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RESUMO

Introducgao: Infecgdes do trato urinario (ITUs) estdo entre as infecgdes mais comuns,
afetando aproximadamente 150 milhdes de pacientes em todo o mundo a cada ano,
sendo as mulheres as mais afetadas. Embora a cultura de urina seja considerada o
padrao-ouro para o diagnostico, tem como aspecto negativo o tempo de pelo menos
24h para a emissao dos resultados. Diante disso, o desenvolvimento de ferramentas
mais rapidas e precisas para triagem e diagnéstico de ITUs tornou-se fundamental. O
Exame Qualitativo de Urina consiste em uma analise simples, rapida e econdmica
que, em combinagao com analisadores automatizados, pode otimizar a produtividade
em laboratérios clinicos, mantendo a qualidade e reduzindo custos e tempo de
resposta. Objetivo: Avaliar a aplicagéo clinica do equipamento Sysmex UF-5000 na
detecgao de ITUs e como preditor de possivel contaminagdo ou colonizagéo do trato
urinario. Métodos: Um estudo transversal, observacional e retrospectivo foi conduzido
em janeiro e fevereiro de 2021. As particulas urinarias foram avaliadas usando o
equipamento Sysmex UF-5000. A cultura de urina foi realizada em placa de agar de
cultura cromogénica, usando MALDI-TOF para identificar o agente etiolégico. Todas
as avaliacdes foram realizadas na mesma amostra de urina, obtida de pacientes na
Santa Casa de Porto Alegre. Resultados: O crescimento de microrganismos foi
negativo em 1761 (69,7%) amostras e positivo em 766 (30,3%). Dentre as amostras
positivas, 488 (19,3%) apresentaram agentes etiologicos bacterianos, 240 (9.5%)
foram classificadas como culturas mistas e 38 (1,5%) apresentaram crescimento
fungico. O equipamento Sysmex UF-5000 identificou corretamente 1008 (57,2%)
amostras negativas e 270 amostras positivas (65,5%), das quais 193/195 (99,0%) e
77105 (73,3%) foram classificadas com precisdo como Gram-negativas e Gram-
positivas, respectivamente, com 90% de concordancia [coeficiente kappa de Cohen
de 0,765 (IC 95% 0,652-0,878)]. Através da analise da curva ROC, uma AUC de 0,851
(IC 95%: 0,831-0,871) foi selecionada, com um ponto de corte de 123,8 bactérias/uL
(Sensibilidade: 90,0%; Especificidade: 53,6%; Valor preditivo positivo: 31,7%; Valor
preditivo negativo: 95,7%; Acuracia: 60,6%). Contagens de leucécitos >141,45/uL
combinadas com contagens de bactérias >123,8/uL indicaram 28,9 vezes mais
chances de ITUs ao comparar casos com ambos os marcadores abaixo dos pontos
de corte. Amostras de urina com contagens de bactérias e células epiteliais (/uL)
superiores a 123,8 e 59,05, respectivamente, tinham 9,29 vezes mais chances de



serem classificadas como culturas mistas do que amostras com contagens abaixo
desses valores. Células epiteliais foram encontradas com mais frequéncia em
amostras de urina com bactérias Gram-positivas do que Gram-negativas, sugerindo
que a presenca de bactérias Gram-positivas na urina esta mais intimamente
associada a contaminagao ou colonizagao. Conclusoées: Considerando a baixa taxa
de falsos negativos (4,3%) e o valor preditivo negativo relativamente alto (95,7%) no
ponto de corte de 123,8 bactérias/uL, concluimos que o analisador pode ser usado
como uma ferramenta de triagem rapida e apropriada para amostras negativas de
urina em nossa populagdo. Bactérias Gram-positivas estdo mais frequentemente
associadas a contaminacdo/colonizagao do trato urinario. Associando contagens de
células epiteliais e bactérias na urina, casos como esses podem ser avaliados com
maior precisao e rapidez.

Palavras-chave: Infecgdo do trato wurinario, bactérias, urocultura, analisador

automatizado.



ABSTRACT

Introduction: Urinary tract infections (UTls) are among the most common infections,
affecting approximately 150 million patients worldwide each year, with women being
the most affected. Although urine culture is considered the gold standard for diagnosis,
it is time-consuming to obtain results, typically taking at least 24 hours. Given this,
developing faster and more accurate tools for screening and diagnosing UTIs has
become crucial. Urinalysis is a simple, rapid, and cost-effective analysis. When
combined with automated analyzers, it can optimize productivity in clinical laboratories
while maintaining quality and reducing costs and response time. This study aims to
evaluate the clinical application of the Sysmex UF-5000 equipment in detecting UTIs
and as a predictor of possible contamination or colonization of the urinary tract.
Methods: A cross-sectional, observational, retrospective study was conducted in
January and February 2021. The urinary particles were evaluated using the Sysmex
UF-5000 equipment. Urine culture was performed in chromogenic culture agar plate,
using MALDI-TOF to identify the etiological agent. All evaluations were conducted on
the same urine sample, obtained from patients at Santa Casa de Porto Alegre.
Results: The growth of microorganisms was negative in 1761 (69.7%) samples and
positive in 766 (30.3%). Among the positive samples, 488 showed bacterial growth
(19.3%), 240 showed mixed cultures (9.5%), and 38 urine cultures had yeast growth
(1.5%). The Sysmex UF-5000 equipment correctly identified 1,008 (57.2%) negative
samples and 270 positive samples (65.5%), of which 193/195 (99.0%) and 77/105
(73.3%) were accurately classified as Gram-negative and Gram-positive, respectively,
with 90% concordance [Cohen's kappa coefficient of 0.765 (95% CI 0.652-0.878)].
Through ROC curve analysis, an AUC of 0.851 (95% CI: 0.831-0.871) was selected,
with a cutoff of 123.8 bacteria/pL (Sensitivity: 90.0%; Specificity: 53.6%; Positive
predictive value: 31.7%; Negative predictive value: 95.7%; Accuracy: 60.6%). White
blood cell counts (WBC) >141.45/uL combined with bacteria counts >123.8/uL
indicated 28.9 times higher odds of UTls when comparing cases with both markers
below the cutoffs. Urine samples with bacteria and epithelial cell counts (/pL) higher
than 123.8 and 59.05, respectively, had 9.29 times higher odds of being classified as
mixed cultures than samples with values below these thresholds. Epithelial cells were
found more frequently in urine samples with Gram-positive bacteria than Gram-

negative, suggesting that the presence of Gram-positive bacteria in urine is more



closely associated with contamination or colonization. Conclusions: Considering the
low false-negative rate (4.3%) and the relatively high negative predictive value (95.7%)
at the cutoff of 123.8 bacteria/pL, we conclude that, the analyzer can be used as a
rapid and appropriate screening tool for negative urine samples in our population.
Gram-positive bacteria are more often associated with urinary tract
contamination/colonization. Integrating counts of epithelial cells and bacteria in urine,
cases like these can be assessed with greater accuracy and speed.

Keywords: Urinary tract infection, bacteria, urine culture, automated analyzer.
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1) INTRODUGAO

As infecg¢des do trato urinario (ITUs) estdo entre as mais frequentes infecgbes
e acometem, aproximadamente, 150 milhdes de pacientes por ano em todo o mundo,
causando custos para a economia global de mais de 6 bilhdes de ddlares. As mulheres
entre 18 e 39 anos s&o as principais acometidas, com uma incidéncia notoriamente
maior (cerca de 6 vezes) em comparagao ao sexo masculino [1,2,3,4]. Cerca de 50%
das mulheres provavelmente serdao afetadas pelo menos uma vez na vida e até 30%
sofrerdo recorréncia de I1TU [2,4,5].

Em geral, no inicio da infecgdo observa-se a uretra como porta de entrada de
agentes etioldgicos ao trato urinario, sendo que os principais responsaveis pelas ITUs
s&0 0s microrganismos colonizantes da uretra ou os pertencentes a microbiota do trato
gastrointestinal, tendo em vista a proximidade anatémica da abertura retal e da regido
periuretral, especialmente nas mulheres. Em condigdes fisioldgicas a urina e o trato
urinario sédo estéreis, porém a excecgao € a porcao distal da uretra que contém uma
microbiota bacteriana normal. Com a mic¢édo da urina, essa microbiota é lavada e
eliminada, impedindo o movimento ascendente de microrganismos e,
consequentemente, 0 acesso a porgcdes estéreis do trato urinario. Quando um
microrganismo consegue ascender na uretra e chegar até a bexiga, por meio de
mecanismos ainda ndo completamente elucidados, especificos para cada patégeno
e seus fatores de viruléncia, tem-se o inicio da ITU [2,5,6].

Apesar do grande espectro de possiveis agentes etioldégicos, como bactérias
Gram-negativas, Gram-positivas e leveduras, na maior parte das vezes as ITUs s&o
causadas por bactérias pertencentes a ordem Enterobacterales, sendo a Escherichia
coli responsavel por até 80% dos casos. Diferentemente das cepas de E. coli que
normalmente habitam o trato gastrointestinal, as cepas responsaveis por esse grande
numero de casos de ITUs sdo cepas mais adaptadas para viver no trato urinario e que
também conseguem evadir a resposta imune do hospedeiro por meio de mecanismos
como a adesao e invasao da células uroteliais. Essas cepas sao conhecidas como
Escherichia coli uropatogénicas (UPEC) e, seguido delas, os outros principais
causadores de ITUs s&o outros bacilos Gram-negativos, como Klebsiella pneumoniae
e Proteus sp., e cocos Gram-positivos, como Enterococcus sp. e Staphylococcus
saprophyticus [4,5,7,8].
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As ITUs séo infecgdes que atingem tanto pacientes da comunidade quanto os
hospitalizados e sao classificadas em infecgdes do trato urinario superior ou inferior.
Essa classificacdo € realizada de acordo com o local em que acontecem, sendo a
pielonefrite uma infecgdo do trato urinario superior e a uretrite, a cistite e a prostatite
exemplos de infecgbes do trato urinario inferior. Também, clinicamente, as ITUs s&o
classificadas em complicadas ou ndo complicadas, conforme a presenca de fatores
de risco associados [1,2,9,10]. Tradicionalmente, as ITUs ndo complicadas sao
aquelas que acometem hospedeiros saudaveis e que ndo apresentam nenhuma
anormalidade funcional ou estrutural no trato urinario e, no caso das mulheres,
aquelas que acometem as n&o gestantes. Ja as infecgbes complicadas sdo aquelas
que, além das gestantes, acometem individuos que apresentam alguma
particularidade no trato urinario como, por exemplo, obstrugao, presenga de corpos
estranhos (como calculos), retencao urinaria causada por doenga, imunossupressao,
insuficiéncia renal, transplante renal, inser¢cao de cateteres, entre outros [1,2,10].

Além dos fatores funcionais e estruturais do trato urinario, outros fatores como
idade, atividade sexual, historico familiar, presenca de outras comorbidades e historico
individual de ITU sdo também determinantes para o desenvolvimento da infec¢ao [5].

O padrao ouro para diagnosticar uma ITU é a cultura de urina (urocultura), para
a qual a urina € geralmente obtida por micgdo espontanea pela coleta do jato médio
urinario apos a higiene da regido urogenital, com posterior avaliagdo microbiologica.
O diagnostico € realizado de acordo com a combinagdo de sintomas urinarios e a
cultura da urina, que demonstra quantificacbes do patdogeno acima de um limite
estabelecido [2]. Sintomas clinicos como disuria, urgéncia urinaria, hematuria e dor
lombar sao sintomas frequentemente relatados, porém, ndo sdo sintomas exclusivos
apenas de ITU [11]. Quantificagbes do agente etioldgico superiores a 10% unidades
formadoras de colénia (UFC) por mililitro (mL) sdo consideradas significativas, embora
possam estar também associadas a colonizagdo ou contaminagao urinaria. Além
disso, em alguns casos, limites tdo baixos quanto 100 UFC/mL sdo também
considerados e, da mesma forma, quantificagdes maiores ou iguais a 10° UFC/mL sao
normalmente as mais utilizadas e aceitas como ponto de corte no diagnostico de ITU
[2,12].

