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Abstract Molecular epidemiology studies on cryp-
tococcemia are limited. This study aimed to describe
the clinical features of patients with bloodstream
infections by Cryptococcus sp. in a public tertiary
hospital in Mato Grosso do Sul, as well as identify the
fungus’ molecular type and determine its antifungal
susceptibility. Molecular typing was performed using
URAS restriction fragment length polymorphism PCR,
and antifungal susceptibility was determined by
microdilution method standardized by the Clinical
and Laboratory Standards Institute. Over 14 years, 48
patients were diagnosed with cryptococcemia. The
majority (72.9 %) was male with a median age of
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40 years; 81.3 % of the patients had HIV/AIDS and
72.9 % died. Cryptococcus neoformans was the most
commonly isolated species (97.9 %). Molecular anal-
ysis identified the genotypes C. neoformans VNI
(93.7 %), C. neoformans VNII (4.2 %), and Crypto-
coccus gattii VGII (2.1 %). In vitro, these fungi were
not resistant to fluconazole, itraconazole, voriconaz-
ole, and amphotericin B. This is the first description of
the molecular types of cryptococcemia agents in
central-west Brazil. Its high lethality, especially in
HIV-negative patients, suggests that early diagnosis
and prompt antifungal therapy are crucial for a good
clinical outcome.
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Introduction

Cryptococcosis is a systemic fungal disease associated
with high lethality. It occurs in immunocompetent
individuals, but more frequently in immunocompro-
mised patients mainly with HIV/AIDS [1]. Crypto-
coccal infections are primarily acquired by inhaling
propagules dispersed in the air from dried bird
droppings and decomposing wood. The primary lung
infection can spread to other sites through hemato-
genic dispersion, with specific tropism for the central
nervous system [1]. The etiological agents that cause
cryptococcosis are distributed worldwide and belong
to the Cryptococcus neoformans complex, which
comprises two species: C. neoformans (serotypes A,
D, and AD; molecular types VNI, VNII, VNIII,
and VNIV) and Cryptococcus gattii (serotypes B and
C; molecular types VGI, VGII, VGIII, and VGIV)
[2, 3].

Few studies in the literature have specifically
addressed bloodstream infections by Cryptococcus
[4, 5] and sporadic cases are reported [6-9]. Besides,
the presence of cryptococcemia is often asso-
ciated with a poor prognosis with a high risk of death
[4].

In the last years, azole (mostly fluconazole) anti-
fungal susceptibility and molecular types differences
have been reported for C. neoformans and C. gattii
[10, 11]. Thus, this study aimed to describe clinical
features from patients with cryptococcemia, identify
the molecular type, and determine the in vitro anti-
fungal susceptibility of the etiological agents.

Materials and Methods

Study Design

The study was performed with patients with crypto-
coccemia diagnosed at a public reference hospital in
Campo Grande, Mato Grosso do Sul, Brazil, between

July 1998 and July 2012. Cryptococcus sp. was
isolated from the blood culture and identified in the
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Mycology Laboratory by the observation of dark
brown yeast colonies on niger seed agar. The species
were identified in canavanine—glycine—bromothymol
blue medium [12] and molecularly by URAS5 restric-
tion fragment length polymorphism PCR (URA5-RFLP).
Cryptococcemia was considered when Cryptococcus sp.
was isolated from blood cultures independent of the
isolation from other sites.

Demographic, clinical, and laboratory data were
obtained from medical records, including sex, age,
underlying diseases, clinical manifestations, CD4"
cell counts, and clinical outcome.

Molecular Typing

Molecular typing was performed using URAS5-RFLP
according to Meyer et al. [3]. The following reference
strains were used for comparisons: C. neoformans
WM 148 (serotype A, VNI), WM 626 (serotype A,
VNII), WM 628 (serotype AD, VNIII), and WM 629
(serotype D, VNIV) as well as C. gattii WM 179
(serotype B, VGI), WM 178 (serotype B, VGII), WM
175 (serotype B, VGIII), and WM 779 (serotype C,
VGIV) [3, 13].

DNA was extracted based on a protocol from the
Latin American Cryptococcal Network Project modi-
fied from Ferrer et al. [14]. The URAS5 gene was
amplified by PCR using the primers URA5 (5
ATGTCCTCCCAAGCCCTCGACTCCG 3') and
SJ01 (5 TTAAGACCTCTGAACACCGTACTC 3')
(IDT, USA). The amplified PCR product was double
digested using Hhal (20 U/uL) (New England Bio-
labs, USA) and Sau96l (5 U/uL) (New England
Biolabs, USA) enzymes. The RFLP profiles were
analyzed visually by comparison with the reference
strains [3].

