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RESUMO

Os acaros Blomia tropicalis e Dermatophagoides pteronyssinus desempenham um papel
importante no desencadeamento de manifestacfes alérgicas. A identificagdo de &caros é
principalmente baseada na morfologia, uma técnica demorada e ambigua. O acaro
Glycycometus malaysiensis € alergénico e morfologicamente semelhante a B. tropicalis, o que
torna crucial a identificacdo precisa dessas espécies. Neste estudo, projetamos um ensaio de
reacdo em cadeia da polimerase multiplex (mMPCR) baseado em DNA ribossomal (rDNA) para
identificar os acaros B. tropicalis, D. pteronyssinus e G. malaysiensis. Para isso, a regido do
espacador transcrito interno 2 (1TS2), flanqueada por sequéncias parciais dos genes 5.8S e 28S,
foi amplificada e sequenciada. As sequéncias obtidas foram alinhadas com sequéncias co-
especificas disponiveis na base de dados Genbank visando o desenho de primers e estudos
filogenéticos. Os resultados obtidos suportam que a regido 1TS2 apresenta uma boa resolugédo
para identificacdo de espécies. Trés pares de primers foram escolhidos para compor 0 mPCR,
que foi utilizado para verificar a frequéncia dos acaros estudados em vinte amostras de poeira
domiciliar de residéncias na cidade de Salvador, nordeste do Brasil. Os dados mostraram que
B. tropicalis foi o0 4caro mais prevalente, encontrado em 95% das amostras, seguido por G.
malaysiensis (70%) e D. pteronyssinus (60%), sendo que 55% das amostras abrigaram o0s trés
acaros. Além disso, foi a primeira vez que G. malaysiensis foi identificado no Brasil e sua
sequéncia 1TS2 foi disponibilizada. O ensaio mPCR provou ser uma ferramenta rapida,
confidvel e simples para identificar esses &caros e podera ser aplicado em futuros estudos
epidemioldgicos ou diagndsticos, bem como para o controle de qualidade de producéo de

extratos de acaros para serem usados em ensaios clinicos.

Palavras-chave: Alergia; Multiplex PCR; Identificacdo de espécies; Blomia; Glycycometus;
Dermatophagoides



Alves, Vitor dos Santos. Multiplex PCR assay for identification of mites in culture and
environmental samples. 54 f.: il. 2021. Master dissertation - Institute of Health Sciences,
Federal University of Bahia, Salvador, 2021.

ABSTRACT

The Blomia tropicalis and Dermatophagoides pteronyssinus mites play an important role in
triggering allergic manifestations. The identification of mites is mostly based on morphology,
a time-consuming and ambiguous technique. The mite Glycycometus malaysiensis is allergenic
and morphologically similar to B. tropicalis which makes the precise identification of these
species crucial. Inthis study, we designed a multiplex polymerase chain reaction (MPCR) assay
based on ribosomal DNA (rDNA) to identify the mites B. tropicalis, D. pteronyssinus and G.
malaysiensis. For this, the internal transcribed spacer 2 (ITS2) region, flanked by partial
sequences of the 5.8S and 28S genes, were amplified and sequenced. The sequences obtained
were aligned with co-specific sequences available in Genbank database aiming at the design of
primers and phylogenetic studies. The results support that the ITS2 region presents a good
resolution for species identification. Three pairs of primers were chosen to compose the mPCR,
which was used to verify the frequency of the mites studied in twenty house dust samples from
homes in the city of Salvador, northeast Brazil. The data showed that the B. tropicalis was the
most prevalent mite, found in 95% of the samples, followed by G. malaysiensis (70%) and D.
pteronyssinus (60%), and that 55% of the samples harbored the three mites. Furthermore, it was
the first time that G. malaysiensis was identified in Brazil and its ITS2 sequence was made
available. The mPCR assay proved to be a fast, reliable and straightforward tool for identifying
these mites and could be applied in future epidemiological or diagnostic studies, as well as for

quality control of the production of mite extracts to be used in clinical trials.

Keywords: Allergy; Multiplex PCR; Species identification; Blomia; Glycycometus;
Dermatophagoides
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1. INTRODUCAOE REVISAO DA LITERATURA

A subclasse Acari possui cerca de 50.000 espécies descritas e, por ser cosmopolita, €
estimado existir entre 540.000 e 1.133.000 espécies de acaros no mundo, 0 que os torna, apos
0s insetos, o grupo mais popular de artropodes (WALTER; PROCTOR, 2003). Para lidar com
a grande diversidade dos acaros, os acarologistas os agrupam de acordo com o local em que séo
encontrados no espaco urbano. Sendo assim classificados em dois grupos: &caros de poeira
(House Dust Mites - HDM) e acaros de armazenamento (Storage Mites - SM). A classificacao
dos acaros em SM e HDM ndo é duradoura porque os acaros podem migrar de SM para HD M,
como aconteceu com B. tropicalis, originalmente identificado e caracterizado como SM (VAN
BRONSWIJK; DE COCK, 1974) e que agora €é aceito como um HDM.

Acaros de poeira doméstica, como Dermatophagoides pteronyssinus (Pyroglyphidae:
Dermatophagoidinae) e Blomia tropicalis (Glycyphagoidea: Echymyopodidae), consomem
epitélio humano, resquicios de nutrientes, fungos, bactéria e polen. Os HDM, por estarem
proximos a humanos, tem uma importancia médica, sendo responsaveis por crises de asma,
rinite alérgica e eczema (FRANKLAND, 1971; THOMAS; HALES; SMITH, 2010). Alguns
acaros possuem diversos antigenos que sdo capazes de se ligar a imunoglubulina E (IgE)
(CARABALLO etal., 1994) — para B. tropicalis, por exemplo, 25 proteinas alergénicas foram
identificadas, 13 sendo reconhecidas pelo International Union of Immunological Societies
(TUIS) (SANTOS DA SILVA et al., 2017) —, essa ligacdo promove a liberacdo de mediadores
inflamatorios pelos mastdcitos, tais como histamina, fatores quimiotaticos, citocinas e
metabolicos do acido araquiddnico, os quais irdo agir na musculatura lisa, tecido conjuntivo,
glandulas de mucosa e células inflamatdrias, levando a quadros de alergia (BORISH; JOSEPH,
1992).

Em paises de clima tropical, como o Brasil, os HDM mais prevalentes e importantes do
ponto de vista médico sdo B. tropicalis e D. pteronyssinus (PUERTA et al., 1993; CHEW et
al., 1999a; BINOTTI et al., 2001). BAQUEIRO et al., (2006), utilizando identificacdo
morfoldgica, avaliou a frequéncia de oito espécies de a&caros em amostras de poeira de 101
camas de dois grupos socioecondmicos da cidade de Salvador, Brasil. Os acaros mais
frequentemente encontrados foram B. tropicalis (71.8%) e D. pteronyssinus (39.9%).

Acaros como Tyrophagus putrescentiae, Acarus siro e Glycycometus malaysiensis
(Glycyphagoidea: Aeroglyphidae) sdo chamados de éacaros de armazenamento, pois S&o
encontrados em instalacbes de armazenamento de grdos, como trigo, milho e cevada (VAN
HAGE-HAMSTEN; JOHANSSON, 1992; PALYVOS; EMMANOUEL; SAITANIS, 2008).
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Estes acaros podem contaminar processos industriais que envolvem graos, visto que encontram
um ambiente 6timo para reproducéo; alem disso, podem infestar alimentos, um problema para
individuos sensiveis (THIND; CLARKE, 2001; VOGEL; DAL BOSCO; FERLA, 2015).

O SM G. malaysiensis é morfologicamente parecido com o HDM B. tropicalis
(COLLOFF, 2009b; LING et al., 2019), 0 que pode levar ao cultivo incorreto dessas especies.
Além disso, estudos mostraram que G. malaysiensis tem um papel no desencadeamento de
manifestacBes alérgicas (CHEW et al., 1999b; TANG et al., 2011). CHEW et al., (1999Db),
mostrou que 78.2% dos pacientes que tinham asma e/ou rinite alérgica apresentavam teste de
reacdo cutanea (Skin prick test) positivo para G. malaysiensis. Outro fato importante mostrado
por esse estudo € que G. malaysiensis e B. tropicalis compartilham antigenos similares, os quais
levam a producdo de anticorpos que apresentam reacao cruzada, com niveis de IgE altamente
correlacionados.

G. malaysiensis nunca foi identificado nos estudos de prevaléncia de acaros no Brasil,
mas a sua prevaléncia ja foi verificada em outros paises através de identificacdo morfoldgica.
Esse acaro foi encontrado em 35% das amostras em Singapura (CHEW et al., 1999a), em 40%
das casas em Klang Valley, Malaysia (MARIANA et al., 2000), e em 6.37% das amostras
coletadas em areas urbanas no Panama (MIRANDA; QUINTERO; ALMANZA, 2002).