Sintomas clinicos e presenca de bacteriuria também ocorrem, frequentemente,
de modo independente, uma vez que aproximadamente 20% das mulheres que

apresentam sintomas classicos de ITU tém uroculturas negativas. Desse modo, a
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indicacéo de tratamento com base exclusivamente nos sintomas pode superestimar a
presenca de ITU em mais de 33% [13,14]. Adicionalmente, individuos saudaveis e/ou
assintomaticos também podem apresentar contagens significativas de bactérias na
urina. A presenca de bacteriuria, de forma assintomatica, pode estar relacionada com
idade avangada e com atividade sexual recente e, ainda que aumente o risco de
desenvolvimento de ITU sintomatica, ndo deve ser tratada farmacologicamente,
exceto para o caso de mulheres gravidas ou submetidas a procedimentos invasivos
no trato urinario. Além disso, o tratamento desses casos, muitas vezes, gera
sobrediagnosticos e afeta a microbiota do paciente, trazendo possiveis danos a
saude, visto que possibilitam a selecdo de patdégenos e o desenvolvimento de
resisténcia aos antimicrobianos [2].

A cultura de urina, além de permitir a estimativa da concentragdo de
microrganismos isolados, também auxilia na escolha da melhor terapia com
antimicrobianos, quando realizados os testes de sensibilidade. Todavia, além da
prevaléncia de resultados negativos ser significativamente elevada (em torno de 60%
a 80% dos casos), o tempo para que os resultados das culturas sejam disponibilizados
é de, pelo menos, 24 horas, sendo necessario, muitas vezes, iniciar tratamentos
empiricos com antimicrobianos sem o apoio de evidéncias laboratoriais, provocando
o tratamento excessivo e desnecessario dos sintomas em muitos casos [4, 7, 15, 16,
17].

As ITUs sao a razdo mais comum para a prescricdo de antibidticos a nivel
mundial, representando, aproximadamente, 15% de todos os antibiéticos prescritos
para humanos no Estados Unidos, com um custo anual estimado de US$ 1 bilhdo e
um o custo anual indireto estimado em aproximadamente US$ 1,6 bilhdo [18,19].
Como consequéncia disso, muitas das bactérias causadoras de ITUs tornaram-se
capazes de desenvolver resisténcia aos antimicrobianos, de modo que a capacidade
de as eliminar com o uso de terapias antimicrobianas diminuiu significativamente com
o tempo. Estudos publicados entre 2009 e 2014 apresentaram taxas de resisténcia a
antibioticos encontradas em bacilos Gram-negativos em todo o mundo, que variavam
de 10 a 80% para fluoroquinolonas, de 10 a 70% para cefalosporinas de terceira
geracéo e de 5 a 35% para carbapenémicos, sendo essa variagdo associada e
dependente da localizagdo geografica em que o estudo foi realizado [10]. Dessa
forma, além de se observar cada vez mais a necessidade da pesquisa e do
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desenvolvimento de novas drogas capazes de combater a resisténcia antimicrobiana,
o diagndstico preciso das ITUs € fundamental e imprescindivel [4].

As culturas de urina sao realizadas a partir da semeadura quantitativa de 1 pL
da amostra, com alga bacteriolégica estéril, em agar cromogénico para urocultura.
Apds 18 a 24h de incubagdo aerobica a 36°C, o numero de coldnias é contado e
multiplicado por 1.000 para calcular o(s) microrganismo(s) potencialmente
patogénico(s), expressos por mililitro de urina. As culturas com crescimento bacteriano
inferior a 10 coldnias na placa (10* UFC/mL) sdo consideradas negativas. Amostras
puras, com crescimento igual ou superior a 100 coldnias, isto é 10° UFC/mL, sdo
automaticamente consideradas positivas e enviadas para identificagdo. Amostras com
crescimento de dois ou mais microrganismos, sem que um deles seja predominante,
sdo classificadas como “crescimento bacteriano misto” e ndo sédo enviadas para a
identificacdo. Ja as culturas com dois microrganismos, ambos com quantificacdo
superior a 10° UFC/mL, bem como as amostras com crescimento de um unico
microrganismo em quantificagdo de 10 a 90 colbnias em placa (10 a 90.000 UFC/mL),
sdo também consideradas positivas e enviadas para identificagdo, porém, com
indicagao de provavel colonizagao de trato urinario e/ou contaminagéo da amostra.

ApOs a avaliagdo do crescimento do patdogeno na cultura urinaria, a correta
identificacdo do microrganismo também é de extrema importancia, sendo essa etapa
fundamental para verificar a necessidade de submeter o microrganismo presente na
amostra de urina ao teste de suscetibilidade a antimicrobianos. A tecnologia MALDI-
TOF MS (Matrix Assisted Laser Desorption lonization Time of Flight Mass
Spectrometry) € a tecnologia padréo-ouro para a identificagdo de microrganismos e
nos ultimos anos tem-se expandido significativamente, sendo amplamente utilizada
para os mais variados tipos de amostras clinicas, como urina, sangue, escarro, liquor,
etc [17,19,20,21].

Para a identificagdo do microrganismo, uma col6nia pura é transferida para a
placa de identificacdo especifica do equipamento, sendo posteriormente adicionada
uma matriz também especifica, composta por acido a-ciano-4-hidroxicinamico. Apos
secagem, a placa é colocada dentro do equipamento e a analise ¢é iniciada. Sobre a
placa contendo o microrganismo e a matriz, ocorre a irradiacdo de um laser e as
proteinas bacterianas, principalmente as ribossomais, sao ionizadas. O tempo
necessario para essas proteinas ionizadas se deslocarem até o detector, apds

formagdo de vacuo, determina a relagdo massa-carga (m/z) das proteinas
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componentes e a intensidade do sinal fornece um espectro de massas padrdo. O
espectro de massa obtido é entdo comparado com os disponiveis em um banco de
dados de referéncia para a identificagdo dos microrganismos, a nivel de género e
especie [20]. Além de ser um método robusto, preciso, facil, rapido e de baixo custo
quando comparado a outros métodos convencionais de identificagdo, o emprego do
MALDI-TOF MS possibilita a equipe médica escolhas mais rapidas e assertivas para
a terapia de pacientes, sendo especialmente importante no diagndstico e tratamento
de doencgas infecciosas que requerem uma resposta rapida [19, 20].

A avaliacédo do crescimento bacteriano, apds a realizacdo da cultura urinaria,
associada a avaliagao de outros parametros urinarios, por meio da realizacdo do
Exame Qualitativo de Urina (EQU) é de grande valia na distincdo entre ITU real e
contaminagdo/colonizac&do. Através do EQU, é possivel observar uma grande
variedade de particulas e elementos como cilindros, albumina, muco, cristais,
leucocitos, células epiteliais, hemacias, que auxiliam na contextualizagdo dos
provaveis cenarios [12,18]. Na presenca de ITU, por exemplo, a resposta inflamatéria
contra os microrganismos patogénicos é frequentemente observada, com a presenca
de leucocituria e hematuria [18, 22].

As hemacias sao células anucleadas em formato de disco bicbncavo e que
apresentam um diametro médio de cerca de 7,0 ym. Sao células encontradas na urina
de individuos saudaveis, todavia, em baixa quantificacdo: de 3 a 12 células por
microlitro de urina. Normalmente, na analise microscopica do sedimento urinario, nao
excedem a quantidade de 0 a 3 células por campo de grande aumento (400x). Uma
vasta quantidade de doencas pode causar hematuria, isto €, a presenca de numeros
anormais de eritrocitos na urina. As causas mais frequentes de hematuria,
macroscopica ou microscopica séo ITUs, doengas urolégicas (como urolitiase, cancer
de rim e de bexiga) e doencgas glomerulares. Na presenca de processos inflamatorios,
como uma ITU, alteragbes na integridade da barreira vascular normal dos érgéos do
trato urinario frequentemente acontecem, de modo que as hemacias podem ser
extravasadas para fora dos capilares, chegando na urina [22, 23].

Os leucécitos também s&o células normalmente encontradas em urina de
individuos saudaveis. Na analise microscopica do sedimento urinario as contagens
normais variam de 0 a 8 leucécitos por campo de grande aumento ou,
aproximadamente, 10 por microlitro de urina. Tendo em vista que s&o células de

defesa, em resposta a processos inflamatorios como uma ITU, os leucdcitos se
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movem por quimiotaxia através dos tecidos, saindo dos capilares peritubulares em
diregdo ao tecido renal afetado. Na urina, os leucdcitos mais encontrados sao os
neutrofilos, os quais, em especial em ITUs, tendem a se apresentar na forma de
aglomerados [22, 23]. Visto que os leucécitos comumente sofrem lise na urina,
discrepancias podem ocorrer entre o numero de células vistas microscopicamente e
o numero real de células. Desse modo, na analise fisico-quimica da urina, a presenca
de esterase leucocitaria € verificada, enzima produzida por neutrofilos e que pode
sinalizar leucocituria associada a ITU [24]. Outro aspecto importante esta relacionado
ao fato de os leucdcitos serem células também encontradas em urinas contaminadas
por secregdes genitais, em especial em mulheres. Nesses casos, normalmente s&o
observados em conjunto com células epiteliais escamosas, com ou sem a presenca
de bactérias ou outros microrganismos [23].

As células epiteliais podem ser encontradas na urina em decorréncia da
renovagao celular normal das células envelhecidas do trato urinario ou em resposta a
danos e descamagao causadas por lesdes ou processos inflamatérios renais. Trés
tipos principais sdo observados na urina: células epiteliais escamosas, ceélulas
epiteliais transicionais e células epiteliais tubulares renais, sendo as escamosas as
mais largamente encontradas e relatadas. Em geral, a presenga de um grande numero
de células epiteliais escamosas no sedimento urinario esta associada a contaminagao
da regido genital do paciente, de forma que em poucos casos tém real significado
clinico, indicando contaminacdo da amostra e/ou coleta inadequada na maior parte
dos casos. Em contrapartida, o aparecimento de células epiteliais tubulares renais na
urina indica dano tubular renal. Por serem células provenientes do epitélio que reveste
os diferentes segmentos dos tubulos renais, as células epiteliais tubulares renais sao
um importante marcador de condi¢gbes graves, como necrose tubular aguda, nefrite
intersticial aguda e doengas glomerulares proliferativas [23,24].

Tendo em vista o cenario atual de aumento de resisténcia a antimicrobianos, o
desenvolvimento de novas ferramentas mais rapidas e precisas de triagem e
diagnostico de ITUs se tornou imprescindivel, visto que possibilitam o tratamento mais
direcionado ao paciente e somente quando, de fato, necessario [7, 8, 25].

O EQU é um dos exames laboratoriais mais solicitados pelos médicos de
praticamente todas as especialidades, para pacientes com as mais diversas queixas
clinicas, ocupando a terceira colocagcdo, apos o perfil bioquimico sérico e o
hemograma [26]. Por ser um exame simples, rapido e de baixo custo, frequentemente



17

€ empregado como teste de triagem de ampla aplicagao, fornecendo informagdes
extremamente relevantes para o diagndstico de doengas que afetam os rins e as vias
urinarias, como processos inflamatérios e infecciosos, bem como alguns disturbios
extra-renais, metabodlicos como diabetes e acidose metabdlica, entre outros
[25,26,27]. Na maior parte dos casos, o EQU é realizado por meio de tiras reagentes
com testes fisico-quimicos que avaliam pH, gravidade especifica (densidade),
urobilinogénio, bilirrubina, nitrito, esterase leucocitaria, albumina e hemoglobina,
adicionado da analise microscopica do sedimento urinario para deteccdo de
elementos como células e microrganismos. Todavia, ainda que largamente presentes
nas rotinas de urianalise, esses métodos sao subjetivos e frequentemente apresentam
baixa sensibilidade e baixo valor preditivo negativo, sendo também, na maioria das
vezes, dependentes de um analista tecnicamente capacitado e com recursos
operacionais adequados [25]. Como alternativa para aprimorar essas limitagdes e com
o objetivo de maximizar a produtividade, manter a qualidade e ainda reduzir os custos
e o tempo de resposta, os analisadores automatizados estdo sendo muito
empregados nas rotinas de analise de urina.

Nesse contexto, como alternativa para melhorar os parametros apresentados
anteriormente e também para aumentar a confiabilidade da inspecéo visual, ja que
esta é totalmente subjetiva e dependente da interpretagdo do profissional, a leitura
instrumental das tiras reativas por analisadores automatizados é uma realidade cada
vez mais presente nos laboratorios clinicos. O equipamento Sysmex UC-3500
(Sysmex, Kobe, Jap&o) € um analisador totalmente automatizado para analise
quimica da urina, avaliando semi-quantitativamente onze parametros urinarios (pH,
esterase leucocitaria, nitrito, proteinas, hemoglobina, glicose, corpos cetdnicos,
urobilinogénio, bilirrubina, creatinina e albumina), além de reportar a densidade
urinaria, cor, turvagdo e, ainda, fornecer a relagdo entre albumina/creatinina e
proteina/creatinina, que muito auxiliam na triagem de um possivel disturbio renal [28].