Antifungal Susceptibility Testing

Antifungal susceptibility was determined by broth
microdilution method according to the Clinical and
Laboratory Standards Institute—CLSI M27-A3 doc-
ument [15]. The antifungals fluconazole (Sigma,
USA) (0.125-64 pg/mL), itraconazole (Sigma, USA),
voriconazole (Pfizer, USA), and amphotericin B
(Sigma, USA) (0.015-8 pg/mL) were tested. The tests
were performed in duplicate. Strains of Candida
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parapsilosis ATCC 22019 and Candida krusei ATCC
6258 were used as quality controls.

For the azoles, the minimum inhibitory concentra-
tion (MIC) was defined as the lowest drug concentra-
tion that reduced fungal growth by 50 %. For
amphotericin B, it was defined as the lowest concen-
tration that inhibited fungal growth by 100 %.

Because the CLSI did not define endpoints for
Cryptococcus sp., the endpoints previously used by
other investigators were used in this study. The
following values were considered resistant: fluconaz-
ole MIC >16 pg/mL [16]; itraconazole and vorico-
nazole MIC >1 pg/mL [17]; and amphotericin B MIC
>2 pg/mL [18].

Data Analysis

Demographic, clinical, and laboratory data were
analyzed. Percentage and median were determined
using the Epi Info™ 3.5.1 program [19], and the
geometric mean of MICs for each antifungal was
calculated using BioEstat® 5.3 software [20].

Ethical Aspects

This study was approved by the Research Ethics
Committee of the Federal University of Mato Grosso
do Sul.

Results

During the study period (1998-2012), 48 patients were
diagnosed with cryptococcemia. Thirty-five (72.9 %)
patients were male, and the ages ranged from 10 to 90,
with a median of 40 years. The most common age
(31.3 %) range was 3549 years. The majority (62.5 %)
of patients were from Campo Grande-MS, and 18
(37.5 %) were from other cities of Mato Grosso do Sul,
most of which (87.5 %) living in urban areas.

The underlying diseases most commonly observed
were HIV/AIDS (39; 81.3 %), diabetes mellitus (6;
12.5 %), and hepatic cirrhosis (2; 4.2 %). Among the
HIV-positive patients, 24/25 (96.0 %) had CD4 levels
lower than 100 cells/mm?. In five patients (10.4 %),
HIV serology was unknown. Overall clinical findings
are summarized in Table 1.

Cryptococcus was also isolated from other clinical
samples, including 24 (50.0 %) cerebrospinal fluid, 8

Table 1 Clinical features of 48 cases of cryptococcemia
[University Hospital, UFMS, Campo Grande, MS, Brazil (July
1998-2012)]

Clinical features n %

Clinical manifestations

General manifestations

Anemia 44 91.7
Fever 40 83.3
Weight loss 28 58.3
Diarrhea 20 41.7
Abdominal pain 19 39.6
Sepsis 15 31.3
Neurological manifestations
Vomiting 28 58.3
Headache 27 56.3
Changes in consciousness 21 43.8
Nausea 20 41.7
Changes in vision 15 31.3
Stiff neck 12 25.0
Respiratory manifestations
Cough 28 58.3
Dyspnea 23 47.9
Clinical conditions (or underlying diseases)
HIV/AIDS 39 81.3
Diabetes mellitus 6 12.5
Cancer 2 4.2
Corticoid previous use 2 4.2
Cirrhosis 2 4.2
No reported 2 4.2

The patients had one or more clinical features

(16.7 %) urine, two (4.2 %) bronchial lavage, one
(2.1 %) sputum, oropharyngeal fluid, tracheal aspi-
rate, and bone marrow aspirate. The most common
clinical manifestations were anemia (91.7 %), fever
(83.3 %), weight loss (58.3 %), vomiting (58.3 %),
cough (58.3 %), and headache (56.3 %). The hospital
stay ranged from 1 to 82 days with a median of
16 days. Twenty-one (43.8 %) patients were admitted
to the adult intensive care unit (ICU). Twenty-six out
of the 39 HIV-positive patients and all four HIV-
negative patients died. The etiological agent was C.
neoformans in 47 (97.9 %) patients. In molecular
typing were identified 45 C. neoformans VNI,
two VNII, and one C. gattii VGII. All 48 strains
of C. neoformans and C. gattii were sensitive to
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Table 2 Minimum inhibitory

concentrations (MIC) of 48 Antifungals MIC (pg/mL)

Cryptococcus sp. strains Range 50 % 90 % Geometric

against the antifungals tested mean
Fluconazole 0.25-4.0 2.0 2.0 1.4768
Itraconazole 0.015-0.5 0.06 0.125 0.0653
Voriconazole 0.015-0.06 0.03 0.06 0.0279
Amphotericin B 0.125-1.0 0.25 0.5 0.3536

fluconazole, itraconazole, voriconazole, and ampho-
tericin B. The minimum inhibitory concentrations,
MIC50 % and MIC90 %, as well as the geometric
means are shown in Table 2.

