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pois, bem-aventurado é o acumulo de bem.”

Buda
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RESUMO

Compreender a etiologia, a prevaléncia e os custos associados as Infec¢cdes Relacionadas
a Assisténcia a Saude (IRAS), ¢ fundamental para subsidiar a elaboragdo de estratégias
eficazes de controle e prevengdo no ambito dos servigos de saude. Este estudo teve como
objetivo fornecer dados atualizados sobre as IRAS, particularmente aquelas de natureza
mista, em Unidades de Terapia Intensiva (UTIs) adultas no Brasil e em suas distintas
macrorregidoes, com énfase na analise dos custos diretos associados. O estudo foi
realizado em duas etapas. Na primeira, entre 2016 e 2019, foram coletados dados de
pacientes internados em 57 UTIs adultas de hospitais brasileiros selecionados
aleatoriamente, com o intuito de garantir a representatividade nacional. Esses dados
subsidiaram um estudo observacional de prevaléncia pontual, voltado a avaliacdo da
epidemiologia das IRAS, incluindo aquelas monomicrobianas e mistas. Na segunda
etapa, para estimar os custos diretos das IRAS em UTIs adultas, foi utilizada uma
simula¢do de Monte Carlo com 50.000 simula¢des. A modelagem foi aplicada a 50
hospitais universitarios federais no Brasil, com base em uma analise econdmica
prospectiva realizada com 949 pacientes criticamente enfermos atendidos em um hospital
terciario. Foram considerados trés cenarios de prevaléncia de IRAS: cenario 1 (0%),
cenario 2 (9,41%) e cendrio 3 (prevaléncias regionais/nacionais reais obtidas por meio de
estudo multicéntrico). Os custos também foram padronizados por 100.000 habitantes, a
fim de permitir comparacgdes populacionais entre as diferentes macrorregioes. Entre os
casos de IRAS adquiridas na UTI (N=102 pacientes), 83,3% corresponderam a infec¢des
monomicrobianas, enquanto 16,7% (17 pacientes) apresentaram infec¢des mistas. As
regides Sudeste e Sul concentraram as maiores frequéncias de IRAS adquiridas em UT]I,
com 78,1% e 77,8% dos casos, respectivamente. Entre os episodios com confirmagao
microbioldgica (53,1%), observou-se que 15,8% apresentavam etiologia mista. A
pneumonia foi a infeccdo mais prevalente, representando 38% dos episddios
monomicrobianos € 50% dos episoddios mistos. Os bacilos Gram-negativos foram os
principais agentes etiologicos, responsaveis por 55,8% de todos os casos e por 64,9% dos
casos mistos. Em relacdo aos custos diretos, em um cenario sem IRAS, a estimativa anual
para o tratamento de 27.008 pacientes adultos em UTIs brasileiras foi de USS$
149.720.763. No cenario com prevaléncia de 9,41%, observou-se que os valores
permanecerem semelhantes ao cenario sem IRAS tanto a nivel nacional quanto por

macrorregido. No entanto, com a prevaléncia brasileira real de IRAS 43,82%, os custos



aumentaram em quase US$ 129 milhdes. A regido Sudeste apresentou a maior carga
financeira, com um custo direto estimado de US$ 118.642.872 para uma prevaléncia de
56,8%. Apesar de contar com 417 pacientes a menos do que a regido Norte, o Nordeste
registrou um custo adicional de US$ 9.210.628 em relagdo ao cendrio ideal. A densidade
de leitos de UTI foi de 0,382322 por 100.000 habitantes, e os custos atribuiveis as IRAS
alcangaram US$ 214.423.126, um valor desproporcionalmente elevado quando analisado
por macrorregido e considerando a disponibilidade de leitos de terapia intensiva. Este
estudo fornece um panorama alarmante da distribui¢do das infec¢des monomicrobianas e
mistas nas UTIs de adultos do Brasil e evidencia o expressivo 6nus econdmico das IRAS
em UTlIs de adultos sobre o sistema de satde brasileiro, entretanto, podemos propor uma
prevaléncia de 9,41% de IRAS aceitavel para os hospitais brasileiros no que diz respeito
ao aumento dos custos. Os resultados ressaltam a necessidade urgente de implementagao
de estratégias eficazes de satide publica voltadas a reducdo das IRAS, com o objetivo de
melhorar os desfechos clinicos dos pacientes e aumentar a eficiéncia econdmica dos

servigos hospitalares.

Palavras-chave: Infec¢des nosocomiais; Infecgao hospitalar; Custos hospitalares;
Custos diretos; Método Monte Carlo; Infeccdo Polimicrobiana; Infecgao

Monomicrobiana; Estudo Multicéntrico



ABSTRACT

Understanding the etiology, prevalence, and associated costs of Healthcare-Associated
Infections (HAIs), is fundamental to support the development of effective control and
prevention strategies within healthcare services. This study aimed to provide updated data
on HAISs, particularly those of mixed nature, in adult Intensive Care Units (ICUs) in Brazil
and its distinct macro-regions, with an emphasis on the analysis of associated direct costs.
The study was conducted in two stages. In the first, between 2016 and 2019, data were
collected from patients admitted to 57 adult ICUs of randomly selected Brazilian
hospitals, in order to ensure national representativeness. These data supported a point
prevalence observational study focused on evaluating the epidemiology of HAlIs,
including both monomicrobial and mixed infections. In the second stage, to estimate the
direct costs of HAIs in adult ICUs, a Monte Carlo simulation with 50,000 iterations was
used. The modeling was applied to 50 federal university hospitals in Brazil, based on a
prospective economic analysis conducted with 949 critically ill patients treated in a
tertiary hospital. Three HAI prevalence scenarios were considered: scenario 1 (0%),
scenario 2 (9.41%), and scenario 3 (actual regional/national prevalences obtained through
a multicenter study). Costs were also standardized per 100,000 inhabitants, in order to
allow population comparisons among the different macroregions. Among the ICU-
acquired HAI cases (N = 102 patients), 83.3% were monomicrobial infections, while
16.7% (17 patients) presented mixed infections. The Southeast and South regions
concentrated the highest frequencies of ICU-acquired HAIs, with 78.1% and 77.8% of
the cases, respectively. Among the microbiologically confirmed episodes (53.1%), 15.8%
presented mixed etiology. Pneumonia was the most prevalent infection, representing 38%
of monomicrobial episodes and 50% of mixed episodes. Gram-negative bacilli were the
main etiologic agents, responsible for 55.8% of all cases and for 64.9% of mixed cases.
Regarding direct costs, in a scenario without HAIs, the annual estimate for treating 27,008
adult patients in Brazilian ICUs was US$ 149,720,763. In the scenario with a 9.41%
prevalence, it was observed that the values remained similar to the scenario without HAIs
both at the national level and by macroregion. However, with the actual Brazilian HAI
prevalence of 43.82%, costs increased by almost US$ 129 million. The Southeast region
showed the highest financial burden, with an estimated direct cost of US$ 118,642,872
for a prevalence of 56.8%. Despite having 417 fewer patients than the North region, the
Northeast recorded an additional cost of US$ 9,210,628 compared to the ideal scenario.



The ICU bed density was 0.382322 per 100,000 inhabitants, and the costs attributable to
HAIs reached US$ 214,423,126, a disproportionately high value when analyzed by
macroregion and considering the availability of intensive care beds. This study provides
an alarming overview of the distribution of monomicrobial and mixed infections in adult
ICUs in Brazil and highlights the significant economic burden of HAIs in adult ICUs on
the Brazilian healthcare system. Nevertheless, a prevalence of 9.41% of HAIs can be
proposed as acceptable for Brazilian hospitals in terms of cost increase. The results
emphasize the urgent need for implementing effective public health strategies aimed at
reducing HAIs, in order to improve patient clinical outcomes and increase the economic

efficiency of hospital services.

Keywords: Healthcare-Associated Infections; Nosocomial Infections; Intensive Care
Units; Hospital Costs; Direct Costs; Monte Carlo Method; Mixed Infection;
Monomicrobial Infection
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APRESENTACAO

As Infecgdes Relacionadas a Assisténcia a Saude (IRAS) estdo entre os desafios
mais importantes da satide publica mundial, especialmente em paises de baixa e média
renda, como o Brasil, onde afetam negativamente os resultados clinicos dos pacientes
aumentando a morbidade, o tempo de permanéncia hospitalar ¢ a mortalidade. Além
disso, acarretam elevados custos econdmicos, ampliando a sobrecarga nos sistemas de

saude (FORTALEZA et al., 2017; LU et al., 2018; WHO, 2024).

As unidades de terapia intensiva (UTIs) sdo consideradas o epicentro de
emergéncia dos microrganismos multirresistentes, uma vez que apresenta pacientes
gravemente enfermos, submetidos a varios procedimentos invasivos e densidade mais alta
de uso de antibidticos. Adicionalmente, no Brasil, fatores como a sobrecarga de trabalho,
baixa adesdo a pratica de higienizagdo das maos e fatores relacionados a estrutura
precaria, podem favorecer a disseminagdo cruzada destas infecgoes (ALP et al., 2011;
MOREIRA et al., 2013; ALP; DAMANI, 2015). Segundo a Organizagdao Mundial da
Satude (OMS), cerca de 136 milhdes de casos anuais de IRAS no mundo s3o causados por
microrganismos multirresistentes e estas, acarretam custos ainda mais elevados para os
hospitais, uma vez que as opgdes terapéuticas disponiveis para o tratamento dessas
infecgdes sdo extremamente restritas, exigindo, muitas vezes, o uso de antimicrobianos
de ultima linha, mais caros € menos acessiveis (EVANS et al., 2007; ROBERTS et al,
2009; BALASUBRAMANIAN, 2023; WHO, 2024).