Além dos analisadores de quimica de urina, os citbmetros de fluxo também
estdo sendo amplamente aplicados como ferramenta rapida e objetiva na triagem para
ITUs. Por realizarem a analise do sedimento urinario de forma totalmente
automatizada, aumentam a produtividade do laboratério e auxiliam na redugao de
custos de mao de obra. Como a urina nao centrifugada é utilizada, € eliminado o tempo
gasto no manuseio e preparo do sedimento urinario concentrado por um analista.

Assim, além de reduzir a exposi¢éo do profissional a potenciais riscos biologicos, tem-
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se a padronizagdo da parte do exame originalmente feita no microscopio, com
aumento da precisao e da reprodutibilidade dos resultados [22].

A citometria de fluxo é uma tecnologia que analisa rapidamente células e
demais elementos, caracterizando-os. Apdés a adicdao de um corante fluorescente,
particulas em suspensao fluem em uma célula de fluxo, individualmente, sendo
atingidas por um feixe de luz de laser. Uma vez que a luz de laser incide sobre a
particula, observa-se a dispersao da luz e fluorescéncia, as quais, ao serem medidas,
caracterizam cada uma das particulas com base em seu tamanho, forma, volume e
coloracéo [22, 29, 30, 31]. Apesar de utilizarem uma tecnologia cujo foco inicial era a
imunologia e a hematologia, os citdmetros de fluxo sdo equipamentos rotineiramente
empregados ha mais de 20 anos para a realizagdo dos exames de urina. Além disso,
estes equipamentos, por terem capacidade de detectar e quantificar microrganismos,
também auxiliam de forma rapida na verificacdo da necessidade de encaminhar ou
nao as amostras de urina para cultura, especialmente ao considerar a alta taxa de
resultados negativos observada na pratica clinica [7, 8, 30, 32]. Tendo em vista que
sdo capazes de, entre outras particulas e células, identificar e quantificar bactérias,
leucocitos, leveduras, eritrécitos e células epiteliais, esses equipamentos poderiam
ser empregados para descartar amostras negativas antes de processa-las, evitando
testes culturais desnecessarios e que oneram pacientes, hospitais e laboratorios, além
de possibilitar que os resultados negativos sejam rapidamente disponibilizados (no
mesmo dia da coleta da amostra). Ainda, no caso de amostras positivas, a informacéo
ja poderia ser adiantada ao corpo clinico, antes que os resultados da cultura estejam
disponiveis, possibilitando a escolha de tratamento direcionado com antibioticos mais
especificos [7, 25].

O primeiro equipamento langado utilizando a tecnologia de citometria de fluxo
para a analise de amostras de urina foi o UF-100, da empresa Sysmex (Sysmex, Kobe,
Japéo), no ano de 1998. Por ser um citdmetro de fluxo com laser de argbnio, esse
analisador trouxe grande avango para analises urinarias, tendo em vista sua
capacidade de identificar hemacias, leucdcitos, células epiteliais, bactérias, cilindros,
leveduras, cristais e espermatozoides [25]. Posteriormente, a linha evoluiu com o
langamento dos analisadores Sysmex UF-500/ e UF-1000i. Esses equipamentos
empregavam também a tecnologia de citometria de fluxo fluorescente, com laser
semicondutor. Uma das principais melhorias advindas com o langamento do UF-1000i
foi o refinamento na detecgao de bactérias, ja que o analisador apresenta um canal
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separado para analise bacteriana [22]. Atualmente, o ultimo langamento da empresa
€ 0 equipamento Sysmex UF-5000 [31].

O Sysmex UF-5000 é um analisador de particulas urinarias que une a citometria
de fluxo fluorescente a um sistema o6ptico formado por um laser semicondutor azul,
permitindo a identificagao e classificacdo de células e particulas. Seu principio de
funcionamento esta na combinacdo de dois canais e quatro sinais de luz diferentes,
que avaliam as caracteristicas internas, de membrana e de superficie dos elementos
presentes na urina [31]. As particulas urinarias sdo marcadas com fluorocromos
especificos para acidos nucléicos e para estruturas de superficie e entdo submetidas
ao feixe do laser. A contagem e a classificacdo sdo baseadas em sinais de luz
dispersa frontal (FSC), que indica o tamanho e o comprimento das particulas; luz
dispersa lateral (SSC), que fornece informagdes sobre o conteudo celular como nucleo
e granulos; luz fluorescente lateral (SFL), que indica a quantidade de DNA e RNA
presente nas células; e a luz despolarizada lateral (DSS), que otimiza a discriminagéo
entre hemacias. Desse modo, o padrdo de sinais individuais de luz é traduzido por
algoritmos especificos em "impressdes digitais" capazes de quantificar, identificar e
classificar as particulas presentes na amostra de urina [7, 31].

O Sysmex UF-5000 é capaz de diferenciar células epiteliais em escamosas,
nao escamosas, transicionais e células epiteliais tubulares renais. Além disso, detecta
automaticamente e quantifica hemacias, hemacias lisadas, leucdcitos, aglomerados
de leucdcitos, bactérias, leveduras, cristais, esperma, muco, cilindros hialinos e
cilindros patologicos (ndo realizando a distingdo entre estes). As particulas urinarias
encontradas que ndo podem ser classificadas em uma das categorias anteriormente
citadas sao classificadas como “outras células”, totalizando dezessete parametros
reportaveis. Assim, por apresentarem alta capacidade de identificacdo, com o
emprego dos citdmetros de fluxo nas rotinas de uroanalise, percebe-se um aumento
na sensibilidade e na especificidade do diagnodstico das ITUs. No entanto, para se
determinar a identidade especifica de elementos sinalizados pelo equipamento, isto
€, para classificar o tipo de cilindro - que n&o hialino -, identificar o tipo de cristal, ou
algum outro componente classificado como “outras células”, a analise microscépica
manual do sedimento urinario por um profissional especialista, ainda se faz necessaria
[7, 8, 22, 25, 31].

Estudos prévios apontam que, com o emprego da citometria de fluxo e,
consequentemente, com a identificagcdo e quantificacdo de células e particulas, €
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possivel reduzir em 28-60% o numero de amostras urinarias que requerem revisao
microscopica convencional em um laboratorio clinico. No entanto, observa-se que ha
uma grande variagdo nos pontos de corte utilizados para células, particulas e
microrganismos, bem como na sensibilidade e especificidade dos resultados obtidos.
Essas variagdes devem-se principalmente as caracteristicas clinicas das populagdes
de pacientes incluidas nos diferentes estudos e dos critérios adotados para a
classificagao das ITUs [7, 25].

Em relagdo ao Sysmex UF-5000, estudos anteriores avaliaram a aplicagao do
equipamento como ferramenta de triagem de amostras de urina e verificaram que o
analisador pode, potencialmente, reduzir 19-32% das culturas de urina, a partir da
exclusdo de amostras clinicamente irrelevantes. Assim, em comparagcdo com a
urocultura, € possivel disponibilizar o resultado de forma muito mais rapida,
diminuindo a prescricdo de antimicrobianos e os custos para as instituicbes e
pacientes [8, 14].

A alta precisdo diagnostica do equipamento na triagem de ITU também foi
evidenciada previamente, uma vez que o equipamento apresenta baixos indices de
falsos negativos. Em comparagdo com a urocultura, foi verificada a capacidade do
equipamento em classificar corretamente bactérias Gram-negativas, com taxas de
sensibilidade e especificidade superiores a 80 e 90%, respectivamente [7, 8]. Embora
o0 equipamento tenha demonstrado melhor desempenho na caracterizagdo de
bactérias Gram-negativas do que Gram-positivas, as taxas de concordancia nao foram
suficientemente altas para justificar a substituicdo do método padrao-ouro, isto €, a
cultura urinaria das amostras de rotina [8].

Por isso, apesar dos resultados promissores, sugere-se a realizagdo de mais
estudos de avaliagcdo do desempenho do UF-5000, visto que seus achados sao
extremamente dependentes da populagdo analisada e das caracteristicas dos
pacientes, sendo necessario estabelecer e aprimorar pontos de corte para populagoes

especificas [8].
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3) JUSTIFICATIVA

Dada a alta demanda de exames de urina em grandes centros
laboratoriais e hospitalares como o Laboratorio de Analises Clinicas Carlos Franco
Voegeli do Hospital Santa Casa de Porto Alegre, o emprego de ferramentas que
otimizem o processo, a identificacdo de agentes etioldgicos e a liberagao de laudos
€ fundamental. Isso porqué, além de reduzir a realizagdo de etapas
desnecessarias, € possivel proporcionar a equipe médica a tomada de decisbes
mais precoces, assertivas e adequadas para o tratamento do paciente, evitando a
prescrigao de tratamentos desnecessarios e, também, o risco de desenvolvimento
de resisténcia bacteriana. Nesse contexto, a avaliagdo do desempenho
diagnodstico de um analisador automatizado de particulas urinarias por citometria
de fluxo surge como uma excelente alternativa para otimizar essa demanda. Por
possuir a capacidade de detectar e quantificar microrganismos, elementos e
células, o equipamento Sysmex UF-5000, ja utilizado para realizar o Exame
Qualitativo de Urina no laboratorio da instituicdo, surge como uma ferramenta
alternativa capaz de analisar e descartar amostras negativas antes de processa-
las, possibilitando que os resultados negativos sejam mais rapidamente
disponibilizados aos médicos e pacientes, muitas vezes até no mesmo dia da
coleta da amostra. Ademais, além do ganho de agilidade proporcionado pelo
equipamento, se aplicado para este fim, é possivel evitar testes culturais

desnecessarios e que oneram pacientes, hospitais e laboratorios.
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4) OBJETIVOS

4.1) Objetivo geral

Analisar a aplicagdo clinica de um analisador automatizado de particulas
urinarias por citometria de fluxo como ferramenta de triagem de infecgdo e de

colonizag&do/contaminacgao do trato urinario.

4.2) Objetivos especificos

e Avaliar a sensibilidade e especificidade e um analisador automatizado de
particulas urinarias por citometria de fluxo para amostras de urina, em
comparagao com a urocultura.

¢ Identificar o ponto de corte (cutoff) para a bacteriuria avaliada no analisador e
gue se relaciona ao crescimento bacteriano em urocultura.

e Verificar a adequacgéao do reporte de bactérias Gram-positivas/Gram-negativas
do equipamento em comparagao com os resultados de urocultura.

e Verificar a associacdo entre a identificagdo de parédmetros sugestivos de
colonizagéo/contaminag&o (como leucdcitos e células epiteliais) do analisador

automatizado, em comparacado com os resultados de urocultura.
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ABSTRACT

Background: We evaluated the clinical application of a flow cytometer analyzer as a
tool for urinary tract infection screening and to identify the colonization/contamination
of the urinary tract.

Methods: A retrospective observational cross-sectional study was conducted with
2527 urine samples from patients at Santa Casa de Porto Alegre, RS, Brazil. Urinalysis
results from Sysmex UC-3500 and UF-5000 analyzers were included, related to
samples processed for urinalysis and urine culture.

Results: A total of 1008 negative culture samples and 270 positive samples were
correctly classified. ROC curve analysis indicated a cutoff of 123.8 bacteria/uL. WBC
count >141.45/uL combined with bacteria counts >123.8/uL indicated 28.9 higher odds
of ITU when comparing cases with both markers below the chosen values. Urine
samples with bacteria and epithelial cell counts (/pL) higher than 123.8 and 59.05,
respectively, had 9.29 higher odds of being classified as mixed cultures than samples
with values below these thresholds. Epithelial cells are most often found in urine
samples with Gram-positive bacteria rather than Gram-negative.

Conclusion: We concluded that the analyzer is suitable technology for discriminating
culture-negative urine specimens in our population. Furthermore, it was possible to
highlight that Gram-positive bacteria are more frequently indicative of urinary tract

contamination/colonization.
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1. INTRODUCTION

Urinary tract infections (UTls) are among the most common infections, affecting
approximately 150 million patients worldwide each year, incurring a global economic
cost of over 6 billion dollars. Women between 18 and 39 years old are the most affected
population, with a significantly higher incidence (about 6 times) than males [1,2,3,4].
Despite a wide range of potential etiological agents such as Gram-negative bacteria,
Gram-positive bacteria, and yeast, UTls are most often caused by bacteria belonging
to the Enterobacterales order, with Escherichia coli responsible for over 80% of cases
[5,6,7].

