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RESUMO

Introdugdo: O uso de biomarcadores circulantes para guiar a terapia
antimicrobiana, com destaque para a procalcitonina (PCT) e a proteina
C-reativa (PCR), tem sido estudado para auxiliar na redugédo do consumo de
antibioticos e controlar o surgimento de microrganismos multirresistentes.
Embora existam evidéncias menos robustas para o uso da PCR nesse cenario,
ela apresenta vantagens, como menor custo e maior disponibilidade.
Objetivos: Determinar se um algoritmo baseado no valor da PCR e em
variaveis clinicas estratégicas, implementado por meio de um Sistema Digital
de Apoio a Decisao Clinica acessivel via dispositivos moveis, pode reduzir com
seguranga a exposi¢cao a antimicrobianos em pacientes adultos internados.
Métodos e analise: Ensaio clinico randomizado, prospectivo, aberto e de
centro unico, envolvendo pacientes com suspeita clinica ou confirmagao
microbiolégica de infecgao bacteriana, com inicio da terapia antibiética dentro
das ultimas 72 horas. A intervengao consistiu na aplicagdo de um algoritmo por
meio de um aplicativo para dispositivos méveis, que utilizou valores seriados da
PCR e variaveis clinicas para tomada de decisao acerca da suspensao dos
antibidticos. O grupo controle recebeu recomendagdes sobre a duragdo do
tratamento baseadas na melhor evidéncia disponivel. O desfecho primario foi a
duracao do tratamento antibidtico para o episddio infeccioso que motivou a
inclusao do paciente no estudo.

Resultados: Foram incluidos 110 pacientes com média de idade de 67 anos e
predominio do sexo masculino. A duragcdo do tratamento antibidtico foi
significativamente menor no grupo intervengdo quando comparado aos
controles (mediana de 6,0 (5,0; 7,0) vs. 7,0 (5,0; 9,0) dias; p = 0,015). Nao
foram encontradas diferencas na comparacdo da exposicdo antimicrobiana
total durante a internacdo, no numero de dias livres de antibidticos na
internacdo e no tempo de internacdo hospitalar. Mortalidade por qualquer
causa, falha terapéutica, taxa de reinfeccdo, infecgdes subsequentes por
microrganismos resistentes e taxa de infecgao por Clostridioides difficile foram
semelhantes entre os dois grupos.

Conclusao: Um algoritmo aplicado por aplicativo digital baseado nos valores
de PCR e em variaveis clinicas reduziu com seguranga o uso de antibioticos
para o primeiro quadro infeccioso em adultos hospitalizados, mas ndo a
exposicao total a antimicrobianos. Sdo necessarios mais estudos para avaliar o
desempenho dessa estratégia em outros cenarios, assim como a sua
segurancga e impacto na pratica clinica.

Palavras-chave: farmacorresisténcia bacteriana; gestdo de antimicrobianos;
biomarcadores; proteina c-reativa; telemedicina.



ABSTRACT

Introduction: The use of circulating biomarkers, such as procalcitonin (PCT)
and C-reactive protein (CRP), has been studied to help reduce antibiotic
consumption and control the emergence of multidrug-resistant microorganisms.
Although the evidence for the use of CRP in this context is less robust, it offers
advantages such as lower cost and greater availability.

Objectives: To determine whether an algorithm based on CRP levels and
strategic clinical variables, implemented through a Digital Clinical Decision
Support System accessible via mobile devices, can safely reduce antimicrobial
exposure in hospitalized adult patients.

Methods and Analysis: A single-center, prospective, open-label, randomized
clinical trial involving patients with clinical suspicion or microbiological
confirmation of bacterial infection, who had started antibiotic therapy within the
last 72 hours. The intervention consisted of applying an algorithm via a mobile
application, in which serial CRP values and clinical variables were used to guide
decisions on antibiotic discontinuation. The control group received treatment
duration recommendations based on the best available evidence. The primary
outcome was the duration of antibiotic treatment for the infectious episode that
led to the patient's inclusion in the study, in each group.

Results: A total of 110 patients were included, with a mean age of 67 years and
a predominance of males. The duration of antibiotic treatment was significantly
shorter in the intervention group compared to the control group (median of 6.0
[5.0; 7.0] vs. 7.0 [5.0; 9.0] days; p = 0.015). No differences were found in total
antimicrobial exposure during hospitalization, antibiotic-free days, or hospital
length of stay. All-cause mortality, treatment failure, reinfection rate, subsequent
infections by resistant microorganisms, and Clostridioides difficile infection rates
were similar between the groups.

Conclusion: A digital application-based algorithm incorporating CRP values
and clinical variables safely reduced antibiotic use for the initial infectious
episode in hospitalized adults but did not decrease total antimicrobial exposure.
Further studies are needed to evaluate this strategy's performance in other
settings, as well as its safety and impact on clinical practice.

Key words: drug resistance, bacterial; antimicrobial stewardship; biomarkers;
c-reactive protein; telemedicine.
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1. INTRODUGAO

As taxas crescentes de microrganismos resistentes a antimicrobianos ao redor
do globo tem se tornado um dos maiores problemas de saude publica nos dias
atuais. O impacto desse problema é enorme, tanto em termos econdmicos
como em termos de morbidade e mortalidade (Hofer, 2019).

Praticas de gestdo de antimicrobianos dentro dos servicos de saude,
conhecidas como antibiotic stewardship estdo sendo adotadas em escala
mundial como uma tentativa de mitigar esse problema (Zay Ya et al., 2023).

Dentre as medidas adotadas, destaca-se o incentivo a prescri¢ao racional de
antibidticos e em ciclos terapéuticos com duragdo personalizada e cada vez
mais curta, em detrimento de antibioticoterapia prolongada e com duracéo fixa
pré-determinada. Diversos trabalhos realizados nas ultimas décadas
encontraram uma associagao direta da duracdo da terapia antimicrobiana com
o desenvolvimento de cepas resistentes (D'Agata et al., 2007; Vitiello et al.,
2023). A seguranca e a eficacia de tratamentos antibidticos mais curtos ja
foram bem validadas, tanto em cenarios ambulatoriais como intra-hospitalares,
para os mais diversos focos infecciosos (Onakpoya et al., 2018).

Nesse cenario, destaca-se o uso de biomarcadores, mais notadamente a
procalcitonina (PCT) e a proteina C reativa (PCR) (Pierrakos et al., 2020). A
dosagem dessas substéncias tem sido estudada como uma maneira de
acompanhar a resposta do hospedeiro a infeccdo, auxiliando na definicao
diagndstica de de progndstico, e também como um parametro para auxiliar na
tomada de decisdo sobre o melhor momento para a descontinuagdo do
tratamento com antibiéticos, de maneira individualizada (Dianti et al., 2018;
Nora et al., 2017).

A PCT é o marcador mais bem estudado e validado para este fim, com
diversos trabalhos evidenciando que protocolos que utilizaram os niveis
circulantes de PCT para guiar a antibioticoterapia foram capazes de reduzir a
exposicao de pacientes a antimicrobianos de forma segura (Pepper et al.,
2018). Entretanto, seu alto custo e baixa disponibilidade em paises de baixa e
meédia renda tornam seu uso limitado.

Por outro lado, a PCR é um marcador de custo mais acessivel e amplamente
disponivel. Seu valor progndstico em pacientes infectados ja € bem
estabelecido (Lobo et al., 2003). Trabalhos recentes buscaram avaliar seu valor
como guia para duragdo da antibioticoterapia, alguns com resultados
promissores (Borges et al., 2020; Kubo et al., 2024). Entretanto, ainda restam
muitas duvidas em relagdo a sua aplicabilidade, e sdo necessarias evidéncias
mais robustas quanto a seu uso.


https://pubmed.ncbi.nlm.nih.gov/?term=Hofer+U&cauthor_id=30467331
https://jamanetwork.com/searchresults?author=Kyaw+Zay+Ya&q=Kyaw+Zay+Ya
https://pubmed.ncbi.nlm.nih.gov/?term=Vitiello+A&cauthor_id=38833103
https://pubmed.ncbi.nlm.nih.gov/?term=Dianti+M&cauthor_id=30124483
https://pubmed.ncbi.nlm.nih.gov/?term=Nora+D&cauthor_id=28603723

15

Outro grande desafio € fazer com que as praticas de antibiotic stewardship se
integrem de forma mais consistente as rotinas assistenciais. Tecnologias
digitais em saude possuem o potencial de disseminar essas praticas e ampliar
seus beneficios (Sutton et al., 2020).
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2. REFERENCIAL TEORICO

2.1 A resisténcia dos microrganismos aos antimicrobianos

A crescente resisténcia dos microrganismos aos antimicrobianos representa
hoje uma das maiores ameacas a saude publica mundial (WHO, 2021).
Estima-se que, no caso das infeccbes associadas a cuidados de saude, até
70% dos patdogenos causadores sejam resistentes a um ou mais
antimicrobianos (Burke et al.,, 2003). Dados recentes demonstraram que
infeccbes por microrganismos multidroga resistentes (MDR) foram diretamente
responsaveis por cerca de 1,27 milhées de mortes em 2019, e indiretamente
relacionadas a 4,95 milhdes de obitos (Antimicrobial Resistance Collaborators,
2019).

Além de seu alto impacto em morbimortalidade, a resisténcia aos
antimicrobianos também promove um custo econémico significativo. O Banco
Mundial estima que até 2050, as infecgdes por microrganismos MDR poderao
representar um custo adicional de 1 trilhdo de dodlares para os sistemas de
saude (World Bank, 2017).

A principal causa das taxas cada vez maiores de resisténcia é o uso
indiscriminado de antibidticos, tanto em seres humanos quanto na produgao de
alimentos de origem vegetal e animal, e na contaminagédo ambiental de solos e
reservas de agua por essas drogas (WHO, 2012). Condi¢des precarias de
saneamento basico e de moradia, a desigualdade social e sistemas de saude
com poucos recursos sao aspectos que favorecem a proliferacdo de
microrganismos MDR, de forma que a repercussao dessas infecgdes em
paises de baixa e média renda € ainda maior (WHO, 2021; Antimicrobial
Resistance Collaborators, 2019). Além disso, a taxa de desenvolvimento de
novos antimicrobianos e vacinas ndo tem sido capaz de acompanhar a
velocidade do surgimento de microrganismos resistentes (UK Department of
Health, 2013).

Dessa maneira, em um esforgo global, a Organizagdo Mundial da Saude
(OMS) em conjunto com diversas outras organizagcdes definiu um conjunto de
agdes prioritarias para abordagem do problema (WHO, 2021). Dentre as
principais acdes, destaca-se a prevencado de infeccdes, desenvolvimento de
novos testes para otimizar o diagndstico de quadros infecciosos, avangos nas
pesquisas para novas drogas antimicrobianas e vacinas, além da vigilancia do
uso de antibidticos nos servicos de saude visando uma prescricdo mais
racional e o combate do uso indiscriminado dessas drogas, conjunto de
praticas conhecido como antibiotic stewardship (O’Neill et al., 2016).
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2.2 Antibiotic stewardship

As praticas de antibiotic stewardship vém sendo amplamente adotadas em
servigos de saude ao redor do mundo como uma estratégia para a redugao do
consumo excessivo e prescrigdes inapropriadas de antibidticos (Zay Ya et al.,
2023). Elas envolvem uma série de medidas, tais como treinamentos
educativos direcionados, auditoria de prescricdes, realizacdo de feedbacks
sistematicos as equipes assistentes, formularios de restricdo de certas drogas,
criacao e divulgacdo de protocolos institucionais, entre outras (Mertz et al.,
2015). Sua efetividade vem sendo investigada em diversos estudos, com
resultados promissores.

Um estudo realizado em pacientes internados em enfermaria comparou um
periodo antes e um periodo ap6s a adocado de praticas de antibiotic
stewardship, e evidenciou uma redugdo significativa de 6,1% de pacientes
tratados com antimicrobianos, além de uma reducéo significativa no nimero de
doses diarias definidas / 100 pacientes-dia (DDD/100 PD) e no uso de
carbapenémicos (Fortino et al., 2018). Resultados similares foram encontrados
em estudos realizados em unidades de terapia intensiva (Khdour et al., 2018;
Onorato et al.,2020).

Uma revisao sistematica com metanalise envolvendo 26 estudos também
reforca a validade desses resultados, demonstrando além da reducao do uso
de antibidticos, menos prescricdo de antimicrobianos de uso restrito, reducao
de custos e tempo de internagéo (Karanika et al., 2016).

2.3 Relagao da duracao da terapia antibiética com o desenvolvimento de
cepas resistentes e a tendéncia de ciclos terapéuticos mais curtos

Entre as praticas desencorajadas pelas comissdes de antibiotic stewardship
nos servigos de saude, destaca-se a prescricdo de antibidticos com duragdes
de tratamento pré-determinadas e excessivamente prolongadas. Estudos
observacionais e modelos matematicos indicam que uma das principais
medidas para controle do surgimento de microrganismos multirresistentes € a
reducdo do tempo de duragao da terapia com antibidticos (D'Agata et al., 2007,
Yusuf et al., 2017).

Diversos ensaios clinicos e revisdes sistematicas conduzidos nas ultimas duas
décadas sugerem que tratamentos com antibioticos mais curtos do que os que
eram praticados no passado sao eficazes e seguros (Uranga et al., 2018). Os
mais diversos focos infecciosos ja foram investigados: pneumonia adquirida na
comunidade (Vincent et al., 2016; Rattan et al., 2018), pneumonia associada a
ventilagdo mecanica (Chastre et al., 2003), infecgdo de corrente sanguinea
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(Havey et al., 2009), infeccdo do trato urinario (Eliakim-Raz et al., 2013),
infecgdes intra-abdominais (Onakpoya et al., 2015).

Todos esses estudos confirmam a seguranga da tendéncia atual de ciclos
terapéuticos menores. Entretanto, ainda sado necessarias ferramentas que
permitam individualizar e personalizar a antibioticoterapia, identificando os
pacientes que se beneficiariam de suspensdo precoce do tratamento e quais
podem demandar tempos mais prolongados.

2.4 Biomarcadores como guias para terapia antimicrobiana

O uso de biomarcadores para determinar a duragao da terapia antimicrobiana e
definir o momento ideal para a interrup¢gdo do tratamento pode ser uma
ferramenta valiosa (Dianti et al., 2018). Biomarcadores sao variaveis bioldgicas
mensuraveis de forma objetiva, utilizadas como indicadores de processos
fisiopatolégicos ou da resposta do organismo a determinada intervencao (Nora
et al., 2017). Eles podem contribuir para o diagndstico, a previsao prognostica e
a avaliacdo da resposta ao tratamento, auxiliando inclusive nas decisdes
terapéuticas (Nora et al., 2017).

Diversos estudos investigam o comportamento de diferentes moléculas em
pacientes com infecgdes, incluindo aqueles com sepse e choque séptico.
Essas pesquisas abrangem citocinas, marcadores celulares, receptores
soluveis, moléculas ligadas a cascata de coagulagao, além de marcadores de
lesdo endotelial, vasodilatacdo e disfungdo orgénica, entre outros
(PIERRAKOQOS et al., 2010).

Atualmente, os biomarcadores mais utilizados na pratica clinica para orientar a
terapia antimicrobiana sao as proteinas de fase aguda, com destaque para a
PCT e a PCR.