O estudo sobre os custos das IRAS para o Sistema Unico de Saude (SUS),
conduzido por S.F. Osme et al. (2020), apresenta dados preocupantes quanto ao impacto
econdmico dessas infeccdes em ambientes hospitalares. Nesse estudo, verificou-se que
uma infec¢do adquirida na UTI de adultos foi associada a um custo direto oito vezes maior
quando comparado aos pacientes ndo infectados durante a internag@o nesta unidade, US$
11776 x US$ 1329, respectivamente. A pesquisa demonstrou ainda que o tempo de
internagdo e o valor de reembolso hospitalar para pacientes com IRAS foram, em média,
75% superiores em comparagdo aos pacientes ndo infectados. Além disso, os custos
diretos associados ao tratamento de pacientes com IRAS foram 111,5% maiores do que
os valores de reembolso recebidos pelo SUS, evidenciando uma significativa defasagem

financeira para o sistema de satde.
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Dada a complexidade e a gravidade das IRAS, e considerando que, no Brasil, os
dados sobre sua prevaléncia e impactos ainda sdo escassos, torna-se essencial aprofundar
o conhecimento sobre essa problemdtica no contexto nacional. Nesse sentido, a
investigacdo proposta neste estudo busca preencher lacunas importantes sobre a
epidemiologia das IRAS, focando naquelas infecgdes monomicrobianas € mistas, além
dos custos associados no Brasil como um todo e por macrorregido. Os resultados obtidos
poderao subsidiar a formulagdo de politicas mais eficazes de prevencao e controle dessas
infec¢des. Além disso, os achados deste trabalho terdo relevancia significativa tanto para
a comunidade cientifica, gestores e instituicdes hospitalares, ao possibilitar a
disseminagdo dos dados em eventos cientificos e publicacdes em periddicos de alto

impacto, dada a relevancia e atualidade do tema.

A presente dissertagdo esta estruturada em quatro capitulos, organizados conforme

descrito a seguir:

1- CAPITULO 1 - Fundamentacgdo teérica: apresenta uma breve revisio da
literatura atualizada sobre a epidemiologia e o impacto financeiro das infecgdes

relacionadas a assisténcia a saude (IRAS).

2- CAPITULO 2 - Artigo 1: apresenta dados sobre a distribuicio das IRAS mistas
em UTIs de adultos no Brasil a partir de um estudo multicéntrico. Artigo intitulado
“Update on Mixed Infections Acquired in Adult Intensive Care Units in Brazil:

Insights from a Multicenter Prevalence Study” a ser submetido para publicagao.

3- CAPITULO 3 - Artigo 2: avalia o impacto econdmico das IRAS em UTlIs de
adulto no Brasil e em suas diferentes macrorregides. Artigo intitulado “The
Significant Economic Burden of Healthcare-Associated Infections: National Cost

Estimates in Adult Intensive Care Units Across Brazil's Macroregions”.

4- CAPITULO 4 — Consideracdes finais: apresenta as principais contribuicdes da

pesquisa e as possiveis aplicagdes praticas dos resultados alcangados.
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CAPITULO 1- FUNDAMENTACAO TEORICA
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FUNDAMENTACAO TEORICA

As Infeccoes Relacionadas a Assisténcia a Saude (IRAS) constituem um dos eventos
adversos mais prevalentes e persistentes nos sistemas de saude em todo o mundo, estando
fortemente associadas & maior morbidade e mortalidade, bem como a prolongacio
significativa do tempo de internacdo (ROSENTHAL, 2005). Como consequéncia, as
IRAS impdem um aumento expressivo nos custos diretos e indiretos relacionados ao
tratamento (LU et al, 2018; OSME,2020; LEAL, 2021). Esse cendrio torna-se ainda mais
preocupante nas Unidades de Terapia Intensiva (UTIs), onde o risco de infecgdo ¢
consideravelmente maior (VANDEWOUDE et al., 2004 ALLEGRANZI et al., 2011;
ANVISA, 2017).

Diversos fatores, tanto intrinsecos quanto extrinsecos, contribuem para a aquisi¢ao de
IRAS pelos pacientes, incluindo idade avangada, presenca de doengas cronicas,
imunodeficiéncia, realizacdo de procedimentos invasivos, tempo prolongado de
internagdo ¢ o uso inadequado de antimicrobianos. Em paises como o Brasil, outros
elementos podem agravar ainda mais esse quadro, como falhas estruturais e operacionais
nos servicos de saude, a escassez de recursos materiais ¢ humanos, a fragilidade dos
sistemas de vigilancia epidemioldgica, a insuficiente capacitagdo das equipes de saude
em medidas de prevencdo e controle de infecg¢des, a superlotacdo dos estabelecimentos
assistenciais e a indisponibilidade de insumos. A convergéncia desses fatores cria um
ambiente propicio a disseminac¢do de microrganismos elevando, inclusive, as taxas de
resisténcia microbianas. (MAKI, 2021; KAYE & POGUE, 2015; PADOVEZE et al.,
2016; PITTET et al., 2008).

Segundo a Organizagdo Mundial da Saude (OMS), em paises de alta renda,
aproximadamente 7 a cada 100 pacientes hospitalizados desenvolvem IRAS, enquanto
em paises de baixa e média renda, como o Brasil, essa taxa pode ser 2 a 20 vezes superior
(WHO, 2024). Um estudo multicéntrico brasileiro, conduzido por Fortaleza e
colaboradores (2017), identificou taxa de IRAS de 10,8%, sendo ainda mais elevada em
hospitais com mais de 200 leitos (13,5%). Ja na pesquisa de Braga e colaboradores (2018),
constatou-se que 51,2% dos pacientes internados em UTIs de adultos no estado de Minas
Gerais apresentaram IRAS, sendo a pneumonia (PNM) e a infec¢@o da corrente sanguinea
(ICS) as mais frequentes. Confirmando a importancia dessas infec¢des, o estudo de

Machado et al. (2024) constataram que o pulmao (54,1%) e o sangue (32,8%), foram os
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sitios com maior nimero de episoddios confirmados € que além de serem as mais
frequentes em UTIs, sdo de pior prognostico e proporcionam um impacto significativo
nos niveis de mortalidade em pacientes hospitalizados, especialmente em paises em
desenvolvimento (CAIRNS; REILLY; BOOTH, 2010; DE LEON-ROSALES et al.,
2000; VINCENT et al., 1995). Esses achados corroboram a evidéncia de que, em
ambientes de terapia intensiva, as infec¢des mais frequentes sdo as pneumonias, seguidas
pelas infec¢des da corrente sanguinea, do sitio cirurgico e, posteriormente, pelas
infeccdes do trato urindrio. Grande parte desses casos estd relacionada ao uso de
dispositivos invasivos, como ventilagdo mecanica, cateter venoso central e sonda vesical.
(VINCENT et al., 2009; AGODI et al., 2010, SILVA et al., 2012; ZARAGOZA;
RAMIREZ; LOPEZ-PUEYO, 2014).

Nas UTIs, a sepse ¢ reconhecida como a principal causa de mortalidade. De acordo
com a OMS, essa condic¢ao resulta em cerca de 11 milhdes de mortes por ano e deixa
milhdes de pessoas com sequelas (FIOCRUZ, 2021). No Brasil, a prevaléncia de sepse
alcanga aproximadamente 30%, com uma taxa de mortalidade hospitalar préxima a 55%
(ILAS, 2015). Trata-se de uma sindrome complexa que demanda o uso intensivo de
recursos, como equipamentos especificos, medicamentos de alto custo e equipes
multiprofissionais especializadas, configurando-se como uma das principais responsaveis
pelos elevados custos nos sistemas de saide publico e privado. Nos Estados Unidos,
estima-se que os gastos anuais com sepse sdo de U$ 62 bilhdes (BUCHMAN et al., 2020).
No Brasil, no periodo de 2020-2021, os gastos com sepse foram equivalentes a R$
445.816.620,00 (SANTOS et al. 2022). Esses dados evidenciam o impacto significativo
da sepse, sobretudo no sistema publico de satide, considerando a elevada ocupagdo de

leitos e a complexidade do tratamento.

Além da sepse, a pneumonia hospitalar constitui uma das principais IRAS em UTlIs,
com alta mortalidade, e dentre elas, as pneumonias associadas a ventilacio mecanica
(PAVs) se destacam e representam hoje um problema de satde publica extremamente
relevante, pois estdo associadas a complicagdes graves, favorecem a selecdo e
disseminagdo de microrganismos multirresistentes, prolongam o tempo de hospitalizagao
e elevam os indices de morbidade ¢ mortalidade (MOTA et al., 2017; SILVA et al.,2018;
MOREIRA et al.; LEAL et al., 2019). A utilizagdo do tubo endotraqueal, assim como o

tempo de sua permanéncia, estd entre os principais fatores de risco para esse tipo de
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infec¢do, uma vez que comprometem as barreiras naturais de defesa do trato respiratério
inferior (PRESCOTT, O'BRIEN, 2010). Além disso, outros fatores previamente
mencionados também desempenham um papel relevante. As taxas globais de mortalidade
entre pacientes com PAV variam entre 20% e 60%; no Brasil, estima-se que essa taxa
seja de aproximadamente 33% (OLIVEIRA et al, 2023). Segundo a Agéncia Nacional de
Vigilancia Sanitaria (ANVISA), a incidéncia de PAV tem apresentado queda nos locais
onde sdo adotadas medidas preventivas e realizada a coleta sistematica de indicadores
relacionados a essa infec¢do. Esses dados indicam que tanto a PAV quanto,
possivelmente, a pneumonia hospitalar ndo associada a ventilagdo mecanica configuram-

se como complicagdes potencialmente evitaveis (ANVISA, 2017).

Do ponto de vista microbioldgico, os Bacilos Gram-negativos (BGN), especialmente
os ndo-fermentadores € membros da familia Enterobacteriaceae, destacam-se como 0s
principais agentes de infec¢des hospitalares em paises em desenvolvimento, onde
diversos fatores, incluindo os socioecondmicos, podem favorecer sua disseminagao.
Espécies como Pseudomonas aeruginosa, Acinetobacter baumannii, Klebsiella
pneumoniae e Escherichia coli estdo entre as mais frequentemente isoladas
(ROSENTHAL et al., 2020; DEKA et al., 2020; KANIJ et al., 2022; LYNCH; CLARK;
ZHANEL, 2022). Essas bactérias apresentam resisténcia intrinseca a maioria dos
antimicrobianos e possui grande potencial de adquirir resisténcia exogena (LI et al.,2015;
OLIVEIRA, REYGAERT, 2025). De acordo com Sabino e colaboradores (2020), 56,1%
das IRAS em pacientes internados na UTI de adultos do Hospital de Clinicas da
Universidade Federal de Uberlandia (HC-UFU) foram causadas por BGN, enquanto
33,7% foram atribuidas a microrganismos Gram-positivos, os quais foram responsaveis
pela maioria dos episddios de sepse (55%). Além disso, um percentual superior a 60,0%
das amostras era de BGN resistentes aos antimicrobianos. O estudo multicéntrico de
Machado e colaboradores realizado em diferentes UTIs de adultos no Brasil em 2024,
observou-se que em um total de 269 episddios de infec¢des, foram diagnosticados 177
microrganismos (65,8%). Os mais prevalentes foram os bacilos Gram-negativos,
correspondendo a 34,6% (N=93/269) do total de patdogenos documentados. Dentre os
isolados mais comuns incluiram os Staphylococcus Coagulase-Negativos (SCoN)
(14,1%), Pseudomonas aeruginosa (11,8%) e Acinetobacter baumannii (11,2%). Nessas
Unidades, a etiologia das pneumonias foram os BGNs nao-fermentadores, que

corresponderam 28,0% (N=37/132 episdodios) dos patdogenos encontrados, ja nas ICSs, os
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SCoN representaram um pouco mais (54,3%) da metade do micro-organismos

encontrados.