In combination with the presence of symptoms such as dysuria, urinary urgency,
hematuria, and lower back pain, the urine culture is the gold-standard method for UTI
diagnosis. The sample is usually obtained through spontaneous midstream urine
collection after urogenital tract hygiene and through microbiological assessment. [2,
5,8, 9,10].

In addition to the significantly high prevalence of urine samples with no microbial
growth (approximately 60% to 80% of cases), urine culture also is time-consuming, as
the culture results typically take at least 24 hours to be available. Consequently,
empirical antimicrobial treatments are often initiated without the support of laboratory
evidence, resulting in unnecessary over-treatments in many cases, which can
collaborate to resistance to antibiotics [4, 5, 8, 11, 12]. Clinical symptoms and
bacteriuria often occur independently, as approximately 20% of women with classic
UTlI symptoms have negative urine cultures. Furthermore, healthy and/or
asymptomatic individuals may also exhibit urine with significant bacterial counts. The
presence of asymptomatic bacteriuria may be associated with advanced age and
recent sexual activity and, although it increases the risk of symptomatic UTI
development, and in most cases, it should not be pharmacologically treated as it raises
the likelihood of overdiagnosis and affects the patient's microbiota [2].

Flow cytometers are equipment with the ability to detect and measure cells and
particles such as bacteria, leukocytes, yeast, erythrocytes, and epithelial cells, and
they can be employed to rule out negative samples before processing, avoiding
unnecessary culture tests that burden patients, hospitals and laboratories. This
approach allows the rapid release of negative results, often on the same day as the
sample collection. Moreover, in the presence of samples with parameters associated
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with an infectious/inflammatory urinary profile, the clinical staff can be informed before
culture results are available, making easier and faster the selection of the correct
antibiotic treatment [5, 13]. Given that the assessment of some urinary parameters
obtained through urinalysis can improve the accurate identification of a UTI [10,14],
this study aimed to analyze the clinical application of a flow cytometer analyzer
(Sysmex UF-5000) as a tool of UTI screening, and to signalize urinary tract

contamination or colonization, corroborating in evaluating the sample's quality.

2. METODOLOGY

2.1 Study design: A retrospective observational cross-sectional study was carried out
with urine samples from patients of a quaternary hospital (Santa Casa de Porto Alegre
- SCPA) that performs highly complex surgeries and organ transplants located in Porto
Alegre, RS, Brazil, from January to February 2021. The urinalysis results present in
the central processing unit of the Urinalysis Section of the Carlos Franco Voegeli
Clinical Analysis Laboratory, referring to samples processed for urinalysis and urine
culture, simultaneously. The SCPA Research Ethics Committee evaluated the study
and approved it under n°® 4,577,958.

2.2 Urinalysis: Analysis of urinary parameters was performed using the Sysmex UC-
3500 and UF-5000 analyzers (Sysmex Corporation, Kobe, Japan). The parameters
pH, specific gravity, hemoglobin, glucose, ketones, leukocyte esterase, nitrite,
urobilinogen, bilirubin, creatinine, proteins, color, and turbidity were evaluated using
the Sysmex UC-3500 equipment and, red blood cells (lysed and non-lysed),
leukocytes, epithelial cells, renal tubular epithelial cells, casts (hyaline and
pathological), bacteria, yeast, sperm, mucus, conductivity, and osmolality were
evaluated using the Sysmex UF-5000 equipment. Samples with ITU flag release, was

realized a microscopic review of the urine sample

2.3 Urine culture: The urine samples were performed according to the institution's
standard operating procedure. Before analyzing the samples into the Sysmex UC-3500
and UF-5000, inoculation for urine culture was carried out with aerobic incubation at
36°C for 18 to 24 hours. Cultures with bacterial growth <10* CFU/mL were considered

negative and those with a single microorganism growing 210° CFU/mL were
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considered positive. Cultures with the growth of two microorganism and quantification
<10° CFU/mL and cultures with the growth of three or more microorganism, without
one of them being predominant, were classified as mixed cultures. Cultures with two
microorganisms and both with quantification >10° CFU/mL as well as samples with the
growth of a single microorganism and growth between 10 to 90,000 CFU/mL were
considered positive and sent for identification, however, with the indication of probable
colonization of the urinary tract and/or sample contamination. The identification of
microorganisms was performed using the MALDI-TOF (Matrix Assisted Laser
Desorption lonization Time of Flight Mass Spectrometry) methodology, in the MALDI
Biotyper equipment (Bruker Daltonics, Bremen, Germany) (BrCast, 2021; Manual de
Microbiologia Clinica para o Controle de Infeccdo em Servigos de Saude, 2004,
Procedimentos Basicos em Microbiologia Clinica, 2010).

2.4 Statistical analysis: Data analysis was performed using the Statistical Package
for the Social Sciences (SPSS) version 23.0 for Windows®. A p-value of <0.05 was
considered statistically significant. To characterize the sample, categorical variables
were presented according to their frequency and percentage, and quantitative
variables with mean and standard deviation for parametric variables and median for
non-parametric ones. The Chi-square, Mann-Whitney, and Kruskal-Wallis tests with
Dunn's test were used to assess differences in the distribution of the analyzed
categorical variables. For purposes of comparison between the two groups, Student t-
test and logistic regression were performed. The ROC curve was used to assess the

sensitivity and specificity of the parameters for which cutoffs were established.

3. RESULTS

In our study 2527 urine samples were evaluated, 1593 were from female
patients (63.0%). Most patients were between 18 and 60 years old (53.4%), followed
by >60 years old patients (38.7%) and only a small sample was from patients <18 years
old (7.9%). The urine culture was negative in 1761 (69.7%) samples, while 766 (30.3%)
samples were positive for microorganism growth. Out of these, 488 showed bacterial
growth (19.3%), 240 showed mixed cultures (9.5%), and 38 urine cultures had yeast
growth (1.5%). The urine samples that showed bacteria as etiological agents had a
higher number of WBC, WBC clusters, and RBC in comparison to negative samples
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or urine cultures with yeast growth or mixed cultures (p<0.001). The urines that

presented mixed cultures or yeast growth had a higher number of epithelial cells than

samples with positive or negative urine cultures (p<0.001). The negative samples

showed a smaller number of WBC, RBC, and epithelial cells in comparison with

positive samples (bacteria and yeast) and mixed cultures (p<0.001). Indeed, 99.2% of

the negative samples show a negative nitrite test result (p<0.001) (Table 1).

Table 1 — Chemical and microscopic parameters of urine samples, according to urine

culture.
Urine Culture
Parameter Result Total Negative Positive/Bacteria MC+YLC p-
(2527) (1761) (488) (278) value
n % n % n % n %
WBC Clusters mean+SD 15.6+143.9 2.0+24.9 50.3+184.1 40.5+348.3 <0.001
(/uL)
Epithelial cells mean+SD 25 .1+449.5 20.6+45.4 29.2+45 1 45.9+71.4 <0.001
(/uL)
Nitrite Negative 2334 924 1747 99.2 321 65.8 266 95.7 <0.001
Positive 193 7.6 14 0.8 167 34.2 12 4.3
Leukocyte Negative 1684 66.6 1390 78.9 176 36.1 118 424 <0.001
esterase Traces 0 0.0 0 0.0 0 0.0 0 0.0
1+ 272 10.8 166 94 66 13.5 40 14.4
2+ 262 10.4 116 6.6 89 18.2 57 20.5
3+ 309 12.2 89 5.1 157 32.2 63 22.7
WBC (/uL) 0 2 0.1 2 0.1 0 0.0 0 0.0 <0.001
1-12 1242 49.1 1085 61.6 85 17.4 72 25.9
13-36 451 17.8 323 18.3 73 15.0 55 19.8
=237 832 32.9 351 19.9 330 67.6 151 54.3
RBC (/uL) 0 17 0.7 12 0.7 5 1.0 0 0.0 <0.001
1-12 1577 62.4 1186 67.3 260 53.3 131 471
13-36 423 16.7 291 16.5 71 14.5 61 21.9
=237 510 20.2 272 15.4 152 31.1 86 30.9

SD: Standard deviation; WBC: White blood cells; RBC: Red blood cells; YLC: Yeast-like cell; MC: Mixed culture.
Pearson Chi-Square test.
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Table 2 — Bacterial parameters evaluated by the urine flow cytometer associated to

urine culture.

Urine culture

Parameter Result Negative Positive YLC Growth MC p-value
(bacteria)
n % n % n % n %
Flag "Urinary No 1008 572 76 156 3 79 57 238  <0.001
tract
infection’?" Yes 753 428 412 844 35 921 183 763
Gram Not reported 227 301 12 2.9 7 20.0 10 55 <0.001
classification  Gram positve 427 567 105 255 14 400 139 76.0
Gram Negative 12 1.6 195 47.3 2 5.7 10 5.5
Gram Pos/Neg 10 13 93 226 4 11.4 17 93
Unclassified 77 10.2 7 1.7 8 22.9 7 38

Neg: Negative; Pos: Positive; MC: Mixed culture; YLC: Yeast-like cell; Pearson Chi-Square test, Kruskal-Walli’'s
test and Dunn's post hoc tests.

We evaluated parameters associated with bacterial performance of the analyzer
Sysmex UF-5000 and observed that 1008 negative culture samples (57.2%) didn’t
show the flag “urinary tract infection” (true negative result) and 753 (42.8%) did (false
positive result). Indeed, 412 of 488 samples (84.4%) that showed a positive result for
bacteria in urine culture showed the flag "urinary tract infection" (true positive result).
This flag was also reported for 35 of 38 cases of urines with yeast growth (92.1%) and
183 of 240 mixed cultures (76.3%).

Considering the urine samples that showed the flag “urinary tract infection”, we
also evaluated the Gram classification reported for Sysmex UF-5000: the samples with
mixed culture were classified as Gram-positive and Gram-negative in 139 (76%), and
only 10 (5.5%) samples, respectively. About half of the yeast growth couldn’t have the
Gram classification reported or it was unclassified (20% and 22.9% respectively), but
in those that the equipment showed classification, 70% (14/20) were classified as
Gram-positive. Indeed, of the 412 positive samples that showed the flag "urinary tract
infection" 195 were classified as Gram-negative (47.3%) followed by 105 and 93 of
Gram-positive (25.5%) and Gram-positive/negative (22.6%), respectively. Moreover,
the samples that showed negative urine culture (427/753) were also classified as
Gram-positive for most cases (56.7%) and only 12 (1.6%) were classified as Gram-

negative.
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Table 3 — Bacterial parameters evaluated by the urine flow cytometer and colony forming

unit count.
Urinary culture count (CFU/mL) — Total samples
Parameter Result <10,000 10,000-90,000 2100,000 MC p-value
n % n % n % n %
Flag "Urinary No 1008 57.2 32 32.0 47 11.0 57 23.8  <0.001
H H on
tract infection’ Yes 753 428 68 680 379 890 183 763
Bact (/uL) Mean +SD 82343261 1874+8900 20015+24694  4848+12211  <0.001

Bact: Bacteria; SD: standard deviation; MC: Mixed culture. Pearson Chi-Square test, Kruskal-Walli's
test and Dunn's post hoc tests.

We evaluated how the microorganism growth (including bacteria and yeast) was
related to the flag "urinary tract infection?" and observed if it matched with the bacteria
count (/uL) performed by the equipment. The flag "urinary tract infection” was shown
in 89% and 68% of urine cultures with microorganism growth >100,000 CFU/mL and
between 10,000-90,000 CFU/mL, respectively. Indeed, 76.3% of mixed cultures
showed the same flag and 57.2% of negative cultures didn’t show the flag. Bacterial
count (/L) by Sysmex UF-5000 was higher to urine culture with >100.000 CFU/mL in
comparison to other samples (negative samples, mixed cultures, and cultures with
microorganism growth between 10,000 and 90,000 CFU/mL) (Table 3). Moreover, the
mixed cultures showed a higher number of bacteria count (/L) in comparison with
cultures with microorganism growth between 10,000 and 90,000 CFU/mL and negative
samples (p<0.001). Indeed, we also evaluate how the flag "urinary tract infection?" is
related to bacteria growth considering the 488 urine cultures positive for bacteria. Our
findings demonstrated that 402 (82.4%) and 86 (17.6%) had growth >100,000 CFU/mL
and 10,000-90,000 CFU/mL, respectively. The flag "urinary tract infection” was shown
in 412 (84.4%) urines with bacteria growth, of which 356 (86.4%) showed >100,000
CFU/mL and 56 (13.6%) between 10,000-90,000 CFU/mL. As seen previously for all
samples, bacteria count (/uL) by Sysmex UF-5000 was also higher in cultures with
bacteria growth >100,000 CFU/mL than 10,000-90,000 CFU/mL and the mean values
+SD were 21,273.1+£25,026.6 and 2,046.1+9,587.1 bacteria/pL, respectively (Table 3).
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Table 4 — Gram classification evaluated by the urine flow cytometer and urine culture.

