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RESUMO 

A resistência bacteriana representa uma das maiores ameaças à saúde pública global, ainda mais 

quando agravada pela disseminação de cepas resistentes aos carbapenêmicos, como Klebsiella 

pneumoniae produtora de carbapenemases (KPC e NDM). Diante disso, a tríplice fronteira entre 

Brasil, Paraguai e Argentina, marcada por intensa mobilidade populacional, caracteriza-se 

como uma região de alto risco para o desenvolvimento de surtos epidêmicos relacionados a 

essas cepas com perfil de multirresistência. Dessa forma, esse trabalho teve por objetivo 

investigar o perfil de resistência de Klebsiella pneumoniae produtora de carbapenemases (KPC 

e NDM) em um hospital de urgência na tríplice fronteira entre Brasil, Paraguai e Argentina, 

compreendendo os aspectos sociodemográficos dos pacientes afetados e avaliar a eficácia dos 

extratos de Terminalia catappa, Banisteriopsis caapi e Psychotria viridis contra essas cepas 

resistentes. Analisou-se 48 casos de K. pneumoniae KPC e/ou NDM, com amostras coletadas 

principalmente em UTIs. Observou-se resistência de 100% às penicilinas, cefalosporinas e 

carbapenêmicos; 95,8% aos aminoglicosídeos e sulfonamidas; e menor resistência à colistina 

(22,9%) e ceftazidima/tazobactam (39,6%). As cepas de KPC (60,4%) foram mais prevalentes, 

seguidas pelas de NDM (27,1%) e pela co-resistência (12,5%). O perfil clínico dos pacientes 

atingiu mais homens, com idade média de 64 anos, residentes em Foz do Iguaçu e usuários do 

sistema público de saúde. Acerca do potencial terapêutico, os extratos de Terminalia catappa 

(7 copas), Banisteropsis caapi e Psychotria viridis (Ayahuasca) foram testados quanto à 

atividade antimicrobiana, através da técnica de Microdiluição em caldo frente a algumas cepas 

de K. pneumoniae selecionadas (10 cepas KPC, 10 cepas NDM e 5 cepas co-resistentes). P. 

viridis demonstrou a melhor eficácia, com concentração inibitória mínima (CIM) entre 2,5 

mg/mL e 5 mg/mL, enquanto B. caapi apresentou resultados muito próximos. Já T. catappa 

apresentou uma CIM de 10 mg/mL. Em contrapartida, a combinação de P. viridis e B. caapi 

resultou em menor atividade antimicrobiana, com CIM aumentada de 20 mg/mL, sugerindo que 

o uso combinado não foi vantajoso. Diante disso, os resultados destacam o grave impacto da 

resistência bacteriana na tríplice fronteira e a necessidade de alternativas terapêuticas. O extrato 

de P. viridis surge como uma opção promissora para o desenvolvimento de novos 

antimicrobianos, embora estudos adicionais sejam imprescindíveis para elucidar os compostos 



ativos, mecanismos de ação e possíveis combinações com medicamentos convencionais. Em 

conjunto, as pesquisas enfatizam a relevância de monitoramento contínuo e de estratégias 

inovadoras no combate às cepas multirresistentes, especialmente em regiões de alta 

vulnerabilidade epidemiológica. Vale ressaltar que essa temática cumpre a tarefa 3.d dos 

Objetivos de Desenvolvimento Sustentável (ODS), proposta pela Organização das Ações 

Unidas (ONU), pois contribui para o desenvolvimento de estratégias de prevenção e gestão em 

saúde, com o intuito de assegurar bem-estar e proteção à saúde em um contexto global. 

 

Palavras-chave: Ayahuasca. Fronteira trinacional. Klebsiella pneumoniae. Banisteropsis caapi. 

Psychotria viridis. Terminalia catappa.  
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ABSTRACT 

Bacterial resistance represents one of the greatest threats to global public health, especially 

when exacerbated by the spread of carbapenem-resistant strains, such as carbapenemase-

producing Klebsiella pneumoniae (KPC and NDM). In this context, the triple border between 

Brazil, Paraguay, and Argentina, characterized by intense population mobility, is identified as 

a high-risk region for the development of epidemic outbreaks related to these multidrug-

resistant strains. Thus, this study aims to investigate the resistance profile of carbapenemase 

producing Klebsiella pneumoniae (KPC and NDM) in an emergency hospital on the triple 

border between Brazil, Paraguay and Argentina, to understand the sociodemographic aspects 

of affected patients and to evaluate the efficacy of Terminalia catappa, Banisteropsis caapi and 

Psychotria viridis extracts against these resistant strains. A total of 48 cases of K. pneumoniae 

KPC and/or NDM were analyzed, where samples were mainly collected from intensive care 

units and showed significant resistance to various antibiotics such as penicillin (100%), 

cephalosporins (100%), carbapenems (100%), aminoglycosides (95.8%), and sulfonamides 

(95.8%), except for colistin (22.9%) and ceftazidime/tazobactam (39.6%). KPC strains (60.4%) 

were more prevalent, followed by NDM strains (27.1%) and co-resistance (12.5%). The clinical 

profile of the patients revealed most males, with an average age of 64 years, residing in Foz do 

Iguaçu and using the public health system. Regarding therapeutic potential, extracts of 

Terminalia catappa (7 copas), Banisteropsis caapi, and Psychotria viridis (Ayahuasca) were 

tested for antimicrobial activity against K. pneumoniae strains. P. viridis demonstrated the best 

efficacy, with a minimum inhibitory concentration (MIC) between 2.5 mg/mL and 5 mg/mL, 

while B. caapi showed very similar results. T. catappa had an MIC of 10 mg/mL. In contrast, 

the combination of P. viridis and B. caapi resulted in lower antimicrobial activity, with an 

increased MIC of 20 mg/mL, suggesting that the combined use was not advantageous. 

Therefore, the results highlight the severe impact of bacterial resistance in the triple border and 

the need for therapeutic alternatives. The extract of P. viridis emerges as a promising option for 

the development of new antimicrobials, although further studies are essential to elucidate the 

active compounds, mechanisms of action, and possible combinations with conventional 

medications. Together, the research emphasizes the relevance of continuous monitoring and 

innovative strategies in combating multidrug-resistant strains, especially in regions of high 



epidemiological vulnerability. It is worth noting that this topic fulfills task 3.d of the Sustainable 

Development Goals (SDGs) proposed by the United Nations (UN), as it contributes to the 

development of prevention and health management strategies, aiming to ensure well-being and 

health protection in a global context. 

 

Keywords: Ayahuasca. Bacterial resistance. Tri-nacional border. Klebsiella pneumoniae. 

Public health. 7 Copas. 
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PERFIL DE RESISTÊNCIA ANTIMICROBIANA DE Klebsiella pneumoniae 8 

KPC E NDM EM REGIÃO DE TRÍPLICE FRONTEIRA E O POTENCIAL 9 

TERAPÊUTICO DE PLANTAS MEDICINAIS COMO ALTERNATIVA BIOATIVA. 10 

 11 

 12 

1.1 Introdução 13 

O surgimento e disseminação de microrganismos multidroga resistentes (MDR) têm se 14 

tornado uma séria ameaça à saúde pública global e ao que tudo indica, sem previsão de ser 15 

solucionada, podendo afetar indivíduos em qualquer momento da vida. Embora o 16 

desenvolvimento de resistência antimicrobiana seja um fenômeno natural dos microrganismos, 17 

esses mecanismos estão sendo potencializados por fatores externos como o mau uso ou 18 

prescrição inadequada dos antimicrobianos, por exemplo, facilitando assim a seleção, 19 

exposição e disseminação de cepas resistentes (LACEN/SC, 2016; BRASIL, 2020).  20 

O saldo de óbitos atualmente registrado em decorrência de infecções por linhagens 21 

resistentes é de 700 mil indivíduos por ano (OPAS, 2020; OMS, 2022). Dados recentemente 22 

publicados pelo Grupo Ad Hoc de Coordenação Interagencial da Organização das Nações 23 

Unidas (ONU) sobre resistência antimicrobiana (IAGC) revelaram que, se providências não 24 

forem tomadas em relação a esse quadro, a resistência antimicrobiana poderá causar 10 milhões 25 

de mortes por ano até 2050 (IACG, 2020; TANG, MILLAR, MOORE, 2023). 26 

Dentre os principais microrganismos causadores de doenças e associados a 27 

multirresistência, sabe-se que as enterobactérias, em especial a Klebsiella pneumoniae tem se 28 

destacado significativamente, principalmente no âmbito hospitalar, devido à sua elevada 29 

incidência e capacidade de adquirir e transferir informações genéticas que configuram 30 

mecanismos de multirresistência. Entre esses mecanismos, destaca-se a produção de 31 

carbapenemases, como a KPC (Klebsiella pneumoniae carbapenemase) e a NDM (Nova Delhi 32 

metalobetalactamase), enzimas que conferem resistência a antibióticos carbapenêmicos, 33 

frequentemente utilizados como última linha de tratamento. A presença dessas enzimas tem se 34 

tornado cada vez mais comum em infecções hospitalares, dificultando o manejo clínico e 35 

elevando taxas de morbidade e mortalidade (BATISTA, 2020). Por essa razão, K. pneumoniae 36 

foi enquadrada pela Organização Mundial da Saúde (OMS) como um patógeno de alta 37 

prioridade na busca por novos antimicrobianos (SANTOS, SECOLI, 2018; OPAS, 2025). 38 

Diante desse cenário preocupante e da limitação terapêutica frente às bactérias 39 

resistentes, cresce o interesse por estratégias alternativas, como o uso de produtos naturais e 40 
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compostos bioativos extraídos de plantas medicinais. Nos países em desenvolvimento como o 41 

Brasil, tratamentos medicinais alternativos como a utilização de extratos de ervas consideradas 42 

medicinais são amplamente utilizados para o tratamento de diversas patologias. Na América 43 

Latina, a OMS reportou que 71% dos Chilenos e 40% dos Colombianos fazem uso de terapias 44 

alternativas utilizando plantas medicinais, além disso, muitos países Asiáticos têm utilizado 45 

esse tipo de tratamento mesmo tendo livre acesso às terapias ocidentais (BUSSMANN et al., 46 

2010). 47 

Dessa forma, as plantas medicinais representam uma fonte notável e uma esperança para 48 

o tratamento de várias doenças, principalmente àquelas causadas por microrganismos 49 

patogênicos de difícil tratamento como os MDR. A diversidade química e biológica e potencial 50 

para produção de uma variedade de compostos biológicos promissores tem elevado as pesquisas 51 

por esses fitoterápicos, que além disso apresentam muitas vantagens dentre as quais destaca-se 52 

o baixo custo, fácil acessibilidade e reduzido efeito colateral (RIBEIRO et al., 2018).  53 

O Brasil é um país rico em biodiversidade, com mais de 45 mil espécies de plantas, o 54 

que compreende 20 a 22% do total de espécies no mundo. No entanto tal potencial 55 

farmacológico brasileiro é pouco explorado, levando em consideração o reduzido número de 56 

compostos naturais isolados da biodiversidade brasileira (MCTI, 2022). 57 

Terminalia catappa é uma espécie de árvore de médio a grande porte, podendo chegar 58 

até a altura de 35 metros, popularmente conhecida como “amendoeira-da-praia”, “castanhola” 59 

ou “chapéu-de-sol”, devido à sua forma característica que proporciona sombra abundante. Pode 60 

ser encontrada mais facilmente em regiões tropicais, principalmente em áreas litorâneas do 61 

nordeste, sul e sudeste do Brasil, África e Ásia. É tradicionalmente utilizada como agente 62 

antinflamatório, antimicrobiano, hepatoprotetor, vermífugo, antioxidante, anticancerígeno e 63 

antidiabético (MWANGI, 2024). 64 

O cipó Banisteriopsis caapi (mariri) e as folhas de Psychotria viridis (chacrona) juntas 65 

dão origem a conhecida bebida Ayahuasca, popularmente conhecida por suas propriedades 66 

alucinógenas e psicoativas e consumida por povos indígenas latino-americanos em rituais 67 

religiosos. No entanto, estudos recentes têm demonstrado efeitos positivos dessas plantas no 68 

tratamento de Alzheimer e na inibição antibacteriana, principalmente em cepas de 69 

microrganismos Gram negativos (ALVES, 2022). 70 

Levando em consideração o crescente avanço da resistência bacteriana frente à produção 71 

de novos fármacos pela indústria farmacêutica, faz-se necessário o investimento em pesquisa 72 
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de novas fontes antimicrobianas eficazes como opção terapêutica para o tratamento de 73 

patologias causadas por microrganismos resistentes, especialmente em ambiente nosocomial.  74 

 75 

1.2 Revisão de Literatura 76 

 77 

1.2.1 Enterobacterales e as carbapenemases 78 

As enterobactérias são bacilos Gram-negativos (BGN) pertencentes a família 79 

Enterobacteriaceae ordem das Enterobacterales. Embora possam ser encontrados distribuídos 80 

na natureza, atualmente, estão relacionados à casos de infecções nosocomiais. Dentre as 81 

principais bactérias dessa família, a Klebsiella pneumoniae tem se destacado por apresentar-se 82 

versátil em adquirir e transmitir mecanismos de resistência, facilitando sua disseminação 83 

