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Abstract

Cryptococcosis is a life-threatening fungal infection caused by the Cryptococcus neoformans/Cryptococcus gattii species complex.
Most cases are recorded in patients suffering from HIV/AIDS (human immunodeficiency virus/acquired immunodeficiency syn-
drome). However, this infection also occurs in non-HIV patients with a proportion of 10-30% of all cases. The study aimed at the
clinical and molecular characterization of non-HIV patients diagnosed with cryptococcosis at the Tropical Medicine Foundation (FMT-
HVD) from July 2016 to June 2019. Medical records of respective patients were analyzed to describe the course of cryptococcosis in
non-HIV patients. In addition, multi-locus sequence typing (MLST) was applied to identify the sequence types of the isolated
Cryptococcus strains, to perform phylogenetic analysis, and to evaluate the isolates’ genetic relationship to global reference strains.
Antifungal susceptibility profiles to amphotericin B, fluconazole, and itraconazole were assessed by broth microdilution. From a total
of 7 patients, 4 were female, the age range varied between 10 and 53 years (median of 36.3 years). Cryptococcal meningitis was the
common clinical manifestation (100%). The period between onset of symptoms and confirmed diagnosis ranged from 15 to 730 days
(mean value of 172.9 days), and the observed mortality was 57.1%. Of note, comorbidities of the assessed cryptococcosis patients
comprised hypertension, diabetes mellitus, and intestinal tuberculosis. Genotyping applying PCR-RFLP of the URAS5 gene identified
all clinical isolates as C. gattii genotype VGII. Using MLST, it was possible to discriminate the sequence types ST20 (n=4), STS (n=
3), and the newly identified sequence type ST560 (n=1). The antifungals amphotericin B, fluconazole, and itraconazole showed
satisfactory inhibitory activity (microdilution test) against all C. gattii VGII strains.
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Introduction most common manifestation [2, 3]. Worldwide, cryptococcal
meningitis is typically associated with human immunodefi-
Cryptococcosis is an infection of global importance with sig-  ciency virus (HIV) infection. In high-income countries, how-

nificant attributable mortality [1]. Involvement of the central ~ ever, the disease is increasingly recognized in HIV-negative
nervous system (CNS), usually as meningoencephalitis, isthe ~ patients as well. Of note, HIV-negative patients with
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cryptococcosis are more frequently diagnosed with consider-
able delay and show higher mortality rates compared with
HIV-infected patients [4—6].

A few studies suggest that cryptococcosis in immunocom-
promised hosts without association to HIV may even outnum-
ber HIV-associated cases, potentially indicating a shift in ep-
idemiology [4, 5, 7, 8]. Particularly endangered patient groups
comprise solid organ transplant recipients; patients with rheu-
matic diseases, liver disease, cancer, and hematopoietic dis-
eases; as well as those receiving immunosuppressive therapies
[4, 9-12]. Notably, disease also occurs in immunologically
competent hosts [13—17]. In addition, the species of the caus-
ative agent, i.e., Cryptococcus neoformans or Cryptococcus
gattii, is associated with distinct epidemiological features [18].

This article focuses on a case series of HIV-negative pa-
tients with cryptococcal meningitis caused by C. gattii in
Northern Brazil. The aim of the study was the characterization
of the local epidemiology, potential risk factors of infection,
clinical complications, and diagnostic as well as typing ap-
proaches (multi-locus sequence typing (MLST) and antifun-
gal susceptibility).

Methods
Clinical isolates and patient population

We performed a prospective study assessing patients with
cryptococcal meningitis hospitalized from July 2016 to
June 2019 at the Tropical Medicine Foundation Dr. Heitor
Vieira Dourado [Fundag@o de Medicina Tropical Dr. Heitor
Vieira Dourado (FMT-HVD)] in Manaus, Amazonas State
(AM), Brazil. A total of 7 clinical Cryptococcus strains were
isolated from cerebrospinal fluid (CSF) obtained from 7 HIV-
negative patients. All isolates were stored in Sabouraud dex-
trose agar tubes at 4 °C at the Medical Mycology Laboratory
at FMT-HVD. The strains were purified twice on niger seed
plates. Subsequently, only one isolated colony was randomly
selected for further analysis.

