic to dogs, guinea pigs and chicken.
Because of its “tumour” - forming properties in experimental animals,
the Italian named his isolate S. neoformans [1]. Much of pathology
and the features of primary pulmonary disease were described by
Baker and Haugen [3]. In 1905, Von Hansemann presented the first
report of cryptococcal meningitis [4].

Over the years, the organism was reisolated and many others names
were coined, including Saccharomyces hominis, Blastomyces
neoformans, Cryptococcus hominis, Torula histolytica and
Cryptococcus histolyticus. Synonyms for infection included tolurosis,
European blastomycosis, Busse-Buschke disease and torula meningitis
[5]. This created a little bit of confusion and the names Cryptococcus
and cryptococcosis were finally decided upon to describe all the
isolates, as well as the disease, respectively [6].

Infection

Five mayor sites of involvement important in the diagnosis and
management of cryptococcosis are the lungs, CNS, skin, prostate and
eyes [7,8]. The lungs, is invariably the portal of entry, by inhalation
from an environmental source, and initial site of infections.
Cryptococcus neoformans mainly causes opportunistic infections of
immuncompromised patients with underlying conditions such as
HIV, leukemia and other cancers as those taking corticosteroid
medication. On this setting, C. neoformans can disseminate to other
organs [9]. The organism is trophic to the CNS, and the majority of
cases are related to meningitis - a condition that is fatal if left untreated
[10,11]. All areas of the body can be infected. Extrapulmonary and
extraneural manifestations are observed in about 60% of the patients.
Involvement of oral cavity, liver, lymph nodes, kidneys, adrenals are
considered to be manifestations of disseminated disease [10,12].
Serotype A (Cryptococcus neoformans var. grubii) is responsible for
the majority of cryptococcosis cases in the immunocompromised host
[7]. Contrary to Cryptococcus neoformans, C. gattii primarily infects
otherwise healthy individuals [13]. Although both species infect the
central nervous system, C. gattii appears to invade the brain
parenchyma more commonly than C. neoformans [11]. Furthermore,
in C. gattii infected patients, pulmonary infections are more likely and
pulmonary mass-like lesions are more common than in C. neoformans
infected patients [14]. Interestingly, the epidemiology of Cryptococcus
gattii continues to evolve. The emergence of highly virulent species in
immunocompetent populations, especially in northwest America and
British Columbia, ensures greater awareness because delayed diagnosis
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and inappropriate antifungal therapy is associated with high mortality
[15].

Thus, the epidemiology of cryptococcosis can be broadly classified
into two groups: (a) an common opportunistic fungal infection, or (b)
when behaves as a primary pathogen.

Central nervous system infection

To cause CNS infection, Cryptococcus must cross several epithelial
and/or endothelial cell layers, first to leave the lung and them to reach
the brain [8]. Although the neurotropism of this yeast has been known
for more than a century, the mechanism by which fungal cells invade
the central nervous system has remained elusive. The first mechanism
posits a “Trojan horse” approach. According to Shi et al., fungal cells
are phagocytosed first in the blood or the vicinity of the endothelial
cells of the brain vasculature and then the phagocytic cells transports
them to the parenchyma [16]. Circumstantial evidence for this
mechanism is provided by the fact that Cryptococcus is a facultative
intracellular pathogen that can survive in macrophages, and that
extrapulmonary dissemination appears to be macrophages associated
[17,18]. The second mechanism posits that naked this pathogen invade
the brain by direct transcytosis of endothelial cells lining the brain
vasculature. This view is supported by in vivo observations showing
that yeast cells are taken up by endothelial cells and can transit
through the cytoplasm to emerge on the other cellular surface. Neither
mechanism is exclusive of the other or in fact, there some evidence
that both can occur simultaneously [15].

The predilection of Cryptococcus for the brain has been attributed
to the ability to grow at higher temperatures (237°C) with genetic
control of the temperature phenotype via calcineurina [19]. Several
studies have demonstrated that calcineurina B has a central role in
virulence and antifungal drug action in Cryptococcus [20,21].

A recent, retrospective clinical study of Cryptococcus infection
revealed that HIV-positive patients were more likely than those
without HIV infection to have CNS involvement (91.1% versus 21.7%,
P<0.001). Of note in that study, despite the differences in CNS
involvement, mortality rates for the 2 groups were not statistically
significantly different (P=0.162) [22]. Cryptococcal infection in
immunocompetent patients is rare, and CNS cryptococcomas in such
patients has seldom been reported [23]. The intracranial
cryptococcoma that is characterized by accumulation of Cryptococcus
and inflammatory cells [24]. It is reported that patients infected with
Cryptococcus gattii are more likely to develop a CNS mass [25]. This
can be explained by the fact that metabolites released by Cryptococcus
gattii can inhibit the migration and function of leukocytes and
promote survival as well as localized replication of the pathogen,
facilitating formation of cryptococcoma [26].