Um desafio adicional tanto para o controle e a prevencao das IRAS quanto para a
administracdo de uma terapia antimicrobiana eficaz, encontra-se nas infec¢cdes causadas
por multiplos patdgenos, conhecidas como infec¢des mistas ou polimicrobianas. Esse tipo
de infeccdo estd associado ao agravamento do quadro clinico, prolongamento do tempo
de internacao e aumento das taxas de mortalidade, especialmente em casos graves, como
as ICS (WANG et al., 2020; ZHENG et al., 2020). Apesar disso, ainda sdo escassos no
Brasil estudos multicéntricos voltados para essa problematica. Estudos internacionais
anteriores relataram taxas de infeccdo mista de 34,8% em episddios de ICS e 48% em
casos PAV, ambos com confirmag¢do microbioldégica (COMBES et al., 2002; ZHONG et
al., 2020).

Um estudo brasileiro que incluiu 35 UTIs de adultos distribuidas em oito
mesorregides do estado de Minas Gerais identificou que 23,8% dos pacientes com IRAS
que apresentavam critérios microbioldgicos foram diagnosticados com infec¢des mistas.
Entre os BGN, as espécies mais frequentemente isoladas foram Pseudomonas aeruginosa
(36,4%) e Acinetobacter baumannii (21,2%). No grupo dos microrganismos Gram-

positivos, Staphylococcus aureus destacou-se como o agente mais prevalente, presente

em 38,5% dos casos (ALMEIDA JUNIOR, 2021).

As UTIs constituem ambientes criticos ndo apenas pela elevada incidéncia de
infec¢des, mas também pelo papel central que desempenham no surgimento e na
disseminagdo de bactérias multirresistentes. Esses microrganismos podem se propagar
tanto no ambiente hospitalar quanto na comunidade, contribuindo de forma significativa
para o agravamento do cendrio global de resisténcia antimicrobiana (MARTINS et al.,
2006; AGUIAR et al., 2021; OLIVEIRA et al., 2025). Tal contexto decorre,
principalmente, do uso frequente e prolongado de antimicrobianos, associado a gravidade
clinica dos pacientes, a utilizacdo de dispositivos invasivos e a elevada densidade de
cuidados prestados (BARROSO et al., 2024). De acordo com a Organizagdo Pan-
Americana da Saude (OPAS), os niveis de resisténcia antimicrobiana ultrapassam 50%
em patdgenos frequentemente associados a sepse hospitalar, como Klebsiella pneumoniae
e Acinetobacter spp. Além disso, IRAS causadas por microrganismos resistentes a

antibidticos podem mais que dobrar o risco de mortalidade, ressaltando a gravidade do



24

problema e a necessidade urgente de estratégias eficazes de prevencao e controle nas UTIs

(PAHO, 2023).

O uso indiscriminado e excessivo uso de antimicrobianos no Brasil representa um
problema de satude publica, conforme evidenciado em diversos estudos (BARLAM et al.,
2016; GARCIA; COMARELLA, 2021; PINHO et al., 2024; ALMEIDA et al. 2024; ROCHA
et al. 2024). A elevada prevaléncia do uso desses farmacos em hospitais brasileiros foi
evidenciada no estudo de Porto e colaboradores (2020), abrangendo 1.801 pacientes
avaliados, dos quais 42,5% receberam pelo menos dois antimicrobianos. Desses
tratamentos, 40,5% foram destinados a casos de IRAS. Os antimicrobianos mais
utilizados foram a ceftriaxona (12,8%), o meropenem (12,3%) e a vancomicina (10,3%).
Uma outra investigacdo conduzida em 58 UTIs brasileiras mostrou que 63,9% dos
pacientes receberam pelo menos um antimicrobiano, sendo que apenas 39,9% das
prescri¢des foram baseadas em critérios microbiologicos (MACHADO et al., 2024).
Corroborando esses achados, o estudo de Braga e colaboradores (2016), realizado em 35
UTIs de adultos mineiras, mostrou que ampla prescricdo de antibidticos, justificada em
parte pela alta taxa de IRAS, foi verificada na maioria dos pacientes. A administracdo
empirica foi observada em 68,6% dos casos, enquanto apenas 31,4% dos antimicrobianos
foram prescritos especificamente para o tratamento de infec¢cdes nosocomiais,
principalmente pneumonia e infeccdo da corrente sanguinea. Destaca-se, ainda, que a
prescricdio de polimixina foi significativamente mais frequente em hospitais
universitarios, possivelmente refletindo a maior prevaléncia de bacilos Gram-negativos
resistentes aos carbapenémicos nessas institui¢cdes. O estudo também identificou elevada
frequéncia de protocolos de antibidticos combinados (46,1%). Antibidticos de amplo
espectro, como os carbapenémicos, sdo frequentemente os mais prescritos na América
Latina, seguidos por vancomicina e cefalosporinas de amplo espectro (CURCIO et al.,
2009; CURCIO et al., 2011; ROSSI GONCALVES et al., 2016). Esses dados se alinham
aos resultados do referido estudo, no qual 53,3% dos pacientes internados em UTIs adulto
clinico-ciraurgicas faziam uso de carbapenémicos, e 27,0%, de cefalosporinas de amplo

espectro.

Esse cenario ¢ particularmente alarmante, pois o uso inadequado de antimicrobianos
contribui de forma significativa para o avango da resisténcia bacteriana. Um exemplo

claro dessa associacao foi demonstrado em estudo que analisou dados de 358 pacientes
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com infec¢des nao repetitivas por Pseudomonas aeruginosa, coletados entre 2009 € 2019.
Ao longo do periodo, observou-se aumento no consumo de antimicrobianos como
ceftriaxona, imipenem, meropenem e polimixina B, paralelamente a uma elevagdo nos
casos de P. aeruginosa multirresistente (MDR, 32,6%) e extensivamente resistente
(XDR, 36,1%) (ALMEIDA et al. 2024). Outros estudos corroboram achados como esse,
como o de Gongalves e colaboradores (2020) que demonstrou correlagdo positiva do uso
de colistina com o desenvolvimento de resisténcia em cepas de A. baumannii. Esse
aspecto foi muito preocupante, considerando que o hospital investigado apresenta grande
variedade de cepas de bacilos Gram-negativos como K. prneumoniae, E. coli,
Pseudomonas aeruginosa e A. baumannii com resisténcia a varios antibidticos, bem como
a falta de op¢des de tratamento para essas infecgdes. Esses dados reforcam a correlagdo
positiva entre o consumo excessivo de antibidticos e o surgimento de cepas resistentes,
evidenciando a necessidade urgente de politicas de uso racional de antimicrobianos

(FURTADO, 2019; HIJAZI et al., 2019).

A mortalidade entre pacientes hospitalizados infectados por microrganismos
resistentes ¢ de duas a trés vezes maior do que entre aqueles acometidos por
microrganismos suscetiveis (WHO, 2024). Em 2019, a resisténcia antimicrobiana foi
responsavel por aproximadamente 4,95 milhdes de mortes em todo o mundo,
evidenciando a gravidade desse problema de satide publica em escala global (CIAPPONI
et al., 2023). No Brasil, um estudo realizado com 267 pacientes internados em UTIs com
infecgdes do trato respiratorio inferior revelou que 62% apresentaram ao menos um
isolado de patdgeno multirresistente. Observou-se maior mortalidade entre os pacientes
infectados por cepas resistentes (73%) em comparacao aqueles infectados por cepas
suscetiveis (53%), além do prolongamento de ventilacdo mecanica (18,0 dias vs. 12,0
dias) e do tempo de permanéncia na UTI (23,0 dias vs. 16,0 dias), o que reforca a
associacdo entre resisténcia antimicrobiana e piores desfechos clinicos (OLIVEIRA et al.,

2023).

Diante dos aspectos epidemioldgicos previamente discutidos, torna-se evidente a
importancia crucial da adogdo de critérios microbiologicos no diagnostico das IRAS. Tais
critérios sdo fundamentais tanto para a selecdo adequada da terapia antimicrobiana inicial
quanto para seu ajuste preciso, possibilitando uma intervenc¢ado terapéutica mais eficaz.

Essa acurédcia diagndstica ndo apenas potencializa os desfechos clinicos e melhora o



26

progndstico dos pacientes, como também contribui para a reduc¢ao do uso indiscriminado
de antimicrobianos, um fator determinante na contengdo da resisténcia microbiana
(ALLEGRANZI et al., 2011; KOLLEF; BURNHAM, 2017). Estudos multicéntricos
realizados nos Estados Unidos e na Europa indicam que cerca de dois tercos das infecgdes
em pacientes adultos criticos apresentam resultados de culturas microbiologicas
(RICHARDS et al., 2000; VINCENT et al., 1995). Em contrapartida, em paises em
desenvolvimento, essa frequéncia ¢ consideravelmente menor. No Brasil, por exemplo,
apenas 31,4% dos casos dispdem de dados microbioldgicos, conforme demonstrado por
Braga e colaboradores (2018). Essa limitacao decorre, entre outros fatores, da escassez
de laboratorios e da auséncia de testes de suscetibilidade antimicrobiana in vitro,
dificultando a defini¢do de uma terapia empirica adequada e favorecendo o surgimento e
a disseminacdo de microrganismos multirresistentes nas UTIs (ALLEGRANZI et al.,

2011; VILAR-COMPTE, CAMACHO-ORTIZ ¢ PONCE-DE-LEON, 2017).

