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ABSTRACT

Cryptococcosis, a systemic disease caused by the fungus Cryptococcus neoformans/
Cryptococcus gattii is more severe in immunocompromised individuals. This study aimed
to analyze the epidemiology of the disease, the molecular characteristics and the antifungal
susceptibility of C. neoformans isolated from patients treated in a Brazilian university
hospital. This retrospective study was conducted in the Clinical Hospital, Federal University
of Uberlandia, and evaluated cases of cryptococcosis and strains of C. neoformans isolated
from 2004 to 2013. We evaluated 41 patients, 85% of whom were diagnosed with AIDS.
The fungus was isolated from the cerebrospinal fluid (CSF) of 21 patients (51%); 19.5%
had fungemia and in 24% the agent was isolated from the CSF and blood, concurrently.
Meningoencephalitis was the most frequent (75%) manifestation of infection. Despite
adequate treatment, the mortality of the disease was 58.5%. Most isolates (97.5%) presented
the VNI genotype (serotype A, var. grubii) and one isolate was genotyped as C. gattii (VGI);
all the isolates were determined as mating type MATo and showed susceptibility to the
tested antifungals (fluconazole, voriconazole, amphotericin B and 5-flucytosine). Although
AIDS detection rates remain stable, opportunistic infections such as cryptococcosis remain

as major causes of morbidity and mortality in these patients.

KEYWORDS: Cryptococcus neoformans. Cryptococcosis. Molecular typing. Antifungal
susceptibility testing.

INTRODUCTION

Fungi of the complex Cryptococcus neoformans/Cryptococcus gattii are
encapsulated, cosmopolitan yeasts, and are able to infect and cause disease in many
hosts, including man'. Cryptococcosis, an illness caused by these microorganisms, is
a systemic disease that may be subacute or chronic and potentially fatal, and primarily
affects the meninges. Its occurrence was rare before the acquired immunodeficiency
syndrome (AIDS) epidemic, and was usually associated with patients presenting
low cellular immunity?. As a global causative agent, C. neoformans is estimated to
cause more than one million new cases of cryptococcosis a year with about 625,000
deaths®. C. neoformans is usually associated with immunocompromised individuals
(AIDS patients, neutropenic individuals and those receiving prolonged therapy with
corticosteroids); C. gattii is more often associated with immunocompetent patients®.

Cryptococcus neoformans has serotypes A, D and AD; in contrast, C. gattii
that has serotypes B and C. The former species also presents two varieties related
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to serotypes var. grubii (serotype A) and var. neoformans
(serotype D)>8. Serotype A predominates in clinical and
environmental isolates in most areas, except in Northern
European countries, where serotype D accounts for
50% of the isolates’. Serotype AD was isolated from the
environment and in patients in North America and Europe®.
Until recently, the accepted idea was that C. gattii was
restricted to tropical and subtropical areas. However, an
outbreak in Vancouver Island, Canada, reported in 2002,
changed assumptions about the pattern of distribution of
this species®.

The treatment of cryptococcosis has been the subject of
numerous studies. Currently, only three classes of antifungal
drugs have been considered for this purpose: the polyenes
(amphotericin B), the azoles (ketoconazole, itraconazole,
fluconazole and voriconazole) and a pyrimidine-derived
drug (5- flucytosine)™. The latter is not available in Brazil.
However, some of the drugs administered to treat fungal
infections have high failure rates, and the emergence
of fungal intrinsic resistance is a growing problem''-2,
Regarding the treatment of HIV-positive patients with
fungal infections of the mucous membranes, in the period
preceding the introduction of antiretroviral therapy, the
repeated and prolonged use of azoles favored the acquisition
of drug resistance in several fungal pathogens, including
C. neoformans’.

The aims of this study were to evaluate the
epidemiological profile of patients who had developed
cryptococcosis and to determine their susceptibility
to antifungal drugs, and also to explore the molecular
characteristics of C. neoformans isolated from patients
treated at the Clinical Hospital of the Federal University
of Uberlandia (HCU) from 2004 to 2013.