(BATISTA, 2020). 84 

 A antibioticoterapia indiscriminada tem se tornado um grande desafio à saúde pública 85 

em todo o mundo, pois tem levado à proliferação de bactérias produtoras de enzimas de 86 

resistência, como as carbapenemases do tipo metalo-betalactamases (MBL) e as KPCs. Essas 87 

enzimas podem tornar a maior parte, ou todo o grupo dos betalactâmicos, inadequado para 88 

tratamento e, em associação com outros mecanismos, podem levar ao surgimento de cepas 89 

multirresistentes (MDR), extensivamente resistentes (XDR) e resistentes a todas as drogas 90 

(PDR) (CHELARU et al., 2024). 91 

De acordo com Batista (2020), essas carbapenemases realizam a quebra do anel 92 

betalactâmico dos antimicrobianos carbapenêmicos, inativando sua capacidade de impedir a 93 

síntese da parede celular bacteriana, característica essencial para sua ação antimicrobiana. 94 

Segundo a classificação de Ambler, elas estão distribuídas em três principais classes de acordo 95 

com o seu mecanismo molecular. 96 

As metalo-betalactamases, como NDM (Nova Delhi metalo-betalactamase), VIM 97 

(Verona Integron-encoded metalo-betalactamase) e IMP (Imipenase metalo-betalactamase), 98 

utilizam íons de zinco em seus sítios ativos para catalisar a hidrólise do anel betalactâmico dos 99 

antimicrobianos, conferindo resistência a quase todos os betalactâmicos, exceto os 100 

monobactâmicos. O zinco facilita a ativação de uma molécula de água, que hidrolisa o anel 101 

betalactâmico através da quebra da ligação amida, inativando o antibiótico (ORTEGA-102 

BALLEZZA et al., 2024). 103 

Por outro lado, as serina betalactamases, como a KPC e OXA-48, utilizam um resíduo 104 

de serina no sítio ativo. A serina nucleofílica ataca o anel betalactâmico, que é posteriormente 105 
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hidrolisado, liberando o antibiótico já inativado (ORTEGA-BALLEZZA et al., 2024). A KPC 106 

pertence à classe A, que depende da presença de serina para atuar, enquanto a OXA-48 pertence 107 

à classe D, também conhecida como oxacilinases, que hidrolisam oxacilinas e carbapenêmicos, 108 

com uma menor eficiência comparada às metalo-betalactamases, mas são igualmente 109 

preocupantes em termos de resistência (ORTEGA-BALLEZZA et al., 2024). 110 

As infecções causadas por bactérias produtoras de carbapenemases, como Klebsiella 111 

pneumoniae produtora de KPC, geralmente estão associadas a elevadas taxas de mortalidade, 112 

que podem variar de 40% a 60%, dependendo do patógeno envolvido, do estado de saúde do 113 

paciente e da adequação do tratamento (MARTINEZ-OLIVA et al., 2019). Sendo assim, o 114 

principal desafio clínico está na limitação das opções terapêuticas, já que muitas bactérias 115 

resistentes aos carbapenêmicos também são resistentes a outros antimicrobianos de última 116 

linha, como as cefalosporinas de terceira geração. Dessa forma, o tratamento dessas infecções 117 

frequentemente requer o uso de antimicrobianos como polimixinas, tigeciclina e fosfomicina, 118 

que apresentam eficácia limitada e estão associados a toxicidades significativas, como nefro e 119 

hepatotoxicidade. Ademais, a seleção inadequada de antimicrobianos pode agravar ainda mais 120 

o quadro clínico, aumentando as taxas de mortalidade, prolongando o tempo de internamento 121 

hospitalar e consequentemente onerando o serviço de saúde (SHEU et al., 2019). 122 

 123 

1.2.2 Resistência bacteriana em região de fronteira 124 

A resistência bacteriana é um problema urgente de saúde pública e socioeconômico, de 125 

acordo com os últimos dados emitidos pela Organização Mundial de Saúde (2022) com 4,95 126 

milhões de mortes associadas à resistência antimicrobiana em 2019, destas 1,27 milhões foram 127 

diretamente atribuíveis a ela. Além disso, a resistência é mais prevalente em países de baixa e 128 

média renda, apesar do menor consumo de antimicrobianos per capita. Algumas estimativas 129 

indicam que, até 2050, a resistência antimicrobiana poderá causar até 10 milhões de mortes por 130 

ano em todo o mundo (OMS, 2022). 131 

A movimentação constante entre fronteiras, seja por turismo ou pelo transporte de culturas 132 

e animais, facilita a propagação global de microrganismos resistentes (MANAIA et al., 2020). 133 

Em 2019, o tráfego aéreo global atingiu 4,5 bilhões de passageiros, enquanto 29,7 milhões de 134 

pessoas embarcaram em cruzeiros que frequentemente pararam em diferentes países. Além 135 

disso, cepas e genes resistentes adquiridos durante essas viagens podem permanecer nos 136 

indivíduos por até 12 meses, contribuindo ainda mais para o potencial de disseminação dessas 137 

resistências (COQUE, 2023). 138 
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Na região da Tríplice Fronteira, a circulação de pessoas nos postos aduaneiros reflete a 139 

intensa dinâmica migratória e comercial da região. Em 2024, somente no mês de janeiro, a 140 

Aduana da Ponte Internacional Tancredo Neves, que conecta o Brasil à Argentina, registrou um 141 

fluxo de 120.201 pessoas. Já na Aduana da Ponte Internacional da Amizade, principal ligação 142 

terrestre entre o Brasil e o Paraguai, o movimento foi ainda mais expressivo, com 169.619 143 

registros de entrada e saída, consolidando-a como a fronteira mais movimentada do país. 144 

Considerando esses dados, Foz do Iguaçu registrou um total de 289.820 pessoas transitando 145 

pelas suas fronteiras internacionais em 2024, colocando o município como a terceira fronteira 146 

mais movimentada do Brasil, ficando atrás apenas das cidades de São Paulo e Rio de Janeiro. 147 

Esses números evidenciam a importância estratégica de Foz do Iguaçu como um dos principais 148 

corredores de fluxo migratório e comercial da América do Sul (POLÍCIA FEDERAL, 2025). 149 

A situação crítica global de cepas resistentes a carbapenêmicos no Brasil, especialmente na 150 

região sul, incluindo o Paraná e as áreas de fronteira com o Paraguai e a Argentina, representa 151 

uma preocupação crescente para a saúde pública. O Brasil tem enfrentado surtos envolvendo 152 

KPC (Klebsiella pneumoniae carbapenemase) e NDM (Nova Delhi metalo-betalactamase), o 153 

que reflete um padrão observado em toda a América Latina (CHAGAS, RANGEL, DE 154 

SIMONE, 2024; KIFFER, et al., 2023). 155 

No Estado do Paraná – Brasil, hospitais têm relatado casos de infecções causadas por 156 

bactérias resistentes a carbapenêmicos, que representam um grande desafio para os sistemas de 157 

saúde. Ademais, a presença dessas cepas na fronteira entre Brasil, Paraguai e Argentina 158 

aumenta o risco de disseminação devido ao alto trânsito de pessoas e mercadorias na região, 159 

agravando a transmissão dessas cepas resistentes em contextos hospitalares e comunitários 160 

regionais (KIFFER, et al., 2023). 161 

A rápida disseminação de cepas resistentes ao longo dessas áreas fronteiriças requer uma 162 

resposta em conjunto entre os países, uma vez que o fenômeno da resistência antimicrobiana se 163 

propaga através de pacientes que cruzam as fronteiras em busca de tratamentos médicos ou 164 

turistas colonizados com essas cepas resistentes. 165 

Um exemplo marcante foi descrito por Hernandez-Garcia et al. (2024) na Espanha, onde 166 

pacientes ucranianos transferidos após receberem assistência médica em seu país de origem 167 

apresentaram isolados de Pseudomonas aeruginosa ST773 produtores de NDM-1. Esses 168 

isolados compartilhavam mais de 99% de identidade genética e continham um repertório 169 

idêntico de genes de resistência, sugerindo uma disseminação clonal anterior ao atendimento 170 

em território espanhol. 171 
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Além disso, nesses mesmos pacientes, foi identificada a co-colonização por Klebsiella 172 

pneumoniae ST147, produtora simultânea de NDM-1 e OXA-48, demonstrando a 173 

complexidade epidemiológica associada à disseminação de genes de resistência. O clone ST147 174 

destaca-se por sua capacidade de abrigar múltiplas carbapenemases, como KPC, NDM e OXA-175 

48, devido à presença de elementos genéticos móveis que facilitam a aquisição e transmissão 176 

desses genes. Evidências epidemiológicas indicam ainda a circulação de plasmídeos distintos 177 

portadores dos genes blaNDM-1 e blaOXA-48 em K. pneumoniae, resultando em padrões 178 

variados de disseminação e reforçando a necessidade premente de vigilância microbiológica 179 

contínua e coordenada (HERNANDEZ-GARCIA et al., 2024). 180 

No contexto da fronteira EUA-México, Benoit et al. (2014) documentaram tendências de 181 

resistência antimicrobiana em isolados clínicos de oito hospitais localizados em seis cidades ao 182 

longo dessa região entre os anos de 2000 e 2006. A resistência mais elevada foi observada em 183 

Staphylococcus aureus resistente à oxacilina (MRSA), com uma prevalência de 45,7%, seguida 184 

por P. aeruginosa resistente às quinolonas (22,3%) e Escherichia coli resistente às quinolonas 185 

(15,6%). Os autores sugerem que esses níveis de resistência estão fortemente associados ao uso 186 

abusivo e descontrolado de antimicrobianos, uma vez que nessa região é comum que pacientes 187 

cruzem a fronteira em busca de atendimento médico e adquiram antimicrobianos sem prescrição 188 

adequada. Essa prática, aliada ao fácil acesso a medicamentos no lado mexicano e ao uso 189 

inadequado, favorece a seleção e propagação de cepas multirresistentes, demonstrando a 190 

necessidade de ações coordenadas entre os países para conter a disseminação desses patógenos. 191 

 192 

 193 

1.2.3 Plantas medicinais 194 

As plantas constituem uma fonte bastante antiga de cura e tratamento para as mais 195 

diversas patologias que têm assolado a humanidade, e até mesmo nos dias atuais, permanecem 196 

invictas contribuindo para o desenvolvimento de novos medicamentos.  O que pode ser 197 

evidenciado através das ações do Food and Drug administration (FDA) que aprovou 16 novos 198 

medicamentos derivados de plantas nos anos de 2001 a 2010 (BOLZANI et al., 2012).  199 

 O uso terapêutico das plantas medicinais na saúde humana é historicamente construído 200 

pela sabedoria do senso comum por meio da articulação da cultura e saúde, sendo utilizada 201 

desde milhares de anos antes de Cristo (BRUNING, MOSEGUI, VIANNA, 2012).   202 

A mais antiga evidência escrita do uso de plantas medicinais foi encontrada em uma laje 203 

de argila suméria de Nagpur, com aproximadamente 5.000 anos, que cita em torno de 250 204 
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plantas. Algumas destas plantas são utilizadas até os dias atuais, como a papoula (Papaver 205 

somniferum) e a maconha (Cannabis sativa), as quais o uso tem sido descrito por pelo menos 206 

4.000 anos (AZEVEDO, 2018). 207 

A utilização de plantas medicinais é o resultado do acúmulo secular de conhecimentos 208 

empíricos sobre a ação delas por diversos grupos étnicos resultando na origem de uma medicina 209 

tradicional. No Brasil, além dos conhecimentos tradicionais indígenas, as contribuições trazidas 210 

nesse campo do conhecimento pelos imigrantes e pelos escravos tiveram importância 211 

significativa no surgimento de uma medicina popular rica baseada na utilização da 212 

biodiversidade vegetal (MACHADO, VARGAS, 2018). 213 

O Brasil tem uma das maiores biodiversidades do planeta, e muitas classes de princípios 214 

ativos têm sido isoladas de plantas medicinais brasileiras. Isto se dá pelo vasto território 215 

nacional, que abrange diferentes biomas, e possui mais de 56.000 espécies de plantas. Estima-216 

se que existam aproximadamente 500 mil espécies de plantas no mundo, sendo que cerca de 217 

30% apresentam potencial terapêutico. Esse cenário evidencia a biodiversidade brasileira como 218 

um campo vasto e promissor para a pesquisa científica (AZEVEDO, 2018). 219 

 O uso de plantas medicinais é uma prática comum entre a população brasileira e reflete 220 

uma herança cultural passada entre as gerações e fruto da miscigenação do povo. Dados da 221 

OMS, citada por Vieira et al. (2016), revelam que 80% da população dos países em 222 

desenvolvimento utiliza-se da medicina tradicional para manutenção de suas necessidades 223 

básicas de saúde.  224 

No entanto, de acordo com Azevedo et al. (2018), com o surgimento da indústria 225 

farmacêutica houve um declínio no uso terapêutico de plantas medicinais, observado no final 226 

do século XIX e começo do século XX. Entretanto, recentemente tem despertado um interesse 227 

em relação ao uso de plantas medicinais, principalmente devido aos expressivos efeitos 228 

colaterais causados pelas drogas sintéticas e ao aumento das contraindicações delas. Diante 229 

disso, pesquisadores brasileiros e companhias farmacêuticas brasileiras têm voltado seus 230 

esforços para o estudo de plantas medicinais nativas e seus princípios ativos. 231 