Gram classification - Sysmex UF 5000

Parameter Result Total Gram+ Gram- Gram+/- Unclassified/ p-value
Not reported
n % n % n % n %
Gram Neg 314 28 8.9 193 61.5 85 271 8 25 <0.001
classification -
urine culture Pos 98 77 78.6 2 20 8 8.2 11 11.5
Total 412 105 195 93 19

Neg: Negative; Pos: Positive; Pearson Chi-Square test.

Among our 412 positive samples for bacteria in urine culture which also showed
the flag "urinary tract infection?" 314 (76.2%) and 98 (23.2%) had Gram-negative and
Gram-positive bacteria in urine culture, respectively. Sysmex UF-5000 showed a
correct Gram classification in 270 cases (65.5%), of which 193/195 (99.0%) were
correctly classified as Gram-negative and 77/105 (73.3%) were correctly classified as
Gram-positive, resulting in a substantial agreement with a Cohen’s kappa concordance
coefficient of 0.765 (IC95% 0.652-0.878) and 90% of concordance (Table 4). From 93
samples identified as Gram-positive/negative, 8 and 85 were Gram-positive and Gram-
negative (79 Enterobacterales, 6 non fermenter Gram-negative) respectively, while 11
Gram-positive and 8 Gram-negative were 19 unclassified specimens or not reported

cases.

Table 5 — Epithelial cells count evaluated by the urine flow cytometer associated to
urine culture results.

Parameter Result Total Epithelial cells (/uL)  p-value
Flag Urinary tract No 1144 8.3x13.5 <0.001
infection?* Yes 1383 39+62.5
Sysmex UF-5000 Not reported 256 13.4+14.8 <0.001
Gram+ 685 51+70.7
Gram classification®
Gram- 219 24.7+36.9
Gram+/- 124 57.9491.5
Unclassified 99 30.1+48.3
Negative 1761 20.6+45.4 <0.001
Positive
Urine culture® . 488 29.2+45.1
Urine Culture (Bacteria)
YLC Growth 38 40.8167.5
MC 240 46.8172.1

Gram classification®
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Negative 364 26.6+42.4 0.015
Positive 124 37+51.7
0 1761 20.6+45.4 <0.001
CFU/mL — All samples®  10.000 - 90.000 100 28.9+45.2
= 100,000 426 30.4+47.6
MC 240 46.8+72.1
CFU/mL - Bacteria* 10,000 - 90,000 86 20.6+48 0.345
= 100,000 402 29.2+44 .6

YLC: Yeast-like cell; MC: mixed culture; CFU: colony-forming unit. Results are expressed as mean+S.D. #*Mann-
whitney test, #Kruskal-Wallis test, and Dunn's post hoc tests.

Epithelial cells presented higher counts in samples classified as Gram+/-
(Sysmex UF-5000) (p <0.001) and in those that presented mixed cultures or yeast
growth (p <0.001). Indeed, urine cultures with Gram-positive bacteria growth showed
higher counts of epithelial cells in comparison with Gram-negative (p <0.001).

We evaluated bacteria count (/L) performed by the equipment Sysmex UF-
5000 in comparison with the urine culture results using ROC curve analysis and the
area under the curve (AUC) was 0.851 (95% CI: 0.831-0.871) (Figure 1). The
performance of Sysmex UF-5000 was examined using different cutoff values of
bacteria count according to sensitivity and specificity. In screening tests, sensitivity is
the most important criterion, and the optimal bacteria count cutoff selected from the
ROC analysis was 123.8 bacteria/pL (Sensitivity: 90.0%; Specificity: 53.6%; Positive
predictive value 31.7%; Negative predictive value: 95,7%; Accuracy: 60.6%). Among
2527 urine samples 1142 (45.19%) present bacteria count lower than the cutoff value,
from which, 49 samples (4.3%) were positive for bacteria in urine culture (false
negative) and 38/49 (77.6%) showed bacteria growth in urine culture (10,000-90,000
CFU/mL) probably being cases of urine contamination/colonization. However, 439/ 488
(90.0%) samples showed bacteria count >123.8 bacteria/uL and showed bacteria
growth in culture (true positive), and 391/439 (89.1%) had growth >100,000 CFU/mL.
335/439 (76.3%) samples had Gram-negative and 104/439 (23.7%) Gram-positive
bacteria. Indeed, 946 other samples present bacteria count (/uL) higher than the cutoff
value, of which 714 and 232 showed negative results and mixed cultures/yeasts growth
in urine culture, respectively.

We also evaluated WBC, WBC clusters, and epithelial cell counts (/uL)
performed by the equipment Sysmex UF-5000 and the area under the curve (AUC)
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were 0.788 (95%CI: 0.765-0.811), 0.754 (95%CI: 0.728-0.781) and 0.600 (95% CI:
0.574-0.626), respectively (Figure 1A).

After that, we performed ROC curve analysis, evaluating the same parameters
in comparison with mixed cultures samples. The area under the curve (AUC) were
0.686 (95% CI: 0.659-0.713), 0.635 (95% CI: 0.601-0.670), 0.599 (95% CI: 0.561-
0.636), 0.683 (95% CI: 0.649-0.718) for bacteria, WBC, WBC clusters and epithelial
cells, respectively (Figure 1B).

Figure 1 — ROC for bacteria WBC, WBC clusters and epithelial cells count (Sysmex
UF-5000) versus urine culture and mixed cultures.
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A) ROC for bacteria WBC, WBC clusters, and epithelial cells count versus urine culture. (n = 2,527
samples and 488 positives for bacteria). B) ROC for bacteria, WBC, WBC clusters, and epithelial cells
count versus mixed cultures (n = 2,527 samples and 240 mixed cultures).

Finally, we also conducted a logistic regression analysis to determine whether
the combination of variables could increase the likelihood of a specific outcome,
specifically, positive cultures for bacteria or mixed cultures. We investigated whether a
WBC count >141.45 WBC/uL (Sensitivity: 48.4%; Specificity: 90.0%; Positive
predictive value: 53.6%; Negative predictive value: 87.9%; Accuracy: 82.0%)
combined with bacteria counts >123.8 bacteria/uL (Sensitivity: 90.0%; Specificity:
53.6%; Positive predictive value: 31.7%; Negative predictive value: 95.7%; Accuracy:
60.6%) could indicate a higher likelihood of a UTI. We found an odds ratio (OR) of 28.9
(95% CI: 20.37-41.02; p < 0.001) when comparing cases with bacteria and WBC

counts below the chosen values. Similarly, regarding cases of mixed cultures, we
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observed an OR of 9.29 (95% CI: 5.92-14.58; p < 0.001) when the epithelial cell
counts/uL were higher than 59.05 (Sensitivity: 24.2%; Specificity: 90.9%; Positive
predictive value: 21.8%; Negative predictive value: 92.0%; Accuracy: 84.6%) and
bacteria >123.8 bacteria/uL (Sensitivity: 90.0%; Specificity: 53.6%; Positive predictive
value: 31.7%; Negative predictive value: 95.7%; Accuracy: 60.6%), in comparison to

both markers below the chosen cutoffs.

4. DISCUSSION

It is widely accepted that the presence of UTI is often accompanied by an
inflammatory response, leading to an elevation of red blood cells (RBCs), white blood
cells (WBCs), and bacteria counts (number/uL) in the urine and commonly observed
alongside the positivity of nitrite and leukocyte esterase. Furthermore, urinary WBCs
may also originate from potential contamination of the genital tract, especially in female
patients, who are indeed the population most affected by UTI, particularly in the 18 to
39 age group. Consequently, the clinical diagnosis of UTI primarily relies on the
quantitative assessment of bacterial growth in urine, which is possible through urine
culture, the gold-standard test for diagnosing urinary tract infection [2, 4, 9, 10, 14]

Our study’s findings correspond with this information considering, firstly, the
study population: women were affected in 2/3 of the cases, with more than half of the
cases in the age range between 18 and 60 years old. Furthermore, it was found that
urine samples that showed positive urine culture with bacteria as an etiological agent
(19.3%) had a higher number of WBC, WBC clusters, and RBC in comparison to
negative samples or urine cultures with yeast growth or mixed cultures (p<0.001)
(Table 1). In 2018, Chaudhari et al. demonstrated that patients with pyuria have an
increased likelihood of having a positive urine culture when bacteriuria is present, while
this likelihood decreases in the absence of bacteriuria. The study also showed that the
presence of bacteria in urine, as analyzed by automated urinalysis, is diagnostically
inferior to WBC counts and dipstick leukocyte esterase for presumptive diagnoses of
UTls in infants and young children, the specific population under investigation.
However, the diagnostic value of urinalysis is significantly enhanced when combining
WBC counts with the presence of bacteriuria [15]. Moreover, nitrite in urine is a
frequently used parameter to guide early diagnosis and treatment of UTI infection [9].
In our study, 99.2% of the negative samples had a nitrite negative result (p<0.001) and
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34.2% of positive cultures for bacteria had a nitrite positive result. These findings
corroborate with Gu et al (2020). According to them, conventional UTI markers such
as nitrite (dipstick), demonstrate a notable level of specificity but limited sensitivity in
UTI diagnosis, resulting in unsatisfactory outcomes when used as an independent
diagnostic tool. This may be associated with the fact that not all bacteria can reduce
nitrate to nitrite, a characteristic more frequently observed in Gram-negative bacteria.
Additionally, dipstick requires a certain quantity of microorganisms for nitrite production
to be sufficient for a positive result [9].

According to our findings, 9.5% of all samples were cases of mixed cultures
(Table 1) and, of these, the flag "urinary tract infection" was shown in 76.3% of samples
(183/240). Indeed, for these flagged cases the analyzer Sysmex UF-5000 was able to
classify 139 as Gram-positive bacteria while only 10 were Gram-negative indicating a
higher prevalence of Gram-positive microorganisms in mixed cultures and a greater
likelihood of them being potential contaminants/colonizers of the urinary tract.

Our study evaluated parameters associated with the bacterial performance of
the Sysmex UF-5000 analyzer to test its ability to rapidly discriminate positive urine
samples for bacteria and negative specimens in patients with suspected UTls. It could
improve the efficiency of clinical laboratories, reducing unnecessary urine cultures and
optimizing patient management while also reducing the overprescription of antibiotics.
As shown in Table 2, 84.4% of samples that showed a positive result for bacteria in
urine culture showed the flag "urinary tract infection", indicating a true positive result.
Besides it, our findings demonstrate a substantial level of agreement, as indicated by
a Cohen’s kappa concordance coefficient of 0.765 (95% CI 0.652-0.878) and a 90%
concordance rate, emphasizing the Sysmex’s UF-5000 high ability to correctly classify
Gram-negative bacteria samples (193/195). However, among the 85 out of 93 samples
classified as Gram-positive/negative by the Sysmex UF-5000 analyzer that were
samples with Gram-negative bacteria, it was observed that 91.7% were
Enterobacterales species, and 8.3% were nonfermenting Gram-negative bacteria.
Additionally, 96.5% of these samples were urine cultures with microorganism growth
>100,000 CFU/mL. Therefore, based on these findings, it's possible that these
samples were cases of urine samples with more than one microorganism, but with only
a single predominant one being considered in the urine culture. Consequently, further
studies on this topic will be required.
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Our ROC analysis demonstrates that the AUC of bacteria was 0.851 (95% CI:
0.831-0.871). Since high sensitivity and a low false negative (FN) rate (<5%) are the
priority for a screening method when discriminating culture-negative specimens [12],
the optimal bacteria count cutoff selected was 123.8 bacteria/uL. At this cutoff value,
we had 1093 true negative samples (95.7%) and 49 false negatives (FN rate = 4.3%).
Yet, of these 49 samples, 77.6% showed low bacteria growth in urine culture (between
10,000-90,000 CFU/mL) probably being cases of urine contamination/colonization. As
shown by Wingerter and Bachur (2011) in UTI diagnosis, urine culture is widely used
as the gold standard. However, there are cases when a culture is positive, but the
patient has no infection. One such scenario is when the culture reflects contamination
during the collection process, often evidenced by low colony counts (<50,000
CFU/mL). Furthermore, according to the authors, contamination is defined as a urine
culture exhibiting any of the following: the presence of multiple microorganisms, non-
pathogenic species, or colony counts lower than 10,000 CFU/mL [16]. Therefore, to
our population, especially considering the low FN rate and the relatively high NPV
(95.7%) we concluded that the cutoff value of 123.8 bacteria/pL is appropriate for
discriminating culture-negative urine specimens in our population.