MATERIALS AND METHODS

In this retrospective study, 41 strains of Cryptococcus
that had been previously identified as C. neoformans were
included. They were isolated from patients treated at the
Clinical Hospital of Uberlandia from 2004 to 2013. These
strains were stored in the Clinical Laboratory of that
institution from the time of diagnosis until the time of this
study. Uberldndia is a city located in the western region of
the State of Minas Gerais, Brazil. The strains were isolated
from various clinical samples (cerebrospinal fluid [CSF],
blood, skin lesion secretions and bronchoalveolar lavage).

The study was carried out after been approved by the
Ethics Committee of the Federal University of Uberlandia
(UFU), under number 357.803, in 08.13.2013. In the
Microbiology Laboratory of the HCU, the phenotypic
identification of Cryptococcus spp. is routinely carried
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out using classical phenotypic tests such as the hydrolysis
of urea and canavanine glycine bromothymol blue agar
(CGB). To ensure the viability of the strains, they were
maintained on Sabouraud Dextrose agar (SDA) at room
temperature with quarterly subcultures. These stored strains
were evaluated in this study.

To evaluate the epidemiological profile of patients
who had developed cryptococcosis, we studied patient
charts. They were analyzed to gather data on demographics
(gender, age, base disease, immunosuppression causes, CD4
lymphocyte count, treatment and outcome of the disease)
and the primary isolation site of Cryptococcus sp.

Antifungal susceptibility was identified using the
VITEK® 2 system (Biomérieux), according to the
manufacturer’s instructions. The inoculum suspension was
prepared from cultures in SDA, incubated for 48 hours at
35 °C, with turbidity adjusted to the standard number 2 of
McFarland. This suspension was transferred to cassettes of
a susceptibility test card system (AST-YSO1, Ref. 22108).
The cassettes were inserted in the system and the minimal
inhibitory concentration (MIC) levels were determined in an
automated equipment. The results were expressed in ug/mlL..
The concentrations of drugs in the cassettes ranged
from 1 to 32 pg/mL for amphotericin B, 1 to 16 pg/mL
for fluconazole, from 4 to 64 pg/mL for 5-flucytosine
(5FC) and from 0.5 to 8 pg/mL for voriconazole. Candida
albicans ATCC®90028 was used as the control. Although
clinical breakpoints for imidazole derivatives, including
fluconazole, have not yet been defined in the literature, the
strains with a MIC < 8 pg/mL were considered susceptible
to fluconazole™.

Although one of the aims of this study was to explore
the molecular characteristics of Cryptococcus neoformans,
phenotypic tests were repeated before performing the
molecular characterization. These tests were conducted after
recovery of the isolates through three serial subcultures,
incubated for 72 hours. The phenotypic identification of
the strains was performed in the last subculture using the
same tests described previously (classical phenotypic tests).

Molecular tests were carried out after the extraction
of genomic DNA, according to Bolano et al.'®, with
the modifications advised by Pedroso et al.'®. Mating
types and molecular types were determined. To establish
the mating type, two pairs of primers were used as
described by Chatuverdi et al.': MATao [MAToF
(5’-CTTCACTGCCATCTTCACCA-3"); MATaR
(5’-GACACAAAG GGTCATGCCA-3")], and MATa
[MATaF (5’-CGCCTTCACTGCTACCTTCT-3"); and
MAToR (5’-AACGCAAGAGTAAGTCGGGC-37)].
Amplification reactions were performed in a final volume
of 25 pL, each tube containing 25 ng of genomic DNA,
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enzyme buffer 1X (Uniscience, Sao Paulo, Brazil), 1.5
mM magnesium chloride (Uniscience, Sao Paulo, Brazil),
0.2 mM of each dNTP (Ludwig Biotec, RS, Brazil),
20 picomoles of each primer, and 1 U Taq polymerase
(Uniscience, SP, Brazil). The amplification conditions were:
initial denaturation at 94 °C for 4 minutes, 34 cycles at 94
°C for 1 minute, 63 °C and 60 °C for 1 minute, respectively,
for MATo. or MATa, extension at 72 °C for 1 minute,
followed by a final extension at 72 °C for 10 minutes.
Reactions were kept at 4 °C. The amplification products
generated from the PCR reactions were subjected to agarose
gel electrophoresis in 1% TBE (Tris, Boric acid, EDTA)
0.5X plus 5 uL/mL fluorescent dye Easy View (Easy Path,
SP, Brazil), using 5 pL of the amplified product run at 75
V for 90 minutes. Then, the gel was visualized using an
ultraviolet transilluminator (L-Pix HE, Loccus do Brasil,
SP, Brazil) and photographed using the Lab-Image ID photo
documentation system (Loccus do Brasil, SP, Brazil). The
presence of amplified fragments of 101 bp and 117 bp was
considered positive for o and a types, respectively. For the
results analysis, strains of C. neoformans INCQS 40123
(ATCC® 28957) and C. neoformans ATCC® 28958 were
used as controls for o and a types, respectively.
Amplification reactions for URA-5 gene were performed
as described in the literature'®'®, with a final volume of
25 uL containing 50 ng of genomic DNA, 1X enzyme buffer
(Uniscience, Sao Paulo, Brazil), 1.5 mM magnesium chloride
(Uniscience, SP, Brazil), 0.2 mM of each dNTP (Ludwig
Biotec, RS, Brazil), 20 picomoles of each primer URA-5
(5’-ATGTCCTCCCAAGCCCTCG ACTCCG-3’) and SJO1
(5’-TTAAGACCTCTGAACACCGTACTC-3’); and 1 U of