No Brasil, políticas como o Programa nacional de plantas medicinais e fitoterápicos 232 

(PNPMF) e a Política nacional de práticas integrativas e complementares (PNPIC) integram 233 

fitoterápicos ao Sistema Único de Saúde (SUS), promovendo seu uso seguro e regulamentado 234 

pela Agência Nacional de Vigilância Sanitária (ANVISA). Essas iniciativas valorizam a 235 

biodiversidade, o conhecimento tradicional e contribuem para a preservação cultural, o 236 
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desenvolvimento econômico sustentável e a proteção ambiental (CACCIA-BAVA et al., 2017; 237 

CARVALHO et al., 2011; PALHARES et al., 2021). 238 

 239 

1.2.4 Metabólitos secundários 240 

Os metabólitos produzidos pelos vegetais podem ser divididos em dois grupos: um 241 

conjunto de reações conhecidas como metabolismo primário e outro caracterizado por reações 242 

de metabolismo secundário. Este último possui funcionalidades, mas que não estão diretamente 243 

ligadas ao crescimento e desenvolvimento do organismo (COOPER e NICOLA, 2015). 244 

Em teoria, todas as plantas são capazes de produzir tais metabólitos, que ao longo do 245 

seu ciclo evolutivo, acabaram desenvolvendo mecanismos adaptativos de sobrevivência, ou 246 

seja, os metabólitos secundários presentes nas plantas medicinais desempenham papéis 247 

fundamentais na defesa contra estresses ambientais e na interação com organismos externos 248 

(VIZZOTTO, KROLOW e WEBER, 2010).  249 

Esses metabólitos podem ser divididos em três grupos quimicamente distintos: os 250 

terpenos, os fenólicos e os compostos nitrogenados. Os alcaloides se encontram no grupo dos 251 

compostos nitrogenados, e são constituídos por uma família com mais de 15.000 variedades 252 

estruturais desses produtos secundários, dentre os quais aproximadamente 20% são encontrados 253 

em espécies de plantas vasculares (AZEVEDO, 2018). 254 

Os terpenos são a maior classe de metabólitos secundários, formados a partir de 255 

isopreno, fazem parte deste grupo os monoterpenos, diterpenos, sesquiterpenos e triterpenos 256 

compondo os óleos essenciais. Na planta, conferem proteção contra herbívoros e patógenos, 257 

além de atrair polinizadores e dispersores de sementes por seus aromas. Apresentam 258 

propriedades antimicrobianas, antinflamatórias, ansiolíticas e analgésicas (CÂMARA et al., 259 

2024). 260 

 261 

1.2.5 Terminalia catappa 262 

Popularmente conhecida como amendoeira-da-praia, “castanhola” ou “chapéu-de-sol”, 263 

caracterizada por uma copa ampla ereta, casca cinza e lisa, e ramos dispostos horizontalmente, 264 

suas folhas são grandes, verdes escuras, brilhantes, em formato oval e elípticas que mudam de 265 

coloração para tons de marrom, dourado, vermelho ou amarelo antes de cair. Produtora de frutos 266 

alongados com uma única semente em seu interior, Terminalia catappa é uma árvore tropical, 267 

pertencente à família Combretaceae, é uma planta nativa do Sudeste Asiático, incluindo países 268 
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como Malásia, Índia e Filipinas e geralmente encontrada em regiões costeiras como o litoral do 269 

nordeste, sul e sudeste do Brasil, África e Ásia (HABIBBULAH et al., 2023; MWANGI, 2024). 270 

 Podendo chegar até 35 metros de altura, toda a planta (folhas, casca e sementes) é rica 271 

em compostos bioativos como taninos, flavonoides e alcaloides. E tais metabólitos conferem a 272 

esse material vegetal propriedades antioxidantes, antinflamatórias, antimicrobianas, 273 

antidiabéticas e hepatoprotetoras, motivo pelo qual apresenta ampla utilização na medicina 274 

tradicional em diferentes culturas (ZANATTA et al., 2023). 275 

 276 

Figura 1: Árvore de 7 copas (Terminalia catappa) 277 

 278 
Fonte: SETE COPAS (2025). 279 

 280 

 T. catappa de um modo geral apresenta potencial etnofarmacológico, visto que todas as 281 

suas partes podem ser utilizadas medicinalmente. Desde a casca (desinteria), frutos 282 

(antimicrobianos) e principalmente suas folhas que podem ser utilizadas para diversas 283 

finalidades, tanto na prevenção de doenças quanto no tratamento delas, através de propriedades 284 

antioxidantes, antinflamatórias, antibacterianas, cardioprotetoras, hepatoprotetoras, 285 

anticancerígenas e até mesmo quimiopreventivas (HABIBBULAH et al., 2023). 286 

Do ponto de vista antibacteriano, os compostos bioativos de T. catappa atuam de 287 

maneira sinérgica para inibir o crescimento bacteriano. Os flavonoides, por exemplo, interferem 288 

na formação de biofilmes bacterianos, enquanto os taninos precipitam proteínas microbianas, 289 

inibindo a adesão bacteriana. Os terpenoides agem desestabilizando a membrana celular das 290 

bactérias, e as saponinas têm a capacidade de romper essas membranas, levando à lise celular. 291 
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Em conjunto, esses compostos tornam T. catappa uma promissora fonte natural de substâncias 292 

com potencial antibacteriano. (MWANGI et al., 2024).  293 

Estudos demonstram que o extrato metanólico de T. catappa mostrou-se eficaz contra 294 

cepas resistentes como Escherichia coli, Staphylococcus aureus e Klebsiella pneumoniae, 295 

embora tais estudos não contemplem cepas relacionadas à resistência aos carbapenêmicos, eles 296 

indicam que a planta é uma promissora fonte de compostos antimicrobianos para o combate a 297 

infecções por enterobactérias e cepas multirresistentes (SOWMYA, 2021). 298 

 299 

1.2.6 Psychotria viridis e Banisteropsis caapi 300 

Psychotria viridis é uma planta arbustiva de pequeno porte (possui entre 2 e 3 metros 301 

de altura) pertencente à família Rubiaceae. Também denominada “Rainha” ou “Chacrona”, ela 302 

está presente principalmente na Floresta Amazônica, bem como no México e nas Antilhas, 303 

Bolívia, Argentina e sudeste do Brasil, no entanto, por estar relacionada a questões religiosas, 304 

podem ser encontradas plantações em várias partes do mundo. A espécie possui em suas folhas 305 

o alcaloide dimetiltriptamina (DMT), uma amina indólica que é considerada um potente 306 

alucinógeno (AZEVEDO, 2018). 307 

 308 

Figura 2: Psychotria viridis 309 

 310 
Fonte: DOMÍNGUEZ-CLAVÉ et al. (2016). 311 

 312 

Banisteriopsis caapi, também conhecida como “Jagube” ou “Mariri”, é um tipo de cipó 313 

ou trepadeira gigante pertencente à família Malpighiaceae. Presente nas regiões Norte (Acre, 314 

Amazonas, Pará e Rondônia) e Centro-Oeste (Mato Grosso), em um tipo de vegetação de 315 

floresta de terra firme, tendo seu domínio fitogeográfico na região Amazônica. Neste cipó são 316 
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encontrados alcaloides beta-carbonílicos, sendo os principais: harmina, harmalina e 317 

tetrahidroharmina, capazes de inibir a enzima Monoamina oxidase tipo A (MAO-A), enzima 318 

responsável pela degradação da serotonina endógena (PENA, 2013). 319 

 320 

Figura 3: Banisteropsis caapi 321 

 322 
Fonte: DOS (2025). 323 

 324 

 325 

A junção das folhas da P viridis com os caules da B. caapi dão origem a uma bebida 326 

chamada Ayahuasca e promovem uma combinação sinérgica, pois o cipó possui alcaloides 327 

beta-carbonílicos que realizam a metabolização da DMT, impedindo que esse alcaloide seja 328 

ativado quando administrado por via oral (AZEVEDO, 2018; ESTRELLA-PARRA, 329 

ALMANZA-PEREZ, ALARCON-AGUILAR, 2019).  330 
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Esta bebida tem sido amplamente utilizada por tribos indígenas em rituais religiosos 331 

como fonte de obter crescimento pessoal e conexão espiritual, mas também em cenários 332 

recreativos, tornando-se uma grande preocupação para a saúde pública devido à sua toxicidade. 333 

No entanto, muitos estudos ainda estão sendo realizados para a sua utilização no tratamento 334 

médico, principalmente no campo das doenças psiquiátricas (SIMÃO et al., 2020). 335 

 336 

1.2.7 Considerações Finais 337 

Diante do agravamento da resistência antimicrobiana e a dificuldade no tratamento de 338 

infecções causadas por microrganismos resistentes, torna-se indispensável a busca por novas 339 

opções terapêuticas. As plantas medicinais, como Terminalia catappa, Banisteriopsis caapi e 340 

Psychotria viridis, têm demonstrado potencial antimicrobiano promissor, podendo representar 341 

uma fonte para novos compostos bioativos.  342 

Nesse contexto, destaca-se a urgência em encontrar alternativas eficazes contra bactérias 343 

produtoras de carbapenemases, especialmente KPC e NDM, que estão entre os principais 344 

mecanismos de resistência a antibióticos de última linha e têm sido responsáveis por surtos 345 

hospitalares de difícil controle. 346 

Considerando a biodiversidade brasileira e a necessidade de soluções inovadoras, a 347 

exploração científica desses recursos naturais pode contribuir expressivamente para o 348 

desenvolvimento de estratégias terapêuticas mais acessíveis e eficazes, sobretudo em contextos 349 

hospitalares e regiões fronteiriças, onde a disseminação de cepas resistentes representa um 350 

grande desafio à saúde pública. 351 

352 
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1.4 Objetivo 431 

 432 

Investigar o perfil de resistência de Klebsiella pneumoniae produtora de carbapenemases (KPC 433 

e NDM) em um hospital de urgência na tríplice fronteira entre Brasil, Paraguai e Argentina, 434 

compreender os aspectos sociodemográficos dos pacientes afetados e avaliar a eficácia dos 435 

extratos de Terminalia catappa, Banisteriopsis caapi e Psychotria viridis contra essas cepas 436 

resistentes.  437 
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ABSTRACT 

The aim of this study was to investigate bacterial resistance in infections caused by Klebsiella 

pneumoniae producing carbapenemases (KPC and NDM) in an emergency hospital located in 

the tri-border region of Brazil–Paraguay–Argentina. A total of 48 samples positive for KPC 

and/or NDM were analyzed, identified through microbiological and molecular methods. 

Clinical data were obtained from hospital reports and organized in spreadsheets. It was observed 

that 58.3% of the patients were male, with a mean age of 64 years, all residing in Foz do Iguaçu; 

62.5% used the public health system. Most samples originated from intensive care units 

(47.9%). The isolates showed 100% resistance to penicillins, cephalosporins, and carbapenems, 

as well as high resistance to aminoglycosides and sulfonamides (95.8%). The lowest resistance 
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rates were to colistin (22.9%) and ceftazidime/tazobactam (39.6%). KPC-producing strains 

were the most prevalent (60.4%), followed by NDM (27.1%) and co-producing strains (12.5%). 

It is concluded that there was a predominance of elderly patients, users of the public health 

system, and ICU admissions, with a higher prevalence of KPC-mediated resistance. The study 

reinforces the importance of epidemiological surveillance and public policies aimed at 

containing the dissemination of resistant microorganisms in regions with intense population 

movement. 

Keywords: Carbapenemases; Tri-border region; Klebsiella pneumoniae; KPC; NDM. 

 

RESUMO 

O objetivo deste estudo foi investigar a resistência bacteriana em infecções por Klebsiella 

pneumoniae produtoras de carbapenemases (KPC e NDM) em um hospital de urgência da 

tríplice fronteira Brasil–Paraguai–Argentina. Foram analisadas 48 amostras positivas para KPC 

e/ou NDM, identificadas por métodos microbiológicos e moleculares. Os dados clínicos foram 

obtidos de relatórios hospitalares e organizados em planilhas. Observou-se que 58,3% dos 

pacientes eram homens, com média de idade de 64 anos, todos residentes em Foz do Iguaçu; 

62,5% utilizaram o SUS. As amostras eram majoritariamente de UTI (47,9%). Os isolados 

apresentaram resistência de 100% a penicilinas, cefalosporinas e carbapenêmicos, além de alta 

resistência a aminoglicosídeos e sulfonamidas (95,8%). A menor resistência foi à colistina 

(22,9%) e à ceftazidima/tazobactam (39,6%). Cepas KPC foram mais prevalentes (60,4%), 

seguidas por NDM (27,1%) e por co-produtoras (12,5%). Conclui-se que houve predominância 

de pacientes idosos, usuários do SUS e internados em UTI, com maior prevalência de 

resistência mediada por KPC. O estudo reforça a importância da vigilância epidemiológica e de 
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políticas públicas para conter a disseminação de microrganismos resistentes em regiões de 

intensa circulação populacional. 

