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RESUMO

TESE DE DOUTORADO EM MEDICINATROPICAL

Marla Jalene Alves

A criptococose é uma infec¢cdo grave que acomete principalmente individuos com
HIV/Aids, predominando o quadro de meningite criptococica e tendo o 6bito como
desfecho frequente. A infeccdo ocorre quando h& exposicdo desses pacientes ao
ambiente contaminado com propagulos infectantes do fungo. O presente trabalho teve
como objetivo caracterizar 0os agentes flungicos da criptococose em pacientes com
HIV/Aids atendidos em uma Unidade de Referéncia no Amazonas no periodo de 2017 a
2019 e investigar o ambiente domiciliar como fonte de exposicdo para a
infeccdo/reinfeccdo de Cryptococcus. As caracteristicas clinico-epidemiologicas foram
analisadas através de revisdo de prontuario. Foi realizada coleta ambiental de solo,
excreta de pombos, poeira domiciliar e ar no domicilio dos pacientes com HIV/Aids e
poeira domiciliar em dois domilios vizinhos para cada paciente. Os isolados clinicos e
ambientais foram submetidos a analise micro e macromorfoldgica, Polimorfismo de
comprimento de fragmento de restricdo (PCR-RFLP), Multi-locus sequence typing
(MLST) e E-test. Foram analisadas as caracteristicas clinico-epidemiologicas de 55
pacientes e caracterizados 75 isolados clinicos. No grupo de pacientes 98,2% (n = 54/55)
apresentaram a neucriptococose, resultando em 38,1% (n = 21/55) Obitos, dos quais
21,8% (n = 12/55) tiveram O&bito precoce, com menos de um més apos serem
diagnosticados com criptococose. C. neoformans VNI (n = 68/75), foi o principal
responsavel pelos casos de criptococose, seguido de C. gattii VGII (n = 3/75), C. gattii
VGI (n = 3/75) e C. neoformans VNB (n = 1/75). Infec¢cdo mista foi observada em dois
pacientes, um por C. neoformans VNI e VNB e outro por C. neoformans VNI e C. gattii
VGI. C. neoformans VNI foi detectado em trés (n= 3/51) domicilios, sendo um de um
paciente (n=1/17) e dois domicilios vizinhos (n= 2/34). Trinta isolados de C. neoformans,
correspondentes a 24 pacientes e os trés isolados ambientais foram alisados por MLST
e E-test. Foram identificados os subtipos moleculares (STs) 93 86,6% (n=26/30), ST5
6,6% (n=2/30), ST32 3,3% (n=1/30) e C. neoformans VNB com ST 232 3,3% (n=1/30).
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Os isolados ambientais foram identificados como C. neoformans VNI com ST93 (n= 3/3).
96,6% (n=29/30) isolados se mostraram sensiveis a Anfotericina B, mas houve variacédo
da Concentracgéo Inibitéria Minima (CIM). 60% (n=18/30) apresentaram CIM acima dos
ECVs propostos para um ou mais antifingicos. Todos os isolados ambientais foram
sensiveis aos antifungicos testados. C. gattii VGI foi observado pela primeira vez no
estado do Amazonas, assim como C. neoformans VNB. O MLST mostrou que ha uma
importante relacdo de C. neoformans VNI com ST93 com individuos com HIV/Aids,
inclusive nos isolados ambientais analisados, mas esse ST ndo é exclusivo em
associacao a HIV/Aids na regido. A Anfotericina B se mostrou o melhor medicamento de
escolha para o tratamento da maioria dos pacientes. Além disso, a mortalidade
observada reflete a importancia do diagndéstico precoce, e evidencia a criptococose como
doenca definidora de AIDS e importante problema de saldde publica na regido. O
ambiente domiciliar mostrou-se uma fonte potencial de infecgdo/reinfecgédo por C.
neoformans VNI com ST93.

Palavras-chave: Cryptococcus, Criptococose, MLST, isolados ambientais.
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ABSTRACT

TESE DE DOUTORADO EM MEDICINA TROPICAL

Marla Jalene Alves

Cryptococcosis is a serious infection that mainly affects individuals with HIV/AIDS, with
a predominance of cryptococcal meningitis and death as a frequent outcome. Infection
occurs when these patients are exposed to an environment contaminated with infective
propagules of the fungus. The present study aimed to characterize the fungal agents
of cryptococcosis in patients with HIV/AIDS treated at a Reference Unit in Amazonas
from 2017 to 2019 and to investigate the household environment as a source of
exposure for Cryptococcus infection/reinfection. The clinical-epidemiological
characteristics were analyzed through a review of medical records. Environmental
collection of soil, pigeon excreta, household dust and air was carried out in the
residences of HIV/AIDS patients and household dust in two neighboring households
for each patient. Clinical and environmental isolates were submitted to micro and
macromorphological analysis, Restriction Fragment Length Polymorphism (PCR-
RFLP), Multi-locus sequence typing (MLST) and E-test. The clinical-epidemiological
characteristics of 55 patients were analyzed and 75 clinical isolates were
characterized. In the group of patients, 98.2% (n = 54/55) had neurocryptococcosis
resulting in 38.1% (n = 21/55) deaths, of which 21.8% (n = 12/55) died early, less than
a month after being diagnosed with cryptococcosis. C. neoformans VNI (n = 68/75)
was the main responsible for cases of cryptococcosis, followed by C. gattii VGII (n =
3/75), C. gattii VGI (n = 3/75) and C. neoformans VNB (n = 1/75). Mixed infection was
observed in two patients, one with C. neoformans VNI and VNB and the other with C.
neoformans VNI and C. gattii VGI. C. neoformans VNI was detected in three (n=3/51)
residences, one of a patient (n=1/17) and two neighboring households (n=2/34). Thirty
C. neoformans isolates, corresponding to 24 patients and the three environmental
isolates were analysed by MLST and E-test. Sequence types (STs) 93 86.6%
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(n=26/30), ST5 6.6% (n=2/30), ST32 3.3% (n=1/30) and C. neoformans VNB with ST
232 were identified. 3.3% (n=1/30). Environmental isolates were identified as C.
neoformans VNI with ST93 (n=3/3). 96.6% (n= 29/30) isolates were sensitive to
Amphotericin B, but there was variation in Minimum Inhibitory Concentration (MIC).
60% (n=18/30) had MICs above the proposed ECVs for one or more antifungals. All
environmental isolates were sensitive to the tested antifungals. C. gattii VGI was
observed for the first time in the state of Amazonas, as well as C. neoformans VNB.
The MLST showed that there is an important relationship of C. neoformans VNI with
ST93 with individuals with HIV/AIDS, including in the environmental isolates analyzed,
but this ST is not unique in association with HIV/AIDS in the region. Amphotericin B
proved to be the best drug of choice for the treatment of most patients. In addition, the
observed mortality reflects the importance of early diagnosis, and highlights
cryptococcosis as an AIDS-defining disease and an important public health problem in
the region. The household environment proved to be a potential source of
infection/reinfection by C. neoformans VNI with ST93.

Keywords: Cryptococcus, Cryptococcosis, MLST, environmental isolates
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1. INTRODUCAO

1.1 Agentes da criptococose

Sanfelice et al. (1894) @ relatou o isolamento de uma levedura semelhante a
Saccharomyces em suco de péssego, denominando essa levedura de Saccharomyces
neoformans. J4& em 1901, Jean-Paul Vuillemin deu o nome de Cryptococcus
neoformans, porque diferentemente do género Saccharomyces esta levedura n&o
produzia ascésporos e fermentacdo de aclcar @. Em 1905 houve o primeiro relato de
meningite criptococica @). No final do século 19 C. neoformans foi identificado pela
primeira vez como um patégeno humano, mas uma causa incomum de doenca humana
. A criptococose foi considerada uma infecgdo rara até 1970. Conforme o aumento
das populac¢des vulneraveis, na década de 1980, especialmente relacionada a infec¢édo
do Virus da Imunodeficiéncia Humana (HIV), a criptococose se tornou uma infeccao de
importancia global 4%, Na década de 1990, C. gattii se estabeleceu como um agente
etiolégico da criptococose na Columbia Britanica, Canada e, posteriormente, no
noroeste do Pacifico dos Estados Unidos ©).

Anteriormente o0s agentes da criptococose eram classificados em C.
neoformans variedade neoformans (sorotipos A, D e AD) e C. neoformans variedade
gattii (sorotipos B e C), cuja fase teleomdérfica € Filobasidiella neoformans e
Filobasidiella bacillispora ).

Na classificacdo taxonémica atual, os agentes da criptococose estao inseridos
no filo Basidiomycota, classe dos Tremellomycetes, ordem Tremellales, familia
Tremellaceae, género Cryptococcus ©). A criptococose tem como agentes principais
Cryptococcus neoformans (C. neoformans) e Cryptococcus gattii (C. gattii), que em
virtude da diversidade genética passaram a ser considerados complexos de espécies.
C. neoformans inclui os sorotipos A e D e C. gattii inclui os sorotipos B e C (tabela 1).

C. neoformans possui os tipos moleculares VNI, VNII, VNIl e VNIV @ e mais
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atualmente o tipo VNB ©). J& C. gattii possui os tipos moleculares VGlI, VGlII, VGlII,
VGIV @), e os recém-identificados VGV e VGVI 10,

Recentemente, Hagen et al. (2015) @, com base na andlise filogenética de 115

isolados, propuseram uma nova nomenclatura, na qual C. neoformans var. grubii e C.

neoformans var. neoformans se apresentam como espécies separadas, além de cinco

espécies dentro de C. gattii (Cryptococcus gattii, Cryptococcus bacillisporus,

Cryptococcus deuterogattii, Cryptococcus tetragattii e Cryptococcus decagattii). No

entanto, de acordo com Kwon-Chung et al. (2017) ®), apesar deste estudo contribuir

a respeito da diversidade genética e estrutura populacional de agentes da

criptococose, essa nomenclatura ainda é considerada prematura, pois genétipos

publicados de 2.606 cepas ja revelaram maior diversidade, entdo nomear cada clade

como uma espécie pode gerar uma instabilidade nomenclatural continua.

Tabela 1. Agentes da criptococose, complexo C. neoformans e C. gattii,
sorotipos e tipos moleculares.

COMPLEXO CRYPTOCOCCUS NEOFORMANS

C. neoformans var.

Especie C. neoformans var. grubii AD hibrido neoformans
Sorotipo A AD D)
Gnotipagem
por PCR-RFLP do VNI VNB VNII VNIII VNIV
gene URAS
Nomenclatura neofor%ans/C
proposta por C.neoformans deneoforman§ C. deneoformans
Hagen et al. (2015) hibrido

COMPLEXO CRYPTOCOCCUS GATTII

Espécie Cryptococcus gattii
Sorotipo AIC
Gnotipagem por
PCR-RFLP do gene VGI VGl VGl VGIV
URAS5
Nomenclatura
. . - " VGIVIVGIII - C.

proposta por C. gattii C.deuterogattii [ C. bacillisporus | C. tetragattii decagattii

Hagen et al. (2015) ¢

Os tipos moleculares VGV e VGVI nédo estéo incluidos nesta tabela.
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Um estudo realizado por Litvintseva et al. (2011) 12 apresenta evidéncias de
gue C. neoformans pode ter geneticamente evoluido de uma populacéo diversificada
no Sul da Africa e que algumas dessas linhagens foram globalmente dispersas pela
migracdo de pombos selvagens (Columbia livia), usados como reservatério ambiental
do fungo. Ja C. gattii tem origens a partir da Australia e da América do Sul 13,

As células criptocdcicas tem dois tipos de acasalamentos possiveis, MATa e
MATa 1415 As células MATa parecem ser mais virulentas que as células MATa. A
esporulacdo pode ocorrer de forma sexuada e assexuada. Na reproducdo sexuada o
estado teleomorfico é formado 9. C. neoformans e C. gattii sdo tidos como anamorfos
(assexuados) (. Apesar da morfologia primaria de C. neorformans ser de levedura
em brotamento, 0os esporos sédo exclusivamente formados a partir da fase hifa. Mas
embora haja a fase de hifa e a fase leveduriforme, a fase de hifa raramente é
observada em tecido e o Cryptococcus néo é considerado um fungo dimoérfico (16).

A infeccdo é adquirida pela inalacdo de propagulos infectantes a partir de uma
fonte ambiental presente na natureza ), como pode ser observado na figura 1. Pode
ocorrer a infeccdo na primeira infancia e exposicdo frequente ao fungo em
determinado ambiente. Esta infeccdo pode ser controlada por resposta imune do
hospedeiro sem a apresentacdo de sintomas, e o Cryptococcus pode entrar em estado
latente no pulmao, mas deficiéncias imunoldgicas podem levar a disseminacédo da
infecgcdo 18). A disseminacgdo pode ocorrer por via hematogénica podendo acometer
orgaos como a pele, linfonodos, ossos e principalmente o Sistema Nervoso Central
(SNC) 19),
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Figura 1. Rota da infeccdo causada por Cryptococcus neoformans. Fonte: Grodsky J. Generation of
intersectin homolog Cinl isoform-specific mutants in pathogenic fungus Cryptococcus neoformans.
Tulane Undergraduate Research Journal. 2014; 1.

C. neoformans € considerado um fungo patogénico oportunista por estar
relacionado a infeccdo em individuos com algum tipo de comprometimento imune, em

s

particular pessoas vivendo com HIV, enquanto C. gattii € considerado patégeno
primario de populagdes imunocompetentes 9. A interacdo entre o fungo e o sistema
imunoldgico sao determinantes para o desfecho da infeccdo. C. neoformans e C. gattii
possuem caracteristicas que facilitam sua interacdo e adaptacdo no hospedeiro, tal
como interacdes com células fagociticas que facilitam a sobrevivéncia intracelular,
disseminacéao para o sistema nervoso central (SNC) e fuga e adaptacdes morfologicas
e gendbmicas. C. neoformans desenvolveu mecanismos que facilitam sua adaptacéo
ao nicho celular e neutralizar a resposta imune do hospedeiro, assim como a agéo de
antifingicos (8),

A termotolerancia, os componentes da parede celular e da céapsula, a
capacidade de adesao, os receptores de horménios e a producdo de enzimas sao
importantes fatores de viruléncia @Y. A célula fingica é envolta de polissacarideos

composto de glucuronoxilomanano (GXM) e galactoxilomanano (GalXM) e contribui
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na patogenicidade do fungo 9. Os polissacarideos da capsula com sua capacidade
antigénica conseguem inibir a fagocitose, consumir complemento e bloquear a
quimiotaxia de neutréfilos e mondcitos (19

Ha genes essenciais para a formacdo da capsula, sendo alguns desses o
CAP59, CAP64, CAP60 e CAP10, no entanto ainda nédo se sabe o papel desses genes
na sintese, montagem e secrec¢do da capsula. O CAP59 foi o primeiro gene associado
ao fenotipo de viruléncia da capsula e encontra-se presente em todas as variedades
de C. neoformans 2. Leveduras acapsuladas também podem causar a doenca em
Individuos com sistema imune mais debilitado, no entanto linhagens capsuladas
podem induzir uma resposta mais significativa no pulméo e disseminar mais facilmente
ao cérebro 23,

A producao de fenoloxidade € outro fator patogénico. A Melanina, um polimero
marrom ou preto depositado na parede celular do fungo € resultante da atividade
catalitica da enzima lacase em substratos como a L-dopamina ©9. A melanina pode
proteger o fungo de radicais livres toxicos produzidos pelo sistema imune do
hospedeiro (24,

A enzima fosfolipase B (PIbl) facilita a introdu¢éo do fungo no tecido pulmonar
do hospedeiro, contribuindo com a disseminacdo hematogénica. A lacase media a
integridade da parede celular, enquanto a uréase potencializa a invasédo do fungo no
SNC ao catalisar a formagdo de amdnia a partir da ureia . Os fatores de viruléncia
do Cryptococcus podem ser observados na figua 2.

A disseminacdo das células fungicas para a corrente sanguinea e a invasao
pela barreira hematoencefalica para atingir o SNC séo as etapas principais para a
ocorréncia da meningite criptococica (29),

A barreira hematoencefalica (figura 3) mantém o microambiente neural
regulando possiveis altracdes dos niveis de moléculas no sangue e protege o cérebro
contra toxinas e microrganismos circulando no sangue, que podem cruzar essa
barreira transcelularmente (por endocitose direta de células endoteliais
microvasculares cerebrais sem interrupcdo da juncdo apertada intercelular),
paracelularmente (penetrando entre as células de barreira através da juncéo apertada

solta podendo ou néo levar a ruptura da juncao apertada) e/ou em fagocitos infectados
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(mecanismo de cavalo de Tréia: ocorre a penetracdo microbiana fagocitaria das

células de barreira usando transmigracéo dentro de fagdcitos infectados) ).

’ Lacase
Urease

k4
+ Fosfolipase

el Polissacarideos da capsula ¢

Capsula

%

Meclanina

Parede Celular com

Figura 2. Célula de Cryptococcus sp. e seus fatores de viruléncia. Fonte: Krosntad et al. (2011) 9,
adaptado por Pinheiro SB. Aspectos clinicos e moleculares da criptococose em pacientes ndo HIV no
Estado do Amazonas, Brasil. 2019. Dissertacéo de Mestrado (Ciéncias farmacéuticas).
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Figura 3. Migragdo do Cryptococcus sp. para o0 SNC através

da parede

hematoencefalica.Fonte: Liu, Perlin & Xue (2012) @9, adaptado por Pinheiro SB. Aspectos clinicos e
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moleculares da criptococose em pacientes ndo HIV no Estado do Amazonas, Brasil. 2019. Dissertacdo
de Mestrado (Ciéncias farmacéuticas).

1.2 A criptococose e suas formas clinicas

A Criptococose é uma infec¢do fungica causada por fungos do complexo C.
neoformans e C. gattii, cuja porta de entrada ao organismo do hospedeiro € inalatoria.
Do ponto de vista clinico e epidemiolégico a criptococose se apresenta de forma
oportunista em individuos com comprometimento imune, sendo cosmopolita e
causada por C. neoformans, ja a forma priméaria em individuos imunocompetentes,
gue € endémica em areas tropicais e subtropicais tem como agente etiolégico o C.
gattii "), Apesar da disponibilidade antifingica, a letalidade relacionada a
criptococose €é alta. Em casos de pacientes refratarios ou com recidivas
frequentemente ocorrem sequelas neuroldgicas (28,

A criptococose pulmonar pode se apresentar de forma assintomatica a
pneumonia grave com insuficiéncia respiratéria @9, O comprometimento pulmonar
afeta principalmente individuos imunocomprometidos, mas tem sido cada vez mais
observado em individuos imunocompetentes @9 e é a segunda forma mais frequente
de criptococose 7). Devido a limitagcdo no diagnéstico, esta infeccdo ainda pode ser
subdiagnosticada por se assemelhar a outras infecgcdes pulmonares, como
tuberculose pulmonar e pneumonia bacteriana ©9 e outras infec¢ées fungicas tal qual
a histoplasmose. Freguentemente ocorre a infeccdo subpleural assintomética em
virtude do tamanho dos propagulos, basidiosporos depositados nos alvéolos
pulmonares 7).