In addition to that, our findings also demonstrate a true positive result for 90.0%
of samples with bacteria growth in culture (439/488) and 391 of these had growth
>100,000 CFU/mL, which indicates a true UTI [5]. The prevalence of Gram-negative
bacteria as etiological agents was 76.3% compared to 23.7% Gram-positive, which
supports the findings in the literature [6,7]. Furthermore, despite the suitability of the
123.8 bacteria/pL as the cutoff for discrimination of negative urine cultures, our findings
also indicate, on the other hand, that patients with urine samples with WBC counts =
141.45 WBC/pL and bacteria = 123.8 bacteria/uL have 28.9 times higher odds (95%
Cl: 20.37-41.02; p < 0.001) of having a UTlI when compared to samples with values
lower than those chosen as cutoff for WBC and bacteria.

Regarding microorganism counts, our study also demonstrates that the analyzer
Sysmex UF-5000 is more accurate for urine samples with higher counts of
microorganisms considering that the flag "urinary tract infection” was shown in 89% of
urine culture with microorganism growth >100,000 CFU/mL. These samples also had
a bacteria count (/uL) ten times higher than samples with microorganism growth in
culture between 10,000 and 90,000 CFU/mL and almost 25 times higher than urines
classified as negative cultures (Table 3).
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As shown in Table 3, mixed cultures had more than twice the bacteria count
found in samples with culture growth between 10,000 and 90,000 CFU/mL. Indeed, we
observed that of the 1385 samples with bacteria count higher than our cutoff value
(123.8 bacteria/uL) 232 showed mixed cultures or yeast growth in urine culture. Of
these, 27 were cultures with yeast growth and 205 were mixed cultures. Considering
that of total samples there were 240 classified as mixed cultures, 85.4% had bacteria
counts higher than the cutoff value.

According to our ROC curve analysis findings (Figure 1), epithelial cell count is
mostly related to mixed cultures as the AUC was 0.683 (95% CI: 0.649-0.718) in these
samples compared to 0.600 (95% CI: 0.574-0.626) in urine samples positive for
bacteria. Thus, epithelial cells presence may be a better indicator of colonization or
contamination rather than a true UTl. Moreover, as seen in Table 5, higher counts of
epithelial cells are most often found in urine samples with Gram-positive bacteria
growth in comparison with samples with Gram-negative. It also aligns with the findings
of this study, which suggest that the presence of Gram-positive bacteria in urine is
more closely associated with contamination/colonization.

Considering the 59.05 epithelial cell/yL as the cutoff, we observed that only
58/240 (24.2%) of mixed cultures exhibited epithelial cell counts higher than this
threshold. This represents a lower frequency when compared to the bacterial cutoff of
123.8/uL (85.4%), which suggests that bacteria count indeed remains a more reliable
indicator for mixed cultures than epithelial cell counts. The Sysmex UF-5000 has a
core channel that detects particles with nucleic acid and uses side fluorescent light
(SFL) to provide information about particle coloration, ensuring higher sensitivity and
specificity for the detection and quantification of bacteria in urine due to the absence
of interference [17]. However, when we combined both markers, we observed that
urine samples with bacterial and epithelial cell counts (/uL) higher than 123.8 and
59.05, respectively, had nearly 10 times higher odds of being classified as mixed
cultures compared to samples with values below these thresholds.

5. CONCLUSIONS

Conclusively, our study was able to demonstrate that the Sysmex UF-5000

analyzer is a rapid technology appropriate for discriminating culture-negative urine
specimens based on bacterial counts. We were also able to demonstrate that patients
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with urine samples with WBC counts = 141.45 WBC/uL and bacteria = 123.8
bacteria/pL have 28.9 times higher odds of having a UTI when compared to samples
with values lower than those. Furthermore, it was possible to highlight that Gram-
positive bacteria are more often indicative of urinary tract contamination or
colonization. With the analyzer and observing the counts of epithelial cells (>59.05/uL)
and bacteria (>123.8/uL) in urine, mixed cultures can be assessed with greater
accuracy and speed. With these findings, we can offer supplementary pathological
insights, suggesting Gram identification. Indeed, considering the differences in the
source of samples, the cutoff values may vary, and it's recommended that distinct
regions establish their cutoff values. Our findings can contribute as another
comparison and reference tool to clinical laboratories in different places in the world,
especially considering the absence of data in Brazil.

REFERENCES

[1]1 A.L. Flores-Mireles, J.N. Walker, M. Caparon, S.J Hultgren, Urinary tract infections:
epidemiology, mechanisms of infection and treatment options, Nat. Rev. Microbiol. 13
(2015) 269-284.

[2] B. Foxman, The epidemiology of urinary tract infection, Nat. Rev. Urol. 7 (2010)
653-660.

[3] N.B. Costa, Estudo dos Agentes infecciosos e da resisténcia bacteriana em
infeccdes do trato urinario [monografia], Universidade de Brasilia. (2011) 1-27.

[4] T.A. Waller, S.A.L Pantin, A.L. Yenior, G. Pujalte, Urinary Tract Infection Antibiotic
Resistance in the United States. Prim. Care Clin. Office Pract., 45 (3) (2018) 455-466.
[5] R. de Rosa, S. Grosso, G. Lorenzi, G. Bruschetta, A. Camporese, Evaluation of the
new Sysmex UF-5000 fluorescence flow cytometry analyser for ruling out bacterial
urinary tract infection and for prediction of Gram negative bacteria in urine cultures,
Clin. Chim. Acta. 484 (2018) 171-178.

[6] R.D. Klein, S.J. Hultgren, Urinary tract infections: microbial pathogenesis, host—
pathogen interactions and new treatment strategies, Nat. Ver. Microbiol. 18 (2020)
211-226.

[7]1 S.Y. Kim, Y. Park, H. Kim, J. Kim, S.H. Koo, G.C. Kwon, Rapid screening of urinary
tract infection and discrimination of gram-positive and gram-negative bacteria by
automated flow cytometric analysis using Sysmex UF-5000. J. Clin. Microbiol. 56
(2018) 2004-2017.

[8] M. ifigo, A. Coello, G. Fernandez-Rivas, B. Rivaya, J. Hidalgo, M.D. Quesada, V.
Ausina, Direct Identification of Urinary Tract Pathogens from Urine Samples,
Combining Urine Screening Methods and Matrix-Assisted Laser Desorption lonization-
Time of Flight Mass Spectrometry, J. Clin. Microbiol. 54 (4) (2016) 988-93.



42

[9] W. Gu, W. Huang, J. Zhang, S. Qian, H. Cao, L. Ge, Evaluation of urinary
inflammatory index in rapid screening of urinary tract infection, Sci Rep. 10 (2020)
19306.

[10] R. Ippoliti, I. Allievi, A. Rocchetti, UF-5000 flow cytometer: A new technology to
support microbiologists’ interpretation of suspected urinary tract infections, Microbiol.
Open. 9 (2020) e987.

[11] R. de Rosa, S. Grosso, G. Bruschetta, M. Avolio, P. Stano, M.L. Modolo, A.
Camporese, Evaluation of the Sysmex UF1000i flow cytometer for ruling out bacterial
urinary tract infection, Clin. Chim. Acta. 411 (2010) 1137-42.

[12] C. Ren, J. Wu, M. Jin, X. Wang, H. Cao, Rapidly discriminating culture-negative
urine specimens from patients with suspected urinary tract infections by UF-5000,
Bioanalysis. 10(22) (2018) 1833-1840.

[13] M. Oyaert, J. Delanghe, Progress in Automated Urinalysis, Ann. Lab. Med. 39
(2019) 15-22

[14] T. Monsen, P. Rydén, Flow cytometry analysis using sysmex UF-1000i classifies
uropathogens based on bacterial, leukocyte, and erythrocyte counts in urine
specimens among patients with urinary tract infections, J. Clin. Microbiol. 53 (2) (2015)
539-45.

[15] P.P. Chaudhari, M. C. Monuteaux, R.G. Bachur, Microscopic Bacteriuria Detected
by Automated Urinalysis for the Diagnosis of Urinary Tract Infection, J. of Pediatrics.
202 (2018) 238-244.

[16] S. Wingerter, R. Bachur, Risk Factors for Contamination of Catheterized Urine
Specimens in Febrile Children, Ped. Emerg. Care. 27 (2011) 1-4.

[17] M.A Broeren, S. Bahgeci, H.L. Vader, N.L. Arents, Screening for urinary tract
infection with the Sysmex UF-1000i urine flow cytometer, J. Clin. Microbiol. 49 (2011)
1025-1029.


https://www.sciencedirect.com/journal/the-journal-of-pediatrics

ANEXOS

ANEXO 1 — Parecer de aprovagao do comité de ética da ISCMPA

IRMANDADE DA SANTA CASA
DE MISERICORDIA DE PORTO W‘"“
ALEGRE - ISCMPA
PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DEPESQUISA

Titulo da Pesquisa: Avalag3o 03 apiicaglo ciinica de um analisador automatizado de particulas urnanas
por cltometria de fluxo como femamenta de tragem de Infecgdo do trato urnano

Pesquisador: GABRIELA BLAUTH WALSER

Area Tematica:

Versao: 1

CAAE:- 43233421.40000.5335

Instituig3o Proponents: Irnandade o3 Santa Casa de Msenconda de Porto Alagre - ISCMPA
Patrocinador Principal: Financiamento Propno

DADOS DO PARECER

Nuomero do Parecer: 4.577.958

£prasentag3o do Projsto:

As Infecgdes 0o trato urinaro (ITU) s3o infecgdes com alta prevaéncla. Os possivels agantas etiologicos
causadoras das [TUs, na malor pante dos c3s0s, 530 Dacténas pertencentes 3 familia Enterodactenaceas,
sendo a Escherichia coll 3 principal responsavel. © dagnestico das ITUs consista na cultura oe urina
(urocultura) com vistas 3 avalagdo microblologica para fins de confmagdo do patogeno. Aldm de pemmitr 3
estimativa da

concentragdo de microrganismos Isolados, este metodo tambem auxila na escolha do tratamento mals
30£qU300, 3 pani de testes de sensibllidade 305 antimicrobianos. NO 2n1anto, COMO 35PECID NEgAtIVD,
destaca-s2 0 longo 1empo para 3 iberagdo dos resultados (no mINMo 24 horas) tomandose Necessana a
redlizago Inicial de tratamentos empiricos, em muitos c3sos. A Tm d2 oImizar 3 demanda de rabalho & o
12MpO N3 ENYEg3 00 r2sultados, 08 ands3dores UDMANZIT0Ss 08 PIrticulas UMNANas, como o Sysmex
UF-5000, estdo frequentements NSendos N3 rotina de laboratonos ciinicos, tendo em vista sua capadidace
de getectar @ quantificar microrganismos, bem como awdllar na necessidade ge encaminhar ou ndo 35
aMosiras ge urina para cutura. Este estudo objetva Investigar 3 utlidade cinkca d2 um analisador urnario
3utomatizado, para fins o2 triagem de amostras urinanas gue seram suoMetidas 3 urocultura. Serfo
realizadas analses coMParativas dos parametros urinanos (bactenuna,

ISUCOCna, presenca de oiulas apitellals @ conduthvidace) no anallsador UF-S00] com os

Enderegec L Mo Arnes Dies 205 Howp Dom Vicwte Scharer

Bailrrec €° ander - Centio CEP:  00.000-000
UF: RS Municiplo: PORTO ALEGRE
Telfone: (51)5214-8571 Far: (S1)3294-8571 E-mait cop@uenacesa tche b

Fagra it e 4

43



IRMANDADE DA SANTA CASA

DE MISERICORDIA DE PORTO W
ALEGRE - ISCMPA

rEEUItados 03 uroculiura 02 packentes 3endidos na Santa Casa de Misencorda de Porto Alegre.
Objetivo da Pasquisa:

Ovjetivo Primario:

Analisar a aplicagio cinica do analsador Sysmeax UF-5000 como f2mamenta de triagem oe Iecgdo do rato
wrinario.