Palavras-chaves: Carbapenemases; Fronteira trinacional; Klebsiella pneumoniae; KPC; 

NDM. 

 

RESUMEN 

El objetivo de este estudio fue investigar la resistencia bacteriana en infecciones por Klebsiella 

pneumoniae productoras de carbapenemasas (KPC y NDM) en un hospital de urgencias 

ubicado en la triple frontera Brasil–Paraguay–Argentina. Se analizaron 48 muestras positivas 

para KPC y/o NDM, identificadas mediante métodos microbiológicos y moleculares. Los datos 

clínicos se obtuvieron de informes hospitalarios y se organizaron en hojas de cálculo. Se 

observó que el 58,3% de los pacientes eran hombres, con una edad media de 64 años, todos 

residentes en Foz do Iguaçu; el 62,5% utilizó el sistema público de salud. La mayoría de las 

muestras procedía de unidades de cuidados intensivos (47,9%). Los aislamientos mostraron 

resistencia del 100% a penicilinas, cefalosporinas y carbapenémicos, además de alta resistencia 

a aminoglucósidos y sulfonamidas (95,8%). La menor resistencia se observó frente a colistina 

(22,9%) y ceftazidima/tazobactam (39,6%). Las cepas productoras de KPC fueron las más 

prevalentes (60,4%), seguidas por NDM (27,1%) y las co-productoras (12,5%). Se concluye 

que hubo predominio de pacientes ancianos, usuarios del sistema público de salud e internados 

en UCI, con mayor prevalencia de resistencia mediada por KPC. El estudio refuerza la 

importancia de la vigilancia epidemiológica y de políticas públicas dirigidas a contener la 

diseminación de microorganismos resistentes en regiones de intensa circulación poblacional. 

Palabras clave: Carbapenemasas; Frontera trinacional; Klebsiella pneumoniae; KPC; NDM. 
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INTRODUCTION 

Bacterial resistance is an extremely serious concern that has reached alarming 

proportions, especially in hospital settings, and is a public health challenge on a global scale.1-

2. According to the World Health Organization, projections indicate that by 2050, if no effective 

measures are taken to contain this threat, infections caused by pathogenic microorganisms could 

result in the deaths of up to 10 million people annually worldwide. Furthermore, this problem 

could cause economic damage of catastrophic magnitude and push up to 24 million people into 

extreme poverty3-6.  

Factors such as the indiscriminate use of antibiotics, inappropriate prescriptions and 

treatment failures have contributed to accelerating the process of bacterial resistance and this 

allows bacteria, including enterobacteria, which are capable of carrying mobile genetic 

elements, such as plasmids, to acquire and transfer resistance mechanisms to other 

enterobacteria easily and quickly7-8. 

Carbapenemases are enzymes produced by bacteria that can deactivate or hydrolyze 

antibiotics of the beta-lactam class, which includes carbapenems (such as imipenem, 

meropenem, and ertapenem)5. This has resulted in a significant increase in human mortality 

rates, as this form of resistance drastically limits therapeutic options for treating infections, with 

carbapenems being considered the last line of defense in treating infections, making resistance 

to them a critical threat to public health9. 

The mortality rate linked to infections caused by enterobacteria, such as Klebsiella 

pneumoniae, for example, can reach up to 75%, varying according to the age and health 

condition of the population under analysis and among the different types of carbapenemases 

documented, from an epidemiological point of view, class A carbapenemases (KPC) and class 

B carbapenemases (NDM) are extremely relevant due to their rapid dissemination capacity3. 
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Around 70,800 vehicles and 150,000 people travel across the Triple Frontier daily. Foz 

do Iguaçu is located in the far west of the State of Paraná, Brazil, in a region that shares borders 

with two countries, Paraguay and Argentina. The high mobility of the population in this area 

creates an environment prone to the easy transport of pathogenic microorganisms from one 

place to another, increasing the risk of epidemic occurrences10. 

 Epidemiological surveillance of carbapenemase-producing strains is essential due to the 

high mortality associated with them and their rapid dissemination via plasmids. In this context, 

this study aimed to investigate the resistance profile of Klebsiella pneumoniae (KPC and NDM) 

in a hospital in the triple border region (Brazil, Paraguay, and Argentina) and to analyze the 

sociodemographic aspects of patients, to support prevention, control and management strategies 

in public health. 

 

METHODOLOGY 

Ethical aspects 

This project was approved by the Research Ethics Committee (CEP) of Universidade 

Paranaense – UNIPAR, under opinion number 5,171,267. All bacterial strains used in this 

research were obtained as part of the clinical routine of the hospital where the study was 

conducted. The samples analyzed came from routine examinations of hospitalized patients, 

recorded in hospital reports, and corresponded to positive cultures of Klebsiella pneumoniae 

producing KPC or NDM carbapenemases. 

 

Study location 
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The study was conducted at a Private Hospital in the city of Foz do Iguaçu in the State 

of Paraná - Brazil. The institution has 202 inpatient beds, including 35 intensive care beds, with 

an average of 923 hospitalizations per month and approximately 398 surgeries per year.  

 

Samples 

It was composed of blood, urine, rectal swab, tracheal secretion and tissue samples from 

individuals who sought hospital medical care for some health disorder and presented positive 

microbial culture results for carbapenemase-producing Enterobacterales, Klebsiella 

pneumoniae carbapenemase (KPC) or New Delhi metallo-betalactamase (NDM) in the period 

from December 2021 to December 2022. 

 

Research Instrument 

The information was collected through a data report prepared by the Hospital's own IT 

department, to prevent access to the patient's medical records, protecting their information.  

The research instrument included demographic data (age, sex, education level, and city 

of origin) and epidemiological data (resistance mechanism, hospitalization sector, clinical 

outcome, and bacterial resistance profile), organized in a Microsoft Excel 2010 spreadsheet. 

 

Collection of data from laboratory analyses 

Microbiology 

Microbiological analyses were performed in the hospital laboratory, using the 

automated Vitek 2 system (Biomerieux®) for biochemical identification and determination of 

the minimum inhibitory concentration. Klebsiella pneumoniae isolates resistant to penicillins, 

cephalosporins, and carbapenems were selected. Identification occurred using GN cards, while 
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cards 238 and 239 were applied to antibiograms of urinary samples and other biological 

materials, respectively. Resistance was defined by MIC ≥ 2 µg/mL for meropenem/imipenem 

and ≥ 1 µg/mL for ertapenem, according to guidelines from ANVISA (Technical Note 01/2013) 

and the Brazilian Committee for Antimicrobial Susceptibility Testing. In addition, 

complementary tests were performed, including the Resist 3 OKN immunochromatographic 

test (CorisBioconcept®), to identify KPC, NDM, and OXA-48. 

 

Molecular Biology 

All isolates were identified by real-time PCR with primers specific for the blaKPC and 

blaNDM genes, using Taqman chemistry, with an endogenous bacterial control of the 16S 

rDNA region, which is highly conserved in the species4. 

The extraction of genetic material was performed using the thermal lysis technique, with 

bacterial colonies resuspended in 200 µL of ultrapure water in sterile microtubes, free of DNAse 

and RNAases, and incubated at 99°C for 10 minutes4. 

The investigated genes were amplified using the following primers and probes (Table 

1), as described by Batista4: 

 

Table 1 – List of primers and probes used to perform the molecular identification of K. 

pneumoniae isolates in biological samples collected from patients hospitalized at an 

emergency hospital in Foz do Iguaçu (Paraná, Brazil) from December 2021 to December 

2022. 

Gene target Primer/Probe 
 

Sequence (5' → 3') 

 

KPC 

F Primer GGC CGC CGT GCA ATA C 

R Primer GCC GCC CAA CTC CTT CA 
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Probe FAM-TG ATA ACG CCG CCG CCA ATT TGT-

BHQ 

 

NDM 

F Primer GAC CGC CCA GAT CCT CAA 

R Primer CGC GAC CGG CAG GTT 

Probe HEX-TG GAT CAA GCA GGA GAT-BHQ 

 

16S rRNA 

F Primer TGG AGC ATG TGG TTT AAT TCG A 

R Primer TGC GGG ACT TAA CCC AAC A 

Probe CY5-CA CGA GCT GAC GAC ARC CAT GCA-

BHQ 

Subtitles: F – Forward; R – Reverse 

 

Real-time PCR was performed with the QuantStudio 7 Flex - Real time PCR System 

(Thermofisher®) and the Luna® Universal qPCR Master Mix kit (Biolabs®). Cycling 

conditions consisted of 10 minutes at 95°C, followed by 40 cycles of 15 seconds at 95°C, and 

1 minute at 60°C4. 

 

RESULTS 

Forty-eight positive cultures of K. pneumoniae producing KPC and/or NDM were 

identified. Among the patients, 58.3% were male and 41.7% were female, with an average age 

of 64 years. The majority lived in Foz do Iguaçu (87.5%), while 10.4% were from other 

municipalities in Paraná and 2.1% from Paraguay. Regarding education, 50% did not provide 

information; among the others, 20.8% had completed elementary education, 16.7% had 

completed high school, 6.25% had incomplete elementary education, and 6.25% had 

incomplete high school. Regarding health coverage, 62.5% were covered by the SUS, 33.3% 
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by health plans, and 4.2% by private services. Samples were collected mainly in ICUs (47.9%), 

followed by inpatient wards (45.8%) and emergency departments (6.25%). 

 

Table 2 - Sociodemographic characteristics and care profile of patients included in the study 

at an emergency hospital in Foz do Iguaçu (Paraná, Brazil) from December 2021 to December 

2022. 

Characteristic  n % 

Total samples  48 100% 

Gender Male 28 58.3% 

 Female 20 41.7% 

Average age 64 years (19-84)   

Residence Foz do Iguaçu 42 87.5% 

Other municipalities in Paraná  5 10.4% 

Paraguay  1 2.1% 

Education Not informed 24 50% 

 Complete elementary 

school 

10 20.8% 

 Completed high 

school 

8 16.7% 

 Incomplete 

elementary school 

3 6.25% 

 Incompleted high 

school 

3 6.25% 

Health coverage SUS 30 62.5% 
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 Other plans 16 33.3% 

 Particular 2 4.2% 

Sample collection site ICU 23 47.9% 

 Inpatient ward 22 45.8% 

 EC/ER 3 6.25% 

Subtitle: SUS – Unified Health System; ICU – Intensive Care Unit; EC - Emergency 

Care; ER – Emergency Room. 

 

Rectal swabs were the most common samples (56.3%), followed by urine samples 

(22.9%), tracheal secretions (10.4%), and blood cultures (6.3%). Additionally, there were also 

a smaller number of tissue (2.1%) and catheter tip (2.1%) samples that exhibited resistance 

(Table 3). 

 

Table 3- Incidence of resistance mechanisms by K. pneumoniae KPC, NDM, and Co-

resistance (KPC/NDM) in biological samples collected from patients hospitalized at an 

emergency hospital in Foz do Iguaçu (Paraná, Brazil) from December 2021 to December 

2022. 
 

Urine Tracheal 

Secretion 

Tissue Catheter 

Tip 

Blood 

culture 

Rectal 

swab 

No. % 

K. pneumoniae 

KPC 

6 3 1 1 3 15 29 60.4 

K. pneumoniae 

NDM 

4 2 0 0 0 7 13 27.1 
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K. pneumoniae 

KPC/NDM 

1 0 0 0 0 5 6 12.5 

TOTAL 11 5 1 1 3 27 48 100.0 

Subtitle: K. pneumoniae – Klebsiella pneumoniae; KPC – Klebsiella pneumoniae 

carbapenemase; NDM – New Delhi Metalo-betalactamase. 

 

Regarding the resistance profile, the KPC enzyme was predominant in all biological 

samples (60.4%), compared to the NDM enzyme (27.1%). Furthermore, co-resistance (12.5%) 

was identified less frequently than the other types of resistance, as also demonstrated in Table 

4. 

 

Table 4 - Distribution of positive samples for K. pneumoniae KPC, NDM, and Co-resistance 

(KPC/NDM) in biological samples collected from patients hospitalized at an emergency 

hospital in Foz do Iguaçu (Paraná, Brazil) from December 2021 to December 2022. 

 KPC NDM KPC/NDM Nº % 

Urine 6 4 1 11 22.9 

Tracheal Secretion 3 2 0 5 10.4 

Tissue 1 0 0 1 2.1 

Catheter Tip 1 0 0 1 2.1 

Blood culture 3 0 0 3 6.3 

Rectal swab 15 7 5 27 56.3 

TOTAL 29 13 6 48 100.0 

Legenda: K. pneumoniae – Klebsiella pneumoniae; KPC – Klebsiella pneumoniae 

carbapenemase; NDM – New Delhi Metalo-betalactamase. 
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The antimicrobial resistance profile was widely elevated among the isolates analyzed, 

except for ceftazidime/tazobactam (39.6%) and colistin (22.9%), which presented lower 

resistance rates compared to the other drugs tested. 