Como discutido anteriormente, as IRAS estdo diretamente associadas a um aumento
significativo dos custos, tanto para os hospitais quanto para os sistemas de saude em
escala global. Diversos estudos econdmicos t€ém evidenciado o expressivo impacto
financeiro dessas infec¢des. Nos Estados Unidos, Scott e colaboradores (2024) avaliaram
16 tipos de infecgdes de inicio hospitalar e estimaram os custos médicos diretos totais,
incluindo infec¢des ndo associadas a dispositivos para os anos de 2011 e 2015. O estudo
identificou que os custos médicos diretos nacionais relacionados a todas as infec¢des
hospitalares totalizaram US$ 14,6 bilhdes em 2011 ¢ US$ 12,1 bilhdes em 2015. As
infeccdes ndo associadas a dispositivos ou a procedimentos representaram
aproximadamente 26% a 28% desse custo total, evidenciando seu impacto econdmico
substancial, mesmo quando excluidos os fatores tradicionalmente mais onerosos. Na
Inglaterra, a incidéncia de IRAS entre pacientes adultos hospitalizados foi estimada em
653.000 casos no periodo de 2016-2017, resultando em um custo total de £ 2,1 bilhdes
(GUEST et al., 2020; OLIVEIRA, 2024).

Em paises de baixa e média renda, a situagdo ¢ ainda mais preocupante: estima-se que
até 50% dos pacientes internados adquiram ao menos uma IRAS, com uma gravidade
ainda maior nas UTIs, onde os riscos sdo significativamente ampliados devido a
complexidade dos cuidados e a vulnerabilidade dos pacientes (SILVA et al., 2012;
FLEISCHMANN-STRUZEK, 2018; WHO, 2024).No Brasil, um estudo realizado por
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Osme e colaboradores (2021) estimou o impacto financeiro das IRAS em UTIs de
hospitais universitarios vinculados ao Sistema Unico de Saude (SUS), por meio de
simulacdes baseadas no método de Monte Carlo. A pesquisa demonstrou que pacientes
acometidos por IRAS geram um custo direto adicional de US$ 13.892 em comparagio
com aqueles sem IRAS. Além disso, verificou-se que, para cada aumento de 1% na
prevaléncia de infec¢des, ha um acréscimo estimado de US$ 2.824.817 no custo direto
total para o conjunto de pacientes hospitalizados incluidos no estudo. Essas estimativas
evidenciam o substancial 6nus financeiro representado pelas IRAS para o sistema de

saude brasileiro.

A natureza evitavel das IRAS, reconhecidas como eventos adversos passiveis de
prevencdo, tem motivado a formulacdo e adogao de politicas internacionais que visam
desestimular sua ocorréncia. Nos Estados Unidos, por exemplo, o sistema federal de
saude (Medicare) implementou uma politica de ndo reembolso aos hospitais por despesas
associadas a determinadas infec¢des adquiridas durante a internagao, consideradas como
"complicacdes evitaveis". Essa estratégia visa incentivar a melhoria continua dos
protocolos de seguranca e controle de infecgdes, a0 mesmo tempo em que busca conter
os custos adicionais gerados por eventos adversos preveniveis (CMS, 2024;
ROSENTHAL et al., 2007). Tal iniciativa serve como um importante sinal de alerta para
o Brasil, uma vez que a auséncia de medidas eficazes de controle das IRAS pode expor o
pais a consequéncias semelhantes, com a possibilidade de suspensdo de repasses

financeiros as institui¢des hospitalares.

Diversos estudos tém se dedicado a quantificar as economias geradas por programas
de prevencdo das IRAS no Brasil, com o objetivo de evidenciar o impacto financeiro
positivo das agdes preventivas, demostrando como a redug¢dao das IRAS pode levar a
economias significativas para os sistemas de satide. Um exemplo notavel foram os
resultados obtidos em uma pesquisa que estimou a economia obtida em 13 UTIs através
dainiciativa de Melhoria da Qualidade "Satide em Nossas Maos", implementada no Brasil
entre janeiro de 2018 e dezembro de 2020. A economia total gerada pela iniciativa até
dezembro de 2020 foi estimada em US$ 68,8 milhdes, com um retorno sobre o
investimento (ROI) calculado em 765% (OLIVEIRA et al. 2024). Outro exemplo € o
estudo conduzido por Bass e colaboradores (2025), que avaliou a economia de custos de

uma iniciativa de melhoria da qualidade voltada a prevencao de IRAS em UTIs. No total,
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7.342 casos de IRAS foram prevenidos em UTIs adultas, pediatrica e neonatal, o que
resultou em uma economia estimada de Intl$ 175,3 milhdes para o Sistema Unico de
Satde (SUS), com um ROI calculado em 890%. Esses achados evidenciam a eficacia e o

valor econdmico de estratégias bem estruturadas de prevengao.

No sentido de melhorar esta situagdo epidemiologica envolvendo as IRAS no Brasil,
varios hospitais aderiram ao Programa de Apoio ao Desenvolvimento Institucional do
Sistema Unico de Satide (PROADI-SUS), através do projeto Melhorando a Segurancga do
Paciente em Larga Escala no Brasil, do Ministério da Satude. Este projeto teve como
principal objetivo a reducdo das infec¢des relacionadas a procedimentos invasivos
(infecgdes de corrente sanguinea, pulmonares e urindrias) em 50% nas UTIs dos hospitais
selecionados até dezembro de 2020 (BRASIL, 2019). Em 18 meses, o projeto registrou
uma reducdo importante (33,4%) dos casos de IRAS nos 119 hospitais da rede publica
que participam da iniciativa, evitando desta forma, 2.888 IRAS e 978 6bitos (BRASIL,
2019), mostrando que iniciativas como esta pode resultar em melhoras significativas para

o sistema de saude no pais, bem como para a qualidade de vida dos pacientes.

As IRAS estdo associadas a elevados indices de morbimortalidade, redugdo da
qualidade de vida dos pacientes e significativa perda de produtividade. Embora muitos
dos custos relacionados a essas infecgdes sejam de dificil mensuragdo como os impactos
sociais e funcionais de longo prazo, alguns podem ser estimados de forma mais objetiva,
incluindo o prolongamento da internacdo hospitalar, uso de antimicrobianos,
procedimentos terap€uticos, exames diagnosticos, investigagdes de surtos e intervengoes
cirargicas. Apesar da reconhecida relevancia epidemioldgica e econdmica das IRAS, a
adesdo a medidas preventivas simples e eficazes, como a higienizacdo das maos (HM),
permanece insatisfatoria, com taxas de conformidade em torno de 40% (BRASIL, 2009;
BRASIL, 2010; NEVES et al., 2006; KUZU et al., 2005). Os resultados de uma pesquisa
realizada com 41 profissionais de saude atuantes em uma UTI de adultos de um hospital
de ensino do Mato Grosso demonstraram que, em um total de 1.055 oportunidades de
HM, a taxa de adesao foi de apenas 23,98%. Além disso, observou-se que, mesmo quando
a pratica era realizada, a técnica ndo era executada de forma adequada (VALIM et al.,
2024). Em outro estudo, conduzido em um hospital publico universitario de Minas Gerais,
a avaliacdo do desempenho da HM por metodologia indireta revelou médias de adesao de

apenas 10% nas UTIs e 15% nas demais clinicas, evidenciando a baixa adesdo a pratica
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em diferentes contextos hospitalares (OSME, 2020). Esse cendrio aponta para uma

situacdo preocupante nos hospitais brasileiros em relagdo ao controle IRAS.

Fatores como a vasta extensdo territorial do Brasil e as significativas disparidades
culturais e socioecondmicas entre suas regides, contribuem para a heterogeneidade das
condi¢des de saude, dificultando a implementacao de programas de prevencao uniformes
em nivel nacional. Esses aspectos destacam a necessidade de compreender a prevaléncia
de IRAS em UTIs e seus custos diretos nao apenas em nivel nacional, mas também dentro
dos distintos contextos regionais do pais (PADOVEZE; FORTALEZA, 2014). Tendo em
vista que esses dados ainda sdo insuficientemente explorados no Brasil, o presente estudo
busca contribuir com evidéncias que possam subsidiar a implementagao de medidas mais
eficazes de prevencdo e controle de infecgdes. Os resultados obtidos refor¢am a
importancia de priorizar a adog¢ao dessas medidas, bem como a promog¢ao do uso racional
de antimicrobianos. Tais estratégias t€ém o potencial de reduzir significativamente nao
apenas a prevaléncia das IRAS, mas também os custos associados a assisténcia a saude,
especialmente no atual cenario de escassez de leitos de terapia intensiva nos hospitais
brasileiros, realidade a qual ¢ ainda mais critica nas regides com menor disponibilidade

orgamentaria e infraestrutura precaria de atengdo médica.
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1. ABSTRACT

Background: Infections caused by multiple microorganisms pose a greater challenge for
the control, prevention, and treatment of healthcare-associated infections (HAIs). The aim
of this study was to provide updated data on HAIs in Brazilian adult intensive care units
(ICUs), focusing on monomicrobial and mixed infections. Methods: This was an
observational, 24-hour point prevalence study including 57 Brazilian adult ICUs.
Hospitals were randomly selected from national lists by type and size to ensure
representativeness of Brazil. Data were collected per standard protocols with consent
from hospital administrators between 2016 and 2019. Findings: Among all ICU-acquired
HAI cases (N=102 patients), 83.3% involved monomicrobial infections, while 16.7% (17
patients) had mixed infections. The regions Southeast and South showed the highest
frequencies of ICU-acquired HAIs (78.1% and 77.8%, respectively). Within the 53.1%
of episodes with microbiological confirmation, 15.8% had mixed etiology. Pneumonia
was the most prevalent infection, comprising 38% of monomicrobial and 50% of mixed
episodes. Gram-negative bacilli dominated, representing 55.8% of all cases and 64.9% of
mixed cases. Conclusion: Although mixed infections are uncommon, they significantly
impact high-risk patients. This study thus offers a snapshot into the distribution of these

HAUIs across adult ICUs in Brazil.

Keywords: Mixed infection; Monomicrobial infection; Adult Intensive Care Unit;

Healthcare-associated infection; Multi-centric study.
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2. INTRODUCTION

Given the complex and multifactorial nature of the Healthcare-associated
infections (HAIs), the lack of information on their prevalence, incidence, and etiology
makes it nearly impossible to develop effective infection prevention and control
programs, particularly in low- and middle-income countries like Brazil (!

Results from retrospective and prospective studies in adult ICUs in Brazil revealed
total HAI frequencies ranging from 40.6% to 61,6%, and when these data are broken
down by the main types of HAIs, we find that the frequency of pneumonia is extremely
high, particularly ventilator-associated pneumonia (VAP), ranking first among
healthcare-associated infections %),

Lamentably, infections caused by multiple pathogens have become an additional
challenge for the control and prevention of these infections, as well as for achieving
appropriate antimicrobial treatment. Previous studies have reported rates of 34,8% and
48% for mixed infections in episodes of bloodstream infection (BSI) and VAP with
microbiological confirmation, respectively 7).

