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Resumo da Dissertacao

Introducao: A histoplasmose é uma doenca oriunda do fungo Histoplasma
capsulatum podendo assumir carater disseminado em pacientes
imunodeprimidos.

Objetivos: Determinar a frequéncia de histoplasmose em pacientes com
HIV/AIDS e suspeita de infecgdo disseminada em trés hospitais de referéncia
em Porto Alegre/RS, comparando o desempenho de diferentes testes para
identificacdo do antigeno urinario para H.capsulatum.

Material e Métodos: Estudo multicéntrico transversal prospectivo. Como
critérios de inclusdo, os pacientes deveriam apresentar AIDS e pelo menos trés
dos seguintes sinais: febre, hepatomegalia, esplenomegalia, pancitopenia,
padrdao miliar, diarreia e perda de peso, além do TCLE e ficha clinica
preenchida. As amostras de urina foram processadas no laboratério de Biologia
Molecular da Irmandade Santa Casa de Misericordia de Porto Alegre utilizando
trés imunoensaios:(1) IMMY® ALPHA ELISA;(2) Teste in house desenvolvido
pelo CDC de Atlanta;(3) Platelia™ Bio-Rad Aspergillus Ag. A andlise estatistica
foi realizada através SPSS 20.0. Revisao sistematica selecionando artigos do
periodo de 1956-2015 no banco de dados PUBMED excluindo artigos como:
Revisdes, relatos de casos, estudos em modelos ndo humanos.

Resultados: Ao final foram selecionados 78 pacientes; a positividade para
histoplasmose foi 8/78 pacientes (10,3%) através de métodos classicos. Destes
8 pacientes, 100,0% apresentaram sintomas pulmonares, 62,5% dispneia,

87,5% febre, 50,0% lesbdes orais e 25,0% padrao miliar. Os testes IMMY®



Vi

identificaram 13/78 (16,7%), o CDC 14 (17,9%) e o Platelia™ 5 (6,4%)
detectado apenas um positivo para histoplasmose.

Conclusao: O estudo demonstrou a frequéncia de histoplasmose disseminada
em pacientes com HIV em Porto Alegre é de 10,3% através dos métodos
classicos. Comparou o desempenho de diferentes métodos, CDC e IMMY®
apresentam maior sensibilidade e especificidade. Os sinais clinicos como
Ulceras orais foram indicadores preditivos de histoplasmose disseminada. Além
de mostrar a vantagem da utilizacao dos testes de imunoensaios para antigeno
urinario

Palavras-chave: Histoplasma capsulatum, histoplasmose disseminada,

imunoensaios.



1.Introducao
1.1.Histoplasma capsulatum e histoplasmose disseminada

Histoplasmose é uma micose causada pelo fungo dimoérfico Histoplasma
capsulatum (H. capsulatum) e sua forma teleomoérfica ou sexuada é
Ajellomyces capsulatum (Goodwin Jr e Des Prez, 1973; Goodwin Jr e Des
Prez, 1978; Trabulsi e Alterthum, 2004). H. capsulatum é encontrado em sua
fase micelial em solos &cidos e Umidos ricos em compostos nitrogenados
contendo dejetos de aves de criagdo, morcegos ou passaros agregados,
podendo permanecer latente no ambiente por um longo periodo de tempo. O H.
capsulatum é encontrado na forma filamentosa (hifas) em temperatura
ambiente, apresentando a conformacao de hifas septadas hialinas e conidios;
jd a forma leveduriforme, a 37°C, é encontrada aderida aos tecidos do
hospedeiro, medindo aproximadamente 3 a 5um de diametro (Cury e cols.,
2001; Aidé, 2009; Ferreira e Borges, 2009).

A infeccdo € adquirida através da inalagdo de conidios presentes na
natureza/solo pela via respiratéria, onde o fungo converte-se em fase
leveduriforme na temperatura corpérea (Kauffman, 2007). Apds a inalagdo os
conidios sao fagocitados por macrofagos e polimorfonucleares multiplicando-se
e invadem os linfonodos regionais (Guimaraes e cols., 2006; Kauffman, 2007).
A histoplasmose pode assumir diferentes cursos clinicos, podendo ser
assintomatica, principalmente em pacientes imunocompetentes. Em outros
individuos, pode evoluir para infeccdo pulmonar aguda ou mesmo adotar
carater disseminado, especialmente em pacientes com o sistema imunol6gico

deficiente (Rossini e Goulart, 2006; Aidé, 2009)



H. capsulatum pode ser considerado um dos patégenos oportunistas
mais importantes do homem, entretanto, individuos imunocompetentes também
podem desenvolver a doenca, dependendo da quantidade de conidios inalada,
desenvolvendo a histoplasmose pulmonar aguda, condicao clinica usualmente
auto-limitada que pode simular um resfriado comum (Kauffman, 2007; Ferreira
e Borges, 2009; Baddley e cols., 2014a).

A histoplasmose disseminada (HD) progressiva € uma doenca grave
entre os pacientes com a sindrome da imunodeficiéncia adquirida (AIDS), bem
como em transplantados em uso de imunossupressores, situacdo na qual o
fungo pode se propagar para diferentes sitios extrapulmonar e extraganglionar,
com atividade progressiva (Rossini e Goulart, 2006; Kauffman, 2007). Suas
manifestagdes clinicas sdo inespecificos, como febre, sudorese noturna,
fadiga, emagrecimento, nausea, vomitos e dispnéia (Wheat e cols., 1990).
Tosse, dor toracica e dispnéia ocorrem em aproximadamente 50% dos
pacientes (Kaplan, J. E. e cols., 2009). Os pacientes podem desenvolver os
sintomas de doenca disseminada devido a distribuicdo do fungo em diversos
orgaos e tecidos, dependendo da exposicdo a grandes quantidades de
conidios ou a reativacdo de nédulos latentes (Goodwin Jr e cols., 1980). O
exame fisico pode mostrar hepatoesplenomegalia e linfadenopatia (Mandell e
cols., 2010). Lesbes cutaneas e de mucosas também podem estar presentes, o
que depende de singularidades genéticas do fungo. As cepas brasileiras
parecem ter maior tropismo muco-cutdneo que as cepas norte-americanas
(Goldani e cols., 2009). Casos graves podem se apresentar como sepse, com
disfuncdo mudltipla de 6rgaos (incluindo insuficiéncia respiratéria ou renal) ou

meningite concomitante. A mortalidade pode chegar a 50% nos pacientes com



AIDS, mesmo utilizando-se um tratamento adequado. Nos pacientes sem
tratamento a mortalidade chega a 100% (Mandell e cols., 2010). Alteracdes
laboratoriais também ocorrem: pancitopenia, por envolvimento da medula
O6ssea, a qual €& altamente prevalente. O aumento de transaminases,
desidrogenase lactica e ferritina também sdo comuns (Baddley e cols., 2014a).

As alteracoes radiograficas aparecem em 50% a 70% dos pacientes com
doenca disseminada, mas 30% podem apresentar radiografia de térax normal
(Mandell e cols., 2010). Os achados radiolégicos mais comuns sao infiltrados
intersticiais difusos, reticulonodular e padrao miliar; entretanto, em muitas
vezes, o primeiro radiograma pode ser normal (Hage e cols., 2008).

Os achados clinicos, laboratoriais e radiolégicos iniciais sao
inespecificos, assemelhando-se a outras doencas comuns em pacientes com
AIDS, como tuberculose e pneumocistose, especialmente por serem doencas
que coexistem nas mesmas regides (Baddley e cols., 2014b). Devido a
semelhanca clinica com outras infeccoes oportunistas, torna-se fundamental
um diagnostico correto e precoce, visando instituir tratamento especifico para
reduzir a elevada mortalidade associada a doenca disseminada (Wheat, 1989;

Baddley e cols., 2014a).

1.2. Epidemiologia da histoplasmose

Histoplasmose é a mais comum das micoses endémicas em pacientes
com HIV nos Estados Unidos da América (EUA). Noventa e cinco por cento dos
pacientes com AIDS e histoplasmose desenvolvem doenca disseminada,
sendo que 90% destes tém contagens de CD4 abaixo de 200 células/mm®. Nos

EUA, a histoplasmose ocorre em 5% das pessoas que residem em cidades



localizadas em areas endémicas, sendo que mais de 25% dos casos ocorrem
nas cidades de Indianapolis em Indiana (Ferreira e Borges, 2009).

A histoplasmose é distribuida mundialmente, sendo encontrada nas
Américas, na Africa e no Sudeste da Asia. Em muitas regides da América
Latina, incluindo o Brasil, a histoplasmose é endémica, sendo especialmente
um problema para pacientes com AIDS (Cahn e cols., 2000). A incidéncia de
histoplasmose na América Latina foi baseada em relatos de casos, teses de
mestrado e doutorado de centros universitarios mostrando estudos com
percentuais variando entre 7% no Brasil, 8% na Guatemala e 21% na
Venezuela (De Fernandez e cols., 2001).

Em contrapartida com o estudo de Fernadez et al., em 1998 Fava e
colaboradores reuniram diversos estudos conduzidos no Brasil que utilizaram
histoplasmina na deteccdo de histoplasmose e paraccocidioidomicose
mostrando uma variacao de 2,6% a 93,2%, dependendo da regidao do pais
(Fava e Fava Netto, 1998). Outro estudo de grande relevancia com
histoplasmina conduzido na regido nordeste do Brasil por Bezerra e
colaboradores mostraram 11,8% de testes positivos para o teste intradérmico
em pacientes com HIV (Bezerra e cols., 2013).