2.4 .1 Procalcitonina

A PCT é o biomarcador mais estudado com esse propdsito. Apresenta
sensibilidade e especificidade relativamente elevadas para o diagndéstico de
sepse em pacientes criticos, respectivamente de 77% e 79%. Além disso, a
cinética mais rapida desse marcador, com queda rapida dos niveis séricos em
caso de boa resposta a terapia antibidtica, torna-o uma opg¢ao atraente para
auxilio na decisao terapéutica da suspensao do tratamento (Nora et al., 2017).

Em 2006, um ensaio clinico randomizado demonstrou que um protocolo
utilizando a PCT para guiar a duracdo do tratamento de pneumonia adquirida
na comunidade reduziu a exposicao total dos pacientes a antimicrobianos, a
prescricdo de antibidticos a admissdo e a duracdo do tratamento com
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antibiéticos, quando comparado ao tratamento baseado em diretrizes da época
(Christ-Crain et al., 2006).

Apos esse trabalho, seu uso comegou a ser investigado em pacientes criticos
com diagndstico de sepse. Diversos trabalhos demonstraram que protocolos
utiizando PCT foram eficazes em reduzir a exposicdo dos pacientes a
antibidticos, reduzir a duragédo dos tratamentos e, em alguns ensaios, reduzir o
tempo de internacdo em terapia intensiva, sem diferengas significativas em
eventos adversos para pacientes na terapia intensiva (Nobre et al., 2008; Stolz
et al., 2009; Bouadma et al., 2010; De Jong et al., 2016).

Foram realizadas revisdes sistematicas e meta-analises, que sedimentaram a
eficacia e a segurangca desse biomarcador para redugdo da exposicdo a
antimicrobianos (Andriolo et al., 2017). Alguns desses trabalhos demonstraram
inclusive impactos positivos em sobrevivéncia nos pacientes submetidos a
protocolos guiados por PCT (Wirz et al., 2018; Pepper et al., 2019).

Entretanto, apesar de tantos resultados promissores, a PCT ainda é um
marcador de custo elevado. Isso torna sua disponibilidade limitada,
especialmente em paises de baixa e média renda, e gera questionamentos
sobre a custo-efetividade e a real aplicabilidade desses protocolos.

2.4.2 Proteina C reativa

Diante disso, a PCR vem sendo estudada como uma alternativa de menor
custo e de maior disponibilidade para guiar a terapia com antibi6ticos, apesar
de sua menor especificidade para diagnéstico de infecgdes, variando entre
40%-67% (Nora et al., 2017).

Seu papel como marcador prognéstico em quadros infecciosos foi amplamente
validado por diversos estudos, que indicam que valores elevados de PCR se
correlacionam com maior mortalidade e uma maior taxa de disfungao organica
(Lobo et al., 2003; Seligman et al., 2006). Por outro lado, quedas mais rapidas
nos valores desse marcador frente a terapia antibidtica podem sugerir
respostas terapéuticas mais apropriadas e um melhor prognostico (Povoa et
al., 2005; Schmit et al., 2008; Lisboa et al., 2008; Moreno et al., 2010).

Pesquisas recentes demonstram o potencial do uso dos niveis circulantes de
PCR como guia terapéutico visando a reducdo da duragdo da terapia
antibidtica. Os resultados de um ensaio clinico randomizado conduzido em
duas unidades de terapia intensiva de hospitais universitarios brasileiros
sugerem que a PCR é tao eficaz quanto a PCT na redugdao do consumo de
antimicrobianos, sem causar danos aparentes em uma populagao de pacientes
gravemente enfermos (Oliveira et al., 2013).

Em outro estudo brasileiro, a terapia guiada por valores de PCR reduziu
significativamente a duracdo do tratamento antibiético em pacientes sépticos
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em unidades de terapia intensiva, quando comparada ao tratamento baseado
nas melhores praticas atuais, conforme uma analise por protocolo (Borges et
al., 2020).

Um estudo multicéntrico recente demonstrou a nao inferioridade de um
algoritmo guiado pela PCR em comparagdo com esquemas fixos de 7 e 14 dias
de tratamento para bacteremia ndo complicada causada por bacilos
gram-negativos em pacientes internados (Von Dach et al., 2020).

Uma revisdo sistematica e meta-analise envolvendo 727 pacientes adultos
indicou que o uso de protocolos guiados pela PCR reduz o tempo total
necessario para a terapia antibidtica em comparagao com os protocolos padrao
de tratamento em pacientes hospitalizados com infeccdo bacteriana aguda
(Dias et al., 2023).

Uma grande revisao sistematica e meta-analise mais recente, envolvendo
5.023 pacientes, constatou que as estratégias guiadas por PCT e PCR
reduziram a duragdo do tratamento antibiético (-1,89 dias [IC 95%, -2,30 a
-1,47] e -2,56 dias [IC 95%, -4,21 a -0,91], respectivamente), com evidéncia de
baixa a moderada certeza. As estratégias guiadas por PCT reduziram a
mortalidade, enquanto as guiadas por PCR ndo demonstraram diferenga na
mortalidade. A recorréncia da infeccdo ndo aumentou significativamente com
nenhuma das abordagens (Kubo et al., 2024).

Em um grande ensaio multicéntrico recentemente publicado, o estudo
ADAPT-Sepsis, 2.760 pacientes adultos com sepse internados em unidades de
terapia intensiva foram divididos em trés grupos: protocolo diario guiado por
PCT, protocolo diario guiado por PCR ou tratamento padrdo. Houve uma
reducao significativa na duragdo dos antibioticos para o periodo inicial da sepse
nos grupos guiados por biomarcadores em comparagdo com o tratamento
padrao (protocolo diario guiado por PCT: diferenga média de 1,13 dias; IC 95%,
0,58 a 1,68; protocolo diario guiado por PCR: diferenca média de 0,71 dias; IC
95%, 0,16 a 1,26). No entanto, para o desfecho primario - duragao total do
antibidtico desde a randomizagcao até 28 dias - observou-se uma reducéao
significativa no grupo do protocolo diario guiado por PCT, enquanto ndo houve
diferenga entre o tratamento padréo e o protocolo diario guiado por PCR. O
grupo PCT também apresentou um beneficio em termos de mortalidade, o que
n&o foi evidenciado no grupo PCR (Dark et al., 2024).

Considerando esses achados, novos estudos sdo necessarios para avaliar o
impacto real das estratégias de tratamento antibiético guiadas pela PCR na
reducdo do consumo de antibidticos, na duracdo da terapia, na relacéo
custo-efetividade e na seguranga em termos de eventos adversos para os
pacientes.
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2.5 Ferramentas digitais de suporte a decisao clinica

Apesar dos resultados promissores de estudos que utilizam biomarcadores
como guias para a antibioticoterapia, a implementacdo desses protocolos ainda
esta longe de fazer parte da pratica clinica diaria nos servigos de saude. Uma
estratégia para ampliar e disseminar seu uso € o desenvolvimento de
ferramentas digitais acessiveis que incorporem essas recomendacgdes de forma
pratica e intuitiva.

Os primeiros sistemas digitais inteligentes na area da saude surgiram entre as
décadas de 1970 e 1980. Desde entao, as ferramentas digitais relacionadas a
area da saude, conhecidas coletivamente por telemedicina, vém ganhando um
papel cada vez mais relevante na pratica médica diaria, podendo ser utilizadas
para fins educacionais, assistenciais ou legais (Tavares et al., 2020).

Segundo a Organizagdo Mundial da Saude (OMS), as intervengdes em saude
digital podem ser classificadas de acordo com seu objetivo principal. Dessa
forma, ha sistemas desenvolvidos para aprimorar a experiéncia dos pacientes
no atendimento, facilitar a logistica e a gestdo dos servigos de saude, otimizar
0 armazenamento e a agregagao de dados e, por fim, aqueles voltados para os
profissionais de saude, conhecidos como sistemas de suporte a decisao clinica
(WHO, 2018).

Dentre as multiplas fungdes dos sistemas de suporte a decisdao clinica,
destacam-se: auxilio diagndstico em imagem e exames laboratoriais, emissao
de alertas para aumentar a seguranga dos pacientes, fungdes administrativas,
gestao de custos e suporte ao manejo clinico, contribuindo para a adesao das
equipes assistenciais as diretrizes e melhores praticas baseadas em evidéncias
(Sutton, 2020).

Uma revisdo sistematica que analisou o efeito de intervengbes com
telemedicina para suporte a decisao clinica em centros de terapia intensiva
evidenciou um potencial de redugdo de mortalidade nos hospitais em que
essas praticas foram aplicadas, a despeito da qualidade metodoldgica
questionavel dos estudos incluidos (Mackintosh et al., 2016).

No contexto do manejo de antimicrobianos, os sistemas de suporte a decisdo
clinica também vém sendo estudados. Um estudo qualitativo realizado na
regido da Africa Subsaariana demonstrou que ferramentas de telemedicina
para auxilio na prescricdo de antibiéticos por ndo especialistas pode promover
melhores decisbes clinicas (Peiffer-Smadja et al., 2024). Outra revisao
sistematica recente, entretanto, demonstrou que na maioria dos trabalhos o
engajamento do uso dessas ferramentas para auxiliar a antibioticoterapia pelos
meédicos assistentes foi baixo, e que sdo necessarios mais trabalhos para
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melhor compreensao dos fatores que impactam a deciséo dos prescritores para
o desenvolvimento de sistemas mais efetivos (Rawson et al., 2017).
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3. JUSTIFICATIVA

O aumento das taxas de resisténcia microbiana aos antimicrobianos tornou-se
uma das maiores preocupag¢des em saude publica global, tornando cada vez
mais necessaria a adogao de estratégias para reduzir a exposi¢cao
desnecessaria dos pacientes a esses farmacos.

Diversos estudos demonstram que a duracédo do tratamento antibidtico esta
diretamente relacionada a incidéncia de microrganismos resistentes, de modo
que ciclos terapéuticos mais curtos podem contribuir para mitigar esse risco.
Além disso, a reducdo da duracdo do tratamento minimiza a exposi¢cao dos
pacientes aos efeitos adversos dessas drogas e diminui os custos para o
sistema de saude.

Os biomarcadores tém sido amplamente estudados como ferramentas para
auxiliar a decisdo clinica sobre o momento ideal para a suspensdo da
antibioticoterapia, permitindo uma abordagem mais individualizada e
personalizada.

A procalcitonina (PCT) ja foi validada em diversos estudos como um marcador
eficaz na redugdo segura da exposigdo dos pacientes a antibidticos, com
potenciais beneficios inclusive em termos de mortalidade. No entanto, seu
custo elevado e disponibilidade limitada restringem seu uso em paises de baixa
e média renda.

A proteina C-reativa (PCR), embora menos estudada nesse contexto, € um
biomarcador amplamente disponivel e de baixo custo. Seu valor prognéstico
em pacientes infectados ja € bem estabelecido, e estudos recentes apontam
seu potencial para reduzir a duragao do tratamento de infecgdes.

Diante desse cenario, este estudo propde testar um protocolo de
antibioticoterapia guiada por PCR, associado a variaveis clinicas estratégicas,
em comparagdo a um grupo controle baseado nas diretrizes atuais para o
tratamento de infeccdes. Nossa hipotese € que o uso de medi¢des seriadas da
PCR pode ser uma ferramenta util para o0 manejo da antibioticoterapia em
pacientes internados, reduzindo sua exposi¢cédo a antibioticos de forma segura.
Para os dois grupos utilizou-se um sistema de suporte a decisdo clinica,
hipoteticamente capaz de aumentar a adesdao ao protocolo testado. Essa
ferramenta constitui-se em um aplicativo mével, que futuramente podera
contribuir para a implementagao de outras estratégias de antibiotic stewardship.
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4. OBJETIVOS

4.1 Objetivo geral

Avaliar a eficacia e a seguranga de um novo algoritmo baseado nos niveis
séricos de PCR e em variaveis clinicas relevantes, implementado por meio de
um sistema digital de suporte a deciséo clinica na reducdo da exposi¢cao de
pacientes internados a antibidticos, quando comparado a terapia
antimicrobiana baseada nas melhores evidéncias disponiveis.

4.2 Objetivos especificos

- Desenvolver e aplicar uma ferramenta digital de suporte a decisao
clinica na forma de um aplicativo para dispositivos médveis, através da
qual o protocolo a ser testado neste estudo sera aplicado

- Aferir a adesao das equipes assistentes ao protocolo proposto para cada
um dos grupos.

- Testar a eficacia de um algoritmo baseado em valores de PCR e
variaveis clinicas estratégicas em reduzir a duragdo da terapia com
antibidticos.

- [Estabelecer a seguranga da aplicagdo do algoritmo em relagcdo a
ocorréncia de eventos adversos.
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5. MATERIAIS E METODOS

5.1 Delineamento

Ensaio clinico randomizado, prospectivo, de centro unico, aberto, com alocagao
em grupos paralelos. Ensaio desenhado para demonstrar superioridade do
protocolo intervengao sobre o grupo controle.

5.2 Local e populagao do estudo

Os participantes do estudo foram individuos adultos internados no Hospital das
Clinicas da Universidade Federal de Minas Gerais (HC-UFMG) com suspeita
clinica ou confirmagado microbioldgica de infecgdo bacteriana. O HC-UFMG é
um hospital universitario localizado em Belo Horizonte, Minas Gerais, Brasil,
referéncia para o atendimento de pacientes de média e alta complexidade. Os
participantes foram selecionados entre o0s pacientes admitidos no
pronto-socorro e na enfermaria de clinica médica do HC-UFMG. Atualmente,
esses dois departamentos possuem 80 leitos ativos. As condi¢gdes mais
prevalentes entre os pacientes atendidos na unidades sede do estudo incluem
doencas cardiovasculares cronicas, doengas pulmonares crbnicas, doenca
hepatica cronica avangada, doengas reumatoldgicas, neoplasias solidas e
hematolégicas, doengas infecciosas agudas e pacientes no pés-operatério.

5.3 Critérios de inclusao e critérios de exclusao

5.3.1 Critérios de inclusao

Foram considerados elegiveis individuos com mais de 18 anos de idade, com
suspeita clinica ou confirmagdo microbiolégica de infeccdo bacteriana, que
tivessem iniciado terapia antibiotica dentro das ultimas 72 horas. Todos os
participantes foram orientados a preencher um Termo de Consentimento Livre
e Esclarecido (TCLE) e, caso estivessem impossibilitados de assinar, seu
representante legal ou acompanhante foram solicitados a assinar em seu nome
(ver Apéndice — Termo de Consentimento Livre e Esclarecido).

5.3.2 Critérios de exclusao

- Pacientes gravemente imunocomprometidos (por exemplo, pacientes
com HIV e contagem de Linfécitos T CD4+ < 200 células/mm?3; pacientes
neutropénicos com contagem de neutrofilos < 500 células/mm?;
receptores de transplante de érgao solido ou medula 6ssea; pacientes
que receberam quimioterapia nos ultimos 14 dias e apresentavam alto
risco de neutropenia febril, conforme definido pela equipe de oncologia
assistente; pacientes em uso de qualquer tipo de medicamento
imunossupressor; pacientes que utilizaram corticosterdéides em dose
superior a 0,5 mg/kg de prednisona ou equivalente nos ultimos 30 dias
ou que receberam pulsoterapia com esses farmacos nos ultimos 14 dias;
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e pacientes com imunodeficiéncia primaria; pacientes com insuficiéncia
hepatica aguda ou outras condi¢des que comprometam claramente as
defesas imunolégicas humorais celulares ou mistas);

- Condigbes que exigiam terapia antibiética prolongada identificadas antes
da randomizagcdo (por exemplo, endocardite infecciosa, pneumonia
necrosante, abscessos profundos, osteomielite, infecgdes complicadas
de tecidos moles, bacteremia por Staphylococcus aureus, entre outras);

- Pacientes com previsdo de alta hospitalar dentro de 72 horas apés a
inclusao;

- Pacientes em cuidados paliativos de fim de vida

- Pacientes com expectativa de vida inferior a 24 horas.