To prevent HAlISs, it is crucial that Government officials, healthcare professionals,
scientists, and other authorities have access to national-level information on HAIs, which
can help improve infection prevention and control strategies in our country ©-2).,

Therefore, our aim was to report updated data on HAIs in adult ICUs in Brazil,

focusing on both monomicrobial and mixed infections and their etiology.

3. METHODS

3.1 Selection of participating facilities and data collection
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This was an observational, 24-hour point prevalence study including 57 adult
ICUs (45 Medical Surgical ICUs and 12 Coronary ICUs). Participating hospitals were
selected by random sampling from national lists, ranked by type and size, to ensure

optimal representativeness of Brazil.

Data were collected according to standard protocols, with information gathered
following consent from hospital administrators between 2016 and 2019. All patients
present in the ICU on the data collection day were included; those temporarily absent
from their unit (e.g., undergoing diagnostic procedures) were also included. Collected
data encompassed age, sex, length of stay in hospital and ICU, diagnosis, comorbidities,
etiology, antimicrobial use, and resistance profile. All infection cases were diagnosed by

the attending physician.

In this study, mixed infections were defined as infections in which two or more
microorganisms differing in kingdom, genus, or species are present simultaneously at the

same body location, sharing an environment. (/314
3.2 Data analysis

The data were generated with descriptive statistics according to the type of variable.
A value of p <0.05 was considered significant. The normality of the data was tested with
the Shapiro-Wilk and Kolmogorov Smirnov tests. For quantitative variables, Student's t
test was used for parametric distributions and the Mann-Whitney U Test for non-
parametric distributions. Statistical analyzes were performed using the Graph-PadPrism

program version 9 (Graph-Pad Software, San Diego, CA).
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4. RESULTS

The Table I presents the frequency of patients with HAI obtained on the
corresponding day and the episodes of HAIs acquired in ICUs according to Brazilian
regions. A total of 664 patients were included in the study, with an overall frequency of
patients with HAI at 47.7%, of which 68.1% acquired the infection in the ICU. When the
analysis was conducted by region, the Southeast and South regions had the highest
frequencies, with 78.1% and 77.8%, respectively. 53.1% of the HAI episodes acquired in
the ICU had microbiological confirmation, with emphasis on the Northeast (71.0%) and
South (80.0%) regions, of which around 16.0% were of mixed etiology. The region with
the highest frequency of mixed infection were South with 37.5%. Among the total ICU-
acquired HAI cases (N=102 patients), 83.3% involved monomicrobial infections, while

16.7% (17 patients) had mixed infections (Table III).

The rate of episodes by infection site is shown in Figure 1. Among the overall
HAI episodes, we found that pneumonia was the most prevalent infection (49%),
followed by bloodstream infection (31%), urinary tract infection (10%), and surgical site
infection (7%). Regarding ICU-acquired HAI episodes with monomicrobial infections,
pneumonia remained the most prevalent infection at 38%, followed by BSI at 37%.
Among mixed infections, pneumonia represented 50% of cases, while BSI accounted for

42%.

A summary of ICU-acquired HAI episodes and their concomitant infections is
illustrated in Figure 2. The most frequently observed combinations among those who
were infected before ICU admission were pneumonia and BSI, with 11 combinations

(Fig. 2A), and 26 combinations in those with HAI acquired in the ICU (Fig. 2B).
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Regarding the simultaneous presence of 3 consecutive episodes, it was observed in 1,5%
of the cases acquired before ICU admission and 3,5% ICU-acquired cases.

The most frequent microorganisms in monomicrobial and mixed etiologies acquired
in the ICU are listed in Table II. Across a total of 152 episodes, 181 organisms were
identified, with Gram-negative bacilli being the most frequently documented (55.8%),
and non-fermenting Gram-negative bacilli representing 52.5% of these episodes. Mixed
infections accounted for 57 microorganisms in a total of 24 episodes, with Gram-negative
bacilli representing 64.9% of the cases, where non-fermenting Gram-negative bacilli were
the most frequent (51.3%), followed by Enterobacterales (21.6%). Gram-positive bacteria
were identified in 35.1% of the mixed episodes, with Staphylococcus aureus being the
most prevalent (45%). Additionally, Candida spp. accounted for 8.3% of all infection
episodes.

The duration of hospitalization and its association with monomicrobial and mixed
ICU-acquired HAIs are outlined in Table III. Although no significant differences were
observed when comparing patients with monomicrobial versus mixed ICU-acquired
infections, a noteworthy trend was identified regarding hospitalization time. The average
patient age was relatively low, approximately 56 years. Interestingly, patients had brief
hospital stays prior to ICU admission but remained in the ICU for extended periods, with
an average ICU stay of 19 days for those with monomicrobial infections and 16 days for

those with mixed infections.

5. DISCUSSION

HAIs are among the most significant threats to patient safety, leading to increased
mortality and morbidity, longer hospital stays, higher costs, and increased use of

antimicrobials, while also contributing to the emergence of antibiotic-resistant
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pathogens!!>17), The prevalence of ICU-acquired HAISs in the present study was higher
than that reported in previous studies conducted in Brazil. Unfortunately, these high rates
can be particularly attributed to the lack of an effective national infection control policy,
inadequate infection control practices, lack of active surveillance, and shortage of
healthcare professionals in hospitals, as well as a critical lack of resources allocated to
healthcare (1% 1819 Therefore, our results align with previous studies reporting a high

burden of HAISs in adult acute-care hospitals in low- and middle-income countries 4320,

Based on infections with defined microbiological criteria, a relevant finding was
the etiology of infections, with a higher prevalence of Gram-negative bacteria compared
to Gram-positive. The majority of infections (84.2%) were caused by a single
microorganism, predominantly Gram-negative, as reported in recent decades in hospitals
in developing countries #?°??. One possible cause may be related to the ease of

dissemination of these microorganisms, in addition to previously mentioned factors.

However, information on the mixed etiology of HAIs in Brazil remains limited.
In this study, mixed etiology accounted for 16.7% of ICU-acquired HAI cases with
positive microbiology results. Among patients with mixed infections, 37.3% of the
episodes were cases of pneumonia, and 27.7% were bloodstream infections. The
significance of these infections is highlighted in numerous recent publications, as they
are considered among the most severe infections with poorer prognoses for ICU patients,
particularly those caused by Gram-negative bacilli ®'42!23  Furthermore, our data
confirm the scale of the problem posed by these HAIs in adult ICUs in Brazil, as we
observed that patients with microbiologically diagnosed infections have prolonged ICU
stays (approximately 19 days). This extended hospitalization directly impacts healthcare
costs, especially when these infections are caused by resistant microorganisms 4229,

Our results confirm that the lungs and bloodstream were the sites with the highest number
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of confirmed episodes and, in addition to being the most frequent in ICUs, are associated
with poorer prognosis, significantly impacting patient mortality (**"?%)_ Although the
majority of episodes were monomicrobial, 20% of pneumonia cases had a mixed etiology.
Our study also detected 26 combinations of pneumonia and bloodstream infections
among ICU-acquired HAIs. These results suggest that the frequent and elevated use of
concurrent procedures promotes the acquisition of these infections, particularly the

simultaneous use of central venous catheters and mechanical ventilation.

The limitations of this study include those inherent to prevalence studies, such as
the lack of follow-up of subjects and the inability to account for post-discharge HAIs. On
the other hand, some strengths should be highlighted. Hospitals were randomly selected,
data were collected by a team that included trained nurses, and hospitals from all major

regions of Brazil were included.

6. CONCLUSIONS

In conclusion, from a global perspective, our study enriches the understanding of
HAIs in adult ICUs in Brazil, providing a snapshot of the distribution of these HAIs,
regrettably with either no microbiological criteria. We reaffirm that mixed infections are

uncommon but have a significant impact on high-risk patients.
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Table I. Frequency of patients with HAI and the prevalence of HAI episodes acquired in the ICU across different regions of Brazil.

Regions Enrolled  Patients with  Patients Episodes of  Episodes of ICU- Episodes of Episodes of
Patients ~ HAIN (%)  withICU-  ICU-acquired acquired HAI with  monomicrobial mixed ICU-
(N) acquired HAI (N) microbiological ICU- acquired acquired
HAI N (%) criteria N (%) infections N (%) infections N (%)
North 59 40 (67.8) 19 (47.5) 23 12 (52.2) 12 (100.0) 0(0.0)
North East 123 50 (40.7) 26 (52.0) 31 22(71.0) 22 (100.0) 0(0.0)
Midwest 60 31 (51.7)  18(58.1) 18 2 (11.1) 2(100.0) 0(0.0)
Southeast 409 187 (45.7) 146 (78.1) 204 108 (52.9) 87 (80.6) 21(19.4)
South 13 9 (69.2) 7(77.8) 10 8 (80.0) 5(62.5) 3 (37.5)
Total 664 317 (47.7) 216 (68.1) 286 152 (53.1) 128 (84.2) 24 (15.8)

"HAI: Healthcare-Associated Infections

?JCU: Intensive Care Unit



Table II. Microbiology of HAIs ICU-acquired episodes, sorted by monomicrobial and mixed cases in prevalence study in Brazil.

Microorganism Overall Monomicrobial Mixed

N (%) N (%) N (%)
Number of organisms identified 181 124 57
Gram-negative: 101 (55.8) 64 (51.6) 37 (64.9)
Pseudomonas aeruginosa 24 (23.8) 15(23.4) 9(24.3)
Acinetobacter baumannii 25(24.7) 18 (28.1) 7 (18.9)
Escherichia coli 14 (13.9) 10 (15.6) 4 (10.8)
Klebsiella pneumoniae 18 (17.8) 12 (18.7) 6 (16.2)
Other Enterobacterales’ 16 (15.8) 8 (12.5) 8 (21.6)
Other non-fermenting Gram-negative bacteria’ 4 (4.0) 1(1.6) 3(8.1)
Gram-positive: 65 (35.9) 45 (36.3) 20 (35.1)
Staphylococcus aureus 24 (36.9) 15 (33.3) 9 (45.0)
coagulase-negative Staphylococcus 32 (49.2) 24 (53.3) 8 (40.0)
Enterococcus faecalis 7 (10.8) 4(8.9) 3 (15.0)
Streptococcus ssp. 2 (3.1 2(4.4) 0(0.0)
Fungi: 15 (8.3) 15 (12.1) 0(0.0)
Candida ssp’. 15 (8.3) 15 (12.1) 0(0.0)

10ther Enterobacterales: Enterobacter spp. (2); Enterobacter cloacae (4); Serratia marcescens (3); Citrobacter freundii (2),

Raoultella ornithinolytica (1); Proteus mirabilis (4)

20Other non-fermenting Gram-negative bacteria: Stenotrophomonas maltophilia (3); Pseudomonas stutzeri (1)

3Candida spp: C. albicans;C. tropicalis.