A HD é considerada uma doenca com alta mortalidade em pacientes
HIV ndo tratados, principalmente em locais com recursos e acessos limitados
(Baddley e cols., 2014a). Em estudo realizado na cidade de Uberaba (MG)
envolvendo HD em pacientes com AIDS, a mortalidade foi de 47,4%, sendo
que 31,6% dos pacientes morreram antes do diagnostico (Mora e cols., 2008)
Em 2006, Casotti e colaboradores coletaram dados de pacientes com AIDS em

um hospital universitario no Espirito Santo, confirmando 12 casos de HD no



periodo de junho de 1999 a maio de 2001 (Casotti e cols., 2006). No Hospital
das Clinicas da Universidade Federal de Uberlandia foram relatados 17 casos
de pacientes com HD e AIDS no periodo de 1985 a 1995. Acredita-se que a
real incidéncia tenha sido subestimada, gerando assim um baixo numero de
casos neste periodo (Borges e cols., 1996). Ja no sul do Brasil (Santa Casa de
Misericérdia de Porto Alegre), Unis e colaboradores descreveram 70 (33,0%)
pacientes com AIDS e HD em 212 casos de histoplasmose durante o periodo
de 1977 a 2002. Nesse estudo, manifestacées sistémicas apareceram em
68/70 (97,1%), 43 (61,4%) apresentaram co-infeccées (candidose, herpes
zoster, pneumocistose, tuberculose, criptococose, dermatofitose, toxoplasmose
cerebral, sarcoma de Kaposi, molusco contagioso, criptosporidiose,
endocardite estafilocéccica, condiloma plano e hepatite B) (Unis e cols., 2004).
O reconhecimento e tratamento tardios da doenca favorecem o aumento
da mortalidade em paises em desenvolvimento (De Francesco Daher e cols.,
2006; Baddley e cols., 2014a). A prevaléncia de histoplasmose no pais é
subestimada devido a caréncia de métodos diagnésticos e o descaso da
notificacdo compulséria para 6rgaos responsaveis (Vicentini-Moreira e cols.,

2008).

1.3. Diagnéstico e identificacao laboratorial de Histoplasma capsulatum

Para o diagnéstico da HD s&o levados em consideracado o historico
clinico, aspectos radiolégicos, pesquisa direta do fungo, achados

histopatologicos e cultura do material clinico, além da possibilidade de



deteccdo através da sorologia, auxiliando para o estabelecimento do

diagnéstico final (Wheat, 1989; Aidé, 2009).

1.3.1. Diagndstico de histoplasmose por métodos classicos

Os métodos diagnésticos classicos de histoplasmose incluem a
identificacdo direta do fungo em amostras clinicas e o isolamento por cultura
(Baddley e cols., 2014a). Na microscopia direta sdo utilizadas as coloragdes de
Wright, Giemsa ou May-Grinwald-Giemsa; sao métodos rapidos e de baixo
custo, mas com sensibilidade baixa (<10%) (Trabulsi e Alterthum, 2004;
Baddley e cols., 2014a). Para os métodos histopatoldégicos em bidpsias sédo
utilizadas as coloracbes de hematoxilina-eosina (HE), acido periddico de Schiff
(PAS) ou Grocott-Gomery (prata metenamina); nelas, é realizada a
visualiza¢do do fungo fagocitado por polimorfonucleares e macréfagos, sendo
que a sensibilidade do método depende da presenca de um patologista
experiente (Trabulsi e Alterthum, 2004; Kauffman, 2007; Baddley e cols.,
2014a). Entretanto, a necessaria preparacdo dos tecidos pode levar a um
atraso diagndstico (Kauffman, 2007; Mandell e cols., 2010).

O diagnéstico definitivo de HD se baseia no isolamento e identificagdo
de H. capsulatum em meio de cultivo; no entanto, é frequente que esse seja
negativo em pacientes com histoplasmose. O isolamento e identificacdo de H.
capsulatum por cultura de amostras respiratérias, de sangue periférico e de
medula éssea permanece como “padrao-ouro” para o diagndstico; no entanto,
o diagnéstico por cultura apresenta diversas limitagdes: (i) o diagndstico pode
levar até seis semanas; (ii) baixa sensibilidade analitica (85%), dependendo da

carga fungica; e (ii) € uma metodologia que pode requerer procedimentos



invasivos (Guimaraes e cols., 2006; Ferreira e Borges, 2009; Baddley e cols.,
2014a).

As culturas do fungo podem ser feito em agar Sabouraud dextrose e
cicloheximida e agar infuso de cérebro-coragcao com cloranfenicol, e incubados
a 25°C e 37°C (Trabulsi e Alterthum, 2004). As culturas feitas a 25°C
apresentam crescimento lento, evidenciando colbnias brancas algodonosas,
com hifas septadas com microconidios e macroconidios; ja a 37°C assume a
forma leveduriforme, de aspecto cremoso e membranoso, com células ovais
evidenciando brotamento Unico (Trabulsi e Alterthum, 2004).

Outro método utilizado para o cultivo de fungos em infeccdes
disseminadas a coleta para hemoculturas passar por um processo de lise,
também conhecido como /solator (lise-centrifugacao), o qual pode ser realizado
a partir de sangue, medula éssea, figado, lesdes de pele, ou qualquer outro
local onde se encontra a infeccdo (Paya e cols., 1987; Kauffman, 2007).No
método [solator utilizam-se tubos com anticoagulante, saponinas e
fluorocarbono; os tubos sdo misturados e apds centrifugados e, em seguida, o
sedimento é incubado em meios solido a 25°C e 37°C (Bille e cols., 19883;
Oliveira e cols., 2007). O sistema Isolator tem se mostrado mais sensivel do
que automacao em sistemas de hemocultura para o cultivo de H. capsulatum

(Paya e cols., 1987; Kauffman, 2007).

1.3.2. Diagndstico através de testes nao baseados em cultivo
A necessidade de um diagnéstico rapido e simples para a identificacao
do H. capsulatum é uma constante busca na comunidade cientifica, como ja

mencionado a cultura pode demorar de 2-6 semanas € 0s recursos podem ser



limitados, assim a identificagcdo além dos métodos classicos pode ser feita

através de antigenos sorol6gicos ou urinarios, descritos abaixo.

1.3.3. Métodos sorologicos para identificacao de Histoplasma capsulatum

Os métodos de deteccao de anticorpos oferecem alternativa rapida
dentre as técnicas microbiolégicas. Entretanto, essas metodologias ainda se
baseiam na Fixagcdo do Complemento (FC) e na Imunodifuséo (ID), as quais
mostram algumas limitacdes: (i) reagentes sintetizados e padronizados no
proprio laboratério (in house), desconhecendo sua real sensibilidade e
especificidade; (i) necessidade de se documentar a ocorréncia de
soroconversao; e (iii) baixa relevancia em locais endémicos para a doenga
(Wheat, 2006; Hage e cols., 2008; Aidé, 2009).

O método de FC € mais sensivel do que a ID, embora apresente
sensibilidade variavel: 72,8% na formamicelial e 94,3% na forma de levedura. A
especificidade varia entre 70% a 80% e as reag¢des cruzadas podem ocorrer
com blastomicose, candidiase e paracoccidioidomicoses (Pine e cols., 1978;
Guimaraes e cols., 2006; Kauffman, 2007). Os titulos de anticorpos de 1:8 e
1:16 podem ser observados em individuos com infecgcbes passadas ou que
vivem em regides endémicas expressando resultados fracamente positivos.
Outro fator que diminui a sensibilidade do teste sdo amostras hemolisadas ou
lipémicas (Pine e cols., 1978; Soares e cols., 2002; Guimaraes e cols., 2006).

O método de ID é amplamente utilizado na pratica clinica e é baseado
na precipitacdo dos anticorpos anti-M e anti-H. Este método torna-se mais
especifico do que a FC e apresenta como vantagens: (i) o fato de se basear em

metodologia simples; (ii) possuir um baixo custo; (iii) especificidade entre 70-



100%; e (iv) sensibilidade variavel, de 70-100% (Soares e cols., 2002;
Guimaraes e cols., 2006; Kauffman, 2007; Arango-Bustamante e cols., 2013).
O teste de FC possui uma baixa especificidade, enquanto o teste de
IDé frequentemente negativo na fase aguda da doenca,devido ao tempo
prolongado necessario para produzir quantidades detectaveis de anticorpos.
Estes ensaios sdo pouco Uteis em pacientes imunocomprometidos, como
aqueles com AIDS, considerando-se que a producao de anticorpos pode ser
limitada nessa populacdo (Hage e cols., 2008; Kaplan, Jonathan E e cols.,
2009). Um estudo brasileiro mostrou baixa concordancia entre cultura 27/35

(77%) e ID 20/35 (57%) em pacientes com AIDS (Leimann e cols., 2005).

1.3.4. Métodos baseados em Imunoensaios enzimaticos para a
identificacao de H.capsulatum

A detecgdo do antigeno polissacaridico de H. capsulatum (HPA),
através do método de imunoensaio enzimatico (EIA), é atualmente disponivel
para a deteccdo de antigeno a partir de fluidos de pacientes com
histoplasmose (Karimi e cols., 2002). O diagnostico de histoplasmose através
da deteccdo de antigenos foi baseado na experiéncia de laboratérios de
referéncia para histoplasmose (Laboratério Miravista, MDV) (Wheat e cols.,
2002).