De acordo com a organizacdo mundial de saide (OMS) a estratégia de tratamento ideal
para a rinite alérgica consiste em evitar o alérgeno, farmacoterapia e imunoterapia
(BOUSQUET; LOCKEY; MALLING, 2005). A imunoterapia utiliza pequenas doses de
extratos alergénicos para aumentar a toleréncia clinica e diminuir a sensibilidade dospacientes
aos alérgenos (YANG; ZHU, 2017), sendo uma técnica valiosa para tratamento de rinite
alérgica (KOUZEGARAN et al., 2018). Além disso, os extratos alergénicos séo utilizados no
diagnostico, seja por meio de testes in vitro como o ELISA (Enzyme-Linked Immunosorbent
Assay), ou por meio de testes cutaneos, como o Skin Prick Test.

Sendo assim, devido ao uso de extratos alérgicos na pesquisa cientifica, no diagnostico
e tratamento de alergias, os acaros devem ser cultivados em culturas espécie-especificas, o que
faz a identificacdo da espécie crucial na produgdo de extratos alergénicos de qualidade. A
cultura dosacaros pode comegar através daobtencdo de acaros coletados em amostras de poeira
domesticas, estes, posteriormente, sdo separados individualmente utilizando microscopio, e
cultivados em garrafas de cultura celular suplementadas com alimento (spirulina e levedura),
mantidas em estufas com controle da temperatura e umidade (COLLOFF, 2009a).

Os acaros sdo geralmente identificados com base em chaves morfologicas, dados

ecoldgicos, bioldgicos e comportamentais (COLLOFF, 2009b). No entanto, ha problemas em



11

se utilizar apenas chaves morfoldgicas na identificacdo de acaros. Além de ser uma técnica
laboriosa, que requer amostras bem conservadas e presenca de estagios adultos, espécies
morfologicamente parecidas, como Dermatophagoides farinae e Dermatophagoides
microceras e G. malaysiensis e B. tropicalis podem levar a incertezas na identificacdo até
mesmo por acarologistas experientes (COLLOFF; SPIEKSMA, 1992; COLLOFF,1998; LING
et al., 2019). Além disso, os &caros nem sempre sdo encontrados na fase adulta ou intactos
(quando na forma de extratos alergénicos), dificultando ainda mais a certificacdo da espécie
(COLLOFF; SPIEKSMA, 1992). Devido a estas dificuldades, técnicas biotecnoldgicas vém
sendo utilizadas como importante ferramenta na identificacdo de acaros.

O DNA ribossémico (rDNA) é amplamente utilizado como marcador em estudos
filogenéticos e identificacdo de espécies (HILLIS; DIXON, 1991). Em eucariotos, as regides
ribossomais espacadoras transcritas internas (internal transcribed spacer - ITS), como a ITS1
e ITS2, séo espacos situados entre os genes das subunidades 28S, 5.8S e 18S do rDNA; esse
arranjo forma um cluster que se repete em tandem mais de 100 vezes no genoma, e pode até
ser encontrado em mais de um cromossomo (WEN; LEON; HAGUE, 1974). As trés
subunidades sdo altamente conservadas e podem ser aplicadas em identificagdo de grupos
taxondmicos, ja as regibes ITS evoluem rapidamente e sdo bastante variadas em sequéncia,
podendo ser utilizadas na identificacdo de espécies. Além disso, como as regides ITS's estéo
situadas entre genes conservados, a criacdo de iniciadores especificos para amplificar essas
regides é facilitada.

A regido ITS2 e a subunidade 1 do citocromo oxidase (cytochrome oxidase subunit | —
Cox I) ja foram amplificadas e sequenciadas visando a identificacdo de seis espécies de acaros
(YANG; CAI; CHENG, 2011). As regides 1TS1, subunidade 5.8S e ITS2 também foram
sequenciadas para estudo filogenético de 6 espécies de acaros comercialmente importantes da
familia Phytoseiidae, aplicados como agentes no controle biolégico de pragas (NAVAJAS et
al., 1999).

Além do sequenciamento de DNA, outro exemplo de técnica molecular que pode ser
aplicada na identificacdo de acaros é aamplificacdo através daReacdo em Cadeia daPolimerase
(Polymerase Chain Reaction — PCR) de uma dadaregido do genoma seguida da digestdo com
enzimas de restricdo e analise dos fragmentos gerados da digestdo das bandas em gel,
denominada polimorfismo no comprimento do fragmento de restricdo (Restriction Fragment
Length Polymorphism — RFLP). A PCR-RFLP baseia-se na capacidade dasenzimas de restri¢éo
em clivar o DNA em sequéncias especificas de 4 a 8 nucleotideos ou proximas a essas

sequéncias. Quando a técnica é aplicada as regibes polimérficas do genoma, o padrdo de
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digestdo gerado pelas enzimas de restricdo serd diferente de espécie para espécie. O
polimorfismo pode ser constatado pela presenca ou auséncia de sequéncias especificas, o que
altera o tamanho dos fragmentos digeridos ou ocasiona na auséncia de clivagem pelas enzimas
de restricdo escolhidas para o ensaio.

A técnica de PCR-RFLP aplicada as regides ITS foi utilizada na identificacdo de 3
espécies de acaros comerciais (Neoseiulus cucumeris, Amblyseius swirskii, e Neoseiulus
barkeri) sem a necessidade de sequenciamento (SYROMYATNIKOV etal.,2018). OSAKABE
et al., (2008), buscando a padronizacao e simples identificacdo de acaros dogénero Tetranychus
(spider mites), considerados pragas agricolas, aplicaram a PCR-RFLP a regides ITS desses
acaros para criagdo de um catalogo que simplificava a visualizacdo dos padrdes de digestao
gerado por 5 enzimas de restricdo, o qual tem potencial aplicacdo na verificacdo da
biosseguranca de plantas em quarentena no Japao.

A regido ITS2 de HDM também ja foi utilizada na identificacdo dos acaros G.
malaysiensis, B. tropicalis, Dermatophagoides pteronyssinus, Dermatophagoides farinae, T.
putrescentiae e Acarus ovatus com a utilizacdo de 8 enzimas de restricio (WONG et al., 2011).
Mais recentemente, BEROIZ et al., (2014) amplificou a regido do rDNA de 13 acaros que
contemplava as regifes 1TS1, 5.8S e ITS2. Os fragmentos foram sequenciados para analise dos
sitios de restricdo com finalidade de submeter esses fragmentos a PCR-RFLP com uso de
apenas duas enzimas de restricdo, permitindo a identificacdo de treze espécies de &caros
utilizados como extratos alérgicos em estudos clinicos. O estudo foi aplicado a &caros em
cultura, com crescimento exponencial, e a &caros em amostras ambientais. Para acaros em
amostras ambientais, foi necessario realizar uma nested PCR para amplificar unicamente as
regibes I TS1, que posteriormente eram digeridas, permitindo a discriminacdo das espécies.

As desvantagens em utilizar PCR-RFLP para identificacdo de espécies deriva do fato
dedemandar mais etapas, pois, além de extrair o DNA dos &caros e amplificar por PCR aregido
de interesse, é necessaria, ainda, a digestdo enzimatica, que pode levar de 2 a 16 horas. Além
disso, devido ao grande numero de bandas geradas da digestdo e do fato da PCR amplificar o
rDNA de qualquer acaro presente (ndo sendo espécie-especifica), ha maiores problemas na
interpretacdo dos resultados, podendo gerar erros e ambiguidades na interpretacdo dos perfis
gerados.

Uma abordagem tecnicamente mais simples e eficaz seria o design de iniciadores de
PCR especificos para os acaros de interesse. Com isso, a banda s6 apareceria no gel de
eletroforese se a amostra for positiva para um dado acaro, diferentemente dos iniciadores

utilizados na maioria dos trabalhos, que amplificam o DNA de qualquer acaro. A multiplex
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PCR (mPCR) é um ensaio de PCR que utiliza mais de um par de iniciadores, permitindo a
amplificacdo de mais de um fragmento génico. Apds devidapadronizacdo, ela € Gtil em estudos
de diagnostico, pois reduz o tempo de andlise por amostra e 0 gasto com reagentes.