5.4 Sistema digital de apoio a decisao clinica

Os pacientes elegiveis foram incluidos em um sistema digital de apoio a
decisao clinica, desenvolvido pela equipe de pesquisa em colaboragdo com o
Centro de Telessaude do Hospital das Clinicas da Universidade Federal de
Minas Gerais (CTS-UFMG), na forma de um aplicativo para dispositivos méveis
(smartphones). O aplicativo foi disponibilizado para download pelos médicos
assistentes.

O backend foi implementado em Java 21 utilizando o framework Spring Boot
para criar APIs RESTful que permitem a comunicag¢ao entre o frontend e o
backend. O frontend foi desenvolvido com o framework Angular Ul na versao
18. O aplicativo utiliza PostgreSQL como banco de dados relacional. As
notificagdes push foram implementadas por meio das plataformas Apple Push
Notification Service (APNs) e Firebase Cloud Messaging (FCM), permitindo a
entrega de mensagens em tempo real para dispositivos iOS e Android.

A funcionalidade do aplicativo permitiu a randomizacao dos pacientes por meio
se uma sequéncia gerada pela propria ferramenta, e o fornecimento de
recomendagdes para o grupo intervengdo e controle. Dessa forma, todas as
recomendacgdes de tratamento foram fornecidas por essa ferramenta, com
reforco positivo da equipe de pesquisa, quando necessario (ver Apéndice -
Telas do Aplicativo).

5.5 Randomizacgao

Os pacientes elegiveis foram aleatoriamente designados para o grupo de
intervencao ou controle por meio de randomizacao em blocos, com tamanho de
bloco igual a quatro e uma razado de alocagdo de 1:1. A sequéncia de
randomizacao foi gerada pela ferramenta digital desenvolvida pela equipe de
pesquisa. Esse processo ocorreu quando a equipe de pesquisa ou 0 médico
assistente inseriu os dados do paciente no aplicativo movel, que
automaticamente o alocava a um grupo e fornecia as recomendagdes
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correspondentes. A randomizacéo ocorreu dentro de 72 horas apds o inicio da
terapia antibidtica. Devido a natureza da intervencdo, tanto o investigador
principal quanto o médico assistente tinham conhecimento da alocagao de
cada participante (estudo aberto).

5.6 Grupos de estudo e critérios de seguranga

5.6.1 Grupo intervengao

Para os pacientes do grupo de intervencdo, os médicos assistentes foram
incentivados a seguir o algoritmo integrado ao sistema digital de apoio a
decisdo clinica. Esse algoritmo utiliza variaveis clinicas (escore Sequential
Organ Failure Assessment - SOFA, classificacdo da infecgao, dados
laboratoriais, sinais e sintomas de infecgdo) e niveis séricos de PCR para
orientar a duragao da terapia antibidtica (Singer et al., 2016). O pico de PCR foi
definido como o maior valor registrado nas primeiras 72 horas de tratamento
(Figura 1).

A descontinuacdo da terapia antibidtica foi recomendada nas seguintes
condigdes:

e Pico de PCR inferior a 100 mg/L: a suspensao do antibiético foi
recomendada quando o valor da PCR caiu abaixo de 35 mg/L, com uma
duracédo minima de tratamento de trés (3) dias.

e Pico de PCR fosse superior a 100 mg/L ou paciente com critérios para
sepse ou choque séptico (Singer et al.,, 2016): a suspensdo do
antibiotico foi recomendada quando o valor da PCR caiu 50%, apds um
minimo de cinco (5) dias de tratamento.

e Se 0 paciente ndo atendesse aos critérios de PCR: a descontinuagéo do
antibiético foi recomendada entre cinco (5) e sete (7) dias, desde que
houvesse melhora clinica.

Antes de interromper a terapia antibiética, os médicos foram incentivados a
confirmar que o paciente apresentava melhora clinica, sem sinais de foco
infeccioso persistente. Além disso, foram orientados a verificar se o0 escore
SOFA estava estavel ou em declinio.

A intervencao teve carater consultivo e ndo prescritivo. Embora a equipe de
pesquisa fornecesse recomendagdes, a escolha do regime antimicrobiano e a
decisdo final sobre a duragdo do tratamento permaneceram sob
responsabilidade da equipe médica assistente.

5.6.2 Grupo controle

Para os pacientes do grupo controle, os médicos assistentes foram
incentivados a determinar a duracdo da terapia antimicrobiana com base na
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melhor evidéncia disponivel, considerando o foco infeccioso mais provavel e a
resposta clinica do paciente. Essas recomendacgdes foram baseadas em
diretrizes de sociedades internacionais e nas melhores praticas estabelecidas
para terapia antibidtica (Figura 2) e também foram integradas ao sistema
digital de apoio a decisdo clinica. Para condigbes infecciosas nao
contempladas inicialmente, a equipe de pesquisa colaborou com a equipe
assistente para discutir o tratamento adequado caso a caso.

Além disso, foi recomendado que o monitoramento da PCR no grupo controle
fosse descontinuado apos 72 horas de terapia antibittica, a fim de evitar o uso
desse marcador na decisdo de retirada da terapia nesse grupo. Assim como no
grupo de intervengcdo, a equipe médica assistente manteve total
responsabilidade por todas as decisdes relacionadas a terapia antimicrobiana,
independentemente das recomendagdes fornecidas pela equipe de pesquisa.

5.6.3 Critérios de seguranca
Para ambos os grupos, foram definidos critérios de seguranca

e Pacientes com infecgdo causada por bacilos Gram-negativos nao
fermentadores identificados em culturas de qualquer amostra receberam
a recomendacgdo de pelo menos 7 (sete) dias completos de terapia
antibidtica.

e Pacientes com hemoculturas positivas receberam a recomendacao de
um minimo de 5 (cinco) dias completos de terapia antibidtica.
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Caonsidere diagnosticos diferenciais para infeccao; repita o exame clinico, exames laboratoriais e de imagem; avalie cobertura antimicrobiana
inadequada, via de administragdo e concentragdo do antibidtico no sitio infeccioso; investigue focos infecciosos persistentes; avalie a possibilidade

de bactérias multirresistentes e infec¢des ndo bacterianas.

Caso o paciente esteja clinicamente estavel, considere suspender antibioticoterapia dentro de 7 dias e monitorar deterioragao clinica e laboratorial.

Figura 1. Recomendagodes para o grupo intervengao
SOFA score, Sequential Organ Failure Assessment score.

PCR, Proteina C reativa.

PCR pico foi definido como o maior valor nas primeiras 72 horas do inicio da

antibioticoterapia.




Grupo controle

Foco infeccioso mais provavel, conforme determinado pela equipe assistente.
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Recomendacao de duragao da
antibioticoterapia
(em dias completos).

I Pneumonia adquirida na comunidade i 5-7 dias

| Pneumonia adquirida no hospital ndo associada a ventilagdo mecénica | 7 dias

| Pneumonia associada a ventilagdo mecéanica | 7 dias

| ITU ndo complicada (cistite) 1-5 dias
I ITU complicada 5-10 dias
| Infeccéo da pele e subcutdneo | 7 dias

| Infecgao intra-abdominal | 5 dias

| Infecco associada a cateter venoso | 7-14 dias
Infecgao de corrente sanguinea sem foco primario definido 7 dias

I Meningite bacteriana adquirida na comunidade 7-14 dias

Figura 2. Recomendagoes para o grupo controle

O tempo recomendado poderia variar de acordo com o agente antimicrobiano.

5.7 Desfechos analisados e seguimento

5.7.1 Desfecho primario

Duracédo da terapia antibiética para o episddio infeccioso indice (aquele que
motivou a inclusao no estudo), medida em dias, durante o tempo de internagao.

5.7.2 Desfechos secundarios

- Desfechos de eficacia:

e Exposicao total a antimicrobianos: definida como o numero total de dias
em que o paciente recebeu tratamento antibidtico ao longo de todos os
ciclos terapéuticos durante a hospitalizacao, dividido pelo total de dias
de internagdo, ajustado para um denominador de 100 para
padronizagao.

e Dias livres de antibidticos: propor¢ao de dias de internagdo sem uso de
antibidticos. Esse indice foi calculado como o numero de dias livres de
antibioticos dividido pelo total de dias de hospitalizagao, ajustado para
um denominador de 100 para padronizagao.

e Duracgao da internagao hospitalar, em dias.
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e Taxa de adesdo ao algoritmo proposto nos grupos intervengdo e
controle. A equipe de pesquisa acompanhou de perto a evolugao diaria
dos pacientes em cada grupo e incentivou ativamente a adesdo ao
protocolo correspondente. Qualquer desvio do algoritmo foi registrado
para analise, em ambos 0s grupos.

- Desfechos de seguranca:
Mortalidade hospitalar por qualquer causa.
Falha terapéutica, definida como a persisténcia ou recorréncia dos sinais
e sintomas do mesmo foco infeccioso que levou a retomada da
antibioticoterapia dentro de 48 horas apds sua suspenséo.

e Taxa de reinfeccdo, definida como um novo episédio infeccioso de um
foco distinto ou a identificagcdo de novos microrganismos, ocorrendo
mais de 48 horas apds a suspensdo da antibioticoterapia direcionada
para a condi¢ao infecciosa inicial.

e Infecgdes subsequentes causadas por microrganismos multirresistentes,
medidas pela propor¢gdo de isolamentos microbiolégicos por 100
pacientes.

e Taxa de infeccao por Clostridioides difficile.

5.7.3 Seguimento

Os pacientes foram acompanhados até a alta hospitalar, ébito ou 90 dias, o que
ocorresse primeiro.

5.8 Coleta de dados clinicos e material biolégico

O projeto gerou dados clinicos e laboratoriais dos participantes, extraidos dos
prontuarios eletrénicos por meio do Aplicativo de Gestdo para Hospitais
Universitarios (AGHU, 2009) e de resultados laboratoriais obtidos pelo sistema
MatrixNet (MATRIXSAUDE, 2020). Além disso, foram coletadas 3 a 5 aliquotas
de soro de 0,5 ml cada de cada paciente, apds a obtencdo do consentimento
informado. Essas aliquotas foram armazenadas para possiveis analises futuras
pela equipe de pesquisa.

Os dados clinicos e laboratoriais foram armazenados com seguranga na
plataforma Research Electronic Data Capture (REDCap) (Vanderbilt University,
Nashville, EUA, 2004). As amostras de soro foram preservadas em freezer a
-80°C, dentro de um biorrepositorio que segue as Normas Institucionais para
Biorrepositorios. O biorrepositorio esta localizado na Faculdade de Medicina da
Universidade Federal de Minas Gerais (UFMG), situada na Av. Prof. Alfredo
Balena, 190, Belo Horizonte - MG, CEP 30130-100.

Tanto os dados quanto as amostras serdo preservados para possivel uso em
pesquisas futuras pelo grupo.
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O acesso aos dados coletados foi restrito a equipe de pesquisa, por meio de
um sistema baseado em permissdes, exigindo credenciais de login. Da mesma
forma, o acesso as amostras de soro armazenadas no biorrepositorio foi
controlado de acordo com as Normas Institucionais para Biorrepositérios da
instituicdo responsavel. Todos os dados foram anonimizados antes de qualquer
compartilhamento ou distribuigao.

5.9 Calculo amostral e analise estatistica

O calculo do tamanho amostral foi baseado no desfecho primario do estudo e
em dados prévios da equipe de pesquisa sobre a diferenca de médias na
duragédo da antibioticoterapia, comparando algoritmos guiados e ndo guiados
por PCR (Borges et al., 2020). A analise para comparagdo de duas médias
independentes, utilizando o teste t, foi realizada no software G*Power 3.1.9.7.
Foi aplicado um nivel de significancia de 5%. O tamanho inicial da amostra
necessario foi determinado em 200 pacientes.

Apoés atingir uma amostra de 110 participantes, foi realizada uma analise
interina, que demonstrou que o aumento do poder estatistico com 200
pacientes seria apenas modesto. Portanto, decidiu-se interromper o estudo
apos a inclusao desses 110 pacientes.

Variaveis categéricas foram apresentadas em percentuais, enquanto variaveis
continuas foram expressas em medidas de tendéncia central. O desfecho
primario e os desfechos secundarios foram analisados pelo principio da
intengcao de tratar. As associagdes entre variaveis foram avaliadas pelo teste do
Qui-quadrado ou pelo teste exato de Fisher, conforme apropriado.
Comparagbes de médias ou medianas foram realizadas utilizando o teste t de
Student ou o teste de Mann-Whitney, conforme a distribuicdo das variaveis
avaliada pelo teste de Shapiro-Wilk.

Os resultados do desfecho primario foram relatados como a diferenca de
medianas entre os dois grupos de tratamento, em dias. Outros desfechos
secundarios foram apresentados com analise nédo ajustada, utilizando riscos
relativos e seus respectivos intervalos de confianga de 95%.

As principais analises foram realizadas com base no principio da intengcao de
tratar. Além disso, foi realizada uma analise por protocolo, restrita ao grupo de
pacientes que seguiram estritamente o protocolo.

Por fim, a ndo aderéncia ao protocolo foi considerada para todos os
participantes cuja duragdo da antibioticoterapia foi maior ou menor do que a
especificada inicialmente pelo protocolo do estudo, incluindo tanto o grupo
intervengao quanto o grupo controle.
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6. CONSIDERAGOES ETICAS

Apenas os pacientes que concordaram em participar do estudo apos a leitura
do TCLE foram incluidos. Caso o paciente ndo pudesse assinar, seu
representante legal ou acompanhante foi convidado a assinar em seu nome. O
TCLE forneceu informagdes detalhadas sobre o estudo, incluindo seu objetivo,
procedimentos, possiveis riscos e beneficios, confidencialidade e a natureza
voluntaria da participacado (ver Apéndice - Termo de Consentimento Livre e
Esclarecido).

Este projeto foi submetido & apreciacdo do Comité de Etica em Pesquisa da
Universidade Federal de Minas Gerais (COEP-UFMG) e recebeu aprovagao
(Numero de Aprovacéao: 5.905.290).

O ensaio clinico foi registrado no ClinicalTrials.gov (NCT05841875). Detalhes
adicionais podem ser acessados em:
https://clinicaltrials.gov/ct2/show/NCT05841875. O protocolo do estudo também
foi publicado previamente (Rezende et al. 2025).



https://clinicaltrials.gov/ct2/show/NCT05841875
https://clinicaltrials.gov/ct2/show/NCT05841875
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7. RESULTADOS E DISCUSSAO

As sec¢des Resultados e Discussao desta dissertagdao serdo apresentadas na
forma de dois artigos cientificos

Artigo 1. Artigo de protocolo do estudo publicado no periédico BMJ Open.

Artigo 2. Manuscrito com principais resultados a ser submetido para
publicagao.



7.1 Artigo 1 - Protocolo do estudo
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ABSTRACT

Introduction The escalating resistance of microorganisms
to antimicrobials poses a significant public health threat.
Strategies that use biomarkers to guide antimicrobial
therapy—most notably Procalcitonin (PCT) and C-reactive
protein (CRP)—show promise in safely reducing patient
antibiotic exposure. While CRP is less studied, it offers
advantages such as lower cost and broader availability
compared with PCT.