Em hospedeiros com comprometimento imune pode se observar varias
anormalidades radiolégicas, como ndédulos simples ou multiplos que podem evoluir
para consolidacdo segmentar, broncopneumonia bilateral, derrame pleural e
linfonodomegalias GL).

A meningite criptocécica é a infeccdo fungica mais comum que acomete o

Sistema Nervoso Central (SNC) estando associada principalmente com pacientes
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com Sindrome da Imunodeficiencia Adquirida (Aids) 2. O inicio da infeccdo tem curso
lento com sintomas de aumento da presséo intracraniana 3. A meningite criptocécica
deve ser sempre considerada em individuos com Aids que apresentam quadro de
cefaléia e febre sem causas aparentes, deméncia progressiva e confusdo mental. A
meningite criptocdcica pode evoluir com sequelas e déficits neurolégicos, sendo a
reducéo da capacidade mental e visual, paralisia permanente de nervos cranianos e
hidrocefalia as mais frequentes @?7). A predilecdo do fungo pelo SNC ocorre pela
presenca de nutrientes como tiamina, glutamina, carboidratos, e pela baixa resposta
inflamatoria e baixa atuacdo do sistema complemento ©4),

A lesdo tumoral ou criptococoma se manifesta na encefalite e se caracteriza
pela formagdo de uma massa intracraniana de ceélulas leveduriformes aparecendo
mais comumente nos ganglios, cerebelo, lobo parietal e mais raramente aparece na
area intra-espinhal %, S&o fatores associados a um pior prognéstico da meningite
criptocécica: carga fungica elevada, alteracdes sensoriais, auséncia de resposta
inflamatdria no LCR, manifesta¢des clinicas fora do SNC, imunocomprometico critico
(CD4+ < 50 cels/mm3) @7,

A criptococose também pode se disseminar para outros 6érgédos, como a medula
espinhal, pele, rins, préstata, figado e ossos 9. A lesdo cutanea ocorre de 10 a 15%
dos casos de criptococose sistémica 9. A criptococose cutdnea geralmente é
secundaria e esta associada a disseminacdo hematogénica, caracterizando-se por
lesGes cutaneas confinadas a uma determinada regido do corpo 7, como rosto,
pescoco e extremidades superiores, com lesdes nodulares, granulomatosas,

ulceracdes com prurido e dor ©8),

1.3 Criptococose: epidemiologia e associacdo com a Sindrome da

Imunodeficincia Humana - Aids

A criptococose € considerada uma doenca definidora de Aids por estar
associada a baixas contagens de linfécitos T CD4 no sangue (abaixo de 100 células)
(39.40) A infeccdo pelo HIV é mundialmente a mais importante doenca de base
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responsavel pelo desenvolvimento da criptococose, estando envolvida em 80-90%
dos casos. A meningite criptocécica é a principal forma observada em individuos com
Aids “Y. Em 2014 a incidéncia anual global da meningite criptocdcica foi estimada em
223,100 (95% CI 150 600-282 400) casos sendo responsavel por 15% de todas as
mortes relacionadas a Aids (IC 95% 10-19). Depois da tuberculose, a criptococose €

classificada como a segunda principal causa de mortes associadas a Aids em adultos
(42).

Cryptococcal infection annual incidence &~ 1{ /
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= 2501-5000 I >25000

Figura 4. Incidéncia anual da meningite criptococica por pais no ano de 2014. Fonte: Rajasingham et
al. (2017) “2),

C. neoformans tem distribuicdo global e C. gattii € mais encontrado na América,
Austrélia e Africa Subsaariana 3. Em todo o mundo o tipo molecular VNI é dominante,
com excecdo da Australia e Nova Guiné onde o VGI é mais observado 9. Na Africa
subsaariana, a meningite criptococica € uma infec¢cdo subdiagnosticada que afeta
principalmente individuos com HIV/Aids jovens do sexo masculino, representando
75% das mortes pela doenca no mundo “#44%, Infeccdes por C. gattii sdo pouco
comuns. Na Africa Ociental, na Costa do Marfim, e na Africa do Sul o tipo molecular

VGIV é o0 mais observado 49,
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Na China as infec¢des por C. gattii também s&o mais raras, mas VGI é o
principal tipo molecular “8). Na China a maioria dos relatos de criptococose estdo
associados a pacientes imunocompetentes 3. No Japéo e na Coreia a populacéo de
individuos infectados pelo HIV € menor em relagdo a outros paises, e C. neoformans
VNI com ST5 é o mais observado, assim como na China (4748,

Em Madagascar, a criptococose em individuos com HIV costuma ser fatal “9).
Na Europa, C. neoformans é predominantemente encontrado na Europa Ocidental ©9).
A Columbia Britanica, Canad4, tem a maior populacdo com infecgdo por C. gattii no
mundo, incluindo um pequeno niimero de casos associados ao HIV 6D,

Nos Estados Unidos e em outros paises desenvolvidos a criptococose em
individuos com HIV/Aids reduziu por causa da disponibilidade antirretroviral de alta
atividade, e a letalidade chegou a 12% ©“4), Isso se deve principalmente ao inicio
precoce da Terapia anti-retroviral (TARV). No entanto ainda ha uma preocupacao
relacionada a criptocose no pais 2,

Em paises latino-americanos, assim como ocorre no mundo todo, C.
neoformans é responsavel por mais de 90% dos casos de criptococose, acometendo
principalmente individuos com HIV. Na Colémbia, na populacao infectada pelo HIV, a
criptococose € estimada em 3.000-3.300 casos por 1 milhdo de habitantes. Na
Colémbia a prevaléncia de C. gattii VGII e VGI é semelhante, ja no México VGIII € o
tipo molecular mais isolado, depois de C. neoformans VNI. Na Argentina e no Brasil,
apenas C. gattii VGIV parece estar ausente 3. O C. neoformans VNI com subtipo
molecular (ST) 93 é o subgendtipo mais prevalente em toda a América Latina, seguido
do ST77, ST2, ST5 e ST23 4,

A criptococose é a infeccdo sistémica que mais acomete individuos
imunocomprometidos no Brasil 9. A criptococose associada a AIDS apresenta-se
como primeira infecgéo oportunista em 4,4% dos casos diagnosticados no Brasil. S&o
estimados 1,000,000 casos e 250,000 mortes anualmente 9, Trilles et al. (2008) 7
realizaram um estudo multicéntrico, analisando a distribuicdo dos tipos moleculares
de C. neoformans e C. gattii nas regifes brasileiras por meio de AFLP e PCR RFLP
do gene URAS5. Foram analisados 443 isolados, observando-se todos os principais
tipos molecuares ja identificados, com excesséo do VGIV. Este foi o primeiro relato da
presenca dos tipos moleculares VNI e VGII no estado do Amazonas. J& em um
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trabalho realizado em Porto Alegre, no sul do Brasil, foi observada maior
predominancia do tipo molecular VNIl em pacientes HIV positivos com meningite
criptocdcica ©8).

No Amazonas, a criptococose € prevalente em individuos com HIV sendo
relacionada principalmente a C. neoformans VNI. C. gattii VGII é o principal
responsavel pela criptococose em pacientes imunocompetentes, mas também é o tipo
molecular de C. gattii mais identificado nos pacientes com HIV/Aids (961, C,
neoformans VNII também foi observado em Manaus-AM por Freire et al. (2012) 9,

Souto et al. (2016) ©2 ao realizarem uma investigacdo multicéntrica com a
caracterizagdo do ST de 145 isolados de origem clinica e ambiental em 8 estados,
incluindo o Amazonas, observaram diversidade genética, principalmente na regido
nordeste. Os Sts 40, 20 e 5 foram os mais prevalentes. Este estudo foi o primeiro a
realizar a subtipagem de isolados clinicos de VGII no Amazonas. Ferreira-Paim et al.
(2017) ®3), em Minas gerais, observaram maior prevaléncia do ST93 e ST77.

Com o panorama de distribuicdo mundial dos tipos moleculares, a diferenca na
diversidade genotipica entre os continentes tornou-se evidente, demonstrando que as
diferentes condi¢cdes ambientais e climaticas podem influenciar na biologia, evolucéo
e mecanismos de disperséo desses fungos possibilitando a selecao e estabelecimento
de espécies mais bem adaptadas a essas condi¢es 4.

1.4 Fontes ambientais da criptococose

C. neoformans e C. gattii apresentam diferentes distribuicbes geogréficas e
nichos ambientais, enquanto C. neoformans tem distribuicdo mundial e
frequentemente é isolado de excretas de pombos, C. gattii € mais relatado em regides
tropicais e subtropicais, sendo mais observado em arvores e madeira em
decomposicéo “6:66),

Na Africa Ocidental a origem ambiental das espécies de Cryptococcus foi
especialmente a partir de excrementos de pombos 6. Nweze et al. (2015) ©7),
realizou a primeira triagem em larga escala de C. neoformans em excretas de pombos

25



na Nigeria observando isolados principalmente em pombais e mercados com
presenca de pombos. Outro reservatério de C. neoformans foi identificado na Africa
do Sul, a arvore mopan (Colophospermum mopane), que na economia local contribui
como fonte de madeira e remédios 12, Na Africa do Sul C. neoformans foi isolado de
arvore G, No Brasil, C. neoformans VNB foi identificado em isolados ambientais por
Andrade-Silva et al. (2018) ©8),

As novas linhagens de C. gattii VGV e VGVI, identificadas por Farrer et al.
(2019) 10 foram provenientes de ambientes como montanhas e oco de arvores,
associados a um pequeno mamifero chamado hyrax Africano, em florestas centrais
de Miombo da Zambia, na Africa.

Samarasinghe et al. (2019) 9, isolaram C. neoformans VNIV pela primeira vez,
em clima desértico, na Arabia Saudita (Oriente Médio), a partir de amostras de solo.
O isolamento neste ambiente, caracterizado por alta temperatura, vegetacao escassa
e baixa umidade representa uma nova expansao para o nicho ecoldgico atualmente
conhecido desta espécie.

Na China as excretas de pombos também sdo um imporante reservatério
natural de Cryptococcus, mas a taxa média de isolamento foi de 12,9%, que é
significantemente menor que a observada em outros paises “9). Li et al. (2012) (/0
realizou um estudo em amostras de excretas de pombos e amostras de arvores
coletadas em 10 cidades na China, C. neoformans foi recuperado de excretas de
pombos e ndo houve amostra positiva para C. gattii.

Na Australia, C. gattii foi encontrado especialmente associado as arvores de
Eucalyptus camaldulensis, arvore originaria da Australia e que cresce em regides com
clima tropical V. Na india, C. gattii também foi isolado de Eucalyptus camaldulensis
(72), Grover et al. (2007) "® isolaram C. gattii a partir de madeira em decomposi¢do de
cavidades de arvores na India Central, relatando pela primeira vez as arvores
Pithecolobium dulce e Mangifera indica como habitat natural de C. gattii.

Cogliati et al. (2016) " realizaram um levantamento ambiental de 2012 a 2015,
com amostras de 12 paises, a fim de elucidar a distribuicdo de C. neoformans e C.
gattii na Bacia do Mediterraneo, identificando C. neoformans VNI principalmente, e C.
neoformans VNIV e VNIII de arvores (Ceratonia, Olea, Platanus, Prunus) distribuidas
por toda a Bacia do Mediterraneo. Além de C. gattii VGI principalmente, e um Unico
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isolado de VGIV, a partir de Eucalipto, Ceratonia, Pinus e Oleas na Grécia, sul da Italia
e Espanha.

C. gattii emergiu na Columbia Britanica, no Canada, particularmente na llha de
Vancouver, como um patdgeno primario de humanos e animais. C. gattii foi isolado da
superficie de arvore, solo (geralmente acido, baixa umidade e baixo teor de carbono
organico), ar, agua doce e agua do mar de diferentes areas. C. gattii VGlla foi o0 mais
isolado, mas também VGlIb e VGI (75,

Na Ameérica Latina, os excrementos de aves sdo o reservatorio ambiental
predominante para C. neoformans e C. gattii € mais observado em espécies arbdreas
(54), Na Colombia C. gattii tem sido recuperado principalmente de arvores do género
Eucalyptus spp. Isolados ambientais na Colombia tem sido recuperados de locais
Umidos, com pouca insolacdo e temperaturas frias ou temperadas ©°. Vélez &
Scandon (2017) 8 isolaram C. neoformans VNI e C. gattii VGIII de diferentes
espécies de arvores, revelando Tabebuia guayacan e Roystonea regia como novos
nichos na Colombia.

No Brasil, Lazera et al. (2000) ", identificaram C. neoformans e C. gattii
compartilhando o mesmo bi6topo natural, uma arvore. Em Manaus, Amazonas, ha
relatos de C. neoformans isolados a partir de excretas de pombos (/879 excrementos
de aves em cativeiro ™ e em solo ®9, A variedade C. gattii, também foi encontrada
em oco de arvore /- em amostras de agua da Reserva Florestal Adopho Ducke e Rio
Negro €9, além de poeira domiciliar em habitagdes do municipio de Santa Izabel do
Rio Negro e Iranduba ©1.82),

O isolamento de C. neoformans e C. gattii a partir de amostras coletadas em
ambiente domiciliar sugere a possibilidade de infeccdo adquirida neste ambiente.
Alves (2016) ®2 ao analisar amostras de poeira domiciliar em moradias de uma
comunidade rural do Amazonas, observou que todas as residéncias onde houve
isolamento de Cryptococcus neoformans e/ou C. gattii localizavam-se na regido mais
central da comunidade, onde h& maior acdo antropica e circulacdo de pessoas. Brito-
Santos et al. (2015) ®Y também identificou C. gattii em poeira domiciliar de residéncias
de uma comunidade rural do Amazonas. Passoni et al. (1998) ®3 isolaram C.

neoformans de 24 amostras de poeira domiciliar de habitagbes na cidade do Rio de
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Janeiro. Em Belém, Costa (2009) ®4 identificou simultaneamente C. neoformans e C.

gattii em poeira domiciliar de cinco residéncias.

1.5 Diagnostico da criptococose

A distincdo entre C. neoformans e C. gattii ocorre através da observacao de
caracteristicas fenotipicas e genétipcas ®. O diagndstico pode ser realizado a partir
de varias amostras clinicas como liquor (LCR), urina, fragmentos de tecido, aspirado
de lesdes cutaneas, escarro e amostras do trato respiratério ),

Os exames laboratoriais sdo o0s métodos mais importantes para um
diagnéstico definitivo @3, A histéria clinica do paciente e exame de imagem podem
auxiliar no diagnéstico. A identificacdo se baseia principalmente em exame direto,
cultura do fungo, testes bioquimicos e imunodiagndstico ©2. A observacao
microscopica da capsula fungica com Tinta da China (Nanquim) e a cultura fungica
sdo considerados padrdo-ouro no diagnéstico da criptococose 3. Na microscopia
apresentam-se como leveduras globosas ou ovaladas, brotamento Unico ou multiplos
brotamentos, envolvidas por uma capsula polissacaridica % (Figura 5).

A identificacdo histopatolégica é feita através das técnicas histoquimicas,
Hematoxilina-eosina (H&E) e Gomori-Grocott (GMS), Mucicarmim de Mayer (MM) e
Fontana-Masson (FM) (Figura 6). GMS é largamente utilizada na pesquisa de
elementos fungicos e revela caracterististicas morfolégicas como a parede celular e
brotamentos, a coloracio MM € especifica para visualizagdo da estrutura
mucopolissacaridica capsular de Cryptococcus e diferenciar de outros fungos, e a
coloracdo FM destaca a melanina na parede celular do fungo e é considerada
alternativa em casos onde ndo ha visualizagéo da estrutura capsular visualizada na
técnica de MM ©5),

Para o exame de cultura, inocula-se a amostra clinica em Agar glicose
sabouraud acrescido de cloranfenicol, ou Agar Infuséo Cérebro-Coracéo (BHI), sem

cicloheximida 19, nestes meios e em meio de cultura Agar Sabouraud glicosado 2%,
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extrato de malte e extrato de levedura as colbnias se apresentam na coloracao branca
a creme, margem lisa e textura mucoide @7).

Provas bioquimicas como deteccdo da enzima uréase em agar ureia a
producdo de melanina, por oxidacdo, em meio de cultura a base de Semente de Niger
(NSA) podem auxiliar na identificacdo. Em NSA (Figura 5), extrato de batata e cenoura
as coldnias se apresentam na coloragcdo marrom, facilitando a identificagéo do fungo
(27), Em individuos adultos com meningite criptocdcica associada ao HIV, O LCR e as
hemoculturas tém resultado positivo em até 90% e 70%, respectivamente ¢,

A reacao no meio agar canavanina-glicina-azul de bromotimol (CGB) permite a
diferenciacéo de C. neoformans e C. gattii. Enquanto C. neoformans por ser sensivel
a canavanina ndo assimila a glicina, o C. gattii € resistente a canavanina e utiliza a
glicina como fonte de carbono e nitrogénio, gerando uma mudanc¢a no pH do meio que
leva a uma mudanca na cor do meio antes amarelo-esverdeado para azul () (Figura
5).