Collection of epidemiological and laboratory data

Clinical, epidemiological, and laboratory records of all pa-
tients were accessed from the online database of FMT-HVD.
The data collected for further analyses included age; gender;
geographic location; initial symptoms and subsequent sequel-
ae; HIV infection status; laboratory tests; clinical outcome
(death or survival); need for surgical intervention and hospi-
talization in the intensive care unit (ICU) due to complica-
tions, clinical forms, time, and number of hospitalizations;
and the amount of positive cultures recovered at the time of
initial diagnosis as well as during treatment.
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Ethical clearance

This study was approved by the FMT-HVD Human Research
Ethical Committee (CAAE 90749718.3.0000.0005). Patients
enrolled in the study provided their written informed consent,
and data were analyzed anonymously.

Molecular typing by URA5-RFLP

DNA extraction was performed using the phenol/chloroform/
isoamyl-alcohol method [19]. The major molecular types
were initially identified applying URAS5-RFLP (restriction
fragment length polymorphism) analysis with the enzymes
Sau96I and Hhal (Thermo Scientific, Waltham, USA) as de-
scribed by Meyer et al. (2003) [20]. The genotypes were
assigned by comparison with respective reference strains:
WM 148 (serotype A, VNI), WM 626 (serotype A, VNII),
WM 628 (serotype AD, VNIII), WM 629 (serotype D,
VNIV), WM 179 (serotype B, VGI), WM 178 (serotype B,
VGII), WM 161 (serotype B, VGIII), and WM 779 (serotype
C, VGIV).

MLST and phylogenetic analysis

MLST (multi-locus sequence typing) analysis was performed
by amplification and Sanger sequencing of six housekeeping
genes CAP59, GPDI1,LACI, PLB1,SODI, and URAS as well
as the IGS1 region according to protocols published previous-
ly by the ISHAM (International Society for Human & Animal
Mycology) [21]. The PCR products were purified with a mod-
ified method taken from the literature using polyethylene-gly-
col/NaCl [22] and were bidirectionally Sanger-sequenced on
an ABI3130 DNA Analyzer with BigDye Terminators v3.1
(Applied Biosystems, Foster City, California, USA) at the
Laboratory of Functional Genomic and Bioinformatics
(Fiocruz, Rio de Janeiro, Brazil). The sequences were manu-
ally edited using the software Sequencher 5.4.6 (Gene Codes
Corporation, Ann Arbor, MI, USA), and the contigs were
aligned using the Muscle algorithm linked to the software
Mega v.10.0.2 [23]. All sequences were assessed by MLST
applying the scheme for C. gattii (database: http://mlst.
mycologylab.org) to determine allelic numbers and
associated sequence types (ST).

Applying the abovementioned algorithm, the DNA se-
quences of seven MLST loci from clinical isolates were
aligned with the sequences of VGII STs available in the
Fungal MLST Database. To verify the genetic and evolution-
ary relationship among the STs from the HIV-negative pa-
tients of this study and the STs previously identified in
Northern Brazil, a phylogenetic tree was constructed based
on the neighbor-joining (NJ) model with a bootstrap analysis
using 1000 replicates. Pairwise distances and the related sub-
stitution parameters were estimated by maximizing the
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composite likelihood. The evolutionary distances were com-
puted using the p-distance and all gaps were eliminated [24,
25].