A epidemia do HIV continua aumentando em muitos paises em
desenvolvimento, necessitando de uma melhoria dos testes baseados na
deteccao de antigenos e anticorpos para histoplasmose, que sejam de féacil
execucao, de baixo custo e que possam fornecer um diagnéstico rapido,

reduzindo, assim, a morbidade e mortalidade associados a doenca. Para a
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maioria dos centros médicos, o diagnostico de histoplasmose costuma ser
realizado através de estudos histopatol6gicos ou micoldgicos realizados em
amostras de lesbes cutdneas em pacientes imunodeprimidos, no contexto de
infeccdo disseminada. Porém, o Centers for Disease Controland Prevention
(CDC) desenvolveu um teste, ja validado experimentalmente na Guatemala e
testado também na Colémbia (Scheel, C. M. e cols., 2009; Caceres e cols.,
2014), que utiliza amostras de urina dos pacientes, utilizando o0 mesmo
principio do teste comercializado pelo MDV. Este teste identifica antigenos
especificos de H. capsulatum e é validado por controles internos e uma curva
padrdao, aumentando a sensibilidade e a especificidade do resultado.
Adicionalmente, uma vantagem do teste € a utilizacdo da urina como amostra
biolégica, que é obtida de forma facil e ndo invasiva (Scheel, Christina M e
cols., 2009).

Além do teste disponivel pelo MDV, atualmente existe o IMMY®
ALPHA ELISA para detecgdo do H. capsulatum (Immuno-Mycologics, Inc,
Norman, Oklahoma, USA). Este teste € um ensaio imunoenzimatico sanduiche
que visa detectar de forma qualitativa o antigeno do H. capsulatumem
amostras de urina. O teste esta disponivel no mercado internacional;
entretanto, ainda ndo é comercializado no Brasil. Pode ser utilizado em
complemento a outras técnicas diagnosticas, tais como cultura, andlise
histoldégica e evidéncias radiolégicas para o diagnéstico de histoplasmose
(Lemonte e cols., 2007).

Em 1989 Wheat e colaboradores desenvolveram um método rapido e
promissor para a deteccao do antigeno urinario para HD em amostras de urina

e sangue, detectando 90% na urina € 50% no sangue de pacientes com HD
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(Wheat e cols., 1989). O teste mostrou-se também util para o0 monitoramento
terapéutico de pacientes tratados com anfotericina B (Wheat e cols., 1989). Ja
em 2006 o teste foi aprimorado para segunda geracdo com o objetivo de
eliminar os falso-positivos do método anterior (Wheat e cols., 2006).

Em contra-partida, em 2007, Cloud e colaboradores junto ao Instituto de
Patologia Clinica e experimental da Universidade de Utah desenvolvem e
validaram o teste IMMY (Cloud e cols., 2007a). Este novo teste mostrou-se
uma alternativa ao método implementado pelo laboratério de referéncia MVD ja
que o0 mesmo nao comercializa insumos para a realizagao do teste. O método
IMMY utiliza amostras de urina e basea-se na ligacdo com anticorpos
policlonais, em um ensaio imunoenzimatico (Cloud e cols., 2007a). Os
resultados de sensibilidade na comparacao dos testes IMMY e MVD foram de
98% e 92% respectivamente (Cloud e cols., 2007a). Em defesa do laboratério
MVD, LeMonte argumentou sensibilidade desconhecida do IMMY, refazendo os
testes e demonstrando maior sensibilidade 92% (MVD) contra 84% (IMMY)
(LeMonte e cols., 2007).

Como resposta ao artigo de LeMonte 2007, Cloud criticou o teste do
MVD, argumentando haver falhas técnicas e clinicas e mostrando,
também,haver reacbes cruzadas com galactomanana nos estudos do MVD
(Cloud e cols., 2007b). Em 2013 Theel e colaboradores comparam IMMY (H.
capsulatum GM ASR EIA) e MVD, mostrando 97,6% de positividade e 99,8%
de especificidade em comparacdo com MVD; no entanto,com sensibilidade de
64,5% (seguindo o ponto de corte sugerido pelo fabricante). Ao final, ressaltou

que o MVD capturou pacientes em tratamento que se mostravam negativos
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para IMMY, além de reacbes cruzadas com Blastomyces dermatitidis(Theel e
cols., 2013).

Um teste diagnéstico muito utilizado na rotina laboratorial,
principalmente para micoses invasivas, € o ensaio comercial Platelia™ para a
deteccdo de galactomanana, em pacientes sob risco de aspergilose invasiva
(Ranque e cols., 2007; Xavier e cols., 2009).A despeito da reacao cruzada com
H. capsulatum, este método tem se mostrado pouco confidvel no diagnostico
de HD (Ranque e cols., 2007; Xavier e cols., 2009). Em um estudo conduzido
por Ranque et al, demonstrou-se a utilizaggo do teste
Platelia™ Aspergillus como um possivel teste para acompanhamento e
diagnéstico de HD, tendo o método apresentado positividade de 8/11 pacientes
confirmados com histopatologia e/ou culturas, reforcando a reagdo cruzada
entre testes para diferentes fungos (Ranque e cols., 2007).

Diante deste quadro carente de dados e a importancia da deteccao da
HD como novos testes diagnésticos, o presente estudo propde a comparacao
dos métodos IMMY®, CDC e Platelia™ para dosagem do antigeno de H.
capsulatum em amostras de urina. Além disso, este trabalho visa documentar a
frequéncia de histoplasmose em pacientes infectados pelo HIV ja com AIDS e
sintomatologia de infeccdo disseminada em trés hospitais de referéncia de
Porto Alegre, Santa Casa de Misericordia de Porto Alegre, Hospital Nossa
Senhora da Conceicao e Hospital de Clinicas de Porto Alegre.

Em termos de vigilancia epidemiolégica, este € o primeiro estudo a
avaliar a frequéncia de histoplasmose em pacientes com AIDS, na cidade de

Porto Alegre. Uma vez que se conheca melhor a epidemiologia da HD nestes
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pacientes, novas metodologias para o diagnostico precoce poderdao ser

implementadas e reduzir a morbimortalidade associada a esta doenca.
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2. Justificativa

A necessidade de aprimorar e desenvolver testes para a deteccdo de
H.capsulatum possibilita novas pesquisas, este € o primeiro estudo que
compara trés especificas metodologias de imunoensaios para a deteccado do
fungo, além de dados clinicos sobre a infeccdo mostrando a relevancia do
diagnéstico. J& em termos de vigilancia epidemiolégica, reforca a necessidade
da investigacdo do microrganismo no pais, principalmente em Porto Alegre

(RS).
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3. Objetivos

a) Determinar a frequéncia de histoplasmose em pacientes com HIV/AIDS e
suspeita de infeccao disseminada em Porto Alegre/RS;

b) Comprar o desempenho de diferentes testes para identificacdo do antigeno
urinario para H.capsulatum,

c) ldentificar critérios clinicos que possam predizer HD;

d) Redigir uma revisao sistematica sobre métodos alternativos ao cultivo do H.

capsulatum.
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Abstract

The burden of histoplasmosis has been poorly documented in most of the
endemic areas for the disease, including Brazil. Also, modern non-culture-
based diagnostic tests are often non-available in these regions. Here we report
the results of a prospective cohort study in which HIV-infected patients with
suspected disseminated disease were evaluated with different non-invasive
diagnostic tests, applied to urine samples. Patients were enrolled in three
referral medical centers in Porto Alegre, Southern Brazil. Among 78 evaluated
patients (2014-2015), disseminated histoplasmosis was confirmed in 8
individuals (10.3%) by the means of classical (culture/histopathology) tests.
Antigen detection in the urine was found to be more sensitive: IMMY® ALPHA
ELISA detected 13 positive cases (overall prevalence 16.7%) and the in house
ELISA test developed by the CDC detected 14 patients (17.9%). IMMY® and
CDC tests provided concordant results in 96.2% of cases (75/78).
Galactomannan detection in the urine (Platelia™) had a sensitivity of 12.5%.
This is the first study to compare the performance of the in house CDC ELISA
urinary test with a commercial test for the diagnosis of histoplasmosis, and a
high degree of concordance was observed. Also, the study revealed that H.
capsulatum is an important agent of disseminated disease in AIDS patients in
Southern Brazil, reinforcing the importance of making available both diagnostic

tests and antifungal agents for the treatment of such severe diseases.
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Introduction

Histoplasmosis is a group of diseases caused by the thermally dimorphic
fungus Histoplasma capsulatum (1, 2). Infection is primarily acquired via
inhalation of fungal spores present in nature, which is followed by conversion to
the yeast (pathogenic) fungal form at human body temperature. Infection may
range from asymptomatic presentation to disseminated disease, the latter
affecting mostly immunocompromised individuals, particularly those infected
with the human immunodeficiency infection virus (HIV)(3).

