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RESUMO

As infecgdes causadas por Staphylococcus aureus sao particularmente dificeis de tratar devido
a elevada taxa de resisténcia aos antibidticos, sdo patdgenos oportunistas € importantes cepas
hospitalares que podem ocasionar um quadro de doengas que variam de graus leves a graves,
podendo chegar, inclusive, ao 6bito. A Terapia Fotodindmica Antimicrobiana (TFDa) ¢ um
modelo alternativo promissor, com propriedades antimicrobianas, dependente de trés fatores:
luz, agente fotossensibilizador sensivel a luz e moléculas de oxigénio do ambiente. O objetivo
deste estudo foi avaliar a agdo antibacteriana da Terapia Fotodindmica Antimicrobiana no
tratamento de infeccao sistémica em modelo experimental de Galleria mellonella. O estudo foi
experimental in vivo, com observacdo direta em laboratério. Foram preparadas formas
planctonicas de Staphylococcus aureus em concentragdes letais, e as larvas de G. mellonella
foram divididas em 6 grupos experimentais e cada grupo possuia 10 larvas. Para cada uma das
formas apos infeccdo com:1. TFDa; 2.Laser vermelho; 3.Azul de Metileno; 4.Ceftriaxona;
5.Ceftriaxona + TFDa; 6.NaCl0,9%. Apo6s determinagdo da infec¢do e tratamento, as larvas
foram observadas apds as 4 primeiras horas e, posteriormente, em intervalos de 24 horas,
durante 120 horas, para avaliacdo da curva de sobrevivéncia. Posteriormente, 3 larvas de cada
grupo foram aleatoriamente escolhidas, maceradas, homogeneizadas e diluidas para
plaqueamento. As placas foram incubadas por 24 horas e a quantidade de UFC foi contabilizada.
A super infec¢do foi encontrada no indculo de 10°. Apds a observagdo das amostras de cada
grupo, os resultados encontrados mostraram que para a curva de sobrevivéncia, os melhores
resultados foram obtidos da terapia combinada entre ceftriaxona e TFDa, com melhores indices
de sobrevida. Todos os grupos de tratamento demonstraramredugao celular quando comparados
ao grupo controle, com NaCl ,9%. Portanto, os logrados apontam para um potencial do efeito

bactericida in vivo da TFDa em infeccdo por S. aureus.

Palavras-chave: fotoquimioterapia; Staphylococcus aureus; antibacterianos; resisténcia

microbiana a medicamentos.



ABSTRACT

Infections caused by Staphylococcus aureus are particularly difficult to treat due to the high
rate of resistance to antibiotics. They are opportunistic pathogens and important hospital strains
that can cause illnesses ranging from mild to severe, and can lead to death. Antimicrobial
Photodynamic Therapy (aPDT) is a promising alternative model, with antimicrobial properties,
dependent on three factors: light, light-sensitive photosensitizing agent and environmental
oxygen molecules. The objective of this study was to evaluate the antibacterial action of aPDT
in the treatment of systemic infection in an experimental model of Galleria mellonella. The
study was experimental in vivo, with direct observation in the laboratory. Planktonic forms of
S. aureus were prepared in lethal concentrations, and G. mellonella were divided into 6
experimental groups and each group had 10 larvae. For each of the forms after infection with:
aPDT; Red laser; Methylene Blue; Ceftriaxone; Ceftriaxone + aPDT; NaCl 0.9%. After
determining the infection and treatment, the larvae were observed after the first 4 hours and,
subsequently, at intervals of 24 hours, for 120 hours, to evaluate the survival curve.
Subsequently, 3 larvae from each group were randomly chosen, macerated, homogenized and
diluted for plating. The plates were incubated for 24 hours and the amount of CFU was counted.
Super infection was found in the inoculum of 10°. After observing the samples from each group,
the results found showed that for the survival curve, the best results were obtained from the
combined therapy between ceftriaxone and TFDa, with better survival rates. All treatment
groups demonstrated cell reduction when compared to the control group, with NaCl 0,9%.
Therefore, the results point to a potential in vivo bactericidal effect of TFDa in S. aureus

infection.

Keywords: photochemotherapy; Staphylococcus aureus; anti-Bacterial agents; drug resistance.
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1 CONSIDERACOES INICIAIS

1.1 Staphylococcus aureus

S. aureus ¢ uma bactériaamplamente conhecida que representa uma das espécies mais
relevantes do ponto de vista médico de seu género, pertence a um grande grupo de cocos Gram-
positivos, de 0,5-1,5 um de diametro, dispostos em arranjos irregulares em forma de cachos de
uva (Perez et al., 2021). Embora facam parte da microbiota comensal humana, podem causar
infecgdes que vao desde a superficie da pele até abscessos localizados, bem como infecgdes
graves, como osteomielite, endocardite e outras doencas potencialmente fatais (Becker;
Wardenburg, 2015).

Além disso, o S. aureus atua como um colonizador precoce, criando um ambiente
favoravel para a adesdo e colonizacdo de biofilmes (Graf et al., 2019). Biofilmes sao
aglomerados de células microbianas envolvidas por uma matriz extracelular, os biofilmes
funcionam como um casulo protetor e facilitam a adesdo, proliferacdo e disseminagdo da
infeccdo para o resto do corpo. As bactérias produtoras de biofilmes podem ser dificeis de
erradicar, pois as infec¢des relacionadas ao complexo maxilofacial ou as cavidades Osseas
podem durar longos periodos e dificultar terapias convencionais eficazes (Aratjo et al., 2018).
Ademais, varias outras propriedades do envelope do S. aureus ajudam na sua capacidade de
escapar do sistema imunoldgico, como a morte de neutréfilos (Mcguinness; Kobayashi; Deleo,
2016).

Nos ultimos anos, a resisténcia das bactérias aos antibidticos emergiu como um problema
significativo, onde as bactérias, incluindo o S. aureus, ganharam rapida e progressivamente
resisténcia a multiplos antibidticos. S. aureus pode apresentar resisténcia a multiplos
medicamentos a penicilina, meticilina, vancomicina ¢ outros medicamentos (Mcguinness;
Malachowa; Deleo, 2017).

A resisténcia a multiplos medicamentos pode levar a infecgdes com terapias antibioticas
frustradas ou ineficazes (Liu et al., 2020). O escasso desenvolvimento de novos antibioticos
somado ao aumento progressivo da multirresisténcia desta e de outras bactérias clinicamente
relevantes tem sido considerado pela Organizagdo Mundial da Satide (OMS) como uma das
ameacas globais mais prementes a saide humana no século XXI (Perez ef al., 2021).

S. aureus apresenta varios mecanismos de resisténcia a antibidticos. Por exemplo, a
resisténcia a penicilina ¢ mediada por beta-lactamases, enzimas que hidrolisam o anel beta-

lactamico inativando o medicamento (Bondi Jr; Dietz, 1945).
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A enzima beta-lactamase ¢ codificada pelo gene blaZ, normalmente transmitido por
plasmideos como parte de um grande transposon. Atualmente, este gene ¢ encontrado em mais
de 90% dos isolados humanos de S. aureus, tornando o uso da penicilina pouco util para tratar
infecgdes (Peacock; Paterson, 2015). As bactérias produtoras de beta-lactamases continuam a
ser sensiveis as combinagdes de beta-lactamicos com inibidores de beta-lactamase, como acido
clavulanico, tazobactam e sulbactam, ou a combinacao de cefalosporinas e carbapenémicos
(Morosini et al., 2012).

Em 1959, a meticilina, um beta-lactdmico semissintético resistente a penicilinase, foi
introduzida para uso clinico para tratar S. aureus resistente a penicilina, mas o primeiro relato
de resisténcia foi produzido rapidamente em 1960 (Eriksen, 1961). A resisténcia a meticilina é
independente da produgdo de beta-lactamase e ndo ¢ transmitida por plasmideos (Lakhundi;
Zhang, 2018).

Este tipo de resisténcia ¢ mediado pela aquisi¢do do gene mecA que codificauma proteina
diferente de ligagao a penicilina (PBP2a). O novo PBP2a diminui a afinidade do S. aureus pela
meticilina e, portanto, permite-lhe sobreviver aos tratamentos com todos os seus derivados
(WONG et al., 2019). As cepas que expressam mecA sao chamadas de cepas de S. aureus
resistente a meticilina (MRSA, do inglés methicillin-resistant S. aureus) (Aguayo-Reyes et al.,
2018).

MRSA (do inglés: Methicillin-resistant Staphylococcus aureus) sao cepas
multirresistentes, resistentes a todos os beta-lactamicos (exceto cefalosporinas de 5* geracao) e
geralmente a aminoglicosideos, eritromicina, clindamicina, tetraciclinas, sulfonamidas,
quinolonas e rifampicina. Embora a colonizacio de MRSA em um individuo saudavel
geralmente ndo seja grave, pode ser fatal para pacientes com feridas profundas, cateteres
intravenosos ou outros instrumentos invasivos, bem como infec¢des secundarias em pacientes
com um sistema imunolégico enfraquecido (Lakhundi; Zhang, 2018).

Os antibioticos de escolha para tratar infec¢does por MRSA sdo glicopeptideos, como a
vancomicina (Tenover; Biddle; Lancaster, 2001). Entretanto, S. aureus que apresenta
concentracdo inibitéria minima (CIM) > 16 mg/L (VRSA — do inglés: Vancomycin Resistent
Staphylococcus aureus) sao resistentes aos glicopeptideos (Morosini et al., 2012). Isolados
clinicos de S. aureus resistentes a meticilina e vancomicina sao significativamente desafiadores
para o tratamento de infec¢des graves, como bacteremia, endocardite ou osteomielite
(Mcguinness; Malachowa; Deleo, 2017; Giulieri; Tong; Williamson, 2020).

Devido a alta taxa de resisténcia exibida pelo S. aureus, existe um desafio em encontrar

urgentemente novas abordagens antimicrobianas para tratar bactérias sem produzir resisténcia
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aos antibioticos (Kashef; Hamblin, 2017; Walter et al., 2020). Nesse sentido, diversas novas
estratégias foram desenvolvidas, como nanoparticulas metalicas, polimeros cationicos,

nanocarreadores, fototermoterapia e TFDa (Suresh; Biswas; Biswas, 2019).

1.2 Terapia Fotodinidmica Antimicrobiana (TFDa)

O principio da terapia fotodinamica (TFD) foi descoberto acidentalmente em 1900 pelo
estudante de medicina Oscar Raab, em Munique, que estava desenvolvendo um estudo sobre a
toxicidade do corante vermelho de acridina em Paramecium spp. como parte de sua tese de
doutorado. Os resultados de seus experimentos usando vermelho de acridina em pequenas
concentracdes foram inconsistentes e ndo reproduziveis, apesar de muitas repeticdes. No
entanto, ele e seu supervisor, Hermann von Tappeiner reconheceram que a toxicidade observada
dependia da hora do dia e da quantidade de luz do dia, uma vez que este era o inico parametro
variavel. Mais tarde, von Tappeiner aplicou clinicamente esta abordagem com Albert Jesionek
para o tratamento de carcinomas de pele e cunhou o termo “fendmeno fotodindmico” (Cieplik
etal., 2018).