Antifungal susceptibility testing

Antifungal susceptibility testing was performed using the
microdilution method in RPMI (Roswell Park Memorial
Institute) broth according to the M27-A3 guideline of the
Clinical and Laboratory Standards Institute (CLSI) [26]. The
assessment was performed in duplicate within the following
ranges: 0.125-64 pg/mL for fluconazole (Sigma Aldrich,
Saint Louis, USA) and 0.03—-16 pug/mL for amphotericin B
(Sigma Aldrich, Saint Louis, USA) as well as itraconazole
(Sigma Aldrich, Saint Louis, USA).

Cryptococcus isolates were sub-cultured on Sabouraud
dextrose agar and incubated for 48 h at 35 °C. The yeast
colonies were transferred to 5-mL sterile saline solution
(0.85%) and adjusted to a density equivalent to the 0.5
McFarland standard scale. The inoculum was adjusted to
2.5x 107 cells in 10 mL of RPMI medium (Sigma Aldrich,
Saint Louis, USA) by counting in a Neubauer chamber. The
96-well microplates were incubated at 35 °C for 72 h. The
MIC of amphotericin B was determined as the lowest concen-
tration that completely inhibited fungal growth (100%), while
for the azoles, the lowest concentration allowing partial reduc-
tion (50%) of growth compared with the growth control wells
was chosen.

Statistical analysis

A study database was filled with all assessed clinical, epide-
miological, and laboratory information using the Microsoft
Office Excel® software version 2019 16.0.6742.2048
(Microsoft, Redmond, Washington, USA). Statistical analyses
(relative frequency, mean, and standard deviation) were per-
formed applying the software R version 3.3.1 (https: //www.r-
project).

Results
Clinical and epidemiological data

The most patients described in this case series were from
Manaus (3/7) while the other ones lived in the municipalities
Manicore (1/7), Maues (1/7), Parintins (1/7), and Sao Gabriel
da Cachoeira (1/7) (Fig. 1).

The majority of patients were female (4/7). The median age
was 36.3 years with a range between 10 and 53 years of age
(Table 1). Hypertension (3/7) and diabetes (2/7) were the most
frequently observed comorbidities among the HIV-negative
cryptococcosis patients. The most common initial signs and

symptoms comprised meningitis-associated symptoms like
headache (100%), vomiting (71.4%), and photophobia
(71.4%), but also weight loss (57.1%). During hospitalization
and treatment of the patients, constipation (57.1%), convul-
sion (57.1%), decreased level of consciousness (57.1%), and
delirium (42.9%) were among the most frequently recorded
symptoms. The most frequent neurological sequelae com-
prised decrease of visual acuity (5/7), hearing deficit (1/7),
motor deficit (1/7), facial palsy (1/7), cerebral edema/
vasculitis (1/7), and dysphagia (1/7). Moreover, disease-
associated death was observed for four hospitalized patients
during the first 20 days after admission (Table 1).

MLST and phylogenetic analysis

URAS5-RFLP analysis identified all isolates as C. gattii geno-
type VGIIL. In addition, MLST analysis assigned these 7
strains to three different STs (sequence types). The STs re-
sponsible for the observed infections in HIV-negative patients
comprised ST20 in Manaus, Maues, Manicore, and Sao
Gabriel da Cachoeira; ST5 in Parintins and Manaus; as well
as ST560 as a newly described ST in the city of Manaus (Fig.
1), (Table 2).

A monophyletic tree was calculated to verify the ancestral
relationship of the seven isolates with C. gattii strains formerly
isolated in the Northern Region of Brazil. The obvious genetic
relationship between the sequences of the seven clinical iso-
lates from this study (red color) with the sequences of other
C. gattii isolates from the Northern Region of Brazil (green
color) obtained from the fungal MLST database is shown in
Fig. 2. The red dots indicate the STs responsible for the infec-
tions in HIV-negative patients from this study (Fig. 2).