57



58

Table II1. Hospitalization duration and its association with Monomicrobial and Mixed ICU-Acquired HAL

Characteristics General cohort Patients with HAI*> Patients with ICU*> ICU-acquired HAI with  Patients with monomicrobial Patients with mixed Univariate
N=664 (100%) N=317 (47.7%) acquired HAI microbiologic criterion infections acquired in ICU infections acquired in ICU  analysis P°
N=216 (68.1%) N=102 (47.2%) N=285 (83.3%) N=17 (16.7%)
Age median (IQR!), years or mean years =SD* 62.0 (46.0-73.0) 61.0 (46.2-73.0) 61.0 (45.0-73.0) 56.8£18.9 56.5+£19.2 56.1+17.1 0.9285%
Length of hospitalization in ICU, median (IQR)* 6.0 (3.0-13.5) 10 (6.0 —19.0) 13.0 (8.0 —21.0) 19.0 (10.7 — 25.2) 19.0 (10.7 —25.2) 16.0 (11.0 - 21.0) 0.3604°
Length of hospitalization until ICU admission, median (IQR)* 1.0 (0.0 —4.0) 1.0 (0.0 -5.0) 1.0 (0.0-5.0) 1.0 (0.0 -7.0) 1.0 (0.0 -5.0) 1.0 (0.0-11.0) 0.47223

*Up to the date of data collection; IQR': Interquartil range; HAI?: Healthcare-associated Infections; ICU?: Intensive Care Unit; *Student’s T test; Mann-Whitney test; *Confidence interval. P<0.05 was considered to indicate statistical significance.



Figure 1. Rate of healthcare-associated infection (HAI) episodes by infection site.
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A - Total HAI episodes, B - Total episodes of ICU-acquired HAIs, C - Episodes of ICU-acquired HAI with microbiological criteria, D - Episodes of monomicrobial
ICU-acquired infections, E - Episodes of mixed ICU-acquired infections
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Figure 2. Four-set Venn diagram of the most frequent infection episodes acquired before ICU admission (Fig. 2A) and during ICU admission

(Fig. 2B), along with their concomitant infections.

PNM, Pneumonia; BSI, Bloodstream Infection; UTI, Urinary Tract Infection; SSI, Surgical Site Infection
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1. ABSTRACT

Background: Healthcare-associated infections (HAISs) in intensive care units (ICUs)
impose a substantial economic burden on healthcare systems. However, their financial
impact remains insufficiently investigated in Brazil, especially when considering the

country's diverse macroregions.

Aim: To fill gaps in understanding the direct costs associated with HAIs in adult ICUs

across the different Brazilian macroregions.

Methods: A Monte Carlo simulation was used to estimate the direct costs of HAIs in
adult ICUs across 50 federal teaching hospitals in Brazil. The model was based on an
economic analysis of 949 critically ill patients from a tertiary hospital. Three prevalence
scenarios were assessed: 0%, 9.41%, and actual regional/national rates from a

multicenter study. Costs were also standardized per 100,000 inhabitants.

Findings: In a scenario without HAIs, the annual direct cost for treating 27,008 adult
Brazilian ICU patients was US$ 149,720,763. At a 9.41% prevalence, costs remained
similar. However, at the actual 43.82% prevalence, costs increased by almost US$ 129
million. The Southeast had the highest burden, with US$ 118,642,872 in direct costs at
56.8% prevalence. Despite 417 fewer patients than the North, the Northeast incurred
USS$ 9,210,628 more than in the ideal scenario. ICU bed density was 0.382322 per
100,000 inhabitants, with HAI-attributed costs reaching US$ 214,423,126—
disproportionately high when evaluated by macroregion and ICU bed density.

Conclusion: Our findings highlight the significant economic burden of HAIs on
Brazil’s healthcare system, with substantial cost increases from a 9.41% prevalence, and
underscore the importance of reducing HAIs to improve patient outcomes and hospital

cost-efficiency.

Keywords: Nosocomial infections; Hospital Costs; Direct costs; Monte Carlo Method;

Brazil
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2. INTRODUCTION

Healthcare-associated infections (HAIs) remain a global health challenge, and
the World Health Organization (WHO) prioritizes their control due to their significant
impact on morbidity and mortality, as well as their economic implications for healthcare
services. The primary focus of all efforts to control and prevent HAIs is the inherent
need to assess the magnitude of these infections, along with the associated risks and

costs [1,2,3].

In developing countries such as Brazil, it is estimated that up to 50% of patients
admitted to hospitals acquire at least one HAI, with the issue being even more critical in
intensive care units (ICUs) [4,5,6]. Numerous studies have highlighted the costs
associated with HAIs. For example, in the United States, it is estimated that HAIs cost
hospitals approximately US$35.7 billion [7]. In England, where the incidence of HAIs
among adult inpatients was estimated at 653,000 during the 2016-2017 period, the total
cost amounted to £2.1 billion [8].

A study conducted in Brazil provided estimates of the direct costs associated
with the most common HAIs across 50 teaching hospitals. This analysis presented
robust and current data, emphasizing the significant financial burden that HAIs place on
the Brazilian healthcare public system, as well as their role in prolonging hospital stays
for patients [9]. However, studies on the costs of HAIs in Brazil are scarce and difficult
to conduct due to significant variations in HAI incidence across the country, owing to

its large territorial expanse and disparities in the healthcare system [2,10].

In this context, based on the direct costs of inpatients in adult ICUs, this study
aimed to assess the economic burden of HAIs estimated for 50 teaching hospitals in
Brazil affiliated with the Unified Health System (SUS), disaggregated by macroregion
and per 100,000 inhabitants.
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3. METHODS

Estimation of direct costs

Direct costs, defined as all expenses related to care and healthcare services within the
medical-hospital environment [11], were calculated using 2019 survey data from adult
ICU admissions at the Clinical Hospital — Federal University of Uberlandia (n=949,
including 149 with HAI). Data, collected by the hospital's technical management
through the project "Improving Patient Safety at a Large Scale in Brazil" (part of
PROADI-SUS [12]), initially in Brazilian reais (R$), were converted to US dollars
(US$1 =R$3.93 on April 26, 2019) for international comparison [13].

Prevalence of HAIs in ICUs in Brazil and the national impact of HAI costs

A survey was conducted based on the National Registry of Health
Establishments (CNES) regarding the number of ICU beds for adults in 50 federal
university hospitals in Brazil, which are certified by the Ministry of Health and the
Ministry of Education as teaching hospitals (Table I) [14,15]. According to this registry,
there are 10,887 beds exclusively for the SUS, of which 784 (7.2%) are adult ICU beds.

The epidemiological indicators used to determine the prevalence of HAIs and
ICU-acquired HAIs in adult ICUs across the Brazilian macroregions were extracted
from a multicenter study conducted in 2019, which involved 39 hospitals distributed
across the five macroregions of the country (3 in the North, 5 in the Northeast, 2 in the
Central-West, 28 in the Southeast, and 1 in the South), including 550 patients (Table II).
The overall bed occupancy rate in this study was 83.5% [16].

HALI prevalence scenarios evaluated by macroregion

For the simulation of the annual direct costs of patients with HAIs admitted to
adult ICUs, a Monte Carlo simulation (n=50,000 simulations) was applied to 50

teaching hospitals in Brazil.
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In the first cost scenario (Scenario 1), the prevalence of patients with HAIs was
assumed to be zero, meaning no patients were considered to have acquired HAIs. This
scenario, although ideal, does not reflect real-world conditions. In Scenario 2, a
prevalence of 9.41% of HAIs was adopted, assuming a binomial distribution of the data
(X ~ Bin (n, 0.094161)). This prevalence was considered ideal, as, according to OSME
et al. (2021), it does not result in increased annual costs to the SUS when compared to a
scenario without HAIs [17]. In the third scenario (Scenario 3), based on a national
multicenter study [16], the actual estimated prevalence of HAIs for Brazil (43.82%) and
each macroregion (North=34.04%; Northeast=19.19%; Central-West=23.33%;
Southeast=56.80%; South=30.77%) was used (Table II). The simulation followed a
binomial distribution of the data (X ~ Bin (n, PHAIS MR)), where PHAIS MR
represents the prevalence of HAIs in each macroregion, and # is the number of patients

in each macroregion.

Statistical Analysis

Estimates of ICU length of stay and cost parameters

The probability distributions for individual hospitalization costs and ICU length
of stay used in the models were adjusted based on the original and simulated data from
OSME et al. [9,17]. For the average length of stay of patients in the ICU, the Gamma
distribution was adopted for both patients with HAIs (X ~ Gamma (684.53443,
65.83501)) and patients without HAIs (X ~ Gamma (579.90903, 72.97372)). For the
total cost per patient during hospitalization, the Inverse Gaussian distribution was used,
both for patients with HAIs (X ~ GI (18119.728, 8257.445)) and patients without HAIs
(X ~ GI(4236.5561, 209.8445)).

Estimates of parameters by macroregion

The new parameters for the simulations were defined as follows: an occupancy

rate of 98% for ICU beds was assumed for each macroregion analyzed, based on the
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number of available adult ICU beds in each region (Table I). A binomial distribution
was used to simulate the occupancy rate (X ~ Bin (n, 0.98)), where n represents the
number of ICU beds in each macroregion. This occupancy rate was selected due to the
near-total occupancy of public ICU beds in Brazil, with the remaining 2% accounting
for the time required for cleaning and preparing beds between patient transfers. This rate

was also adopted to introduce variability in bed occupancy.

Annual cost simulation using Monte Carlo simulation

Monte Carlo simulations were performed in the R environment with 50,000
simulations or repetitions [18]. From the simulated data, descriptive statistics for all
variables were calculated and presented as mean and standard deviation. Although in
some cases the distribution of the simulated data did not follow normality, due to the
size of the simulations, the simulated mean tends to converge towards a normal
distribution. All variables were simulated independently for each macroregion and for

Brazil, considering each of the evaluated scenarios.