Jodlbauer e von Tappeiner em 1904 e Huber em 1905 foram os primeiros a descrever a
inativacdo fotodindmica bem-sucedida de bactérias. Embora a utilizagdo da TFD (Terapia
Fotodinamica) no tratamento antineoplasico sejauma realidade clinica ha pelo menos 25 anos,
as aplicagdes antimicrobianas do processo fotodinamico s6 foram redescobertas em resposta ao
surgimento das primeiras infecgdes resistentes a medicamentos na area da satide durante o inicio
da década de 1990 (Cieplik et al., 2018).

A TFD evoluiu ao longo dos anos com o desenvolvimento de fotossensibilizadores e
metodologias mais complexas, resultando em avangos no tratamento de areas como terapia
neoplasica (Shi et al., 2019), alivio de complicagdes de doengas autoimunes (Gallardo-
Villagran et al., 2019), auxilio na cicatrizagdo de feridas (Tardivo ef al., 2017; Oyama et al.,
2020) e controle ou eliminacdo de infecg¢des virais, fungicas e bacterianas nas formas
planctonica ou de biofilme (Hu et al., 2018).

O mecanismo por tras da ocorréncia da reagao fotodinamica desejada depende de trés
componentes: luz, agente fotossensibilizador sensivel a luz e moléculas de oxigénio do
ambiente. O fotossensibilizador, irradiado com um comprimento de onda de luz compativel,
converte-se do estado base singleto para o estado de saida singlete, depois converte para o

estado base liberando energia absorvida ou com a ocorréncia de um cruzamento intersistema,
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ele passa por dois tipos de vias de produgdo de espécies reativas de oxigénio (Cieplik et al.,
2018).

Ambas as vias sdo dependentes de oxigénio (Castano; Demidova; Hamblin, 2005;
Robertson; Evans; Abrahamse, 2009). Na primeira, um elétron ¢ liberado para outros substratos,
com outras moléculas ou estruturas celulares, resultando em radicais livres que produzem
espécies reativas de oxigé€nio ao reagir com o oxigénio no estado tripleto. A segunda via ocorre
pela transferéncia de energia diretamente do fotossensibilizador para as moléculas de oxigénio
tripleto do estado base para serem convertidas para o estado singleto com caracteristicas
extremamente oxidantes (Hu et al., 2018). Essas duas vias acontecem simultaneamente ¢ a
dominéancia de cada uma depende da concentracdo de oxigénio, das caracteristicas do
fotossensibilizador, do pH e da constante dielétrica do tecido (Kwiatkowski et al., 2018).

Recentemente, um novo mecanismo foi proposto como via Tipo I1II, que ¢ independente do
oxigénio e nao se limita ao espectro de luz visivel. Este mecanismo pode ser encontrado em
condi¢des anaerobicas e com fotossensibilizadores como psoralenos e tetraciclinas e com
adicao de sais organicos como iodeto de potassio e azida de sdédio (Abrahamse; Hamblin, 2020).
Devido as diversas vias do metabolismo intracelular atingidas pelos agentes de espécies reativas
de oxigénio, o desenvolvimento de resisténcia contra a TFDa ¢ altamente improvavel
(Azaripour et al., 2018), embora seja necessario considerar alteragdes no fator de viruléncia,
adaptacao ou fuga de microrganismos desses tratamentos a base de luz (Marasini; Leanse; Dai,
2021).

Os fotossensibilizadores podem ser ativados por diferentes fontes de luz. Para a ativagdo
luminosa de um fotossensibilizador, trés fontes principais de luz sdo descritas para o campo de
TFDa na literatura até agora: /asers (do inglés: Light Amplification by Stimulated Emission of
Radiation, por exemplo, lasers dopados com argdnio, diodo ou neodimio: lasers de itrio,
aluminio e granada), diodos emissores de luz (LEDs, do inglés: Light-Emiting Diode) e
lampadas de descarga de gés (por exemplo, lampadas de quartzo-tungsténio-halogénio ou de
descarga de xenonio) (Wilson; Patterson, 2008; Nagata ef al., 2012).

Os lasers sdo aplicados devido a sua monocromaticidade e ndo por suas outras propriedades
(coeréncia, paralelismo, intensidade espacial estreita). Portanto, pode ser facilmente acoplado
em uma unica fibra optica e montado em diferentes dispositivos de distribui¢do de luz.
Comparados aos /lasers, os LEDs oferecem um espectro de emissdo um pouco mais amplo e
seus custos sao mais baixos (Wilson; Patterson, 2008). Em contraste com lasers e LEDs, as
lampadas halogenas tém a vantagem de poderem ser filtradas espectralmente para corresponder

a qualquer fotossensibilizador; no entanto, eles ndo podem ser acoplados de forma eficiente em
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feixes de fibras Opticas ou guias de luz liquida e causam mais aquecimento em comparagao com
lasers e LEDs (Nagata et al., 2012).

O aquecimento causado por uma determinada fonte de luz deve ser considerado para
qualquer aplicagdo clinica no corpo humano. Dependendo do periodo de irradiagdo e da
respectiva fonte de luz utilizada, a dose de energia aplicada pode causar aumento de
temperatura, podendo levar a danos teciduais (Spranley et al., 2012).

A maioria dos fotossensibilizadores comuns usados para fins medicinais sdo ativados pelo
espectro proximo da luz vermelha (630—700 nm) (Ozog et al., 2016). Os comprimentos de onda
elevados ndo tém energia para excitar as moléculas de oxigénio e os comprimentos de onda
baixos ndo tém a capacidade de penetrar na pele e atingir as regides alvo. Além disso, responder
a comprimentos de onda baixos leva a ativacdo dos fotossensibilizadores pela luz solar, o que
pode interferir no tratamento. E, ainda, o espectro de ativacdo do fotossensibilizador ndo deve
se sobrepor a faixa de absor¢ao dos corantes enddgenos do corpo, tais como a hemoglobinae a
melanina (Allison et al., 2004; Kwiatkowski et al., 2018).

Existe um potencial para efeitos colaterais no uso dos fotossensibilizadores, como
manchamento dentario, danos teciduais e celulares locais, possibilidade de superaquecimento
dos tecidos orais e também risco de danos aos olhos e a pele com superexposi¢ao a irradiagdes
de alta intensidade que devem ser considerados na conducao de estudos clinicos (Nielsen et al.,
2015; Costa et al., 2016; Afrasiabi et al., 2022; Solarte et al., 2022).

Entretanto, o amplo espectro de acdo e o baixo nivel de efeitos adversos associados a
TFDa fizeram com que os pesquisadores ficassem ansiosos para considerar os efeitos
antimicrobianos da TFDa como alternativa adequada aos métodos convencionais de tratamento

de infecc¢des (Hoaiby, 2017).

1.3 Galleria mellonela

E um parasita onipresente das abelhas Apis mellifera e Apis cerana e de suas colmeias, e
pode ser encontrado em colmeias, ninhos de abelhas, ninhos de vespas ou em ceras
armazenadas. Na natureza, as lagartas se alimentam de mel e também de polen, cera de abelha,
pele de pupa, casulos e fezes da colmeia (Serrano et al., 2023).

A grande mariposada cera ou mariposa do favo de mel, G. mellonella (Linnaeus, 1758), ¢
uma mariposa inseto do Filo Arthropoda, Classe Insetos, ordem Lepidoptera e familia Pyralidae

(mariposas de focinho). Trata-se de um inseto holometabdlico tipico que passa por quatro
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estagios de desenvolvimento em seu ciclo de vida: ovo, larva, pupa e adulto (Hood; Horton;
Mccreadie, 2003; Ellis; Graham; Mortensen, 2013; Kwadha et al., 2017).

A duragdo de um ciclo completo ¢ de aproximadamente seis a oito semanas a 29°-39° C e
alta umidade (Ellis; Graham; Mortensen, 2013), com quatro a seis geragdes por ano. A
metamorfose completa ¢ afetada por fatores abidticos, como temperatura, dieta e umidade
relativa, e por fatores bidticos, como competi¢ao por comida e canibalismo (Nielsen; Brister,
1979; Kwadha et al., 2017). Os 50-150 ovos colocados pela fémea tém formato esferoidal e
cor variando de branco a rosa claro. O desenvolvimento em larvas depende da temperatura e

dura entre trés a oito dias a 24°-27°C e trintadias a 10-16°C (Charriere; Imdorf, 1999). (Figura
1).

Figura 1: Diferentes estagios de desenvolvimento da Galleria mellonella. Ovos (1), lagarta de

aproximadamente 10 dias (2), lagarta de aproximadamente 20 dias (3), lagarta de 25-35 dias (4 e 5), lagarta de

aproximadamente 40 dias (altimo estagio larval) (6), pré-pupas e pupas (7 e 8), mariposas adultas (9).

Fonte: Jorjdo et al., 2018

As larvas branco-creme apresentam uma cabe¢a em forma de cupula marrom-avermelhada
e tornam-se cinza claro a medida que crescem. Medem de 1 a 23 mm e lembram uma lagarta,
apresentando estrutura tubular para processamento e armazenamento de alimentos. Eles podem
permanecer na fase larval de 28 dias, em condig¢des ideais, até seis meses, € passam por cerca
de 8 a 10 estagios de muda durante esse periodo (Serrano et al., 2023).

A larva do inseto G. mellonela tem sido amplamente utilizada nas ultimas décadas como
modelo de infecgdo para estudar infecgdes bacterianas e flingicas e para avaliar a eficacia de
novos medicamentos antimicrobianos, antes de prosseguir para estudos pré-clinicos em
mamiferos, refor¢ando a aplicacao dos principios dos 3Rs (substitui¢ao, redugado e refinamento,
do inglés: replacement, reduction and refinement) em experimentacao animal. O modelode G.
mellonella oferece diversas vantagens sobre os modelos de mamiferos: ndo necessita de

aprovacao ética, ¢ facilmente manipulado, € barato, permite a criagdo em larga escala e permite
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uma rapida execugdo experimental, associada a capacidade de incubar larvas em temperaturas
entre 25° ¢ 37° C, além de permitir uma inoculagdo relativamente simples dos patdgenos a serem
testados (Serrano et al., 2023).

As larvas de G. mellonela t€m ampla aplicabilidade para os diversos tipos de ensaios
clinicos, o que pode ampliar as perspectivas de novos estudos in vivo em mamiferos. No
entanto, a sua limitagao ¢ a falta de resposta imunologica adaptativa, a elevacao de anticorpos
e citocinas e a participacao de células natural killers e células dendriticas, o que torna dificil
prever a resposta imunoldgica em mamiferos. Outro obstaculo € a falta de disponibilidade de
larvas mutantes, o que torna os estudos genéticos problematicos (Bugyna; Kendra; Bujdédkova,
2023).

Embora os vertebrados tenham desenvolvido uma resposta imune adaptativa, sua resposta
imune inata ainda mantém semelhangas notaveis com a resposta imune em insetos, permitindo
o estabelecimento de uma correlagdo positiva entre a maioria dos resultados obtidos em
modelos de G. mellonella ¢ de mamiferos (Jander; Rahme; Ausubel, 2000; Tsai; Loh; Proft,
2016). Além disso, o modelo de G. mellonella tem sido citado como adequado para a pré-
triagem da avaliagdo da eficacia de novos agentes antibacterianos (Desbois; Coote, 2012tsai;
Loh; Proft, 2016), antifingicos (Mukherjee et al., 2010; Sun et al., 2017), de terapias que
combinam novos compostos com antibidticos convencionais, e também modelo adequado para
estudar a expressao dos fatores de viruléncia, coinfecgdes, interagdes hospedeiro-patdogeno,
resposta imune inata a microrganismos e toxicidade (Serrano ef al., 2023).