MIC results

Antifungal susceptibility testing was performed with one iso-
late per patient (n=7). The antifungals amphotericin B, flu-
conazole, and itraconazole showed satisfactory inhibitory ac-
tivity against all C. gattii genotype VGII strains. It was ob-
served that amphotericin B and itraconazole were associated
with MIC less than 1 pg/mL and fluconazole showed MIC
between 1 and 8 pg/mL. The detailed MIC ranges of each
drug tested are depicted in Table 3.

Among the assessed cryptococcosis cases in HIV-negative
patients from Amazonas (Northern Brazil), we have chosen to
exemplarily describe the clinical case of a co-infection with
Cryptococcus gattii and Mycobacterium spp. (patient 3) due
to its interesting clinical features.

Exemplary case report

A 41-year-old female public school teacher, who had been
diagnosed 2 years earlier with ganglionic tuberculosis,
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Fig. 1 Map of Brazil showing the origin of the 7 patients assessed and the sequence types of the Cryptococcus gattii stains isolated from them (Quantum

GIS version 2.18)

suffered from severe headache, fever, neck stiffness,
vomiting, and weakness. After 2 months of continuous head-
aches, the weak and unconscious patient was sent to the emer-
gency department of a local hospital. Clinically diagnosed
with cryptococcosis, she was transferred to the reference hos-
pital for the treatment of cryptococcosis Fundacao de
Medicina Tropical Dr. Heitor Vieira Dourado. Screening for
HIV antibodies and antigen showed negative results.
Cryptococcus antigen (CRAG) testing was positive in cere-
brospinal fluid (CSF). Additional assessed CSF parameters
comprised a glucose level of 59.0 mg/dL, a protein level of
59.0 mg/dL, and cytometry indicating 67 cells per mm®.
Nankin ink staining showed a high density of Cryptococcus
cells in the budding process. After 48 h, Cryptococcus growth
was observed on the culture media bird seed agar, heart brain
infusion (BHI) agar, and Sabouraud agar. Treatment was ini-
tiated with liposomal amphotericin B; however, due to renal
dysfunction, it had to be changed to intravenous fluconazole.
During hospitalization, the patient developed acute progres-
sive anemia (Hb (hemoglobin): 5.91/Ht (hematocrit): 17.17),
ocular pain, weight loss (12 kg), constipation, jaundice, chron-
ic headache, and episodes of seizures. Neurological imaging
showed multiple lesions in the nucleo-capsular region (Fig. 3).
Since the patient had been diagnosed with ganglion tubercu-
losis 2 years prior to the diagnosis cryptococcosis, tuberculo-
sis screening was also performed including imaging (chest X-
ray) and mycobacterial culture that resulted in the growth of
Mycobacterium tuberculosis in fecal samples. The patient was
diagnosed with intestinal tuberculosis, and combination

@ Springer

therapy with rifampicin (150 mg per day), isoniazid (75 mg
per day), pyrazinamide (400 mg per day), and ethambutol
(275 mg per day) was initiated. After 57 days of hospitaliza-
tion, she was dismissed from hospital. Finally, 12 months after
treatment with fluconazole, the patient was in a good clinical
condition and returned to work.

Discussion

This work is among the first studies dedicated to the clinical,
epidemiological, and laboratory-based characterization of
HIV-negative patients with cryptococcal meningitis in the
Northern Region of Brazil. Of note, the assessed HIV-
negative patients with cryptococcosis had very diverse clinical
and epidemiological conditions prior to cryptococcal infec-
tion. Cryptococcal meningitis and neurological sequelae
(mainly decrease of visual acuity) dominated. C. gattii geno-
type VGII was the causative agent in case of all seven infec-
tions. Thereby, three out of these seven isolates belonged to
the sequence type ST20, an ST which is well known to be
associated with severe neurological manifestations and high
mortality rates [31-33].