Até o momento, poucos trabalhos fizeram o uso da mPCR para identificar &caros.
Alguns focaram na identificacdo de &caros considerados pestes agricolas (SINAIE;
NAMAGHI; FEKRAT, 2018; ZELE; WEILL; MAGALHAES, 2018; GOMEZ-MARTINEZ
et al., 2020) e outros na identificacdo de HDM. THET-EM et al., (2012) desenvolveu um ensaio
de mPCR espécie-especifico para avaliar a prevaléncia dos &caros D. pteronysinus, D. farinae
e B. tropicalis em 30 amostras de poeira doméstica da Tailandia. O ensaio utilizava 3 pares de
iniciadores para amplificar a regido 1TS2 de D. pteronysinus e D. farinae, e Cox | para B.
tropicalis. No entanto, as sequéncias dos iniciadores ndo foram disponibilizadas nos trabalhos
publicados. Além disso, ndo houve sequenciamento de nenhuma das bandas das mPCR das 30
amostras de poeira, 0 que poderia dar uma seguranga quanto a especificidade do ensaio para 0s
acaros estudados. Poeira doméstica pode conter DNA de diversas espécies e essa diversidade
de espécies pode variar entre regides geograficas (BARBERAN et al., 2015). Algumas dessas
espécies podem ser desconhecidas ou nédo ter a sequéncia nucleotidica disponivel em bancos de
dados. Comisso, 0 sequenciamento das bandas se torna importante em estudos de identificacéo
molecular de espécies. Mais recentemente, OLIVEIRA etal., (2021) desenhou um ensaio de
mPCR especifico para os HDM D. pteronysinus e D. farinae, capaz de identificar os acaros
citados em amostras ambientais. O sequenciamento das amostras foi utilizado para confirmar a
especificidade do método.

Ha uma tendéncia na utilizacdo de abordagens moleculares para identificacdo de
espécies, e naacarologia ndo é diferente. As abordagens moleculares sdo mais precisas e rapidas
em relacdo as analises morfologicas, permitindo analise quando ndo ha possibilidade de
verificacdo morfoldgica — quando ha somente o extrato do acaro ou em amostras ambientais
pouco conservadas, por exemplo. Essas técnicas podem, portanto, ser utilizadas em estudos
epidemioldgicos e diagnosticos de &caros de interesse.

Com isso, o objetivo do presente trabalho é desenvolver um ensaio de multiplex PCR
espécie-especifica, baseado em ITS-rDNA, capaz de identificar as espécies de éacaros D.
pteronyssinus, B. tropicalis e G. malaysiensis em cultura e amostras ambientais. Além disso,
avaliar a frequéncia desses acaros na poeira deresidéncias da cidade de Salvador (BA), nordeste

do Brasil.
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2. OBJETIVO
2.1. Geral
Desenvolver um ensaio de Reacdo em Cadeia daPolimerase multiplex (mPCR) espécie-
especifico capaz de identificar as espécies de acaros Blomia tropicalis, Glycycometus
malaysiensis e Dermatophagoides pteronyssinus a partir de DNA extraido de i) amostras
ambientais, i) massa de cultura de &caros e iii) &caros individuais. E testar esse ensaio
verificando a prevaléncia desses &caros em amostras de poeira doméstica dacidade de Salvador,

nordeste do Brasil.

2.1. Especificos

1. Identificar sequéncias genémicas desses acaros, para isso: amplificar, clonar e
sequenciar o rDNA de B. tropicalis e G. malaysiensis e obter as sequéncias de D.
pteronyssinus do banco de dados Genbank.

2. Desenhar iniciadores espécie-especificos baseados na regido ITS-rDNA para B.
tropicalis, G. malaysiensis e D. pteronyssinus.

3. Padronizar as extracdes de DNA para i) amostras ambientais, ii) massa purificados
de cultura de &caros e iii) acaros individuais.

4. Testar os iniciadores desenhados para 0 DNA dos &caros estudados e selecionar 0s
pares de iniciadores que serdo utilizados no ensaio de mPCR.

5. Testar amPCR quanto a sua especificidade e sensibilidade.

6. Coletar amostras de poeira do colchdo de 20 residéncias da cidade de Salvador,
Bahia e identificar os &caros estudados nessas amostras através da mPCR.

7. Clonar e sequenciar as bandas dos trés &caros estudados das amostras de poeira para
confirmacdo daespecificidade damPCR.

8. Realizar estudos de filogenia através de andlises de barcode gap e arvores

filogenéticas.
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3. RESULTADOS EPRODUTO GERADO

3.1. Multiplex PCR assay for identification of mites in culture and environmental
samples

Artigo a ser publicado na revista “Experimental and Applied Acarology” elaborado com o0s
resultados de pesquisas realizadas no Laboratério de Alergia e Acarologia (LAA) da
Universidade Federal da Bahia (UFBA), com colaboragdo do Laboratério de Bioinformética de
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Abstract

The Blomia tropicalis and Dermatophagoides pteronyssinus mites play an important
role in triggering allergic manifestations. The identification of mites is mostly based on
morphology, atime-consuming and ambiguous approach. The mite Glycycometus malaysiensis
is allergenic and morphologically similar to B. tropicalis which makes the precise identification
of these species crucial. Herein, we describe a multiplex polymerase chain reaction (MPCR)
assay based on ribosomal DNA (rDNA) to differentiate the mites B. tropicalis, D. pteronyssinus
and G. malaysiensis. For this, the internal transcribed spacer 2 (ITS2) regions, flanked by partial
sequences of the 5.8S and 28S genes, were PCR-amplified and de novo sequenced. The
sequences obtained were aligned with co-specific sequences available in the Genbank database
for primer design and phylogenetic studies. Three pairs of primers were chosen to compose the
mPCR assay, which was then used to verify the frequency of the different mites in house dust
samples (n =20) from homes in the city of Salvador, Brazil. B. tropicalis was the most frequent
mite, found in 95% of the samples, followed by G. malaysiensis (70%) and D. pteronyssinus
(60%). Besides reporting for the first time the occurrence of G. malaysiensis in Brazil, our
results confirm the good resolution of the ITS2 region for mite identification. Furthermore, the
mMPCR assay proved to be a fast and reliable tool for identifying these mites and could be applied
in future epidemiological or diagnostic studies, as well as for quality control of the production

of mite extracts to be used in clinical trials.

Keywords: Allergy, Multiplex PCR; Species identification; Blomia tropicalis; Glycycometus
malaysiensis; Dermatophagoides pteronyssinus
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Introduction

The subclass Acari (Arthropoda: Chelicerata) includes ca. 54.617 described species,
although it is estimated that there exist nearly 1 million mite species, making it the second
biggest group of arthropods, after insects (BARNES, 1989; GROOMBRIDGE, 1993;
WALTER; PROCTOR, 2003). Mites species are the mainly source of allergen in house dust in
tropical countries and, since the first discovery of the allergenic role of mites in the mid-1960s,
numerous species were described as source of allergens (FERNANDEZ-CALDAS; PUERTA;
CARABALLO, 2014). According to their living sites, mites can be clustered and classified into
two different groups: storage mite (SM) and house dust mite (HDM). SM mites comprise
species such as Glycyphagus domesticus (De Geer) (Gd) (Glycyphagidae) and Glycycometus
malaysiensis (Fain & Nadchatram) (Gm) (=Austroglycyphagus malaysiensis) (Aeroglyphidae)
since they are commonly found in wheat, corn and barley storage places (VAN HAGE-
HAMSTEN; JOHANSSON, 1992; WALTER; PROCTOR, 2003; PALYVOS;
EMMANOUEL; SAITANIS, 2008). The mite specie Blomia tropicalis (Van Bronswijk, Cock
& Oshima) (Bt) (Echymyopodidae) was first characterized as a SM (VAN BRONSWIJK; DE
COCK, 1974). However, it is currently accepted that B. tropicalis is a very important HDM,
along with Dermatophagoides pteronyssinus (Trouessart) (Dp) (Pyroglyphidae), being found
in pillows, mattresses and house carpets (NADCHATRAM, 2005).

HDM has a medical importance since this group of mites lives close to humans and
triggers allergic manifestations (e.g., allergic/atopic asthma, allergic rhinitis and atopic eczema)
(FRANKLAND, 1971; THOMAS; HALES; SMITH, 2010). However, some species classified
as SM are also capable of inducing sensitization and triggering allergic respiratory symptoms.
Mite antigens are able to bind immunoglobulin E (IgE) (CARABALLO et al., 1994) and
promote the release of inflammatory mediators such as: histamine, chemo-attractant factors,
acid arachidonic metabolites and cytokines, which act directly on smooth musculature,
conjunctive tissue, mucous glands and inflammatory cells, triggering the allergic symptoms
(BORISH; JOSEPH, 1992).