Disseminated histoplasmosis is a serious disease among patients with acquired
immunodeficiency syndrome (AIDS). Its clinical symptoms are nonspecific, such
as fever, night sweats, fatigue, weight loss, nausea, vomiting and dyspnea (4).
Physical examination may reveal hepatosplenomegaly, lymphadenopathy, and
skin and oral lesions (5, 6). Most (~50-70%) patients with disseminated disease
have radiographic abnormalities, including diffuse lung infiltrates,
reticulonodular and milliary patterns(6, 7). Definitive diagnosis is based on
histopathology and/or the isolation of H. capsulatum in culture of clinical
specimens, particularly respiratory, peripheral blood and bone marrow samples.
However, diagnosis by culture is limited by several aspects: (i) results may take
up to six weeks to turn positive; (ii) sensitivity is usually low (<60-85%,
depending on the fungal load); and (iii) an invasive medical procedure is
frequently required to obtain samples (5, 8-10).

More recently, non-culture-based tests have been developed to facilitate
diagnosis of disseminated histoplasmosis. In particular, H. capsulatum
polysaccharide antigens (HPA) have been detected by enzyme immunoassay

(EIA) methods, allowing for a rapid and non-invasive diagnosis (tests are
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performed in urine samples) (11). Until recently, there was only one
Histoplasma antigen detection test in the market, commercialized by Mira Vista
Laboratory (MVD, Indiana, USA). Although being widely studied, the MVD test
is not sold outside the US (samples have to be shipped to North America),
being a important limitation to its use. In recent years, Immuno-Mycologics
(Oklahoma, USA) launched IMMY® ALPHA ELISA, a test also based on H.
capsulatum antigen detection by EIA (12). Studies comparing these two EIA
tests are very limited in the literature (12-14). Lately, the US Centers for
Disease Control and Prevention (CDC) developed a Histoplasma EIA urinary
test (15). So far, the IMMY® and CDC tests have not been directly compared in
a prospective clinical study, which motivated us to conduct the current
investigation.

Materials and Methods

This was a multicenter prospective study comparing diagnostic tests for H.
capsulatum infection in three referral tertiary care centers in Porto Alegre,
Brazil. Similar to several other regions of Brazil, Porto Alegre is an endemic
area for histoplasmosis (16, 17). Also, Porto Alegre has the largest incidence of
HIV-infection among Brazilian capitals (18). We included in the study HIV-
infected patients between the years 2014-2015 with suspected disseminated
histoplasmosis in any of the participant hospitals. Only in-patients were studied.
Disseminated histoplasmosis was considered in the presence of at least 3 of
the following: fever, weight loss, diarrhea, hepatomegaly and/or splenomegaly,
pancytopenia or milliary pattern on chest imaging (15). The study included only
adults (>18 years-old) who gave written consent to study entrance. Ethical

approval was obtained in all centers.
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For all participant patients, a void urine sample was obtained at time of
enrollment (~20 ml). Samples were refrigerated on ice for a maximum period of
24 hours and transported to a central laboratory (Molecular Biology Laboratory
at Santa Casa de Porto Alegre) where all analyses were performed. When
arrived at the Laboratory samples were frozen (-80°C) for further analysis.
Laboratory technicians remained blinded for the results of other diagnostic tests
for disseminated histoplasmosis, as well as for clinical information. Follow-up
urine testing was not performed.

The tests used in the study were two specific methods for detection of urinary
Histoplasma antigens: a commercial test, IMMY® ALPHA ELISA (Immuno-
Mycologics, Oklahoma, USA), and an in house ELISA method developed by the
United States of America (US) CDC.

The IMMY® test is a type sandwiche enzyme-linked immunosorbent assay for
Histoplasma antigens detection in urine. The method uses anti-Histoplasma IgG
polyclonal antibodies derived from rabbits adhered in a microplate, in addition to
a standard curve with 100, 30, 10 and 2 EIA units. Results are expressed
qualitatively and every reaction includes positive and negative controls (13).
Samples were processed according to the manufacturer’s instructions. For the
interpretation of IMMY® results, we used the same cut-off proposed by the
manufacturer, i.e., an increment in >2 EIA units. All positive results were
retested to confirm test positivity. Execution time for the IMMY assay is ~ 4
hours.

The CDC tests an enzyme-linked immunosorbent assay that was previously
standardized and validated by Scheel and contributors in a study conducted in

Guatemala (15).The samples and standards were processed as described in
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the original publication, as follows: (i) microplate was sensitized with the
antibody coating antibody (anti-killed whole Histoplasma PAb); (i) samples
were boiled at 100°C; (iii) the standard curve was prepared with seven points —
samples were incubated on shaker at room temperature for 1 h; (iv) conjugate
buffer (horseradish peroxidase-conjugated PAb) was prepared in 4% milk
solution in PBS; (v) plate was washed and dried; (vi) conjugate buffer was
dispensed and incubation was made on shaker at room temperature for 30 min;
(vii) plate was washed and dried; (viii) substrate TMB (Sigma-Aldrich®) was
added and left for 15 min without shaking at room temperature; (ix) reaction was
stopped with H,SO41M; (x) plate was read at 450 nm using the
spectrophotometer (Bio-Rad ELISA reader); (xi) results were analyzed in
comparison to the standard curveand the execution of the test takes ~6-8 hours
until results are available. The cut-off for test positivity was the same as
published in the original study, in which a sensitivity of 81% and a specificity of
95% were documented (15).

In addition to testing for Histoplasma antigen in urine samples, patients were
also tested for the presence of galactomannan (GM) in the urine. This was
performed with a commercial ELISA kit (Platelia™ Aspergillus EIA, Bio-Rad,
France). Urine samples were treated following the manufacturer's instructions
for serum with execution times of ~4 hours.

Non-culture based diagnostic tests for disseminated histoplasmosis were
compared with classical methods such as fungal culture and histopathology.
Since this was an observational study not every patient was submitted to such
diagnostic procedures. For the purpose of this study, diagnosis of disseminated

histoplasmosis was considered as proven by the means of classical methods
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only (hereafter referred to as ‘gold-standard’, against which the performance of
all other diagnostic tests was compared). Clinical and demographic data were
obtained for all patients including clinical presentation of disease, laboratory and
imaging results. Descriptive statistics was used to summarize the data.
Quantitative variables were compared using Student’s t test or Mann-Whitney U
test, according to data distribution. Categorical data were treated with Fisher’s
exact test or Chi-square test, as appropriate. All analysis were performed using
SPSS 20.0 taking into account a P value <0.05 as statistically significant.
Variables associated with p values <0.20 were considered for inclusion in the
multivariate analysis, performed with Enter selection. This study was approved
by the hospital's ethics committee Irmandade da Santa Casa de Misericordia de
Porto Alegre (01371812.9.1001.5335/2014).

Results

A total of 78 patients were screened for study participation and they were all
included in the study. Patients were all from Porto Alegre and nearby cities.The
mean age was 44.2 (x10.3) years, with 65.4% male sex. A total of 46.2%
patients were on HAART. The most common manifestations were: 79.5%fever,
80.8% weight loss, 78.2% pulmonary symptoms, 76.9% abdominal
manifestations, 51.3% enlarged lymph nodes, 44.2% skin lesions and 41.7%
neurological symptoms. Median time between beginning of symptoms and
inclusion in the study was 2.7 months.

Eight out of 78 patients were diagnosed with disseminated histoplasmosis
(10.2%), according to the gold-standard. Most of these patients were diagnosed
by histopathology, including lung biopsy (n=3), skin biopsy (n=1), nasal lesion

(n=1), oral ulcer (n=1) and biopsy of the duodenum (n=1), while 3 additional
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patients were culture-positive (nasal lesion, oral ulcer and blood culture). For
these eight patients with disseminated histoplasmosis, median CD4 and HIV
viral load were 26 cells/mm® (range, 1-1,453/mm°® and 360,104 copies/ml
(range, <25 t0>10,000,000 copies/ml), respectively. All 8 patients with
disseminated histoplasmosis had pulmonary symptoms, 62.5% dyspnea, 87.5%
fever, diarrhea 50.0%, 50.0% oral lesions, 37.5% skin lesions and 37.5%
generalized lymphadenopathy. Regarding radiological aspects, 25.0% revealed
a milliary pattern, 25.0% had diffuse infiltrates and 50.0% mediastinal
lymphadenopathy.

The IMMY® test detected 62.5% more potential cases of disseminated
histoplasmosis, in comparison to conventional methods (13/78, overall
prevalence 16.7%). Considering these 13 patients as truly having disseminated
histoplasmosis, their main clinical findings were skin papules (46.2%), oral
ulcers (38.5%), ulcerated skin lesions (38.5%). Mediastinal lymphadenopathy
occurred in 38.5% of these patients. In comparison to the gold-standard, the
IMMY® test had a sensitivity of 100% and a specificity of 92.9%.

The CDC test identified 14 patients with disseminated histoplasmosis
(prevalence 17.9%). This group had oral ulcers (35.7%), papules (35.7%),
milliary pattern on chest imaging (28.4%) and infiltrates involving the middle
lobe (35.7%). In comparison to the gold-standard, the CDC test had a sensitivity
of 100%, specificity 91.4%.

GM in the urine was detected for only 5 patients (6.4%), but only one of these
patients were found to have disseminated histoplasmosis (test sensitivity 12.5%
in comparison to gold-standard, specificity 57.1%). Median GM optical indices

for the positive cases were 1.33 (range, 0.6-5.55). Figure 1 compares the
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positivity rate for the different diagnostic tests evaluated in this study.If the CDC
test was taken as the gold-standard, the combination of culture/histopathology
had a limited sensitivity (57.1%), and 100% specificity. If IMMY® was
considered the diagnostic method of choice test sensitivity for
culture/histopathology was of 86.7%, while specificity was 98.8%.