Qojetvo Secundano:

- Verificar a possidiidade de aplicag3o do analisador Sysmex UF-SD00 como uma feramenta de triagem
para ITU, avallando su3 3550093¢30 3 resuitados positivos & negativos de uroculturas.- Verificar 3
adequag3o do reporte de resultados negativos & positvos para bactenas do anallsador Sysmex UF-5000 em
amostras de Urina, 2m comparag0 Com 3 Lrocutura - Identifcar o ponto de corta (cut off) para a bactenana
avalada m

equipamento @ qua se relaciona 3o crescimento bacteriano em urocutura 5- Vertficar 3 adequagdo do
rEpons o2 DIctenas gram positivas/gram Negativas do andlisador Sysmex UF-5000 em comparagdo com os
resuitados de urocultura.- Venficar 3 3ssociagdo entre 3 loentificagdo o8 pardmetros sugestivos de
colonizagdoicontaminagdo (como leucocitos & células epitellais) do analisador automatizado, em
COMPAraga0 COM OSIESULados 02 Lrocuitura.- VENNcar 3 apicacdo 0o parametro de condutvicade (meadldo
pelo analisador urnanio) como famamenta de avalagdo da qualidade 03 amasira 2 Urina, No que sa refere
30 periodo oe teMpo prascrto para 3 coleta da amostra.

Cortruncho 33 Pamcer 4.577 580

Avallag3o dos Riscos & Beneficios:

Riscos:

Quebra d2 siglo.

Baneficios:

Tendo em vista 3 ata demanda na rotina do Laboratorio de Analises Clinicas Carios Franco Voegell da
Santa Casa ge Misercordia de Porio Alegre

(SCMPA) para a realizagdo ge culturas urinanas, o emprago de femrameantas que possam otimizar o
processo de dentificacdo do agente etioiogico

c3usador de ITU, bem como reduzir 3 redizaglo 02 Processos 0esNEcassanos & fundamental. Isso traz
agllidade para 0 processo de liberagdo do

I3u0o 2 possibiiig 3 equips madica escolnas Mals PrEcocss, 3S5EMVas & Adequadas de tratamento 30 caso
do paciente, eviiandd ratamenios

O2SNECESSANOs &, CoNsaquentemants, 0 MSCO de MREIStENta bactenana.

Enderegec . Pof® Arnes Dies, 295 Houp Dom Vicete Scharer
Bairrec €° ander - Cantio CEP: 00.000-000

Teldone: (51)50148571 Fax: (S1/3294-8571 E-mait cop@eantacess tche. by

44



IRMANDADE DA SANTA CASA

DE MISERICORDIA DE PORTO W
ALEGRE - ISCMPA

Comentarios @ Conslderagdes sobre a Pesquisa:

Pesquisa pertinents tendo em visia que iraz 3 proposta do Use d2 ferramentas que possam otimizar
Drocessos frante 3 alta gemanda na rotina do Laboratono o2 Analises Cinicas da Instituglo.

Como sera reallzada em banco e 0ados com o Intulto de comparar as Informagles fomecidas pelo
2quipamento & 06 resultados 02 eXamsas, S2us rscos 530 minimes.

Certrusgho 3 Pumcer 4577 550

Considaragdes sobre oe Termos de apresentagao obrigatoria:

Todos 0 tEMos foram 3presentados COMEtaments, segundo Resoiuglo vigents.

Recomendagdes:

Sam recomendagies

Conclusdes ou Pendéncias e Lista de Inadaquagdes:

Mesmo s2ndo est3 pesquisa em banco 0 dados, 3 MESM3 ENconira-s2 o2 3cordo com 3 Norma vigente
Resolugdo 456/12 para pesquisa em seres humanos.

Consideragdes Finals a critérlo do CEP:

Apds avallagdo 0o protocoio acima descrito, o presente comit2 ndo encontrou obices quanto 3o
desenvolvimento do estudo em nossa Instituigdo & podera ser Iniciado 3 partir 6a data daste parscer.

Ovs.: 1- O pasquisador responsavel deve encaminhar 3 este CEP, Relattrios de Andamanto dos Projetos
desenvoividos na ISCMPA. Relatorios Parcials (pesquisas com duragdo superior 3 € meses), Relatorios
Finals (30 tamino da pesquisa) & o6 Rasultados Obikdos (copla da publcacio).

2 - Para 0 nicio 0o projetd de pesquisa, 0 INvestigador devera apresantar 3 chefla do senvigo (onde sera
realzada 3 pesquisa), o Paracer Consubstanclado de aprovagdo do protocolo pelo Comite ge Etica.

Este paracsr fol elaborado bassado nos documentos abalxo relacionados:

el I

120272021 Acsito

| 204430 |
12022021 |GABRIELA BLAUTH | Aceito

Enderegec . Mo Arnes Dies 205 Hoap Do Vicwte Scharer

Bairrec € ander - Cartro CEP: 00 .000-000

UF: RS Municipio:  PORTO ALEGRE

Telefone. (51)5014-8571 Far: (51032948571 E-mait cop@uentecesa tche by

Pagra sice 24

45



IRMANDADE DA SANTA CASA

DE MISERICORDIA DE PORTO

ALEGRE - ISCMPA

Contruscio 4 Pamcer 4 577 580

Qo

Outros oo 204325 |WALBER Aceto

Fohage Rosto | PhaDeRosio_Gabneia pdr 10022021 | GASRIELA BLAIITH | Aceto
133626 |WALBER

Outros RESUMO_E_ABSTRACT 000K 021022021 | GABRIELA BLAUTH | Aceio
220210 |WALBER

Outros GECiaracac_onus_INSwicao. par 091022021 | GABRIELA BLAUTH | Aceito
21:53:42 | WALBER

[Outros JECiaracao_oados_oe_pronuano pd | DAUZZuz] | [ ACST0 |
215200 |WALBER

Outros 0ECiaracac_comaencialiaade par 031022021 | GASRIELA BLAUTH | Aceio
215516 | WALBER

Outros Deciaracao_AUTONZacac_chena pa 0910272021 | GABRIELA BLAUTH | Aceio
653 |WAIBER

Brojen D=ainaco | | Projeio_Gabnela pl 0010272021 | GASRIELA BLAUTH | Aceio

Srochura 21:5403 |WALBER

| investigacor

Situag3o do Parecar:

Aprovado

Necessita Apreciag3o da CONEP.

N3o

PORTO ALEGRE, 08 de Margo de 2021
Assinado por-
JOAO CARLOS GOLDANI
{Coordenador(a))

Enderegec L P Arnes Dies 2905 Houp Do Vicwte Scharer

Bairrec € ander - Certro

CEP: 0.000-000

UF: RS Municipio. PORTO ALEGRE

Telefone: (51)52148571

Fax: (5132148571

E-mail.  cop@ueniecesas ihe iy

Pagre S oe 4

46



47

ANEXO 2 - Guide for authors Clinica Chimica Acta

INTRODUCTION

Clinica Chimica Acta is a high quality journal which publishes original Research
Communications in the field of clinical chemistry and laboratory medicine, defined
as the diagnostic application of chemistry, biochemistry, immunochemistry,
biochemical aspects of hematology, toxicology, and molecular biology to the study of
human disease in body fluids and cells.

The objective of the journal is to publish novel information leading to a better
understanding of biological mechanisms of human diseases, their prevention,
diagnosis, and patient management. Reports of an applied clinical character are also
welcome. Papers concerned with normal metabolic processes or with constituents of
normal cells or body fluids, such as reports of experimental or clinical studies in
animals, are only considered when they are clearly and directly relevant to human
disease. Evaluation of commercial products have a low priority for publication, unless
they are novel or represent a technological breakthrough. Studies dealing with effects
of drugs and natural products and studies dealing with the redox status in various
diseases are not within the journal's scope. Development and evaluation of novel
analytical methodologies where applicable to diagnostic clinical chemistry and
laboratory medicine, including point-of-care testing, and topics on laboratory
management and informatics will also be considered. Studies focused on emerging
diagnostic technologies and (big) data analysis procedures including digitalization,
mobile Health, and artificial Intelligence applied to Laboratory Medicine are also of
interest.

Types of paper
Full-length research articles, Review articles, and Case Reports.

Reports of new or improved methods should be as brief as is consistent with clarity
(up to about 1,000 words). They should unequivocally identify the element of novelty
claimed and the advantages over existing technology. Performance characteristics,
including effects of interfering substances, comparisons with results of accepted
methods and references values based on appropriate population samples should be
documented by adequate data. Citing of earlier publications is preferred to repetition
of details for reagents, procedures, etc., which are always in print. Nevertheless, the
information provided must suffice to allow readers to duplicate the work or to
compare the technique with current practice.

Reviews are normally invited, however the Reviews Editor welcomes suggestions of
potential topics and potential authors.

Contact details for submission

Papers should be submitted using the Clinica Chimica Acta online submission
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system https://www.editorialmanager.com/ccacta/default.aspx. For questions on the
submission and reviewing process, please contact the relevant Editorial Office.

For the Americas, Japan and Asia:
Alan H. Wu, San Francisco General Hospital us-cca@comcast.net

For Europe, Australia and all other territories:
Joris Delanghe, University Hospital Gent joris.delanghe@ugent.be

Reviews from all areas:
Greg S. Makowski Gmakowski@clpct.com

Please note that reviews are normally invited, however the Reviews Editor welcomes
suggestions of potential topics and potential authors.

Page charges
This journal has no page charges.
Submission checklist

You can use this list to carry out a final check of your submission before you send it
to the journal for review. Please check the relevant section in this Guide for Authors
for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

+ All figures (include relevant captions)

+ All tables (including titles, description, footnotes)

 Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources
(including the Internet)

* A competing interests statement is provided, even if the authors have no competing
interests to declare
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+ Journal policies detailed in this guide have been reviewed
» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

Before you begin
Ethics in publishing

Please see our information on Ethics in publishing.
Policy and ethics

The work described in your article must have been carried out in accordance

with The Code of Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans http://www.wma.net/e/policy/b3.htm;

Uniform Requirements for manuscripts submitted to Biomedical

Journals http://www.icmje.org published by the International Committee of Medical
Journal Editors.

This must be stated at an appropriate point in the article.

Please note: Clinica Chimica Acta does not accept submission of papers based on
animal studies.

Declaration of interest

All authors must disclose any financial and personal relationships with other people
or organizations that could inappropriately influence (bias) their work. Examples of
potential competing interests include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or
other funding. Authors must disclose any interests in two places: 1. A summary
declaration of interest statement in the title page file (if double anonymized) or the
manuscript file (if single anonymized). If there are no interests to declare then please
state this: 'Declarations of interest: none'. 2. Detailed disclosures as part of a
separate Declaration of Interest form, which forms part of the journal's official
records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Declaration of generative Al in scientific writing

The below guidance only refers 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.

Where authors use generative artificial intelligence (Al) and Al-assisted technologies
in the writing process, authors should only use these technologies to improve
readability and language. Applying the technology should be done with human
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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. Al and Al-assisted technologies should not be listed as an author or co-
author, or be cited as an author. Authorship implies responsibilities and tasks that
can only be attributed to and performed by humans, as outlined in Elsevier’s Al policy
for authors.

Authors should disclose in their manuscript the use of Al and Al-assisted
technologies in the writing process by following the instructions below. A statement
will appear in the published work. Please note that authors are ultimately responsible
and accountable for the contents of the work.

Disclosure instructions

Authors must disclose the use of generative Al and Al-assisted technologies in the
writing process by adding a statement at the end of their manuscript in the core
manuscript file, before the References list. The statement should be placed in a new
section entitled ‘Declaration of Generative Al and Al-assisted technologies in the
writing process’.

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
publication.

This declaration does not apply to the use of basic tools for checking grammar,
spelling, references etc. If there is nothing to disclose, there is no need to add a
statement.

Submission declaration and verification

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract, a published lecture or academic thesis,
see 'Multiple, redundant or concurrent publication' for more information), that it is not
under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it 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, your article may be checked
by Crossref Similarity Check and other originality or duplicate checking software.

Preprints

Please note that preprints can be shared anywhere at any time, in line with

Elsevier's sharing policy. Sharing your preprints e.g. on a preprint server will not
count as prior publication (see 'Multiple, redundant or concurrent publication' for more
information).
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Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive
to differences, and promotes equal opportunities. Content should make no
assumptions about the beliefs or commitments of any reader; contain nothing which
might imply that one individual is superior to another on the grounds of age, gender,
race, ethnicity, culture, sexual orientation, disability or health condition; and use
inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We
advise to seek gender neutrality by using plural nouns (“clinicians, patients/clients")
as default/wherever possible to avoid using "he, she," or "he/she." We recommend
avoiding the use of descriptors that refer to personal attributes such as age, gender,
race, ethnicity, culture, sexual orientation, disability or health condition unless they
are relevant and valid. When coding terminology is used, we recommend to avoid
offensive or exclusionary terms such as "master”, "slave", "blacklist" and "whitelist".
We suggest using alternatives that are more appropriate and (self-) explanatory such
as "primary", "secondary", "blocklist" and "allowlist". These guidelines are meant as a
point of reference to help identify appropriate language but are by no means
exhaustive or definitive.