In tropical and subtropical countries (CHEW et al., 1999a; KUO et al., 1999; YADAYV;
NAIDU, 2015; ALIMUDDIN et al., 2018), including Brazil (BAQUEIRO et al., 2006), B.
tropicalis and D. pteronyssinus are currently considered the most common allergy-associated
mites. Furthermore, these and some other SM are capable to cause occupational allergies
(SOLARZ; SZILMAN; SZILMAN, 2004; VIDAL et al., 2004; RUOPPI; KOISTINEN;
PENNANEN, 2005; STORAAS et al., 2005; KOISTINEN et al., 2006; SZILMAN et al., 2006;
JEEBHAY etal., 2007; STEJSKAL; HUBERT, 2008). Although G. malaysiensis is a neglected
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species of mite, its medical importance has already been demonstrated, since it promotes
occupational and non-occupational allergies (CHEW et al., 1999b; COLLOFF, 2009b; TANG
etal., 2011; LINGetal., 2019). Inaddition, it has been suggested that G. malaysiensis allergens
may cross-react with B. tropicalis allergens, since IgE levels for B. tropicalis and G.
malaysiensis were highly correlated (r = 0.60, P <0.001) (CHEW et al., 1999b).

Therefore, due to the importance of these mites in triggering allergies, the correct
identification of each species is crucial for the quality and the production of specific extracts
that can be used in diagnostics and/or allergy treatments. Traditionally, mites are identified
based on morphological keys, ecological and biological dataand behavior (COLLOFF,2009b).
However, there are problems in the identification of these mites based on morphology, since
this technique requires preserved samples, and the presence of adult stages, a situation that is
not often possible. Besides, the presence of morphologically similar species (e.g.,
Dermatophagoides farina, Dermatophagoides microceras, G. malaysiensis and B. tropicalis)
may lead, even experient mite morphologists, to misidentification (COLLOFF; SPIEKSMA,
1992; COLLOFF, 1998, 2009b; LING et al.,, 2019). Due to these drawbacks, molecular
techniques based on ribosomal DNA (rDNA) and Cytochrome Oxydase Subunit 1 (Cox 1) have
been used as important tools on mite identification (HILLIS; DIXON, 1991; NAVAJAS,;
FENTON, 2000; WONG et al., 2011; YANG; CAI; CHENG, 2011; THET-EM et al., 2012;
BEROIZ et al., 2014).

Moreover, the rDNA is widely used in phylogenetical studies and species identification
(HILLIS; DIXON, 1991). In eukaryotes, the ribosomal regions called internal transcribed
spacers 1 and 2 (ITS1 and ITS2) are regions located between the 28S, 5.8S and 18S rDNA
subunit genes (Figure 1); this arrangement creates a in tandem cluster which is repeated over
100 times, and can even be found in more than one chromosome (WEN; LEON; HAGUE,
1974). These three subunits are highly conserved, and can be applied on taxonomic group
identification; on the other hand, the ITS regions diversify in sequence and can be used for
species identification. ITS regions possess some characteristics, such as i) being located
between conserved genes; ii) being short sequences; and iii) being present in a huge number of
copies in thegenome, make them important and useful, even in poorly conserved environmental
samples (THET-EM et al., 2012; BEROIZ et al., 2014).

Therefore, we aimed to perform phylogenic studies and develop a species-specific
multiplex PCR (mPCR), based on ITS-rDNA, capable to identify and discriminate D.

pteronyssinus, B. tropicalis and G. malaysiensis mites in culture and in environmental samples.
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Inaddition, we intend to apply mPCR for evaluate the frequency of these species in house dust

collected from twenty residences located in Salvador, Northeast Brazil.

Materials and methods
Dust collection

Dust samples were collected in mattresses from twenty residences in the city of
Salvador, Bahia, northeastern Brazil. The samples were collected in eight neighborhoods during
an 11-month interval, from May 2019 to March 2020. A map of the continental part of the city
of Salvador was generated in the QGIS program (version 3.14.16) (QGIS Development Team
2020) to signal the neighborhoods where the collections were carried out (Figure S1). Dust
collection was carried out as described by Baqueiro (2006), using a residential vacuum cleaner
(Eletrolux Professional, 1220watts; Electrolux do Brasil, Sdo Paulo, Brazil) for 5 minutes in an
area of 1m? at the head of the mattress. The dust was weighed and stored at -20 °C until DNA
extraction. This study was approved by the Research Ethics Committee/CEP of the Institute of
Health Sciens of the Federal University of Bahia/UFBA (CAAE 22804719.0.0000.5662).

Mites culture

B. tropicalis and G. malaysiensi mites were obtained from domestic dust samples, and
D. pteronyssinus was purchased from the company Indoor Biotechnologies (USA) since it was
not possible to culture these mites in the laboratory. All dust samples collected were cultured
in laboratory in a BOD incubator at 25 °C and 70-80% RH. After 7 days, all cultures were
analyzed at stereoscopic magnifying glass (ZEISS, 475052 — 9901, West Germany) and the
mites were collected individually and transferred to cell culture bottles supplemented with
spirulina and yeast and cultured in the same conditions. After three weeks, a sample containing
mites was taken for morphological identification by a specialist. After the mite growing, the B.
tropicalis and G. malaysiensi cultures were placed in saline solution (5 mol/L) to allow the
decantation of food and dirt. The mites on the surface were sucked with a vacuum pump and
the mass of mites obtained was centrifuged for 11,000 G for 7 minutes to remove the saline

solution. Afterwards, the mite masses were stored in a -20 ° C freezer for later use.

DNA extraction
DNA extraction was carried out from material from three different sources i) domestic
dust (4 mg); ii) masses of frozen B. tropicalis, G. malaysiensis and D. pteronyssinus mites (20

mg) and iii) individual mites. All extractions were performed according to the recommendations
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of the NucleoSpin DNA Insect kit (Macherey Nagel, Diiren, Germany). To assess purity and
concentration, the extracted DNA was analyzed using the pDrop plate in MultiSkan GO DNA
quantification system (Thermo Scientific, Waltham, MA, USA), and subsequently stored at -
20 °C.

Amplification of rDNA

PCR amplification was performed for B. tropicalis and G. malaysiensis mites, using
the primer combination Fnav, based on the 3 'end of the rDNA 18S region (NAVAJASetal.,
1999), and Rnav2, based on the 5" end of the 28S region (NAVAJAS et al., 1998). The PCR
products generated consisted of a partial sequence of the 18S region, the complete sequence of
the ITS1, 5.8S and ITS2 regions and the 5' end of the 28S subunit. The total reaction volume
was 25 ul, containing 100-270 ng of DNA extracted froma mass of mites corresponding to the
respective species, 1x enzyme buffersupplied by the manufacturer (Sinapse Inc), 200 uM dNTP
mix, 0.2 uM of each primer, 1 U of Tag DNA polymerase (Sinapse Inc). The PCR cycle
conditions can be found in Table 1.

The PCR products were used as a template for the nested PCR of the ITS2 rDNA region
flanked by partial sequences of the 5.8S and 28S subunits using the ITS2 fand ITS2 r primers
(NOGE et al., 2005). The PCR products of Rnav2/Fnav (0.5 ul) were used with the
concentration of reagents described above (see Table 1 for cycle conditions). All PCR reactions
included negative controls using water as the template. The PCR products were visualized after

1% agarose gel electrophoresis and stained with SYBR (Applied Biosystems).

rDNA cloning and sequencing

For G. malaysiensis, the PCR products of the Fnav/Rnav2 primer pair and the nested
PCR products obtained with the ITS2 f/ITS2 r primer pair were purified (PCR DNA and Gel
Band Purification; GFX), ligated to the pPGEM-T easy vector (Promega Corp., Madison, WI,
USA) and transformed into Escherichia coli XL1-Blue strain. Four isolated colonies for both
PCR products were selected for plasmid purification (NucleoSpin® Plasmid QuickPure Kit
(Macherey-Nagel)) and insert sequencing. Purified nested PCR products from B. tropicalis
(PCR DNA and Gel Band Purification; GFX) were ligated to the pPCR™4-TOPO® TA vector
(TOPO® TA Cloning®; Invitrogen) and cloned as described above. Three colonies were
selected for insert sequencing.

Sequencing was bi-directional for G. malaysiensis and B. tropicalis clones and was
carrying out by the company MY LEUSFACILITY (http:/facility.myleus.com/) using the M13
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forward and M13 reverse primers and the equipment ABI 3730 (Life Technologies/Thermo

Fisher Scientific).