Overall 30-days mortality for the 78 patients screened during the study time was
15.4% (12/78). On the other hand 25.0% (2/8) of disseminated histoplasmosis
patients diagnosed by the means of culture/histopathology died during the 30
days of follow up. Antifungal therapy was given to all patients with
histoplasmosis, including deoxycholate amphotericin B (6/8 patients), liposomal
amphotericin B (4/8), and itraconazole (5/8).

Additional diagnoses performed during the study period were tuberculosis
(13/78; 16.7%), crypcococosis (5/78; 6.4%), and bacteremia (3/78; 3.8%).
Among patients diagnosed with disseminated histoplasmosis by the means of
classical methods, only one (12.5%) had concomitant disseminated
tuberculosis. One additional patient also had positive IMMY®/CDC tests and
disseminated tuberculosis in the study.

Discussion

This is the first prospective study to document the prevalence of histoplasmosis
in a cohort of HIV patients with suspected disseminated disease in Brazil. Even
though Brazil is a continental country with more than 200 million inhabitants,
and despite the endemic presence of H. capsulatum in the Brazilian territory,
the burden of such an important disease has remained poorly investigated.
Also, this is the first study in Brazil to use modern diagnostic tests like

Histoplasma antigen detection in the urine, and GM. Results of this study
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showed that both IMMY® and CDC tests performed better than classical
diagnostic methods in AIDS patients with suspected disseminated
histoplasmosis. As mentioned before, the CDC Histoplasma EIA test had not
yet been compared with commercial tests such as the IMMY® EIA test. Our
results showed that the both IMMY® test and CDC tests detected all cases of
disseminated histoplasmosis diagnosed by classic methods, and IMMY®
detected 62.5% additional cases of disseminated histoplasmosis, in comparison
to culture/histopathology. It is important to mention that CDC will no longer
support their EIA antigen test so emphasis here is given on the performance of
the commercially-available IMMY® EIA test.

Previous studies have already demonstrated that the Platelia"" Aspergillus GM
test may cross-react with H. capsulatum(19-21), suggesting a potential use of
this test in patients with histoplasmosis. To the best of our knowledge, this was
the first test to prospectively evaluate the performance for GM testing in urine
samples of patients with suspected histoplasmosis. Our results showed clearly
that such approach was associated with an unacceptably low sensitivity
(12.5%). The impact of concentrating urine samples before GM testing remains
to be elucidated.

We were also interested in validating clinical predictors of histoplasmosis in
AIDS patients with suspected disease, using classical methods as a reference
but also the novel urine ELISA tests. Interestingly, the presence of oral ulcers
strongly favored the diagnosis of disseminated histoplasmosis, regardless of the
chosen gold-standard (classical methods, IMMY® or CDC). Other variables of
importance were pulmonary symptoms, mediastinal lymphadenopathies, and

skin lesions (papules). These findings are in accordance to the literature (22,
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23). Disseminated tuberculosis is always an important differential diagnosis
(diagnosed in 13 patients in our cohort), and this should be systematically
investigated since co-existence of H. capsulatum and M. tuberculosis infection
may occur (8). Even though skin involvement is frequent in disseminated
histoplasmosis and should facilitate diagnosis, cutaneous involvement seems to
be far more frequent in Latin America, in comparison to North America cases
(22). Therefore, generalization of our results should be performed cautiously.
Since we did not test patients at early stages of diseases, we can also
extrapolate our findings for patients with suspected disseminated disease only.
Also, the current study was not designed to evaluate the performance of tests
for disease follow-up after treatment; instead, tests were studied for the
diagnostic purpose only.

A diagnostic meta-analysis on the performance of Histoplasma antigens has
been recently published (24). The study revealed a high specificity (98%) and
sensitivity (81%) for antigen detection in both urine and serum, reinforcing the
importance of such tests in the early diagnosis of histoplasmosis.

The study has some additional limitation that deserves mention. Despite all
efforts, we ended up with a limited number of patients recruited in the study, so
multivariate analyses could not be performed. This was actually a pilot study
and a larger cohort study is currently being initiated, to include 8 additional
medical centers in Brazil aiming to better reflect the burden of histoplasmosis in
the country. Moreover, GM testing has never been validated for use in urine
samples of patients of disseminated histoplasmosis. Since urine samples were
stored to be analyzed in batches we were also not able to evaluate time to

positivity for the different tests evaluated in this study.
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Conclusion

This prospective cohort study confirmed the clinical suspicion that
histoplasmosis is an important diagnosis in AIDS patients with suspected
disseminated disease. The prevalence of disease varied according to the gold-
standard used for diagnosis, from 10.2% (based on culture/histopathology) to
16.7% IMMY test and 17.9% (CDC test). The detection of Histoplasma antigens
in the urine by EIA methods improved diagnostic sensitivity by >40%, in
comparison to classical diagnostic methods. Larger multicenter studies
involving a large variety of geographic regions are ultimately required in Latin
America, to better document the burden of disseminated histoplasmosis. For

that purpose, modern diagnostic tests and drugs are required in these places.
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Anexo para revista

Supplemental material

“Disseminated histoplasmosis and AIDS: a prospective and multicenter
study to evaluate the performance of different diagnostic tests based on

urine samples”

Tables
Table 1
Gold-standard against which variable was compared
Clinical findings —= CcDC = ORIMMY® - C(I)a;sm method; CF)’::teha@ GMP
(95% CI) value (95% CI) value (95% CI) value (95% CI) value
Oral ulcers 83 0002 95 0001 130 <9001 14 1,000
(19369 O 21430 (25682 <O (1042
Pulmonary symptoms 1.8 0.050 39 0227 32 0489 1.3 0580
0491 O 05325 O (1215 O 1115 O
39 70 18 13
Papules (10146) 005 oo 002 g3400) 081 gqapg OO
Mediastinal 34 3.9 6.0 1.1
lymphadenopathy 094125 906 o 008 13980 008 g1y 1000

Legend: Cl, Confidence Interval; GM, Galactomannan; OR, Odds Ratio.

Clinical predictors for histoplasmosis, according to different gold-
standards:CDC, IMMY®, Classic methods (culture/histopathology), or

Platelia®galactomannan.



Figures
Figure1
POSITIVE
CULTURE/
HISTOPATHOLOGY
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n=78

Performance of IMMY®, CDC, Platelia ™ and classical methods in the

identification of disseminated histoplasmosis. The numbers within the circles

correspond to positive results respectively. A total of 78 patients were included,

and 60 patients were negative for all tests evaluated in the study.
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Abstract

Disseminated histoplasmosis diagnosis is often a challenge to the clinician,
especially due to the low sensitivity and turnaround time of the classical
diagnostic methods. In recent years, studies involving a variety of non-culture-
based diagnostic tests have been published in the literature. The aim of this
paper is to perform a systematic review by selecting articles involving non-
culture-based diagnostic methodsin the diagnosis of disseminated
histoplasmosis.These search included serological, immunological, antigens and
PCR methods. A comprehensive Pubmed search between 1956 and 2015 was
performed. Case reports, review articles, non-human models and series
involving less than 10 patients were excluded. We selected 206 articles
including serological methods, immunoassays and detection by molecular
techniques and after the pipeline of selection, only 18 of these were utilized:
(13) immunoassays, (4) and molecular methods (1) serological methods. In
conclusion, the pursuit of new technologies in association with clinical criteria is
still mandatory for the diagnosis of disseminated histoplasmosis. However the
performance tests for urinary antigen detection was shown to be an alternative
in comparison with other techniques due to its faster procedures in identifying

potential patients with HD.

Key words: Disseminated histoplasmosis; non-culture; enzyme immunoassay;

diagnostic tests.
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Introduction

Histoplasmosis is a serious fungal disease caused by the thermally dimorphic
fungus Histoplasma capsulatum [1]. Humans develop histoplasmosis by
inhaling H. capsulatum spores from the environment, usually in the context of
acid and moist nitrogen-rich soils containing excrement from poultry, bats or
birds. Even though histoplasmosis may be a self-limiting disease, disseminated
infection may occur particularly in the imunocompromised host. Diagnosis of
disseminated histoplasmosis (DH) has historically been made by a combination
of fungal culture and histopathology. However, these may require invasive
medical procedure to obtain tissues and culture may take up to 6 weeks to
reveal fungal growth [2]. Moreover, in recent years a variety of non-culture-
based diagnostic methods has been developed to diagnose DH, aiming for an
early and more sensitive diagnosis [3]. In this study we performed a systematic
review of the available data on these novel technologies, summarizing their
performance.

Methods

A computerized Pubmed search without language restrictions was conducted
for articles published up to December 2015 combining the following terms
((DISSEMINATED HISTOPLASMOSIS) AND (ANTIBODY OR MOLECULAR
OR “POLYMERASE CHAIN REACTION’ [MH] OR ANTIGEN OR
IMMUNODIFFUSION OR “COMPLEMENT FIXATION
TESTS/METHODS[MAJR] OR “LATEX FIXATION TESTS’[MH]) AND
(DIAGNOSIS)). Only original articles dealing with non-culture-based diagnostic
tests for DH were studied. References from selected articles were also

screened for review. Publications describing case reports, review articles, case
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series involving <10 patients, and histoplasmosis in non-humans were not
included in the review (Figure 1).