Figura 5. Micromorfologia de Cryptococcus sp. em tinta nanquin, macromorfologia em em agar semente
de niger (NSA) e diferenciacdo em meio agar canavanina-glicina-azul e bromotimol (CGB). A)
Cryptococcus apresentando a capsula polissacaridica em tinta nanquin. Fonte: Pinheiro SB. Aspectos
clinicos e moleculares da criptococose em pacientes ndo HIV no Estado do Amazonas, Brasil. 2019.
Dissertacdo de Mestrado (Ciéncias farmacéuticas); B) Producdo de melanina em meio NSA. Fonte:
acervo pessoal; C) Cryptococcus neoformans e Cryptococcus gattii (azul) em meio CGB. Fonte: acervo
pessoal.
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Figura 6. llustracdo da identificacdo histopatoldgica feita através das técnicas histoquimicas,
Hematoxilina-eosina (H&E) e Gomori-Grocott (GMS), Mucicarmim de Mayer (MM) e Fontana-Masson
(FM). Estruturas em disposicéo extracelular: A) H&E, aumento de 40X mostrando elementos fungicos
ovoides com brotamento; B) GMS, aumento de 40x, mostrando estrutura capsular; C) MM, aumento de
40X mostrando Cryptococcus deficiente de cdpsula, parede celular contendo pigmentos de melanina;
D) FM, aumento de 40X. (Fonte: Severo, Gazzoni & Severo, 2009) ©3),

Provas imunologicas como a reacdo de aglutinacdo, de fixacdo do
complemento e de imunofluorescéncia também podem ser utilizadas. A pesquisa de
antigeno circulante no soro e LCR podem ser realizadas com particulas de latex
sensibilizadas por antiglobulina especifica, visto que em casos de meningite
criptocécica em individuos com Aids o antigeno circulante pode persistir por um longo
periodo de tempo no organismo. O teste de aglutinacéo de latex (CRAG-LA) e o teste
de Ensaio de Imunoabsor¢cédo Enzimatica (ELISA) sdo os mais indicados, mas podem
apresentar falso negativo em infecces precoces (19,

O teste diagnoéstico, point of care, Cryptococcal Antigen Lateral Flow Assay
(CRAG-LFA) (Figura 7) é um teste rapido, que detecta antigeno criptoc6cico no LCR
e soro, é indicado para detectar infec¢do por Cryptococcus em individuos com HIV
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com células CD4+ < 200 cél/mm? e em caso de meningite criptococica sintomatica
independe da contagem de células CD4+ ®6), Este teste tem sensibilidade de 100% e
especificidade de 99% a 100% e pode ser usado no rastreio de casos de criptococose

permitindo uma terapia mais rapida e assim minimizar os riscos de morte 7).

5

Control __

— Control
Test—

i

Add 1 drop of Add 40 pL Insert strip Incubate 1 line = negative
specimen diluent of specimen 10 min 2 lines = positive

Figura 7. Cryptococcal Antigen Lateral Flow Assay (CRAG-LFA). Fonte: https://www.immy.com/crag.

Embora disponiveis e bastante usados na pesquisa, os métodos moleculares
ndo sdo usados na rotina clinica @. Esses métodos sdo importantes para a
identificagdo do fungo em amostras clinicas e ambientais, para estudos
epidemioldgicos, entre outras finalidades, permitindo um resultado mais rapido e
preciso, com sensibilidade superior a cultura fungica de Cryptococcus e prova de tinta
nanguim @8,

Uma série de técnicas de tipagem do acido desoxirribonucleico (DNA) como

polimorfismo de comprimento de fragmento de restricdo (RFLP), estudos de
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hibridizacdo de DNA, polimorfismo de comprimento de fragmento amplificado (AFLP)
e impressao digital de reacdo em cadeia da polimerase (PCR) tem sido utilizados para
estudos envolvendo os agentes de criptococose 9.

Os avancos na tipagem molecular tornaram possivel descobertas como a
identificacdo dos novos tipos moleculares, C. neoformans VNB ©), que é ancestral das
linhagens globalizadas e assexuadas VNI e VNII 12, e C. gattii VGV e C. gattii VGVI
(10), identificacdo dos gendtipos VGlla e VGIIb de C. gattii envolvidos na epidemia de
criptococose na ilha de Vancouver no Canada ("®, além do sequenciamento do
genoma completo que mostrou evidéncias sobre a origem desses gendtipos 13,

Devido a necessidade de um método de tipagem padronizado globalmente para
C. neoformans e C. gattii, no ano de 2007, a Sociedade Internacional de Micoses
Humanas e Animais (ISHAM), selecionou o multi-locus sequence typing (MLST) como
o método de escolha, pelo seu alto poder discriminatério e reprodutibilidade. Para o
MLST, h& cepas padrbes que representam os tipos moleculares conhecidos como
agente da criptococose. A técnica consiste na utilizacdo de regides variaveis de sete
loci genéticos independentes, os genes relacionados a viruléncia CAP59, GPD1,
LAC1, PLB1, SOD1, URA5 e o espacador intergénico IGS1, para determinacéo dos
subtipos moleculares ou perfil alélico (STs). CAP59 é o gene associado a capsula
mucopolissacaridica, GPD1 o gene associado a gliceraldeido-3-fosfato
desidrogenase, LAC1 o gene associado a lacase, producdo de melanina, PLB1 o gene
associado a fosfolipase B1, invasdo celular, SOD1 o gene associado a cobre-zinco
superoxido dismutase, URA5 o gene associado a orotidina-monofosfato pirofosforilase
e IGS1 um Espacgador intergénico do RNA ribossémico, selecionado devido sua alta
diversidade alélica ©9),

O MLST tem sido mundialmente utilizado na vigilancia epidemiolégica da
criptococose, especialmente quanto a investigagcdo de surtos. Além disso, tem
possibilitado a identificacdo de novos subtipos moleculares e estudos populacionais.
Os dados obtidos através da analise filogenética pelo MLST podem auxiliar a estimar

a origem evolutiva do fungo e observar a relagdo genética entre diferentes isolados
(91)
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1.6 Tratamento da criptococose

O tratamento da criptococose consiste em reduzir ou eliminar a carga fungica
no organismo do paciente e manter os niveis de carga fungica estabilizadas ou
negativadas Y- Os antifiingicos mais utilizados no tratamento da criptococose incluem
Anfotericina B (AMB), 5-Flurocitosina (5-FC) e fluconazol (FCZ) 19, Para o tratamento
de infeccbes sem comprometimento do SNC, geralmente utiliza-se o fluconazol por
via oral, 400mg por dia de 6 a 12 semanas (2. Para pacientes com acometimento
extrapleural, extrapulmonar, tal qual lesGes da pele e osso, com ou sem envolvimento
pulmonar o tratamento é mais dificil devendo-se utilizar inicialmente AMB com ou sem
5-FC, com FCZ e Itraconazol 19,

Para AMB as diretrizes de tratamento recomendam o uso combinado de AMB
e Flucitosina como indugdo ©3. Para a fase de inducdo de duas semanas, a World
Health Organization (WHO) recomenda um regime contendo AMB combinada com 5-
FC ou FCZ. Em paises onde a AMB néo se encontra disponivel, recomenda-se regime
com FCZ combinado com 5-FC ou monoterapia com altas doses de FCZ. Para a fase
de consolidagao de oito semanas, e manutengao recomenda-se FCZ oral e para fase
de manutencgdo @3, A MB atua como fungicida ligando-se ao ergosterol, um esteroide
presente na membrana fungica, modificando a permeabilidade e levando a perda de
constituintes citoplasméaticos provocando uma lesdo oxidativa que resulta em
alteracdes metabdlicas prejudiciais a sobrevida da célula. Frequentemente a AMB
causa efeitos adversos por toxidade celular e tecidual ©4),

Na América Latina ndo ha disponibilidade de 5-FC e recomenda-se um
esquema alternativo adotado para paises com recursos limitados, utilizando-se
monoterapia de AMB com dose superior a 1 mg/kg/dia ou AMB com FCZ na fase de
inducdo e FCZ na fase de consolidacdo (3 %),

A AMB é de amplo espectro e a primeira escolha para o tratamento da MB, cujo
mecanismo € combinar com a membrana das células fangicas do ergosterol
interferindo no metabolismo celular e reforcar a permeabilidade da membrana celular
levando a morte da célula ©®?, Em regimes de tratamento com a inducdo de AMB,
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recomenda-se monitoramento e gerenciamento do tratamento para reduzir a
toxicidade grave relacionada ao uso desse medicamento, tal como hipocalemia e
nefrotoxicidade 3. Novas formulacdes da AMB, na forma lipossomal e de disperséo
coloidal apresentam menos efeitos colaterais, porém essas formulacdes sdo de maior
custo no mercado ),

A 5-FC é considerada uma droga sinérgica da MB, principalmente contra
Cryptococcus @4, Trata-se de uma pirimidina fluorinada com atividade primeiramente
fungistética, tonando-se fungicida conforme prolongamento do tratamento, tem como
mecanismo inibir a divisdo celular, interferindo na sintese de DNA do fungo ©7. A
flucitosina entra na célula fungica por intermédio de uma permease e é convertida a
5-fluorouracil (5-FU) pela enzima citosina desaminase. O 5-FU é entédo convertido a
acido 5-fluorouridilico que é fosforilado e incorporado no RNA, resultando em inibicédo
protéica. A 5-FU também pode ser convertida a monofosfato de 5-fluorodeoxiuridina,
um inibidor da timidilato sintase, enzima envolvida na sintese de DNA e divisdo celular
(98)_

Os azdbis sdao compostos completamente sintéticos com acao fungistatica e
fungicida, mas possuem efeito inferior a AMB ©6). O FCZ é um dos agentes triazélicos
e tem como mecanismo a destruicdo da membrana celular levando a morte da célula
por inibir a sintese de ergosterol na membrana celular do fungo ©2. O Itraconazol
parece ser uma boa opcdo no tratamento da meningite criptococica, mas € pouco
confiavel devido sua m& absorcao e limitada penetracdo no SNC. Ja o Posaconazol
tem o6tima atividade, mas também tem limitada penetracdo no SNC (9,

Os azois agem sobre enzimas do citocromo P450 dos fungos, bloqueando a
demetilacdo do lanoesterol e a sintese de ergosterol, alterando a permeabilidade da
membrana e a viabilidade fungica. Os azéis, especialmente os imidazdlicos, tem
funcdo apenas fungistatica 4.

N&o ha conhecimento de elementos genéticos que codifiguem resisténcia aos
medicamentos antifingicos e que possam ser transferiveis de fungo a fungo, tal qual
ocorre com as bactérias 1%, O aparecimento de infecgbes fungicas reincidentes e a
resisténcia a terapia antifingica usual tem levado ao uso de testes de susceptibilidade
in vitro para a obtencéo e acompanhamento de uma terapia mais adequada (100,

Desde a década de 80, grupos norte-americanos e europeus tem trabalhado
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no desenvolvimento de um método de referéncia para testar a susceptibilidade
antifangica, sendo os principais os subcomités: Clinical & Laboratory Standards
Institute (CLSI) e EUCAST (European Committee on Antimicrobial Susceptibility
Testing). O documento M27-A2 do CLSI é o teste de susceptibilidade antifingica, no
entanto esse documento possui limitacbes em testes de leveduras nao fermentaivas
de glicose, como o Cryptococcus (190,

Quanto aos métodos para teste de susceptibilidade antinfungica utilizados, ha
o Vitek 2 (bioMerieux, Franca) que € um método automatizado, o teste de
microdiluicdo em caldo, teste de difusdo em disco e o E-test. No teste de microdiluicdo
em caldo mede-se a atividade in vitro de um determinado antifingico em relagdo a um
organismo a ser testado em meio de cultura liquido, utilizando-se uma concentracéo
conhecida do antifingico 102,

O teste de difusdo em disco € um método reprodutivel, barato e de facil
interpretacéo e envolve o uso de discos de papel contendo uma concentracao fixa do
antifungico de teste observando-se a zona de inibicdo formada apds contato com o
organismo de teste para medir a susceptibilidade (192, O e-test € um método com boa
reprodutibilidade no qual utiliza-se tiras contendo um gradiente continuo de
concentracbes pré-definidas de um antifungico especifico para determinacdo da
Concentracao inibitéria minima (CIM) (103),
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2. JUSTIFICATIVA

A criptococose € considerada endémica no Amazonas, apresentando um
importante numero de 6bitos principalmente em individuos com HIV/Aids. A meningite
criptocdcica € a princial forma observada nos pacientes. Um diagndstico precoce e
um tratamento eficaz se fazem extremamente necessarios. Deve-se manter uma
vigilancia relacionada ao perfil dos pacientes acometidos e dos agentes etiol6gicos
envolvidos nas infecgdes, visto que néo se trata de uma doenca de notificacao
compulséria. Sabe-se que o ambiente € fonte de disseminacéo do agente etioldgico,
por isso a investigacao da presenca de Cryptococcus no ambiente e o conhecimento
das possiveis fontes de infeccdo é de grande relevancia, pois permite um maior
conhecimento sobre o fungo e no caso da investigacdo domiciliar pemite alertar os
pacientes quanto ao risco de se infectar e/ou reinfectar pelos agentes da criptococose,
principalmente no que diz respeito aos pacientes imunocomprometidos. Portanto, o
presente estudo analisou os dados clinico-epidemiolégicos de pacientes com
HIV/Aids, e investigou os agentes envolvidos nas infec¢cdes e o domicilio desses
pacientes como potencial local de infeccéo.
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3.OBJETIVOS

3.1 Objetivo Geral

Caracterizar os agentes fungicos da criptococose em pacientes com HIV/Aids
atendidos em uma Unidade de Referéncia no Amazonas no periodo de 2017 a 2019
e investigar o ambiente domiciliar como fonte de exposi¢éo para a infecgao/reinfeccao

de Cryptococcus.

3.2 Objetivos especificos

a) Descrever os aspectos clinicos, laboratoriais e epidemioldgicos da
criptococose em pacientes com HIV/AIDS atendidos e notificados na Fundacgéo de
Medicina Tropical Dr. Heitor Vieira Dourado (FMT — HVD);

b) Analisar fontes ambientais para determinar a presenca de agentes fungicos
de criptococose em domicilios de pacientes com HIV-AIDS diagnosticados com essa

infecgdo fangica;

c) Determinar os gendtipos de Cryptococcus causadores de criptococose e dos

presentes no ambiente domiciliar dos pacientes;

d) Caracterizar os isolados quanto a susceptibilidade aos antifungicos azoélicos

e anfotericina B.

e) Correlacionar os achados ambientais com o0s agentes causadores de

criptococose nos pacientes.
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4. CONSIDERACOES ETICAS

O estudo foi conduzido de acordo com as diretrizes da Declaracao de Helsinque
e aprovado pelo Comité de Etica da Fundacdo de Medicina Tropical Doutor Vieira
Dourado (cédigo de protocolo CAAE n° 82715917.4.0000.0005).
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5. CAPITULO 1: Criptococose em pacientes com HIV/AIDS no norte do
Brasil: aspectos clinicos, tipos moleculares e isolamento de agentes de

amostras ambientais associadas a pacientes

Neste capitulo €& apresentado o primeiro artigo publicado intitulado
“Cryptococcosis in HIV/AIDS patients in northern Brazil: clinical aspects, molecular
types and isolation of agents from environmental samples associated with patients”
que aborda as caracteristicas clinico-epidemioldgicas dos pacientes cujos isolados
foram analisados nesse trabalho, os tipos moleculares observados como agentes das
infeccbes e a investigacdo ambiental no domicilio dos pacientes e vizinhos desses

pacientes. O artigo foi publicado na revista “ Tropical Medicine & International Health”.
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Abstract

Objectives: In the state of Amazonas, northern Brazil, cryptococcosis is endemic, with
a predominance of Cryptococcus neoformans in individuals with HIV/AIDS, and
Cryptococcus gattii VGII in non-HIV individuals. This study analysed the clinical iso-
lates and clinical-epidemiological characteristics of HIVV/AIDS patients diagnosed with
cryptococcosis in a tertiary healthcare facility in Manaus, Amazonas and investigated the
presence of agents of cryptococcosis in environmental samples.
Methods: A survey was made of data from HIV/AIDS patients diagnosed with crypto-
coccosis between January 2017 and December 2019, and environmental samples were
collected at the patients’ and their neighbours’ homes. The isolates were submitted to
morphophysiological analysis and PCR-RFLP typing to determine the molecular types.
Results: Clinical-epidemiological characteristics of 55 patients and 75 clinical isolates
were analysed. Neurocriptococcosis was the clinical form observed in 98.2% (n = 54/55)of
patients. A total of 38.1% (n = 21/55) of patients died within 100 weeks, of which 21.8% (n =
12/55) died less than a month after the diagnosis of cryptococcosis. C. neoformans VNI (n
=68/75), C. neoformans VNII (n = 1/75), C. gattii VGI (n = 3/75) and C. gattii VGII (n =
3/75) were identified. Mixed infection was observed in two patients, one by C.
neoformans VNI and VNII and the other by C. neoformans VNI and C. gattii VGI.
Cryptococcus VNI was detected in three (n = 3/51) households, one of a patient (n = 1/17)
and two households that neighbour patients’ houses (n = 2/34).
Conclusions: This study demonstrated the prevalence of C. neoformans VNI, which is
a cause of cryptococcosis in patients with HIV/AIDS in the state of Amazonas, and re-
vealed a greater diversity of molecular types affecting these patients in the region than in
previous studies. In the studied group, a high mortality rate was observed, which reflects
the importance of early diagnosis, and evidences cryptococcosis as an AlDS-defining
disease and an important public health problem in the region. The home environment
proved to be a potential source of infection/reinfection by C. neoformans VNI.
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INTRODUCTION

Cryptococcosis is a potentially fatal respiratory
and neuro-logical disease that affects humans and
animals worldwide. This systemic mycosis is
acquired through the inhalation of infectious
propagules from the environment and is caused by
pathogenic members of the genus Cryptococcus,
including the Cryptococcus neoformans species’
complex molecular typesVNI, VNII, VNIII, VNIV
and the Cryptococcus gattii
molecular types VGI, VGII, VGIII, VGIV) [1] as well
as the newly identified VGV and VGVI [2]. Recently,

seven spe-cies of agents of cryptococcosis have been

species’ complex

proposed by Hagen et al. [3]; however, this
nomenclature is still incipient and we treat these
agents as two complexes and their respective mo-
lecular types or genotypes, according to Kwon-Chung
etal. [1].
Cryptococcus  neoformans is  primarily
responsible for in- fection in immunosuppressed
patients, particularly patients with AIDS [4].
Rajasingham et al. [5] estimated an incidence of
223,100 cases of cryptococcal meningitis and
181,100  deaths
cryptococcosis being the second most common
AIDS-related death. In

cryptococcosis is the most recurrent systemic

approxi- mately annually,

cause of Brazil,
mycosis in im-munocompromised patients, mainly
in the form of menin-gitis [6]. When associated
with AIDS, it corresponds to 4.4% of diagnosed

cases, with an estimated 1,000,000 cases and

250,000 related deaths annually [7]. By contrast, C.
gattii pre-dominantly cause a primary infection in
immunocompetentindividuals. It is worth noting that
the endemic cryptococco- sis caused by C. gattii
shows a regional pattern in Brazil, andis mostly
reported in the north and northeast of the country,
where it occurs usually in immunocompetent hosts,
includ-ing children and young adults [8]. In the state
of Amazonas, cryptococcosis is prevalent in HIV
patients and its main agentis C. neoformans VNI,
C. gattii VGII

predominates as an agent of cryptococcosis [9-11].

while in non-HIV patients,

The main urban reservoir of C. neoformans is
pigeon droppings, but it occurs in several substrates,
including de- caying wood [12]. C. gattii has also
been related to tree spe-cies and decaying wood [13,
14]. Cryptococcus neoformans has been isolated
from dust in households in Rio de Janeiro, suggesting
regular exposure in daily life [15]. Alves et al. [16]
conducted a study in public spaces, such as schools,
squares as well as residences and buildings in
Manaus, Amazonas, and showed the presence of C.
neoformans type VNI in pigeon droppings and also
in the excrement of captive birds, and C. gattii
molecular type VGII in a hollow tree, evidencing the
same molecular types of Cryptococcus that are
responsible for infections in Manaus. Brito-Santos et
al. [17] identified C.gattii of molecular type VGII in
household dust samples in wooden houses in a
municipality located in the upper NegroRiver region,

in the Amazonas state. Environmental studies show
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the importance of several microenvironments as a
po- tential source of human infection.