Methods and analysis This randomised clinical trial
aims to evaluate a novel algorithm for non-critically ill
adult patients. The algorithm incorporates key clinical
variables and CRP behaviour. It will be applied through a
mobile application as a digital clinical decision support
system. The primary goal will be to assess the algorithm’s
effectiveness in reducing treatment duration compared
with standard care based on current guidelines, while
ensuring patient safety by monitoring the occurrence of
adverse events.

Ethics and dissemination Only patients who agree

to participate in the study after reading the informed
consent form will be included. This project was submitted
for consideration to the Research Ethics Committee of
the Federal University of Minas Gerais (COEP-UFMG)

and received approval (Approval Number: 5.905.290).
Collection of clinical and laboratory data from 200 patients
is expected, extracted from electronic medical records
and laboratory systems, along with serum samples stored
for potential future analyses. Data will be preserved

using the Research Electronic Data Capture platform, and
serum samples will be stored in a regulated biorepository
at UFMG. Access will be controlled via credentials, with
privacy protections and anonymisation prior to sharing,
which will occur during scientific publications.

Trial registration number This trial was registered on
ClinicalTrials.gov (NCT05841875) and was last updated on
5 December 2024 at 12:49.

1

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is an open-label randomised controlled clinical
trial.

= The study aims to assess a novel biomarker-guided
antibiotic therapy algorithm using C-reactive protein,
which is a cost-effective and widely available mark-
er, especially in low- and middle-income countries.

= The algorithm will be implemented through a digital
clinical decision support system.

= This trial will be conducted at a single centre.

= There may be contamination between the control
and intervention groups, as it will be an open-label
study and the same attending physicians may have
patients in both groups simultaneously.

INTRODUCTION
The increasing resistance of microorganisms
to antimicrobials poses a significant global
public health threat, with profound implica-
tions for morbidity, mortality, and healthcare
costs." It is estimated that up to 70% of patho-
gens causing healthcare-associated infections
exhibit resistance to one or more antimi-
crobial agents.” Observational studies and
mathematical models suggest that reducing
antimicrobial consumption, both at popu-
lational and individual levels, is a crucial
measure for controlling the emergence of
multidrug-resistant microorganisms.” This
can be achieved through more judicious
prescribing practices and shorter durations
of antibiotic therapy.*”

Numerous clinical trials and systematic
reviews conducted over the past two decades
have demonstrated the efficacy and safety of
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shorter antibiotic treatments compared with previous
standard practices.” ” These studies have encompassed
various clinical settings, including ambulatory care,
emergency departments and critically ill patients, with
infections acquired in community or healthcare settings,
involving different infection sites such as respiratory,
abdominal, urinary tract, bloodstream, and others.> '3

In this context, using biomarkers to guide the dura-
tion of antimicrobial therapy has emerged as a prom-
ising approach." ' Among the biomarkers currently
employed in clinical practice, inflammatory biomarkers,
particularly procalcitonin (PCT) and C-reactive protein
(CRP), are the most widely used in this scenario.'® 1
Algorithms using PCT to guide antibiotic therapy have
demonstrated reductions in antimicrobial consump-
tion without significant differences in safety outcomes
between control and intervention groups, particularly in
intensive care patients.'”** However, the high cost and
limited availability of PCT raise concerns regarding the
cost-effectiveness and applicability of these algorithms,
particularly in low- and middle-income countries.

On the other hand, CRP has been investigated as a lower
cost and more accessible alternative for guiding antibi-
otic therapy, despite its lower specificity in diagnosing
infections (40-67%).'° Its role as a prognostic marker has
been well-established in various studies,%_go and recent
research has demonstrated its potential utility in guiding
antibiotic therapy, either in hospitalised patients’' or in
an outpatientsetting.”> * Results of a randomised clin-
ical trial conducted at two teaching hospitals by Oliveira
and colleagues suggest that CRP is as valuable as PCT in
reducing antimicrobial consumption without apparent
harm in a population of critically ill patients.** In another
study, CRP-based therapy significantly reduced the dura-
tion of antibiotic therapy in septic patients, compared
with patients treated based on best current practices.”
A recent multicentre study performed by Dach and
colleagues demonstrated the non-inferiority of a CRP-
guided algorithm compared with fixed regimens of 7
and 14 days of treatment for uncomplicated bacteraemia
caused by gram-negative bacilli.”

Despite these promising findings, further studies are
warranted to assess the real-world impact of CRP-guided
antibiotic treatment strategies in reducing antibiotic
consumption, the duration of therapy, cost-effectiveness
and safety. It is also essential to consider the development
of algorithms that incorporate use of clinical variables in
the decision-making process for antibiotic therapy, in addi-
tion to applying biomarker-based criteria. Furthermore,
decision algorithms involving biomarkers proposed in
recently published studies are still far from daily hospital
medical practice. In order to enhance healthcare teams’
adherence to these algorithms, developing digital tools
that facilitate widespread and reproducible usage would
be highly beneficial.*” **

This study aims to evaluate the effectiveness and safety
of a novel algorithm implemented through a mobile-
accessible digital Clinical Decision Support System

(CDSS) developed specifically for this project (see online
supplemental figure 1). The algorithm combines serum
levels of CRP with relevant clinical variables from indi-
vidual patients to guide antibiotic therapy for adults in
a hospital setting. The primary objective will be to assess
the algorithm’s efficacy in reducing the duration of treat-
ment while ensuring patient safety by monitoring adverse
events, in comparison to antimicrobial therapy based on
the best available evidence.

METHODS AND ANALYSIS

Trial design

This study is designed as a prospective, single-centre,
open-label, randomised controlled trial with parallel
group assignment. The participants will be individuals
with either a clinical suspicion or microbiological confir-
mation of bacterial infection, all of whom must have
started antibiotic therapy within the past 72 hours. The
primary outcome measure will be the duration of antibi-
otic treatment for the initial infectious episode. This trial
aims to demonstrate superiority (figure 1).

Participants

The participants will be selected from patients admitted
to the emergency department and the internal medicine
ward of Hospital das Clinicas of the Universidade Federal
de Minas Gerais (HC-UFMG), a tertiary university hospital
located in Belo Horizonte, Minas Gerais, Brazil. Currently,
these two departments have approximately 70-80 beds.
The patient profile in the unit is characterised by its high
complexity, with the most prevalent conditions including
chronic cardiovascular diseases, chronic pulmonary
diseases, advanced chronic liver disease, rheumatological
conditions, solid and haematological neoplasms, acute
infectious diseases and post-operative patients.

Eligible participants will include individuals over 18
years of age who have a clinical suspicion or microbio-
logical confirmation of bacterial infection, with initiation
of antibiotic therapy within the last 72 hours as deter-
mined by the attending physician team. The inclusion
criteria will encompass patients with clinical suspicion of
bacterial infection, recognising that a significant propor-
tion of hospital-acquired infections lack microbiological
confirmation.* All participants will be presented with an
informed consent form (ICF) in native language, and if
the patient is unable to sign, their legal representative or
accompanying person will be asked to sign on their behalf
(see online supplemental informed consent form).

Exclusion criteria include: seriously immunocompro-
mised patients (eg, patients infected with HIV with a CD4
count<200 cells/mrng; neutropenic patients with aneutro-
phil count <500 cells/mmg; solid organ or bone marrow
transplant recipients; patients who received chemo-
therapy within the last 14 days and have a high risk of
febrile neutropenia, as defined by the attending oncology
team; patients using any kind of immunosuppressant
medication; patients who have been on corticosteroids at
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Patients over 18 years of age with a clinical suspicion or microbiological confirmation
of bacterial infection, with initiation of antibiotic therapy within the last 72 hours by the
attending physician team, admitted to the emergency department or intemal medicine ward.

Signature of ICF

Exclusion criteria:
- Seriously immunocompromised patients.

- Conditions requiring prolonged antibiotic
therapy identified prior to randomization.
- Patients expected to be discharged from the

Inclusion in the digital clinical
decision support tool

hospital within 72 hours of inclusion.
- Patients receiving palliative care exclusively.
- Patients with a life expectancy of less than 24

hours.

Randomization

Intervention group . -
. : Insertion of clinical data
CRP value + clinical variables protocol according to study protocol
to guide antibiotic therapy ng P

Control group
Best practice

\

Follow up until discharge,
death or 90 days.

—

Figure 1

a dose greater than 0.5mg/kg of prednisone or equiva-
lent for the past 30 days or have received pulse therapy
with these drugs within the last 14 days and patients with
primary immunodeficiency; patients diagnosed with
acute liver failure or other conditions that clearly impair
humoral, cellular or mixed immune defenses); conditions
requiring prolonged antibiotic therapy identified prior
to randomisation (eg, infective endocarditis, necrotising
pneumonia, deep abscesses, osteomyelitis, complicated
soft tissue infections, Staphylococcus aureus bacteraemia
and others); patients that are expected to be discharged
from the hospital within 72 hours of inclusion; patients in
end-of-life care and patients with a life expectancy of less
than 24 hours.

Randomization

Eligible patients will be randomly assigned to either the
intervention or control group using block randomisation
with a block size of four and a 1:1 allocation ratio. The
randomisation sequence will be generated by the digital
tool developed by the research team. This process will
occur when the research team or the attending physi-
cian inputs the patient’s data into the mobile application,
which will automatically assign the patient to a group and
provide the corresponding recommendations. Randomi-
sation will take place within 72 hours of initiating antibi-
otic therapy. Due to the nature of the intervention, both
the principal investigator and the attending physician will
be aware of each participant’s group assignment (open-
label design).

Study protocol. CRP, C-reactive protein; ICF, informed consent Form.

Digital clinical decision support system

Digital technology usage emerges as an auspicious tool for
the healthcare sector, enabling the optimisation of tasks
that traditional systems were incapable of and expanding
accessibility to various services. According to the WHO,
digital health interventions may be classified according
to their primary objective.*” Thus, there are systems
designed to improve clients’ experience in healthcare,
to facilitate logistics and management of systems, to opti-
mise data storage and aggregation and, finally, to those
aimed at healthcare providers, among which our digital
application fits as a CDSS.

The digital CDSS was developed by the research team
in collaboration with the Centro de Telessaude at the
Hospital das Clinicas, Federal University of Minas Gerais
(CTS-UFMG). It will be available as a mobile application
for download by the attending physicians.

The backend was implemented in Java 21 using the
Spring Boot framework to create RESTful Application
Programming Interfaces for communication between
the frontend and backend. The frontend was built using
the Angular Ul framework V.18. The application uses
PostgreSQL, a relational database, as its database. Push
notifications were implemented using the Apple Push
Notification Service and Firebase Cloud Messaging plat-
forms. These technologies enable real-time message
delivery to iOS and Android devices.

The app’s functionality is based on an algorithm
created by the researchers, which uses clinical variables

Rezende VMLR, et al. BMJ Open 2025;15:e084981. doi:10.1136/bmjopen-2024-084981
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Patients assigned to the intervention group

Criteria for sepsis (acute increase of 2 or more
points in the SOFA score) or septic shock?

No

Peak CRP value < 100mg/L

L e ]

Peak CRP value 2 100mg/L

\s

Yes

Reassess within 3 days:
Is there clinical and laboratory improvement?
No evidence of persistent infectious focus?
Is the SOFA score stable or decreasing?

If the answer to these three questions is YES,
consider discontinuing antibiotic therapy when
the CRP value is < 35mg/L or within 5-7
days.

Reassess within 5 days:
Is there clinical and laboratory improvement?
No evidence of persistent infectious focus?
Is the SOFA score stable or decreasing?

If the answer to these three questions is YES,
consider discontinuing antibiotic therapy when
the CRP value is < 50% of the peak CRP
value or within 5-7 days.

Reassess within § days:
Is there clinical and laboratory improvement?
No evidence of persistent infectious focus?
Is the SOFA score stable or decreasing?

If the answer to these three questions is YES,
consider discontinuing antibiotic therapy when
the CRP value is < 50% of the peak CRP
value or within 7 days.

If the answer to any of these questions is NO, reavaluate:

Consider differential diagnoses for infection, repeat clinical examination, laboratory and imaging tests, evaluate for inadequate antimicrobial
coverage, route of administration, antibiotic concentration at the site of infection, search for persistent infectious focus, multidrug-resistant

bacteria or non-bacterial infection.

If the patient is clinically stable, consider discontinuing antibiotic therapy after 7 days and monitor for clinical and laboratory deterioration.

Figure 2

Intervention group algorithm. Peak CRP value was defined as the highest value within the first 72 hours of antibiotic

therapy. Septic shock, defined as persisting hypotension requiring vasopressors to maintain mean arterial pressure >65mm Hg
and having a serum lactate level >2 mmol/L (18 mg/dL) despite adequate volume resuscitation.*' CRP, C-reactive protein; SOFA
score, Sequential Organ Failure Assessment score.

and CRP levels to suggest the appropriate duration of
antibiotic treatment (figure 2). The app also contains
the recommendations for the control group (figure 3).

patients in the control group.

Most likely infectious focus, as determined by the attending physician, for

Community-acquired pneumonia
Hospital-acquired pneumonia
Ventilator-associated pneumonia
Acute uncomplicated cystitis
Pyelonephritis

Skin and soft-tissue infections

Intra abdominal infection after focus control

Intravascular catheter-related infection

Bloodstream infections without a defined primary focus

Community acquired bacterial meningitis

Randomisation between groups will be performed
through a sequence generated by the app. Thus, all treat-
ment recommendations will be provided through this

Recommended duration of
antibiotic therapy (in full days) for
the treatment of various infection
sites, as outlined by international
guidelines.

5-7 days

7 days

7 days

1-5 days

5-10 days

7 days

5 days

7-14 days

7 days

7-14 days

Figure 3 Recommendations for control group. Recommended time may vary according to the antimicrobial agent. Patients

should show no signs of a persistent infectious

focus.
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tool, with positive reinforcement from the research team
as needed (see online supplemental figure 1).

Study groups

Intervention group

For patients in the intervention group, attending physi-

cians will be encouraged to follow the algorithm inte-

grated into the digital CDSS, developed by the research
team. This algorithm uses clinical variables and serum

CRP levels to guide the duration of antibiotic therapy.

The peak CRP is defined as the highest value recorded

within the first 72 hours of treatment (figure 2).

Antibiotic therapy discontinuation will be encouraged
under the following conditions:

» If the peak CRP is below 100 mg/L: consider stop-
ping antibiotics when CRP falls below 35 mg/L, with a
minimum treatment duration of 3 days.

» If the peak CRP is above 100 mg/L or the patient
meets criteria for sepsis or septic shock: consider
stopping antibiotics when CRP has decreased by 50%,
after a minimum of 5 days.

» If the patient does not meet the CRP criteria: anti-
biotic discontinuation will be recommended after
5-7 days, provided there is clinical improvement.

Before discontinuing antibiotic therapy, physicians
should confirm that the patient is clinically improving,
with no signs of a persistent infectious focus. Addition-
ally, they will be encouraged to verify that the Sequen-
tial Organ Failure Assessment (SOFA) score is stable or
decreasing. These factors will assist in determining the
appropriateness of stopping antibiotics.

The intervention will be advisory rather than prescrip-
tive. While the research team will provide recommenda-
tions, the choice of antimicrobial regimen and the final
decision on treatment duration will remain the responsi-
bility of the attending medical team.

Control group

For patients in the control group, the attending physician
will be encouraged to determine the duration of anti-
microbial therapy based on the best available evidence,
considering the most likely infectious focus and the
patient’s clinical response. These recommendations will
be guided by international society guidelines and estab-
lished best practices for antibiotic therapy (figure 3). For
infectious conditions not covered in figure 3, the research
team will collaborate with the attending team to discuss
appropriate treatment on a case-by-case basis.