Sequence analysis and primer design

All sequences obtained from the sequencing were edited using the BioEdit program
(version 7.0.5.3) (HALL, 1999) to obtain full-length readings and deposited in the Genbank
database under the following accession numbers: MW763262-MW763265 for PCR with
Fnav/Rnav2 primers, and MW763255-MW763257 and MW763258-MW763261 for the nested
PCR for B. tropicalis and G. malaysiensis, respectively. The BLASTN (ALTSCHUL et al.,
1990) analysis against the nucleotide collection (nr/nt) was performed
(http://www.ncbi.nlm.nih.gov/blast/Blast.cqi). For D. pteronyssinus, it were used the sequences
available in the GenBank database (KC215344.1, KC215341.1, KC215342.1 and
KC215340.1). Also, the D. farinae (KC215334.1), D. microceras (KC215315.1), B. tropicalis
(KC215364.1) and Glycyphagus domesticus (KC215365.1, KC215374.1, KC215373.1 and

KC215368.1) sequences available in the GenBank database were used for primer design. The

phylogenetic relationships were constructed using the sequences obtained in this study and
reference sequences deposited in GenBank for D. pteronyssinus, B. tropicalis and G.
domesticus, as mentioned above. The rDNA sequences were trimmed at the position of the ITS2
f/ITS2 r primer pair, comprising the complete ITS2 region flanked by partial sequences of 5.8S
and 28S subunits (see Figure 1). To infer the evolutionary history, a Neighbor-joining tree were
generated using the Maximum Composite Likelihood method to compute the evolutionary
distances and considering 1000 replicates of Bootstrap using the program MEGAX (version
10.1.8).

In order to observe intraspecific variation for each species studied, the ITS2 regions
obtained in the sequencing and the sequences obtained in the GenBank database were aligned
using the Clustal-W program of BioEdit (version 7.0.5.3) (HALL, 1999) and the conserved
regions were selected. To evaluate interspecific variation and species specificity of the
previously selected conserved regions, a new alignment was made using all sequences. Then,
species-specific sequences were used for manual design of primers. The primers were evaluated
using Primer-BLAST (NCBI) and OligoAnalyzer (Integrated DNA Technologies, Inc).

Table 1 lists the generated primer sequences. For D. pteronyssinus and B. tropicalis,
forward primers for the 1TS1 region were also designed, generating larger PCR products,
consisting of a ITS1 partial sequence, 5.8S complete sequence and ITS2 partial sequence
(Figure 1).
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Singleplex and Multiplex Amplification

All designed primer pairs were tested with DNA from individual mites and mass of
mites. The PCR reagent concentrations were the same for all singleplex PCR tested, witha final
volume of 10 ul containing 10 ng of DNA, 1x enzyme buffer (Promega, Madison, WI, USA),
200 uM dNTP mix, 0.5 uM of each primer (Integrated DNA Technologies, Inc), 1 mM MgCI2
and 0.8 IU of Taqg DNA Polymerase (Promega, Madison, WI, USA). All singleplex PCR
reactions included negative controls, using water as the template. The PCR cycle conditions
were empirically adjusted until obtention of optimal results for all prime pairs (Table 1).

As larger PCR products were generated, primer pairs numbers 3, 6 and 8, for B.
tropicalis, D. pteronyssinus, and G. malaysiensis respectively (Table 1), were selected to
compose the mPCR. The reaction was carried out as in singleplex PCR, using 100 ng of DNA.
All mPCR reactions included positive (DNA extracted from individual mites) and negative
controls. The mPCR and singleplex PCR products were visualized in 1% agarose gel stained
with SYBR (Applied Biosystems).

Sensitivity, Specificity and detection limit of mPCR

To evaluate the sensitivity of the assay, two tests were performed, i) using dilutions of
DNA of each species, separately, ii) using dilutions of a mixture containing proportional
amounts of DNA from each species. For both tests, DNA extracted from individual mites was
used, and were diluted for a final amount of 50, 10, 1, 0.1 and 0.01 ng of DNA. The detection
limit test was also used to assess the specificity of mPCR primer pairs in the presence of DNA

from the studied mites.

Cloning and sequence analysis of mMPCR products from dust samples

To further confirmation of the specificity of the mPCR assay, seven of the twenty dust
samples were selected for cloning, as previously described for the G. malaysiensis rDNA
fragments, and sequencing. For the fragments of D. pteronyssinus, B. tropicalis and G.
malaysiensis, one, three and five colonies, respectively, were selected for insert sequencing
(Table 2).

Sequencing was bi-directional for all clones and was carried out by the company
ACTGene Analises Moleculares Ltda (https://actgene.com.br/) using primers M13 forward (-
40) and M13 reverse and the equipment AB 3.500.
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All sequences obtained were deposited in the Genbank database under the following
accession numbers: MW763266-MW763268, for B. tropicalis, MW763250-MW763254 for G.
malaysiensis and MW763269 for D. pteronyssinus. BLASTN analysis against the nucleotide
collection (nr/nt) was performed using the NCBI website. A bootstrap Neighbor Joining tree
(1000 replicates), using the Maximum Composite Likelihood method in the MEGAX (version
10.1.8) program, was built by performing an alignment between the sequences of the dust

clones and the sequences used in the phylogenetic tree generated previously.

Barcode gap analyses

All the sequences generated in this work and the sequences obtained in the GenBank
database for D. pteronyssinus, B. tropicalis and G. malaysiensis were used for the barcode gap
analysis using two different methods. The first, considered as traditional method, using the
Geneious Prime software (V. 2020) and R program (R Core Team 2013). The sequences of the
ITS2 region were used to generate a distance matrix (using P distance) with default parameters.
The matrix was exported to an excel table and the intra- and interspecific distances were
clustered. The distance data set was used to build boxplot and jitter plots using the R ggplot2
package (WICKHAM, 2016). To assess the reliability of the data, the Wilcoxon test was
performed. The second method used to the barcode gap analysis was the Automatic Barcode
Gap Discovery (ABGD) software (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html)
using default parameters. A species was considered identified when the interspecific distance
was larger than the intraspecific distance (SCHOCH et al., 2012).

Results
rDNA amplification and phylogenetic analysis

The primer combination Fnav and Rnav2, for the amplification of the with the 3’ end of
the 18S subunit, the full-length sequences of ITS1, 5.8S subunit, ITS2 and the 5’ end of the 28S
rDNA subunit of B. tropicalis and G. malaysensis mites only generated products visible on
agarose gel when using DNA extracted from G. malaysensis. The PCR product was
approximately 820 bp (Figure S2) and four clones were sequenced (under access numbers
MW763262-MW763265 at NCBI). However, the analysis of similarity among the sequences
obtained with the sequences from the GenBank database did not identify the sequences as
Astigmata rDNA, but as fungal rDNA.

The nested PCR for B. tropicalis and G. malaysensis mites showed bands of
approximately 350 bp and 260 bp, respectively, on agarose gel (Figure S2). The bands were
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cloned and 4 insert-containing clones for G. malaysensis (under access numbers MW763258-
MW?763261) and 3 for B. tropicalis (under access numbers MW763255-MW763257) were
selected for sequencing. For both mites, the analysis among the obtained sequences and the
GenBank database confirmed the sequences as Astigmata rDNA. The sequences ranged from
314-323 bp and 250-256 bp for B. tropicalis and G. malaysensis respectively. There were, for
both mites, intraspecific polymorphisms in the sequences, which consisted of insertions,
deletions and substitutions.

As shown by the phylogenetic tree (Figure 2) constructed with the alignment of
sequences referring to the complete ITS2 region flanked by partial sequences of 5.8S and 28S
subunits of the D. pteronyssinus and B. tropicalis clones and the sequences obtained in the
GenBank database, the B. tropicalis clones (Bt1-3) clustered in the same branch as the B.
tropicalis sequence, with asignificant high bootstrap value (100%). The G. malaysensis clones
(Gm1-4) clustered in the same branch, with a robust bootstrap value (93%). Itis also possible
to infer that the mites B. tropicalis, G. malaysensis and G. domesticus share the same common
ancestor (100% bootstrap), as they belong to the superfamily Glycyphagoidea, and that G.
malaysensis and G. domesticus are closely related species, sharing the same clade (90%

bootstrap).

Singleplex PCR

We designed a total of 10 primers: two forward and one reverse primers for G.
malaysenis, three forward and one reverse primers for B. tropicalis and two forward and one
reverse primers for D. pteronyssinus. The designed primers were used in pairs and are described
in Table 1. The primer pairs used in the singleplex PCRs successfully amplified the DNA of D.
pteronyssinus, B. tropicalis and G. malaysensis, with fragments in the expected size (see Table
1). As shown in Figure 3, primer pairs 3to 9 amplified PCR products of approximately 482 bp,
147 bp, 120 bp, 593 bp, 115 bp, 193 bp and 138 bp, respectively.