In Brazil, cryptococcosis is not a disease that
requires com-pulsory notification and data on the
distribution of cases of the disease and its causative
agents are scarce. Between 2017 and 2019, 1,372
cases of AIDS were reported at the Dr. HeitorVieira
Dourado Tropical Medicine Foundation (FMT-
HVD) [18], which is a reference centre for
HIV/AIDS cases in the state of Amazonas, Brazil,
of whom 83 had cryptococcosis associated,
representing 6% of all AIDS cases. In this work, we
analysed the cases of cryptococcosis in patients with
HIV/AIDS diagnosed during a three-year period
(2017-2019) at FMT-HVD to characterise the
clinical-epidemiological dataof these patients, the
molecular types causing cryptococco- sis and we
also analysed the environmental sources in order to
determine the presence of agents of cryptococcosis
in the homes of these patients and their neighbours’

homes.

METHODS

Patient data collection and ethical approval

The sociodemographic, clinical and laboratory
information of the patients were obtained via the
electronic medical re- cord IDoctor and
subsequently tabulated using Microsoft’ Excel.
The following clinical data were extracted:
diagnosis of HIV/AIDS and cryptococcosis,

symptoms, clinical form of cryptococcosis, CD4T

cell count, patient evolution; soci- odemographic
data: age, sex and city of residence; and epide-
miological data related to exposure to the fungus.
The study was conducted according to the
guide- lines of the Declaration of Helsinki and
approved by the Ethics Committee of the Tropical
Medicine Foundation Doctor Vieira Dourado

(protocol code CAAE No. 82715917.4.0000.0005).

Sampling of clinical isolates

Cryptococcus isolates were obtained from

individuals with HIV/AIDS diagnosed with
cryptococcosis in a tertiary health unit in Manaus,
Amazonas, Brazil, from January 2017 to December
2019. All isolates were maintained in Sabouraud
dextrose agar tubes and stored at 4°C at theMedical
Mycology Laboratory at FMT-HVD who kindly
provided the isolates for the experiments that were
carried out in the Mycology Laboratory of the

Instituto Lednidas e Maria Deane/FIOCRUZ.

Isolation of fungi from environmental samples

We collected 77 environmental samples in 51
households (17 from patients homes and 34

neighbours’ homes), comprising
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51 samples of household dust, 8 soil samples, one
bird ex- crement sample and 17 samples of air.
Household dust was collected in all the homes
visited, air collection was carried out only in the
patients” homes and soil only in patients’ homes
where there was a yard with exposed soil. The air
was collected for 15 min in each household (850
litres analysed in each household) using a 6-layer
impactor (9-0.65 um) (Bioaero 6, Energética
containing plates with Niger seed agar (NSA)
medium. The plates with air samples were incubated
at 28°C and observed daily for up to 5 days. The
remain- ing samples were processed according to
Lazera et al. [19], 10 plates were used for each
sample. Plates with NSA were in- cubated for up to
5 days at 28 °C. Isolates were also subjected to
growth at 37°C.

Morphophysiological identification of

Cryptococcus

Isolates that were positive for phenoloxidase
(brown colo- nies) were observed under a
microscope using slides with 4% NaOH, Indian ink
(nanquim) and cotton blue lactophe- nol. Colonies
with capsulated yeasts, without hyphae, and
producing melanin were subcultivated in NSA and
subse- quently identified in canavanine-glycine-

bromothymol blue medium (CGB).

PCR-RFLP typing

The DNA of the clinical and environmental
isolates was extracted with the use of the QIlAamp

Tissue and Blood extraction kit (Qiagen, Hilden,

Germany) according to the manufacturer's
instructions and included a pre-phase of mechanical
maceration using glass beads. Amplification of the
URA5 gene was performed followed by double
digestion with Hhal and Sau961 (ThermoScientific),
according toMeyer et al. [20]. To identify the molecular
types, the follow- ing reference strains (conceded by
Fiocruz/CFP from their collection of pathogenic
fungi) were used: CFP 55 (serotypeA, VNI), CFP 56
(serotype A, VNII), CFP 57 (serotype AD,VNIII),
CFP 58 (serotype D, VNIV), CFP 59 (serotype B,
VGl), CFP 60 (serotype B, VGII), CFP 61 (serotype B,

VGIII) and CFP 62 (serotype C, VGIV).

RESULTS

Clinical and epidemiological data

Eighty-three individuals with HIV/AIDS were
diagnosedwith cryptococcosis between January 2017
and December 2019, with an average of 28 cases per
year. We included 55 patients whose clinical isolates
were viable for the study andobtained 75 isolates. Of
these, 81.8% (n =45/55) either residedor have resided
in the city of Manaus, capital of Amazonas State,
with a greater frequency in the eastern and northern
areas of the city (Figure 1); 20% (n = 11/55) came
from other municipalities of the state (Table 1).
Manaus is located in the middle of the Amazon
Rainforest, at the confluence of the Negro and
Solimdes Rivers, with a territory of 11,401 km? and
2.2 million inhabitants and has ecological reserves
such as the Adolpho Ducke Forest Reserve (Figure
1).

Cryptococcus VNI the

neoformans was
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aetiological agentin 94.5% (n = 52/55) of the cases,
with one case of mixed infection by C. neoformans
VNI and VNII, and one case of mixed infection by
C. neoformans VNI and C. gattii VGI. VGII was
identified in 5.4% (n = 3/55) of patients (Table 1).
74.5% (n = 41/55) of the patients are male and
patient age ranged from 18 to 53 years, with a mean
age of 35.3 years. The most frequent clinical
manifestations were severe headache 63.6% (n =
35/55), fever 40% (n = 22/55), vomiting 36.3% (n

= 20/55), myalgia 12.7% (n = 7/55), mental
confusion 29.1%(n = 16/55), dyspnoea 29.1% (n =
16/55), dementia 25.4% (n = 14/55), weight loss
25.4% (n = 14/55), seizure 18.1% (n = 10/55) and
12.7% 7/55).
Neurological sequelae, such as visual impairment
29.1% (n = 16/55), motordeficit 10.9% (n = 6/55)
and hearing deficit 7.3% (n = 4/55) were also

psychomotor agitation (n =

observed. Neurocryptococcosis was observed in
98.2% (n = 54/55), and only 1.8% (n = 1/55) patient
had pul- monary cryptococcosis. Cerebrospinal
fluid (CSF) was the type of clinical sample with the
most Cryptococcus isolates recovered, that is in
85.4% (n = 47/55) of the patients.

The CD4 + T cells count performed at the
closest dateto the diagnosis of cryptococcosis was
observed. The mean CD4+ T cells were 87.1
cells/mm?®: 49% (n = 27/55) < 50 cells/mm3, 16.3% (n
= 9/55) 50-100 cells/mm?, 3.6% (n = 2/55) 100
150 cellsfmm?®, 20% (n = 11/55) >150 cells/mm?3, for
10.9% (n = 6/55) there were no data. 21.8% (n =
12/55) were diagnosed with cryptococcosis at the
same time as they received the di- agnosis of
HIV/AIDS, with a difference of 1-3 days betweenthe

results. Fluconazole and amphotericin B were the
medi- cations used in the treatment of patients.
Hospital death was observed in 38.1% (n = 21/55)
patients, and 21.8% (n = 12/55)died less than one
month after diagnosis.
Households of patients with
cryptococcosis and assessment of the

presence of Cryptococcus

It was possible to make a home visit for
environmental col- lection in 17 patients’ homes,
since 12 resided in locations that are distant from
Manaus and 26 could not be contacted. For every
patient's home that was visited, the two neighbour-
ing houses were also visited, thus totalling 51
houses.

Cryptococcus neoformans VNI was detected in
5.9% (n = 3/51) households and was viable for
growth at 37 °C. Household dust was positive in
3.9% (n = 2/51) of samples, while soil was positive
in 12.5% (n = 1/8) of the households where this
substrate was collected. The isolates were ob- tained
from households with some type of yard, while
houses without a yard or apartments were not
positive (Table 2).In 55% (n = 28/51) of the
households, there was a report of the presence of

pigeons outside the home; however, there
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was accumulation of pigeon excreta only in one

household, whose sample was negative.
Cryptococcus was not detected in any of the air
samples.

Cryptococcus neoformans VNI was isolated from
the soil of one patient's home, as well as dust
obtained fromhis neighbour's home. The patient
has lived in the housefor about 17 years, but this

was undergoing renovation that began shortly after

the diagnosis of cryptococcosis. The soil sample was
collected from soil that had been turned over (Figure
2). No new re-infection has been reported in this pa-
tient so far.

Dust sample 2, which was positive for C. neoformans
VNI, was obtained from a neighbouring home of
another patient (P13); however, there was no
detection of the fungus in the home of the patient

who had lived there for about 20 years. Several
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clinical isolates were obtained from this patient at
different times, with mixed infection by C.
neoformans VNI and C. gattii VGI. The patient
reported regular visits to a friend's smallholding,
which is located in an area with recentdeforestation,
road formation and urbanisation. In addition, there
were pigeons in a school in front of his residence.

The location of these cases is shown in Figure 1.

Molecular type of Cryptococcus isolates
obtained from patients and the environment
The restriction fragment length polymorphism
(RFLP) of theURA5S gene showed that 90.6% (n=
68/75) of the clinical iso-lates were C. neoformans
VNI, though other molecular types were also
observed, such as C. neoformans VNII (n = 1/75), C.
gattii VGI (n=3/75)and C. gattii VGII (n=3/75). The
three en-vironmental isolates were C. neoformans
VNI. Patient P5 pre-sented two different molecular
types of C. neoformans (VNI and VNII), while
patient P13 presented one isolate of C. neoformans
(VNI) and three isolates of C. gattii (VGI).
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TABLE 1 Description of the 55 HIVV/AIDS patients diagnosed with cryptococcosis from January 2017 to December
2019, according to place of residence, age, type of sample, CDAT cell count, aetiological agent, treatment and outcome

Patient Place of Age Sample CD4+T Molecular type Treatment Outcome
residence cells/mm3

P1 Manaus 29 CSF >150 VNI AmB + FCZ Death
P2 Manaus 45 CSF 13 VNI /VNI AmB + FCZ Death
P3 Manaus 39 CSF >150 VNI AmB + FCZ ocC

P4 Rio PretodaEva 37 CSF >150 VNI AmB + FCZ 0oC
P5a RONDONIA 28 CSF 4 VNI/VNII AmB + FCZ Death
P6 Manacapuru 29 CSF 18 VNI No data Death
P7 Careiro 28 CSF 55 VNI/VNI AmB + FCZ ocC

Castanho

P8 Manaus 28 CSF 9 VNI/VNI AmB + FCZ ocC

P9 Parintins 27 CSF No data VNI/VNI AmB + FCZ Death
P10 Manacapuru 30 CSF 12 VGII AmB + FCZ Death
P11 Manaus 22 CSF 12 VNI/VNI AmB 0oC
P12 Manaus 44 CSF 80 VNI AmB + FCZ oC
P13a Manaus 34 CSF 7 VGI/VGI/VNI/V AmB +FCZ HD

GI
P14 [tacoatiara 35 CSF 18 VNI AmB + FCZ ocC
P15 Manaus 23 CSF 7 VNI AmB + FCZ Death
P16 Manaus 43 CSF 15 VNI AmB + FCZ Hospitalised
P17 Manaus 53 CSF 10 VNI AmB ocC
P18 Manaus 40 Blood 14 VNI AmB Death
P19 Manaus 30 CSF 47 VNI No data (0]
P20 Manaus 28 CSF >150 VNI No data Death
P21 Beruri 26 CSF No data VNI/VNI No data Death
P22 Manaus 43 CSF 120 VGII AmB + FCZ ocC
P23 Manaus 53 CSF 74 VNI/VNI FCZ Death
P24 Manaus 30 CSF 75 VNI AmB (0]
P25 Manaus 34 CSF 23 VNI/VNI/VNI/  AmB+FCZ Death
VNI/VNI

P26 Autazes 51 CSF >150 VGII AmB + FCZ Death
P27 Manaus 40 CSF >151 VNI/VNI FCZ ocC
P28 Manaus 48 TA No data VNI No data Death
P29 Manaus 43 Blood 6 VNI AmB + FCZ ocC
P30 Manaus 18 CSF 62 VNI FCZ Death
P31 Manaus 22 CSF 24 VNI AmB + FCZ (0]
P32 Manaus 40 Blood 23 VNI FCZ Death
P33 Manaus 46 Blood 4 VNI/VNI AmB Death
P34 Manaus 36 CFS 93 VNI FCZ oC
P35 Manaus 25 CFS 13 VNI AmB + FCZ ocC
P36 Manaus 37 CFS >150 VNI AmB + FCZ 0ocC
P37 Manaus 44 CFS No data VNI AmB + FCZ Death
P38 Manaus 51 CFS No data VNI AmB + FCZ Death
P39 Manaus 49 CES 49 VNI/VNI AmB + FCZ ocC
P40 Manaus 29 Blood >150 VNI FCZ 0ocC
P41 Manaus 18 CES 50 VNI AmB + FCZ Death
P42 Rio PretodaEva 36 CFS 43 VNI AmB + FCZ ocC
P43 Manaus 36 CFS 63 VNI AmB + FCZ (0]
P44 Careiro da 32 CFS 103 VNI AmB + FCZ ocC
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TABLE 1 (Continued)

CD4+T
Patient Place of Age Sample cells/mm?3 Molecular Treatment Outcome
residence type

P45 Manaus 37 CFS >150 VNI/VNI AmB + FCZ ocC
P46 Manaus 36 Blood 20 VNI AmB + FCZ (0]
P47 Manaus 34 CFS >150 VNI AmB + FCZ oC
P48 Manaus 35 CFS 16 VNI AmB + FCZ ocC
P49 Manaus 53 CFS 25 VNI AmB + FCZ HD
P50 Manaus 50 CES No data VNI AmB + FCZ Death
P51 Manaus 29 BAL 21 VNI AmB + FCZ 0ocC
P52 Iranduba 27 CFS 30 VNI AmB + FCZ HD
P53 Manaus 26 CFS >150 VNI AmB + FCZ 0ocC
P54 Manaus 31 CFS 7 VNI/VNI AmB + FCZ (o]0
P55 Manaus 28 CFS 66 VNI AmB + FCZ 0C

Abbreviations: CFS, Cerebrospinal fluid; TA, Tracheal aspirate; BAL, Bronchoalveolar lavage fluid; AmB,
Amphotericin B; FCZ, Fluconazole; OC, Outpatient care; HD, Hospital discharge. 2Mixed infection case.

TABLE 2 Types of housing visited and data related to the collections carried out at the home of patients and neighbours

Type of housing N2 Sample N2 Positive sample N2
House without a 13 House dust 13 No 0
backyard
Air 3 No 0
House with a 13 House dust 13 Yes 1
concreted
backyard Air 3 No 0
House with a dirt 15 House dust 15 Yes 1
backyard
Soil 8 Yes 1
Pigeon Droppings 1 No 0
Air No 0
Apartment 10 House dust 10 No 0
Air 3 No 0
Total 51 77 3
aetiological agent that is most present in cases of
cryptococcosis associated with AIDS [8-10] and,
DISCUSSION

Cryptococcosis is an important public health
problem that contributes significantly to morbidity
and early mortality in individuals with HIV/AIDS
[21]. Worldwide, C. neoformansVNI is the most
common molecular type [7, 8, 22], while

C. neoformans VNII appears in 1-16% of cases in
South America, Africa and Oceania [22]. In the
Amazonas State, C.neoformans VNI remains the

about 10 years after the first report in the stateof
Amazonas [9], a case of C. neoformans VNII was
again identified.

Cryptococcus gattii VGII and C. gattii VGI were
identified in this study. C. gattii is usually associated
with immunocompetent individuals in areas with
either a trop- ical or subtropical climate [11, 22-24],

but they also infect
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immunocompromised individuals [25], and VGI
has started to emerge in Europe, Australia and Asia
[22, 26, 27]. VGI was observed as an agent of
cryptococcosis for the first time in northern Brazil
in the state of Para and the case involved an
immunocompetent child [28], though it was
evidenced for the first time in the Amazonas state
in the present study in an individual with
HIV/AIDS.

A total of 98.2% (n = 54/55) patients presented
neuroc- ryptococcosis, while 1.8% (n = 1/55) (P51)
presented the iso-lated pulmonary form, which is
poorly diagnosed, since the spread of infection to
the central nervous system normally occurs [28].
Meningitis is the most common form and hasa
higher mortality rate in individuals with HIV/AIDS
[29, 30]. The clinical manifestations and
neurological sequelae observed in our study
corroborate the work of Rocha et al. [10]. Mental
alterations are contributing factors for the pro-
gression of these patients to death [31], and seizures
were ob-served in 18.1% of patients, indicating
and advanced stageof the disease. Pastick et al. [32]
associated seizures with reduced neurocognitive

function and increased mortality at 10 weeks.

10



ALVES eT AL.

1

FIGURE 2Cryptococcus isolation process from environmental samples collected at the patient's home: (a) Typical dirt
backyard where soil was collected; (b) Sample processed in Niger seed agar (NSA) for isolation of Cryptococcus; (c)
phenoloxidase positive colony subcultivated in NSA

11



Although access to highly active antiretroviral therapy (HAART) has improved globally,
there is still a substantial number of individuals with HIV with CDA4T cell counts <100
cells/mm?3 [33]. Cryptococcosis, in many cases is the first indication that HIV infection has
evolved into AIDS, it is considered a defining disease of AIDS since it is associated with low
counts of CDAT lymphocytes in the blood (below 100 cells) [34, 35]. In our study, 21.8% (n =
12/55) of patientsdiscovered that they had HIV when they were hospitalised for cryptococcosis.

Mortality was observed mainly when the CD4T cell countwas <50 cells/mm? and in cases of
diagnosis of cryptococco-sis and HIV/AIDS. Early death was observed in 21.8% (n = 12/55).
Of these, 7.2% (n = 4/55) did not use antifungal agents, since they died within 1-3 days of
hospitalisation. In anotherstudy conducted in Manaus, Souza et al. [36] also observed early
death of patients with a mean survival of 15 days.