Reporting sex- and gender-based analyses
Reporting guidance

For research involving or pertaining to humans, animals or eukaryotic cells,
investigators should integrate sex and gender-based analyses (SGBA) into their
research design according to funder/sponsor requirements and best practices within
a field. Authors should address the sex and/or gender dimensions of their research in
their article. In cases where they cannot, they should discuss this as a limitation to
their research's generalizability. Importantly, authors should explicitly state what
definitions of sex and/or gender they are applying to enhance the precision, rigor and
reproducibility of their research and to avoid ambiguity or conflation of terms and the
constructs to which they refer (see Definitions section below). Authors can refer to
the Sex and Gender Equity in Research (SAGER) guidelines and the SAGER
guidelines checklist. These offer systematic approaches to the use and editorial
review of sex and gender information in study design, data analysis, outcome
reporting and research interpretation - however, please note there is no single,
universally agreed-upon set of guidelines for defining sex and gender.

Definitions
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Sex generally refers to a set of biological attributes that are associated with physical
and physiological features (e.g., chromosomal genotype, hormonal levels, internal
and external anatomy). A binary sex categorization (male/female) is usually
designated at birth (""sex assigned at birth""), most often based solely on the visible
external anatomy of a newborn. 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. Sex and gender are often incorrectly
portrayed as binary (female/male or woman/man) and unchanging whereas these
constructs actually exist along a spectrum and include additional sex categorizations
and gender identities such as people who are intersex/have differences of sex
development (DSD) or identify as non-binary. Moreover, the terms ""sex"" and
""gender"" can be ambiguous—thus it is important for authors to define the manner in
which they are used. In addition to this definition guidance and the SAGER
guidelines, the resources on this page offer further insight around sex and gender in
research studies.

Author contributions

For transparency, we require corresponding authors to provide co-author
contributions to the manuscript using the relevant CRediT roles. The CRediT
taxonomy includes 14 different roles describing each contributor’s specific
contribution to the scholarly output. The roles are: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization;
Roles/Writing - original draft; and Writing - review & editing. Note that not all roles
may apply to every manuscript, and authors may have contributed through multiple
roles. More details and an example.

Changes to authorship

Authors are expected to consider carefully the list and order of

authors before submitting their manuscript and provide the definitive list of authors at
the time of the original submission. Any addition, deletion or rearrangement of author
names in the authorship list should be made only before the manuscript has been
accepted and only if approved by the journal Editor. To request such a change, the
Editor must receive the following from the corresponding author: (a) the reason for
the change in author list and (b) written confirmation (e-mail, letter) from all authors
that they agree with the addition, removal or rearrangement. In the case of addition or
removal of authors, this includes confirmation from the author being added or
removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the
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manuscript has already been published in an online issue, any requests approved by
the Editor will result in a corrigendum.

Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your
manuscript. This means that if an editor feels your manuscript is more suitable for an
alternative journal, you might be asked to consider transferring the manuscript to
such a journal. The recommendation might be provided by a Journal Editor, a
dedicated Scientific Managing Editor, a tool assisted recommendation, or a
combination. If you agree, your manuscript will be transferred, though you will have
the opportunity to make changes to the manuscript before the submission is
complete. Please note that your manuscript will be independently reviewed by the
new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal
Publishing Agreement' (see more information on this). An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use
by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to
complete a 'License Agreement' (more information). Permitted third party reuse of
gold open access articles is determined by the author's choice of user license.
Author rights

As an author you (or your employer or institution) have certain rights to reuse your

work. More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source
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You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit the article for
publication. If the funding source(s) had no such involvement, it is recommended to
state this.

Open access

Please visit our Open Access page for more information about open access
publishing in this journal.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn" environment at
Researcher Academy offers several interactive modules, webinars, downloadable
guides and resources to guide you through the process of writing for research and
going through peer review. Feel free to use these free resources to improve your
submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the Language Editing service available from
Elsevier's Language Services.

Submission

Our online submission system guides you stepwise through the process of entering
your article 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 e-mail.

Referees

A minimum of three suitable potential reviewers must be supplied (please provide
their name, institutional email addresses, and institutional affiliation). Non institutional
email addresses are not suitable. When compiling this list of potential reviewers
please consider the following important criteria: they must be knowledgeable about
the manuscript subject area; must not be from your own institution; at least two of the
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suggested reviewers should be from another country than the authors'; and they
should not have recent (less than four years) joint publications with any of the
authors. However, the final choice of reviewers is at the editors' discretion.

Preparation

Queries

For questions about the editorial process (including the status of manuscripts under
review) or for technical support on submissions, please visit our Support Center.

Peer review

This journal operates a single anonymized review process. All contributions will be
initially assessed by the editor for suitability for the journal. Papers deemed suitable
are then typically sent to a minimum of one independent expert reviewer to assess
the scientific quality of the paper. The Editor is responsible for the final decision
regarding acceptance or rejection of articles. The Editor's decision is final. Editors are
not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services
in which the editor has an interest. Any such submission is subject to all of the
journal's usual procedures, with peer review handled independently of the relevant
editor and their research groups. More information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used.
The text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc.
When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to
align columns. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that
source files of figures, tables and text graphics will be required whether or not you
embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
‘grammar-check’ functions of your word processor.

Article structure

Subdivision - numbered sections
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Divide your article into clearly defined and numbered sections. Subsections should
be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in
section numbering). Use this numbering also for internal cross-referencing: do not
just refer to 'the text'. Any subsection may be given a brief heading. Each heading
should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced, with details of supplier
and catalogue number when appropriate. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Patients

If human subjects were used in the experiment please make a statement to the effect
that this study has been cleared by your Institution Ethics Review Board for human
studies and that patients have signed an informed consent. These are required by
standards.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already
dealt with in the Introduction and lay the foundation for further work. In contrast, a
Calculation section represents a practical development from a theoretical basis.
Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and
Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.
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Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and
family name(s) of each author and check that all names are accurately spelled. You
can add your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide
the full postal address of each affiliation, including the country name and, if available,
the e-mail address of each author.

» Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility
includes answering any future queries about Methodology and Materials. Ensure
that the e-mail address is given and that contact details are kept up to date by
the corresponding author.

* Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that
capture the novel results of your research as well as new methods that were used
during the study (if any). Please have a look at the example Highlights.

Highlights should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required and should have no more than 200 words.
Research articles should have a structured abstract. By means of appropriate
headings (Background and aims, Materials and methods, Results, Conclusion) the
structured abstract should state briefly the purpose of the research, the principal
results and major conclusions. An abstract is often presented separately from the
article, so it must be able to stand alone. For this reason, references should be
avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or
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uncommon abbreviations should be avoided, but if essential they must be defined at
their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the contents
of the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size of
5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,
PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and’, 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research

(e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

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

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of
units (SI). If other quantities are mentioned, give their equivalent in SI. You are urged
to consult IUB: Biochemical Nomenclature and Related Documents for further
information.

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be displayed separately from the
text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors can build footnotes into the text, and this feature may
be used. Otherwise, please indicate the position of footnotes in the text and list the
footnotes themselves separately at the end of the article. Do not include footnotes in
the Reference list.

Artwork
Image manipulation
Whilst it is accepted that authors sometimes need to manipulate images for clarity,

manipulation for purposes of deception or fraud will be seen as scientific ethical
abuse and will be dealt with accordingly. For graphical images, this journal is
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applying the following policy: no specific feature within an image may be enhanced,
obscured, moved, removed, or introduced. Adjustments of brightness, contrast, or
color balance are acceptable if and as long as they do not obscure or eliminate any
information present in the original. Nonlinear adjustments (e.g. changes to gamma
settings) must be disclosed in the figure legend.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

« Embed the used fonts if the application provides that option.

 Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.
» Submit each illustration as a separate file.

* Ensure that color images are accessible to all, including those with impaired color
vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of
300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to
a minimum of 500 dpi.

Please do not:
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* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

« Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF), or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in
color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted
article. Please indicate your preference for color: in print or online only. Further
information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached
to the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum
but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article.
Please avoid using vertical rules and shading in table cells.

References
Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished results'
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or 'Personal communication'. Citation of a reference as 'in press' implies that the item
has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates, reference
to a source publication, etc.), should also be given. Web references can be listed
separately (e.g., after the reference list) under a different heading if desired, or can
be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your
manuscript by citing them in your text and including a data reference in your
Reference List. Data references should include the following elements: author
name(s), dataset title, data repository, version (where available), year, and global
persistent identifier. Add [dataset] immediately before the reference so we can
properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication,
the formal publication should be used as the reference. If there are preprints that are
central to your work or that cover crucial developments in the topic, but are not yet
formally published, these may be referenced. Preprints should be clearly marked as
such, for example by including the word preprint, or the name of the preprint server,
as part of the reference. The preprint DOI should also be provided.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley. Using citation plug-ins
from these products, authors only need to select the appropriate journal template
when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this
journal, please follow the format of the sample references and citations as shown in
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this Guide. If you use reference management software, please ensure that you
remove all field codes before submitting the electronic manuscript. More information
on how to remove field codes from different reference management software.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The
actual authors can be referred to, but the reference number(s) must always be given.
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different
result ...."

List: Number the references (numbers in square brackets) in the list in the order in
which they appear in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific
article, J. Sci. Commun. 163 (2010) 51-59. https://doi.org/10.1016/j.Sc.2010.00372.
Reference to a journal publication with an article number:

[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific
article. Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.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 an edited 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, 2009, pp. 281-304.

Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003
(accessed 13 March 2003).

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for
Japanese oak wilt disease and surrounding forest compositions, Mendeley Data, v1,
2015. https://doi.org/10.17632/xwj98nb39r.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),
Zenodo, March 25, 2020. https://doi.org/10.5281/zenodo.3727209.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word
Abbreviations.


https://service.elsevier.com/app/answers/detail/a_id/26093/
https://service.elsevier.com/app/answers/detail/a_id/26093/
https://www.issn.org/services/online-services/access-to-the-ltwa/
https://www.issn.org/services/online-services/access-to-the-ltwa/

64

Video

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a
preferred maximum size of 150 MB per file, 1 GB in total. Video and animation files
supplied will be published online in the electronic version of your article in Elsevier
Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video
and animation cannot be embedded in the print version of the journal, please provide
text for both the electronic and the print version for the portions of the article that refer
to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions here to find out
about available data visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are
published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide
an updated file. Do not annotate any corrections on a previous version. Please switch
off the 'Track Changes' option in Microsoft Office files as these will appear in the
published version.

Supplementary material captions
Each supplementary material file should have a short caption which will be placed at

the bottom of the article, where it can assist the reader and also be used by search
engines.
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Research data

This journal requires and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your
published articles. 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.

Below are a number of ways in which you can associate data with your article or
make a statement about the availability of your data when submitting your
manuscript. When sharing data in one of these ways, you are expected to cite the
data in your manuscript and reference list. Please refer to the "References" section
for more information about data citation. For more information on depositing, sharing
and using research data and other relevant research materials, visit the research
data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to
link articles on ScienceDirect with relevant repositories, giving readers access to
underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the
submission system. For more information, visit the database linking page.

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

In addition, you can link to relevant data or entities through identifiers within the text
of your manuscript, using the following format: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN).

Research Elements

This journal enables you to publish research objects related to your original research
— such as data, methods, protocols, software and hardware — as an additional paper
in a Research Elements journal.

Research Elements is a suite of peer-reviewed, open access journals which make
your research objects findable, accessible and reusable. Articles place research
objects into context by providing detailed descriptions of objects and their application,
and linking to the associated original research articles. Research Elements articles
can be prepared by you, or by one of your collaborators.
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During submission, you will be alerted to the opportunity to prepare and submit a
manuscript to one of the Research Elements journals.

More information can be found on the Research Elements page.

Data statement

To foster transparency, we require you to state the availability of your data in your
submission if your data is unavailable to access or unsuitable to post. This may also
be a requirement of your funding body or institution. You will have the opportunity to
provide a data statement during the submission process. The statement will appear
with your published article on ScienceDirect. For more information, visit the Data
Statement page..

After acceptance

Availability of accepted article

This journal makes articles available online as soon as possible after acceptance.
This concerns the Journal Pre-proofs (both in HTML and PDF format), which have
undergone enhancements after acceptance, such as the addition of a cover page
and metadata, and formatting for readability, but are not yet the definitive versions of
record. A Digital Object Identifier (DOI) is allocated, thereby making it fully citable and
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