Cryptococcosis predominantly affected female patients
with a median age of 36.3 years and an age spectrum ranging
from 10 to 53 years. George et al. (2018) reported an average
of 58 years with a range from 18 to 98 years in NTNH patients
in the USA [34]. Spec et al. (2016), in contrast, reported a
higher frequency of male patients with 66% of all documented
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Table2  Molecular types of C. gattii isolates and the numerical sequences of the alleles in MLST

Isolate Genotype Alleles in MLST ST
CAP59 GPDI 1GS1 LACI PBLI SODCG URAS

P1FMT-66 VGII 1 1 4 4 1 14 7 20
P2FMT-103 VGII 3 16 15 4 9 23 2 5
P3FMT-111 VGII 3 16 15 4 9 23 2 5
P4FMT-215 VGIL 1 1 4 4 1 14 7 20
P5FMT-339 VGII 1 1 4 4 1 14 7 20
P6FMT-346 VGII 1 1 4 4 1 14 7 20
P7FMT-829 VGII 2 6 27 4 1 104 2 560

P patient, FMT Fundacao de Medicina Tropical, ST sequence type

cases [7]. Various studies indicated that HIV-negative patients
with cryptococcosis are significantly older compared with
HIV-positive cryptococcosis patients [5, 7, 35].

In the present work, most of the patients reported a long
period of time between the initial symptoms and the diagnosis
of cryptococcal meningitis. In particular, this was true for the
patients 1, 2, and 5. The medical history prior to the diagnosis
was provided by the patients in the course of interviews spe-
cifically addressing this topic. Necessarily, subjective experi-
ence influenced the patients’ descriptions of symptoms and

Fig.2 Unrooted neighbor-joining
(NJ) tree constructed applying the
software Mega v.10.0.2 with the
concatenated data set of seven
MLST loci (CAP59, GPDI,
IGS1, LACI, PLBI, SODI, and

URAS), showing the genetic re-
latedness of clinical isolates of
C. gattii VGII from the Northern
Region of Brazil with those ob-
tained from the fungal MLST da-
tabase (http://mlst.mycologylab.

comorbidities regarding this period. As a common feature,
patients 1, 2, and 5 described headache and photophobia, sug-
gesting rather mild infections.

All 7 HIV-negative patients in this study were diagnosed
with manifestations of cryptococcal meningitis. This clinical
form is predominant in this region as also indicated by the
results of a previous study carried out by Rocha et al. (2018)
[27]. This finding is in contrast to the observations in resource-
rich industrialized countries. In the USA, only 50% out of a
total of 300 HIV-negative patients with cryptococcosis

ST20 - Brazil (AM) Paciente 5
ST20 - Brazil (AM) Paciente 6
ST20 - Brazil (AM) Paciente 4
ST20 - Brazil (AM) Paciente 1
ST20 - Brazil (AM/RR/PA) Souto et al. (2016)
ST122 - Brazil (AM) Souto et al. (2016)
ST266 - Brazil (AM) Brito-Santos et al. (2015)
ST267 - Brazil (AM) Brito-Santos et al. (2015)
ST120 - Brazil (PA) Souto et al. (2016)
ST172 - Brazil (AM) Engelthaler et al. (2014)
ST445 - Brazil (AM) Rocha et al. (2018)

org) with known geographic
origin. Abbreviations: AM
(Amazonas), RR (Roraima), and
PA (Para). References: [24, 25,
27-30]

20

17

20

ST268 - Brazil (AM) Brito-Santos et al. (2015)
ST119 - Brazil (PA) Souto et al. (2016)

ST27 - Brazil (RR) Carriconde et al. (2011)
@ ST560 - Brazil (AM) Paciente 7

ST46- Brazil (AM) Alves (2016)
@ ST5 - Brazil (AM) Paciente 3
@ ST5 - Brazil (AM) Paciente 2
ST5 - Brazil (AM/PA) Brito-Santos et al. (2015)
ST296 - Brazil (AM) Souto et al. (2016)