The tissue sample showed concomitant sensitivity to both antibiotics, while the isolates 

from the catheter tip and blood cultures revealed sensitivity restricted to 

ceftazidime/tazobactam.  

In urinary samples, universal resistance to β-lactams, quinolones, and aminoglycosides 

was observed; however, sensitivity was observed in one sample to sulfonamide, in eight 

(72.7%) to colistin, and in six (54.5%) to ceftazidime/tazobactam.  

Among the isolates from tracheal secretion, two (40%) showed sensitivity to amikacin, 

while three (60%) were sensitive to both ceftazidime/tazobactam and colistin, maintaining 

resistance to the other classes tested.  

Finally, the isolates obtained from rectal swabs showed high levels of sensitivity to 

colistin (88.9%), followed by ceftazidime/tazobactam (55.6%) and sulfonamide (3.7%), 

although they were resistant to all other antimicrobials evaluated. 
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Table 5 - Resistance profile of K. pneumoniae strains in biological samples collected from patients hospitalized at an emergency hospital in Foz 

do Iguaçu (Paraná, Brazil) from December 2021 to December 2022. 

ANTIBIOTICS Urine Tracheal 

Secretion 

Tissue Catheter 

Tip 

Blood 

culture 

Rectal 

swab 

KPC NDM KPC/NDM No. % 

Amox/ Clavulanate 11 5 1 1 3 27 29 13 6 48 100 

Amikacin 11 3 1 1 3 27 29 11 6 46 95.8 

Cefepime 11 5 1 1 3 27 29 13 6 48 100 

Ceftriaxone 11 5 1 1 3 27 29 13 6 48 100 

Ciprofloxacin 11 5 1 1 3 27 29 13 6 48 100 

Gentamicin 11 5 1 1 3 27 29 13 6 48 100 

Ertapenem 11 5 1 1 3 27 29 13 6 48 100 

Meropenem 11 5 1 1 3 27 29 13 6 48 100 

Imipenem 11 5 1 1 3 27 29 13 6 48 100 

Ceftazidime/ Tazo 5 2 0 0 0 12 0 13 6 19 39.6 

Colistin 3 2 0 1 2 3 4 7 0 11 22.9 
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SUT 10 5 1 1 3 26 29 11 6 46 95.8 

Subtitle: Amox/ Clavulanate – Amoxicillin/ Clavulanate; Ceftazidime/ Tazo – Ceftazidime/ Tazobactam; SUT – Sulfazotrim/ Trimethoprim. 



50 

 
According to the observed resistance profile, colistin stood out as the antibiotic with the 1 

highest sensitivity, followed by ceftazidime/tazobactam. On the other hand, beta-lactams 2 

showed a 100% resistance rate in these strains, while the aminoglycoside amikacin, combined 3 

with sulfonamide, demonstrated a 95.8% resistance rate (Table 5). 4 

In the case of KPC samples, total resistance to all beta-lactams, aminoglycosides, 5 

quinolones, and sulfonamides was observed. Only four (13.8%) samples demonstrated 6 

resistance to colistin, and no strains showed resistance to ceftazidime/tazobactam. 7 

On the other hand, strains carrying the NDM enzyme exhibited resistance to beta-8 

lactams and ceftazidime/tazobactam. Only two (15.4%) strains showed sensitivity to 9 

quinolones and sulfonamides, while six of them showed sensitivity to colistin. 10 

In contrast, strains with co-resistance revealed comprehensive resistance to all 11 

antibiotics except colistin. 12 

 13 

DISCUSSION 14 

Given the limited progress in developing new drugs in response to the rapid spread of 15 

resistant microorganisms, studies like this are essential for expanding knowledge and 16 

supporting containment strategies, including improvements in institutional management and 17 

hospital conditions. 18 

In border areas, the movement of people and goods is intense, which can facilitate the 19 

spread of resistant microorganisms to different geographic regions. Therefore, a thorough 20 

understanding of antimicrobial resistance and the implementation of effective hospital infection 21 

control strategies are of paramount importance in these areas. Furthermore, international 22 

collaboration and coordination between the health systems of different countries in border 23 

regions are essential to prevent outbreaks of drug-resistant infections and protect public health 24 

as a whole10.  25 
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Forty-eight microbial cultures positive for K. pneumoniae producing the carbapenemase 26 

enzymes KPC and/or NDM were identified during the period covered by the research. 27 

Within this group, there was a male majority (58.3%) compared to females (41.7%). 28 

The high proportion of men infected by K. pneumoniae corroborated the findings of several 29 

studies, such as Mariappan, Sekar, and Kamalanathan13, Chen et al.14 and Stewart et al.15, all of 30 

which presented the following results: 66.7%, 69.4%, and 60% successively. According to 31 

Dias, Brouwer, and van de Beek16, this trend can be attributed to hormonal variations and 32 

distinct immunological responses between men and women, giving men a possible advantage 33 

in terms of survival. Furthermore, Adrie et al.17 suggest that women are less likely than men to 34 

undergo intensive medical evaluations and invasive procedures related to heart disease. Even 35 

though they are more likely to recommend and adhere to long-term ongoing health care, they 36 

demonstrate resistance to acute care. 37 

Thus, the predominance of males among cases (58.3%) may suggest that there is a 38 

gender predisposition to these infections or may reflect differences in exposure or health care 39 

between the sexes18-19. However, further research is needed to better understand this 40 

discrepancy. 41 

The average age of patients was around 64 years, with the highest concentration of cases 42 

occurring in individuals residing in the city of Foz do Iguaçu (87.5%), while another five cases 43 

(10.4%) were citizens residing in different municipalities in the state of Paraná; only one (2.1%) 44 

case was a resident in Paraguay. 45 

Other studies, such as Chen et al.14 and Stewart et al.15, reported mean values very 46 

similar to those found in this study, which suggests a direct relationship with the profile of 47 

patients admitted to each hospital unit. Furthermore, the average age of affected patients (64 48 

years) highlights the importance of considering the age range when analyzing these infections, 49 
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since elderly patients often have more fragile immune systems and may be more susceptible to 50 

bacterial infections20. 51 

The fact that most cases occurred in Foz do Iguaçu residents (87.5%) may be attributed 52 

to the acute hospital nature of the study, which primarily attracts local patients in emergencies. 53 

Studies focusing on microbial resistance are still scarce in this region; however, data published 54 

by the Health Surveillance Agency21 indicate Foz do Iguaçu as the sixth municipality in Paraná 55 

in the number of notifications of healthcare-associated infections (HAIs). The presence of cases 56 

from other municipalities in Paraná (10.4%) and Paraguay (2.1%) highlights the importance of 57 

infection control measures (screening for resistant samples and geographic monitoring of these 58 

strains) that transcend geographic borders4,22. 59 

Regarding education, 24 (50%) individuals failed to provide such information during 60 

the registration process. Among the others, the majority had completed elementary school 61 

(20.8%), followed by completed secondary school (16.7%), incomplete elementary school 62 

(three cases – 6.25%), and incomplete secondary school (6.25%). 63 

Underreporting and lack of data related to the lack of education information for half of 64 

the individuals are critical issues. They highlight the urgent need to improve the collection of 65 

demographic information in medical records, since the availability of detailed and reliable data 66 

is essential to guide the implementation of health promotion strategies at different levels, 67 

whether local, regional, national, or even international. Obtaining accurate information about 68 

patient profiles is essential for formulating health policies that meet the specific needs of each 69 

community, thus improving medical care and promoting health more efficiently and 70 

comprehensively23-24. 71 

If we analyze the cases in which education data were available in this study, the majority 72 

of individuals had completed elementary education (20.8%). This highlights the importance of 73 
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targeting educational measures related to infection prevention for this group. However, this data 74 

may be corrupted by the lack of information provided in the registration of these patients. 75 

Regarding health coverage, the Unified Health System (SUS) was the most common 76 

plan used among these patients (62.5%), followed by other health plans (33.3%) and private 77 

plans (4.2%).  78 

The predominance of the Unified Health System (SUS) as a health plan among patients 79 

(62.5%) may indicate that the majority of those affected do not have the financial resources for 80 

private health plans and reinforces the need for investments in public health and improvement 81 

of the SUS care system to deal with antibiotic-resistant infections. In this context, the use of 82 

strategies for more appropriate and targeted treatments, together with cost reduction, becomes 83 

essential. By improving the treatment of antibiotic-resistant diseases in this system (SUS), we 84 

not only meet the needs of patients who depend on it, but also contribute to the efficiency of 85 

public resources and to containing the spread of bacterial resistance, which is a global threat to 86 

public health25. 87 

The origin of the samples was mainly concentrated in intensive care units (47.9%), 88 

followed by hospitalization wards (45.8%) and emergency entrance doors, that is, the 89 

Emergency Care and Emergency Room sectors (6.25%).  90 

These findings are consistent with research conducted in different hospitals in Brazil, 91 

which also revealed high rates of positivity of microbial cultures of biological samples in critical 92 

areas, such as intensive care units26-27. The collection of samples primarily in intensive care 93 

units (47.9%) and inpatient wards (45.8%) highlights the importance of surveillance in critical 94 

hospital settings, where patients often have weakened immune systems and are at greater risk 95 

of infections28. 96 
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Furthermore, the intense manipulation and use of invasive devices allows greater 97 

accessibility to infectious processes and the use of more potent medications, often 98 

unnecessarily, facilitating the selection of resistant microorganisms13. 99 

The results of this study reveal a worrying prevalence of infections caused by strains of 100 

Klebsiella pneumoniae producing the carbapenemase enzymes KPC and/or NDM in the 101 

municipality of Foz do Iguaçu, Paraná. These enzymes are known for their ability to inactivate 102 

or hydrolyze beta-lactam antibiotics, including carbapenems, which makes these infections 103 

challenging to treat29-31. 104 

Analysis of the resistance profile of the strains revealed that the KPC enzyme was the 105 

most predominant (60.4%), followed by NDM (27.1%)32. An epidemiological study conducted 106 

by Wang et al.33 identified the prevalence of the KPC-2 gene in different regions, including 107 

South America, China, and the United States. Notably, the presence of co-resistance (12.5%) 108 

was observed less frequently in this study. However, in a parallel study carried out by Thomas 109 

et al.34 during the pandemic, lower co-resistance values were recorded for this same profile in 110 

several countries, such as Colombia (3.6%), Brazil (4.7%), and Uruguay (5.6%), with only six 111 

cases recorded in Paraguay. In contrast, Argentina showed notable positivity (96%) in this 112 

context. 113 

These findings reveal the complexity of the spread of bacterial resistance and the 114 

geographic variation in co-resistance rates. Therefore, understanding these patterns is essential 115 

to guide the creation of control and treatment actions, especially in areas where co-resistance is 116 

more pronounced, as in the case of Argentina. Furthermore, these studies reinforce the 117 

importance of continuous epidemiological surveillance and collaborative research on a global 118 

scale to combat the growing threat of antibiotic-resistant infections, especially in areas with 119 

high human circulation, such as border areas. 120 
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Although Foz do Iguaçu (PR) is located in this region of great population mobility, 121 

where a migratory flow of 289,820 people was recorded in just one month (January/2024)41 and 122 

receives tourists from all over the world, the KPC study continues to be an isolated phenomenon 123 

in this location. To date, there are no records of other studies addressing bacterial resistance in 124 

this city. However, based on the results of this study, it is suggested that resistance to 125 

carbapenems, mainly KPC, constitutes a threat to the Brazilian border with Paraguay and 126 

Argentina. 127 

This scenario highlights the importance of early diagnosis of resistant strains, since 128 

inadequate management can facilitate the dissemination of plasmids containing resistance 129 

information to other microorganisms, which, in turn, can negatively impact therapy and the 130 

clinical outcome of patients. 131 

Resistance to multiple antibiotics was a prominent feature of the strains, except for 132 

ceftazidime/avibactam (39.6%) and colistin (22.9%)35. These findings contrast with a previous 133 

study conducted in the State of Paraná by Pillonetto et al.36, which reported lower rates of 134 

carbapenem resistance in a similar group of individuals. However, on the other hand, a study 135 

conducted by Silva et al.37 identified a sensitivity profile more in line with the results obtained 136 

in this research, with sensitivity rates of 31.4% for colistin and 18.57% for 137 

ceftazidime/avibactam. 138 

These findings emphasize the need to adopt rigorous infection control measures, 139 

accompanied by the encouragement of sound public policies, as well as the stimulation of the 140 

continuous development of new antimicrobial biomolecules. Medicinal plants, throughout 141 

history, have been shown to be valuable sources of bioactive compounds with antimicrobial 142 

properties. Exploring these natural resources not only expands our therapeutic arsenal but may 143 

also offer safer and more sustainable solutions to the growing bacterial resistance. Therefore, 144 

the convergence of these strategies is extremely important to deal with this problem, ensuring 145 
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the maintenance of the effectiveness of treatments and preserving public health 146 

comprehensively and sustainably. 147 

Sensitivity to colistin and ceftazidime/tazobactam in some strains is encouraging, as it 148 

suggests the possibility of effective treatment in selected cases. However, the emergence of 149 

strains resistant to these antibiotics, as emphasized by Livermore38, must be closely monitored, 150 

as it aims to anticipate outbreaks of resistant infections, guide the appropriate prescription of 151 

antibiotics, avoid inappropriate use, and contribute to the development of new drugs. Finally, 152 

monitoring is essential to maintain treatment effectiveness and protect public health. 153 