This systematic review aims to briefly describe the performance of non-culture-
based diagnostic methods for the identification of Histoplasma capsulatum,
focusing on three distinct test groups: (i) Serological tests, including
immunodifusion, complement fixation and latex agglutination; (ii) Immunological
tests, as the enzyme immunoassays (EIAs); and (iii) Molecular methods.

Results

Serological tests: immunodifusion, complement fixation and latex

agglutination test

Currently, two main serological tests are used for the detection of H.
capsulatum antibodies: immunodiffusion and complement fixation [3]. Although
these methods have the advantage of being non-invasive, but enclose several
limitations, including (i) marked intra-patients variation in results; (ii) long time
for positive results (up to six weeks are required after exposure for antibody
production); (iii) potential cross-reactivity with antibodies produced by other

fungi such as Blastomyces dermatitidis [4-6].

The immunodiffusion method is widely used in clinical practice and it is based
on the precipitation of the anti-M and anti-H antibodies. This method is more
specific than the complement fixation [7, 8] and presents the following
strengths: (i) it is based on simple and reliable methodology; (ii) it has a low

cost; (iii) specificity is close to 70-100% [7, 9].

The complement fixation method is more sensitive than the immunodiffusion

test and presents variable test sensitivity, depending on the antigen phase,
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ranging from 72.8% in mycelial to 94.3% in yeast phase. The specificity varies
between 70% to 80%, since cross-reactions may occur with blastomycosis,
candidiasis and paracoccidioidomycoses. Antibody titers of 1:8 and 1:16 are
frequently seen in individuals with past infections or living in endemic regions
and these are considered weakly positive results. Test sensitivity is reduced in

the presence of hemolytic and lipaemic samples [7, 8, 10].

H. capsulatum may also be detected by the means of latex agglutination test.
The test is based on latex connection with histoplasmin for the detection of the
antibody anti-Histoplasma. Studies conducted in mid to late 1970s
demonstrated that the latex test was not suited for the correct identification of H.
capsulatum because of the cross-reactivity with tuberculosis and also due to its
low sensitivity (64%) and specificity (89%), in comparison with the gel
immunodiffusion [11]. Shipe and collaborators showed that latex sensitivity was
9.2% as compared to 4.1% for complement fixation in an endemic area for
histoplasmosis. Main test advantages are low cost and better specificity, as

compared to the complement fixation test [11, 12].
Immunological tests: enzyme immunoassays (EIAs)

ElAs are based on the detection of the H. capsulatum polysaccharide antigen
(HPA) on various biological materials such as urine, serum and bronchoalveolar
washing fluid. Different EIA have been used for the detection of DH, supported
by experience reference laboratories for the diagnosis of histoplasmosis [13-
16]. Two commercial EIA tests to detect H. capsulatum are currently available in
the USA: MiraVista in Indianapolis, IN, and /IMMY in Norman, OK. Both
laboratories provide similar and robust EIA tests with minor differences in terms

of test performance. However, there has been a strong dispute in the literature
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on the interpretation of theirs studies, which seems to be influenced by a

marked conflict of interest presented on both sides [15, 17-19].

The MVista® Histoplasma antigen test is based on a quantitative sandwich
enzyme immunoassay designed for serum, plasma, urine, broncoalveolar
lavage fluid and other body fluid testing [16]. The manufacturer recommends
the test not to be employed as the exclusive diagnostic tool in patients with
histoplasmosis, since cross-reactions may occur with blastomycosis,
paracoccidioidomycosis, penicilliosis, sporotrichosis, coccidioidomycosis (less
frequently), and aspergillosis (rarely) [16]. Although the MVista® Histoplasma
antigen test has been largely studied in HIV-infected patients, the test is not
executed outside the USA and it is only performed at the MVista headquarters’
in Indiana, USA [16, 17, 20-22]. This is the main limitation to the use of the MV

test in other parts of the globe.

In 1989 Wheat and colleagues (Miravista Lab) developed a rapid and promising
method for the detection of urinary antigens in DH, detecting antigens in 90% of
urine and 50% of blood samples in patients with DH [23]. The test demonstrated
the use of an alternative methodology to monitor the disease in patients treated
with amphotericin B [23]. In 2006 the test was upgraded to its second
generation eliminating false positives from the previous method [22].

The IMMY® ALPHA ELISA kit (IMMY, Norman, OK) is 2-step sandwich-type
immunoenzymatic assay using polyclonal antibodies which quantitatively
detects Histoplasma antigens in urine samples. It can be used in addition to
other diagnostic techniques such as culture, histological and radiology. In 2007
Cloud and colleagues at the Institute for Clinical and Experimental Pathology at

the University of Utah developed and validated the Immy test [13]. The new test
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is an alternative to the non-commercial test implemented by the MVD
laboratory, detecting policlonal antibodies in urine samples as a enzyme
immunoassay test [13]. Comparison tests resulted in 98% positivity compared
to 92% of the MVD test; in defense of the MVD laboratory, Lemonte argues the
unknown sensitivity for the Immy test, and proves by using the Immy tates its
sensitivity of 84% (compared to 92% of the MVD) [24]. The main disadvantage
of the IMMY test is the cross-reactivity with dimorphic fungal culture filtrate
antigens of C. immitis, P. brasiliensis and B. dermatiditis [13]. Additional
limitations for the IMMY test is that the test has been validated only in urine
samples and cannot be used for other biological samples, such as serum or
broncoalveolar lavage fluid. [17, 22].

In response to the LeMonte article, Cloud and colleagues criticize the MVD test,
arguing that the MVD test presents both technical and clinical failures along with
the fact that it presents cross-reactivity with galactomannan.

[24, 25]. In 2013 Theel and colleagues compare both IMMY and MVD tests (H.
capsulatum GM ASR EIA.), demonstrating 97.6% of positivity and 99.8%
specificity in comparison with the MVD test but with sensitivity of only 64.5%
(following the manufacturer’ recommendation). The article points out that the
MVD identified patients negative for the IMMY test, that both methods present
cross-reactions and that they both captured 11/11 (100%) of urinary antigen
[15].

The recent news is that IMMY is about to launch an ELISA kit using monoclonal
antibodies against H. capsulatum that promise to be more sensitive and specific
than the current assay based on polyclonal antibodies. Hamilton and colleagues

used monoclonal antibodies screening cross-reactivity with dimorphic fungi with
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similar antigens as Histoplasma, Blastomyces, Sporothrix e Paracoccidioides
species [26]. In 2015 Theel and colleagues updated the cut-off points, optimized
the IMMY GM ASR test (using monoclonal antibodies) and performed a
comparison with the MVista EIA, detecting Histoplasma earlier than the MVista
EIA test [27]. The lateral flow test is also under development by IMMY and may
allow for a real point-of-care diagnosis for histoplasmosis, as it is available for

cryptococcosis.

With the increase numbers of patients infected with the HIV in developing
countries, the US Centers for Disease Control and Prevention (CDC) developed
an in house enzyme-linked immunosorbent assay for H. capsulatum detection.
The test was validated in a study conducted in Guatemala [14]. This assay
identifies specific H. capsulatum antigens using polyclonal antibodies. The
validation process was conducted with internal controls and standard curves,
thereby increasing sensitivity and specificity, with 81% sensitivity and 95%
specificity for the diagnosis of histoplasmosis. Cross-reactions occurred for
patients with paracoccidioidiomycosis. Similar results were obtained in a study

conducted in Colombia, with 86% sensitivity and 94% specificity [14, 28].

The detection of galactomannan (GM), a polysaccharide that is mostly found in
the cell wall of Aspergillus species, is largely used in clinical practice for the
diagnosis of invasive aspergillosis in neutropenic patients. Since in the HIV
population histoplasmosis if far more common than aspergillosis, GM detection
has been suggested as a potentially helpful diagnostic test for histoplasmosis in
these patients [6, 29-32]. In a prospective study in which 78 HIV patients with
suspected DH were included, GM testing in the urine had limited sensitivity

(12.5%) in the diagnosis of DH (Hoffmann E, submitted manuscript).
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Molecular methods

The development of polymerase chain reaction (PCR) methodologies for H.
capsulatum has been the focus of many laboratories for a more rapid and
sensitive detection of such agent in tissue and body fluids. In order to achieve a
higher sensitivity and specificity a number of PCR methods targeting different
regions of the H. capsulatum genome were created, including conventional,
nested, and real time PCR [4, 33, 34]. These PCR methods are more sensitive
and specific than immunological or serological testing, but the absence of
commercially available FDA-approved methods (most PCR based methods
are homebrew technology without external validation) limit the generalization of

Histoplasma PCR results [34].

Based on the search and inclusion criteria, only three works were selected
when considering molecular methods (Tang et al. 2006, Maubon et al. 2007 e
Babady et al. 2001). Molecular biology methods vary according different PCR
methodologies that might be influenced by different DNA targets, reagents

primers, probes and platforms.

Babady et al in 2001 developed and validated a real-time PCR assay using 797
different clinical samples (not including urine), showing sensitivity of 73%
(11/15) and specificity of 100% (782/782) for H. capsulatum [4]. Using urine
samples Tang and colleagues tested 51 urine already known for the antigen
positive (MVD) plus 25 urine samples from healthy subjects, the test sensitivity
was low with only 4 (7.8%) positive samples from 51 positive to H. capsulatum
[33]. Maubon and colleagues used the method of nested PCR in 40 different

samples from patients suspected of disseminated histoplasmosis, according to
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the authors of the study showed 100% sensitivity and specificity for

histoplasmosis [34].