Irregular adherence to the use of HAART, the unavail- ability of rapid methods for early
diagnosis and the lack of antifungal treatment lead to a high frequency of deaths from
cryptococcosis; in addition, the appearance of severe clini- cal presentations also indicate late
diagnosis [5, 7, 28]. Vidalet al. [37] suggest the adoption of routine cryptococcal an- tigen
(CrAg) screening in patients infected with HIV with CD4T <200 cells/mm?, regardless of
HAART status.

The different molecular types exhibit different virulence and susceptibility patterns to
antifungal agents, and it shouldbe noted that mixed infections may be of particular impor-
tance for patient treatment [38]. Mixed infections have been observed in other studies [38—
41], including patients with upto three distinct molecular types of Cryptococcus. We iden-
tified two cases of mixed infection (Table 1); one case (P5) from the state of Rondonia, in
which C. neoformans VNland C. neoformans VNII that were obtained from different
collections during the same hospitalisation, with the patient presenting a CDAT of 4 cells/mm?,
and another patient (P13)with CD4T of 7 cells/mm?, a resident of Manaus that pre- sented one
isolate of C. neoformans VNI and three isolates of C. gattii VGI (Table 1). It is noteworthy
that the isolates of VGI, VGI and VNI, in this sequence, were obtained with intervals of one
month from CSF samples and again, after five months, in CSF a third isolate of VGI was
identified. It is possible that a re-infection has occurred, but the most likely cause in this case
is a relapse caused by the same strain, sincethe fungal agent can persist for a long time in
lesions in the host [38].

Infection by C. neoformans/C. gattii is caused by inha- lation of infective fungal propagules

present in nature [42, 43] and depends on the exposure of individuals to certain environments
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where there is the presence of the pathogen.The size of the inhaled fungus, the time of
exposure to this agent, the virulence of the strain and the immune responseof the host are
very important in this context [44]. In our work, we identified three environmental isolates of
C. neo- formans VNI, and in other studies, VNI was also isolated from household dust [14,
45] and soil from the homes of AIDS patients [45], decaying wood and woodlice [14], as well as
pigeon excreta [46]. These studies show household dustas a potential source for human
infection [18], in additionto the importance of this environment, and the follow-up of patients
that have already been treated due to the possibility of reinfection after return to the home [46].

In our study, most cases are concentrated in the city of Manaus, where there are recurrent
anthropogenic actionssuch as areas of the forest being cleared for expansion of thecity (Figure
1). Although C. gattii was not isolated in any household, the molecular type VGII has already
been iso- lated in the urban environment of Manaus [17, 46], which was in a sample of
decomposing wood collected in theAdolpho Ducke Forest Reserve and also in water samples
ofthe Negro River and Tarumé& River, and these are important areas in Manaus that suffer from
anthropic actions [47].

In most of the homes visited, the presence of pigeons in the extradomicile was reported.
Pigeons have become in- creasingly present in urban ecosystems, and have become an
environmental and public health problem [48]; and C. neo- formans VNI has been isolated in
this environment [16, 48].In addition, activities, such as soil disturbance, fallen trees and
deforestation, are also associated with Cryptococcus in- fection [12]. An interesting fact is that
the three households in which isolates were found were houses with a yard, and one of the
isolates was obtained from soil that had been turned over. Household dust and soil may have
been the sources of infection by C. neoformans VNI.

Air impaction collectors are used indoors to control air quality since it is possible to control
the amount of samples and homogeneous distribution of particles [49]. The methodused for air
collection only allowed us to evaluate the air at the specific time of collection; however, there
was no detec-tion of the fungus. Nonetheless, it is possible that the fact that suspended airborne
particles depend on factors such as wind direction, intensity of atmospheric current, air humid-

ity and circulation of people [50] and this could been consid-ered a limitation of our study.

CONCLUSIONS
Cryptococcus neoformans VNI is the most common mo- lecular type that causes

neurocryptococcosis in individu-als, with cryptococcosis being associated with HIV/AIDS in
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Manaus, Amazonas and an important indicator of AIDS. A greater diversity of molecular types
was observed affecting these patients and C. gattii VGI was identified as an agent of
cryptococcosis for the first time in the Amazonas state, and two cases of mixed infection were
observed. Although the study was carried out with a small number of individuals, the high
lethality demonstrates a late diagnosis of crypto- coccosis, in addition to the diagnosis of
HIV/AIDS itself and, consequently, late treatment. Our study shows the pres-ence of C.
neoformans VNI in the home environment, whichconstitutes a potential source of infection or
reinfection for patients. These data suggest a need for continuous monitor- ing of cases of
cryptococcosis associated with HIV/AIDS in the state, and both clinical and epidemiological
data and the investigation of environmental sources for better case man- agement, which should
facilitate early diagnosis, adequate therapy and the reduction of severe clinical forms and the

mortality rate.
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6. CAPITULO 2: Suscetibilidade antifingica e MLST do complexo C.
neoformans de pacientes com meningite criptocécica associada ao HIV

em Manaus, Amazonas-Brasil

Neste capitulo é apresentado o segundo artigo, ainda ndo publicado, intitulado
“‘Antifungal susceptibility and MLST of C. neoformans complex from HIV-associated
cryptococcal meningitis patients in Manaus, Amazonas-Brazil’, onde s&o
apresentados os resultados relacionados ao teste susceptibilidade dos isolados de C.
neoformans aos antifungicos Anfotericina B, Fluocitosia, Fluconazol, Itraconazol e
Posaconazol. Sdo apresentados também os STs de C. neoformans identificados pelo
MLST.
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RESUMO

C. neoformans € o principal responsavel pelos casos de meningite criptococica
em individuos com algum tipo de deficiéncia imunoldgica, especialmente individuos
com HIV/AIDS. No estado do Amazonas, norte do Brasil, a criptococose € considerada
endémica e uma importante causa de 6bito em individuos com HIV/Aids. Este estudo
avaliou a susceptibilidade de isolados de C. neoformans obtidos de individuos com
meningite criptococica associada a HIV/Aids em Manaus-Amazonas-Brasil frente a
acdo dos antifungicos Anfotericina B, Flucitosina, Fluconazol, Itraconazol e
Posaconazol e analisou por MLST afim de identificar os STs e comparar com isolados
ja identificados em outros estudos. Também foram analisados 3 isolados ambientais:
1 isolado de solo obtido no domicilio de um paciente e 2 isolados de poeira domiciliar
obtidos de domicilios vizinhos dos pacientes. Foram analisados 30 isolados de C.
neoformans, de 24 pacientes com HIV/Aids diagnosticados com criptococose de 2017
a 2019 em um hospital de referéncia em Manaus-AM-Brasil, além de 3 isolados
ambientais. 86,6% (n=26/30) dos isolados clinicos foram identificados como C.
neoformans VNI com ST93, 6,6% (n=2/30) como C. neoformans VNI com ST5, 3,3%
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(n=1/30) como C. neoformans VNI com ST32 e 3,3% (n=1/30) como C. neoformans
VNB com ST232. Os isolados ambientais foram identificados como C. neoformans
VNI com ST93 (n= 3/3). 96,6% (n= 29/30) isolados se mostraram sensiveis a
Anfotericina B, mas houve variagédo da CIM. 60% (n=18/30) apresentaram CIM acima
dos ECVs propostos para um ou mais antifungicos. Todos os isolados ambientais
foram sensiveis aos antifungicos testados. O MLST mostrou que ha uma importante
relacdo de C. neoformans VNI com ST93 com individuos com HIV/Aids, inclusive nos
isolados ambientais analisados, mas esse ST ndo é exclusivo em associacao a
HIV/Aids na regido. C. neoformans VNB com ST 232 foi observado pela primeira no
estado do Amazonas, sendo o segundo isolamento clinico deste subtipo no brasil. A
Anfotericina B se mostrou o melhor medicamento de escolha para o tratamento da
maioria dos pacientes. O Fluconazol e o Posaconazol também demonstraram
relevante acao frente aos antifingicos testados.

Keywords: Criptococose, Cryptococcus, HIV/AIDS, antifungicos, MLST,
Amazonas.

INTRODUCAO

A criptococose é uma infeccdo fungica invasiva global com consideravel
morbidade e mortalidade @, sendo a meningite criptocécica uma das infeccGes
oportunistas que mais acomete individuos com HIV/Aids @. Em paises latino-
americanos C. neoformans VNI é o principal agente de criptococose associado a
HIV/Aids ©),

No estado do Amazonas (AM), norte do Brasil, casos de meningite com
diversas etimologias tem sido observados desde 1976, com um total de 3.850 casos
até 2012, dos quais 0.8% (n=28) eram meningite criptocdcica 4. De 2014 a 2016
Rocha et al. (2018) ®), observaram 26 casos de criptococose associada a Aids, destes,
25 foram causados por C. neoformans VNI com ST93. De 2017 a 2019 Alves et al.
(2022) ©) identificaram um total de 83 casos, cuja maioria estava relacionada a C.
neoformans VNI.

No Brasil, embora o sistema publico de saude forneca terapia antirretroviral
(TARV) gratuita a taxa de mortalidade por meningite criptococica causada por C.
neoformans ainda permanece alta (. De acordo com o regime de inducédo padrdo
internacional o tratamento da meningite criptocécica € realizado com Anfotericina B e
Flucitosina, seguida de Fluconazol ®. No entanto na America latina, a Flucitosina ndo
esta disponivel e a inducéo de terapia combinada, de Anfotericina com Fluconazol,

ndo é frequente ©). A terapia adequada juntamente com o diagnostico precoce sdo
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essenciais para a reducdo de Obitos e sequelas da meningite criptocdcica, entdo o
surgimento de cepas resistentes aos antifiUngicos usados para o tratamento da
criptococose é algo que dificulta ainda mais uma terapia antiflingica eficaz (19,

Alves et al. (2022) © relataram alta taxa de mortalidade por meningite
criptococica em pacientes com HIV/Aids em Manaus, AM-Brasil, refletindo a
importancia da criptococose como doenca definidora de Aids e um importante
problema de saude publica na regido, além de mostrar o ambiente domiciliar como
potencial fonte de infeccdo/reinfeccdo por C. neoformans VNI. Entdo a vigilancia
epidemioldgica da resisténcia antifungica de Cryptococcus, na regido Amazoénica, é
muito importante frente a carga potencial e alta letalidade da meningite criptocécica
(10)_

O presente trabalho teve como objetivo determinar a susceptibilidade de
isolados de Cryptococcus neoformans obtidos de individuos com HIV-Aids
diagnosticados com meningite criptococica em um hospital de referéncia para os
casos de Aids em Manaus-Amazonas, Brasil, e identificar os STs responsaveis pela

infeccdo nos pacientes através do MLST.

METODOS

OBTENCAO DOS ISOLADOS E APROVACAO ETICA

Foram obtidos 30 isolados clinicos de C. neoformans de 24 pacientes com
HIV/Aids diagnosticados com criptococose na Fundacédo de Medicina Tropical Dr.
Heitor Vieira Dourado (FMT-HVD) de 2017 a 2019. Os isolados estavam mantidos em
agar sabouraud dextrose a 4°C no laboratério de Micologia da FMT e nos foram
cedidos para a realizacdo dos experimentos que procederam no Laboratério de
Micologia do Instituto Lednidas e Maria Deane (ILMD/FIOCRUZ). O estudo foi
conduzido de acordo com as diretrizes da Declaracdo de Helsinque e aprovado pelo
Comité de Etica da Fundag&o de Medicina Tropical Doutor Vieira Dourado (protocolo
codigo CAAE n° 82715917.4.0000.0005).

Também foram utilizados trés isolados ambientais de C. neoformans obtidos
de domicilios de pacientes e vizinhos de pacientes. Foi feita coleta de amostras

ambientais de poeira domiciliar, solo, excreta de aves e ar em 51 domicilios (17 de
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pacientes e 34 de casas vizinhas) para verificar a presenca do fungo (Alves et al.
2022). Destas foram obtidos os 3 isolados de C. neoformans utilizados neste estudo:
1 isolado proveniente de solo da casa de um paciente e 2 isolados de poeira domiciliar

da casa de vizinhos de pacientes.

MLST (MULTI-LOCUS SEQUENCE TYPING) DOS ISOLADOS

O DNA foi extraido com o kit de extracdo QIAamp Tissue and Blood (Qiagen,
Hilden, Germany) de acordo com fabricante acrescido de uma pré-fase de maceracéo
mecanica com beads de vidro. Foi feita a tipagem molecular por PCR-RFLP com
amplificac@o dos primers URA5 e SJ01, seguida de digestdo enzimatica com Hhal e
Sau961 (ThermoScientific) de acordo com Meyer et al. (2003) @1, Os isolados de C.
neoformans foram submetidos ao MLST pela amplificacdo dos genes CAP59, GPD1,
LAC1, PLB1, SOD1, IGS1 e URAS5 de acordo com as condi¢des propostas por Meyer
et al. (2009) 2. Os amplicons foram purificados e sequenciados de acordo com as
instrucdes do fabricante do Kit BigDye®Terminator v3.1 Cycle Sequencing Kit”
(Applied Biosystems). A eletroforese capilar foi realizada em sequenciador ABI 3130
Genetic Analyzer. As sequéncias foram editadas manualmente usando o software
Sequencher 5.3 (Gene Codes Corporation, Ann Arbor, MI, EUA) e o0s contigs
alinhados no programa MEGA v6.06. As sequencias foram analisadas no banco de

dados do MLST (http://mlist.mycologylab.orq) para determinacao dos alelos e ST. Para

verificar a relagdo genética dos isolados foi construida uma arvore filogenética com
base no modelo neighbor-joining (NJ), com analise bootstrap usando 1.000 réplicas,

utilizando STs relacionados.

TESTE DE SUSCEPTIBILIDADE AOS ANTIFUNGICOS

Foram utilizadas fitas de Etest® (Biomérieux) com os antifungicos: Anfotericina
B, Flucitosina, Fluconazol, Itraconazol e Posaconazol. Foram utilizadas placas de Petri
contendo RPMI 1640 (Himedia Laboratorios Pvt. Ltd., Mumbai), suplementado com
1,5% de agar e 2% de glicose e, tamponado a pH 7.00 #0.01 com Acido
3NMorfolinopropanossulfénico — MOPS (SigmaAldrich) com espessura de 0.4mm
+0.1. O inGculo foi preparado a partir de colénias Cryptococcus cultivadas em meio

Agar Sabouraud e solucéo de cloreto de sédio (NaCl) 0,85%, homogeneizadas para
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uma turvagéo 1 na Escala de McFarland. Os valores de cortes foram realizados de
acordo com Spinel-Ingroff et al. (2012a e 2012b) 1314, Para andlise da determinacéo
da média geométrica foi utilizado o software Whonet. Para calcular a Concentragao
Inibitéria Minima 90 (CIM90), e Média Geomeétrica, foi utilizado o valor correspondente
a 100% de inibigdo do crescimento fungico para Anfotericina, 95% para Flucitosina e

80% para os azdlicos, conforme orientacdo do protocolo de leitura do Etest.

RESULTADOS

MLST DOS ISOLADOS CLINICOS E AMBIENTAIS DE C. NEOFORMANS

Foi analisado um total de 33 isolados: 30 isolados clinicos e 3 isolados
ambientais de C. neoformans. Dos isolados clinicos 86,6% (n=26/30) foram
identificados como C. neoformans VNI com ST93, 6,6% (n=2/30) como C. neoformans
VNI com ST5, 3,3% (n=1/30) como C. neoformans VNI com ST32 e 3,3% (n=1/30)
como C. neoformans VNB com ST 232. Os isolados ambientais foram identificados
como C. neoformans VNI com ST93 (n= 3/3) (Tabela 1). A analise filogenética mostra
um agrupamento de todos os isolados do ST93, tanto clinicos quanto ambientais, com
outras sequencias utilizadas como referéncia. O isolado de C. neoformans VNB com
ST 232 e as sequéncias de referéncia, com excessao do ST527, formaram um cluster

a parte (Figura 1).
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Figura 1. Arvore filogenética pelo algoritmo Neighbor-Joining (bootstrap com 1000
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réplicas) feita com as sequéncias concatenadas dos genes CAP59, GPD1, LAC1,
PLB1, SOD1, URA5 e IGS. € Isolados obtidos no presente estudo.
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SUSCEPTIBILIDADE AOS ANTIFUNGICOS

Os isolados de C. neoformans (ambientais e clinicos) apresentaram grande
variacdo da CIM para todos ao antifungicos testados, mas a maior variacao foi
observada para Flucitosina. 40% (n=12/30) dos isolados se mostrou sensivel a todos
os antifungicos testados. 60% (n=18/30) dos isolados clinicos apresentaram CIM
acima dos EVs propostos para um ou mais antifingicos. O isolado P33-515 apresentou
CIMs elevadas para Anfotericina, Fluconazol e Itraconazol, somente este isolado se
mostrou resistente a Anfotericina B, sendo sensivel apenas para Flucitosina e
Posaconazol. 10% (n= 3/30) dos isolados clinicos demonstraram CIM acima do
estabelecido para Fluconazol. Isolados de um mesmo paciente, obtidos em um
intervalo de 15 dias, mostraram resultados diferentes frente aos antifingicos,
enquanto o isolado P24-430/02 néo teve CIM elevada para nenhum antifingico, o
isolado P24-606/02 apresentou CIM acima dos ECVs propostos para Itraconazol e
Posaconazol. O isolado P39-1008 apresentou CIM acima dos ECVs propostos para
Fluconazol e Itraconazol, ja o isolado P39-1052 apresentou CIM acima sO para
Itraconazol. Nenhum dos isolados ambientais apresentou CIM acima dos ECVs
propostos (tabela 1). A média geométrica e Mic90 podem ser observados na tabela 2.

Tabela 1. Descricdo dos 33 isolados (clinicos e ambientais), Id dos isolados, ST e
CIMs observados no E-test.