The use of ceftazidime-avibactam has been shown to be a viable alternative to colistin 154 

in the treatment of carbapenemase-resistant strains, presenting a reduced risk of renal 155 

parenchymal damage due to its lower nephrotoxicity compared to colistin.30. 156 

According to data provided by the United States Food and Drug Administration (FDA), 157 

approval of new antibiotics has decreased by more than 50% in the last two decades. This 158 

highlights the importance of managing antimicrobial therapies judiciously to avoid irrational 159 

use and contain the development of resistance to these newer drugs37. 160 

In summary, this study highlights the prevalence and complexity of KPC and NDM 161 

infections in an emergency hospital in Foz do Iguaçu. These results highlight the need for 162 

comprehensive infection control strategies, epidemiological surveillance, and the development 163 

of new antibiotics to address bacterial resistance. Therefore, a deep understanding of patient 164 

profiles, including demographic factors, health conditions, and resistance patterns, allows for 165 

the creation of targeted preventive and therapeutic measures. Furthermore, the collection of 166 

epidemiological data contributes to active surveillance and early identification of outbreaks, 167 

enabling rapid and effective intervention. 168 

 Furthermore, the development of bioactive molecules, especially those derived from 169 

medicinal plants, opens up new perspectives in the fight against antibiotic-resistant infections. 170 
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These molecules offer an innovative and sustainable therapeutic approach that can complement 171 

the existing arsenal of drugs4, 39-40. 172 

 173 

CONCLUSION 174 

The results of this study highlight the high prevalence of infections caused by K. 175 

pneumoniae producing KPC and/or NDM carbapenemases, with a predominance in male 176 

patients, elderly patients, and residents of Foz do Iguaçu. Most cases occurred in patients treated 177 

by the SUS and admitted to intensive care units, highlighting the impact of these infections in 178 

the hospital environment. The most frequent samples were rectal swabs and urine, highlighting 179 

the importance of epidemiological surveillance for tracking and controlling the spread of these 180 

multidrug-resistant pathogens. The resistance profile demonstrated a high degree of resistance 181 

to beta-lactams, aminoglycosides, and quinolones, with relatively preserved sensitivity only to 182 

colistin and ceftazidime/tazobactam. The identification of co-resistant strains reinforces the 183 

urgent need for rigorous infection control measures, rational use of antimicrobials, and the 184 

development of new therapeutic approaches to contain the spread of these clinically and 185 

epidemiologically relevant microorganisms. 186 

Therefore, the implementation of socio-educational measures and greater public action 187 

through municipal health departments must be intensified in this region in order to strengthen 188 

epidemiological surveillance, contain the spread of multidrug-resistant pathogens, and reduce 189 

the impact of these infections on the population. 190 
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 352 

ABSTRACT 353 

Bacterial resistance is a problem that raises concerns due to its rapid growth, contributing to the 354 

inefficiency of next-generation antimicrobials. In this context, the objective of this study was 355 

to evaluate the activity of extracts from Terminalia catappa, Banisteriopsis caapi, and 356 

Psychotria viridis against strains of Klebsiella pneumoniae resistant to carbapenemases KPC 357 

and NDM. These samples were isolated from clinical samples from a Brazilian hospital located 358 

in a border region. Plant extracts were prepared, and the minimum inhibitory concentration 359 

(MIC) was determined using broth microdilution assays. The extract of Psychotria viridis 360 

showed antimicrobial activity, with MICs ranging from 2.5 mg/mL to 5 mg/mL for all tested 361 

strains. The extract of Banisteriopsis caapi exhibited MICs of 2.5 to 5 mg/mL, while Terminalia 362 

catappa had an MIC of 10 mg/mL. The combination of the extracts of Psychotria viridis and 363 

Banisteriopsis caapi achieved an MIC of 20 mg/mL. In summary, extracts of Psychotria viridis 364 

and Banisteriopsis caapi demonstrated significant bacteriostatic potential against resistant 365 

strains of K. pneumoniae, particularly Psychotria viridis. Although the combination of 366 

Banisteriopsis caapi and Psychotria viridis extracts did not exhibit synergism, their individual 367 

applications represent a promising approach, as highlighted by the high efficacy demonstrated 368 

in inactivating resistant strains. Future research should focus on identifying active compounds, 369 

their mechanisms of action, and the potential synergism with antimicrobials, aiming to develop 370 

new therapies against multidrug-resistant strains and to benefit border communities. 371 

INTRODUCTION 372 

The increase in infections caused by multidrug-resistant bacteria, such as Klebsiella 373 

pneumoniae, is a growing challenge for global public health due to the limitation of therapeutic 374 

options (Aguiar et al., 2023; WHO, 2022). This Gram-negative bacillus stands out for its ability 375 

to acquire and disseminate resistance genes, such as those encoding Klebsiella pneumoniae 376 

carbapenemase (KPC) and New Delhi metallo-beta-lactamase (NDM), conferring resistance to 377 
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carbapenems, antibiotics considered last-resort treatments, thus increasing morbidity and 378 

mortality rates as well as public health costs (Batista, 2020). 379 

In the border regions between Brazil, Paraguay, and Argentina, the circulation of 380 

resistant strains may be exacerbated by intense population mobility and the integration of 381 

healthcare systems among these countries, creating a favorable environment for the 382 

dissemination of these pathogens (EClinicalMedicine 2021). Their rapid transmission in 383 

hospital and community settings, coupled with the multifactorial resistance of many pathogens, 384 

results in the emergence of multidrug-resistant strains or even strains resistant to all available 385 

antibiotics (pan-resistant), leading to an alarming shortage of therapeutic options (WHO, 2022). 386 

This highlights the urgent need for new antimicrobial agents, particularly bioactive compounds 387 

derived from natural resources. 388 

Over time, plant extracts have been used in traditional medicine to treat various diseases, 389 

including bacterial infections, and scientific research has confirmed their therapeutic potential 390 

(Vaou et al., 2021). In Brazil, policies such as the National Program on Medicinal Plants and 391 

Phytotherapics (PNPMF) and the National Policy on Integrative and Complementary Practices 392 

(PNPIC) integrate phytotherapeutics into the Unified Health System (SUS). This promotes their 393 

safe use and regulation by the National Health Surveillance Agency (ANVISA). These 394 

initiatives enhance biodiversity, traditional knowledge, and contribute to cultural preservation, 395 

sustainable economic development, and environmental protection (Caccia-Bava et al., 2017; 396 

Carvalho et al., 2011; Palhares et al., 2020). 397 

In this context, plants such as Terminalia catappa, Banisteriopsis caapi, and Psychotria 398 

viridis stand out due to their proven medicinal properties, making them the focus of significant 399 

scientific interest (Azevedo, 2018; Mwangi et al., 2024; Rossi et al., 2022). 400 

Traditionally used to treat inflammation and liver diseases (Mwangi et al., 2024), 401 

Terminalia catappa, commonly known as the tropical almond tree, is found in tropical regions, 402 

mainly in coastal areas of northeastern, southern, and southeastern Brazil, as well as in Africa 403 

and Asia. Botanically, it is a medium to large tree whose leaves, fruits, and bark contain 404 

bioactive compounds such as tannins, flavonoids, and phenolic acids, with antioxidant, anti-405 

inflammatory, and hepatoprotective properties, and can yield up to 8.75% in crude ethanolic 406 

extract (Terças et al., 2017). 407 

Banisteriopsis caapi, also known as "mariri" or "jagube," is a vine native to the Amazon 408 

rainforest, mainly found in the northern and central-western regions of Brazil, in humid tropical 409 

forest areas. It is popularly recognized for its use in preparing Ayahuasca tea and contains 410 
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alkaloids such as harmine and tetrahydroharmine, which act as monoamine oxidase inhibitors 411 

(MAOIs) (Azevedo, 2018). 412 

To date, many studies have explored its neuromodulatory properties. However, there is 413 

a hypothesis that the alkaloids in B. caapi may have the ability to combat certain Gram-positive 414 

(S. aureus) and Gram-negative (E. coli) pathogens (Gonçalves et al., 2023). 415 

Psychotria viridis, commonly known as "chacrona," is a perennial shrub native to the 416 

Amazon, distributed in the northern and central-western regions of Brazil, especially in tropical 417 

forest areas. Its leaves contain N,N-Dimethyltryptamine (DMT), a potent psychedelic alkaloid 418 

that, in combination with the MAOI inhibitors of B. caapi, produces consciousness-expanding 419 

effects. According to Azevedo (2018), it can yield up to 13.47%. Although little studied, P. 420 

viridis contains molecules that may have antimicrobial activity in addition to its 421 

psychotherapeutic potential (Ruffell et al., 2023). 422 

Thus, exploring the therapeutic potential of native plants such as T. catappa, B. caapi, 423 

and P. viridis may contribute to the development of new antimicrobial agents capable of acting 424 

against multidrug-resistant pathogens, like K. pneumoniae. In this context, the objective of this 425 

study was to evaluate the efficacy of hydroalcoholic extracts of these three plants against K. 426 

pneumoniae strains resistant to KPC and NDM carbapenemases, isolated from clinical samples 427 

in a Brazilian hospital located in a border region (Brazil x Paraguay x Argentina). 428 

 429 

MATERIAL AND METHODS 430 

Ethical aspects 431 

This study was approved by the Research Ethics Committee (REC) of Universidade 432 

Paranaense – UNIPAR, under opinion no. 5.171.267. The bacterial strains analyzed were 433 

obtained during the clinical routine of the hospital where the research was conducted, as part of 434 

standard diagnostic procedures. It is noteworthy that these samples were not collected 435 

exclusively for research purposes but rather during routine examinations of hospitalized 436 

patients. 437 

 438 

Sample and sampling 439 

The samples in this study consisted of biological materials collected from individuals 440 

seeking medical care at a hospital due to various health disorders, such as urinary discomfort, 441 
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fever, muscle pain, and blood pressure changes. The study included blood, urine, rectal swabs, 442 

tracheal secretions, and tissue samples from patients hospitalized in a private hospital located 443 

in the border region between Brazil, Paraguay, and Argentina. These samples were obtained 444 

from hospitalized patients.  445 

The sampling process included bacterial cultures isolated from these biological 446 

materials that tested positive for carbapenemase-producing Enterobacterales, specifically 447 

Klebsiella pneumoniae producing Klebsiella pneumoniae carbapenemase (KPC) or New Delhi 448 

metallo-β-lactamase (NDM), between December 2021 and December 2022. From the total 449 

number of samples collected during this period, 10 KPC strains, 10 NDM strains, and 5 co-450 

resistant strains (KPC and NDM) were selected. 451 

The identification of resistant strains was carried out by the hospital's laboratory service. 452 

Microbial culture and antimicrobial susceptibility testing were used for microbiological 453 

identification, while molecular identification was performed using real-time PCR (TaqMan). 454 

 455 

Collection of plant material 456 

Psychotria viridis and Banisteriopsis caapi extracts (Ayahuasca) 457 

The fresh leaves of Psychotria viridis and the vine of Banisteriopsis caapi were collected in 458 

August 2020 at the Fogo Sagrado shamanic center in Mirassolândia, São Paulo (S20°36'49.14"; 459 

W49°26'44.2"). The collection was registered in the National System for the Management of 460 

Genetic Heritage and Associated Traditional Knowledge (SisGen, A6B0D96). 461 

The samples were initially dried in an oven at 45 °C for five days, following adapted procedures 462 

according to Bussmann et al. (2010). After drying, the leaves and vine were ground. To obtain 463 

the extracts, an infusion was performed in boiling water at a ratio of 1L per 60g of dried 464 

material. After natural cooling of the infusions, the content was filtered to remove solids, 465 

followed by the addition of absolute ethanol at a 1:3 ratio. Then, the ethanol was removed by 466 

rotary evaporation. The final fraction obtained was subjected to lyophilization to ensure the 467 

preservation of the compounds (Bitwell et al., 2023). 468 

After the procedure was finished, the extract was kept between 2 and 8 °C in a refrigerator until 469 

it was needed. 470 

 471 
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Terminalia catappa extract (Sete copas) 472 

The fresh leaves of Terminalia catappa (Sete copas, specimen number 331) were 473 

collected in Umuarama, PR, Brazil (S23°45'52.4", W53°16'20.5") in October 2018, in the late 474 

afternoon. The collection was registered in the National System for the Management of Genetic 475 

Heritage and Associated Traditional Knowledge (SisGen, ACCE9FA). The specimen was 476 

properly deposited in the Educational Herbarium of Universidade Paranaense (UNIPAR). After 477 

collection, the leaves were oven-dried, pulverized, and stored in paper bags in a dry and 478 

protected environment. 479 

For the preparation of the hydroalcoholic extract of T. catappa, the plant material was 480 

macerated at room temperature for seven days using 70% ethanol in a 9:1 ratio (ethanol: 481 

powdered leaves). After the maceration period, the extracts were filtered and concentrated 482 

under reduced pressure using rotary evaporation, maintaining the temperature below 55°C. 483 