2000 bp
1500 bp

1000 bp

700 bp

100 bp

Taq polymerase (Uniscience, SP, Brazil). Reaction conditions
were: initial denaturation at 94 °C for 4 minutes, 34 cycles
at 94 °C for 1 minute, annealing at 57 °C for 1 minute,
extension at 72 °C for 1 minute, followed by a final extension
at 72 °C for 10 minutes. Samples were kept at 4 °C. Thirty
microliters of the reaction amplicon were doubly digested
with Sau96I (10 U/uL) and Hhal (20 U/uL) (New England
Biolabs, Uniscience, SP, Brazil), and incubated at 37 °C for
3 hours. The fragments were separated on 3% agarose gel at
100V for 5 hours'®. We used the controls VNI (serotype A),
VNII (serotype A), VNII (serotype AD), VNIV (serotype D)
and VGI-VGIV (C. gattii) for the interpretation and analysis
of results (Figure 1).

Data were described (in terms of frequencies and
percentages) by means of an entry table for each variable,
as well as by using dual input tables. Associations were
evaluated using the likelihood ratio test?°. The level of
significance was set at 5% (p < 0.05). The statistical
procedures were performed using the SPSS software v. 20
(IBM, NY, USA).

RESULTS

Of the 41 patients evaluated, there were seven women
(17%) and 34 men (83%). Most patients were aged from 20
to 40 years; most women were in the 20-30 years old group
(Table 1). There was no statistically significant difference
between men and women in relation to age (p > 0.05).

Table 2 shows the distribution of patients according
to the underlying disease. Most of them (35 [90%]) were
immunocompromised. In 35 patients (85%) the underlying

7 8 9 10 11 12 13

Figure 1 - RFLP profiles (URA5 genes) from C. neoformans/C. gattii control strains. Columns 1 and 13: molecular markers
(100 bp); columns 2 to 5: genotypes VNI, VNII, VNIII and VNIV, respectively; columns 6 to 9: genotypes VGI, VG, VGIII and VGIV,
respectively; column 10 is URA5 gene amplified product; columns 11 and 12 are clinical isolates Cryptococcus neoformans VNI

and Cryptococcus gattiiVGl, respectively.
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Table 1 - Frequency of cryptococcosis according to the age and
the gender of patients treated at the HCU, 2004-2013

GENDER
g/(é':rs) MALE FEMALE
n % n %

20-30 10 294 3 42.8
31-40 14 41.2 1 14.3
41-50 6 17.6 1 14.3
51-60 1 2.9 0 0.0
61-69 1 2.9 2 28.6
>70 2 6.0 0 0.0
Total 34 82.9 7 171

Table 2 - Distribution of underlying diseases associated with
cryptococcosis in patients treated at the HCU, 2004-2013

Base Disease Frequency

n %
AIDS 35 85.0
Chronic alcohol abuse 1 2,5
Leprosy+Rheumatoid arthritis 1 2.5
Hypertension + gout 1 2.5
Psoriatic arthritis 1 25
Not reported 2 5.0
Total 41 100%

disease was AIDS. Other diseases were chronic alcohol
abuse, rheumatoid arthritis, leprosy, psoriatic arthritis,
hypertension and gout; patients with these diseases were
chronic corticosteroids or other immunosuppressive drugs
users. In two patients, there was no evidence of immune
impairment in their medical records.