The Loop-Mediated Isothermal Amplification (LAMP) is a nucleic acid
amplification technique based on the helicase activity of Bst polymerase from
Bacillus stearothermophilus). One of the advantages of the LAMP technique
relies on the fact that the Bst polymerase is cheaper than Tag enzyme (used in
PCR reactions). Also, it involves minimum handling time and material usage.
Since results may be interpreted using UV light the assay may be used in
resource-limited laboratories. Although promising, LAMP methodology present
some weakness at this time: first, the method was only tested in urine samples;
second, both sensitivity 4/6 (67%) and specificity (100%) remain to be
elucidated, the method showed an average detection limit of 6 genomes; and
third, the difficulty of extracting high-quality fungal DNA through a rapid and

inexpensive process remains challenging [35].
Conclusions

Even presenting a cosmopolitan distribution, the exact frequency of
histoplasmosis is still not known across the world, as only a few laboratories are

equipped, prepared and able to correctly perform the diagnosis.

According to the Global Action Fund for Fungal Infections (GAFFI), DH is a
prevalent disease in AIDS patients (15.4 cases/1,000 people/year) with a
overall mortality as high as 45.3%. There is a major need for the implementation

of global traceability system for a better understanding of the disease [36].

Diagnosis of disseminated histoplasmosis is now possible at early stages using

non-culture-based methods, thus being able to identify and diagnose within
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hours, reducing hospitalization costs, and increased patient survival. Several
diagnostic methods have been developed in this regard, in particular
immunologic methods for the detection of Histoplasma antigens in urine
samples, and real time PCR. Even though these infections are endemic in
several countries in the American continent, there is an urgent need to provide
these countries with these newer, faster, and sensitive techniques, in order to
improve patient’s outcome and make a better use of medical resources in

clinical practice.



238

Appendices

Figures

Figure 1: Flow up of search strategy of articles using Pubmed.
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PUBMED search

Search strategy resulted in 206 articles

Search by title and abstract by two independent reviewers

Articles included in the review (n=18)

Excluded (n=188):
review articles (n=49),
case reports (n=101),
non-human studies
(n=26), n<10 (n=9),
and non-Histoplasma
studies (n=3)

Manuscript review and data extraction
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6. Consideracoées finais

Refletindo sobre os artigos em comparagdo com o presente estudo
sabe-se que o H. capsulatum apresenta uma distribuicdo cosmopolita, mas a
frequéncia exata da HD ainda nao é conhecida em todo o mundo. Devido a
esta falta de vigilancia epidemiolégica e a dificuldade no diagnéstico, sua real
influéncia na morbimortalidade em pacientes que adquirem HD ainda € uma
incégnita. A HD é uma doenca que acomete principalmente pacientes
imunodeprimidos assolados pelas complicacbes do HIV, de acordo com o
Fundo Global de Acao para infeccoes fungicas (Gaffi), a histoplasmose tem
uma mortalidade global de 45,3%, mostrando necessidade da implementacao
de um sistema de rastreabilidade global para uma melhor compreensédo da
doenca (Gaffi, 2015).

Este é o primeiro estudo conduzido prospectivamente para documentar
a prevaléncia de histoplasmose em uma coorte de pacientes com HIV e
suspeita de doenca disseminada concomitantemente a nivel nacional. A
presenca do H. capsulatum no Brasil é endémica e ndo é considerada uma
doenca de notificacdo compulsoéria, assim desconhecendo sua prevaléncia e
distribuicao geografica no pais. Além disso, este € o primeiro estudo no Brasil a
utilizar testes de diagnéstico para deteccdo do antigeno urinario para H.
capsulatum e a primeira revisdo sistematica mostrando as vantagens e
desvantagens dos testes alternativos a cultura do mesmo.

Os resultados deste estudo mostraram que tanto os testes
implementados pelo CDC quanto IMMY® obtiveram um desempenho melhor
do que os métodos de diagnéstico classicos (cultura e histopatologia) em

pacientes que apresentavam AIDS com suspeita de histoplasmose
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disseminada. Ademais, o teste CDC Histoplasma EIA ndo havia sido
comparado com testes comerciais, tais como o teste IMMY® EIA e PlateliaTM
Aspergillus GM, também é importante mencionar que o CDC néo vai mais
apoiar o seu teste do antigeno EIA. Ao final da pesquisa os testes IMMY® e
CDC detectaram todos os casos de histoplasmose disseminada que haviam
sido diagnosticados por métodos classicos.O método IMMY® detectou 62,5%
casos adicionais de histoplasmose disseminada em comparagao aos métodos
classicos. Estudos anteriores conduzidos por Cummings (2007), Ranque
(2007) e Xavier (2008) ja demonstraram que o teste PlateliaTM Aspergillus GM
pode reagir de forma cruzada com H. capsulatum, sugerindo a utilizacado deste
teste para rastrear possiveis pacientes com HD. Em nosso estudo o
desempenho para o teste GM em amostras de urina dos pacientes com
suspeita de HD mostrou baixa sensibilidade (12,5%).

Na avaliacdo das fichas clinicas foi possivel observar e validar preditores
clinicos para histoplasmose em pacientes com AIDS junto com suspeita de
doenca disseminada. Utilizando métodos classicos como referéncia além dos
novos métodos de ELISA na urina, foi observada a presenca de Ulceras orais e
considerada um forte preditor para diagnostico de histoplasmose disseminada,
isso ocorreu independentemente do padrdao de ouro escolhido (métodos
classicos, IMMY® ou CDC). Outras variaveis de importancia foram sintomas
pulmonares, linfonodomegalias mediastinais e lesdes de pele (papulas). Esses
critérios clinicos corroboram com a literatura ja mostrados por Goldani (2009) e
Vidyanath (2013). Outro achado importante foi a tuberculose disseminada,

observada em 13 pacientes, instigando a necessidade do diagnéstico
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diferencial, também relatada na literatura por Baddley (2014) a co-existéncia de
H. capsulatum e M. tuberculosis.

Ao final os estudos mostraram grande relevancia no diagnostico de HD
através dos métodos alternativos em comparacao aos métodos classicos. Além
de ser o primeiro estudo a mostrar a prevaléncia da HD de acordo com o
padrao-ouro (10,2%), IMMY (16,7%) e teste CDC (17,9%), a detecgcdo de
antigenos de Histoplasma na urina por métodos de EIA melhorou a
sensibilidade diagnéstica acima de 40%, em comparacdo com os métodos de
diagnésticos classicos. Através destes métodos nao baseados em cultivo agora
€ possivel o diagnéstico da histoplasmose disseminada em fases iniciais da
doenca, identificar e diagnosticar em apenas algumas horas, reduzir custos de
hospitalizagdo e aumentar a sobrevida do paciente.

Atualmente varios métodos de diagndstico tém sido desenvolvidos, em
particular, métodos imunolégicos para a deteccao de antigenos em amostras
de urina e PCR em tempo real. Neste momento encontram-se em fase
desenvolvimento estudos e projetos com anticorpos monoclonais no laboratério
de biologia molecular da Santa Casa de Porto Alegre/Brasil, em articulacao
com uma rede maior de centros médicos, para melhor reportar a frequéncia de

histoplasmose nas mais diferentes regides do Brasil.
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Termo de consentimento livre e esclarecido (TCLE)

Estudo: Histoplasmose em pacientes portadores de HIV/SIDA no Brasil

Vocé estd sendo convidado para participar de uma pesquisa que tem
como objetivo avaliar a presenga de Histoplasmacomo causa de infeccado em
pacientes com o virus da AIDS (HIV). Com os métodos atualmente disponiveis,
€ muito dificil saber se esta infec¢do esta presente, sendo que ela pode causar
a morte. Neste estudo, testaremos sua urina para a presenca deste fungo.

Sua participacao é voluntaria e nenhuma forma de pagamento ocorrera
no estudo. A decisdo de nao participar ndo afetara seu tratamento ou relacao
com seus médicos de maneira alguma. O teste sera reproduzido de acordo
com estudo publicado pelo CDC (Centers for DiseaseControlandPrevention),
orgao do governo americano que investiga doencas.

Sera preciso que vocé assine duas vias deste termo. Uma ficara com
vocé e a outra com o médico do estudo. Apds sua concordancia em participar
do estudo, vocé devera urinar em um frasco proprio para a coleta de urina, o
volume aproximado de 20 mL (meio frasco). Sua urina sera enviada para o
Laboratério de Biologia Molecular da Santa Casa de Porto Alegre, onde sera
feito o teste para pesquisa do fungo. Os resultados serdao repassados ao seu
médico, que decidira sobre o seu tratamento. Revisaremos seu prontuario
médico para saber mais sobre o estado de sua doenca. Todas as informacdes
do estudo sao sigilosas, incluindo seu nome, sua doenca e resultado de seus
exames. A entrada no estudo nao trara qualquer custo a vocé ou ao hospital.
Vocé ndo tera nenhum risco em participar deste estudo. Como potencial

beneficio, vocé podera tomar conhecimento caso esteja com infecgéo por este
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fungo; ainda, os resultados gerados por este estudo poderdo ajudar muitos
outros pacientes que estejam doentes com 0 mesmo problema.