Diferentes pardmetros podem ser analisados a fim de avaliar o efeito da infec¢@o bacteriana
sobre G. mellonella, incluindo: observagdes clinicas, andlise histopatoldgica, determinacao da
carga bacteriana, monitoramento da ativacao da resposta imune (quantificacao e viabilidade de
hemocitos, deteccdo de radicais livres de oxigénio e outros marcadores), analise de miRNA do
hospedeiro e bioluminescéncia de genes bacterianos e/ou expressdo de RNA bacteriano
(Serrano et al., 2023).

Considerando os fatos elencados, o objetivo deste estudo foi avaliar a agdo
antibacteriana da Terapia Fotodindmica Antimicrobiana no tratamento de infec¢ao sistémica em

modelo experimental de Galleria mellonella.
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar a acdo antimicrobiana da Terapia Fotodinamica Antimicrobiana no tratamento de

infeccdo sistémica em modelo experimental de Galleria mellonella.

2.2 Objetivos Especificos

e Padronizar as densidades de inoculo de S. aureus para
diferentes niveis de infeccao (ndo letal, letal e super infeccdo) em G. mellonella;

e Avaliar a eficacia da TFDa no tratamento da infec¢do sistémica de S. aureus em G.
mellonella infectadas;

e Verificara eficacia do laser vermelho no tratamento da infecgdo sistémicade S. aureus
em G. mellonella infectadas;

e Avaliara eficaciado azul de metilenono tratamento da infecgao sistémicade S. aureus
em G. mellonella infectadas;

e Averiguar a eficicia do tratamento convencional associado com a TFDa no tratamento

da infeccdo sistémica de S. aureus em G. mellonella infectadas;
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3 METODOLOGIA

3.1 Delineamento do estudo

Tratou-se de um estudo experimental in vivo, em modelo invertebrado, com observagao

direta em laboratorio.

3.2 Local de realizacao da pesquisa

A pesquisa foi realizada no Laboratorio de Andlises e Diagndstico (LAD) situado no
Departamento de Odontologia da Universidade Estadual da Paraiba (UEPB), Campina Grande
—PB.

3.3 Aspectos éticos

Modelos animais invertebrados, como G. mellonella, ndo estdo inclusos na legislagio
de bem-estar animal e nas diretrizes de ética. Dessa forma, as anélises realizadas nesta pesquisa
sdo legalmente dispensadas da apreciagio pelo Comité de Etica em Pesquisa Animal (CEUA)

(Pereira et al., 2021b).

3.4 Microrganismos utilizados

Foi utilizada uma cepa padronizada de S. aureus (ATCC 25923). disponiveis em
estoque do Laboratério de Analises e Diagnostico do Departamento de Odontologia da

Universidade Estadual da Paraiba, campus I, Campina Grande, Paraiba.

3.5 Ensaio clinico em modelo experimental de Galleria mellonella

3.5.1 Amostra

A amostra foi composta por larvas de G. mellonella, de aparéncia saudavel, com cor
clara e livres de manchas e/ou pigmentos escuros, com peso médio de 0,25 g, distribuidas em
diferentes grupos, de acordo com o nivel de infec¢ao e tratamento. Cada grupo contendo 10

larvas. Todas as analises foram realizadas em triplicata (Silva ef al.,2019).
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Durante todo o experimento, as larvas foram mantidas em incubadora B.O.D.
(Demanda Bioquimica de Oxigénio) a 30° C, sendo removidas exclusivamente para troca dos

papeis de filtro, fornecimento de ragao, aplicacao de indculo, tratamento e registros da analise

(Figura 2).

Figura 2 — Incubadora B.O.D

Fonte: Elaborada pela autora, 2024

3.5.2 Analise da viabilidade de G. mellonella

As larvas com alto grau de melaniza¢do e falta de movimento ao toque foram

consideradas inviaveis ao experimento (Silva ef al., 2019).
3.5.3 Preparo do inéculo de S. aureus
Culturas de cepas de S aureus (ATCC 25923) foram ativadas em meio de cultura BHI

(Brain Heart Infusion) por 24h e padronizada em espectrofotometro, a partir das densidades 1
x 104, 1x10°,1x10° 1x107,1x10%e 1 x 10° células.
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Figura 3 — Preparo do inoculo de S. aureus
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Fonte: Elaborada pela autora, 2024

3.5.4 Determinacao dos niveis de infec¢do por S. aureus

A classificagdo dos niveis de baseou-se nos seguintes critérios, conforme

VERTYPOROKH e WOJDA (2020):

Infeccdo nao letal: Infec¢do capaz de matar 5% do nimero total de larvas que

compdem o grupo experimental, apos o tempo total de andlise.

Infecgdo letal: Infec¢do capaz de matar 50% do ntimero total de larvas que

compdem o grupo experimental, apos o tempo total de andlise.

Super infec¢do: Infec¢cdo capaz de matar 100% das larvas em 24 h.

Para determinar os diferentes niveis de infec¢do, as larvas foram separadas em 6 grupos.

Cada grupo contendo 10 larvas. Foram injetados 5 pl de diferentes densidades de indculos

(densidades 1 x 10%, 1 x 10°,1 x 10%, 1 x 107, 1 x 10® ¢ 1 x 10°) de S. aureus, na ltima pro-pata

esquerda de cada larva, utilizando uma seringa de Hamilton (25 pl). Os grupos foram

observados por 48 horas.

Figura 4 — Inoculacdo em Galleria mellonella
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Fonte: Elaborada pela autora, 2024

3.5.5 Tratamento de infecgao

Os tratamentos da infec¢do por S. aureus foram tratados de acordo com a figura 6.

Figura 5 — Fluxograma com grupos experimentais considerando a aplicagdo de

diferentes modelos de tratamento em larvas de G. mellonella infectadas por S. aureus

TFDa

Ceftriaxona

ATCC Ceftriaxona + TFDa
25923 Laser Vermelho

Azul de Metileno

Solugaosalina

Fonte: Elaborada pela autora, 2024
Com o proposito de controlar fatores que poderiam trazer prejuizos a saude da larva
como trauma pela inoculagdo, toxicidade ao meio de cultura ou contamina¢do do meio foi
incluido o grupo controle negativo, o qual foi inoculado com 5ul de solugdo salina.

3.5.5.1 Tratamento da infeccao por S. aureus com TFDa

A energia laser utilizada foi na dose de 15 J/cm? com comprimento de onda de 650 nm

(vermelho visivel) e poténcia de 100 mW de modo continuo, durante 2 minutos e 30 segundos.
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O aparelho utilizado foi o THERAPY XT (D.M.C. equipamentos LTDA®). O azul de metileno
(ACS cientifica®) foi o fotossensibilizador utilizado neste estudo, na concentracao de 1500 uM
e foi preparado dissolvendo o corante em agua destilada, na proporc¢ao de 0,0047 gramas para
cada 10 ml. A quantidade inoculada por larva foi de 5 pL (Paziani et al., 2019).

A injecdo com azul de metileno foi realizada na ultima prd-pata direita 30 minutos
apods a infecg¢do. A seguir, as larvas permaneceram mais 30 minutos no escuro (tempo pré-
irradiag@o) para proporcionar uma boa dispersdo do fotossensibilizador (Figueiredo-Godoi et
al., 2019).

Com o objetivo de padronizar a distancia na irradiagdo com a luz laser, foi adaptado
um suporte para fixagdo do aparelho laser utilizado e as larvas foram inseridas em placas de 24
POGOs.

Figura 6 — Suporte para o laser (Vista Superior)

Fonte: Elaborada pela autora, 2024

Figura 7 — Suporte para o laser (Vista Frontal)
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Fonte: Elaborada pela autora, 2024

3.5.5.2.Tratamento da infecgdo por S. aureus com ceftriaxona

Ceftriaxona foi o antibacteriano sistémico selecionado para a realizagao do tratamento
da infeccao. A dose utilizada, ap6s realizagao da CIM, foi de 6,25 (ug/mL). Para o preparo das
solugdes, a quantidade de antibacteriano correspondente a dosagem foi diluida em agua
destilada estéril e inoculada na ultima pro pata direitada larva. Previamente, um grupo com 10

larvas foi utilizado para avaliagdo da citotoxicidade do antibacteriano.
3.5.5.3 Tratamento da infecc¢ao por S. aureus com ceftriaxona e TFDa

Os mesmos parametros anteriormente mencionados foram mantidos. 30 minutos ap6s a
infeccao foi realizada a inoculagdo da ceftriaxona, transcorridos novos 30 minutos foi realizada
a inoculacdo do azul de metileno e, posteriormente, a aplicagdo do laser vermelho. Ambas

inoculagdes foram realizadas na ultima pro pata direita.

3.5.5.4 Tratamento da infecgdo por S. aureus com laser vermelho
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Conforme mencionado para a TFDa, utilizou-se o aparelho THERAPY XT, na dose de
15 J/em? com comprimento de onda de 650 nm e poténcia de 100 mW de modo continuo,

durante 2 minutos e 30 segundos (Paziani et al., 2019).

3.5.5.5 Tratamento da infecgdo por S. aureus com azul de metileno

Conforme mencionado para a TFDa, 5 uL de azul de metileno foi inoculado na Gltima
pré pata direita da larva, 30 minutos apds infec¢do, conforme concentragdo anteriormente

descrita (Paziani et al., 2019).

3.5.6 Curva de Sobrevivéncia de G. mellonella

Apo6s realizagdo dos tratamentos, conforme cada um dos grupos experimentais, os
animais foram acondicionados em placas de Petri e incubados a 37°C. As placas foram
observadas apos 4 horas e depois em intervalos de 24 horas, durante o tempo total de 120 horas.
As larvas foram consideradas mortas quando nao apresentaram nenhum movimento ao toque
por uma pinca metalica. O numero de larvas mortas foi anotado em formulério proprio para

avaliacao da curva de sobrevivéncia (Tsai; Loh; Proft, 2016).

3.5.7 Quantificacao de S. aureus na hemolinfa de G. mellonella

Ap0s as 120 horas de observagao, foram selecionadas 3 larvas aleatoriamente de cada um
dos grupos experimentais para determinagdo da quantificagdo bacteriana. As larvas
selecionadas foram maceradas e homogeneizadas em 1 ml de solugdo salina estéril. Apos
diluigdo seriada, foi realizado o plaqueamento em volume de 20 pL de Agar Sal Manitol
(Himedia®). As placas foram incubadas a 37°C por 24 horas para contagem de unidades

formadoras de coldnia por mililitro (UFC/ml) (Vega-Chacon et al., 2021).