ISOLADOS CIM (E-TEST)

Tipo de amostra IDisolado  Tipo molecular ST AMB 5-FC FCz ITR POS
Clinica p2-782 CN VNI 93 0,125 16 0,75 0,94 0,016
Clinica P2-858 CN VNI 93 0,125 2 0,19 0,064
Clinica P3-793 CN VNI 93 0,125 1 0,125 0,064 0,032
Clinica P6-137 CN VNI 93 0,125 1 0,094 0,016
Clinica P7-153-2 CN VNI 93 0,25 6 3 0,19 0,125
Clinica P7-193 CN VNI 93 0,125 6 2 0,19 0,094
Clinica P8-210 CN VNI 32 0,125 0,5 3 0,19 0,064
Clinica P9-330 CN VNI 93 0,125 4 2 0,125 0,032
Clinica P9-340 CN VNI 93 0,25 6 2 0,19 0,125
Clinica P12-526 CN VNI 5 0,25 > 32 3 0,38 0,047
Clinica P14-722 CN VNI 5 0,125 4 15 0,38 0,125
Clinica P16-03/02 CN VNI 93 0,19 4 15 0,38 0,094
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Clinica
Clinica

Clinica
Clinica
Clinica
Clinica
Clinica
Clinica
Clinica
Clinica
Clinica
Clinica
Clinica
Clinica
Clinica
Clinica
Clinica

Clinica

Ambiental

Ambiental
Ambiental

P16-932
P20-338/2

P21-344/2
P23-428/2
P24-430/02
P24-606/02
P25-124
P27-354
P31-608
P33-515
P36-878
P35-849
P39-1008
P39-1052
P41-1072
P42-35
P43-107

P5-25

Poeira casa
3b
Solo casa 4

Poeira casa
4b

CN VNI
CN VNI

CN VNI
CN VNI
CN VNI
CN VNI
CN VNI
CN VNI
CN VNI
CN VNI
CN VNI
CN VNI
CN VNI
CN VNI
CN VNI
CN VNI
CN VNI

CN VNB
CN VNI

CN VNI
CN VNI

93
93

93
93
93
93
93
93
93
93
93
93
93
93
93
93
93

232

93

93
93

0,19
0,032

0,125
0,125
0,25
0,125
0,25
0,25
0,25
>32
0,5
0,5
0,38
0,19
0,25
0,19
0,25

0,125
0,125

0,19
0,125

> 32
12
0,125
15
0,032
24
12
0,032

0,25

12

> 32

15
3

15

12

15

> 256
24

24

15

0,75

0,75
1

0,5
0,19

0,25
> 32
0,19
> 32
0,19
0,19
0,25

1

1
0,19
0,75
0,38
0,38
0,19
0,125

0,125
0,125

0,19
0,19

0,19
0,047

0,094

0,064

0,094
0,094
0,094
0,094
0,5
0,64
0,25
0,19
0,125
0,064
0,064

0,064
0,064

0,064
0,125

AMB: ANFOTERICINA-B; 5-FC: FLUCITOSINA; FCZ: FLUCONAZOL; ITR: ITRACONAZOL; POS: POSACONAZOL; PC:

PACIENTE. CIM ACIMA DOS ECVS PROPOSTOS POR ESPINEL-INGROFF ET AL. (2012A, 2012B) ESTA DESTACADO

EM VERMELHO.

Tabela 2: Concentragéo inibitéria minima dos antifingicos testados contra os 32 isolados (clinicos e

ambientais) de C. neoformans VNI e VNII.

Antifangicos Faixa de CIM Média Geométrica CIM50(pug/mL) CIM90
(Hg/mL) (Hg/mL) (hg/mL)
AMB 0,032 - 64 0,209 0,19 0,38
FCT 0,032 - 64 3,776 6 24
FLU 0,125 -512 2,805 2 12
ITR 0,064 - 64 0,319 0,19 1
POS 0,016 - 2 0,095 0,25 0,25
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DISCUSSAO

De acordo com Ficarative, Meyer & Castafieda (2021) ©® na América Latina, a
populacdo de C. neoformans tem menor diversidade de STs do que a populacao de
C. gattii, sendo o ST93 o mais frequente, seguido de ST 77, ST2, ST5e ST23. O ST93
também predomina entre os isolados ambientais. Ferreira-Paim et al. (2017) ), no
sudeste do Brasil, relataram maior frequéncia do ST93 ao analisarem isolados clinicos
de C. neoformans obtidos de pacientes com HIV/Aids e isolados ambientais. No norte
do Brasil o0 ST93 também tem sido o principal subgendtipo de cepas de VNI causando
criptococose em individuos com HIV/Aids ©®),

Rocha et al. (2018) ®), em um estudo realizado de 2014 a 2016, ou seja, nos
trés anos que antecedem o nosso estudo, identificaram exclusivamente o ST93, em
isolados de C. neoformans VNI, causando criptococose em 25 pacientes com
HIV/Aids, em Manaus-AM, Brasil. J& no nosso estudo foram analisados 30 isolados
de 24 pacientes com HIV/Aids diagnosticados com meningite criptocdcica, 86,6%
(n=26/30) foram identificados como ST93, no entanto também identificamos outros
trés STs, 0 ST5 e 0 ST32 (C. neoformans VNI), além do ST232 (C. neoformans VNB),
gue pela genotipagem por PCR-RFLP apresentou padrdo molecular idéntico ao tipo
molecular VNII (Alves et al. 2022) ©),

Ferreira-Paim et al. (2017) ), também identificaram o ST32 em isolados
clinicos de pacientes com criptococose, em Minas Gerais, sudeste do Brasil. Assim
como no nosso estudo, o ST93, ST5 e ST32 foram relacionados a pacientes com
HIV/Aids. C. neoformans com ST93, ST5 e ST32 também tem sido associado a Aids
na Asia 1516), No leste Asiatico o ST5 é predominante ), mas no Brasil o isolamento
deste subgendtipo é considerado raro (7:18),

O isolamento do gendtipo VNB em paises fora do continente africano é
considerado raro 9. Previamente, no Brasil, o VNB foi identificado em isolados
ambientais na regido sudeste @8 e VNB com ST 232 em dois isolados clinicos de
pacientes com HIV/Aids no Rio de Janeiro @9 e mais recentemente no nosso estudo.

Os trés isolados ambientais de domicilios de paciente/vizinhos de pacientes
séo C. neoformans com ST93, corroborando com outros estudos de carater ambiental
(7.21) Brito-Santos et al. (2020) ?2 revelou um padrdo endémico em microambientes

domésticos na microrregido do Rio Negro da Amazébnia brasileira, observando a
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presenca de C. neoformans VNI com ST93 e também C. neoformans VNI com ST5.

N&o ha breakpoints clinicos bem estabelecidos nos documentos revisados do
CLSI M27-A3 e CLSI M27-S3 para determinar a susceptibilidade de isolados de C.
neoformans/C.gattii em testes com antifungicos, assim usamos os valores de corte
epidemiolégicos (ECVs) estabelecidos por Espinel-Ingroff et al. (2012a, 2012b) (1314,
que propde a adocdo de valores espécie-especificos. Optamos pelo uso do E-test,
gue tem sido considerado um 6timo método na distingdo de leveduras resistentes a
Anfotericina B 2324 além de ser reprodutivel e mais simples que a diluicdo em caldo
(24, No entanto, Nishikawa et al. (2019) 19 em um estudo comparativo entre 0s
sistemas Etest e Vitek 2 e a metodologia de microdiluicdo em caldo padronizado
(CLSI-BMD) para susceptibilidade de cepas C. neoformans VNI e C. gattii VGII do
norte do Brasil, relataram que o E-test apresentou mais fenétipos nao selvagens (CIM
abaixo do valor de referéncia) entre os isolados, e resultados discordantes dos demais
métodos em relacdo a Anfotericina B, pois o E-test apresentou todas as cepas
analisadas como sendo do tipo selvagem (CIM igual ou acima do valor de referéncia).
Este mesmo estudo sugere uma ineficiéncia do E-test em detectar MICs altos para
Anfotericina B, tal qual os valores observados no nosso estudo. No entanto o estudo
de Nishikawa et al. (2019) @9 revelou vérias inconsisténcias de valores de MIC entre
ambos os testes.

Além disso, Rocha et al. (2018) ®, em Manaus-Amazonas, Brasil, ao
analisarem isolados de C. neoformans VNI com ST93 de pacientes com HIV/Aids,
através da técnica de microdiluicdo em caldo observaram a susceptibilidade de todos
os isolados a Anfotericina B, Fluconazol e Itraconazol, assim como Silva et al. (2012),
bem como em outros estudos ¢:2527), J4 no nosso estudo, 60% (n=18/30) dos isolados
clinicos apresentaram CIM acima dos ECVs propostos para um ou mais antifungicos,
com variacao da CIM mesmo entre isolados do ST93, e apesar de 96,6% (n= 29/30)
dos isolados clinicos testados terem se mostrado sensiveis a Anfotericina B, o isolado
P33-515 apresentou CIMs acima do ECV proposto para este antifungico. O Fluconazol
também mostrou bons resultados frente os isolados analisados.

Em pacientes com HIV/Aids e meningite criptococica a terapia de indugdo com
anfotericina B mais flucitosina seguido de fluconazol até 10 semanas é o tratamento
de escolha e apos esse periodo faz-se a utilizacdo de Fluconazol com dose reduzida

de acordo com o estado clinico do paciente ®. No Amazonas, o Fluconazol e a
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Anfotericina B sdo os medicamentos de escolha para o tratamento dos pacientes com
criptococose associada a HIV/Aids &9,

Matos et al. (2012) 8, ao analisarem isolados de pacientes com meningite
criptococica, na Bahia, Brasil, observaram isolados resistentes a Anfotericina B,
Fluconazol e Flucitosina. No nosso estudo, o isolado P33-515 apresentou CIMs
elevadas para Anfotericina B, Fluconazol e Itraconazol, com menores CIM para
Flucitosina e Posaconazol. Em um estudo realizado por Molloy et al. (2018) ©9 a
associacdo de Anfotericina B mais Flucitosina mostrou menor mortalidade dos
pacientes em 10 semanas, mas efeitos colaterais foram mais frequentes com 2
semanas do que com 1 semana de Anfotericina B. No entanto, no Amazonas, assim
como em toda a América Latina a Flucitosina ndo encontra-se disponivel. Em paises
onde a flucitosina ndo esta disponivel, o tratamento mais frequente € a monoterapia
com Anfotericina B ), ou confia-se na indugdo de monoterapia com Fluconazol, no
entanto a taxa de depuracao fungica do Fluconazol € mais lenta quando comparada
a Anfotericina B, e a mortalidade é de 50 a 60% em 10 semanas, mesmo com 0 uso
de doses elevadas ).

Quanto aos isolados ambientais, os resultados de CIM foram os mesmos
observados na maioria dos isolados clinicos e a susceptibilidade foi semelhante a
relatada em outros estudos ambientais, ndo sendo observado isolados resistentes aos

antifingicos testados (30-32),

CONCLUSAO

C. neoformans VNI com ST93 € o principal envolvido nas infeccdes
acometendo individuos com HIV/Aids no Brasil e em toda a América Latina. No
Amazonas ha uma predominancia desse subgenoétipo, mas h& outros Sts presentes
acometendo os individuos com HIV/Aids, o ST5 e 0 ST32, além de ter sido observada
também infeccdo por C. neoformans VNB com ST232. C. neoformans VNB,
antigamente considerado restrito ao continente Africa, tem sido observado em outras
partes do mundo, incluindo o Brasil. Neste etsudo o C. neoformans VNB com ST232
esta sendo observado pela primeira vez em um paciente com HIV/Aids em Manaus —
AM, Brasil. O ST93, o ST mais observado nos isolados clinicos, foi também

identificado nos isolados ambientais analisados demonstrando a importancia do
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ambiente domiciliar para possivel infec¢édo/ reinfeccao pelo fungo. 40% dos isolados
se mostraram sensiveis a todos os antifungicos. Somente um isolado apresentou CIM
acima do EV proposto para AMB, demonstrando que a AMB apesar de estar
associada a efeitos colaterais, ainda € o medicamento mais indicado e eficaz para o
tratamento da meningite criptococica. Para a reducao das sequelas e mortalidade por
meningite criptocécica ha a necessidade de um diagnostico e tratamento precoce da
criptococose, maior aderéncia do tratamento com TARV e mais opcdes terapeuticas

eficazes.
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7. DISCUSSAO

No Brasil, por ndo se tratar de uma doenca com notificacdo compulsoria, ha
pouca informacao quanto ao numero de casos e 0Obitos causados pela criptococose
(104 Desta forma, a criptococose tem sido notificada como infecgdo oportunista
quando associada a AIDS, ou em ocorréncia de surtos (199, sendo considerada uma
doenca definidora de AIDS ja que se associa a baixas contagens de linfécitos T CD4
no sangue (abaixo de 100 células) “9).

No Amazonas, a criptococose tem sido observada como infec¢cdo oportunista
em pessoas com AIDS desde 1986 (1%, Rocha et al. (2018) ©9 de 2014 a 2016,
analisaram amostras de 26 pacientes com HIV, diagnosticados com criptococose,
observando, assim como no presente estudo, que a maioria era composta de
pacientes do sexo masculino e com praticamente a mesma variacao de idade.

A meningite criptocécica € a forma mais comum e fatal em pacientes com
HIV/Aids (197.108) As manifestacdes clinicas e sequelas neuroldgicas corroboram com
as observadas por Rocha et al. (2018) 9. Dos pacientes, 21,8% descobriram o HIV
ao serem internados com criptococose. A morte precoce foi observada principalmente
relacionada a contagem de células CD4T abaixo de 50 células/mm3. Rocha et al.
(2018) ©9) observaram que os pacientes com HIV/Aids foram ao 6bito durante os
primeiros 100 dias apds admissdo no hospital. Souza et al. 2008 (1% verificaram que
a média de sobrevivéncia dos pacientes com HIV/Aids diagnosticados com
criptococose em um hospital em Manaus foi de 15 dias, sendo que a maioria dos
pacientes foi ao 6bito em menos de um més apos diagndstico.

O tipo molecular mais comum no Brasil € o VNI, seguido de VGII ®8, No
Amazonas Freire et al. (2012) % também observou esses tipos moleculares como os
mais prevalentes encontrando também o tipo VNIl nunca antes relatado na regiao
norte. Rocha et al. (2018) ©9 confirmaram VNI e VGII como os genétipos mais
prevalentes, sendo o VNI o mais importante em pacientes com HIV, corroborando com
os tipos moleculares observados. No entanto, no presente estudo também foi
identificado um isolado de C. neoformans VNB e trés isolados de C. gattii VGI. Além

disso, foi observada uma infec¢cdo mista por C. neoformans VNI e C. neoformans VNB.
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Entre os isolados de C. neoformans, foi possivel determinar o ST de 30 isolados
clinicos, referentes a 24 pacintes. O ST 93, 0 mais observado na América Latina ©4,
foi identificado em 86,6% (n=26/30). Este estudo revelou que além do ST93, Unico
subgenotipo observado em pacientes com HIV/Aids no Amazonas no estudo de
Rocha et al. (2018) ©9, C. neoformans com ST5 e ST32 e C. neoformans VNB com
ST232 também estédo presentes.

C. neoformans com ST5 é bastante isolado na Asia (199, e j4 foi associado com
HIV/Aids, assim como o ST93 1108 O ST5 tem sido também observado na América
Latina “®, mas no Brasil € pouco isolado ©368) O ST32 e ST5 também foram
identificados por Ferreira-Paim et al. (2017) 3 em pacientes com HIV/Aids em Minas
Gerais, no sudeste do Brasil. C. neoformans VNB era tido como exclusivo do
continente Africano 10, Mas foi observado no Brasil em isolados ambientais por
Andrade-Silva et al. (2018) ©8), e isolados de pacientes com HIV/Aids por Silva (2020)
(111) e no nosso estudo. Ha cerca de dez anos atras Freire et al. (2012) 9 identificou
um isolado de VNIl em um paciente diagnosticado no Amazonas, no entanto nao foi
realizado o MLST. No presente estudo o isolado de VNB anteriormente havia sido
identificado como VNII devido ao padréo observado na PCR-RFLP.

Para a determinacdo da suceptibilidade de C. neoformans/C.gattii aos
antifingicos testados usamos os valores de cortes epidemiolégicos (ECVS)
estabelecidos por Espinel-Ingroff et al. (2012a, 2012b) (12113) visto que ndo ha
breakpoints bem estabelecidos. Dos isolados clinicos, 60% (n=18/30) apresentaram
CIM acima dos ECVs propostos para um ou mais antifingicos, com variacao da CIM
mesmo entre os isolados com ST93. Somente o isolado P33-515 mostrou CIM acima
do proposto para AMB, 10% (n=3/30) teve CIM acima para FCZ. Outros estudos
demonstraram a sensibilidade de isolados de C. neoformans obtidos de pacientes com
HIV/Aids & AMB, FCZ e Itraconazol (60.114.115)

Aléem da AMB, o isolado P33-515 também mostrou CIM alta para FCZ e
Itraconazol, ou seja, assim como observado por Matos et al. (2012) (116) em isolado de
paciente com meningite criptococica, no estado da Bahia. Este isolado se mostrou
sensivel a medicamentos menos utilizados, além disso a Flucitosina ndo esta
disponivel em toda a América Latina (1", Este paciente apresentava contagem de

CDAT de 4 células/mm3 e teve o 6hito como desfecho.
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Quanto aos isolados ambientais, todos sdo C. neoformans com ST93,
corroborando com outros estudos de carater ambiental 63117, A susceptibilidade aos
antifingicos foi semelhante a relatada em outros estudos (9106119 Alves (2016) 82 e
Brito-Santos (2020) (29 avaliaram a presenca de agentes da criptococose em
ambientes domeésticos em areas rurais do Amazonas isolando também o ST93, além
disso, Brito-Santos (2020) @29 jsolou o ST5, observado em dois isolados clinicos no
nosso estudo.

Em um estudo realizado na regido metropolitana de Belém, identificaram alta
positividade em poeira domiciliar de ambientes domiciliares, e C. neoformans foi
isolado também de madeira em decomposicéo e tatu de jardim. Neste mesmo estudo
foram incluidos como controle 3 domicilios préximos, sem ocorréncia de criptococose,
e em uma dessas residéncias, pertencente a um parente de paciente que tinha
criptococose e AIDS, foi isolado C. neoformans de uma amostra de poeira domiciliar
(121).

Swinne et al. (1989) 122, em um estudo semelhante a este trabalho, isolou C.
neoformans de poeira domiciliar e solo do domicilio de pacientes com criptococose
associada a Aids em Bujumbura, na Africa, evidenciando a importancia deste
ambiente e de um acompanhamento de pacientes “curados” pois pode haver a
possibilidade de serem reinfectados apds retorno ao domicilio. Outro estudo que
também visou a busca por agentes de criptococose em domicilio de pacientes foi
realizado no Rio de Janeiro por Passoni (1994) ®3, no qual 20 domicilios tiveram
amostra ambiental positiva para C. neoformans. A maior positividade foi em domicilios
de pacientes com criptococose associada a AIDS e o principal fator associado foi a

presenca de criacao de aves no ambiente domiciliar.
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8. CONCLUSOES

- No Amazonas, a criptococose afeta pincipalmente individuos com HIV/Aids, do sexo
masculino com média de idade de 35,3 anos. Observa-se ainda neste grupo um
importante nimero de casos com evolugdo para meningite criptocdcica, presenca de
sequelas e alta letalidade principalmente relacionada a baixa contagem de células

CDAT e diagnostico tardio. Um caso de infeccdo mista foi observado.