Additionally, the following were simulated: occupancy rate, number of patients
per year (Table II), number of patients with and without HAIs in every scenario (Table
IIT), annual costs for patients with HAIs, annual costs for patients without HAIs, the
cost differences between scenarios (Table IV) and the cost fraction in each scenario
(Table V). The cost rate per 100,000 inhabitants was also calculated (Table VI). For this
analysis, the population of the macroregions was used according to the latest 2022
census [19] (Table I). The simulated annual cost was divided by the population size and

multiplied by 100,000 inhabitants, enabling comparisons between macroregions.

The following variables of interest were presented: the total annual ICU cost for
each of the three scenarios, the cost difference between Scenario 2 and Scenario 3, ICU
cost rates, and the HAI cost rate, both per 100,000 inhabitants, as well as the difference
in the number of patients without HAIs treated between Scenario 2 and Scenario 3
(prevalence scenario). This difference was calculated as an indicator of the additional
number of patients that could be treated if the prevalence target were achieved. The
costs attributed to patients with HAIs in Scenario 3 were also simulated. All estimates

were presented by macroregion and for Brazil, independently.



68

4. RESULTS

The fifty Brazilian teaching hospitals included in the study provided a total of
10,887 ICU beds, with 784 ICU beds designated for adults, for a population of
205,062,512 inhabitants. The South macroregion exhibited the highest frequency of
adult ICU beds (8.37%), while the North region has the lowest frequency (5.83%)
(Table I).

Table II highlights the prevalence of HAIs in adult ICUs by region in Brazil, used
for the Monte Carlo simulation of the annual direct costs of these infections. The study
was conducted by our research group and included 241 patients from 39 hospitals
distributed across Brazil. A total prevalence of 43.82% of patients with HAIs was
detected, with 78.84% of these being acquired in the ICU. When analyzing the
prevalence of HAIs by region, it was observed that the Southeast and North regions
stood out with frequencies of 56.80% and 34.04%, respectively. Regarding HAIs
acquired in the ICU, similar and high frequencies were observed across all regions;
However, the Northeast region exhibited trends of lower HAI frequencies compared to

other regions.

The results of the Monte Carlo simulation (50,000 simulations) of the total annual
direct costs for adult patients admitted to the ICU of 50 Brazilian teaching hospitals,
based on three HAI prevalence scenarios (scenario 1 = 0%; scenario 2 = 9.41%; and
scenario 3 = 43.82%), are shown in Table III. It was found that, in a hypothetical
scenario without HAIs in Brazil, the annual direct cost for medical-hospital care for an
average of 27,008 patients admitted to adult ICUs is US$ 149,720,763. In the ideal
scenario with 9.41% HALI prevalence, costs were similar to the scenario with no HAIs.

However, in the 43.82% scenario, there was an increase in costs by US$ 128,975,244,

The annual direct costs by region for patients admitted to adult ICUs were also
similar in scenarios 1 and 2. However, in Scenario 3 - representing the prevalence of
HAIs as documented in a previous study [16] - the costs were extremely high, with the
Southeast region showing a direct cost of US$ 118,642,872 for a prevalence of 56.80%
of HAIs. Interestingly, the Northeast region experienced an increase in direct costs when
comparing scenario 3 to scenario 2, amounting to US$ 9,210,628, despite having 417
fewer patients than the North region. Regarding the higher prevalence of patients with
HAISs and the higher number of patients admitted, the Southeast region shows the
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highest direct cost in all scenarios, with a difference of US$ 64,388,295 between
scenarios 3 and 2 (Table IV).

Based on the three prevalence scenarios, the statistics derived from the breakdown
of the Monte Carlo simulation (50,000 simulations) of the average annual costs for
patients with ICU-acquired HAIs are detailed in Table V. The Southeast region exhibits
the largest cost fraction in scenarios 2 (U$ 42,422,462) and 3 (U§$ 92,768,629),
representing a substantial proportion of the total costs in each of the scenarios analyzed.
Consequently, the Southeast region shows a notable increase in costs when transitioning
from scenario 2 to scenario 3. The South region demonstrated the second-largest
difference in cost fraction across both scenarios, reflecting a considerable rise in costs,
despite having the highest HAI prevalence. The North region has the smallest cost

fraction and a relatively smaller increase between the two scenarios.

The results of the Monte Carlo simulation (50,000 simulations) of the annual
direct costs for patients with HAIs admitted to adult ICUs in 50 Brazilian federal
university hospitals per 100,000 inhabitants are shown in Table VI. The South region
represents the highest ICU bed density, with 0.668152 beds per 100,000 inhabitants,
reflecting a considerable number of available beds compared to other regions of Brazil.
In contrast, the North region has the lowest ICU bed density, with 0.167151 beds per
100,000 inhabitants. The total cost attributed to HAIs was US$ 214,423,126, with a
small variation of + US$ 8,770,656. In relation to the average costs attributed to HAIS,
the Southeast region presented the highest absolute cost (US$ 100,725,932 +
4,438,769), while the North region presented the lowest absolute cost (US$ 6,162,173 +
611,072). The South region leads with the highest HAI cost rates (US$ 128,330 + 6,836)
and ICU costs (US$ 195,859 +9,752) per 100,000 inhabitants, and also has the highest
fraction of ICU-acquired HAI costs (US$ 128,330 per 100,000 inhabitants) relative to
total healthcare costs. The Southeast region follows with a significant HAI cost rate
(US$ 118,715 £ 5,231) and ICU cost rate (US$ 139,831 £ 6,090) per 100,000
inhabitants, comprising the second-highest fraction of ICU-acquired HAI costs per
100,000 inhabitants (US$ 92,823). In contrast, the North region has the lowest HAI cost
rate (US$ 35,518 + 3,522) and ICU cost rate (US$ 51,632 + 4,626) per 100,000
inhabitants, representing one of the lowest fractions of ICU-acquired HAI costs per
100,000 inhabitants (US$ 28,858). In summary, the Southeast region had the highest
absolute HAI costs, the South region had the highest rates of HAI and ICU costs per
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100,000 inhabitants, followed by the Southeast region. The North region had the lowest
ICU bed density and the lowest total HAI costs per 100,000 inhabitants.

5. DISCUSSION

The prevalence of HAIs in low- middle-income countries is up to 20 times
higher than in high-income countries; however, the costs associated with these
infections are poorly and inconsistently reported in these hospital settings. The impact
of HAIs on healthcare costs in ICUs also remains insufficiently explored in Brazil,
particularly with respect to its different macroregions. Factors such as the country’s vast
territorial expanse, along with cultural and economic disparities, contribute to the
heterogeneity of health conditions across its regions, complicating the implementation
of uniform national health standards. These facts highlight the necessity of
understanding the prevalence of HAIs in ICUs and their direct costs not only at the
national level but also within Brazil’s distinct regional contexts [20,21].

The impact of HAIs on hospital costs is substantial and clearly demonstrated in
this study. Our findings indicate that HAIs significantly increase direct ICU costs across
all regions of Brazil, with an estimated national annual increase of approximately US$
129 million under a real-world HAI prevalence scenario of 43.82%, as reported in a

national multicenter study [16].

The study by Osme and collaborators suggests that the financial impact of HAIs
on direct healthcare costs becomes substantial when the prevalence exceeds 9.41% [9].
Based on this finding, we adopted a 9.41% HAI prevalence rate as the benchmark for
Scenario 2 in our study, considering it an ideal target for the Brazilian healthcare
context. Our results support the acceptability of this prevalence rate, as no significant
increase in direct costs was observed across any of Brazil’s macro-regions when
comparing this scenario to a hypothetical scenario without HAIs. Although the ideal
situation would be the complete absence of HAIs in ICUs, our findings indicate that a
prevalence rate of 9.41% may be considered acceptable from an economic impact

standpoint for public health managers in Brazil.

The results of our study demonstrate that the annual direct costs associated with
adult intensive care in Brazil are significantly high across all regions. This finding is

intrinsically linked to the elevated rate of HAIs observed nationwide. In Brazil,
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although there are few multicenter initiatives that demonstrate the magnitude of HAIs in
hospitals, these initiatives clearly highlight the impact of these infections in the country,
confirming alarmingly high rates, with incidences up to twenty times higher than in
developed countries [2, 9]. The correlation between the infection burden and costs is
evident, as regions with higher HAI rates tend to incur greater expenses, driven by
factors such as prolonged hospital stays and increased antimicrobial consumption,
particularly when infections are caused by multidrug-resistant bacteria [22,23, 24]. The
results of this study clearly indicate that the regions with higher HAI frequencies exhibit
the highest rates of HAI and ICU costs per 100,000 inhabitants. Compounding the
situation, in Brazil, less than 10% of available hospital beds are in ICUs [25]. Our study
clearly indicates that the expenditures are excessively high relative to the number of
available ICU beds. The observed ICU bed density for adults per 100,000 inhabitants
was 0.382322, and the cost attributed to HAIs was remarkably high at US$
214,423,126, which is disproportionately high when evaluated by region and ICU bed
density per 100,000 inhabitants.

Currently, the United States healthcare system has implemented a reimbursement
policy that eliminates additional payments for preventable complications [26]. This
serves as a cautionary signal for countries like Brazil, where -as evidenced in this study-
HAI rates in adult ICUs are high and associated costs are exponentially elevated,
highlighting the urgent need for greater commitment from healthcare administrators and
professionals to the continuous prevention and control of HAIs. In the absence of short-
and medium-term planning to strengthen prevention and control strategies for HAISs,
Brazil may face a critical scenario characterized by a surge in infections caused by
increasingly resistant microorganisms and a significant rise in hospital-related costs,

threatening the long-term sustainability of the healthcare system.

It is important to note that, although the direct costs were not calculated for all
hospitalized patients or clinics, this study developed a valid model for estimating the
direct costs of adult ICU patients with HAIs, adapted to the Brazilian healthcare
context. The model incorporates various scenarios that are potentially representative of
the current conditions in federal university hospitals across the country. Finally, by
demonstrating that HAIs impose a substantial financial burden and that a prevalence

rate of up to 9.41% may be considered economically acceptable, this study offers a new
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perspective for policymakers and healthcare administrators to invest more rationally in

infection control practices.