Figura 8 — Maceracdo e Homogeneizacao das larvas
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Fonte: Elaborada pela autora, 2024

Figura 9 — Plaqueamento com Agar Sal Manitol
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Fonte: Elaborada pela autora, 2024

3.6 Analise Estatistica

As andlises de sobrevivéncia foram realizadas com GraphPad Prism 5.0 (GraphPad
Software, La Jolla, CA, EUA) e analisadas pelo teste Log-rank (Mantel-Cox). Os dados da
quantificagdo de UFC/ml para formacao bacterianana hemolinfa foram analisados por analise
de variancia (ANOVA) e post-hoc de Tukey. Foram considerados valores de p < 0,05 como

significativos.
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Eficacia da Terapia Fotodinamica Antimicrobiana no tratamento de infec¢oes
bacterianas provocadas por S. aureus

RESUMO

Staphylococcus aureus (S. aureus) ¢ uma bactéria que causa infecgdes em humanos, em
diferentes graus, incluindo aquelas mais graves nos ambientes de assisténcia a saude. Infeccdes
causadas por esse patogeno representam desafios a saude publica devido a alta taxa de
resisténcia aos antibioticos. O objetivo deste estudo foi avaliar eficacia da Terapia Fotodinamica
Antimicrobiana (TFDa) no tratamento de infec¢ao sistémica, por S. aureus, em modelo de
Galleria mellonella. Trata-se de um estudo experimental in vivo, com observacao direta em
laboratdrio. Curvas de morde foram definidas a partir de diferentes concentragdes de indculo
de S. aureus ATCC 25923 para chegar ao inoculo letal ideal. As larvas de G. mellonella foram
divididas em 6 grupos experimentais (n: 10) para cada uma das formas de tratamento apds
infec¢do (TFDa; Laser vermelho; Azul de Metileno; Ceftriaxona; Ceftriaxona + TFDa; NaCl
0,9%), bem como os grupos controle de sobrevivéncia (NaCl 0,9%) e controle de morte (DMSO
puro). Apds determinacdo da infeccdo e tratamento, as larvas foram observadas apds as 4
primeiras horas e, posteriormente, em intervalos de 24 horas, durante 120 horas, para analise
de sobrevivéncia. Posteriormente, 3 larvas de cada grupo foram escolhidas aleatoriamente,
maceradas, homogeneizadas e diluidas para plaqueamento em Agar Salt Manitol (Himedia). As
placas foram incubadas por 24 horas, para posterior contagem de UFC/mL. Na analise
estatistica foram utilizados os testes de ANOVA one-way com pos teste de Tukey (p<0,05) para
analise das UFC/mL e curvas de mortalidade de Kaplan-Meier com test log-rank para nélise de
sobrevivéncia das larvas. A combinacao de ceftriaxona e TFDa apresentou os melhores indices
de sobrevida no tratamento da infecgdo. Observamos diferencas significativas na contagem
celular entre o grupo controle e todos os grupos experimentais. Esses resultados indicam que a

TFDa tem um forte potencial bactericida in vivo contra S. aureus.
1 Introducao
Staphylococcus aureus € uma bactéria gram-positiva responsavel por muitas infecgdes

em humanos, desde infec¢des cutaneas ndo complicadas até infec¢des invasivas graves.

Exemplos incluem furtinculos, abscessos e infec¢des de feridas, que geralmente nao sao fatais,
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mas podem causar morbidade e dor significativas, além de bacteremias hospitalares com alta
taxa de mortalidade.[1,2]. Assim, esse patdgeno ¢ um preocupante agente etioldgico da
pneumonia e de outras infec¢des do trato respiratério, sitios cirtrgicos, proteses articulares e
infecgdes cardiovasculares, bem como em infec¢oes hospitalares [3].

As infecgdes causadas por S. aureus ainda representam uma das principais causas de
infecgdes hospitalares, em particular bacteremia, especialmente em individuos com cateteres
vesicais ou com infecgdes de pele [1]. Bacteremiapor S. aureus ¢ responsavel por mais mortes
do que as causadas pela sindrome da imunodeficiéncia adquirida (AIDS), tuberculose e hepatite
viral combinadas [4,5], o que evidencia o grave problema de satde publica causado por esse
microrganismo

As infecgdes por S. aureus sdo muito dificeis de tratar devido a frequente resisténcia
aos antibidticos e pela sua capacidade de formar biofilmes, que potencializa essa resisténcia
antimicrobiana. Um fator agravante ¢ que os medicamentos penetram no biofilme com
dificuldade, muitas vezes em concentragdes subinibitorias, levando ao aumento da formacao de
biofilme e a resisténcia aos antibioticos, dificultando o curso do tratamento. Além disso, os
biofilmes facilitama troca transversal de genes de resisténcia com outras espécies aumentando
as chances de multiplicagdo de cepas resistentes. Desse modo, novas abordagens terapéuticas
precisam ser estudas e definidas como tratamentos alternativos a essas infecgdes [6].

Nessa perspectiva, a Terapia Fotodinamica Antimicrobiana (TFDa) ¢ uma estratégia
alternativa ao combate de microrganismos patogenos e seus biofilmes. Essa abordagem ¢
baseada no uso de um fotossensibilizador de corante nao toxico, uma fonte de luz com o
comprimento de onda adequado e a presenga de oxigénio [7].

A interacdo ideal de todos os fatores anteriormente citados resulta em estresse
oxidativo, que leva a morte das células-alvo [8,9]. Nesta estratégia, uma vez que ndo hd um
componente especificamente direcionado, mas um dano geral na célula, dificulta a adaptacao
do microrganismo e, consequentemente, as chances de desenvolvimento de resisténcia [10].

Portanto, ¢ necessario o desenvolvimento de novas abordagens terapéuticas
alternativas para impedir a formacao de biofilmes bacterianos e a consequente resisténcia aos
antibidticos. Os estudos in vivo sdo, em partes, limitados devido a auséncia de um sistema
compativel com as politicas dos 3Rs (substitui¢do, reducdo e refinamento, do inglés:
replacement, reduction and refinement) proposta por Russell e Burch [11] para modelos
experimentais em animais, € que possibilite a geragdo de resultados rapidos e permita a triagem

de multiplas interacdes em um curto espago de tempo [12].
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O modelo invertebrado Galleria mellonella (G. mellonella), vem recebendo cada vez
mais destaque como um método alternativo satisfatorio para estudos sobre viruléncia de
patdgenos microbianos e para avaliar a eficacia de agentes antimicrobianos devido as vantagens
associadas ao seu uso [13]. Esses invertebrados ndo possuem nociceptores e, portanto, sao
insensiveis a dor; consequentemente, ndo existem regras éticas restritivas, ao contrario dos
vertebrados [ 14]. Ainda, o seu baixo custo e a sua facilidade de utiliza¢do, contribuem para a
sua crescente popularidade. Embora ndo possuam um sistema imunologico adaptativo, os
invertebrados compartilham com os vertebrados um grande niimero de genes otoldgicos
responsaveis pelas fungdes gerais, explicando assim que o seu sistema imunoldgico inato seja
semelhante ao de mamiferos [15]. Dessa forma, o objetivo deste estudo foi avaliar a agdo
antibacteriana da Terapia Fotodindmica Antimicrobiana no tratamento de infec¢ao sistémica em

modelo experimental de Galleria mellonella.

2. Material e Métodos

2.1 Microrganismos utilizados
Foi utilizada uma cepa padronizadade S. aureus (ATCC 25923) disponivel em estoque
do Laboratorio de Andlises e Diagnodstico do Departamento de Odontologia da Universidade

Estadual da Paraiba, Campina Grande, Paraiba.

2.2 Amostra

A amostra foi composta por larvas de G. mellonella, de aparéncia saudavel, com cor
clara e livres de manchas e/ou pigmentos escuros, com peso médio de 0,25 g, distribuidas em
diferentes grupos, de acordo com o nivel de infec¢do e tratamento. Cada grupo possuia 10
larvas. Todas as andlises foram realizadas em triplicata [16]. As larvas foram mantidas em
incubadora B.O.D. (Demanda Bioquimica de Oxigénio) a 30° C, sendo removidas
exclusivamente para troca dos papeis de filtro, fornecimento de ragdo, aplicagdo de in6culo,

tratamento e registros da analise.

3.4.2 Analise da viabilidade de G. mellonella

As larvas com alto grau de melanizacdo e falta de movimento ao toque foram

consideradas mortas e, portanto, inviaveis ao experimento [16].
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3.4.3 Preparo do in6culo de S. aureus

Culturas de cepas de S aureus (ATCC 25923) foram ativadas em meio de cultura BHI
(Brain Heart Infusion) por 24h e padronizada em espectrofotometro, a partir das densidades 1
x 104 1 x 10°,1 x 105, 1 x 107, 1 x 10 e 1 x 10° células, com vistas a identificar a super

infecgao[17].

3.4.4 Tratamento de infecgao

Os tratamentos da infec¢ao por S. aureus foram tratados de acordo com a Figura 1.

TFDa

Ceftriaxona

ATCC Ceftriaxona + TFDa
25923 Laser Vermelho

Azul de Metileno

Solucdosalina

Figura 1 — Fluxograma com os diferentes grupos experimentais para o tratamento em modelo

experimental de G. mellonella infectadas por S. aureus

Com o propésito de controlar fatores que possam trazer prejuizos a saude da larva como
trauma pela inoculagdo, toxicidade ao meio de cultura ou contaminag¢ao do meio foi incluido o
grupo controle negativo, com solucado salina (0.9 % NaCl, Sorimax, Campo Grande, Brazil) e

um grupo de controle de morte com o agente toxico Dimetilsulféoxido (DMSO).

3.4.4.1 Tratamento da infec¢ao por S. aureus com TFDa
A energia laser utilizada foi na dose de 15 J/cm? com comprimento de onda de 650 nm
(vermelho visivel) e poténcia de 100 mW de modo continuo, durante 2 minutos e 30 segundos.
O aparelho utilizado foi o THERAPY XT (DMC Equipamentos, Sao Carlos, SP, Brasil). O azul
de metileno (ACS cientifica, Sumaré, SP, Brasil) foi o fotossensibilizador utilizado neste
estudo, na concentracdo de 1500 uM e foi preparado dissolvendo o corante em agua destilada,
na proporg¢ao de 0,0047 gramas para cada 10 ml. A quantidade inoculada por larva foi de 5 uLb

[18].
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A injecdo com azul de metileno foi realizada na ultima pro-pata direita 30 minutos
apos a infec¢do. A seguir, as larvas permaneceram mais 30 minutos no escuro (tempo pré-
irradiagao) para proporcionar uma boa dispersao do fotossensibilizador [19].

Com o objetivo de padronizar a distancia na irradiacao com a luz laser, foi adaptado
um suporte para fixagao do aparelho laser utilizado e as larvas foram inseridas em placas de 24

POGOs.

3.5.5.3.Tratamento da infecc¢ao por S. aureus com ceftriaxona

Ceftriaxona (Sigma-Aldrich®) foi o antibacteriano sistémico selecionado para a
realizagdo do tratamento da infec¢do. A dose utilizada foi de 6,25 (pg/mL). Para o preparo das
solugdes, a quantidade de antibacteriano correspondente a dosagem foi diluida em agua
destilada estéril e inoculada na ultima pro pata direita da larva

. Previamente, um grupo com 10 larvas foi utilizado para avaliacao da citotoxicidade

do antibacteriano.

2.2.1.1 Tratamento da infecg@o por S. aureus com ceftriaxona e TFDa

Os mesmos parametros anteriormente mencionados foram mantidos. 30 minutos ap6s a
infecgao foi realizada a inoculacao da ceftriaxona, transcorridos novos 30 minutos foi realizada
a inoculag¢dao do azul de metileno e, posteriormente, a aplicagao do laser vermelho. Ambas

inoculagdes foram realizadas na ultima pro para direita.

2.2.1.2 Tratamento da infec¢do por S. aureus com laser vermelho e azul de metileno
Os parametros de tratamento do uso de laser vermelho e azul de metileno seguem os

mesmos parametros anteriormente mencionados.