Among AIDS patients, 17 had a CD4 lymphocyte count
<200 cells/ mm?, with values ranging from 5-196 cells/ mm?>.
In other patients, this exam was not performed during the
hospitalization period.

Cryptococcal meningoencephalitis was the predominant
clinical form of cryptococcosis: in 21 (51%) the fungus was
isolated from the CSF only, eight (19%) from the blood
culture only, 10 (24%) from the CSF and blood culture, one
(3%) from the secretions of skin lesions, and one (3%) from
the bronchoalveolar lavage (BAL) (Table 3).

Thirty-five patients (85%) received antifungal therapy,
and all of them were treated with amphotericin B;
fluconazole was used in 25 patients (71%) during the
consolidation phase. The remaining patients (15%) died
before treatment.

The lethality of cryptococcosis was estimated at 58.5%.
Among the patients who died, most had isolated fungemia or
fungemia associated with meningoencephalitis (p =0.001).
Among the 35 patients with AIDS, 21 (60%) died; among
the four patients with other causes of immunosuppression
(all male), one (25%) died; however, there was no statistical
difference (p=0.133) between the evolution of disease in
the AIDS patients compared to those with other causes
of immunosuppression (Table 4). There was no statistical
difference regarding the clinical outcome of men and
women (p = 0.935).

Table 5 shows some characteristics of cryptococcosis
regarding the clinical outcome of patients.

All the isolates were susceptible to the tested antifungal
agents, showing a MIC < 8 pg/ mL for fluconazole.

Most isolates (97.6%) were genotyped as C. neoformans
var. grubii (serotype A, VNI genotype). However, one
isolate (2.4%) previously phenotyped as C. neoformans
(positive urea hydrolysis test and negative CGB test) was
genotyped as C. gattii (VGI genotype) (Figure 2). All the
strains presented the MAT o mating type.

DISCUSSION

This study has evaluated cases of cryptococcosis
occurring at the Uberlandia Clinical Hospital from 2004
to 2013. Most patients (68%) were aged between 20-40
years (both genders) and had AIDS. The Brazilian Health

Table 3 - Distribution of clinical forms of cryptococcosis according to the isolation site from patients treated at the HCU, 2004-2013

Clinical Form Frequency Isolation site

N %
Meningoencephalitis 21 51.2 CSF
Cutaneous cryptococcosis 1 2.5 Skin lesion secretion
Fungaemia 19.5 Blood
Meningoencephalitis + fungaemia 10 24.3 CSF+blood
Pulmonary cryptococcosis 1 2.5 BAL
Total 41 100
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Table 4 - Clinical outcome of patients with cryptococcosis treated at the HCU from 2004 to 2013

Patients
Clinical MALE FEMALE TOTAL
outcome NR HIV+ HIV- NR HIV+ HIV-
n % n % n % n % n % n % n %
Survived 0 0.0 11 32.0 3 9.0 0 0.0 3 43.0 0 17 415
Died 1 3.0 18 53.0 1 3.0 1 14.0 3 43.0 0 24 58.5
TOTAL 1 3.0 29 85.0 4 12.0 1 14.0 6 86.0 0 51 100.0

NR: Not reported; HIV: Human Immunodeficiency Virus

Table 5 - Comparison of variables according to the clinical outcome of patients with cryptococcosis treated at the HCU from 2004

to 2013
. Clinical evolution Total (41)
Variables SURVIVED (17) DIED (24) p value
N % n % n

Male 14 41.2 20 51.8 34 0.935
AIDS 14 40.0 21 60.0 35 0.133
Meningoencephalitis 15 48.3 16 51.7 31 0.025
Fungemia 0 0.0 8 100.0 8 0.001
Pulmonary form 1 100.0 0.0 0.0 1 0.180
Treatment 17 48.6 18 51.4 35 0.008
Fluconazol 15 60.0 10 40.0 25 0.028
Amphotericin B 15 42.8 20 57.2 35 0.082

n
w
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Figure 2 - RFLP profile of the URA5 genes from
Cryptococcus sp obtained by double-digestion with Hhal and
Sau96l. Column 1: Molecular maker (100 bp). Columns 2 to
7:isolated 2, 4, 5, 6, 7 and 8 (VNI), respectively; column 8:
isolated 12 (VGl); Columns 9 to 13: isolates 13, 18, 22, 24
and 25 (VNI), respectively.