ST288 - Brazil (AM) Souto et al. (2016)
ST265 - Brazil (AM) Brito-Santos et al. (2015)
ST264 - Brazil (AM) Brito-Santos et al. (2015)
ST121 - Brazil (PA) Souto et al. (2016)
ST274 - Brazil (AM) Souto et al. (2016)

—_
0.00050
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ST287 - Brazil (RR) Engelthaler et al. (2014)
ST297 - Brazil (PA) Souto et al. (2016)

ST7 - Brazil (AM) Engelthaler et al. (2014)

ST133 - Brazil (RR) Souto et al. (2016)
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Table 3 Minimal inhibitory ] .
concentration of clinical C. gattii Antifungal Cryptococcus gattii isolates
isolates from Amazonas, Brazil,
to antifungals PIFMT- P2FMT- P3FMT- P4FMT- P5FMT- P6FMT- P7FMT-
66 103 111 215 339 346 829
Amphotericin B MIC 0.03 0.03 0.03 0.25 0.03 < 0.03 0.03
(ng/mL)
Fluconazole MIC 4 8 4 2 4 4 1
(ng/mL)
Itraconazole MIC 0.12 0.12 0.62 0.12 0.12 0.12 <0.03
(ng/mL)

P patient, FMT Fundacao de Medicina Tropical, M/C minimum inhibitory concentration

showed CNS (central nervous system) involvement. Most
likely, the considerable delay in diagnosing cryptococcosis
in this study is a reason for this difference associated with
the risk of severe clinical courses.

Another important finding of the study was the description
of the sequelae, which were mostly related to optical
(papilledema and retinal hemorrhage) and auditory impair-
ment. As described previously, neurological sequelae are
more prominent in HIV-negative patients and can cause cog-
nitive impairment in up to 78% of the reported cases [7]. The
observed mortality in the present study was 57.2% (4/7) and
thus higher than the mortality rates of 45.0% (10/22) as re-
ported by Aye et al. (2016), 20.7% (304/1470) as reported by
George et al. (2018), and 41.1% (65/108) as observed by
Hevey et al. (2019) [11, 34, 35]. The high mortality rate in
the here-described study may have been a consequence of late
diagnosis. Such an association has been shown in a study
conducted at the University of Alabama, which suggested that
the prolonged time to diagnosis is responsible for increased
90 days mortality [4, 5]. Of note, the comparably low number
of only 7 patients was associated with high impact of single
fatal courses on the mortality rate.

Another aim of the study was the correlation of comorbid-
ities with the acquisition of cryptococcosis. From the 7 pa-
tients assessed, the recorded comorbidities comprised arterial
hypertension (n = 3), diabetes mellitus (rz =2), and tuberculo-
sis (n = 1). Diabetes mellitus has been considered a risk factor
for cryptococcosis previously [12]. Hyperglycemia can lead to
a decline of the number of immune cells, a likely explanation
for the association between cryptococcosis and diabetes
mellitus [36]. Arterial hypertension can be associated with
stroke as shown in the case of patient 7 (Table 1), and cerebral
infarction in patients with neurocryptococcosis is associated
with high mortality [37].

Cases with cryptococcosis and tuberculosis co-infection
are common in places where tuberculosis is endemic.
According to the health surveillance secretariat’s report in
2018, a total of 72,788 new tuberculosis cases were recorded
in Brazil. Amazonas is the state with the most tuberculosis
cases in Brazil with an incidence rate of 72.9 cases per
100,000 inhabitants [38]. There is evidence that both crypto-
coccosis and tuberculosis show immunomodulatory activity
in the host and that one disease may act as a gateway for the
other, because they act synergistically in the dysregulation of