3.5.6 Curva de Sobrevivéncia de G. mellonella

Ap6s realizagdo dos tratamentos, conforme cada um dos grupos experimentais, 0s
animais foram acondicionados em placas de Petri e incubados a 37°C. As placas foram
observadas apos 4 horas e depois em intervalos de 24 horas, durante o tempo total de 120 horas.
As larvas foram consideradas mortas quando nao apresentaram nenhum movimento ao toque
por uma pinca metalica. O numero de larvas mortas foi anotado em formulario proprio para

avaliacdo da curva de sobrevivéncia [20].

2.2.2  Quantificacdo de S. aureus na hemolinfa de G. mellonella
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Ap6s as 120 horas de observacao, foram selecionadas 3 larvas aleatoriamente de cada um
dos grupos experimentais para determinagdo da quantificagdo bacteriana. As larvas
selecionadas foram maceradas e homogeneizadas em 1 ml de solucdo salina estéril. Apds
diluicdo seriada, foi realizado o plaqueamento em volume de 20 puL de Agar Sal Manitol
(Himedia®). As placas foram incubadas a 37°C por 24 horas para contagem de unidades

formadoras de coldnia por mililitro (UFC/ml) [21].

3.5 Analise Estatistica

As analises de sobrevivéncia foram realizadas com curvas de morte de Kaplan-Meier
no GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA, EUA) e analisadas pelo teste Log-
rank (Mantel-Cox). Os dados da quantificacdo de UFC/ml para formacdo bacteriana na
hemolinfa foram analisados por anélise de variancia (ANOVA) e teste post-hoc de Tukey, com

nivel de significancia de 5%.

3. Resultados e Discussao

O indculo na densidade de 10° foi classificado como super infecgdo; o indculo de 108
foi classificado como letal; ¢ as demais densidades foram consideradas como nao-letais. Fez-se
uso, portanto, do indculo com a densidade de 10°

A figura 2 mostra a curva de sobrevivéncia com o tratamento de infecc¢ao sistémica por
S. aureus com TFDa, LV (Laser vermelho), CFT (Ceftriaxona), CFT+TFDa
(Ceftriaxona+TfDa) e os controles com NaCl 0,9% (Cloreto de s6dio) e DMSO
(Dimetilsulfoxido). Os resultados demonstram que o tratamento com CFT e a terapia

combinada entre CFT e TFDa favorecem a sobrevida das larvas de G. mellonella.
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Figura 2: Tratamento de infec¢do sistémica por S. aureus com TFDa, LV, CFT, CFT+TFDa,
NaCl 0,9%, AM. Controle: Inoculacdo com NaCl0,9%. (p <0,0001, teste log-rank (Mantel-Cox)

A figura 3 mostra a quantificacdo de células de S. aureus apds os respectivos
tratamentos. Todos os grupos de tratamento demonstraram reducao celular quando comparados
ao grupo controle, com NaCl ,9%.S. aureus ¢ uma bactéria que comumente causa varias
infecgdes que podem variar de superficiais a potencialmente fatais. As cepas hospitalares de S.
aureus sao frequentemente resistentes aos antibiodticos, o que vem dificultando seu tratamento
ao longo das ultimas décadas. Outras alternativas terapéuticas foram postuladas para superar as
desvantagens da multirresisténcia aos antibidticos. Destes, a TFDa ¢ uma abordagem

promissora para abordar a notavel escassez de novos antibioticos ativos contra S. aureus [22].
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Figura 3: Quantificacdo de células de S. aureus. Controle: Inoculagdo com NaCl0,9%.
Diferentes letras indicam diferencas intragrupos estatisticamente significativas (p < 0,05;
ANOVA one-way, seguida de teste post-hoc de Tukey)

Os resultados positivos demonstrados pela TFDa no tratamento das infec¢des podem
ser combinados com a antibioticoterapia convencional [22]. Esta combinacao permitiria evitar
o aumento da resisténcia, tanto aos fotossensibilizadores como aos antibidticos. No presente
estudo, a TFDa combinada com CFT apresentou bons resultados no que se refere a curva de
sobrevivéncia das larvas, porém ndo obteve os mesmos resultados quando avaliado a
viabilidade bacteriana.

A gentamicina (GEN) é um dos antibioticos mais utilizados para tratamento de
diversas bacteremias. Varios autores avaliaram o efeito sinérgico da GEN com a TFDa no
tratamento antibacteriano de S. aureus [23-27]. Estes estudos utilizaram uma metodologia
semelhante, onde as bactérias sdo acondicionadas no escuro com diferentes concentragdes de
fotossensibilizadores. As bactérias sao, entdo, colocadas em pogos de placas de microtitulacao,
que contem diferentes concentragdes de GEN e irradiadas com diferentes doses de luz. Por fim,
a contagem de UFC reduziu significativamente a viabilidade bacteriana [22].

Outro antibidtico amplamente utilizado para tratar infecgdes causadas por bactérias
multirresistentes € a Linezolida (LN). Um grande conjunto de evidéncias mostra que a TFDa
aumenta significativamente a eficacia do tratamento com LN de forma sinérgica para diferentes
cepas de S. aureus [28,29]. Kashef et al. observaram que a combinacao de Azul de Toluidina
(AT) e AM na TFDa com LN erradicao S. aureus isolado de ulceras cronicas do pé diabético.
Por si s6, a terapia TFDa com AT ou AM ndo diminuiu a viabilidade bacteriana de nenhuma das
cepas de S. aureus. No entanto, a combinagdo de TFDa com LN resultou na redugdo da
viabilidade em comparagdo com o antibiotico sozinho (redugdes de 0,6 1og10)[28]. A auséncia
de efeito sinérgico deste estudo, para a viabilidade bacteriana, comparado com os resultados
obtidos na literatura, pode indicar que o mecanismo de acao do antibiotico utilizado pode ser
diferencial para o sucesso da combinag¢ao da terapia fotodinamica com a antibioticoterapia [32].

Uma das resisténcias mais criticas que S. aureus demonstrou durante as tltimas duas
décadas ¢ aresisténciaa vancomicina. Por esse motivo, a TFDa tem sido estudada como opg¢ao
terap€utica que potencializa a acdo bactericida da vancomicina [30,31]. O sinergismo com
TFDa melhorou a atividade antimicrobiana da VAN com uma diminuigdo de cinco vezes na
viabilidade bacteriana em comparagdo com amostras tratadas apenas com TFDa [30].

No presente estudo, a TFDa combinada com CFT ndo apresentou aumento na eficacia

terapéutica, com manutencdo da reducdo do crescimento bacteriano, independente do
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tratamento utilizado, corroborando com o estudo in vitro de Costa-Machado [32] que avaliou a
eficacia da terapia combinada em cepas de S. aureus. A ceftriaxona, como ciclosporina de 3*
geracao, possui mecanismo de acdo enzimatico capaz de impedir a sintese de peptidoglicano
pela bactéria[33] e alterar o padrdo de resisténcia a antibioticos apds sua aplicagdo. No entanto,
no presente estudo ndo foram observadas diferencas na inativagao bacteriana quando CFT e
TFDa foram combinados.

A aplicagdao de TFDa permitiu redugcdo do crescimento bacteriano, em relacao ao
controle, com redu¢do da carga bacteriana, porém ndo houve inativagdo completa e nem
significante para os demais grupos que usaram a fotobiomodulagdo. Da mesma forma, outros
estudos concluiram que houve redug¢do na maioria das bactérias estudadas, tanto com cepas
bacterianas Gram-negativas quanto Gram-positivas, o que promoveu redu¢do do crescimento
bacteriano sem inativa¢ao total, sendo uma possivel limitagdo paraa eficaciado TFDa [32,33].

Os protocolos da concentragdo de azul de metileno utilizada e a dose de luz irradiada
foram definidas por um estudo prévio para avaliagdo da TFDa em modelo experimental de G.
mellonella com cepas fingicas, onde a TFDa (com utilizagdo do AM) prolongou e aumentou a
sobrevivéncia de larvas [18]. Ressaltando que os mecanismos de morte celular da TFDa
dependem da quantidade de EROS (Espécies Reativas de Oxigénio) gerados e sugerem
dependéncia entre densidade de energia, dose, concentracdo e composicdo do
fotossensibilizador para garantir a efic4cia antibacteriana. No presente estudo, tal observacao
nao pode ser observada, uma vez que a TFDa, de modo isolado, ndo apresentou uma diferenca
significativa, para os demais grupos experimentais.

Uma das particularidades deste estudo ¢ a utilizagdo de TFDa em cepas de S. aureus em
modelo de G. mellonella, ndo permitindo uma comparagao direta entre estudos fazendo com
que os dados para cargas fungicas sejam ampliados para as cargas bacterianas também.

Como indicativo para futuros estudos, em que se pese, a importancia da formagao dos
biofilmes bacterianos nos quadros de graves infecc¢des, faz-se mister a continuidade dos estudos
com biofilmes bacterianos. Também se faz necessario estudos comparativos com diferentes
fontes de luz e fotossensibilizadores, com vistas a selecionar os melhores parametros para

efetividade da TFDa.

Conclusao
TFDa apresenta um forte efeito bactericida contra bactérias Gram-positivas e Gram-
negativas, além de possuir baixa toxicidade e baixo risco de desenvolvimento de resisténcia

antimicrobiana. Neste estudo, nas concentragdes de inoculo utilizadas no modelo de G.
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mellonella, a TFDa apresentou a¢do antimicrobiana positiva contra S. aureus, indicando que

essa técnica tem potencial como agente bactericida in vivo para infecgdes por S. aureus.

Anadlises com outras variacdes de inoculo, tipo de laser e corante associado, bem como

variagdes de tempo na andlise podem, ainda, permitir resultados ainda mais promissores.
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5 CONSIDERACOES FINAIS

Apo6s os resultados encontrados e ampliando o conhecimento com a literatura vigente
observa-se lacunas referentes ao impacto da TFDa no tratamento da infec¢ao bacteriana in vivo.
Os resultados pioneiros desta pesquisa ajudam a ampliar a teméatica para que cada vez mais o
modelo experimental de G. mellonella possa ser utilizado como veiculo confidvel para os mais
diversos tratamentos contra as infecgdes bacterianas, assim como ja acontece com as infecgdes
fingicas.

Na concentragao do indculo encontrado para super infeccao em modelo de G. mellonella,
observamos que a TFDa, o uso de laser vermelho, o azul de metileno e a associagdo entre
terapéutica medicamentosa e TFDa possuem ac¢do antimicrobiana positiva contra S. aureus
indicando que essa técnica tem potencial como agente bactericida in vivo para infec¢des por S.
aureus. Analises com outros niveis de infec¢do, variagdes de indculo, tipos de laser e LEDs,
fotossensibilizadores e variagdes de tempo na analise podem permitir resultados ainda mais

promissores.
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ANEXO A - NORMAS DE PUBLICACAO PARA O PERIODICO
PHOTODIAGNOSIS AND PHOTODYNAMIC THERAPY

About the journal

Aims and scope

Official Journal of the European Platform for Photodynamic Medicine

Affiliated with the International Photodynamic Association

Also affiliated with the British Medical Laser Association and the Polish Society for
Photodynamic Medicine

INDEXED in MEDLINE/PubMed, SciSearch/Science Citation Index Expanded, Current
Contents/Clinical Medicine.