- C. neoformans foi isolado a partir de solo e poeira domiciliar, demonstrando a
presenca do fungo no ambiente domiciliar relacionado aos pacientes ou sua

vizinhanca.

- C. neoformans VNI e VNB e C. gattii VGI e VGII foram os agentes etiolégicos
responsaveis pela criptococose nos pacientes com HIV/Aids. O tipo molecular VNB e
VGI foram observados pela primeira vez causando infeccdo em paciente no
Amazonas. C. neoformans VNI apresentou os STS 93, 5 e 32 e C. neoformans VNB
apresentou o ST 232. Os isolados ambientais sdo C. neoformans VNI com ST93.

- 40% (n=12/30) dos isolados foram sensiveis a todos os antifingicos testados. O
isolado P33-515 mostrou CIM acima do ECV proposto para AMB, FCZ e Itraconazol.

A AMB se mostrou o medicamento mais eficaz, seguida de FCZ.

- C. neoformans VNI com ST93, comumente associado a pacientes
imunocomprometidos e o principal agente etiolégico observado nos isolados clinicos
desse estudo também foi identificado nos trés isolados ambientais analisados,
demonstrando o domicilio como possivel local para infecgcédo/reinfeccdo para agentes
da criptococse, algo que deve ser levado em consideracao principalmente envolvendo

individuos com baixa imunidade, em especial os pacientes com HIV/Aids.
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9. PERSPECTIVAS

- Concluir o MLST dos demais isolados de C. neoformans para definicdo de
todos os STs. Aparentemente a maioria € ST93, mas ha oito isolados com alelos
diferentes do ST93, no entanto ha necessitade de repeticdo da amplificacdo e

sequenciamento de um ou dois Locis para determinacao do ST.

- Concluir o MLST dos isolados de C. gattii.
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11. ANEXOS

FICHA DA CASA

Numero da ficha: data da visita: /

Nome:

Endereco:

Tipo de moradia: ( )Casa ( )Apartamento  ( )Comodo

Tempo de moradia: NUmero de moradores:

Tipo de parede: ( )Alvenaria ( )Madeira  ( )Gesso )

Outros:

Tipo de piso: ( )Ceramica  ( )Tijolo ( )Tébua ()

Outros:

Tipo de teto: ( )Laje ( )Telha com forro ( )Telha sem forro
Tipo de telha:

Sotdo: ( )Sim ( )Nao Pordo: ( )N& ( )Sim

Quintal: ( )Nao ( )Cimento ( )Terra

Arvores: (- )Sim ( )Néo

Criacdo de aves: ( )Né&o ( )Sim

Espécies:

Aves/Peridomicilio: ( )N&o ( )Sim

() Livres ( )Em cativeiro

Espécies:

Acumulo de poeira: ( )Nao ( )Sim

lluminagéo natural: ( )Boa ( )Regular ( )Ruim

Higiene: ( )Boa ( )Regular ( )Ruim

Amostras coletadas: () poeira domiciliar ( )solo ( )ar
Outras:
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Apresentagao do Projeto:

Os funges Cryptococous e Histoplasma s3o agentes causadores de micoses sistémicas, acometendo de
forma grave individuos com HIVIAIDS, representando um importante problema de salde plbfica. A infecgSo
ocome quando ha exposicio desses pacientes ao ambiente contaminado com propagulos infectantes do
fungo. Mo Brasil os casos de Criptococose e Histoplasmose tem aumentade em pacientes
imunocomprometides, inclusive no norte o pais, levando comumente esses individuos 3 obito. Em Manaus,
Amazonas, tém sido realizados estudos de carater ambiental para verificar a presenca e os gendtipos de
fungos na natureza, n3o havendo relatos em domicilio de pacientes com HIVIAIDS. Assim, o presente
estudo pretende investigar a presenca de agentes fingicos de micoses sistémicas em demicilios de
pacientes com HIV/AIDS diagnosticades com Criptocooose efou Histoplasmose na Fundagdo de Medicina
Tropical -Dr. Heitor Vieira Dourado, além de avaliar a metodologia de PCR-RT para a detecglo de
Cryptococcus e Histoplasma, determinar gendtipos & avaliar a sensibfidade dos isolados aos antifungicos.
OUs fungos ser3o obfidos de amostras ambientais coletadas no domicilio dos pacientes. Isolades clinicos
também entrardo no estudo. Os isolados de Cryptococcus serao submetidos a analise morfologica, a
penotipagem por MLST. PCR-RT & a susceptibilidade antifingica. Ja a presenga de Histoplasma serd
awaliada por PCR convencional @ PCR-RT. Sera feito sequenciamento de DNA de todos os agentes
fungices investigados. Os
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resultades obtidos elucidarae lacunas referentes as possiveis fontes de infecgdo desses fungos e
distribuigio destes fungos, além de contribuir para a prevengdo e controle dessas micoses.
Desenho do estuda:

Trata-se de um estudo observacional, desontivo, ransversal

Os fungos serao obtidos de amostras ambientais, tais como poeira domicliar, solo, fezes de aves, oco de
arvore & madeira em decomposigio, coletadas no domicilio de pacientes com HIVIAIDS diagnosticados com
Criptococose elou Histoplasmose na FMT-HVD, além de pacientes com HIVAIDS sem micose sistémica,
que serao utiizados como controle do estude. Os isolados de Cryptococcus serao submietidos 3 analise
morfolagica, a genotipagem por MLST, PCR-RT & a susceptibilidade antifingica. Ja a presenga de
Histoplasma sera avaliada por PCR conwencional e PCR-RT.

Hipotese:

Fode hawver a presenga de fungos causadores de Criptococose & Histoplasmose no ambiente domicliar dos
pacientes estudados.

Desfecho Primario:

Determinar se ha a presenga de funges no ambiente domiciliar dos pacientes estudados & as possiveis
fontes de infecgdo por estes funges

Desfecho Secundario:

Determinar se o5 fungos encontrados no ambiente domiciliar do paciente 530 05 MESMOS responsaveis por
CaUSEr 0OSNCa Nesses pacientes e verficar as fontes de infeccdo por estes fungos.

Ohbjetivo da Pesquisa:

Objetive Primario:

Investigar a presenca de agentes filngicos de micoses sistémicas em domicilies de pacientes com HIVAIDS
& micose sistémica diagnosticados na FMT-HVD nos anos de 2017 & 2018,

Objetive Secundario:

a) Analisar fontes ambientais para determinar a presenca de agentes fingices de Criptococose =
Histoplasmose em domicilios de pacientes com HIV-AID'S diagnosticados com micose sistémica na FMT-
HVD:b) Avaliar a metodologia de PCR em tempo real para detecgac de Histoplasma e Cryptococcus em
amostras ambientais:c) Determinar os genatipos de Cryptococcus presentes no ambiente domiciliar d)
Correlacionar os achados ambientais com os agentes causadores de micose nos pacientss;e) Caracterizar
os isolados quanto 3 susceptibdidade aos antifingicos azdlicos & anfotericina B.

68



FUNDAGAO DE MEDICINA
TROPICAL "DOUTOR HEITOR W"‘"
VIEIRA DOURADO"
Cavnibinis i G0 Pansos 2538 131

Avaliagao dos Riscos e Beneficios:

Riscos:

O's possiveis riscos relacionados a participagdo na pesquisa s3o: (1) desconforto durante a abordagem ao
paciente & a utilizagdo de dados desse paciente;(2) desconforto durante a realizagdo das coletas no
ambiente domiciliar. Os riscos ser3o minimizados pelo entrevistador que sera treinado para garantir o sigiko
dos participantes, além disso a abordagem sera feita de forma individualizada, ndo exposta a0 piblico, a fim
de evitar

constrangimentos e a visita domiciliar sera agendada com o proprio paciente. Além disso, quakguer risco n3o
previsto decomente da participagao na pesquisa, sera minimizado pelo pesquisador.

Beneficios:

Esse trabalho contribuird com maiores informagdes para a compreensao a respeito de possiveis fontes
ambientais de infecgde e re-infecgdo de fungos causadores de micose sisi®mica, fatores associados a sua
infecgan, a disribuizan desses fungos no Amazonas, sua importancia como agente causador de micose em
seres humanos e do perfil de sensibiidade a antifungicos utilizades rotineiramente no fratamento destas
Micoses,

permitindo uma melhor conduta terapéutica frente a estas infecgdes.

Comentarios e Consideragdes sobre a Pesquisa:

0 projeto esta bem escrito, & relevante. Apresenta uma proposta para identificagdo de fungos no ambiente
domiciiar de individuos vivendo com HIVIAIDS, & contribuira com maiores informagbes para a compreens3o
a respeito de possiveis fontes ambientais de infecgdo e re-infecgdo de fungos causadores de micose
sistEmica.

Consideragoes sobre os Termos de apresentagac obrigatoria:

0 protocole deste estudo traz a seguinte documentagio: PB_Informagbes Basicas; Anuéncia FMT-HVD;
Projete Completo; Termo de Assentimento; TCLEadulto; TCLEerianga; Felha de Rosto devidamente
assinada; TCUD e Curriculum pesguisador principal; Folha resposta.

Recomendagoes:

Vide Conclusbes ou pendéncias

Conclusoes ou Pendéncias e Lista de Inadequagoes:

Fendéncias/solictagies:

D acordo com a Resclugao Mo 4568, de 12 de dezembro de 2012, para que se atenda os seguintes
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o ™

os relatdrios, parciais e o final, do estudo conforme prevé a ResolugSo CNS n® 456/2012, utilizando o
formulario de Roteiro para Relaténo ParcialFinal de estudos elinicos Unicéntricos & Multicéntricos, proposto

pela CONEP em nossa home page.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Anstor Situagao

Informagoes Basicas | PE_INFORMACCES_BASICAS_DO_P | DSA3/2018 Aceitn

| do Projeto ROJETO 1048735 pdf 12:17:47

Ourtros FOLHARESPOSTAcep Maria pdf DEMDE2018 [Marla Jalens Alves Aceitn
12-16:04

Owtros Curmiculo_Lattes pdf 05/032018 |Marla Jalens Alves Aceito
12:12:21

Owtros ProjetocepTCLID pdf 05/032018 |Marla Jalens Alves Aceito
12:08:38

Projeto Detalhado [ | Projetocep_Marla pdf 05/032018 |Marla Jalens Alves Aceito

Brochura 12:08:41

TCLE ! Termos de  |termodeassentiments_projetocep_Marla] 050022018 |Marla Jalens Alves Aceito

Assentmento f 120740

Justificativa de

Ausencia

TCLE / Temnos de | TCLEcnianca projetocepbaria pdf D5/0A2018 [Marla Jalens Alves Aceito

Assentmento 12:06:57

Justificativa de

Auséncia

TCLE / Temmos de  |TCLEadulo_projetocepharia pdf D5/DA2D1E [Marla Jalens Alves Aceito

Assentmento 12:06:37

Justificativa de

Auséncia

Folha de Rosbo folhaderocstaplataformaBrasilMara. pdf 11122017 |Marla Jalens Alves Aceito
1722038

Situagao do Parecer:

Aprovado

Necessita Apreciagao da COMEP:

Nao
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12. APENDICE A: ARTIGO 1: Cryptococcal meningitis in non-HIV

patients in the State of Amazonas, Northern Brazil.
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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 URA5 gene identified all
clinical isolates as C. gattii genotype VGII. Using MLST, it was possible to discriminate the sequence types ST20 (n=4), ST5 (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.

Keywords Amazon - Cryptococcus gattii - HIV-negative - MLST - Case series - Cryptococcal meningitis -
VGII genotype

Introduction human immunodefi-ciency virus (HIV) infection. In
high-income countries, how- ever, the disease is

Cryptococcosis is an infection of global jncreasingly recognized in HIV-negativepatients as
importance with sig-nificant attributable mortality el  Of note, HIV-negative patients with
[1]. Involvement of the central nervous system cpyniococcosis are more frequently diagnosed with
(CNS), usually as meningoencephalitis, is the most  consjder-able delay and show higher mortality rates

common  manifestation  [2, 3].  Worldwide, compared with HIV-infected patients [4—6].
cryptococcalmeningitis is typically associated with
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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 groupscomprise
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 immunologicallycompetent
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
characterizationof the local epidemiology, potential
risk factors of infection,clinical complications, and
diagnostic as well as typing ap-proaches (multi-
locus sequence typing (MLST) and antifungal

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

[Fundagéo de Medicina Tropical Dr. Heitor Vieira
Dourado (FMT-HVD)] in Manaus, Amazonas State
(AM), Brazil. A total of 7 clinical Cryptococcus
strains wereisolated from cerebrospinal fluid (CSF)
obtained from 7 HIV- negative patients. All isolates
were stored in Sabouraud dex-trose agar tubes at4 °C
at the Medical Mycology Laboratoryat FMT-HVD.
The strains were purified twice on niger seedplates.
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 ofinitial diagnosis as

well as during treatment.
Ethical clearance
This study was approved by the FMT-HVD

(CAAE
90749718.3.0000.0005). Patientsenrolled in the study

Human Research Ethical Committee
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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 URA5-RFLP (restriction fragment length
polymorphism) analysis with the enzymes Sau96l
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, VGIIl), and WM 779
(serotypeC, VGIV).

MLST and phylogenetic analysis

MLST typing)
analysis was performedby amplification and Sanger

(multi-locus  sequence
sequencing of six housekeeping genes CAP59,
GPD1, LAC1, PLB1, SOD1, and URA5 as well as the
IGS1
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

region according to protocols published

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 composite
likelihood. The evolutionary distances were com-
puted using the p-distance and all gaps were

eliminated [24,25].
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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
followingranges: 0.125-64 pg/mL for fluconazole
(Sigma Aldrich, Saint Louis, USA) and 0.03-16
pg/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

2.5 x 10% 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

Asstudy 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 Gabrielda Cachoeira
(1/7) (Fig. 1).

The majority of patients were female (4/7). The
median agewas 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-
symptoms like (100%),
vomiting (71.4%), and photophobia (71.4%), but also

weight loss (57.1%). During hospitalization and

associated headache

treatment of the patients, constipation (57.1%),
(57.1%),

consciousness (57.1%), anddelirium (42.9%) were

convul- sion decreased level of
among the most frequently recordedsymptoms. 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 patientsduring the first 20 days
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after admission (Table 1).

MLST and phylogenetic analysis

URAS5-RFLP analysis identified all isolates
as C. gattii geno-type VGII. 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 wellas ST560 as a newly described ST in
the city of Manaus (Fig.1), (Table 2).

A monophyletic tree was calculated to verify
the ancestralrelationship of the seven isolates with C.
gattii strains formerlyisolated in the Northern Region
of Brazil. The obvious geneticrelationship 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 inFig. 2. The red dots
indicate the STs responsible for the infec- tions in

HIV-negative patients from this study (Fig. 2).

@ Springer

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) dueto 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 forHIV antibodies and antigen
showed negative results. Cryptococcus antigen
(CRAG) testing was positive in cere-brospinal fluid
(CSF). Additional

comprised a glucose level of 59.0 mg/dL, a protein

assessed CSF parameters

level of 59.0 mg/dL, and cytometry indicating 67
cells per mm?3. Nankin ink staining showed a high
density of Cryptococcuscells in the budding process.

After 48 h, Cryptococcus growth was observed on the
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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 wasdiagnosed with intestinal
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tuberculosis, and combination therapy with
rifampicin (150 mg per day), isoniazid (75 mgper
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 clinicaland epidemiological conditions prior
to cryptococcal infection. 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 tothe sequence type ST20, an ST which is
well known to be associated with severe
neurological manifestations and highmortality rates
[31-33].

Cryptococcosis  predominantly  affected
female patients with a median age of 36.3 years and
an age spectrum rangingfrom 10 to 53 years. George
et al. (2018) reported an averageof 58 years with a
range from 18 to 98 years in NTNH patientsin the
USA [34]. Spec et al. (2016), in contrast, reported a

higher frequency of male patients with 66% of

aldocumented
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Table 1

Vieira Dourado (Manaus-Amazonas-Brazil)

Epidemiological and laboratory features of HIV-negative patients with cryptococcosis hospitalized in the period of time between July 2016 and June 2019 at the Tropical Medicine Foundation Dr. Heitor

Anonymized patient number

1 2 3 4 5 6 7
Gender M F F M F F M
Age (in years) 50 23 41 25 52 10 53
Initial symptoms Headache, fever, vomiting, Headache, Headache, stiff neck, Headache, stiff neck, fever, Headache, seizure, Headache, fever, Headache, fever,
(before diagnosis) ocular pain, asthenia, photophobia, vomiting, photophobia, seizure, photophobia, weightloss photophobia, ocular vomiting, vomiting,
photophobia, weight nausea, vomiting, night sweats, face palsy, pain, stiff neck, hyporexia, weight hyporexia, asthenia,
loss diplopia, weight loss lethargy loss, asthenia weightloss
irritability Decrease of consciousness, paresis Decrease of

Symptoms developed
during the
hospitalization

Intestinal constipation, Paresis IM, seizures,

decrease of

decrease of

consciousness, spikes of consciousness

HBP, weight loss

Duration of initial 180
symptoms until
diagnosis (days)
Occupation Construction worker
Medical history Depression, pericardial
tuberculosis
Comorbidities
CSF level of proteins 25.0
(mg/dL)
CSFlevel of glucose  47.0
(mg/dL)

Clinical form CM

Treatment AmB +FLU

Time of 4

hospitalization
inthe ICU (days)

Sequelae* Ocular choroiditis (R)
me of 18
hospitalization

(days)

Clinical outcome Death

Microorganism C. gattii

(VGII/ST20)

150

Housewife

Hypertension
109.0

3.0

CM

AmB +FLU
5

Loss of vision (R, L)

20

Death
C. gattii (VGII/ST5)

Intestinal constipation,

seizures, anemia, delirium,

asthenia, weightloss

30

Teacher

Ganglion tuberculosis
Intestinal tuberculosis
59.0

59.0

CM
LAmB-L+FLU

Decrease of visual and
hearing acuity

57

Recovered
C. gattii (VGII/ST5)

ISM, dysphagia, anemia,
dysarthria, fever, peripheral
neuropathy

15

Farmer

Malaria (5 times)

52.0
44.0

CM
AmB +FLU
26

Facial palsy (R), dysarthria,
motor
dysfunction

100

Recovered
C. gattii (VGII/20)

Intestinal constipation,
decrease of
consciousness, tongue
palsy, seizures

730

Housewife

Diabetes, hypertension
22.1
102.0

CM
AmB +FLU

Decrease of visual

13

Death
C. gattii (VGI1/ST20)

Intestinal
constipation,
seizures,
delirium,
strabismus

90

Student

61.0

CM
AmB +FLU

Loss of vision (R),

consciousness,
stroke, delirium,

weight loss
15
Commerecial

manager

Diabetes,
26.7
46.0
CM
AmB + FLU
5

decrease of vision

acuity
85

Recovered
C. gattii

15

Death
C. gattii
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HBP high blood pressure, CM cryptococcal meningitis, ICU intensive care unit, ISM inferior and superior members, AmB amphotericin B, LAmB
liposomal amphotericin B, FLU fluconazole; ()=not reported; F female, M male, CFS cerebrospinal fluid, R right, L left. *In the present work, sequels
were considered pathologies that persisted after the end of hospitalization and antifungal treatment P patient, FMT Fundacao de Medicina Tropical, ST
sequence type.