Finally, the extract was lyophilized at the Laboratory of Preclinical Research on Natural and 484 

Bioactive Products at Universidade Paranaense, following the procedures described by Brasil 485 

(2023). 486 

 487 

Determination of antimicrobial activity 488 

Broth microdilution - Minimum inhibitory concentration (MIC) 489 

To determine the Minimum Inhibitory Concentration (MIC), a microdilution assay was 490 

conducted in BHI (Brain Heart Infusion) broth using a 96-well microplate. Initially, a bacterial 491 

suspension was prepared from previously cultured bacterial isolates, adjusted to a turbidity 492 

equivalent to the 0.5 McFarland standard, resulting in a concentration of approximately 1.5 x 493 

10⁸ colony forming units (CFU/mL). This suspension was subsequently diluted in a 1:10 ratio, 494 

reaching an approximate concentration of 1.5 x 10⁷ CFU/mL (CLSI, 2019). 495 

The tested extracts were used at a concentration of 40 mg/mL, with 200 µL distributed 496 

in the first well and a serial dilution performed (40mg/mL to 0,3125 mg/mL). For the 497 

combination of P. viridis and B. caapi, the extracts were mixed in a 1:1 ratio to obtain the initial 498 

concentration of 40 mg/mL. 499 

In each well, 10 µL of the bacterial suspension were added. The microplate was then 500 

homogenized and incubated at 37°C for 24 hours. 501 

After the incubation period, 10 µL of a 10% 2,3,5-triphenyltetrazolium chloride solution 502 

were added to each well for result development, with a new incubation for 60 minutes at 37°C. 503 
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The presence of bacterial growth was indicated by the pink coloration in the wells, as described 504 

by Moussa et al. (2013). 505 

The isolated extracts and BHI broth were used as negative controls, while the BHI broth 506 

with inoculum was used as a positive control. The experiments were performed in triplicate, 507 

and the MIC was defined as the lowest concentration of the extracts in mg/mL capable of 508 

inhibiting microbial growth. 509 

 510 

Statistical analysis 511 

The data obtained were subjected to analysis of variance (ANOVA) to evaluate the 512 

existence of statistically significant differences between the experimental groups. 513 

Subsequently, the comparison between the means was performed using the Tukey test, ensuring 514 

robustness in the detection of specific variations between the treatments. In addition, the 515 

analysis of the combined extracts of P. viridis and B. caapi was performed using the Friedman 516 

test followed by Dunn’s post-hoc test, due to the non-parametric nature of the data. The 517 

significance level adopted for all analyses was 5% (p<0.05), ensuring statistical rigor. And 518 

finally, the analyses were conducted using the statistical software GraphPad Prism version 519 

8.4.3. 520 

 521 

RESULTS 522 

The plant extracts of T. catappa, P. viridis, B. caapi, and the combination of P. viridis 523 

+ B. caapi were evaluated for their efficacy against resistant strains of Klebsiella pneumoniae 524 

KPC (Klebsiella pneumoniae carbapenemase), NDM (New Delhi metallo-β-lactamase), and the 525 

co-resistance of KPC+NDM. The results obtained can be seen in Table 1. 526 

Regarding the efficacy of the different extracts tested for the treatment of infections 527 

caused by carbapenemase-producing strains of the KPC, NDM, and KPC+NDM types, the P. 528 

viridis extract demonstrated the best inhibitory activity, with the lowest minimum inhibitory 529 

concentration (MIC) for all tested strains, ranging between 2.5 mg/mL and 5 mg/mL. This low 530 

concentration indicates that this extract presents greater efficacy compared to the other tested 531 

extracts, such as T. catappa and B. caapi, which required higher concentrations (5-10 mg/mL). 532 

On the other hand, the combination of P. viridis + B. caapi exhibited the highest minimum 533 

inhibitory concentration (20 mg/mL), suggesting that the isolated extract of P. viridis is a 534 



70 

 
promising and more potent option for treating infections caused by KPC- and NDM-producing 535 

strains. 536 

 537 

Terminalia catappa (Sete copas) 538 

The sete copas extracts demonstrated a minimum inhibitory concentration (MIC) of 10 539 

mg/mL against all tested strains. This result demonstrated the same antimicrobial activity of 540 

this plant material; however, it requires a relatively high dose compared to synthetic 541 

antimicrobials used to treat infections caused by these microorganisms. Nevertheless, it remains 542 

within the expected range for many plant extracts to inhibit bacterial growth (Chassagne et al., 543 

2020; Gonzalez-Pastor et al., 2023). 544 

 545 

Banisteriopsis caapi (Mariri) 546 

The B. caapi extracts exhibited an MIC of 5 mg/mL against most strains, including 547 

KPC1 to KPC8 and all NDM and KPC/NDM strains. However, the KPC9 strain was inhibited 548 

at a lower concentration of 2.5 mg/mL, which may indicate greater sensitivity to this plant 549 

extract. 550 

 551 

Psychotria viridis (Chacrona) 552 

The P. viridis extracts exhibited variable MICs, with most strains being inhibited at 5 553 

mg/mL, except for strains KPC1 to KPC7, which required only 2.5 mg/mL. However, strains 554 

such as KPC8, KPC9 and KPC10 required 5 mg/mL, suggesting variable resistance to the 555 

extract. 556 

 557 

P. viridis + B. caapi combination 558 

The combination of P. viridis and B. caapi extracts resulted in an MIC of 20 mg/mL for 559 

all strains, except for KPC9, which showed an MIC of 10 mg/mL. Thus, an increase in MIC 560 

was observed in the combination of extracts compared to the individual extracts. 561 
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The assays were validated according to the results obtained through positive and 562 

negative controls at each stage. It is worth noting that synthetic antimicrobials were not used as 563 

controls due to the high resistance presented by some strains, which could introduce variations 564 

in the results and thus raise doubts about the validity of the tests. 565 

 566 

Statistical analysis 567 

Both the analysis of variance (ANOVA) and the Friedman test applied to the samples 568 

revealed a significant difference among the extract groups, indicating that at least one extract 569 

has a different MIC compared to the others. Tukey’s and Dunn’s post hoc tests identified these 570 

differences among specific groups, as shown in Table 2. 571 

The results demonstrated that the T. catappa extract exhibited significantly lower 572 

antibacterial activity compared to the B. caapi and P. viridis extracts against both KPC and 573 

NDM-producing strains (p < 0.0001 for both comparisons). These findings suggest that the 574 

active compounds present in B. caapi and P. viridis have greater inhibitory potential against 575 

these carbapenemase variants. However, no statistically significant difference was observed 576 

between B. caapi and P. viridis in the same analyses (p = 0.0923 for KPC; p = 0.4759 for 577 

NDM), indicating comparable antibacterial efficacy between these two individual extracts. 578 

In contrast, the combination of B. caapi and P. viridis extracts displayed an antagonistic 579 

effect, with significantly higher MIC values compared to the individual extracts. This reduction 580 

in efficacy was observed against both KPC and NDM strains (p < 0.0001), as well as against 581 

strains producing both carbapenemases simultaneously (p = 0.0132). Additionally, comparisons 582 

between the combination and the T. catappa extract revealed no statistically significant 583 

difference (p > 0.9999), further supporting the hypothesis that the combined use of the extracts 584 

offers no therapeutic advantage over the more effective individual extracts. 585 

These findings point to a possible negative interaction between the bioactive compounds 586 

present in B. caapi and P. viridis when administered in combination, leading to a loss of the 587 

antibacterial activity previously observed when the extracts were used individually. This type 588 

of antagonism may be related to competition between secondary metabolites, altered 589 

bioavailability of active compounds, or negative modulation of antimicrobial action pathways. 590 

In summary, the data demonstrate that although B. caapi and P. viridis extracts exhibit 591 

promising activity against carbapenemase-producing strains, their combination results in a 592 

significant reduction in efficacy, particularly against multidrug-resistant strains. 593 
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Discussion 594 

Considering that the spread of multidrug-resistant bacteria has turned bacterial 595 

infections into one of the greatest global public health challenges (Lancet, 2022; WHO, 2022), 596 

the efficacy of many conventional antimicrobials has been compromised by the extraordinary 597 

adaptive capacity of pathogens, thus driving the search for new therapeutic alternatives 598 

(Aljeldah, 2022). 599 

In this context, natural products, especially those derived from medicinal plants, have 600 

emerged as promising sources of bioactive compounds with antimicrobial potential, and the 601 

diversity of phytoconstituents such as flavonoids, terpenoids, and alkaloids ensures these 602 

substances have a broad spectrum of activities against different bacterial species, including 603 

those resistant to multiple antimicrobials. Additionally, the complex chemical matrix of 604 

medicinal plants may act synergistically, enhancing their antimicrobial effects, thereby 605 

minimizing the emergence of bacterial resistance (Gyawali and Ibrahim, 2014; Niu and Li, 606 

2019; Ventola, 2015). 607 

In this study, the results obtained from tests with extracts of T. catappa, P. viridis, B. 608 

caapi, and the combination of P. viridis + B. caapi against KPC and NDM strains showed 609 

significant variations in the antimicrobial activity of these plants. 610 

The extract of T. catappa showed a MIC of 10 mg/mL against all tested strains. 611 

Considering that this extract contains a wealth of bioactive compounds, widely recognized, 612 

particularly in relation to antimicrobial properties, the result presented in this study further 613 

reinforces this statement, as a MIC with the same performance (10 mg/mL) was observed 614 

against all tested strains, highlighting the potential of this extract as a potencial alternative in 615 

the fight against clinically relevant pathogens. 616 

Mbengui et al. (2013) reported a MIC of 16.67 mg/mL and a minimum bactericidal 617 

concentration (MBC) of 41.67 mg/mL for the ethanolic extract of T. catappa, indicating good 618 

efficacy for this purpose. According to Mbengui et al. (2013), the MICs ranged from 25 to 100 619 

mg/mL for resistant strains, such as those producing extended-spectrum beta-lactamases 620 

(ESBL), demonstrating the extract's ability to inhibit the growth of beta-lactam-resistant strains. 621 

Sowmya and Raveesha (2021) corroborated the findings of Mbengui et al. (2013) by 622 

observing MICs of 1.25 mg/mL for methanolic and acetone extracts of T. catappa in K. 623 

pneumoniae strains isolated from clinical samples at the Department of Microbiology of 624 

Mysuru Medical College in India. 625 
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Although the chemical composition of the T. catappa extract was not determined in the 626 

present study, this explanation is plausible to justify the differences observed. The 627 

phytochemical profile of medicinal plants can vary significantly depending on seasonal and 628 

environmental factors, which influence the biosynthesis of active compounds. Triterpenes, for 629 

example, tend to accumulate during autumn and winter due to lower precipitation and natural 630 

senescence, whereas flavonoids are more abundant in spring, correlating with leaf development 631 

and increased rainfall following dry periods (Zanatta et al., 2023). These phytochemical shifts 632 

could directly affect the antimicrobial efficacy of the extracts, as observed in previous studies 633 

such as that by Mbengui et al. (2013), which reported MIC values between 16.67 and 100 634 

mg/mL for T. catappa against resistant strains. 635 

To ensure consistent and viable results for T. catappa in clinical settings, it is essential 636 

that the methods for preparing and testing the extracts are standardized, especially when 637 

exploring the therapeutic potential of this plant against infections caused by multidrug-resistant 638 

strains. Such standardization becomes even more relevant considering that most current 639 

research on this plant material focuses on its antioxidant and anti-inflammatory properties, 640 

leaving significant gaps in understanding its efficacy against resistant pathogens, such as K. 641 

pneumoniae (Zanatta et al., 2023). 642 

Moreover, the lack of studies evaluating T. catappa extract in clinical samples, 643 

especially in strains resistant to antimicrobials, reinforces the need for further scientific 644 

investigation in this area. Expanding research on the effects of T. catappa against multidrug-645 

resistant bacteria could lead to new therapeutic approaches, offering promising alternatives in 646 

the fight against resistant infections and contributing to reducing the impact of bacterial 647 

infections on public health (Saharan et al., 2022). 648 

B. caapi extracts showed a MIC of 5 mg/mL against most strains, including KPC1 to 649 

KPC8, and all NDM and KPC/NDM strains. However, strains such as KPC9 exhibited a lower 650 

MIC of 2.5 mg/mL, suggesting greater sensitivity to this specific extract. The differences in 651 

MIC observed in the KPC9 strain can be explained by subtle genetic variations that make it 652 

more sensitive to the antimicrobial compounds present in B. caapi extract. These genetic 653 

variations, which could be point mutations in the genome, deletions, insertions, or variations in 654 

the copy number of specific genes affecting protein expression or systems related to 655 

antimicrobial resistance, may influence how KPC9 interacts with the active compounds, 656 

resulting in greater extract efficacy and, consequently, a lower MIC (Nascimento et al., 2000; 657 

Vaou et al., 2021). 658 
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Furthermore, KPC9 may have differences in its metabolic profile or the expression of 659 

resistance genes compared to other KPC strains. These metabolic differences or variations in 660 

gene expression may make it more susceptible to the bioactive compounds in B. caapi extract, 661 

and there could be synergistic interactions between the compounds in the extract that are 662 

particularly effective against the resistance mechanisms of KPC9, which would explain the 663 

lower MIC observed in this strain (Casanova and Costa, 2017). 664 

Bussmann et al. (2010) conducted a study that demonstrated the efficacy of B. caapi 665 

extract against E. coli strains (ATCC 25922), showing an extremely low MIC of 0.0625 mg/mL. 666 