Fig. 3 Magnetic resonance imaging of the patient’s brain. (A) Axial T2-
weighted turbo-spin-echo image after 1 month of treatment showing mul-
tiple lesions in the nucleo-capsular region as well as potentially related
gelatinous pseudo-cysts (1) due to cryptococcosis. (B) Image with the
turbo-spin-echo technique in T2 in the axial plane after 7 months of

treatment showing signs of alteration of the subcortical white substance
of the cerebral and cerebellar hemispheres, particularly abundant in the
parieto-occipital regions (2), signs of a breakdown of the blood-brain
barrier, and an inflammatory process resulting from meningoencephalitis
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the host’s immune response [39]. The case report as detailed
in the present work shows that the patient had ganglionic
tuberculosis 2 years prior to the diagnosis of cryptococcosis
and suggests that cryptococcosis may have possibly contrib-
uted to the reactivation of tuberculosis. Crypfococcus spp.
isolates from the C. neoformans/C. gattii complex produce
melanin and capsule polysaccharide (GXM) that cause sup-
pression of immune cells by inactivating T cells, by
preventing the migration of T lymphocytes, and by causing
apoptosis of macrophages. All these mechanisms predispose
patients to active tuberculosis or reactivation of the disease
[40-42].

Infections by C. gattii of genotype VGII were observed in
this study without exemption. This genotype is widely dis-
persed in Brazil and was also responsible for the Vancouver
outbreak in Canada [2, 43, 44]. In addition, C. gattii infections
have been described as common in HIV-negative hosts in
Australia and South America [45]. The sequence types among
the isolates in the present study were ST20 (VGlIa), followed
by ST5, and the new sequence type ST560. VGlIa strains are
associated with high virulence, rapid reproducibility at 37 °C,
and higher melanin production compared with other geno-
types [46]. In particular, ST20 clades (VGIIa) have been re-
sponsible for the Vancouver outbreak in Canada in 1999.
Probably, Canadian and South American ST20 strains have
a common ancestor, suggesting that this clonal lineage origi-
nally came from South America [28, 47, 48]. Further, there
have been descriptions of the occurrence of STS in Amazonas
isolated from household dust, mainly in wooden houses [25].

Antifungal susceptibility testing indicated low amphotericin B
and itraconazole MICs for the seven clinical isolates, ranging
from <0.62-0.25 pug/mL to <0.62-0.12 pg/mL, respectively.
Resistance to these antifungals is uncommon, although there has
been a report on a clinical C. gattii VGII stain with a MIC of 2 pg/
mL for amphotericin B [48]. All isolates were susceptible to
fluconazole, with MICs ranging from 1 to 8 pg/mL. Lee et al.
(2019) also described reliable clinical susceptibility of clinical
strains of the clonal lineages VNI, VNII, VGI, and VGII that
did not show high MICs in microdilution testing. In Lee’s study,
MIC variation of the strains of the VGII genotype was 0.5—
0.5 pg/mL for amphotericin B, 24 pg/mL for fluconazole, and
0.015-0.03 pg/mL for itraconazole, respectively [49]. However,
higher MICs against fluconazole ranging from 2 to 64 pg/mL
have been described for individual strains of the VGII genotype
[27, 48, 50]. In the presented study, none of the seven patients
suffered from recurrent cryptococcosis, a condition with known
association with resistance to antifungal drugs [51].

Conclusion

In this study, seven cases of cryptococcal meningitis in HIV-
negative patients in Northern Brazil were characterized. The

@ Springer

patients’ age ranged about several decades (10-53 years of
age), observed comorbidities were only indirectly related or
unrelated to the immune status, and the main sequelac were
neurological ones. We highlighted the delay in diagnosing
cryptococcosis with the risk of severe clinical courses and
rapid dying even of HIV-negative patients. C. gattii, mainly
of the molecular type VGlla, was the only observed etiologic
agent. This genotype is widely dispersed in Brazil and was
also responsible for the Vancouver outbreak in Canada. Multi-
locus sequencing typing identified the sequence types ST20,
STS, and a newly described sequence type ST560. The anti-
fungals amphotericin B, fluconazole, and itraconazole showed
satisfactory inhibitory activity in microdilution testing against
all C. gattii VGII strains.
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