Ministry?' data indicates the highest prevalence of AIDS in

patients between 25 and 39 years in both genders. Brazilian
studies show the highest prevalence of cryptococcosis in

Rev Inst Med Trop Sdo Paulo. 2017;59:e13

this age group, with slight variations concerning the age
groups 20-30 years and 31-40 years??23, Mezzari et al.?*
studied the epidemiology of cryptococcosis in a public
hospital in Rio Grande do Sul, Brazil and reported that
most patients were aged 30-39 years. Patients in this age
group were born and raised in the period coinciding with
the emergence and spread of HIV, which was accompanied
by changes in sexual behavior, including increased number
of partners, thereby contributing to the spread of HIV and
of opportunistic infections such as cryptococcosis.

In Brazil, cryptococcosis occurs as the first manifestation
of an opportunistic disease in over 4% of AIDS patients,
and is as one of its defining illnesses™. The present study
contained more men (83%) than women. According to
the AIDS Epidemiological Bulletin®' data, there was an
increase of 4.3% in the detection rates of the disease in
men during the study period, while there was a significant
decrease (14%) among women. Moreira et al.?® studied
the epidemiology of cryptococcosis in the HCU and also
reported a higher prevalence of the disease in males, with
a similar percentage in the present study. According to
Carvour et al.?®, despite the predominance in males, women
with meningoencephalitis have a worse prognosis than
men, with lower survival rates. In this study there was no
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significant difference between men and women in relation
to prognosis and survival.

All 39 patients (95%) with a documented immune status
were immunocompromised and most were AIDS patients (35
[90%]). C. neoformans infections in immunocompromised
hosts are widely described in the literature®’-?62°. Among
the AIDS patients, only 17 (48.5%) had CD4/CD8 T
lymphocyte counts recorded in their medical notes, and
most had been previously diagnosed with AIDS. These
patients had less than 200 cells/mm?® and, in 15 of them
(88%), the count was less than 100 cells/mm?. In a cohort
study of 700 patients, Jarvis et al.®® observed an increased
risk of meningoencephalitis when patients had CD4
counts below 100 cells/mm?®. The WHO?®' recommends
screening with the Cryptococcus antigen test (CRAG) in
AIDS patients who have CD4 counts below 100 cells/mm?.
In those who have tested positive, treatment with
fluconazole should be promptly initiated in order to prevent
cryptococcosis. These recommendations, however, are not
based on clinical evidence®.

According to the Brazilian Consensus on
Cryptococcosis'®, in over 80% of the cryptococcosis cases,
the predominant clinical form is meningoencephalitis. The
fungus was detected in the CSF of 31 patients (75%) in the
present study; many studies have shown meningoencephalitis
to be the predominant clinical form?323252833:34.85.36 T ejght
patients (19%), the fungus was found only in the blood.
Studies have shown that fungemia by Cryptococcus spp.
may be present in 47-71% of AIDS patients. However, this
percentage is 27% among those not infected by HIV?. In
this study, of the eight patients with isolated fungemia, six
(75%) had AIDS. The other two patients had no medical
report regarding their immune status. All the patients (10
[24%]) in whom the fungus was present in the CSF and
blood, as detected by culture, had AIDS.

Thirty-five patients received specific treatment for
cryptococcosis with drugs available in Brazil (amphotericin
B and fluconazole) according to the management guidelines
of the disease'®*7*8, Amphotericin B was started for all the
patients; however, 10 (28.5%) died in the early induction
phase before fluconazole could be started (during the
consolidation phase). Six patients (14%) who had fungemia
received no treatment because, we believe, they presented
a serious initial clinical form of disease with hemodynamic
instability. In these patients, the diagnosis of cryptococcosis
was made only after the fungus was isolated in their blood
cultures, and this occurred post mortem. Of these untreated
patients, four (66%) had AIDS and the immune status of
the other two was unknown.