Multiplex PCR

The mPCR was successfully used to amplify the partial 1TS1, 5.8S subunit and partial
ITS2 regions, of D. pteronyssinus and B. tropicalis and partial ITS2 region for G. malaysensis.
The mPCR limit detection was assessed with DNA dilutions of individual mites and dilutions
with a DNA mixture of the mites used in this study. When using individual mite DNA, the
detection limit was possible starting from 0.01 ng for D. pteronyssinus, 0.1 ng for B. tropicalis

and 1 ng for G. malaysensis (see Figure 4, panel A-C); furthermore, the results showed that
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primer pairs used in the mPCR assay are species-specific when using the DNA of the mites
studied. When using the mixture containing proportional amounts of DNA from the mites
studied, the detection limit for D. pteronyssinus and B. tropicalis remained the same of using
individual mite DNA as a template, however the detection limit for G. malaysensis was 0.1 ng,
increasing 10 times. (Figure 4, panel D).

Figure 5 shows the mPCR agarose gels using DNA extracted from 20 dust samples.
Looking at the venn diagram in Figure 6, it is possible to notice that B. tropicalis was the most
prevalent mite, being present in 95% of the samples, except for sample 15, which was negative
for all mites (Figure 5). G. malaysensis proved to be the second most prevalent mite, present in
70% of the samples, followed by D. pteronyssinus, found in 60% of the samples. B. tropicalis
was the only mite found alone, in 20% of the samples, however it was also found associated
with other mites, with 15% of the samples harboring B. tropicalis and G. malaysensis and 5%
of them contained B. tropicalis and D. pteronyssinus. In addition, the 3 mites were found in
55% of the samples. Finally, no house dust was found harboring only D. pteronyssinus and G.
malaysensis.

The sequences of the dust clones for B. tropicalis (DBt1-3) (access numbers
MW763266-MW763268), G. malaysensis (DGm1-5) (access numbers MW763250-
MW?763254) and D. pteronyssinus (DDp) (access number MW763269) mites presented a size
of 478-483, 193-214 and 595 bp, respectively. The BLASTN search against the Genbank
database identified all sequences as Astigmata rDNA and the DBtand DDp clones as belonging
to B. tropicalis and D. pteronyssinus, species, respectively. As expected, the sequences of all
clones — including the DDp clone, when compared to the D. pteronyssinus sequences obtained
from the Genbank database, showed an intraspecific variation. Polymorphisms consisted of
substitutions, insertions and deletions. As shown in Figure 7, the phylogenetic tree built with
the alignment of the sequences of the dust clones togetherwith the sequences used in the design
of the previous phylogenetic tree (Figure 2), showed that the sequences of the clones were
grouped into clades corresponding to each studied species, and this results was supported by
high bootstrap values (100%).

Barcode gap analysis

The barcode gap analyzes of the sequences of the clones Bt1-3, DBt1-3, Gm1-4, DGm1-
5 and DDp, together with the sequences obtained in the Genbank database corresponding to the
mites D. pteronyssinus, B. tropicalis and G. domesticus, showed that there are four distinct

groups and that all clones were grouped according to their species. As it can be seen in the
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boxplot showed at Figure 8, the interspecific variation is greater than the intraspecific variation,
allowing us to infer that each group is a species and the amplified regions can be considered

robust enough to identify and separate mites from different species.

Discussion

Mites play a role in triggering allergic reactions worldwide, being B. tropicalis and D.
pteronyssinus the mites of greatest medical importance (CHEW et al., 1999b; KUO et al., 1999;
YADAV; NAIDU, 2015; ALIMUDDIN et al., 2018). Morphological identification is a time-
consuming and ambiguous technique, and cannot be applied to mite extracts or poorly preserved
environmental samples. Some studies have shown that the SM G. malaysiensis has a role in
triggering allergy manifestations (CHEW etal., 1999b; COLLOFF,2009b; TANG et al., 2011).
Furthermore, because they are morphologically similar (COLLOFF,2009b; LINGet al., 2019),
G. malaysiensis and B. tropicalis, can represent an additional challenge for morphological
identification, which can lead to misidentifications and mistaken cultivation of these species.
To overcome these problems and check the frequency of the mites studied in the city of
Salvador, northeastern Brazil, we developed a molecular technique based on rDNA-ITS for the
identification of these species.

The full-length ITS2 region flanked by partial sequences of 5.8S and 28S subunits were
obtained for the studied mites and publicly deposited in the GenBank database, and this is the
the first description for G. malaysensis. Furthermore, it was the first time that a mPCR was
designed to identify the B. tropicalis, D. pteronyssinus and G. malaysensis and to demonstrate
their frequencies; it was also the first time that G. malaysensis was identified in Salvador,
northeast Brazil.

In this study, with the objective to amplify the ITS regions, PCRs with the combination
of primers Fnav and Rnav2 were performed. However, we were not able to amplify the rDNA
of B. tropicalis — contrary to Beroiz et al. (2014), that amplified the rDNA of this mite — and
G. malaysensis. For B.tropicalis, there was no band on the gel after PCR and for G. malaysensis
there was a band, which sequencing proved to be fungal rDNA. As this combination of primers
IS not species-specific and the sequences of the ribosomal subunits share several similarities
between different taxonomic groups, the PCR product generated fungal rDNA, used as food for
mites in culture, together with Astigmata rDNA. For overcoming this problem, we performed
a nested PCR with the primer pair ITS2 f and ITS2 r. The sequencing of the nested PCR
productsshowed that it was Astigmata rDNA. Thus, these dataindicate that a nested PCR using
the 1TS2 f/ITS2 r primers after amplification with the Fnav/Rnav2 primer pair may be
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interesting to amplify the ITS2 region and increased both the detection power and the specificity
of the technique.

The sequences obtained in this study were used in phylogeny and species identification.
All of them had intraspecific polymorphisms and, therefore, required a cloning step for its
obtaining. This can increase the time to obtain the sequence and consequent identification of a
given mite of interest, however, after the design of the primers and standardization of the assay,
the identification by molecular techniques is more practical than the morphological
identification. Nonetheless, the polymorphisms did not interfere in the identification of the
species, as validated by the barcoding gap analysis and by the phylogenetic tree, where the
clones and co-specific sequences of each species clustered together, confirming the
effectiveness of mPCR identification. These result are supported by the findings of Beroiz et
al. (2014), in which the sequences of the clones obtained for 13 species of mites, including B.
tropicalis and D. pteronyssinus, clustered together in the phylogenetic tree, despite being
polymorphic.

It is worth noting that the co-specific rDNA sequences obtained from the Genbank
database (BEROIZ et al., 2014) of mites from other geographic regions also clustered with the
sequences generated herein. The present results support that the 1TS2 region presents a good
resolution for species discrimination and a little intra species variation that did not interfered
with the identification at the species level. These results corroborate the datapublished by Noge
et al. (2005), who concludes that, for some species of Astigmata mites, including B. tropicalis
and D. pteronyssinus, the variation between geographically isolated strains was very similar to
that within strains, and that, therefore, the ITS2 region can be reliably used for the identification
of these mites. The ITS2 region has been widely used for the identification of B. tropicalis and
D. pteronyssinus by different techniques (WONG et al., 2011; THET-EM et al., 2012; BEROIZ
et al., 2014). In the case of G. malaysensis, further analysis are necessary to verify whether
paralogous copies of the rDNA-ITS2 have been sufficiently homogenized by evolutionary
processes (RICH et al., 1997). Furthermore, it is necessary to evaluate more sequences from
different populations of this mite to see if the variations between geographically isolated
populations interferes with molecular identification, which could generate inaccurate
phylogenetic relationships.

In the present study, we describe an mPCR assay capable of identifying B. tropicalis
and D. pteronyssinus, mites, of known medical importance, and G. malaysensis mite, whose
role in allergy is currently poor explored, in environmental samples and in culture. The

evaluation of the frequency of these mites in twenty samples of domestic dust revealed that the
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most abundant one was B. tropicalis (see Figures 5 and 6), a result consistent with previous
works investigating the frequency of mites in tropical regions (PUERTA et al., 1993; CHEW
et al., 1999a; BAQUEIRO et al., 2006). Due to the high prevalence of B. tropicalis over other
mites, favored by the tropical climate of Brazil that provides the ideal conditions for this mite
survival, all samples that harbored G. malaysensis and/or D. pteronyssinus also contained B.
tropicalis (Figure 6). Baqueiro et al. (2006) morphologically identified mites at 101 residences
in the city of Salvador, Brazil, finding that the most frequent mite was B. tropicalis (71.8%)
followed by D. pteronyssinus (39.9%). Despite the difference in the number of samples
analyzed between the studies, we attribute the increase in the frequency of B. tropicalis and D.
pteronyssinus found in the present study to the sensitivity of the mPCR assay. Although the
detection limit of the assay (Figure 4) for D. pteronyssinus was 10 times greater than for B.
tropicalis and G. malaysensis, B. tropicalis and G. malaysensis, in that order, were the most
found mites. This indicates that the mPCR assay reflected the actual frequency of these mites
in environmental samples from this city. We assume that the increase in the detection limit for
G. malaysensis when using the DNA mixture of the mites in comparison with dilutions only
with G. malaysensis template, probably is a consequence of primer dimer formation. PCR
reactions that contain the DNA mixture consume more primers, making them less available for
dimer formation, which must have increased the detection limit for this mite.