Skin

The skin is most common extra-neural site of dissemination [27].
The lesions may vary greatly in morphology and mimic other
dermatological entitie [27,28]. They may have misdiagnosed as
molluscum contagiosum and Kaposi’s sarcoma [29,30]. The skin
lesions may appear as acneform lesions, tumors, vesicles, plaques,
abscess, cellulitis, purpura, draining sinus, ulcers, subcutaneous
swelling or superficial granulomas; and the numerous umbilicated
papules developing in HIV-positive patients leads to differential
diagnosis of penicillosis and histoplasmosis [27,29-32]. These lesions
are as ominous sign and can present months prior to others signs of

systemic infections; always represents disseminated disease and are
correlated with high fungal burden [32-34]. This array of cutaneous
presentations emphasizes the need to biopsy and obtain appropriate
histopathological sections of all new skin lesions in high-risk patients.
Skin lesions with different characteristics should be individually
biopsied and processed [8].

Prostate

Host defence is limited within the prostate gland, and it is a
persistent site of infection following amphotericin B therapy,
particularly in the immunocompromised host [35,36]. Larsen et al.
refered that positive cultures of urine post-prostatic massage were
found in 29% of patients in whose cryptococcal meningitis despite
additional fluconazole therapy [37]. According to Barza, the treatment
is complicated by the fact that the prostate is a privileged site with
poor penetration by many antimicrobial agents. Relapses after therapy
with fluconazole and amphotericin B and persistence of Cryptococcus
in the urine and prostatic fluid of HIV-positive patients have raised
concern about the efficacy of therapy at this site of infection [35,38].

In careful follow-up of patients with HIV-infection, cultures of
routinely urine are frequently positive at the end of therapy.
Additionaly, the prostate associated with CNS infection, represents a
potential reservoir of Cryptococcus that may be responsible for clinical
relapse of meningitis in AIDS patients [35,36]. Thus, after treatment,
high-risk male patients should be screened by culture of urine samples
to ensure that the yeasts have been eliminated [11].

Laboratory diagnosis

In diagnostic of infectious disease, the clinican faces the dilemma
that under conditions of immunosupression, most fungi are
potentially pathogenic, and that diagnostic tools do not always allow a
definitive diagnosis to be made. Therefore, one must start out with a
high index of suspicion in making a diagnosis of fungal infections [39].

The definitive laboratory diagnosis of cryptococcosis can be made
directly, by detecting the presence of the microorganism. The results
of direct microscopic and histopathological examination, in addition
to serological screening guide the correct interpretation of laboratory
findings and initial therapeutic decision [10,12]. The results of cultures
can corroborate or change this decision [39].

Direct examination

Direct examination is conclusive for the diagnosis of cryptococcosis
[10,39]. Clinical specimens from the tissue and surgical wounds,
aspirates from cutaneous lesions, sputum and respiratory samples to
body fluids, such as blood, urine and spinal fluid should be examined
by India ink preparations [11]. For a routine positive India ink test
from CSF, it is estimated that the specimen needs to contain more
than 103 CFU/mL of CSF [40]. This technique has the advantage of
revealing the presence of a capsule, that may vary in thickness from
few micrometer to a width that equals or exceeds the diameter of the
cell [11]. In this preparations, the yeasts cell are usually spherical-to-
oval and 5 to 7 um in diameter. They tipically appear refractory with a
single bud that is attached by a thin connection or without buds [41].
In addition, authors describe the identification of wunusual
morphologies of Cryptococcus which include pseudohyphae, germ-
tube like structures and hyphae forming, all identified in an india ink
preparations of CSF [42,43]. This conventional method presented
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sensivity at 94.1% and specificity at 100% [44]. On the other hand,
studies with cryptococcal meningitis in northern hemisphere proved
to have sensivity, which ranged from 25-50% [45]. This may be a
function of the late presentation of the patients with AIDS, a higher
central nervous system burden of fungal yeasts in a untreated cases or
failure of laboratories to culture cryptococci when the India ink test is
a negative. The India ink stain have a cost-effective approach for the
use routinely in developing countries [46].

The use of calcofluor may enhance detection of fungal cells, but
requires a microscope with fluorescent capability. Although calcofluor
white is not specific of Cryptococcus spp., this solution can be used on
respiratory and biopsy specimens; and tissue aspirates to find these
yeasts quickly when they are in a reduced number within a specimen
[47].