Discussion

Cryptococcosis is recognized as an important fungal
disease globally [21]. Cryptococcus sp. isolation from
the bloodstream is not rare, but few clinical/epidemio-
logical studies have examined its role and the underlying
etiological agents. Previous studies reported blood
culture as an important diagnostic method for crypto-
coccosis in AIDS patients [22, 23].

In this study, Cryptococcus sp. was mainly isolated
from the bloodstream of males (72.9 %), which
corroborated the studies by Jean et al. [4] and
Monteiro et al. [22], who described 78.8 and 81.8 %
prevalences in males, respectively. Similar to previous
reports on cryptococcosis, the majority of patients
were adults [23-26]. Over the 14 years of this study,
only one child who was a HIV virus carrier had
cryptococcemia diagnosis, which suggests that such a
clinical presentation is rare in the hospital studied.
This result is consistent with Pasqualotto et al. [5],
who described a bloodstream infection in only one
immunocompromised child out of the 28 cryptococ-
cemia cases. In Brazil, most of the cryptococcosis
cases in children have been recorded in the north and
northeast regions [27, 28]. According to Corréa et al.
[27], this observation may be related to the endemic
nature of C. gattii-mediated cryptococcosis in the
region. All patients with cryptococcemia were from
Mato Grosso do Sul; thus, cryptococcosis can be
considered autochthonous mycosis in this state.

It is well-established in the literature that HIV/
AIDS is an important risk condition for cryptococcosis
[23, 29, 30] and may explain the higher number of

@ Springer

cryptococcemia cases among HIV carriers in this
study. Similar to the observations by Pasqualotto et al.
[5], those patients were highly immunocompromised
because 96.0 % of them showed CD4" T lymphocyte
counts at less than 100 cells/mm”.

The clinical diagnosis of cryptococcemia is difficult
by the fact the clinical signs vary greatly due to
infection in other organs [23]. Previous studies have
shown that patients with cryptococcemia have a high
fever [6-9], which was also observed in our study.
Thus, fever with tremors and chills in immunocom-
promised patients may be an alert for suspecting
cryptococcemia.

Cryptococcus reaches many organs with a specific
tropism for the central nervous system via hemato-
genic dissemination. According to Rozenbaum and
Gongalves [23], cryptococcemia typically precedes by
invading the CNS and can persist for up to 16 weeks
despite treatment. The present study isolated Crypto-
coccus from the spinal fluid in 50.0 % of patients
with positive blood cultures. This result is consistent
with authors who have described meningoencephalitis
as the most frequent manifestation of cryptococcosis
[24, 25, 29].

The severity of cryptococcemia and the consequent
need for intensive care were evidenced by the fact that
43.8 % of patients were admitted to the ICU of the
University Hospital. The higher lethality rate observed
in the HIV-negative patients indicates that a Crypto-
coccus bloodstream infection is typically fatal, espe-
cially in elderly patients with diabetes mellitus,
cancer, or corticoid use over an extended time.
According to Jean et al. [4], Cryptococcus isolation
from blood cultures is a condition with a high risk
of death. Therefore, clinical suspicion and blood
culture requests soon after admission are essential for
prognosis.

Similar to previous studies, C. neoformans VNI was
the most commonly isolated molecular type [3, 13, 25,
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26] followed by C. neoformans VNII and C. gattii
VGII. The VGII molecular type, which is common in
immunocompetent individuals and in the north as well
as northeast Brazil [13], was isolated from an aborig-
inal patient who also had diabetes mellitus. Freire et al.
[25] isolated only C. neoformans from blood; three
(5.3 %) were molecular type VNI, and one (1.8 %)
was type VNIIL. C. neoformans VNII as cryptococce-
mia agent is very rare in the literature, as observed
herein (two cases), besides this is the first description
of the VGII molecular type in patients with crypto-
coccemia in central-west Brazil.

In our study, all Cryptococcus isolates were sensi-
tive to the antifungals tested. Although rare, Crypto-
coccus resistance to azoles [31-33] and amphotericin
B [18, 31, 33] has been reported. The results herein
indicate that bloodstream Cryprococcus infection is
fatal in most of the cases. Therefore, early diagnosis
and prompt antifungal treatment are essential for
improving the patients’ outcome.
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