Previous studies, using morphological identification, also reported the presence of the
G. malaysensis mites in domestic dust samples. G. malaysensis was found in Singapore in
approximately 35% of the samples (CHEW et al., 1999a) and in 40% of the households in Klang
Valley, Malaysia (MARIANA et al., 2000). Miranda et al. (2002) found G. malaysensis for the
first time in Panama, in 6.37% of the samples collected in urban areas. As G. malaysensis was
found in a significant part of the samples (70%) in our study, a frequency even higher than that
found for D. pteronyssinus, and it was not described by previous studies on the prevalence of
HDM in Brazil (BINOTTI et al., 2001; BAQUEIRO et al., 2006), we infer that the ambiguity
arising from the morphological identification used by these works to identify mite species may
explain this apparent contradiction. In addition to G. malaysensis being morphologically very
similar to B. tropicalis (CHEW et al., 1999a; COLLOFF, 2009b; LING et al., 2019), which can
lead to its misidentification as B. tropicalis, is also allergenic. Indeed, Chew et al. (1999a)
showed that 78.2% of asthma and/or allergic rhinitis patients in Singapore were skin prick
positive for G. malaysensis. Moreover, G. malaysensis and B. tropicalis share similar antigens,
leading to the production of cross-reactive antibodies (CHEW et al., 1999b; TANG et al., 2011).
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Thus, further studies in Brazil must include G. malaysensis as a possible inductor or allergic
reactions.

Some identification approaches based the ITS and Cox I regions have been carried out
previously. Yang etal. (2011) sequenced the ITS2 and Cox | regions aiming the identification
of six species of astigmatid mites, among them D. pteronyssinus and B. tropicalis. Further,
Navajas et al. (1999) sequenced the ITS1 and ITS2 regions to explore the variation of these
sequences, showing their reliability in the phylogenetic identification of six mites species
belonging to the Phytoseiidae family with commercial importance. Some studies used the
Polymerase Chain Reaction - Restriction Fragment Length Polymorphism (PCR-RFLP) for the
identification of mites. The PCR-RFLP assay based on the ITS2 region was used to identify 6
species of mites, including D. pteronyssinus, B. tropicalis and G. malaysiensis (Wong et al.
2011). Previously to enzymatic digestion, the ITS2 region of the mites was amplified with the
primers 1TS2 fand ITS2 r; the sizes of the PCR products for B. tropicalis and G. malaysensis
found here are in accordance with those found in this study. Beroiz et al. (2014), also using
PCR-RFLP, identified, in culture and environmental samples, 13 species of mites used for
allergic extract production. Nevertheless, there are some disadvantages of using PCR-RFLP for
species identification. One of them derives from the fact that it demands the use of restriction
enzymes, which can make the process more expensive and time consuming, since the digestion
step can take two to sixteen hours. Moreover, due to the fact that the primers used by these
studies are not species-specific —especially the combination of primers Fnav and Rnav2, which,
as shown here, can amplify fungal rDNA —, there is a chance of ambiguity and errors in the
interpretation of the digestion profiles. In this way, more effective approaches should include
the design of specific primers for identify the species of interest.

To date, Thet-Em et al. (2012) was the only study that used a mPCR to identify B.
tropicalis and D. pteronysinus in environmental samples. To assess the prevalence of the
aforementioned mites and D. farinae from house dust samples at Thailand, the mPCR assay
used three primer pairs for species-specific amplification of the ITS2 region of D. pteronyssinus
and D. farinae, and Cox | for B. tropicalis. However, the primer sequence was not public
available, contrary to our study, where the sequences of the 10 designed primers were made
available. Moreover, Thet-Em etal. (2012) verified the frequency of the above mentioned mites
using 30 dust samples. Despite testing the specificity of primers against DNA of several species
present in the dust, no PCR product was sequenced to attest the specificity of this technique. In
our work, the sequencing of nine bands was performed, and the results, both the barcode gap
(Figure 8) and the phylogenetic tree (Figure 7), support the species-specificity of the designed



529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557

558
559
560
561

32

primers. Household dust samples can contain DNA from several species, which can vary among
geographic regions (BARBERAN et al., 2015). Some of these species may even be unknown
or, when known, may not have the genetic sequence available, and in this case we recommend
the sequencing of the mPCR products. Besides enabling the identification of three species of
mites in the same assay, another advantage of mPCR is practicality, where the outputs are
generated in less than three hours, which is an advantage over studies that used PCR-RFLP.
Furthermore, our mPCR test requires a small amount of DNA for identification (just one mite
is enough), which is important if few specimens are available in the laboratory.

The mPCR assay developed herein proved to be a reliable, fast and sensitive technique
for the identification of these mites in poorly preserved environmental samples, in culture or
individual mites. We identified the G. malaysensis mite for the first time in Brazil, a mite that
has already been identified as a cause of allergies in other regions of the world, and sequenced
its ITS2 region. This mite was found in most of the analyzed dust samples, many of them also
harboring B. tropicalis, which can lead to morphological misidentification. The mPCR assay
developed here can be used to solve this problem, being useful as a practical alternative to the
identification and morphological certification of the studied species. Thus, this technique can
be used as a quality control for the production of extracts to be used in clinical. Moreover, it
may be useful in future epidemiological or diagnostic studies to assess the prevalence and

frequency of these mite species.
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Pair. no Primer name Sequence (5= 37) Target gene Specie ~ Productsize Thermal conditions References
(bp) ID D A E FE N
1 Fnav F- AGAGGAAGTAAAAGTCGTAACAAG 18S 95 °C 92°C 48°C 72°C 72 °C Navajas et al. (1999)
Rnav2 R- ATATGCTTAAATTCAGCGGG 28S 10 min 30s 30s 1 min 10 min Navajas et al. (1998)
Any mite Variable
5 ITS2F F- CGACTTTCGAACGCATATTGC 5.8S 94 °C 94°C 52°C 72°C 72 °C 30 N t al. (2005)
ITS2R R- GCTTAAATTCAGGGGGTAATCTCG 285 1min  30s 30s 1min  2min oge et al
3 BtVF_1 F- AGTGATGGATGCAGGGTATCATT [TS1 482
BtVR R- GTCCGATCTGTAATGCACG [TS2
BtVF_2 F- ATGAAAGCCACAAACTATATGC .
4 BtVR R- GTCCGATCTGTAATGCACG 52 B. tropicalis 147
5 BtVF_3 F- GCAAGACTCGTTCATCGTGTTG T2 120
BtVR R- GTCCGATCTGTAATGCACG
DpVF_1 F- GTTGGACCGAATCATGTCA ITS1 94 °C 94°C 58°C 72°C 72 °C )
6 DpVR R- AGGTGTTTAGCTGGAAACGC ITS2 293 Smin  30s 1min  30s  Smin  C This study
D. pteronyssinus
5 DpVF_2 F- CGTGAATACGTCGTCAGGTC T2 115
DpVR R- AGGTGTTTAGCTGGAAACGC
8 GmVF_1 F- TGGGGACATCCTCAAGCT $2 193
GmVR R- AGGTCGAACATTTACAAACAAAGTC
G. malaysiensis
9 GmVF_2 F- TCGAAAGACCTGTTGTCGTG T2 138
GmVR R- AGGTCGAACATTTACAAACAAAGTC

ID initial denaturation, D denaturation, A annealing, E extension, FE final extension, N number of cycles, ~ Approximate
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Table 1 List of the primer pairs, their sequence, target gene, target specie, size of the generated polymerase chain reaction (PCR) products, thermal

conditions, references.
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) Number of clones Total
Specie
D03 D04 D05 D07 D14 D17 D20
1
Dp 0 1 0 0 0 0 0
0 1 1 0 0 1 0 3
Bt
1 1 0 1 1 0 1 5
Gm

D dust sample

Table 2 Dust samples used in the multiplex PCR assay selected for cloning and sequencing,

and the number of clones sequenced for D. pteronyssinus (Dp), B. tropicalis (Bt) and G.

malaysiensis (Gm) mite species. Dp, Bt and Gm mites had 1, 3 and 5 clones sequenced,

respectively.