Histopathologic diagnosis

The diagnosis of a fungal disease can be established on the basis of
histopathologic evidence combined with cultural evidence [39]. Fixed
histopathologic specimens often may be the only available material for
diagnosis either because of the lack of a fresh specimen or because the
fungi in tissue are not viable at the time of diagnosis [10,48].
Consequently, detection of fungi in tissue and confirmation of tissue
invasion are required in diagnosing many opportunistic fungal
infections [49].

Histopathologic procedures are rapid and relatively inexpensive.
Suscessful histopathologic diagnosis is dependent upon the adequacy
of the staining procedures, the use of proper stains (special fungal
stains), and the morphologic characteristics of the given fungus
[12,48]. If the fungi present their unusual morphology can give rise to
diagnostic dilemma. If morphologically typical fungi are present and
the tissue sections have been satisfactorily processed, identification of
the disease is made in most cases [10,12,48].

Microscopic recognition may require the use of special stains
[10,12,39,48]. Adequate methodology is especially necessary when
necrotic foci are presented [49]. In tissue with necrotic foci or calcified
granulomatous foci, special stains are essential [50].

Histopathological features in cryptococcosis

Mucoid appearance in gross specimens from patients with
overwhelming infection may suggest cryptococcosis [3,51-53].

On histopathology, cryptococcal lesions may exhibit widely
differing amounts of inflammatory response, depending on the host
and the organ [10,50,54]. Inflammation varies from absent to marked,
generally in inverse ratio to the number of organisms [50,55].
According to Schwartz, histologic spectrum varies from minimal or no
inflammatory reaction (paucireactive pattern), necrotizing infection
and fibrotic or calcified nodules to granulomatous lesions (reactive
pattern) [50].

The paucireactive pattern is characterized by numerous yeast forms
with abundant mucin formation and with complete replacement by
extracellular yeasts [10,12]. It’s associated with destruction of the
involved tissue by compression from cryptococcal mucin [10,51,52]
(Figure 1A). Since, reactive pattern presents typical granuloma that is
usually founded at the site of infection and is recognized as a compact
aggregate of macrophages with epithelioid features and multinucleated
giant cells, of both foreign-body reaction and Langerhans type. The
yeasts are found in an intracellular location (phagocytozed)

[48,53,56,57] (Figure 1B). Dense granulomatous response is more
common outside the central nervous system, particularly in the lung
[56,57]. Kerkering et al. have reported that these histologic variants are
thought to represent differences in both the activity and duration of
the infectious process as well as the nature and extent of the host
immune response [58].
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Figure 1: A) section of the lungs stained with HE. Histologic
patterns of paucireactive cryptococcosis (x100). B) Reactive
cryptococcosis in AIDS-associated pulmonary cryptococcosis to
shows phagocytosis and giant cells of foreign body type. Of note to
malformation of phagocyte an common characteristics in patients
with AIDS (x40).

In the first published study, involving association of immune status
with histologic features, Baker concluded that the histologic response
to cryptococcosis in apparently immunocompetent patients was
granulomatous, but that in immunocompromised patients there was
diffuse aspect with a gelatinuos or paucireactive histology [58-60].
Findings in HIV-positive patients are even more pronounced with
abundance vyeasts on lung parenchyma without significant
inflammation [8,40]. While Mayayo highlighted the importance to
increase in value the immnue status of the host, since its deficit
determines the degree of inflammatory response [49]. Shibuya et al. in
an granuloma and cryptococcosis study, communicated that there are
also other factors that influence the histology of cryptococcosis as:
virulence as well as burden of microorganisms [55].

In tissue specimens sections, the typical cells are spherical, oval or
ellipsoid, and surrounded by optically clear, smoothly spherical zone,
or halos that are unstained capsules [12]. The size of cryptococcal cells
in tissue varies widely, from 4 to 7 um in diameter (majority of the
cells), not including the capsule, but cells from 2 to 15 um may occur
[10,12,48,58]. This distinctive appearance can suggest the diagnosis
strongly even on hematoxilin and eosin preparation (HE) [3,48].
Careful scrutiny of HE-stained slides may be necessary to see the
cryptococci, but the fungus is readily seen on Grocot’s silver (GMS),
the cells being widely separated by spaces originally occupied by
capsule [48]. The cryptococcal organisms usually are seen in singles or
with one bud, but may be found in chains of budding yeasts, structures
resembling germ tube, poorly encapsulated strains or as pseudohyphae
[41,60] (Figure 2A). Additionally, previous reports described the
cryptococccosis by non-encapsulated forms as extremely rare, and that
no apparent incidence in humans [41] (Figure 2B). Nevertheless, a
study with 925 cases of cryptococcal infection founded 8 cases in
humans caused by capsule-deficient Cryptococcus[10].
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Figure 2: A) shows encapsulated budding yeasts arranged in chains.
The magenta capsule are strongly stained by mucicarmine (x40). B)
shows nonencapsulated cryptococci forms. Fungal cell wall is
stained in black by Grocott’s silver stain) (x100).