Aims and Scope:

Photodiagnosis and Photodynamic Therapy is an international journal for the dissemination
of scientific knowledge and clinical developments of Photodiagnosis and Photodynamic
Therapy in all medical specialties. The journal publishes original articles, review articles,
case presentations, "how-to-do-it" articles, Letters to the Editor, short communications and
relevant images with short descriptions. All submitted material is subject to a strict peer-
review process.

Article types

Research Papers should report original clinical studies or research not previously published
or being considered for publication elsewhere. Work in Progress may also be submitted. See
below for the standard layout. Submission of a manuscript to this journal gives the publisher
the right to publish that paper if it is accepted. Manuscripts may be edited to improve clarity
and expression.

Review articles, including institutional reviews of recent developments are welcome, and will
undergo peer review. Reviews should have an abstract of up to 250 words.

Editorials
Although most Editorials in the journal are commissioned, authors may contact the Editor-in-
Chief to request submission of their own Editorial.

Correspondence. Readers are encouraged to write about any topic that relates to
photodiagnosis or photodynamic therapy, clinical, scientific, educational, social or economic.
Letters should be no longer than 500 words and may include discussions on material
previously printed in the Journal.

Case report will be considered if formatted as a research letter with 2 figures maximum.
Maximum length is up to 1000 words with no headings and up to 6 references and 2 tables or
figures. An abstract of 150-200 words should also be provided.
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Short Communications should not exceed 1000 words and should consist of a background
section (not to exceed 100 words), aims (not to exceed 50 words), methods (not to exceed 250
words), results (not to exceed 250 words) and conclusion (not to exceed 250 words). An
abstract of 150-200 words should also be provided. The editorial team reserves the right to
decide which tables/figures submitted are necessary.

Peer review

This journal follows a single anonymized review process. Your submission will initially be
assessed by our editors to determine suitability for publication in this journal. If your
submission is deemed suitable, it will typically be sent to a minimum of two reviewers for an
independent expert assessment of the scientific quality. The decision as to whether your
article is accepted or rejected will be taken by our editors. Authors who wish to appeal the
editorial decision for their manuscript may submit a formal appeal request in accordance with
the procedure outlined in Elsevier’s Appeal Policy. Only one appeal per submission will be
considered and the appeal decision will be final.

Read more about peer review.
Our editors are not involved in making decisions about papers which:

o they have written themselves.
e have been written by family members or colleagues.
« relate to products or services in which they have an interest.

Any such submissions will be subject to the journal's usual procedures and peer review will
be handled independently of the editor involved and their research group. Read more
about editor duties.

Special issues and article collections

The peer review process for special issues and article collections follows the same process as
outlined above for regular submissions, except, a guest editor will send the submissions out to
the reviewers and recommend a decision to the journal editor. The journal editor oversees the
peer review process of all special issues and article collections to ensure the high standards of
publishing ethics and responsiveness are respected and is responsible for the final decision
regarding acceptance or rejection of articles.

Open access

We refer you to our open access information page to learn about open access options for this
journal.

Ethics and Policies
Ethics in publishing

Authors must follow ethical guidelines stated in Elsevier's Publishing Ethics Policy.
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Submission declaration

When authors submit an article to an Elsevier journal it is implied that:

o the work described has not been published previously except in the form of a preprint,
an abstract, a published lecture, academic thesis or registered report. See our policy
on multiple, redundant or concurrent publication.

o the article is not under consideration for publication elsewhere.

o the article's publication is approved by all authors and tacitly or explicitly by the
responsible authorities where the work was carried out.

o ifaccepted, the article will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the
copyright-holder.

To verify compliance with our journal publishing policies, we may check your manuscript
with our screening tools.

Authorship

All authors should have made substantial contributions to all of the following:

1. The conception and design of the study, or acquisition of data, or analysis and
interpretation of data.

2. Drafting the article or revising it critically for important intellectual content.

3. Final approval of the version to be submitted.

All authors should agree to be accountable for all aspects of the work to ensure that the
questions related to the accuracy or integrity of any part of the work are appropriately
investigated and resolved.

Changes to authorship

The editors of this journal generally will not consider changes to authorship once a
manuscript has been submitted. It is important that authors carefully consider the authorship
list and order of authors and provide a definitive author list at original submission.

The policy of this journal around authorship changes:

e All authors must be listed in the manuscript and their details entered into the
submission system.

e Any addition, deletion or rearrangement of author names in the authorship list should
only be made prior to acceptance, and only if approved by the journal editor.

e Requests to change authorship should be made by the corresponding author, who must
provide the reason for the request to the journal editor with written confirmation from
all authors, including any authors being added or removed, that they agree with the
addition, removal or rearrangement.

o Only in exceptional circumstances will the journal editor consider the addition,
deletion or rearrangement of authors post acceptance.

o Publication of the manuscript may be paused while a change in authorship request is
being considered.
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e Any authorship change requests approved by the journal editor will result in a
corrigendum if the manuscript has already been published.

e Any unauthorised authorship changes may result in the rejection of the article, or
retraction, if the article has already been published.

Declaration of interests

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence or bias their work. Examples of potential
competing interests include:

o Employment

e Consultancies

o Stock ownership

e Honoraria

o Paid expert testimony

o Patent applications or registrations
e Grants or any other funding

The Declaration of Interests tool should always be completed.

Authors with no competing interests to declare should select the option, "I have nothing to
declare™.

The resulting Word document containing your declaration should be uploaded at the
"attach/upload files" step in the submission process. It is important that the Word document is
saved in the .doc/.docx file format. Author signatures are not required.

We advise you to read our policy on conflict of interest statements, funding source
declarations, author agreements/declarations and permission notes.

Funding sources

Authors must disclose any funding sources who provided financial support for the conduct of
the research and/or preparation of the article. The role of sponsors, if any, should be declared
in relation to the study design, collection, analysis and interpretation of data, writing of the
report and decision to submit the article for publication. If funding sources had no such
involvement this should be stated in your submission.

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United
States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants,
scholarships and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.
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If no funding has been provided for the research, it is recommended to include the following
sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Declaration of generative Al in scientific writing

Authors must declare the use of generative Al in scientific writing upon submission of the
paper. The following guidance refers only to the writing process, and not to the use of Al
tools to analyse and draw insights from data as part of the research process:

o Generative Al and Al-assisted technologies should only be used in the writing process
to improve the readability and language of the manuscript.

e The technology must be applied with human oversight and control and authors should
carefully review and edit the result, as Al can generate authoritative-sounding output
that can be incorrect, incomplete or biased. Authors are ultimately responsible and
accountable for the contents of the work.

e Authors must not list or cite Al and Al-assisted technologies as an author or co-author
on the manuscript since authorship implies responsibilities and tasks that can only be
attributed to and performed by humans.

The use of generative Al and Al-assisted technologies in scientific writing must be declared
by adding a statement at the end of the manuscript when the paper is first submitted. The
statement will appear in the published work and should be placed in a new section before the
references list. An example:

« Title of new section: Declaration of generative Al and Al-assisted technologies in the
writing process.

o Statement: During the preparation of this work the author(s) used [NAME TOOL /
SERVICE] in order to [REASON]. After using this tool/service, the author(s)
reviewed and edited the content as needed and take(s) full responsibility for the
content of the published article.

The declaration does not apply to the use of basic tools, such as tools used to check grammar,
spelling and references. If you have nothing to disclose, you do not need to add a statement.

We advise you to read our policy for authors on the use of generative Al and Al-assisted
technologies for Elsevier.

Please note: to protect authors' rights and the confidentiality of their research, this journal
does not currently allow the use of Generative Al or Al-assisted technologies such as
ChatGPT or similar services by reviewers or editors in the peer review and manuscript
evaluation process. We are actively evaluating compliant Al tools and may revise this policy
in the future.
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Preprints
Preprint sharing

Authors may share preprints, anywhere and at any time, in line with Elsevier's article sharing
policy. Sharing preprints, such as on a preprint server, will not count as prior publication.

We advise you to read our policy on multiple, redundant or concurrent publication.

Free preprint posting on SSRN

In support of open science this journal offers authors a free preprint posting service
on SSRN to ensure early registration and dissemination of research and facilitate early
citations and collaboration. Posting to SSRN is subject to SSRN's standard checks.

You will be provided with the option to release your manuscript on SSRN during the
submission process. Agreeing to this option will have no effect on the editorial process or
outcome, and your manuscript will remain publicly available and free to read on SSRN
whether our editors accept or reject your manuscript.

You will receive an email when your preprint is posted online on SSRN and a Digital Object
Identifier (DOI) is assigned.

Corresponding authors must seek approval from all co-authors before agreeing to release a
manuscript publicly on SSRN.

We advise you to read about SSRN, including the SSRN Terms of Use and SSRN
FAQs before selecting this option.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Authors should ensure their work uses
inclusive language throughout and contains nothing which might imply one individual is
superior to another on the grounds of:

e age

gender

race

ethnicity

culture

sexual orientation

disability or health condition

We recommend avoiding the use of descriptors about personal attributes unless they are
relevant and valid. Write for gender neutrality with the use of plural nouns (“clinicians,
patients/clients™) as default. Wherever possible, avoid using "he, she," or "he/she."

No assumptions should be made about the beliefs of readers and writing should be free from
bias, stereotypes, slang, reference to dominant culture and/or cultural assumptions.
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These guidelines are meant as a point of reference to help you identify appropriate language
but are by no means exhaustive or definitive.

Reporting sex- and gender-based analyses

There is no single, universally agreed-upon set of guidelines for defining sex and gender. We
offer the following guidance:

o Sex and gender-based analyses (SGBA) should be integrated into research design
when research involves or pertains to humans, animals or eukaryotic cells. This should
be done in accordance with any requirements set by funders or sponsors and best
practices within a field.

e Sex and/or gender dimensions of the research should be addressed within the article or
declared as a limitation to the generalizability of the research.

o Definitions of sex and/or gender applied should be explicitly stated to enhance the
precision, rigor and reproducibility of the research and to avoid ambiguity or
conflation of terms and the constructs to which they refer.

We advise you to read the Sex and Gender Equity in Research (SAGER) guidelines and

the SAGER checklist (PDF) on the EASE website, which offer systematic approaches to the
use of sex and gender information in study design, data analysis, outcome reporting and
research interpretation.

For further information we suggest reading the rationale behind and recommended use of the
SAGER quidelines.

Definitions of sex and/or gender

We ask authors to define how sex and gender have been used in their research and
publication. Some guidance:

o Sex generally refers to a set of biological attributes that are associated with physical
and physiological features such as chromosomal genotype, hormonal levels, internal
and external anatomy. A binary sex categorization (male/female) is usually designated
at birth ("sex assigned at birth™) and is in most cases based solely on the visible
external anatomy of a newborn. In reality, sex categorizations include people who are
intersex/have differences of sex development (DSD).

o Gender generally refers to socially constructed roles, behaviors and identities of
women, men and gender-diverse people that occur in a historical and cultural context
and may vary across societies and over time. Gender influences how people view
themselves and each other, how they behave and interact and how power is distributed
in society.