Table 2 Molecular types of C. gattii isolates and the numerical sequences of the alleles in MLST

Isolate Genotype Alleles in MLST ST
CAP59 GPD1 IGS1 LAC1 PBL1 SODCG URA5S

P1FMT-66 VGII 1 1 4 4 1 14 7 20

P2FMT-103 VGII 3 16 15 4 9 23 2

P3FMT-111 VGII 3 16 15 4 9 23 2

P4FMT-215 VGII 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
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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 specifically addressing this
topic.  Necessarily,

subjective  experience

influenced the patients’ descriptions of symptoms

Fig. 2 Unrootedneighbor-joining
(NJ) tree constructed applying the
software Mega v.10.0.2 with the
concatenated data set of seven

MLST loci (CAP59, GPD1, IGS1,
LAC1, PLB1, SOD1, and URAD),
showing the genetic relatedness of
clinical isolates of C. gattii VGII

and comorbidities regarding this period. As a
common feature, patients 1, 2, and 5 described
headache and photophobia, suggesting 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

observationsinresourcerich

finding is  incontrasttothe
industrialized
countries. In the USA, only 50% out of a total of

300 HIV-negative patients with cryptococcosis

ST20 -
ST20 -
ST20 -

Brazil (AM) Paciente 5
Brazil (AM) Paciente 6
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)

4

from the Northern Region of Brazil 1

with those obtained from the fungal 8
MLST database
(http://mlst.mycologylab. org) with
known geographic origin.
Abbreviations: AM (Amazonas),
RR (Roraima), and PA (Para).

55
95

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-
@® ST5-

Brazil (AM) Paciente 3
Brazil (AM) Paciente 2

ST5 - Brazil (AM/PA) Brito-Santos et al. (2015)
ST296 - Brazil (AM) Souto et al. (2016)

References: [24, 25, 27-30]

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

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 Antifungal B
concentration of clinical C. gattii Cryptococcus gattii isolates
isolates from Amazonas, Brazil, to
antifungals P1FMT- P2FMT- P3FMT- P4FMT- P5FMT- P6FMT- P7FMT-
66 103 111 215 339 346 829
Amphotericin BMIC o3 0.03 0.03 0.25 003 <003 0.03
(mg/mL)
Fluconazole MIC 4 8 4 2 4 4 1
(mg/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, MIC minimum inhibitory concentration

@ Springer



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 impairment. As
described previously, neurological sequelae are more prominent in HIV-negative patients and
can cause cognitive 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 reported 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 comorbidities with the acquisition of
cryptococcosis. From the 7 patients assessed, the recorded comorbidities comprised arterial
hypertension (n = 3), diabetes mellitus (n = 2), and tuberculosis (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].
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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 cryptococcosis 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 ofthe 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 contributed
to the reactivation of tuberculosis. Cryptococcus spp. isolates from the C. neoformans/C. gattii
complex produce melanin and capsule polysaccharide (GXM) that cause suppression 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].

Fig. 3 Magnetic resonance imaging of the patient’s brain. (A) Axial T2- treatment showing signs of
alteration of the subcortical white substance weighted turbo-spin-echo image after 1 month of
treatment showing mul- of the cerebral and cerebellar hemispheres, particularly abundant in the
tiple lesions in the nucleo-capsular region as well as potentially related parieto-occipital regions
(2), signs of a breakdown of the blood-brain gelatinous pseudo-cysts (1) due to cryptococcosis.
(B) Image with the barrier, and an inflammatory process resulting from meningoencephalitis
turbo-spin-echo technique in T2 in the axial plane after 7 months of

Infections by C. gattii of genotype VGII were observed in this study without exemption. This
genotype is widely dispersed in Brazil and was also responsible for the VVancouver 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 4\ Springer

isolates in the present study were ST20 (VGlla), followed by ST5, and the new sequence type



ST560. VGlla strains are associated with high virulence, rapid reproducibility at 37 °C, and
higher melanin production compared with other genotypes [46]. In particular, ST20 clades
(VGlla) have been responsible for the Vancouver outbreak in Canada in 1999. Probably,
Canadian and South American ST20 strains have a common ancestor, suggesting that this clonal
lineage originally came from South America [28, 47, 48]. Further, there have been descriptions
of the occurrence of ST5 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 pg/mL to <0.62-0.12 pg/mL, respectively.
Resistance to  these  antifungals is  uncommon,  although  there  has
beenareportonaclinicalC.gattiiVGlIstainwithaMICof2ug/ mL for amphotericin B [48]. All
isolates were susceptible to fluconazole, with MICs ranging from 1 to 8 ug/mL. Lee et al. (2019)
also described reliable clinical susceptibility of clinical strains of the clonal lineages VNI, VNI,
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 ug/mL for amphotericin B, 2—4 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 HIVVnegative patients in Northern Brazil
were characterized. The 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 sequelae 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.
Multilocus sequencing typing identified the sequence types ST20, ST5, and a newly described
sequence type ST560. The antifungals amphotericinB, fluconazole, and itraconazoleshowed
satisfactory inhibitory activity in microdilution testing against all C. gattii VGII 2 springer

strains.
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Abstract
Background: Cryptococcosis is a disease of wide geographic distribution. It is most critical when it affects immuno-
compromised patients, with AIDS, tuberculosis or other diseases that require prolonged hospitalization.

Methods: This study described a case report, molecular epidemiology, the phylogenetic relationship, along with
antifungal susceptibility test of a new ST 623 of C. neoformans isolated in a patient with non-Hodgkin’s Lymphoma,
from Manaus, Brazil.

Results: The new C. neoformans was susceptible to all antifungal drugs tested. Our results showed that ST623 new
clone has no evident evolutionary proximity to any other ST of the VNI subtype group identified in Brazil.
Conclusions: In the context of phylogenetic analysis, this new genotype belongs to VNI subtype, and subsequenc-
ing complete genome studies are necessary to better understand the phylogenetic relationships amongst STs in this
group.

Keywords: Phylogeny, C. neorformans, MLST, Non-Hodgkin disease, ST623

Background penetrating the human host by inhaling

Cryptococcosis is a serious disease possessing a infectious propagules [4], or through injured

wide geographic distribution, with a global skin, causing different infections such as

burden of 957,900 cases of cryptococcal pulmonary cryptococcosis, nodules on the skin,

meningitis per year, resulting in624,700 deaths
[1]. This disease is an opportunistic myco-sis
caused by a complex called Cryptococcus
neoformans and C. gattii [2], classified into four
subtypes: VNI-VNII, VNIII, VNIV and VGlI,
VGII, VGIII, VGIV [3]. Theyare frequently

isolated from bird excreta and trees hol- lows,

meningitis or cryptococcal fungemia [3, 5-8].
In Latin America, there are records of
2400 deaths per year [9]. In countries like

Colombia, the annual incidence is
2.4/cases/10° inhabitants. In Mexico, the
prevalence in patients with
immunosuppression  caused

by @ Springer



differ- ent diseases is 21%; while in inhabitants, while in North eastern Brazil; it is
Venezuela it is 19%; and in Argentina, the considered endemic.

prevalence is 20% [10]. In the city of Riode Brazilian Ministry of Health evidence
annual incidenceof 7000 cases of cryptococcal
meningoencephalitis [11].

Janeiro, Brazil, the annual incidence of

cryptococcal meningitis is 0.45 cases/10°
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As it is considered an opportunistic
mycosis, and potentially severe in certain
patients, the availability of more sensitive
tests for an enhanced routine laboratory
diagnosis and  treatment efficacy are
indispensable for the proper control and
monitoring of cryptococcosis. This rapid
communications describes the molecular
epide- miology, the phylogenetic relationships
and the results of antifungal susceptibility test
of a new ST (Sequencing Typing) from C.
neoformans (ST 623).

This study was approved by the
Foundation HumanResearch Ethical Committee
(CEP/HEMOAM) CAAE N°
73548017.5.0000.0009, and all methods were

performed in accordance with the

under

relevant
guidelines and regulations. Patients and a
parent or guardian of any child participant
enrolled in the study provided their written
informed consent, before specimens were col-
lected and the results and data were used for the
manage- ment of each respective patient.
Case report
A 72 years old, retired farmer, living in
the city of Manaus-Amazon-Brazil, sought
care at the State Center of Reference in
Dermatology—"Alfredo da Matta” Foun-
dation; reported that he observed a tumor
approximately 4 cm in diameter in the
occipital region, among others distributed
diffusely throughout the body. A posterior

cervical lymph node biopsy was performed

Page 2 of 5

and he was diagnosed with non-Hodgkin
lymphoma. During the same period, an
abdomen scan was ordered, and he was
referred to the Foundation Hospital of
Hematology and Hemotherapy Blood Center
of Amazonas (HEMOAM), a reference center
for Onco-hematologic Diseases.

On May 06, 2017, he was treated at
HEMOAM  with
symptom and palpable
with
On July 06,
consultations with hematologists,

generalized  pruritus

liver. He was
antihistamine  and
2017 after
blood

tests were performed complementary to the

medicated

antipruritic.

diagnosis to start
LYMPHOMA. On Dezember 06, 2017 the

patient presented:

chemotherapy of
abdominal computed
tomography (TC Abd): cervical region with
expansive/ infiltrative lymph node mass,

determining almost complete thrombosis of

the left internal jugular vein + pul- monary

emphysema + multiple mediastinal and

axillary lymph node enlargement involving

visceral/level and left internal mammary

chain, retroperitoneal and mesen- teric,

inguinal, thoraco-lumbar and internal
jugular veinthrombosis (tumor compression);
and Hepatitis C (HCV) reagent. The patient
was submitted to chemotherapy pro- tocol
from August 08, 2017 until October 10,
2017. 4\ Springer

Still under the chemotherapy protocol
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for lymphoma,the patient presented a fever

37.5 °C (99.5 °F), coryza, sneezing, and
elevation of transaminases with rates three
times above normal limits. Subsequently, he
attended the HEMOAM emergency room
reporting weakness,a febrile peak of 38 °C
(100.4 °F), vertigo, lack of appe- tite, nausea
and epigastralgia. The laboratory findings
were as follows: Haemoglobin (Hb): 12.6
(Ht) 36.8%; Platelet:
101,000/mm3; neutrophil: 9.8%; leucocyte:

g/L; Hematocrit

2400/mm?3; positive blood culture for Cryp-
tococcus neoformans, and the diagnosis of
Aplasia after chemotherapy. The patient was

admitted for parenteral treatment with the

antibiotics cefepime + clarithromy-cin and

blood cultures were performed. However,
due to his worsening clinical conditions, he
was transferred to a University Hospital in
Manaus on November 06, 2017.

Remaining in the ward of the
University Hospital, the patient started
treatment with Fluconazol 200 mg for 14
days, after culture result identifying the
presence of yeasts. The patient continued in
the ward, with worsening clinical evolution
of: pulmonary infection + Neurologi- cal
syndrome (seizure absence? + disorientation
+ cog-nitive alteration) + Hydroelectrolytic
disturbance (hypokalemia) + Intestinal
constipation + Plaquetopenia.

Cefepime and  Clarithromycin

empirically therapy was discontinued,

Page 3 of 5
substituted by the Meropenem antibiotic.

From November 07, 2017 to November 09,
2017 the clinical
cardio-respiratory

condition evolved to
arrest in  Asystole,
followed by resuscitation and transferred to
the Intensive Care Unit (ICU); still critical
under antibiotic therapy, another cardiac
arrest on November 09, 2017 and, due to

respiratory septic shock, evolved to death.

Materials and methods

Laboratorial identification and antifungal

susceptibility test

Following the two positives blood
(BACT/ ALERT FA PLUS,

Biomérieux, Brasil), the subculture was carried

cultures

out in modified Sabouraud dextrose agar
medium [12] and later in the media of
canothothin-glycine  blue bromothymol
(CGB) and Niger Seed Agar for species
differentiation. The phenotypic
identification and mini- mum inhibitory
concentration (MIC) values for flucona-
zole, amphotericin B and flucytosine were
VITEK-2

equipment (bioMerieux, Brazil). Aliquots of

performed using Compact
the C. neoformans were stored at — 80
degrees Celsisus (°C), in a cryotube with
Brain Heat Infusion Broth (BHI) (Himedia,
Hexasystens-Mumbai, India) +20% Glycerol

for further molecular testing.

@ Springer
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Determination of molecular type

DNA was extracted using DNeasy Blood
& Tis- sue Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions.
The molecular identi- fication of the fungus
was determined applying the enzymatic
restriction protocol (PCR—RFLP). The reac-
tion for amplification of the gene was carried
out in areation volume of 25 pl. Each reaction
contained 2 pl of genomic DNA extract (28 ng);
2.5 pl of 10x PCR buffer; 2.5 ul of MgCI2 (50
mM); 5 pl of DNTp mix(2.5 uM) (Invitrogen,
Carlsbad, CA, USA); 0.5 pl of the primers

FW-5"-ATGTCCTCCCAAGC CCTCGA
CTCCG-3’; SJO1-5"-
TTAAGACCTCTGAACACC

GCTCC-3" (10 uM) and 0.5 pl of Tag DNA
polymer-ase (5 U/ml) (Invitrogen), Martins et
al. [4]. Reactions were performed on a thermal
(Proflex PCR  sys-
Biosystems, Foster City, CA) at the fol- lowing

cycler tem, Applied
conditions: Initial denaturation at 95 °C for
5 min, followed by 40 cycles at 95 °C for 5
min; 95 °Cfor 45 s; annealing at 55 °C for
45 s (ranging from 55 °C, 56 °C, 56.5 °C to
57 °C), extension at 72 °C for2 min, then final
extension at 72 °C for 7 min, Martinset al. [4].

The PCR product was demonstrated by

SYBR"Vsafe (Invitrogen)
1.5%
Following this, sequencing was performed
using the ABI PRISM 3130 XL Genetic

Analyzer (Applied Biosystems, Foster City,

DNA gel

electrophoresis on agar gels.

Page 4 of 5

CA), manufac- turer’s

instructions. Sequences generated in the for-

according to

ward and reverse directions were read
using Geneious v.11 software. A consensus
sequence was extracted after being checked
for discrepancies or mutations. The results
were compared with the genomic DNA
deposited in the site database
b.org/). The

analysis of Multilocus Sequence Typing

(http://mlist.mycologyla

(MLST) for C. neoformans was performed
according to the site protocol
(http://mist.mycologylab.org/).

Sequences of the MLST genes from C.
neoformans, isolated from HEMOAM, were
with other VNI
sequences, selected due to genetic prox- imity

criterion that ST623 has with this group. The

compared subtypes

sequences of the subtype are deposited in the
MLST
(http://mist.mycologylab.org),

database
totaling 174
samples. The nucleotide sequences of the
seven alleles of the 174 samples were edited
and aligned bythe MEGA X program using
the  MUSCLE tool [13, 14]. The
alignenment were analysed using MEGA
X and DnaSP 6.0 programs. The
phylogenetic tree were edited using ITOL
(https://itol.embl. de) [15]. To

reconstruct the phylogenetic

program
relationship
between STs and VNI subtypes, the sequence
of the seven MLST markers  were
concatened and analysed to choose the

‘Kimura 2

model
@ Springer
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analysis, with gamma

distribution and invariable substitution rates.
One tree underwent 1000 resamples per
bootstrap. Pearson’s correlation coefficient
(r) was used to analyze the correlation
between nucleotide diversity and the number
of MLST alleles, as well asthe number of

haplotypes and the MLST alleles.

Results and discussion

The
identified Cryptococcus

realized
MIC

showed susceptibility to all antifungal tested,

microbiological  test

neoformans.

with values of 1 ug/ml for fluconazole, 2 pg/mi
forflucytosine and 0.5 pg/ml for amphotericin
B. PCR—RFLPprotocol identified the molecular
type VNI, and com- parative analyzes with the
sequences deposited on the MLST website,
made it possible to identify a new cloneof
GenBank
acces- sion numbers of the C. neoformans
allele our MNO065812,
MNO065813, MNO065814, MNO065815,
MNO065816, MN065817, and MN065818.

It was also observed that nucleotide

Cryptococcus neoformans ST623.

from case are

diversity (Fig. 1) was higher when compared to
all C. neoformans STs results studied by Mufioz
et al. [16]. Of the seven genes analyzed, 1GS1
presented the highest number of alleles (30)
and highest nucleotide diversity (0.01864).
The CAP53 presented the lowest values of
alleles (13) and nuclotide diversity (0.0162).
A strong positive correlation of r=0.80

Page 5 of 5
was observed between nucleotide diversity

and the number of MLST alleles, as well as the
number of haplotypes and the MLST alleles
(r=0.85). The fact that IGS1 corresponds to
an intergenic region, contributes to the high
nucleotide diversity observed in this region,
characterizing it asa hypervariable marker, as
described by Muiioz et al. [16, 17] (Fig. 1).
The analysis performed with the
selected sequences for the evolutionary study
of the new ST623 showed the ancestral
relationship between monophyletic group
(vel- low) and the others groups studied. It
was observed the proximity of ST623 and STs
341,142, 55, 264, 322, 54 and84, where these
topologies are statistically supported by the
high bootstrap values. It was also possible to
recon- struct the ancestral relationship of the
others monophy- letic groups (green) formed
by STs 145,153,147,143,145
,184,144,149,148,182,171,152,151,183,150
and the others STs of the VNI subtype. Our
results showed also thatST623 clone, has no
evident evolutionary proximity to any other
ST of the VNI subtype group, identified in
Brazil by Rocha et al. and Ferreira-Paim et
al. [11, 18], fromclinical and environmental

samples, as can be observed in Fig. 2.

Conclusions

The new ST623 genotype was isolated
from a patient with non-hodgkin’s lymphoma,

which evolved to death. In the evolutionary
@Springer
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context of phylogenetic analysis, this geno-

type belongs to VNI subtype; however, the
relationships between the STs in this group
only can be elucidated after an approach with

complete genome sequencing (WGS) studies.
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