Identification of this yeast in tissue is enhanced by the use of
appropriate special stains, as well as by attention to fungal morphology
[10,12,48]. The capsule can be enhanced by staining with mucicarmine
[10,12]. The periodic acid-Schiff/Alcian Bule stains are also applied to
confirm the mucopolysacchariden capsule [61]. Sometimes fibers of
red-stained mucopolysaccharide can be observed through the space
surrounding the yeast cell, creating a unique appearance resembling
the suspension of a spider web [60]. The magenta colour imparted to
the fungal capsule is visible in nearly all lesions [12] (Figure 3A).
Consequently, this yeasts may be uniformly positive by Mayer’s
Mucicarmine stain (MM) - except in cryptococcosis by
nonencapsulated yeasts-like organisms, in which the usual colour
appearance is absent [48,52]. As soon, the correct diagnosis of capsule-
deficient cryptococci infection by using the tissue section alone may be
extremely difficult [10,48,53]. In addition, these organisms are
morphologically indistinguishable from Histoplasma capsulatum,
young spherules Coccidioides immitis, small forms of Blastomyces
dermatitidis and Paracoccidioides brasiliensis, Candida glabrata in
tissue [10,53]. In this cases, as previously described, Fontana-Masson
(FM) stain is useful as an alternative diagnostic, especially for
distinguishing cryptococcal infection from these other fungal
infections, which mimic it with their similar size and shape, tissue
response and negative mucicarmine staining [48] (Figure 3B).

Figure 3: A) shows fungal cells presenting carminophilic capsule are
intenselly stained with magenta color by mucicarmine (x100). B)
section of lymph node stained with Fontana-Masson.
Nonencapsulated cryptococci forms exhibited react positively for
melanin fungal (x100).

Cultures

Cryptococcus grows on the majority of mycological media at 25°C
and 35°C [39,52]. The identification is confirmed by (a) colony
morphology: by isolation of yeasts colonies with white mucoid aspect
(depending on the capsule thickness) after cultivation on fungal media
(within 48-72 h), namely Sabouraud’s (SAB) at 25°C, and brain-heart
infusion (BHI) agar at 35°C; (b) microscopy morphology: by
demonstrating of spherical to oval encapsulated yeasts cells, budding
on a narrow base and range from 2 to 20 um in diameter but usually
measure 4-10 um in diameter [12,62]. Specimens of sputum, of pleural
aspirations and bronchoalveolar lavage (BAL), CSF, skin scrapings,
pus, urine or blood should be inoculated on fungal media described
above [39]. In addition, its identification includes the production of a
brown colony on niger seed (Guizotia abyssinica, birdseed) agar
medium. This pigment is a melanin-like compound produced by the
fungus with phenoloxidase activity. Additionally, use of niger seed
agar is especially effective for selective identification from sputum and
urine AIDS patients [38]. Interestingly, urine culture is useful in the
diagnosis of disseminated cryptococcosis, even in the absence of
clinical signs referable to the urinary tract, especially in AIDS patients
[63,64]. After identity of an isolate has been established as
Cryptococcus, one may proceed in determining its species status.
Canavanine-glycine-bromothymol blue (CGB) agar is successfully
used for this purpose. The Cryptococcus gattii is differentiated, in 1 to
5 days, by a blue color reaction when grown in CGB, whereas those of
Cryptococcus neoformans do not [10,41]. The C. neoformans is also
identified by urease production. This test is a rapid method to
evidence urease activity by urea hydrolysis and production of
ammonia. This practical screening test for presumptive identification
of C. neoformans is simple, unaffected by pH changes and requires 15
minutes to be performed. No false negatives were observed by this
method [65].

Blood culture systems

For blood cultures, the most sensitive method appears to be the
lysis-centrifugation (LC) procedure [8,40]. When compared with a
conventional broth cultures, the LC system has provided a higher
detection rate and shorter detection time of fungemia [39,63]. Bille et
al. assessed the clinical significance of earlier detection of fungemic
episodes [64]. In this study, the authors reported a 36.6% increase in
the detection of fungemia by the LC system as compared with the
conventional method.