Vocé pode fazer perguntas a qualquer momento sobre este estudo ao Dr.
Alessandro Pasqualotto (coordenador do projeto) pelo telefone 51 99951614;
51 3213 7490. O endereco profissional € o seguinte: Laboratério de Biologia
Molecular Irmandade Santa Casa de Misericérdia de Porto Alegre. Avenida
Independéncia 155 (Hospital Dom Vicente Scherer)- 8° andar (Heliponto) - CEP
90035-074. Em caso de duvidas adicionais sobre este termo ou seus direitos,
favor contatar o Comité de Etica em Pesquisa da Irmandade Santa Casa de

Misericérdia de Porto Alegre, pelo numero 51 32148571.
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Li e compreendi as informacdes e estou de acordo em participar do

estudo.

A ser preenchido pelo paciente ou representante:

Nome: Assinatura:

Data: / /

A ser preenchido pelo pesquisador que aplicou este termo:

Nome: Assinatura:

Data: / /

Para sujeito de pesquisa analfabeto, usar o campo abaixo

Este formulario foi
para
paciente) em / / (data) pelo

lido

do

(nome do pesquisador) enquanto eu estava presente.
Assinatura da Testemunha
Nome:

Data: / /
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Estudo: Histoplasmose em pacientes portadores de HIV/SIDA no Brasil

INFORMACAO DO PACIENTE

Data de coleta das amostras: / /

(dd/mm/aaaa)

Hospital:

Iniciais do nome do paciente:

Cddigo do Paciente:

Data do inicio dos sintomas: / /

Sexo: [ |Masculino [_] Feminino
(dd/mm/aaaa)
Data de nascimento: / / Idade: [ ]dia [ Jmés [ Jano

(dd/mm/aaaa)

Cidade/Estado de nascimento: /

Morou em outro Estado: [ ]Sim [ |Ndo [_]N&o obtido

Se Sim, qual

Endereco de Residéncia:

Sobre a infec¢ao pelo HIV

prévia: [] PCP

Data do diagndstico de HIV: / / Ja tratava com ARV (antiretroviral) na ultima
(dd/mm/aaaa) consulta?
[] N&o obtido [ ]Sim [[JNao [ IN&o obtido
Contagem de CD4: células/mm?
Data de contagem do CD4: / /
(dd/mm/aaaa) Carga viral do HIV: cépias/ml
Contagem de CDS8 : células/mm?® Data de contagem da CV: / / (dd/mm/aaaa)
Data de contagem do CDS8: / /
(dd/mm/aaaa)
Diagnostico prévio de histoplasmose? Data do diagnostico prévio:  / /
[ISim [[JNdo [IN&o obtido (dd/mm/aaaa)
Doenca oportunistal ] TB [] cmv

[ ] Linfoma SNC
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[] Criptococose

[] Toxoplasmose SNC

Profissao atual:

Profissao (0es) anteriores:

[

Candidose (forma clinica)

] Outra infeccao (especificar)

DADOS EPIDEMIOLOGICOS DA HISTOPLASMOSE

Procedéncia:
Naturalidade:

Moradias anteriores:

] Atividade rural

[] Exposicao a passaros
Exposicao a
especifico:

[ ] Cavernas

risco|[_] Trabalha com construcéo civil/ demoli¢ao

[] Exposigao a outros locais com morcegos. Qual

[ ] Tanel

[ ] Galinheiro/ Granja

[ ] Outros:

Manifestacoes gerais:

SINAIS E SINTOMAS RELACIONADOS A HISTOPLASMOSE

Sudorese noturna: [_|Sim [ JNao [ |N&o obtido

Febre: [ISim [[INdo [IN&o obtido Perda de peso: [ |Sim [ |Nao [ |N&o obtido

Fraqueza [ 1Sim [INdo [ IN&o obtido Qual a perda? Em quanto

Anorexia [_]Sim [JNao [ ]N&o obtido tempo?

Sintomas pulmonares: [ ]Sim [ JNdo [ JN&o Lesdo oral: [ |Sim [ |Nao [ |N&o obtido

obtido Localizagdo: [ ]Tonsilas [ ] Faringe

[ IDispnéial ] Tosse seca [ ] Tosse produtiva [] Lingua

[ 1 Hemoptise [ ]Sibilancia[ ] Dor toracica [ ]Gengiva [ ] Mucosa oral [ ] Laringe
Descricao de sintomas respiratorios: Tipo: [ ] Ulceragbes [ | Placas [ ] Verrucosas

[] Papulas




74

Descricao das lesoes orais:

Manifestacdes abdominais: [ |Sim [ |Ndo [ |N&o

obtido

[IDiarréial_] Nausea [_] Vémito L]
Esplenomegalia L]
Hepatomegalia[_] Dor abdominal ]

Enterorragia

[ ] Disfagia [ ] Ulceragdo na mucosa TGl [
Pseudopdlipos

[1Placas [ ] Envolvimento do intestino grosso

Descricdo das manifestacdes abdominais:

Linfonodos aumentados: [ ISim [_INao [ |N&o obtido
[ ] Hilares [] Cervicais [ ] Axilares []
Adenomegaliageneraliz.

[] Outros - Especificar:

Descricao da linfoadenopatia:

Lesdes de pele:[ ]Sim[_INao [ |N&o obtido

[ 1Rash[_] Macula [ ] Papulas [_]P4apulas com crostas

[ ] Placa [ JPlaca com crosta [ ] Pustula [ ]
Noédulo
[] Celulite [ |Eritemato-violaceas []

Ulceras/Erosoes

Descricao das lesbes de pele:

Sintomas e sintomas neurolégicos: [ |Sim [ JNao [ ]
N&o obtido

[_] Déficit neurologico focal [] Confuséo
mental

[ ICefaléial_] Meningite crénica [_] Meningite aguda
[] Convulsées [ ] Hidrocefalia [ ] Hipertenséo

intracraniana
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Descricao das manifestagdes neurologicas:

ACHADOS DE IMAGENS DA HISTOPLASMOSE

[ ]JSim [JN&o [JN&o obtido

TORAX:

Pulmao:

] Normal [_]Padrao miliar [_] Padrao intersticial [_] Consolidagéo

] Infiltrado reticulonodular[_]Infiltrado focal [] Infiltrado difuso [] Derrame pleural [ ] Adenopatia mediastinal
[] Fibrose pulmonar [_] Granuloma [_]Granuloma calcificado [_] Cavidades [ ]Broncolitiase

Anormalidades Bilaterais:[ 1Sim[_|N&o [ ]N&o obtido

Clsb b [JM [JLSE []LIE [] Mediastino

Outros achados pulmonares:

ABDOMEN:
[] Comprometimento da adrenal, a saber: [_] Necrose [ ] Calcificagdes [ ] Aumento de volume

[ |Hepatomegalia[ ] Esplenomegalia [ ]Adenomegalias intra-abdominais

SISTEMA NERVOSO CENTRAL.:

[ ] Abscesso cerebral [ ] Meningite [ ]Ventriculite[ ]JAracnoidite

[] Leséao simples [] Lesdes multiplas

DIAGNOSTICO LABORATORIAL DE HISTOPLASMOSE

Data do diagnodstico de histoplasmose: / / (dd/mm/aaaa)

Diagnostico de histoplasmose (no hospital local): | ] Sorologia: [ ]Imunofluorescéncia Direta [ ]
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[ IPositivo [ ]Negativo Immunoblotting
Testes realizados: Valores normais:_
1 Micologico direto — material analisado: Resultado:_
[ ] Proteina C reativa  Valores normais;_
Resultado: Resultado:_
[ ]LDH Valores normais:___
L Resultado:
[] Cultura — material analisado: [ |Fosfatase alcalina Valores normais:__
Resultado:
Resultado: [ IFerritina Valores normais:__
Resultado:
n [_]Aminotransferases Valores normais:._ |
[] Biépsia - material analisado: Resultado:_
[ ] Gama GT Valores normais:; |
Resultado: Resultado:
[] Hemoglobina Valores normais:
L Resultado:
[ ] Leveduras em sangue periférico [] Plaquetas Valores normais:_
Resultado: Resultado:
[ ] Leucocitos Valores normais;_
L Resultado:
Pancitopenia: [1Sim [IN&o [ IN&o obtido [] Linfocitos Valores normais;_
Resultado:
Foram prescritos medicamentos antifungicos? [ ]Sim [ INdo [ IN&o obtido
Os medicamentos prescritos foram todos para tratamento de histoplasmose? [ |Sim [ INdo [ INao
obtido
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Se sim, quais? Data que iniciou Data da ultimaQuantidade da ultima dosagem
dose (mg/d)
[] Fluconazol / / / /
[ltraconazol / / I
[] Anfotericina B / / / /
convencional
[_JAnfotericinaB / / / /
formulacao lipidica
[]Sulfametoxazol / / I
[]Outra medicagéo / / / /
(especificar)
RESULTADOS
Data da ultima consulta: / / (dd/mm/aaaa) — Seguimento de até 30 dias.

Nao obtido

Resultado da ultima consulta: [ | Sobreviveu [ ] Morreu

Data da morte: / / (dd/mm/aaaa)[_]

Outros resultados ou observacoes:




Anexo lll: Tabela das caracteristicas clinicas
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