Additionally, it is recommended that CRP monitoring
in the control group be discontinued after 72 hours of
antibiotic therapy, as this period is considered sufficient
for using CRP as a biomarker to assist in diagnosing the
infectious condition.

As with the intervention group, the attending medical
team retains full responsibility for all decisions regarding
antimicrobial therapy, regardless of the recommenda-
tions provided by the research team.

Outcomes

Primary outcome

Duration of antibiotic therapy for the index infectious
episode (the one that prompted inclusion in the study),
measured in days.

Secondary outcomes
» Efficacy outcomes

- Total antimicrobial exposure, defined as the num-
ber of days of antibiotic exposure considering all
therapeutic cycles during patient follow-up, mea-
sured in antimicrobial days/days of follow-up x
1000. Antimicrobial days=total number of days
antibiotics were given. If a patient is on two anti-
biotics, both are counted (ie, the number of days
for both drugs are added together). Days of follow-
up=sum of days of follow-up in the study.

- Antibiotic-free days, defined as the ratio of the
number of days without antibiotic use to the total
number of follow-up days, adjusted by a denomina-
tor of 100 using a simple proportion.

- Length of hospital stay in days.

- Estimation of the cost of antimicrobial therapy in
each group of the study.

- Adherence rate to the proposed algorithm in both
the intervention and control groups. The research
team will closely monitor the daily progress of pa-
tients in each group and will actively encourage
adherence to the protocol associated with the re-
spective group. For the intervention group, this
may involve explaining the benefits of following
the new algorithm, while for the control group, it
may focus on adherence to the standard care. Any
deviations from the algorithm will be noted for
analysis.

» Safety outcomes:

- Hospital mortality from all causes.

- Therapeutic failure, defined as the persistence or
recurrence of signs and symptoms from the same
infectious focus leading to resumption of antibiotic
therapy within 48 hours after discontinuation.

- Reinfection rate, defined as a new episode of in-
fection from a distinct focus or isolation of new mi-
croorganisms and occurring more than 48 hours
after discontinuing targeted antibiotic therapy for
the initial infectious condition.

- Subsequent infections caused by multidrug-
resistant microorganisms, measured by the ratio of
culture isolations per 100 patients.

- Rate of Clostridioides difficile infection.

Follow-up
Patients will be followed up until hospital discharge,
death, or 90 days, whichever occurs first.
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Previous study

CRP group

Best practice group

Borges et al, Critical
Care 2020

Mean # standard deviation:

8 days (+- 6.3 days)

Median with a range:
7 days (5-8.8 days)

Mean + standard deviation:
10 days (+- 9.3 days)

Median with a range:
7 days (7-11.3 days)

Figure 4 Data used for sample size calculation. CRP, C-reactive protein.

Safety issues
Patients with non-fermenting gram-negative bacilli identi-
fied in cultures from any specimen should receive at least
7 full days of antibiotic therapy.

Patients with positive blood cultures should receive a
minimum of 5 full days of antibiotic therapy.

Statistical methods

The sample size calculation was based on the study’s
primary outcome and data on the difference in means
in antibiotic therapy duration from previous research by
the team, comparing CRP-guided and non-CRP-guided
algorithms (figure 4). The analysis for comparing two
independent means using a t-test was conducted with
G*Power 3.1.9.7 software. A significance level of 5% was
applied. The initial required sample size was determined
to be 200 patients. Any losses to follow-up will be compen-
sated by including replacement participants.

To achieve adequate participant enrolment and meet
the target sample size for this trial, we will implement
effective communication strategies. We will provide
transparent and comprehensive information about the
trial to potential participants, enabling them to make
informed decisions. This will include details about the
trial’s purpose, procedures, potential risks and benefits,
ensuring that participants fully understand what their
involvement entails.

Categorical variables will be presented as percentages,
while continuous variables will be expressed as measures
of central tendency. The primary outcome and secondary
outcomes will be analysed based on the intention-to-treat
principle. Associations between variables will be assessed
using the X2 or Fisher’s exact test, as appropriate. Compar-
isons of means or medians will be conducted using
Student’s t-test or the Mann-Whitney U test, following the
Shapiro-Wilk test for normality.

We intend to adjust the analysis using patients’ severity
scores: SOFA score' and the Charlson Comorbidity
Index*?; age and infection classification (infection vs
sepsis/septic shock); confirmed versus unconfirmed
microbiology; and adherence versus non-adherence to
the study protocol.

The primary outcome results will be reported as the
median difference between the two treatment groups.

Other results from secondary outcomes will be presented
both unadjusted and with multivariable analysis, using
relative risks and their corresponding 95% confidence
intervals.

Prespecified subgroup analyses for the primary
outcome will be performed based on age, the origin of
infection (community-acquired or nosocomial), SOFA
score, comorbidities assessed by the Charlson Comor-
bidity Index, infection classification (infection vs sepsis/
septic shock), infectious focus, and the appropriateness
of the initial empirical therapy.

The main analyses will be performed on an intention-
to-treat basis. We will further perform a per protocol
analysis restricted to the group of patients in whom the
protocol was strictly followed. In the end, protocol over-
ruling will be considered for all participants in whom the
duration of antibiotic therapy was longer or shorter than
initially specified by the study protocol, including both
the intervention and control groups.

A survival analysis to compare the duration of antibiotic
therapy between the two study groups will be performed
using a Cox regression model, adjusted for disease severity,
infection focus and underlying health conditions.

The collected data will be used to build a database for
future research.

ETHICS AND DISSEMINATION

Only patients who agree to participate in the study after
reading the ICF, provided in native language, will be
included. If the patient cannot sign, their legal represen-
tative or accompanying person must sign on their behalf.
The ICF provides detailed information about the study,
its purpose, procedures, potential risks and benefits,
confidentiality and the voluntary nature of participation
(see online supplemental informed consent form).

This project was submitted for consideration to the
Research Ethics Committee of the Federal University
of Minas Gerais (COEP-UFMG) and received approval
(approval Number: 5.905.290).

This trial was registered on ClinicalTrials.gov
(NCT05841875). The trial protocol and additional details
can be accessed at https://clinicaltrials.gov/ct2/show/
NCT05841875.
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The project will generate clinical and laboratory data
from approximately 200 patients, extracted from elec-
tronic medical records via the Aplicativo de Gestao para
Hospitais Universitarios (AGHU, 2009) and laboratory
results from the MatrixNet system (MATRIXSAUDE,
2020). In addition, three to five serum aliquots of 0.5mL
each will be collected from each patient after informed
consent is obtained. These aliquots will be stored for
potential future analyses by the research team with three
to serum aliquots (0.5 mL each) per patient.

Clinical and laboratory data will be securely stored
using the Research Electronic Data Capture platform
(Vanderbilt University, Nashville, USA, 2004). The serum
samples will be preserved in a -80°C freezer in a biore-
pository that complies with the Institutional Bioreposi-
tory Regulations. The biorepository will be housed at the
School of Medicine, Federal University of Minas Gerais
(UFMG), located at Av. Prof. Alfredo Balena, 190, Belo
Horizonte, MG, CEP 30130-100. These data and samples
will be preserved for potential use in future research proj-
ects by the group.

Access to the scientific data will be limited to the
research team via a permission-based system that requires
login credentials. The serum samples stored in the biore-
pository will be similarly restricted, with access controlled
in compliance with the Institutional Biorepository Regu-
lations of the hosting institution. All data will be de-iden-
tified prior to sharing or distribution. A certificate of
confidentiality will be included as part of the informed
consent process to further safeguard participants’ privacy
and rights (see online supplemental data management
and sharing plan).
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Abstract

Introduction: Antibiotic stewardship is essential to reduce antimicrobial use
and control multidrug-resistant microorganisms. Biomarker-based strategies,
particularly procalcitonin (PCT), have shown promise in safely limiting antibiotic
exposure. C-reactive protein (CRP), though less studied in this context, offers
advantages such as lower cost and wider availability.

Objectives: To assess whether a CRP-based algorithm integrated into a mobile
Clinical Decision Support System (CDSS) can safely reduce antimicrobial use.
Methods: This single-center, open-label, randomized controlled trial included
adults with suspected or confirmed bacterial infections who started antibiotics
within 72 hours. The intervention was the application of an algorithm using CRP
values and clinical variables, and the control group received evidence-based
recommendations. Randomization and recommendations were provided via a
digital application installed in the smartphones of assistant physicians. The
primary outcome was antibiotic duration for the initial infection.

Results: A total of 110 patients were included, with no significant demographic
differences between groups (median age 67 years, 62% male, median peak
CRP 117 mg/dL). Protocol adherence was 67% (74% in the control group and
61% in the intervention group;, p value 0.14). Antibiotic duration for the index
infectious episode was significantly lower in the CRP group (median 6.0 vs. 7.0
days, p = 0.015). No significant differences were observed in total antimicrobial
exposure, antibiotic-free days, hospital stay, or safety outcomes, including
mortality, therapeutic failure, reinfection, multidrug-resistant infections, and
Clostridioides difficile infection.

Conclusion: A CRP-based algorithm implemented via a digital CDSS safely
reduced antibiotic duration for an initial infection but not overall antimicrobial
exposure. Further studies are needed to validate this strategy in broader
settings.

Registration Details: This trial was registered on ClinicalTrials.gov
(NCT05841875) and was last updated on December 5, 2024, at 12:49.

Keywords: Bacterial Infections; Anti-bacterial Agents; Drug Resistance,
Bacterial; Antimicrobial Stewardship; Biomarkers; C-Reactive Protein;
Telemedicine; Decision Support Systems, Clinical.
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1. Introduction:

Reducing antibiotic use is essential due to increasing multidrug-resistant
infections and their impact on health and costs [1] [2]. Hospitals worldwide are
prioritizing antibiotic stewardship strategies to ensure rational and short-term
prescriptions [3] [4]. Shorter antibiotic therapies are a global trend, supported by
studies demonstrating their efficacy and safety [5] [6] [7] [8] [9] [10] [11].
Biomarkers like procalcitonin (PCT) and C-reactive protein (CRP) have been
widely studied to aid decision-making regarding the timing of antibiotic
discontinuation [12] [13] [14].

PCT is the most well-validated biomarker for use in this scenario. Several
studies have shown that protocols using PCT values to determine the duration
of antibiotic therapy were able to safely reduce patient exposure to antibiotics
when compared to standard treatment [15] [16] [17] [18] [19] [20], with a
potential impact on mortality [21]. However, its high cost makes it a less
accessible option, especially in low- and middle-income countries.

On the other hand, CRP has been investigated as a lower-cost and more
accessible alternative for guiding antibiotic therapy. Recent research has
demonstrated its potential utility in reducing the duration of antibiotic therapy
[22] [23] [24] [25]. A recent large systematic review and network meta-analysis
involving 5023 patients found that PCT-guided and CRP-guided strategies
shortened antibiotic treatment, with no apparent harm [26]. However, further
studies are warranted to assess the real-world impact and safety of CRP-guided
antibiotic treatment strategies in reducing antibiotic consumption.

Additionally, integrating biomarker-based decision algorithms into daily medical
practice remains a challenge. Digital tools, particularly Clinical Decision Support
Systems (CDSS), can bring these protocols closer to the reality of daily medical
practice and enhance adherence to antibiotic stewardship protocols [27] [28].

This study aimed to evaluate the effectiveness and safety of a novel algorithm
implemented through a mobile-accessible digital CDSS developed specifically
for this project. The algorithm combines serum levels of CRP with relevant
clinical variables from individual patients to guide antibiotic therapy for adults in
a hospital setting. The primary objective was to assess the algorithm's efficacy
in reducing the duration of treatment while ensuring patient safety by monitoring
adverse events, in comparison to antimicrobial therapy based on the best
available evidence.
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2. Methods and analysis:

3.1 Trial design

This was a prospective, single-center, open-label, randomized controlled trial
with parallel group assignment. The participants were in-hospital patients with
either a clinical suspicion or microbiological confirmation of bacterial infection.
The primary outcome measure was the duration of antibiotic treatment for the
initial infectious episode. This trial was designed to demonstrate superiority
(Figure 1).

See Figure 1. Study protocol

3.2 Patients and setting

The participants were selected from patients admitted to the emergency
department with a predicted hospital admission and patients in the internal
medicine ward of Hospital das Clinicas of the Universidade Federal de Minas
Gerais (HC-UFMG), a tertiary university hospital located in Belo Horizonte,
Minas Gerais, Brazil. Currently, these two departments have 80 active beds.
The patient profile in the unit is characterized by its high complexity, with the
most prevalent conditions including chronic cardiovascular diseases, chronic
pulmonary diseases, advanced chronic liver disease, rheumatological
conditions, solid and hematological neoplasms, acute infectious diseases, and
post-operative patients.

Eligible participants included individuals over 18 years of age with a clinical
suspicion or microbiological confirmation of bacterial infection, with initiation of
antibiotic therapy within the last 72 hours. The inclusion criteria encompassed
patients with clinical suspicion of bacterial infection, recognizing that a
significant proportion of hospital-acquired infections lack microbiological
confirmation [29]. All participants were presented with an Informed Consent
Form (ICF) in their native language. If the patient was unable to sign, their legal
representative or accompanying person was asked to sign on their behalf (see
Supplemental Material - Informed Consent Form).

Exclusion criteria included: seriously immunocompromised patients (e.g.,
patients infected with HIV with a CD4 count < 200 cells/mm?; neutropenic
patients with a neutrophil count < 500 cells/mm?; solid organ or bone marrow
transplant recipients; patients who received chemotherapy within the last 14
days and have a high risk of febrile neutropenia, as defined by the attending
oncology team; patients using any kind of immunosuppressant medication;
patients who have been on corticosteroids at a dose greater than 0.5 mg/kg of
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prednisone or equivalent for the past 30 days or have received pulse therapy
with these drugs within the last 14 days and patients with primary
immunodeficiency, patients diagnosed with acute liver failure or other conditions
that clearly impair humoral, cellular, or mixed immune defenses); conditions
requiring prolonged antibiotic therapy identified prior to randomization (e.g,
infective endocarditis, necrotizing pneumonia, deep abscesses, osteomyelitis,
complicated soft tissue infections, Staphylococcus aureus bacteremia, and
others); patients that are expected to be discharged from the hospital within 72
hours of inclusion; patients in end-of-life care and patients with a life expectancy
of less than 24 hours.

3.3 Randomization

Eligible patients were randomly assigned to either the intervention or control
group using block randomization with a block size of four and a 1:1 allocation
ratio. The randomization sequence was generated using the digital tool
developed by the research team. This process occurred when the research
team or the attending physician inputted the patient's data into the mobile
application, which automatically assigned the patient to a group and provided
the corresponding recommendations. Randomization took place within 72 hours
of initiating antibiotic therapy. Due to the nature of the intervention, both the
principal investigator and the attending physician were aware of each
participant’s group assignment (open-label design).

3.4 Digital Clinical Decision Support System

The digital CDSS was developed by the research team in collaboration with the
Centro de Telessaude at the Hospital das Clinicas, Universidade Federal de
Minas Gerais (CTS-UFMG). It is available as a mobile application for download
by the attending physicians.

The backend was implemented in Java 21 using the Spring Boot framework to
create RESTful APIs for communication between the front and back end. The
front end was built using the Angular Ul framework version 18. The application
used PostgreSQL, a relational database, as its database. Push notifications
were implemented using the Apple Push Notification Service (APNs) and
Firebase Cloud Messaging (FCM) platforms. These technologies enable
real-time message delivery to iOS and Android devices.