Jurisdictional claims

Elsevier respects the decisions taken by its authors as to how they choose to designate
territories and identify their affiliations in their published content. Elsevier’s policy is to take
a neutral position with respect to territorial disputes or jurisdictional claims, including, but not
limited to, maps and institutional affiliations. For journals that Elsevier publishes on behalf of
a third party owner, the owner may set its own policy on these issues.


https://researchintegrityjournal.biomedcentral.com/articles/10.1186/s41073-016-0007-6/tables/1
https://ease.org.uk/wp-content/uploads/2023/01/EASE-SAGER-Checklist-2022.pdf
https://doi.org/10.1186/s41073-016-0007-6
https://doi.org/10.1186/s41073-016-0007-6
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e Maps: Readers should be able to locate any study areas shown within maps using
common mapping platforms. Maps should only show the area actually studied and
authors should not include a location map which displays a larger area than the
bounding box of the study area. Authors should add a note clearly stating that "map
lines delineate study areas and do not necessarily depict accepted national
boundaries”. During the review process, Elsevier’s editors may request authors to
change maps if these guidelines are not followed.

 Institutional affiliations: Authors should use either the full, standard title of their
institution or the standard abbreviation of the institutional name so that the
institutional name can be independently verified for research integrity purposes.

Writing and Formatting

File format

We ask you to provide editable source files for your entire submission (including figures,
tables and text graphics). Some guidelines:

o Save filesin an editable format, using the extension .doc/.docx for Word files and .tex
for LaTeX files. A PDF is not an acceptable source file.

e Lay out text in a single-column format.

e Use spell-check and grammar-check functions to avoid errors.

We advise you to read our Step-by-step guide to publishing with Elsevier.

Title page
You are required to include the following details in the title page information:

o Article title. Article titles should be concise and informative. Please avoid
abbreviations and formulae, where possible, unless they are established and widely
understood, e.g., DNA).

e Author names. Provide the given name(s) and family name(s) of each author. The
order of authors should match the order in the submission system. Carefully check that
all names are accurately spelled. If needed, you can add your name between
parentheses in your own script after the English transliteration.

o Affiliations. Add affiliation addresses, referring to where the work was carried out,
below the author names. Indicate affiliations using a lower-case superscript letter
immediately after the author's name and in front of the corresponding address. Ensure
that you provide the full postal address of each affiliation, including the country name
and, if available, the email address of each author.

e Corresponding author. Clearly indicate who will handle correspondence for your
article at all stages of the refereeing and publication process and also post-publication.
This responsibility includes answering any future queries about your results, data,
methodology and materials. It is important that the email address and contact details of
your corresponding author are kept up to date during the submission and publication
process.

o Present/permanent address. If an author has moved since the work described in your
article was carried out, or the author was visiting during that time, a "present address"
(or "permanent address™) can be indicated by a footnote to the author's name. The
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address where the author carried out the work must be retained as their main affiliation
address. Use superscript Arabic numerals for such footnotes.

Abstract

You are required to provide a concise and factual abstract. The abstract should briefly state
the purpose of your research, principal results and major conclusions. Some guidelines:

o Abstracts must be able to stand alone as abstracts are often presented separately from
the article.

o Avoid references. If any are essential to include, ensure that you cite the author(s) and
year(s).

e Avoid non-standard or uncommon abbreviations. If any are essential to include, ensure
they are defined within your abstract at first mention.

Keywords

You are required to provide 1 to 7 keywords for indexing purposes. Keywords should be
written in English. Please try to avoid keywords consisting of multiple words (using "and" or
llofll).

We recommend that you only use abbreviations in keywords if they are firmly established in
the field.

Highlights
You are required to provide article highlights at submission.

Highlights are a short collection of bullet points that should capture the novel results of your
research as well as any new methods used during your study. Highlights will help increase the
discoverability of your article via search engines. Some guidelines:

o Submit highlights as a separate editable file in the online submission system with the
word "highlights™ included in the file name.

o Highlights should consist of 3 to 5 bullet points, each a maximum of 85 characters,
including spaces.

We encourage you to view example article highlights and read about the benefits of their
inclusion.

Graphical abstract

You are encouraged to provide a graphical abstract at submission.

The graphical abstract should summarize the contents of your article in a concise, pictorial
form which is designed to capture the attention of a wide readership. A graphical abstract will
help draw more attention to your online article and support readers in digesting your research.
Some guidelines:

e Submit your graphical abstract as a separate file in the online submission system.


https://www.elsevier.com/researcher/author/tools-and-resources/highlights
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o Ensure the image is a minimum of 531 x 1328 pixels (h x w) or proportionally more
and is readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi.
o Our preferredfile types for graphical abstractsare TIFF, EPS, PDF or MS Office files.

We encourage you to view example graphical abstracts and read about the benefits of
including them.

Tables

Tables must be submitted as editable text, not as images. Some guidelines:

Place tables next to the relevant text or on a separate page(s) at the end of your article.
Cite all tables in the manuscript text.

Number tables consecutively according to their appearance in the text.

Please provide captions along with the tables.

Place any table notes below the table body.

Avoid vertical rules and shading within table cells.

We recommend that you use tables sparingly, ensuring that any data presented in tables is not
duplicating results described elsewhere in the article.

Figures, images and artwork
Figures, images, artwork, diagrams and other graphical media must be supplied as separate

filesalong with the manuscript. We recommend that you read our detailed artwork and media
instructions. Some excerpts:

When submitting artwork:

o Cite all images in the manuscript text.

e Number images according to the sequence they appear within your article.

o Submit each image as a separate file using a logical naming convention for your files
(for example, Figure_1, Figure_2 etc).

o Please provide captions along with the artwork.

e Text graphics may be embedded in the text at the appropriate position. If you are
working with LaTeX, text graphics may also be embedded in the file.

Artwork formats

When your artwork is finalized, "save as" or convert your electronic artwork to the formats
listed below taking into account the given resolution requirements for line drawings,
halftones, and line/halftone combinations:

e Vector drawings: Save as EPS or PDF files embedding the font or saving the text as
"graphics.”

o Color or grayscale photographs (halftones): Save as TIFF, JPG or PNG files using a
minimum of 300 dpi (for single column: min. 1063 pixels, full page width: 2244
pixels).

o Bitmapped line drawings: Save as TIFF, JPG or PNG files using a minimum of 1000
dpi (for single column: min. 3543 pixels, full page width: 7480 pixels).
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o Combinations bitmapped line/halftones (color or grayscale): Save as TIFF, JPG or
PNG filesusing a minimum of 500 dpi (for single column: min. 1772 pixels, full page
width: 3740 pixels).

Please do not submit:

o filesthat are too low in resolution (for example, files optimized for screen use such as
GIF, BMP, PICT or WPG files).

« disproportionally large images compared to font size, as text may become unreadable.

Figure captions

All images must have a caption. A caption should consist of a brief title (not displayed on the
figure itself) and a description of the image. We advise you to keep the amount of text in any
image to a minimum, though any symbols and abbreviations used should be explained.
Provide captions in a separate file.

Color artwork

If you submit usable color figures with your accepted article, we will ensure that they appear
in color online.

Please ensure that color images are accessible to all, including those with impaired color
vision. Learn more about color and web accessibility.

For articlesappearingin print, you will be sent information on costs to reproduce color in the
printed version, after your accepted article has been sent to production. At this stage, please
indicate if your preferenceis to have color only in the online version of your article or also in
the printed version.

Generative Al and Figures, images and artwork

Please read our policy on the use of generative Al and Al-assisted tools in figures, images and
artwork, which states:

e We do not permit the use of Generative Al or Al-assisted tools to create or alter
images in submitted manuscripts.

e The only exceptionis if the use of Al or Al-assisted tools is part of the research design
or methods (for example, in the field of biomedical imaging). If this is the case, such
use must be described in a reproducible manner in the methods section, including the
name of the model or tool, version and extension numbers, and manufacturer.

o The use of generative Al or Al-assisted tools in the production of artwork such as for
graphical abstracts is not permitted. The use of generative Al in the production of
cover art may in some cases be allowed, if the author obtains prior permission from
the journal editor and publisher, can demonstrate that all necessary rights have been
cleared for the use of the relevant material, and ensures that there is correct content
attribution.
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Supplementary material

We encourage the use of supplementary materials such as applications, images and sound
clips to enhance research. Some guidelines:

o Cite all supplementary files in the manuscript text.

e Submit supplementary materials at the same time as your article. Be aware that all
supplementary materials provided will appear online in the exact same file type as
received. These files will not be formatted or typeset by the production team.

e Include a concise, descriptive caption for each supplementary file describing its
content.

o Provide updated files if at any stage of the publication process you wish to make
changes to submitted supplementary materials.

e Do not make annotations or corrections to a previous version of a supplementary file.

« Switch off the option to track changes in Microsoft Office files. If tracked changes are
left on, they will appear in your published version.

We recommend you upload research data to a suitable specialist or generalist repository.
Please read our guidelines on sharing research data for more information on depositing,
sharing and using research data and other relevant research materials.

Video

This journal accepts video material and animation sequences to support and enhance your
scientific research. We encourage you to include links to video or animation files within
articles. Some guidelines:

e When including video or animation file links within your article, refer to the video or
animation content by adding a note in your text where the file should be placed.

o Clearly label files ensuring the given file name is directly related to the file content.

e Provide files in one of our recommended file formats. Files should be within our
preferred maximum file size of 150 MB per file, 1 GB in total.

e Provide "stills" for each of your files. These will be used as standard icons to
personalize the link to your video data. You can choose any frame from your video or
animation or make a separate image.

e Provide text (for both the electronic and the print version) to be placed in the portions
of your article that refer to the video content. This is essential text, as video and
animation files cannot be embedded in the print version of the journal.

We publish all video and animation files supplied in the electronic version of your article.

For more detailed instructions, we recommend that you read our guidelines on submitting
video content to be included in the body of an article.

Research data

We are committed to supporting the storage of, access to and discovery of research data, and
our research data policy sets out the principles guiding how we work with the research
community to support a more efficient and transparent research process.
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Research data refers to the results of observations or experimentation that validate research
findings, which may also include software, code, models, algorithms, protocols, methods and
other useful materials related to the project.

Please read our guidelines on sharing research data for more information on depositing,
sharing and using research data and other relevant research materials.

For this journal, the following instructions from our research data guidelines apply.

Option B: Research data deposit, citation and linking
You are encouraged to:

« Deposit your research data in a relevant data repository.

o Cite and link to this dataset in your article.

e If thisis not possible, make a statement explaining why research data cannot be
shared.

Data statement

To foster transparency, you are encouraged to state the availability of any data at submission.

Ensuring data is available may be a requirement of your funding body or institution. If your
data is unavailable to access or unsuitable to post, you can state the reason why (e.g., your
research data includes sensitive or confidential information such as patient data) during the
submission process. This statement will appear with your published article on ScienceDirect.

Read more about the importance and benefits of providing a data statement.
Data linking

Linking to the data underlying your work increases your exposure and may lead to new
collaborations. It also provides readers with a better understanding of the described research.

If your research data has been made available in a data repository there are a number of ways
your article can be linked directly to the dataset:

e Provide a link to your dataset when prompted during the online submission process.

e For some data repositories, a repository banner will automatically appear next to your
published article on ScienceDirect.

e You can also link relevant data or entities within the text of your article through the
use of identifiers. Use the following format: Database: 12345 (e.g. TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN).

Learn more about linking research data and research articles in ScienceDirect.