In Brazil, all routine blood cultures are performed by lysis-
centrifugation procedure (Isolator’) since January 1994. In this
published series of progressive disseminated histoplasmosis (PDH)
cases, Oliveira et al. [14] concluded that, especially, in Histoplasma
capsulatum infection, the lysis-centrifugation blood culture system is
gold standard for recovering these thermally dimorphic fungi. In
addition, improvements in the success rate with the definitive
diagnosis of the cryptococcosis, including detecting transient
fungemia in self-limited acute pulmonary infection [65].

On cryptococcosis, blood culture is positive in about 10% to 30% of
all patients, but is even more helpful in patients with AIDS or others
immune-deficiency states [64,65]. Unlike of the others clinical aspects,
cryptococcemia is usually associated with a poor prognosis in
cryptococcal meningitis cases [66]. Consequently, Isolator should be
used in cases of suspected disseminated disease due to sensitivity and
reduced mean time for detection of positive culture [64,65]. In
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suspected cases of bone marrow infection, if the blood cultures is done
by lysis-centrifugation, the aspiration procedures is not necessary
[65-69].

Serodiagnosis

The Cryptococcal Antigen (CrAg) test - devised to detect
cryptococcal capsular polysaccharide antigen with the use of a Latex
Agglutination (LA) kit - were first described by Bloomfield et al. [70]
in the sera and CSF from a total of nine patients [67]. Currently, has
become some of the most important and rapid serodiagnostic tests
available of the diagnostic immumology [8,52]. The test is highly
reliable for diagnosing cryptococcosis (sensitivity and specific is well
above 90%) [39]. CrAg can be detected in a wide variety of body fluids,
but the LA test is only suitable for testing serum and CSF samples of
predominantly human immunodeficiency virus (HIV)-positive
patients [66,69]. In addition, a study with 220 HIV-positive and
negative patients showed that CrAg testing from bronchoalveolar
lavage (BAL) samples was a highly effective diagnostic technique [70].
On other hand, Gazzoni et al. [49] described that false-negative results
seems to be strongly associated to a poorly encapsulated strains as the
test detects at least 10 ng of polysaccharide per mL of biological fluid
and that this strain does not produce enough polysaccharide antigens
to be detected by the CrAg test [8,10]. Noteworthy, patients with
pulmonary disease without dissemination may have false-negative
serum titres, since yeasts have not yet disseminated from the lungs [8].
Therefore, it’s noteworthy that the serodiagnosis cannot replace the
direct examination. However, both techniques are complementary for
the diagnosis of cryptococcosis.

Cryptococcal antigen lateral flow assay

Recently developed point-of-care Cryptococcal Antigen tests
(CrAg) used for screening for cryptococcosis among HIV-positive
individuals. This tool detects the same cryptococcal polysaccharide
capsule glucuronoxylomannan as the latex agglutination test [71]. The
new CrAg lateral flow assay (CRAg LFA) has been cleared by US Food
and Drug Administration for use in serum and cerebrospinal fluid
(CSF) specimens, given its close correlation (>99%) with the latex
agglutination and enzyme immunoassay [72,73]. The assay meeting
most of the WHO criteria for an ideal point-of-care test to show
acceptable sensibility (70-98%) in urine samples [72]. For detection of
cryptococcosis in serum, the LFA is 95,8% to 100% sensitive when
compared with CrAg and culture [74].

In a region where infrastructure is most resource-poor setting, the
need for rapid and effective this screening among HIV-positive
outpatients who are starting antiretroviral therapy (ART) is urgent
and, if made available, has the potential to decrease mortality [71].
However, little is known of the test’s characteristics in urine or whole
blood in those with asymptomatic infection, as well as in infections
associated to a poorly encapsulated strain or in cryptococcosis by non-
encapsulated forms. Thus, this remains an area of on-going research
[71,74,75].

Tests for cryptococcal antibodies are not useful and are not widely
available for clinical use because they have high false-positive and
false-negative rates [76-79].

Conclusions

Cryptococcal disease is important cause of morbidity and mortality
in severely immuno-compromised, particularly in AIDS-associated
cryptococcal meningitis. Of note the reasons for this high mortality
rate are multifactorial including late HIV presentation, ART treatment
failure and mainly delays in diagnosis. It has been largely accepted that
defence mechanism against cryptococci may vary among individuals,
depending on the fungal species, tissues involved and immune status
of the host. Given these considerations, we wish to emphasize the
usefulness of laboratory diagnosis based on classical mycology,
because allows more detailed information of an extremely complex
interaction between the causative yeast and tissue response. In
addition, given the high morbidity and mortality of cryptococcal
meningitis, further studies are needed on how to best implement the
novel test into existing ART programmes and diagnostic algorithms.
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