The app's functionality is based on an algorithm created by the researchers,
which uses clinical variables and CRP levels to suggest the appropriate
duration of antibiotic treatment (Figure 2). The app also contains
recommendations for the control group (Figure 3).
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3.5 Study groups

3.5.1 Intervention Group

For patients in the intervention group, attending physicians were encouraged to
follow the algorithm integrated into the digital CDSS. This algorithm used clinical
variables and serum CRP levels to guide the duration of antibiotic therapy. The
clinical variables used were: Sequential Organ Failure Assessment (SOFA) [30]
score, sepsis and septic shock classification, laboratory data, and signs and
symptoms of active infection, such as fever. The peak CRP was the highest
value recorded within the first 72 hours of treatment (Figure 2).

Antibiotic therapy discontinuation was encouraged under the following
conditions:

e Peak CRP was below 100 mg/L: Antibiotic discontinuation was
recommended when CRP fell below 35 mg/L, with a minimum treatment
duration of three full days.

e Peak CRP was 100 mg/L or more, or the patient met the criteria for
sepsis or septic shock [30]: Antibiotic discontinuation was recommended
when CRP decreased by 50%, after a minimum of five days.

e If the patient did not meet the CRP criteria: Antibiotic discontinuation was
recommended after 5-7 days, provided there was unequivocal clinical
improvement.

Before discontinuing antibiotic therapy, physicians were instructed by the CDSS
to confirm that the patient was clinically improving, with no signs of a persistent
infectious focus. Additionally, they were instructed to verify that the SOFA score
was stable or decreasing.

The intervention was advisory rather than prescriptive. While the research team
provided recommendations, the choice of antimicrobial regimen and the final
decision on treatment duration remained the responsibility of the attending
medical team.

See Figure 2. Intervention Group Algorithm

3.5.2 Control Group
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For patients in the control group, the attending physicians were encouraged to
determine the duration of antimicrobial therapy based on the best available
evidence, considering the most likely infectious focus and the patient's clinical
response. These recommendations were guided by international society
guidelines and established best practices for antibiotic therapy (Figure 3), and
were also integrated into the CDSS. For infectious conditions not covered in
Figure 3, the research team collaborated with the attending team to discuss
appropriate treatment on a case-by-case basis.

Additionally, it was recommended that CRP monitoring in the control group be
discontinued after 72 hours of antibiotic therapy, to prevent this marker from
being used in decision-making about the duration of antibiotic therapy:

As with the intervention group, the attending medical team retained full
responsibility for all decisions regarding antimicrobial therapy, regardless of the
recommendations provided by the research team.

See Figure 3. Recommendations for Control Group
3.6 Outcomes
3.6.1 Primary outcome

Duration of antibiotic therapy for the index infectious episode (the one that
prompted inclusion in the study), measured in days, during the patient's
hospital stay.

3.6.2 Secondary outcomes

- Efficacy outcomes:

e Total antimicrobial exposure, defined as the total number of days a
patient receives antibiotic treatment across all therapeutic cycles during
hospitalization, divided by the total hospital lenght of stay, adjusted to a
denominator of 100 for standardization.

e Antibiotic-free days, defined as the proportion of hospital stay days
without antibiotic use. This metric is calculated as the number of
antibiotic-free days divided by the total hospital lenght of stay, adjusted to
a denominator of 100 for standardization.

e Length of hospital stay, in days.

e Adherence rate to the proposed algorithm in both the intervention and
control groups. The research team closely monitored the daily progress
of patients in each group, and actively encouraged adherence to the
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protocol associated with the respective group. Any deviations from the
algorithm were noted for analysis.

- Safety outcomes:

e Hospital mortality from all causes.

e Therapeutic failure, defined as the persistence or recurrence of signs
and symptoms from the same infectious focus leading to resumption
of antibiotic therapy within 48 hours after discontinuation.

e Reinfection rate, defined as a new episode of infection from a distinct
focus or isolation of new microorganisms and occurring more than 48
hours after discontinuing targeted antibiotic therapy for the initial
infectious condition.

e Subsequent infections caused by multidrug-resistant microorganisms,
measured by the ratio of culture isolations per 100 patients.

e Rate of Clostridioides difficile infection.

3.7 Follow-up

Patients were followed up until hospital discharge, death, or 90 days, whichever
occured first.

3.8 Safety issues

Patients with non-fermenting gram-negative bacilli (ie, Pseudomonas
aeruginosa or Acinetobacter baumannii) identified in cultures from any
specimen received the recommendation of at least 7 full days of antibiotic
therapy.

Patients with positive blood cultures received the recommendation of a
minimum of 5 full days of antibiotic therapy.

3.9 Statistical methods

The sample size calculation was based on the study’s primary outcome and
data on the difference in means in antibiotic therapy duration from previous
research by the team, comparing CRP-guided and non-CRP-guided algorithms
(See Supplemental Material - Supplemental Figure 1). The analysis for
comparing two independent means using a t-test was conducted with G*Power
3.1.9.7 software. A significance level of 5% was applied. The initial required
sample size was determined to be 200 patients. After reaching a sample of 110
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patients, an interim analysis was conducted, which showed that the increase in
statistical power with 200 patients would be very modest. Therefore, we
stopped inclusion after the enrollment of these 110 patients.

Categorical variables were presented as percentages, while continuous
variables were expressed as measures of central tendency. Associations
between variables were assessed using the Chi-square or Fisher's exact test,
as appropriate. Comparisons of means or medians will be conducted using
Student’s t-test or the Mann-Whitney U test, following the Shapiro-Wilk test for
normality.

The primary outcome results were reported as the median difference between
the two treatment groups, in days. Other results from secondary outcomes were
presented with unadjusted analysis, using relative risks and their corresponding
95% confidence intervals.

The analyses were performed on an intention-to-treat basis. We have further
performed a per-protocol analysis restricted to the subgroup of patients in whom
the protocol was strictly followed. In the end, protocol overruling was considered
for all participants in whom the duration of antibiotic therapy was longer or
shorter than initially specified by the study protocol, including both the
intervention and control groups.

3. Ethics and dissemination

Only patients who agreed to participate in the study after reading the Informed
Consent Form (ICF), provided in their native language, were included. If the
patient could not sign, their legal representative or accompanying person was
invited to sign on his/her behalf. The ICF provided detailed information about
the study, its purpose, procedures, potential risks and benefits, confidentiality,
and the voluntary nature of participation. (see Supplemental Material -
Informed Consent Form).

This study received approval from the Research Ethics Committee of the
Universidade Federal de Minas Gerais (COEP-UFMG) (Approval Number:
5.905.290). The trial was registered on ClinicalTrials.gov (NCT05841875) and
the protocol was published elsewhere [31].

Clinical and laboratory data from the inlcuded patients were extracted from
electronic medical records via the Aplicativo de Gestdo para Hospitais
Universitarios (AGHU, 2009) and laboratory results from the MatrixNet system
(MATRIXSAUDE, 2020). In addition, 3 to 5 serum aliquots of 0.5 ml each were
collected from each patient after informed consent was obtained. The research
team stored these aliquots for potential future analyses.



53

Clinical and laboratory data were securely stored using the Research Electronic
Data Capture (REDCap) platform (Vanderbilt University, Nashville, USA, 2004).
The serum samples were preserved in a -80°C freezer in a biorepository that
was in accordance with the Institutional Biorepository Regulations. The
biorepository is housed at the School of Medicine, Universidade Federal de
Minas Gerais (UFMG), located at Av. Prof. Alfredo Balena, 190, Belo Horizonte
- MG, CEP 30130-100. These data and samples are preserved for potential use
in future research projects.

Access to the scientific data was limited to the research team via a
permission-based system that required login credentials. The serum samples
stored in the biorepository weresimilarly restricted, with access controlled in
compliance with the Institutional Biorepository Regulations of the hosting
institution. All data was de-identified before sharing or distribution. A certificate
of confidentiality was included as part of the Informed Consent process to
further safeguard participants' privacy and rights.

4. Results

From April 2023 to October 2025 a total of 422 patients were screened for
eligibility for the trial (Figure 4). Of these, 110 patients (26%) were enrolled in
the study. Most exclusions were due to severe immunosuppression or
conditions requiring prolonged antibiotic therapy identified before
randomization. Of the remaining, 56 patients (50,9%) were assigned to the
intervention group and 54 patients (49,1%) to the control group. There were 2
losses to follow up due to hospital discharge before 72h of antibiotic therapy in
the intervention group.

Patients in the 2 groups had similar demographic and baseline characteristics
(Table 1). The overall median age was 67 years (50, 76), with 62% males.
Comorbidities were assessed using the Charlson Comorbidity Index [32], with a
median value of 5. The median peak CRP value was 117 mg/dL and the median
SOFA score was 1,5 points. 35% of the infectious episodes were classified as
sepsis and 3,6% were classified as septic shock.

See Figure 4. Recruitment, Randomization and Follow-Up

See Table 1. Demographics and Clinical Characteristics of the
Randomized Patients

4.1 Primary and secondary efficacy outcomes
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Compared with the control group, the duration of antibiotic treatment for the
index infectious episode in the CRP group was significantly shorter - median
duration 7.0 (5.0, 9.0) days for control group and 6.0 (5.0, 7.0) days for
CRP-guided protocol (p value 0.015) (Figure 5). During the trial, 23% of the
patients started antibiotic treatment while hospitalized and completed it after
discharge. There was also a significant reduction in the duration of treatment for
the index infectious episode in the CRP group considering the days antibiotics
were prescribed for home use - median duration 7.0 (7.0, 10.0) days for the
control group and 6.0 (5.0, 7.0) days for CRP-guided protocol (p value <0,001).
No significant difference between the two groups was found when comparing
total antimicrobial exposure during hospital stay, antibiotic-free days, and the
length of hospital stay (Table 2).

The protocol was strictly followed in 67% of the overall patients (74% in the
control group and 61% in the intervention group; p value 0.14) (See
Supplemental Material - Supplemental Table 1). In the per-protocol analysis,
the median antibiotic treatment duration for the index infectious episode was 7.0
(5.0, 8.0) days in the control group as compared to 5.0 (5.0, 6.0) days in the
CRP-guided protocol (p value 0.003).

4.2 Safety outcomes

The two groups were similar in the analyzed safety outcomes: hospital mortality
from all causes, therapeutic failure, reinfection rate, and subsequent infections
caused by multidrug-resistant microorganisms, measured by the ratio of culture
isolations per 100 patients and rate of Clostridioides difficile infection (Table 2).

See Table 2. Primary and secondary outcomes - Intention to treat analysis.

See Figure 5. Treatment time distribution between the two groups.

5. Discussion

In this randomized clinical trial, the use of a protocol combining CRP values with
clinical variables to guide the duration of antibiotic therapy in hospitalized
patients showed a significant reduction of approximately 1 day in treatment
duration when compared to the control group, without apparent harm. However,
it did not translate into lower overall exposure to antimicrobials during
hospitalization or more antibiotic-free days. It should be noted that the study
interventions were exclusively implemented during the index infectious episode
triggering patient inclusion. Therefore, additional antibiotic treatments initiated
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after inclusion, observed in 31% of patients, were not guided by the study
protocol, although may have been influenced by it.

These results are similar to those found in the ADAPT sepsis trial [33], a recent
large clinical trial comparing biomarker-guided strategies versus standard
treatment. The study included 2,760 septic adult patients admitted to intensive
care units assigned to one of three groups: a daily PCT-guided protocol, a daily
CRP-guided protocol, or standard care. There was a significant reduction in the
duration of antibiotics for the initial sepsis period in favor of the
biomarker-guided protocols compared to standard care. However, for the
primary outcome - total antibiotic duration from randomization to 28 days - a
significant reduction was observed in the daily PCT-guided protocol group, while
no difference was found between standard care and the daily CRP-guided
protocol. Altogether, these findings may indicate that using the CRP levels is
more beneficial in settings with less complex patients, where single-course
antibiotic treatments are more common.

This study has many strengths. First, the inclusion of patients outside the
intensive care setting is noteworthy, as this population has been less studied in
this context. Also, the adherence rate to the protocol, in both the control and
intervention groups, was relatively high (67%) compared to other similar
studies. Furthermore, the duration of the antibiotic therapy was controlled by
researchers for both the intervention and control groups, preventing
comparisons with excessively prolonged therapies, no longer aligned with the
latest international guidelines on antibiotic use. Since the study was conducted
in a lower to middle-income country, we emphasize the advantage of using
CRP, a widely available and low-cost biomarker, considering that PCT remains
unavailable in the Brazilian public health system.

Additionally, we point out the use of a digital clinical decision support tool for
protocol application, which may facilitate the integration of biomarker-based
algorithms into daily medical practice beyond clinical trials. A qualitative study in
Sub-Saharan Africa demonstrated that telemedicine tools for assisting
non-specialists in antibiotic prescribing can promote better clinical decisions
[34]. However, a recent systematic review showed that, in most studies, the
engagement of attending physicians in using these tools was low and that
further research is needed to better understand the factors influencing
prescribers' decisions for the development of more effective systems [35].

The main limitations of this study include its open-label design due to the nature
of the intervention and the need to inform the attending medical team about
which protocol to follow. This may have led to cross-contamination between
groups, as the same attending physicians could simultaneously manage
patients in both the intervention and control groups. Another limitation is that the
study was conducted at a single center, which restricts the generalizability of the
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results to other settings. There was also a high exclusion rate among patients
assessed for eligibility due to the high complexity of the hospital where the
study was conducted. This limitation could be mitigated by conducting a
multicenter study involving other secondary and tertiary healthcare facilities.
Finally, immunosuppressed patients were not included, making the behavior
and role of biomarkers in this population still uncertain.

6. Conclusions

Using an algorithm based on CPR values and clinical variables through a digital
clinical decision support tool safely reduced antibiotic exposure in hospitalized
adult patients for the index infectious episode. However, this benefit did not
persist in the total antimicrobial exposure during hospitalization. Further studies
in different settings are needed to assess the benefit and safety of using this
biomarker as a guide for the duration of antibiotic therapy and its actual impact
in real clinical scenarios.
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Patients over 18 years of age with a clinical suspicion or microbiological confirmation
of bactenal infection, with initiation of antibiotic therapy within the last 72 hours by the
attending physician team, admitted to the emergency department or intemal medicine ward.

Signature of ICF

Inclusion in the digital clinical
decision support tool

Exclusion criteria:

- Seriously immunocompromised patients.

- Conditions requiring prolonged antibiotic
therapy identified prior to randomization:

- Patients expected to be discharged from the
hospital within 72 hours of inclusion.

- Patients receiving palliative care exclusively.

- Patients with a life expectancy of less than 24
hours.

Randomization

Intervention group

CRP value + clinical vanables protocol
fo guide antibiotic therapy

Insertion of clinical data
according to study profocol

Control group

Best practice

\ Follow up until discharge,

death ar 90 days.

—

Figure 1. Study protocol

ICF, Informed Consent Form.




Patients assigned to the intervention group
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Reassess within 3 days:
Is there clinical and laboratory improvement?
Mo evidence of persistent infectious focus?
Is the SOFA score stable or decreasing?

If the answer to these three questions is YES,
consider discontinuing antibiotic therapy when
the CRP value is < 35mg/L or within 5-7
days.

Reassess within 5 days:
Is there clinical and laboratory improvement?
Mo evidence of persistent infectious focus?
Is the SOFA score stable or decreasing?

If the answer to these three questions is YES,
consider discontinuing antibiotic therapy when
the CRP value is < 50% of the peak CRP
value or within 5-7 days.