701

702
703
704
705
706
707
708

709

710

711

712

713

714

715

716

717

40

Figures

Fig. 1 Schematic overview of the position of the annealing sites of the primers at the rDNA and
the corresponding PCR products used for identification of D. pteronyssinus (Dp), B. tropicalis
(Bt) and G. malaysiensis (Gm) mites. The mite-specific primers targeting the end of the 18S
(Fnav) and 5.8S sequences (ITS2f) and the start of the 28S region (Rnav and 1TS2r) and the
designed primers targeting ITS1 (for Dp and Bt) and 1TS2 sequences of rDNA are shown. The
dotted space at the end of the 5.8S and part of the ITS2 regions shows the region used for the

phylogenetic analyzes.

18S ITS1 5.85 ITS2 28S
- I L& I
. . Fnav Rnav2
Any mite, variable —_— <+
Any mite, variable Ez.f—gir
BtVF_1 BtVR
Bt, 482 bp —_—
BtVF 2 BtVR
Bt, 147 bp —_—
BtVF_3 BtVR
Bt, 120 bp —_—
DpVF_1
Dp, 593 bp M QpvR
DpVF 2 DpVR
Dp, 115 bp =
GmVF_1 GmVR
Gm, 193 bp —_— —
GmVF_2 GmVR
Gm, 138 bp —_— —
Figure 1
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Fig. 1S Map of the city of Salvador, BA, showing the neighborhoods where dust samples were
collected, and the number of samples  collected by  neighborhood.
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Fig. 2S Panel A: electrophoresis agarose gel of the PCR products obtained with the combination
of Fnav and Rnav2 primers. Lane 1 shows the 820 bp band generated for DNA extracted from
the mass of G. malaysiensis mites. M-1000 bp size marker. Panel B: fragment pattern generated
by the nested polymerase chain reaction (nested PCR) with the 1TS2 f/ITS2 r primer pair. Lane
1 shows the bands generated for G. malaysiensis, with approximately 260 bp and lane 2 shows
the bands generated for B. tropicalis, with approximately 350 bp. M-100 bp size marker, N

negative control.
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Fig. 2 Phylogenetic tree generated by the Neighborhood Joining method using the alignment of
the sequences of Bt1-3 and Gm1-4clones, for Bt and Gm mites, respectively, and representative
sequences available in GenBank database (Beroiz et al. 2014) for Bt, Dp and G. domesticus
mites. The sequences consist of the ITS2 region flanked by partial sequences of 5.8S and 28S

subunits. Bootstrap values correspond to 1000 replicates.
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Fig 3 Polymerase chain reaction (PCR) showing the band pattern generated by the designed
mite specie-specifics primers. Lanes 1-3 correspond to the primer pairs designed for B.
tropicalis (Bt): 4 (lane 1, 147 base pairs), 5 (2, 120) and 3 (3, 482), respectively. Lanes 4-5
correspond to the primer pairs designed for D. pteronyssinus (Dp): 7 (4, 115) and 6 (5, 593),
respectively. While lanes 6-7 correspond tothe primer pairs designed for G. malaysiensis (Gm):
9 (6, 138) and 8 (7, 193), respectively. M-100 bp size marker.

Figure 3
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Fig. 4 Results showing the detection limits of multiplex PCR for D. pteronyssinus (Dp), B.
tropicalis (Bt) and G. malaysiensis (Gm) mites. Panel A: when using Dp DNA, the detection
limit was 0.01 ng. Panel B: when Bt DNA was used, the detection limit was 0.1 ng. Panel C:
when Gm DNA was used, the detection limit was 1 ng. Panel D shows the detection limits when
amixture containing the same amount of DNA of Dp, Btand Gm was used. The detection limits
were 0.01 ng for Dp and 0.1 ng for Bt and Gm. Lane M-100 bp size marker, lane N negative

control.

A B C D
Quantity of DNA template (ng) Quantity of DNA template (ng) Quantity of DNA template (ng) Quantity of DNA template (ng)
M N 50 10 1 01001 M N 50 10 1 0.1 001 M N 50 10 1 0.1 001 M N 50 10 1 0.10.01
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Fig 5 Multiplex polymerase chain reactions (mPCR) using 100 ng of DNA extracted from 20
dust samples (Lane 1-20) showing the positivity of the samples for the presence of D.
pteronyssinus, B. tropicalis and G. malaysiensis mites. Lane M 100 bp size marker, lane N
negative control.
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Fig. 6 Venn diagram showing the positivity of the 20 dust samples analyzed in the multiplex
polymerase chain reaction (mPCR). 95% of the samples were positive for Bt, 70% for Gm and

60% for Dp. 20% of the samples were positive just for Bt, 5% of the samples were positive only
for Dp and Bt and 15% for Bt and Gm. 55% were positive for all studied mites.

Dp Bt
(60%) (95%)
5%
0% 20%
55%
0% 15%
0%
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Figure 6
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Fig. 7 Phylogenetic tree generated by the Neighborhood Joining method from the alignment of
ITS2 rDNA region flanked by partial sequences of 5.8S and 28S subunits, containing sequences
obtained herein (Btl-3 and Gm1-4), representative sequences available in the GenBank
database (BEROIZ et al., 2014) and sequences obtained from dust clones for Bt (DBt1-3), Gm
(DGm1-5) and Dp (DDp). The sequences obtained for the DDp and DBt1-3 dust clones were
trimmed, containing the end of the 5.8S region and partial I TS2 (see Figure 1). Bootstrap values

correspond to 1000 replicates.
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846  Fig. 8 Barcode gap analysis for the species Bt, Dp, Gm and G. domesticus, based on the 1TS2
847  region and the intra and interspecific distances. Genetic distances are plotted in the axis Y. To

848  assess the reliability of the data, the Wilcoxon test was performed.
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4. CONSIDERACOESFINAIS

A identificacdo morfoldgica requer o espécime intacto, de preferéncia adulto, 0 que nem
sempre € possivel. Quando obtidos de amostras ambientais 0s acaros sdo muitas vezes
encontrados na forma de ovo, larva e ninfa, sendo um desafio para esse tipo de abordagem, o
que é agravado quando os acaros sao morfologicamente parecidos, como € o caso das espécies
B. tropicalis e G. malaysiensis, levando ao cultivo incorreto dessas espécies. Além desses
desafios, o tempo gasto com a identificacdo morfoldgica é de até trés semanas —compreendendo
0 tempo para a expansdo do espécime encontrado, permitindo a obtencdo de mais exemplares,
e 0 tempo de preparar a ldmina e deixar agir os reagentes (meio de montagem de Hoyer, agente
de Nesbitt ou lactofenol e 95-100% etanol), para que a analise das chaves morfoldgicas seja
possivel. Em contraste, o ensaio de multiplex PCR desenhado, é capaz de dar o resultado em
até 3 horas — compreendendo a extracdo do DNA (35 min), PCR (1 hora e 20 min) e analise do
resultado em gel de agarose (1 hora).

O ensaio de multiplex PCR se mostrou eficaz quando utilizado i) DNA extraido de
acaros individuais, ii) de massa obtida de cultura de acaros em crescimento exponencial e iii)
poeira. A especificidade da identificagdo pelo ensaio de multiplex PCR para as 3 espécies de
acaros estudados foi atestada pelos sequenciamentos de amostras de poeira positivas. Além
disso, os resultados do sequenciamento foram utilizados para estudos filogenéticos, que
mostraram que a regido 1TS2 apresenta uma boa resolugdo para identificacdo dessas espécies.

Depositamos as sequéncias parciais das subunidades 5.8S, 28S e a regido completa da
regido ITS2 para os trés &caros estudados, sendo que esses resultados foram gerados pela
primeira vez para o acaro G. malaysiensis. Adicionalmente, o fragmento que compreende a
sequéncia parcial daregido ITS1e ITS2 e a subunidade 5.8S completa foi obtido para os acaros
D. pteronyssinus e B. tropicalis. Por se tratar de sequéncias Brasileiras, isso pode auxiliar em
futuros estudos filogenéticos para os acaros estudados, com foco na evolucdo do DNA
ribossomal e na identificacdo de polimorfismos.

Em conclusdo, nosso estudo enfatizou a importancia da identificacdo de acaros por
métodos moleculares devido a sua sensibilidade, especificidade e rapidez, como por exemplo,
a técnica de mPCR aqui padronizada. Além disso, 0 uso desta técnica nos permitiu avaliar a
frequéncia dessas espécies de acaros na cidade de Salvador, Bahia, e assim demonstrar pela
primeira vez a alta frequéncia do &caro G. malaysiensis no Brasil, que ja foi identificado como

causador de alergias em outras regides do mundo.
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