In the present study, the overall mortality associated with
cryptococcosis was high and demonstrates the severity of
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the disease, despite the use of specific treatment. In Brazil,
according to the literature, mortality rates range from 26%
to 70%23242539; in the present study the mortality rate was
58.5%. The factors that influence this outcome include the
virulence of C. neoformans, the slow response to treatment
with amphotericin B, the advanced stage of the patients
immunosuppression (particularly those with AIDS), and the
superimposition of opportunistic infections, for example,
neurotoxoplasmosis, pneumocystosis, that have worsened
clinical conditions.

In Brazil, studies of the in vitro susceptibility of
Cryptococcus spp. have shown that most isolates are
susceptible to polyene antifungals, 5-flucytosine and
azoles'®. However, the in vivo resistance of C. neoformans
to imidazole derivatives (especially to fluconazole) is well
documented in the literature, especially in patients with
AIDS who have meningoencephalitis and who use this
drug for prolonged periods'®''4%. Silva er al.*' suggested
that treatment failure can occur due to the development
of resistance to amphotericin B. Nevertheless, the present
study found that all the isolates were susceptible in vitro
to the tested drugs. The reference methodology indicated
by CLSI*? to perform antifungal susceptibility tests to
C. neoformans used the microdilution broth method, but
Tweari et al.*® found that the technique used by Vitek®2
shows good accuracy for antifungal susceptibility testing,
particularly to fluconazole and amphotericin, presenting an
agreement level with the reference methodology of 80%
and 90%, respectively.

C. neoformans var. grubii has been isolated from various
environmental sources and from clinical samples. In Brazil,
this species is prevalent in the Southeastern and Southern
States®. In the present study, all the identified isolates as
C. neoformans comprised var. grubii (serotype A, VNI
genotype). This confirms the prevailing distribution of this
species in the State of Minas Gerais'®*?. Some studies
indicate that over 80% of cases of cryptococcosis are caused
by var. grubii, mostly in AIDS patients**45.

All the isolates considered in this study were mating type
MATo, a finding consistent with the literature*®. Desnos-
Ollivier ef al.?® studied 400 samples of C. neoformans
(serotype A-244, serotype D-76 and serotype AD-70)
isolated in France and found no MAT a sample in serotype
A (all of them were MAT); only 13 serotype D samples
were MATa.

This study demonstrates the importance of using
molecular methods in the correct identification of clinical
isolates. One of the isolates previously identified as C.
neoformans presented a VGI genotype, showing that it was
actually the species C. gattii. This isolate gave a negative
CGB test result. This is an interesting finding because
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the results from epidemiological studies based only on
classical techniques can diverge from those based on the
most accurate methods. In general, clinical laboratories use
the CGB test to distinguish between the two major species,
C. neoformans and C. gattii. This test has been routinely
used in laboratories since its proposal in 1982, Despite
being a simple biochemical test that is relatively rapid
(requiring 10 days of incubation), although expensive, the
CGB may result in reactions that are difficult to interpret,
generating both, false positive and false negative results*®.
The correlation between the molecular identification and
the CGB test varies according to the study, from 95.4% to
100%*°3°. Some studies*®®'52 suggest that the phenotypic
identification of Cryptococcus spp. must be confirmed
by molecular techniques such as RFLP-PCR, which for
C. neoformans enables serotype and molecular typing at
the same time. Although the use of molecular methods to
identify the species of Cryptococcus may still be infrequent
in routine microbiology laboratories, these have become
efficient alternatives, being more sensitive, specific, timely,
and being less influenced by external factors than the
traditional phenotypic methods819:51:53,

In summary, in this study, cryptococcosis was most
prevalent in male patients with AIDS and, despite the
institution of appropriate drug therapy, most patients died.
C. neoformans var. grubii (VNI genotype) was the main
etiological agent, and all of the isolates showed in vitro
susceptibility to the tested antifungal agents. It is worth
noting the growing importance of molecular methods for
the proper identification of Cryptococcus species, since
traditional phenotypic methods may fail.
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