Reassess within 5 days:
Is there clinical and laboratory improvement?
Mo evidence of persistent infectious focus?
Is the SOFA score stable or decreasing?

If the answer to these three questions is YES,
consider discontinuing antibiotic therapy when
the CRP value is < 50% of the peak CRP
value or within 7 days.

If the answer to any of these questions is NO, reavaluate:

Consider differential diagnoses for infection, repeat clinical examination, laboratory and imaging tests, evaluate for inadequate antimicrobial
coverage, route of administration, antibiotic concentration at the site of infection, search for persistent infectious focus, multidrug-resistant

bacteria or non-bacterial infection.

If the patient is clinically stable, consider discontinuing antibiotic therapy after 7 days and monitor for clinical and laboratory deterioration.

Figure 2. Intervention Group Algorithm

SOFA score, Sequential Organ Failure Assessment score.

Septic shock, defined as persisting hypotension requiring vasopressors to
maintain mean arterial pressure 265 mm Hg and having a serum lactate level
>2 mmol/L (18 mg/dL) despite adequate volume resuscitation.

CRP, C-reactive protein. Peak CRP was defined as the highest value within the
first 72 hours of antibiotic treatment.
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Recommended duration of

Most likely infectious focus, as determined by the attending physician, for antibiotic therapy (in full days) for
patients in the control group. the treatment of various infection
sites, as outlined by international
guidelines.
Community-acquired pneumonia | 5-7 days
Hospital-acquired pneumonia 7 days
Ventilator-associated pneumonia 7 days
| Acute uncomplicated cystitis 1-5 days
Pyelonephritis 5-10 days
- Skin and soft-tissue infections | 7 days
Intra abdominal infection after focus control 5 days
Intravascular catheter-related infection 7-14 days
Bloodstream infections without a defined primary focus 7 days
Community acquired bacterial meningitis 7-14 days

Figure 3. Recommendations for Control Group

Recommended time may vary according to the antimicrobial agent.
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422 hospitalized adult patients receiving
antibiotics with initiation within the last
72 hours screened for eligibility

312 excluded (ineligible)

151 seriously immunocompromised patients

102 with conditions requiring prolonged antibiotic
therapy identified prior to randomization

26 expected to be discharged from the hospital within
72 hours of inclusion

26 patients in end-of-life care

10 with treatment suspension before 72h

2 previously enrolled in this trial

2 with a life expectancy of less than 24 hours

2 declined consent

110 randomized

3 other reasons
2 lost follow up £
due to hospital Intervention group Control group
discharge before n =56 n=254
72h

SN

108 followed up until hospital discharge, death, or 90 days

Figure 4. Recruitment, Randomization and Follow-Up
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Characteristics

Age, median (Q1-Q3)

Sex, n (%)
Male
Female

Origin, n (%)
ED

Medical Ward

Admission care category, n (%)
Medical
Surgical

Charlson Index, median (Q1,Q3)

Presumed site of infection, n (%)
Community-acquired pneumonia

Hospital-acquired pneumonia
Acute uncomplicated cystitis
Pyelonephritis

Skin and soft-tissue infections
Intra abdominal infection
Intravascular catheter-related
Bloodstream infections
Tracheitis

Undefined / Others

Causative microorganism identified, n (%)
Peak CRP, median (Q1, Q3)
Initial SOFAscore, median (Q1, Q3)

Classification of infectious episode, n (%)
Infection
Sepsis
Septick shock

Control group
n= 54

68 (57, 77)

36 (67%)
18 (33%)

21 (39%)
33 (61%)

49 (91%)
5 (9.3%)

6.0 (3.0, 8.0)

14 (25,9%)
10 (19%)
0 (0%)

13 (24%)
9 (16,9%)
3 (5.6%)

0 (0%)

0 (0%)

3 (5.6%)

2 (3.8%)

18 (33%)

86 (59, 201)

1.50 (1.00, 3.00)

34 (63%)
20 (37%)
0 (0%)

Table 1.
Patients.

ED, Emergency Department.

SOFA score,

Sequential

Intervention group
n=56

66 (49, 76)

32 (57%)
24 (43%)

26 (46%)
30 (54%)

50 (89%)
6 (11%)

4.0(2.0,7.0)

14 (25%)
7 (13%)
5 (8.9%)
14 (25%)
0 (0%)

9 (16%)
1(1.8%)
1(1.8%)
2 (3.6%)

2 (3.6%)

23 (41%)

143 (59, 230)

1.50 (0.00, 2.50)

34 (61%:)
18 (32%)
4(7.1%)

p-value

0.4

0.3

0.4

0.8

0.4

0.007

0.4

0.5

0.5

0.2

Demographics and Clinical Characteristics of the Randomized

Organ Failure

Assessment score. CRP, C-reactive protein. Peak CRP was defined as the
highest value within the first 72 hours of antibiotic treatment.
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Outcomes Control group Intervention group p-value
Intention to treat analysis

Duration of antibiotic therapy for the index infectious
episode during hospital stay, measured in days, 7.0(5.0,9.0) 6.0(5.0,7.0) 0.015
median (Q1, Q3)

Duration of antibiotic therapy for the index infectious
episode during hospital stay plus prescribed for home

use, measured in days, median (Q1, Q3) 7.0 (7.0,10.0) 6.0(5.0,7.0) <0.001
Total antimicrobial exposure, median (Q1, Q3) 66 (45, 91) 59 (42, 89) 0.5
Antibiotic-free days, median (Q1, Q3) 37 (0, 55) 41 (12, 58) 0.6
Length of hospital stay, in days 15 (7, 36) 12 (7, 28) 0.4
Adherence rate to the proposed protocol 40 (74%) 34 (61%) 0.14
Hospital mortality from all causes 8 (15%) 9 (16%) 0.9
Therapeutic failure 1(1.9%) 1(1.8%) =09
Reinfection rate 5({9.3%) 5 (8.9%) =0.9
Subsequent infections caused by multidrug-resistant

microorganisms 1(1.9%) 1(1.8%) =0.9

Rate of Clostridioides difficile infection 2 (3.7%) 2 (3.6%) >0.9

Table 2. Primary and secondary outcomes - Intention to treat analysis.

Q1-Q3, 25-75% interquartile range.
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12. Supplemental Material

Informed Consent Form

You are invited by researchers Dr Vandack Alencar Nobre Jr and Dr Vitéria
Moura Leite Rabelo de Rezende to participate in a research study regarding a
new approach for determining the necessary duration of antibiotic treatment.
This approach has been developed to enhance the effectiveness and safety of
using antibiotics. The study will involve patients diagnosed with infections who
are currently hospitalized at the Clinical Hospital of the Universidade Federal de
Minas Gerais (HC-UFMG). The research project is titled "Efficacy and safety of
a protocol using C-reactive protein for the guidance of antibiotic therapy applied
through a digital clinical decision support tool: a randomized clinical trial."
Participation in this study is voluntary, and you have the right to decline without
impacting the healthcare services provided by the Brazilian Unified Health
System (SUS), including those at the Clinical Hospital, which you will continue
to have access to. After reading or having this document explained to you, feel
free to ask questions and seek clarification on any doubts you may have.

The indiscriminate use of antibiotics in recent decades has led to a significant
increase in the occurrence of resistant microbes (mainly bacteria) that are not
susceptible to these medications. This results in a higher risk of unfavorable
outcomes for hospitalized patients. In response, research teams worldwide are
striving to ensure that antibiotics are prescribed only when appropriate and that
the duration of treatment is as short as necessary for improving infectious
conditions. Prolonged treatment durations may increase the likelihood of
developing multi-resistant bacteria and experiencing side effects from these
medications.

This study aims to implement a new protocol that considers the patient's clinical
condition and measures a substance in the blood to guide antibiotic treatment,
to reduce the duration of antibiotic usage. The measured substance will be
C-reactive protein (CRP), an indicator of inflammation in the body, with levels
decreasing in the blood as the infection is controlled. This protocol will be
applied by your attending physician using a mobile application developed by the
research team. Our research group has previously undertaken similar projects,
including with patients admitted to the Intensive Care Unit (ICU), yielding highly
positive results.

If you decide to participate, you will be asked to sign this document to confirm
your consent. One copy of the signed document, countersigned by one of the
participating researchers, will be provided to you, while the research
coordinators will retain the other. All project documentation will be securely
stored for at least 5 (five) years, under the responsibility of the researchers, and
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will be available for your review if desired. Your name will not be identifiable in
any data dissemination resulting from this research.

We also request your permission for the collection, deposition, storage, use,
and disposal of human biological material, "blood," for measuring substances
such as CRP and others that may interest this and other research projects
within the research group. The quantity of stored material will not exceed 50 ml
of blood. If you agree, this material will be appropriately stored to measure
these medically relevant substances in future projects conducted by the same
research group.

Participation in any research project carries risks, although the risks in this
study are minimal. They include the risk of small bruises during blood collection
from the arm. However, in most cases, the researchers will use blood that would
already be collected for routine tests, which will only occur during the first week
as part of the research. Beyond that, it will depend on the decisions of your
doctors. The researchers believe this research could potentially benefit your
health status, although they cannot guarantee this outcome. You have the right
to withdraw your authorization (or consent) for this research at any time without
any impact on you.

You will not incur any expenses by participating in this study and will not receive
remuneration for your participation. In other words, you do not need to pay but
will also not receive compensation for participating in the research. In the event
of any harm resulting from the research, our team will assume full responsibility
and appropriate compensation, in accordance with legal procedures, will be
provided. As determined by competent legal authorities, you will be entitled to
proportional compensation for any damage incurred.

We would also like to inform you that the researchers are committed to assisting
research participants for issues related to activities within the project. Patient
information will be kept confidential, with limited access through identification
codes, and your name will not be mentioned at any time. This consent form
must be signed in duplicate, with one copy provided to the participant and the
other retained by the researchers.

If you have any questions about the research, you can contact the responsible
researchers directly:

Dr. Vandack Alencar Nobre Jr: (31) 3309-4195 / 99831-0004 - email:
vandack@gmail.com

Dr. Vitéria Moura Leite Rabelo de Rezende (35) 99977-2333 - email:
vitoriamlrrezende@gmail.com
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Av. Alfredo Balena, 190 - Department of Internal Medicine, Faculty of Medicine,
UFMG - Santa Efigénia - Belo Horizonte, MG - Brazil - Postal Code 30130-100.
If you have ethical concerns, you can consult the UFMG Research Ethics
Committee: Telefax (31) 3409-4592. Av. Antdnio Carlos, 6627 - Administrative
Unit Il - 2nd floor, room 2005 - Campus Pampulha, Belo Horizonte, MG - Brazil -
Postal Code 31270-901.

Consent:
l,
have understood the proposal and had the opportunity to clarify my doubts. |
agree to participate in the research "Efficacy and safety of a protocol using
C-reactive protein for the guidance of antibiotic therapy applied through a digital
clinical decision support tool: a randomized clinical trial." | am aware of the risks
and benefits of my participation. | am aware that the results will be published
collectively without allowing my individual identification. | am aware that | can
withdraw my participation at any time without prejudice.

Participant's Signature

Location and Date:
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Supplemental Figure 1. Data used for sample size calculation

Previous study

CRP group

Best practice group

Borges et al, Critical
Care 2020

Mean % standard deviation:
8 days (+- 6.3 days)

Median with a range:
7 days (5-8.8 days)

Mean % standard deviation:
10 days (+- 9.3 days)

Median with a range:
7 days (7-11.3 days)
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Supplemental Table 1. Primary and secondary outcomes - Per protocol

analysis.

Outcomes
Per protocol analysis

Duration of antibiotic therapy for the index infectious
episode during hospital stay, measured in days,
median (Q1, Q3)

Duration of antibiotic therapy for the index infectious
episode during hospital stay plus prescribed for home
use, measured in days, median (Q1, Q3)

Total antimicrobial exposure
Antibiotic-free days

Length of hospital stay, in days
Hospital mortality from all causes
Therapeutic failure

Reinfection rate

Subsequent infections caused by multidrug-resistant
microorganisms

Rate of Clostridioides difficile infection

Control group

7.00 (5.00, 8.00)

7.00 (7.00, 8.50)

63 (43, 96)
40 (0, 63)
13(7, 37)
3 (7.5%)

0 (0%)

4 (10%)

1 (2.5%)

2 (5.0%)

8. CONCLUSOES

Intervention group

5.00 (5.00, 6.00)

5.00 (5.00, 7.00)

55 (29, 83)
45 (17, 70)
13 (9, 28)
5 (15%)
1(2.9%)
5 (15%)

1 (2.9%)

0 (0%)

p-value

0.003

<0.001

0.074
0.1
>0.9

0.5

0.5

=09

0.5
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Neste ensaio clinico randomizado em um centro Unico, o uso de um protocolo
que combina valores de PCR com variaveis clinicas aplicado por meio de um
sistema digital de suporte a decisdo clinica para guiar a duragdo da
antibioticoterapia em pacientes hospitalizados resultou em uma reducéo
significativa de aproximadamente um dia na duracdo do tratamento, quando
comparado ao grupo controle, sem prejuizos aparentes em termos de eventos
adversos.

Vale ressaltar que o grupo controle também recebeu recomendacdes e
monitoramento em relacdo a duracdo do tratamento, o que faz com que essa
reducdo de tempo de duracao relativamente modesta possa ser ampliada em
outros cenarios em que ndo ha um controle rigido da prescricdo de antibidticos.

Apesar dessa reducdo na duracdo do tratamento para o episddio infeccioso
que levou a inclusdo do paciente no estudo, essa diferenca ndo se traduziu em
menor exposi¢cao global aos antimicrobianos durante a hospitalizagdo ou em
mais dias livres de antibiéticos.

Isso pode indicar que o uso do biomarcador PCR seja mais benéfico em
contextos com pacientes menos complexos, onde tratamentos antibidticos de
Curso unico sdo mais comuns.

Estudos adicionais em diferentes contextos sdo necessarios para avaliar o real
beneficio e a seguranga do uso desse biomarcador na definigdo da duragéo da
antibioticoterapia, bem como seu impacto na pratica clinica real.
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9. CONSIDERAGOES FINAIS E PERSPECTIVAS

Como produtos finais desse trabalho, destacamos o envolvimento de cinco
alunos de iniciacao cientifica, especialmente na parte da coleta e organizagao
dos dados; a criacdo de um aplicativo para dispositivos moveis que encontra-se
em funcionamento e disponivel para download nas plataformas Android e 10S;
a publicacdo do artigo do protocolo do estudo em revista indexada.
Futuramente, pretendemos também a publicagdo do artigo principal com
resultados.

Também foi possivel colaborar com outros grupos de pesquisa, através do
compartilhamento do banco de dados criado e das amostras de soro colhidas,
apos a aprovagao das devidas emendas pelo COEP-UFMG.

Em relacdo a perspectivas futuras, pretende-se a realizacdo de diferentes
analises das amostras de soro coletadas de pacientes incluidos, que
encontram-se devidamente armazenadas, incluindo outros biomarcadores de
interesse clinico e aspectos referentes a resposta do hospedeiro a infecgao.

Também consideramos importante a realizacdo de uma analise do impacto
econdmico que uma reducdao no tempo de antibioticoterapia, ainda que
modesta, possa ter, tanto no cenario do HC-UFMG como em outros campos de
pesquisa.

Desejamos continuar a desenvolver e aprimorar cada vez mais o aplicativo
desenvolvido, adicionando novas funcionalidades que auxiliem as equipes
assistentes no rastreio, diagnostico e manejo de pacientes infectados.