This result highlights the potent antimicrobial effect of B. caapi on E. coli, suggesting that the 667 

bioactive compounds in the plant may be highly effective against this bacterium. 668 

The P. viridis extract exhibited inhibitory activity at a concentration of 5 mg/mL for 669 

most bacterial strains. However, strains KPC1 to KPC7, as well as NDM3 and NDM4, were 670 

more susceptible, showing inhibition at a lower concentration of 2.5 mg/mL. In contrast, strains 671 

such as KPC8, KPC9, and KPC10 required the full 5 mg/mL for effective inhibition, reflecting 672 

a higher degree of resistance. These findings indicate that the antibacterial activity of P. viridis 673 

varies among strains, likely due to differences in their pathogenicity or resistance mechanisms, 674 

suggesting that its bioactive compounds interact differently depending on the bacterial profile. 675 

A study by Gonçalves et al. (2020) revealed that P. viridis extract by decoction showed 676 

a MIC of 10 mg/mL against several strains, including E. faecalis and S. aureus, but was less 677 

effective against E. coli, with a MIC greater than 10 mg/mL. On the other hand, B. caapi showed 678 

a MIC of 2.5 mg/mL against L. monocytogenes and P. aeruginosa, being particularly effective 679 

against A. baumannii, with a MIC of 0.625 mg/mL. However, the combination of these extracts 680 

showed reduced efficacy against other strains, suggesting that the interaction between the 681 

compounds does not always result in a synergistic effect. These findings reinforce the potential 682 

of the extracts, either individually or in combination, especially against resistant strains like A. 683 

baumannii. 684 

The combination of P. viridis and B. caapi extracts in this study resulted in a MIC of 20 685 

mg/mL for all tested strains, except KPC9, which showed a MIC of 10 mg/mL. This increase 686 

in MIC when the extracts were combined, compared to the individual extracts, suggests a 687 

possible antagonism of the active compounds. Therefore, it is important to consider that, despite 688 

the combination of the extracts, the efficacy was not superior and, in fact, a higher concentration 689 

was required to achieve bacterial growth inhibition. 690 
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One hypothesis to explain this reduction in antimicrobial potential is the possibility of 691 

antagonistic interactions between the bioactive compounds in the extracts. Such interactions 692 

can occur when the compounds interfere with each other’s activity, resulting in a lower overall 693 

efficacy than when the extracts are used separately. Additionally, the combination of the 694 

extracts may alter the pH or solubility of the active compounds, which could compromise their 695 

bioavailability and, consequently, their ability to inhibit bacterial growth (Sharma et al., 2020). 696 

Moreover, this study sought to verify the antimicrobial potential of the extracts that 697 

make up Ayahuasca tea in the way it is consumed. Thus, the extraction method employed, the 698 

infusion in boiling water, although widely used for obtaining water-soluble compounds, may 699 

not have been the most suitable for efficiently extracting the alkaloids, since they require an 700 

acidic pH for their extraction, which are known for their antimicrobial potential. Therefore, the 701 

limitation in extracting these bioactive compounds may have directly impacted the observed 702 

antimicrobial activity, reducing their effectiveness against the tested strains (Santos et al., 703 

2023). 704 

Another plausible explanation would be competition for microbial targets, where the 705 

compounds in each extract compete for the same action sites within the microorganisms. This 706 

may result in a lower effective concentration of each active compound, leading to a weakened 707 

antimicrobial effect. These hypotheses highlight the complexity of interactions between natural 708 

compounds and the importance of further studies to fully understand the dynamics involved 709 

(Casanova and Costa, 2017). 710 

No scientific study directly evaluating the effects of P. viridis or B. caapi, separately or 711 

together, on Klebsiella pneumoniae strains was found. Most research involving these plants 712 

focuses on their use in traditional medicine, particularly in the context of Ayahuasca, a beverage 713 

that combines these two species and is widely studied for its psychoactive properties rather than 714 

its antimicrobial effects (Azevedo, 2018; Gonçalves et al., 2023; Rossi et al., 2022; Ruffell et 715 

al., 2023). 716 

Thus, with its favorable environment for cultivating and managing these plants, along 717 

with its widespread availability across various regions of the country, Brazil stands out as a 718 

strategic hub for the development of research focused on investigating biological agents with 719 

antimicrobial potential, paving the way for important advances in this field. 720 

Primary research on these plants revolves around their neuropharmacological activities 721 

due to the presence of alkaloids such as DMT (P. viridis) and β-carbolines such as harmine, 722 

harmaline, and tetrahydroharmine (B. caapi). These compounds are the main focus of studies 723 
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investigating the impact of Ayahuasca on the central nervous system and its potential 724 

therapeutic uses, including the treatment of mental health disorders (Politi et al., 2022). 725 

Given that antimicrobial resistance is a serious issue and increasingly concerning due to 726 

its rapid spread, studies that use clinical samples, such as those conducted in this work, are of 727 

fundamental importance, as they accurately reflect the reality found in hospital environments. 728 

Furthermore, these studies allow an understanding of the challenges in therapeutic management 729 

and the difficulties encountered in controlling infections caused by resistant pathogens, such as 730 

KPC and NDM carbapenemases, especially in areas of international triple-border regions. In 731 

these areas, where the movement of people and microorganisms is intense, the obstacles to 732 

containing the spread of multidrug-resistant bacterial strains become even more evident, 733 

emphasizing the need for innovative and effective approaches for managing these infections. 734 

 735 

CONCLUSION 736 

The extract of Psychotria viridis stood out as the most promising option, exhibiting the 737 

lowest minimum inhibitory concentration (MIC) among the tested extracts, suggesting greater 738 

efficacy in inhibiting these resistant strains. In contrast, the combination of P. viridis and B. 739 

caapi resulted in the highest MIC, indicating a possible interaction that reduced the expected 740 

antimicrobial activity. Statistical analysis confirmed significant differences between the 741 

extracts, emphasizing that antimicrobial efficacy is influenced by the type of extract used. 742 

The T. catappa extract demonstrated an intermediate potential, with a MIC higher than 743 

that of P. viridis but lower than that of the combination of P. viridis and B. caapi. This reinforces 744 

the need for further studies to optimize extraction methods and assess potential interactions 745 

between the bioactive compounds present in these extracts. 746 

These findings highlight the potential of P. viridis as a possible candidate for the 747 

development of new therapeutic strategies against infections caused by multidrug-resistant 748 

pathogens, while also underscoring the need for further studies to optimize extraction methods 749 

and assess potential interactions between the bioactive compounds present in these extracts. 750 

Therefore, future investigations should focus on identifying specific active compounds 751 

and elucidating the antimicrobial mechanisms of action, as well as exploring the possibility of 752 

modifying the extracts to increase their efficacy, such as investigating whether there is positive 753 
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synergy between plant extracts and conventional antimicrobials against strains producing 754 

resistance mechanisms like carbapenemases. 755 
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 882 
Table 1. Minimum inhibitory concentration (MIC) (mg/mL) of Terminalia catappa, 883 

Banisteropsis caapi, and Psychotria viridis extracts and their combination, tested against 884 

Klebsiella pneumoniae strains producing carbapenemase (KPC), New Delhi metallo-beta-885 

lactamase (NDM), and strains with both resistance mechanisms (KPC + NDM), isolated from 886 

biological samples collected from hospitalized patients in an emergency hospital in Foz do 887 

Iguaçu (Paraná, Brazil) from December 2021 to December 2022. 888 

Strains Terminalia 
catappa  
(mg/mL) 

Banisteropsis 
caapi 

(mg/mL) 

Psychotria 
viridis 

(mg/mL) 

P. viridis + B. 
caapi 

(mg/mL) 
KPC1 10 5 2,5 20 

KPC2 10 5 2,5 20 

KPC3 10 5 2,5 20 

KPC4 10 5 2,5 20 

KPC5 10 5 2,5 20 

KPC6 10 5 2,5 20 

KPC7 10 5 2,5 20 

KPC8 10 5 5 20 

KPC9 10 2,5 5 10 

KPC10 10 5 5 20 

NDM1 10 5 5 20 

NDM2 10 5 5 20 

NDM3 10 5 2,5 20 

NDM4 10 5 2,5 20 

NDM5 10 5 5 20 

NDM6 10 5 5 20 

NDM7 10 5 5 20 

NDM8 10 5 5 20 

NDM9 10 5 5 20 

NDM10 10 5 5 20 

K/N1 10 5 5 20 

K/N2 10 5 5 20 

K/N3 10 5 5 20 

K/N4 10 5 5 20 
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K/N5 10 5 5 20 

Legend: KPC (Klebsiella pneumoniae carbapenemase); NDM (New-Delhi-metallo-beta-lactamase); 889 
K/N (Klebsiella pneumoniae carbapenemase + New-Delhi-metallo-beta-lactamase). 890 

 891 

Table 2. Analysis of variance (ANOVA) of Terminalia catappa, Banisteropsis caapi, and 892 

Psychotria viridis extracts and their combination, tested against Klebsiella pneumoniae strains 893 

producing carbapenemase (KPC), New Delhi metallo-beta-lactamase (NDM), and strains with 894 

both resistances (KPC + NDM), isolated from biological samples collected from hospitalized 895 

patients in an emergency hospital in Foz do Iguaçu (Paraná, Brazil) from December 2021 to 896 

December 2022. 897 

Extracts p-valor 

 KPC NDM KPC/ NDM 

Statistical test (Tukey) (Tukey) (Dunn) 

T. catappa vs. B. caapi <0,0001 <0,0001 0,3972 

T. catappa vs. P. viridis <0,0001 <0,0001 0,3972 

T. catappa vs. B. caapi + P. viridis <0,0001 <0,0001 >0,9999 

B. caapi vs. P. viridis 0,0923 0,4759 >0,9999 

B. caapi vs. B. caapi + P. viridis <0,0001 <0,0001 0,0132 

P. viridis vs. B. caapi + P. viridis <0,0001 <0,0001 0,0132 

 
 
 

898 
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3. CONCLUSÃO 899 
 900 

1. Este estudo revelou uma prevalência de infecções por Klebsiella pneumoniae 901 

produtora de carbapenemases KPC e/ou NDM, predominantemente em pacientes 902 

masculinos, idosos e residentes em Foz do Iguaçu. A maioria dos casos ocorreu em 903 

pacientes do SUS internados em UTIs, frisando o impacto dessas infecções no 904 

ambiente hospitalar. As amostras mais frequentes foram swabs retais e urina, 905 

destacando a importância da vigilância epidemiológica para o rastreamento e 906 

controle da disseminação desses patógenos multirresistentes. 907 

O perfil de resistência mostrou altos níveis de resistência a betalactâmicos, 908 

aminoglicosídeos e quinolonas, com sensibilidade preservada apenas para colistina 909 

e ceftazidima/tazobactam. A identificação de cepas com co-resistência reforça a 910 

necessidade de controle rigoroso de infecções, uso racional de antimicrobianos e 911 

novas estratégias terapêuticas. 912 

Assim, é fundamental intensificar medidas socioeducativas e a atuação do poder 913 

público, especialmente das secretarias municipais de saúde, para fortalecer a 914 

vigilância epidemiológica, conter a disseminação de microrganismos 915 

multirresistentes e reduzir o impacto dessas infecções na população. 916 

 917 

2. O extrato de Psychotria viridis demonstrou a maior eficácia antimicrobiana entre os 918 

extratos testados, apresentando a menor concentração inibitória mínima (CIM) e 919 

destacando-se como um potencial agente contra cepas resistentes. Em contraste, a 920 

combinação com Banisteriopsis caapi resultou na maior CIM, sugerindo uma 921 

interação que reduziu sua atividade antimicrobiana. A análise estatística confirmou 922 

diferenças significativas entre os extratos, evidenciando a influência do tipo de 923 

extração na eficácia antimicrobiana. 924 

O extrato de T. catappa demonstrou um potencial intermediário, com uma CIM 925 

maior que P. viridis mas inferior que a combinação de P. viridis e B. caapi.  926 

Esses achados reforçam o potencial de P. viridis para o desenvolvimento de novas 927 

terapias contra patógenos multirresistentes e destacam a necessidade de estudos 928 

adicionais para otimizar métodos de extração e investigar interações entre 929 

compostos bioativos. Futuras pesquisas devem focar na identificação dos compostos 930 

ativos, no esclarecimento dos mecanismos de ação e na modulação dos extratos para 931 
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aumentar sua eficácia. Além disso, deve-se explorar a sinergia entre os extratos 932 

vegetais e antimicrobianos convencionais, especialmente contra cepas produtoras 933 

de mecanismos de resistência, como as carbapenemases. 934 

 935 
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4. APÊNDICES 

 

APÊNDICE A–Relatório de coleta de dados das amostras positivas. 
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5 ANEXOS 

 

ANEXO 1 -Comitê de Ética em Pesquisa Envolvendo Seres Humanos (CEPEH)
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