Research Elements

This journal enables the publication of research objects (e.g. data, methods, protocols,
software and hardware) related to original research in Elsevier's Research Elements journals.
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Research Elements are peer-reviewed, open access journals which make research objects
findable, accessible and reusable. By providing detailed descriptions of objects and their
applicationwith links to the original research article, your research objects can be placed into
context within your article.

You will be alerted during submission to the opportunity to submit a manuscript to one of the
Research Elements journals. Your Research Elements article can be prepared by you, or by
one of your collaborators.

Article structure
Article sections

Divide your manuscript into clearly defined sections covering all essential elements. For
example:

e Abstract

o Keywords

e Introduction

e Materials and methods

e Results
e Conclusions
e Artwork

o Tables with captions
Introduction
The introduction should clearly state the objectives of your work. We recommend that you
provide an adequate background to your work but avoid writing a detailed literature overview
or summary of your results.

Material and methods

The materials and methods section should provide sufficient details about your materials and
methods to allow your work to be reproduced by an independent researcher. Some guidelines:

« If the method you used has already been published, provide a summary and reference
the originally published method.

o If you are quoting directly from a previously published method, use quotation marks
and cite the source.

o Describe any modifications that you have made to existing methods.

Results

Results should be clear and concise. We advise you to read the sections in this guide on
supplying tables, artwork, supplementary material and sharing research data.

Discussion

The discussion section should explore the significance of your results but not repeat them.
You may combine your results and discussion sections into one section, if appropriate. We
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recommend that you avoid the use of extensive citations and discussion of published literature
in the discussion section.

Conclusion

The conclusion section should present the main conclusions of your study. You may have a
stand-alone conclusions section or include your conclusions in a subsection of your discussion
or results and discussion section.

Glossary

Please provide definitions of field-specific terms used in your article, in a separate list.

Abbreviations

Abbreviations which are not standard in the field should be defined in a footnote on the first
page of your article.

Abbreviations which are essential to include in your abstract should be defined at first
mention in your abstract, as well as in a footnote on the first page of your article.

Before submission we recommend that you review your use of abbreviations throughout your
article to ensure that it is consistent.

Acknowledgements

Include any individuals who provided you with help during your research, such as help with
language, writing or proof reading, in the acknowledgements section. Acknowledgements
should be placed in a separate section which appears directly before the reference list. Do not
include acknowledgements on your title page, as a footnote to your title, or anywhere else in
your article other than in the separate acknowledgements section.

Author contributions: CRediT

Corresponding authors are required to acknowledge co-author contributions using CRediT
(Contributor Roles Taxonomy) roles:

e Conceptualization

o Data curation

e Formal analysis

e Funding acquisition

e Investigation

o Methodology

e Project administration
o Resources

e Software

e Supervision

e Validation

e Visualization

e Writing — original draft
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e Writing — review and editing

Not all CRediT roles will apply to every manuscript and some authors may contribute through
multiple roles.

We advise you to read more about CRediT and view an example of a CRediT author
statement.

Funding sources

Authors must disclose any funding sources who provided financial support for the conduct of
the research and/or preparation of the article. The role of sponsors, if any, should be declared
in relation to the study design, collection, analysis and interpretation of data, writing of the
report and decision to submit the article for publication. If funding sources had no such
involvement this should be stated in your submission.

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United
States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants,
scholarships and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following
sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Appendices

We ask you to use the following format for appendices:

 Identify individual appendices within your article using the format: A, B, etc.

o Give separate numbering to formulae and equations within appendices using formats
such as Eq. (A.1), Eq. (A.2), etc. and in subsequent appendices, Eq. (B.1), Eq. (B. 2)
etc. In a similar way, give separate numbering to tablesand figures using formats such
as Table A.1; Fig. A.1, etc.

References
References within text

Any references cited within your article should also be present in your reference list and vice
versa. Some guidelines:

o References cited in your abstract must be given in full.
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e We recommend that you do not include unpublished results and personal
communications in your reference list, though you may mention them in the text of
your article.

e Any unpublished results and personal communications included in your reference list
must follow the standard reference style of the journal. In substitution of the
publication date add "unpublished results” or "personal communication."

o References cited as "in press"” imply that the item has been accepted for publication.

Linking to cited sources will increase the discoverability of your research.

Before submission, check that all data provided in your reference list are correct, including
any references which have been copied. Providing correct reference data allows us to link to
abstracting and indexing services such as Scopus, Crossref and PubMed. Any incorrect
surnames, journal or book titles, publication years or pagination within your references may
prevent link creation.

We encourage the use of Digital Object Identifiers (DOIs) as reference links as they provide a
permanent link to the electronic article referenced. See the example below, though be aware
that the format of such citations should be adapted to follow the style of other references in
your paper.

DOI link example (for an article not yet in an issue):

VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of
Geophysical Research, https://doi.org/10.1029/2001JB000884.

Reference format

This journal does not set strict requirements on reference formatting at submission. Some
guidelines:

o References can be in any style or format as long as the style is consistent.

e Author names, journal or book titles, chapter or article titles, year of publication,
volume numbers, article numbers or pagination must be included, where applicable.

e Use of DOIs is recommended.

Our journal reference style will be applied to your article after acceptance, at proof stage. If
required, at this stage we will ask you to correct or supply any missing reference data.

Reference style

Indicate references by adding a number within square brackets in the text. You can refer to
author names within your text, but you must always give the reference number, e.g., "as

demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....".
Number references in the order they appear in your article.
Examples:

Reference to a journal publication:
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[1] J. van der Geer, T. Handgraaf, R.A. Lupton, The art of writing a scientific article, J. Sci.
Commun. 163 (2020) 51 — 59. https://doi.org/10.1016/j.sc.2020.00372.

Reference to a journal publication with an article number:

[2] J. van der Geer, T. Handgraaf, R.A. Lupton, 2022. The art of writing a scientific article.
Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2022.e00205.

Reference to a book:

[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in a book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S.
Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York,
2020, pp. 281 - 304.

Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the

UK. http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2023
(accessed 13 March 2023).

Reference to a dataset:

[6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions [dataset], Mendeley Data, v1,
2015. https://doi.org/10.1234/abc12nb39r.1.

Reference to software:

[7] E. Coon, M. Berndt, A. Jan, D. Svyatsky, A. Atchley, E. Kikinzon, D. Harp, G. Manzini,
E. Shelef, K. Lipnikov, R. Garimella, C. Xu, D. Moulton, S. Karra, S. Painter, E. Jafarov, S.
Molins, Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88) [software], Zenodo,
March 25, 2020. https://doi.org/10.1234/zenodo.3727209.

Journal abbreviations

We ask you to abbreviate journal names according to the List of Title Word
Abbreviations (LTWA).

Web references

When listing web references, as a minimum you should provide the full URL and the date
when the reference was last accessed. Additional information (e.g. DOI, author names, dates
or reference to a source publication) should also be provided, if known.

You can list web references separately under a new heading directly after your reference list
or include them in your reference list.


https://www.issn.org/services/online-services/access-to-the-ltwa/
https://www.issn.org/services/online-services/access-to-the-ltwa/

74

Data references

We encourage you to cite underlying or relevant datasets within article text and to list data
references in the reference list.

When citing data references, you should include:

e author name(s)

o dataset title

o data repository

e version (where available)
o year

e global persistent identifier

Add [dataset] immediately before your reference. This will help us to properly identify the
dataset. The [dataset] identifier will not appear in your published article.

Preprint references

We ask you to mark preprints clearly. You should include the word "preprint™ or the name of
the preprint server as part of your reference and provide the preprint DOI.

Where a preprint has subsequently become available as a peer-reviewed publication, use the
formal publication as your reference.

If there are preprints that are central to your work or that cover crucial developments in the
topic, but they are not yet formally published, you may reference the preprint.

Reference management software
Most Elsevier journals have their reference template available in popular reference

management software products. These include products that support Citation Style Language
(CSL) such as Mendeley Reference Manager.

If you use a citation plug-in from these products, select the relevant journal template and all
your citations and bibliographies will automatically be formatted in the journal style. We
advise you to remove all field codes before submitting your manuscript to any reference
management software product.

If a template is not available for this journal, follow the format given in examples in the
reference style section of this Guide for Authors.

Submitting your Manuscript
Submission checklist

Before completing the submission of your manuscript, we advise you to read our submission
checklist:
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o One author has been designated as the corresponding author and their full contact
details (email address, full postal address and phone numbers) have been provided.

o All files have been uploaded, including keywords, figure captions and tables
(including a title, description and footnotes) included.

o Spelling and grammar checks have been carried out.

o All references in the article text are cited in the reference list and vice versa.

e Permission has been obtained for the use of any copyrighted material from other
sources, including the Web.

o For gold open access articles, all authors understand that they are responsible for
payment of the article publishing charge (APC) if the manuscript is accepted. Payment
of the APC may be covered by the corresponding author's institution, or the research
funder.

Submit online

Our online submission system guides you through the process steps of entering your
manuscript details and uploading your files. The system converts your article files to a single
PDF file used in the peer-review process.

Editable files (e.g., Word, LaTeX) are required to typeset your article for final publication. All
correspondence, including notification of the editor's decision and requests for revision, is
sent by email.

Please follow this link to submit your paper.

After Receiving a Final Decision
Article Transfer Service
If your manuscript is more suitable for an alternative Elsevier journal, you may receive an

email asking you to consider transferring your manuscript via the Elsevier Article Transfer
Service.

The recommendation could come from the journal editor, a dedicated in-house scientific
managing editor, a tool-assisted recommendation or a combination.

If you agree with the recommendation, your manuscript will be transferred and independently
reviewed by the editors of the new journal. You will have the opportunity to make revisions,
if necessary, before the submission is complete at the destination journal.

Publishing agreement

Authors will be asked to complete a publishing agreement after acceptance. The
corresponding author will receive a link to the online agreement by email. We advise you to
read Elsevier's policies related to copyright to learn more about our copyright policies and
your, and your employer’s/institution’s, additional rights for subscription and gold open
access articles.
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License options

Authors will be offered open access user license options which will determine how you, and
third parties, can reuse your gold open access article. We advise that you review these options
and any funding body license requirements before selecting a license option.

Open access

We refer you to our open access information page to learn about open access options for this
journal.

Permission for copyrighted works
If excerpts from other copyrighted works are included in your article, you must obtain written

permission from the copyright owners and credit the source(s) within your article
using Elsevier’s permission request and license form (Word).

Proof correction

To ensure a fast publication process we will ask you to provide proof corrections within two
days.

Corresponding authors will be sent an email which includes a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is similar to
Word. You can edit text, comment on figures and tables and answer questions raised by our
copy editor. Our web-based proofing service ensures a faster and less error-prone process.

You can choose to annotate and upload your edits on the PDF version of your article, if
preferred. We will provide you with proofing instructions and available alternative proofing
methods in our email.

The purpose of the proof is to check the typesetting, editing, completeness and correctness of
your article text, tables and figures. Significant changes to your article at the proofing stage
will only be considered with approval of the journal editor.

Share Link

A customized Share Link, providing 50 days free access to the final published version of your
article on ScienceDirect, will be sent by email to the corresponding author. The Share Link
can be used to share your article on any communication channel, such as by email or on social
media.

For an extra charge, you will be provided with the option to order paper offprints. A link to an
offprint order form will be sent by email when your article is accepted for publication.

A Share Link will not be provided if your article is published gold open access. The final
published version of your gold open access article will be openly available on ScienceDirect
and can be shared through the article DOI link.
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