Para esses fins e para a avaliacgdo do comportamento do protocolo
desenvolvido em diferentes cenarios, seria interessante a realizacdo de um
estudo multicéntrico, envolvendo hospitais de menor complexidade,
possibilitando uma amostra maior e que contemple uma maior diversidade de
pacientes.
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11. APENDICES

Apéndice 1 - Termo de Consentimento Livre e Esclarecido — Paciente e
Responsavel

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé esta sendo convidado pelos pesquisadores Dr. Vandack Alencar
Nobre Jr e Dra. Vitéria Moura Leite Rabelo de Rezende para participar de uma
pesquisa sobre uma nova forma de definigdo do tempo necessario para o
tratamento com antibidticos, desenvolvido para melhorar a eficacia e a
seguranga do uso desse tipo de remédio. A pesquisa sera feita com pacientes
que tenham diagnostico de infecgdo e estejam internados no Hospital das
Clinicas da Universidade Federal de Minas Gerais (HC-UFMG). O titulo do
projeto de pesquisa € “Eficacia e seguranca de um protocolo utilizando a
proteina C reativa para orientagdo da terapia antibidtica aplicado por meio de
ferramenta digital de suporte a deciséo clinica: ensaio clinico randomizado.” A
sua participacdo nesse estudo € voluntaria e vocé tem o direito de recusar sem
qualquer prejuizo aos cuidados de saude oferecidos pelo SUS, inclusive no
Hospital das Clinicas, aos quais vocé continua tendo direito. Apds voceé ler esse
documento, ou nés o termos explicado para vocé, sinta-se a vontade para
perguntar e tirar todas as duvidas que vocé tiver.

O uso indiscriminado de antibidticos nas ultimas décadas provocou um
aumento importante na ocorréncia de germes (principalmente bactérias)
resistentes a esses remédios, ou seja, que ndo podem ser eliminados por eles.
Isso gera aumento do risco de evolugdes desfavoraveis aos pacientes
internados. Diante disso, equipes de pesquisa do mundo todo tém realizado um
esforco para que os antibidticos sejam prescritos apenas quando bem
indicados e que a duragao do tratamento seja apenas a necessaria para a
melhora do quadro infeccioso, uma vez que duragdes mais prolongadas podem
aumentar a chance do desenvolvimento de bactérias multirresistentes e de
efeitos colaterais dessas medicacoes.

A meta deste trabalho é aplicar um novo protocolo desenvolvido, que
leva em conta o estado clinico do paciente e a dosagem de uma substancia no
sangue para guiar o tratamento com antibidticos, tendo como objetivo a
reducdo do tempo de uso dessas medicagcdes. A substancia dosada sera a
proteina C reativa (PCR), que € uma proteina indicativa de inflamagdo no
corpo, cujos niveis ficam mais baixos no sangue a medida que a infecgédo &
controlada. Esse protocolo sera aplicado pelo seu médico assistente, com
auxilio de um aplicativo para celulares, criado pela equipe da pesquisa. Nés do
grupo de pesquisa ja fizemos outros projetos parecidos com este, inclusive com
pacientes internados no CTI e tivemos resultados muito positivos.
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Se vocé aceitar participar, sera convidado a assinar este documento
comprovando a sua aceitacdo. Uma copia do documento assinado por um dos
pesquisadores participantes do projeto sera entregue para vocé e a outra sera
arquivada pelos coordenadores da pesquisa. Toda a documentacio obtida no
projeto sera armazenada por pelo menos 5 (cinco) anos, sob a
responsabilidade dos pesquisadores, e estara disponivel para a sua consulta,
caso vocé queira. O seu nome nao sera identificado em nenhum momento na
divulgacao dos dados desta pesquisa.

Pedimos também a sua autorizagdo para a coleta, o depdsito, o
armazenamento, a utilizagdo e descarte do material biolégico humano
“sangue” para dosagem de substancias como a PCR e algumas outras, que
podem ser de interesse deste e de outros projetos do grupo de pesquisa, para
que possamos compreender melhor a resposta do organismo a infecgéo e os
mecanismos de resisténcia das bactérias. A quantidade de material
armazenado nao ira exceder 50 ml de sangue. Caso o Sr. (a) esteja de acordo,
esse material sera armazenado de maneira adequada para que sejam dosadas
essas substancias de interesse médico em projetos futuros do mesmo grupo de
pesquisa.

A participagdo em qualquer projeto de pesquisa possui riscos, porém 0s
desta pesquisa sdo minimos. Consistem no risco de pequenos hematomas
durante a coleta de sangue no brago. De toda forma, na maior parte das vezes,
0s pesquisadores utilizardo o sangue que ja seria colhido para os seus exames
de controle, e isso sO sera feito durante a primeira semana por parte da
pesquisa. Depois disso, vai depender da decisao dos seus medicos.

Os pesquisadores acreditam que esta pesquisa pode trazer beneficios
no seu estado de saude, mas nao podem garantir que isso ocorrera.

Vocé tem o direito de retirar a autorizagdo (ou consentimento) para essa
pesquisa a qualquer momento, sem qualquer prejuizo para voceé.

O (A) Sr (a) ndo tera qualquer tipo de despesa para participar da
pesquisa e nao recebera remuneragao por sua participacdo. Ou seja, nao
precisara pagar, mas também n&o recebera dinheiro por participar da pesquisa.
No caso de algum dano decorrente da pesquisa, nossa equipe assumira toda
responsabilidade e ressarcimentos cabiveis, e vocé tera direito a indenizagao
proporcional a esse dano, definida pelas instancias juridicas competentes.

Gostariamos ainda de informar que os pesquisadores assumem o dever
de dar assisténcia aos participantes da pesquisa para problemas relacionados
as atividades que fazem parte do projeto. Os registros (informacdes dos
pacientes) serdo mantidos de forma confidencial com codigos de identificagdo
de acesso limitado e 0 seu nome nédo sera mencionado em nenhum momento.
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Este termo devera ser assinado em duas vias, sendo uma para o participante e
outra para os pesquisadores.

Se vocé tiver alguma duvida sobre a pesquisa, pode entrar em contato
direto com os pesquisadores responsaveis:

1- Dr. Vandack Alencar Nobre Jr: (31) 3309-4195 / 99831-0004 - email:
vandack@gmail.com

2- Dra. Vitéria Moura Leite Rabelo de Rezende (35) 99977-2333 - email:
vitoriamlrrezende@gamail.com
Av. Alfredo Balena, 190 — Departamento de Clinica Médica da Faculdade
de Medicina da UFMG — Santa Efigénia — Belo Horizonte, MG — Brasil —
CEP 30130- 100.

Se voceé tiver duvidas sobre questdes éticas, pode consultar o Comité de
Etica em Pesquisa da UFMG: Telefax (31) 3409-4592. Av. Antdnio Carlos, 6627
— Unidade Administrativa Il — 2° andar, sala 2005 — Campus Pampulha, Belo
Horizonte, MG — Brasil — CEP 31270-901.

Consentimento:

Eu

entendi o que me foi proposto e tive oportunidade de esclarecer minhas
duvidas. Concordo em participar da pesquisa ““Eficacia e seguranca de um
protocolo utilizando a proteina C reativa para orientagao da terapia antibiética
aplicado por meio de ferramenta digital de suporte a decisdo clinica: ensaio
clinico randomizado.”

Estou ciente dos riscos e dos beneficios da minha participagao. Estou ciente de
que os resultados serdo publicados somente em conjunto, ndo permitindo a
minha identificacdo individual. Estou ciente que posso retirar minha
participacdo a qualquer momento sem prejuizo.

Assinatura do participante da pesquisa

Nome / assinatura do pesquisador que aplicou o Termo

Local e data: ,
/ /

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - RESPONSAVEL
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Vocé esta sendo convidado pelos pesquisadores Dr. Vandack Alencar
Nobre Jr e Dra. Vitéria Moura Leite Rabelo de Rezende a autorizar a
participacdo de um ente querido em uma pesquisa sobre uma nova forma de
definicho do tempo necessario para o tratamento com antibidticos,
desenvolvido para melhorar a eficacia e a seguranga do uso desse tipo de
remédio. A pesquisa sera feita com pacientes que tenham diagnéstico de
infeccdo e estejam internados no Hospital das Clinicas da Universidade
Federal de Minas Gerais (HC-UFMG). O titulo do projeto de pesquisa é
“Eficacia e seguranga de um protocolo utilizando a proteina C reativa para
orientagcdo da terapia antibiotica aplicado por meio de ferramenta digital de
suporte a decisdo clinica: ensaio clinico randomizado.” A participacédo do seu
ente querido nesse estudo é voluntaria e vocé tem o direito de recusar sem
qualquer prejuizo aos cuidados de saude oferecidos pelo SUS, inclusive no
Hospital das Clinicas, aos quais ele (a) continua tendo direito. Apds vocé ler
esse documento, ou nds o termos explicado para vocé, sinta-se a vontade para
perguntar e tirar todas as duvidas que vocé tiver.

O uso indiscriminado de antibiéticos nas ultimas décadas provocou um
aumento importante na ocorréncia de germes (principalmente bactérias)
resistentes a esses remeédios, ou seja, que ndo podem ser eliminados por eles.
Isso gera aumento do risco de evolugdes desfavoraveis aos pacientes
internados. Diante disso, equipes de pesquisa do mundo todo tém realizado um
esforco para que os antibidticos sejam prescritos apenas quando bem
indicados e que a duragdo do tratamento seja apenas a necessaria para a
melhora do quadro infeccioso, uma vez que duragdes mais prolongadas podem
aumentar a chance do desenvolvimento de bactérias multirresistentes e de
efeitos colaterais dessas medicacoes.

A meta desse trabalho € aplicar um novo protocolo desenvolvido, que
leva em conta o estado clinico do paciente e a dosagem de uma substancia no
sangue para guiar o tratamento com antibiéticos, tendo como objetivo a
reducdo do tempo de uso dessas medicacdes. A substancia dosada sera a
proteina C reativa (PCR), que € uma proteina indicativa de inflamagdo no
corpo, cujos niveis ficam mais baixos no sangue a medida que a infecgao &
controlada. Esse protocolo sera aplicado pelo médico assistente, com auxilio
de um aplicativo para celulares, criado pela equipe da pesquisa. Nés do grupo
de pesquisa ja fizemos outros projetos parecidos com este, inclusive com
pacientes internados no CTI e tivemos resultados muito positivos.

Se vocé aceitar que seu ente querido participe, sera convidado a assinar
este documento comprovando a sua aceitacdo. Uma copia do documento
assinado por um dos pesquisadores participantes do projeto sera entregue
para vocé e a outra sera arquivada pelos coordenadores da pesquisa. Toda a
documentacédo obtida no projeto sera armazenada por pelo menos 5 (cinco)
anos, sob a responsabilidade dos pesquisadores, e estara disponivel para a
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sua consulta, caso vocé queira. O nome do participante ndo sera identificado
em nenhum momento na divulgacédo dos dados desta pesquisa.

Pedimos também a sua autorizagdo para a coleta, o depdsito, o
armazenamento, a utilizacdo e descarte do material biolégico humano
“sangue” de seu ente querido para a dosagem da proteina C reativa (PCR). A
utilizacdo do seu material biolégico esta vinculada somente a este projeto de
pesquisa e, caso o Sr. (a) esteja de acordo, esse material podera ser
armazenado de maneira adequada para que futuramente sejam dosadas
outras substancias em projetos futuros do mesmo grupo de pesquisa.

A participagdo em qualquer projeto de pesquisa possui riscos, porém 0s
desta pesquisa sdo minimos. Consistem no risco de pequenos hematomas
durante a coleta de sangue no brago. De toda forma, na maior parte das vezes,
os pesquisadores utilizardo o sangue que ja seria colhido para os exames de
controle, e isso s6 sera feito durante a primeira semana por parte da pesquisa.
Depois disso, vai depender da decisdo dos médicos assistentes.

Os pesquisadores acreditam que esta pesquisa pode trazer beneficios
no estado de saude do seu ente querido, mas ndo podem garantir que isso
ocorrera.

Vocé tem o direito de retirar a autorizagao (ou consentimento) para essa
pesquisa a qualquer momento, sem qualquer prejuizo para o participante.

O (A) Sr (a) e seu ente querido ndo terdo qualquer tipo de despesa para
participar da pesquisa e nao receberdo remuneracéo por sua participacdo. Ou
seja, nao precisardo pagar, mas também nao receberao dinheiro por participar
da pesquisa. No caso de algum dano decorrente da pesquisa, nossa equipe
assumira toda responsabilidade e ressarcimentos cabiveis, e o participante tera
direito a indenizacdo proporcional a esse dano, definida pelas instancias
juridicas competentes.

Gostariamos ainda de informar que os pesquisadores assumem o dever
de dar assisténcia aos participantes da pesquisa para problemas relacionados
as atividades que fazem parte do projeto. Os registros (informacdes dos
pacientes) serdo mantidos de forma confidencial com cédigos de identificagao
de acesso limitado e o nome do seu ente querido ndo sera mencionado em
nenhum momento. Este termo devera ser assinado em duas vias, sendo uma
para o participante e outra para os pesquisadores.

Se vocé tiver alguma duvida sobre a pesquisa, pode entrar em contato
direto com os pesquisadores responsaveis:

1- Dr. Vandack Alencar Nobre Jr: (31) 3309-4195 / 99831-0004 - email:
vandack@gmail.com

2- Dra. Vitéria Moura Leite Rabelo de Rezende (35) 99977-2333 - email:
vitoriamlrrezende@gmail.com


mailto:vandack@gmail.com
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Av. Alfredo Balena, 190 — Departamento de Clinica Médica da Faculdade
de Medicina da UFMG — Santa Efigénia — Belo Horizonte, MG — Brasil —
CEP 30130- 100.

Se vocé tiver duvidas sobre questdes éticas, pode consultar o Comité de
Etica em Pesquisa da UFMG: Telefax (31) 3409-4592. Av. Anténio Carlos, 6627
— Unidade Administrativa Il — 2° andar, sala 2005 — Campus Pampulha, Belo
Horizonte, MG — Brasil — CEP 31270-901.

Consentimento:

Eu

entendi o que me foi proposto e tive oportunidade de esclarecer minhas
duvidas. Autorizo a participacdo do meu ente querido na pesquisa ““Eficacia e
seguranga de um protocolo utilizando a proteina C reativa para orientacdo da
terapia antibidtica aplicado por meio de ferramenta digital de suporte a decisao
clinica: ensaio clinico randomizado.”

Estou ciente dos riscos e dos beneficios da participagao dele (a). Estou ciente
de que os resultados serdo publicados somente em conjunto, ndo permitindo a
sua identificacao individual. Estou ciente que posso retirar minha autorizacao a
qualgquer momento sem prejuizo.

Assinatura do responsavel pelo participante da pesquisa

Nome / assinatura do pesquisador que aplicou o Termo

Local e data: ,
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Apéndice 2 - Telas do aplicativo

BIO.RAP

BIO.RAP

Cadastro de pacientes Criterios de exclusGo

w8

AMPLE

Promudrio Iniciois

000000

eing C reativa (PCR) *

200

Cidign

 de SOFA = Possui perspectiva de olta haspi
Genern de 72 horos @ partir da

Possul ex

BIO.RAP BID.RAP

Foco provavel da infecgBo Sugestdo de tempo de terapic
antibiética (em dias completos)

=y dode Pneumonia adquirida na
comunidade

e firich Tempo recomendodo:
Processado com sucesso! 7 dlos endarade - 7 A e

Grupo controle! Recomendaco geral

adeque o tratamento de ocordo com
foco infeccioso, resuitados de
e : bl culturas @ resposta clinica
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