6. CONCLUSION

Our data have demonstrated the substantial and significant financial burden that
HAISs in ICUs impose on the healthcare system, across different regions of Brazil.
Additionally, our findings support the 9.41% HAI prevalence threshold as an acceptable
limit, beyond which a significant increase in direct costs is observed. The estimates
presented in this study may serve as a basis to support the adoption of a 9.41%
prevalence as a pragmatic benchmark that does not significantly impact hospital

expenditures.
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8. TABLES AND FIGURES

Table I
Population size and number of adult intensive care unit (ICU) beds in 50 federal university hospitals in Brazil by macroregion.
Macroregions Population Size' Number of federal Total number of Number of adult ICU
university hospitals? hospital beds? beds?® (%)
North 17,349,619 4 497 29 (5.83)
Northeast 56,644,582 17 3,370 197 (5.84)
Central-West 16,287,809 5 987 74 (7.50)
Southeast 84,847,187 17 3,645 284 (7.79)
South 29,933,315 7 2,388 200 (8.37)
Brazil 205,062,512 50 10,887 784 (7.20)

1 Source: 2022 Census referring to December 2024
2 Source: Ministry of Education — EBSERH referring to June 2024
3 Source: National Registry of Health Establishments (Cadastro Nacional de Estabelecimentos de Satde, Brasil) referring to June 2024
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Prevalence of healthcare-associated infections in adult intensive care units by macroregions of Brazil used for Monte Carlo simulation of

annual costs.

Macroregions  Number of Number of Number of Number of ICU- HAI prevalence in ICU-acquired HAI
hospitals patients with patients without  acquired HAI patients ICU (%) prevalence (%)
HAIs HAIs

North 3 16 31 13 34.04 81.25
Northeast 5 19 80 13 19.19 68.42
Central-West 2 14 46 13 23.33 92.86
Southeast 28 188 143 147 56.80 78.19
South 1 4 9 4 30.77 100.00
Brazil 39 241 309 190 43.82 78.84

HALI, healthcare-associated infection; ICU, intensive care unit

Source: Machado et al., 2025
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Table 111
Statistics obtained from the Monte Carlo simulation (n=50,000 simulations) of the annual direct costs (US$) of patients with and without

healthcare-associated infections (HAIs) admitted to adult ICUs in 50 federal university hospitals in Brazil, based on three HAIs prevalence

scenarios.
Scenarios Prevalence of patients Average number of patients per year  Total direct cost per year in Difference in costs in US$
with HAIs in ICU (%) (Average number of patients with USS$ (mean + SD) from Scenario 1 (mean + DP)
HAISs per year)*
Scenario 1 0.00 27,008 (0) 149,720,763 + 7,182,232 -
Scenario 2 941 27,008 (2,543) 149,744,444 + 6,592,099 23,682 + 9,735,298
Scenario 3 43.82 27,008 (11,834) 278,696,007 + 11,269,245 128,975,244 + 7,090,539

* Average number of patients per year in adult ICUs of 50 university hospitals (50,000 simulations) based on the length of stay in the ICU.
HATIs, Healthcare-Associated Infections; ICU, Intensive Care Unit; SD, standard deviation
US$1.00 = R$3.93 (Central Bank of Brazil, April 26th, 2019)
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Statistics obtained from the Monte Carlo simulation (n=50,000 simulations) of the annual direct costs (US$) of patients with and without healthcare-associated infections

(HAIs) admitted to adult ICUs in 50 federal university hospitals by macroregion of Brazil, based on three HAIs prevalence scenarios.

Regions *Direct cost in Scenario *Direct cost in Scenario Prevalence *Direct cost in Scenario  *Difference between *Difference between *Difference in
11 (US$) 2% (US$) of patients 32 (US$) direct costs in direct costs in Scenario 3 the number of
with HAIs in Scenario 2 and and Scenario 2 (US$) patients
the ICU (%) Scenario 1 (US$) between
Scenario 3 and
2
North 5,538,584 £ 72,493 5,532,613 + 6,74,989 34.04 8,957,965 + 802,560 -5,971 £ 990,447 3,425,352 £ 1,078,164 663 £ 48
Northeast 37,621,282 + 2,397,447 37,619,241 £2,213,732 19.19 46,829,870 + 2,529,147 -2,041 £ 3,261,981 9,210,628 + 3,493,846 246 + 20
Central-West 14,135,238 + 1,243,561 14,133,580 + 1,158,247 23.33 19,057,201 + 1,324,941 -1,658 £ 1,698,387 4,923,621 + 1,814,829 355+29
Southeast 54,242,845 + 3,137,374 54,254,577 +£2,902,491 56.80 118,642,872 + 5,166,944 11,731 £4,268,410 64,388,295 + 6,044,508 4637 £ 186
South 38,209,401 + 2,394,217 38,205,463 2,221,222 30.77 58,627,194 +£ 2,919,063 -3,939 £ 3,264,854 20,421,732 + 3,779,766 1471+ 72
Brazil 149,720,763 + 7,182,232 149,744,445 + 6,592,099 43.82 278,696,007 + 11,269,246  2,3682 £ 9,735,298 128,951,562 + 13,339,982 9291 + 366

HAISs, Healthcare-Associated Infections; ICU, Intensive Care Unit

*Mean = Standard Deviation

! Real prevalence used for the calculation of Scenario 3

2 Scenario 1: prevalence 0%; Scenario 2: prevalence 9.41%; Scenario 3: real prevalence

US$1.00 = R$3.93 (Central Bank of Brazil, April 26th, 2019)
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Table V

Statistics obtained from the breakdown of the Monte Carlo simulation (n=50,000 simulations) of the average annual costs (US$) of patients with and

without healthcare-associated infections (HAIs) acquired in adult ICUs in 50 federal university hospitals by Brazilian macroregions, based on three

HAIs prevalence scenarios.

Regions Prevalence of ICU- Average costs in Cost fraction in Average costs in Cost fractionin ~ Difference of the cost
acquired HAITs (%) Scenario 2 (US$) Scenario 2 (US$) Scenario 3 (US$) Scenario 3 (US$) fraction between
Scenario 3 and
Scenario 2 (US$)
North 81.25 5,532,613 4,495,248 8,957,965 7,278,347 2,783,099
Northeast 68.42 37,619,241 25,739,481 46,829,870 32,041,490 6,302,009
Central-West 92.86 14,133,580 13,124,039 19,057,201 17,695,972 4,571,934
Southeast 78.19 54,254,577 42,422,462 118,642,872 92,768,629 50,346,167
South 100.00 38,205,463 38,205,463 58,627,194 58,627,194 20,421,731
Brazil 78.84 149,744,445 118,055,787 278,696,007 219,718,844 101,663,057

HATIs, Healthcare-Associated Infections; ICU, Intensive Care Unit

Scenario 1: prevalence 0%; Scenario 2: prevalence 9.41%; Scenario 3: real prevalence

US$1.00 = R$3.93 (Central Bank of Brazil, April 26th, 2019)
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Statistics obtained from the Monte Carlo Simulation (n=50,000 simulations) of the annual direct costs (USS$) of patients with and without healthcare-associated infections (HAISs)

admitted to adult ICUs in 50 federal university hospitals in Brazil, per 100,000 inhabitants.

Variable Brazil North Northeast Central-West Southeast South
ICU bed density (beds per 0.382322 0.167151 0.347783 0.454328 0.334719 0.668152
100,000 inhabitants)

Costs attributed to HAIs 214,423,126 + 8,770,656 6,162,173 £ 611,072 23,596,651 + 1,455,299 10,778,258 £ 868,405 100,725,932 +£ 4,438,769 38,413,337 + 2,046,284
in US$ (mean + SD)

HALI costs rate per 104,565 + 4,277 35,518 £3,522 41,657 + 2,569 66,174 £ 5,332 118,715+ 5,231 128,330 + 6,836
100,000 inhabitants in
US$ (mean + SD)

ICU costs rate per 135,908 + 5,496 51,632 £4,626 82,673 £ 4,465 117,003 + 8,135 139,831 + 6,090 195,859 + 9,752
100,000 inhabitants in
US$ (mean + SD)

Fraction of ICU-acquired 82,439 28,858 28,502 61,449 92,823 128,330
HAI costs in US$ per
100,000 inhabitants

HAIs, Healthcare-Associated Infections; ICU, Intensive Care Unit; SD, standard deviation

US$1.00 = R$3.93 (Central Bank of Brazil, April 26th, 2019)
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CAPITULO 4- CONSIDERACOES FINAIS
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CONSIDERACOES FINAIS

O presente estudo apresentou dados atualizados sobre epidemiologia das IRAS
nas UTIs de adulto no Brasil, com énfase naquelas de natureza mista, além de fornecer
estimativas sobre os custos diretos associados as IRAS nessas unidades nas diferentes
macrorregides do Brasil. Com base nos resultados obtidos, evidenciam-se também as

seguintes conclusoes:

e Em uma perspectiva global, nosso estudo retrata a elevada frequéncia de
IRAS nas UTIs de adultos em todo Brasil, lamentavelmente sem critérios
microbiologicos, reforcando o papel dessas infeccdes como um grave
problema de saude publica.

e Embora menos frequentes do que as infeccdes monomicrobianas, as
infecgdes mistas apresentam impacto significativo, pois na sua maioria sao
causadas por BGN resistentes, especialmente em pacientes de alto risco.

e Os achados deste estudo confirmam que os BGNs constituem a principal
etiologia das IRAS nessas UTIs, sendo a pneumonia a infec¢do mais
prevalente.

e As IRAS em UTIs de adultos geram um acréscimo estimado nos custos
diretos de US$ 128,975,244, o que evidencia 6nus econdmico alarmante
sobre o sistema de saude brasileiro.

e Asregides Sudeste e Sul concentram as maiores frequéncias de IRAS em
UTTs de adultos, bem como os maiores custos associados, o que demonstra
uma relagdo direta entre a prevaléncia das infecgdes e o impacto
econdmico gerado.

e As UTIs de adultos brasileiras apresentam uma densidade média de
0,382322 leitos por 100.000 habitantes e os custos atribuidos as IRAS
alcangaram US$ 214.423.126. Este valor é desproporcionalmente elevado
quando analisado por macrorregido e em relagdo a capacidade de leitos de
terapia intensiva e evidencia a sobrecarga sobre os recursos disponiveis no
sistema de satde.

e A regido Sul apresenta as maiores taxas de custos relacionados as IRAS e

aos custos de UTIs por 100.000 habitantes, enquanto a regido Norte
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apresenta a menor densidade de leitos de UTI e os menores custos totais
atribuidos as IRAS por 100.000 habitantes.

Todas as macrorregides do pais apresentaram aumento significativo nos
custos decorrentes das IRAS, indicando um padrao nacional de sobrecarga
financeira associada a essas infecgoes.

Com base nos achados deste estudo, propde-se uma prevaléncia de 9,41%
de IRAS como um valor de referéncia aceitavel para os hospitais
brasileiros, considerando o impacto econdmico observado sobre os custos
diretos.

Os resultados reforgam a necessidade urgente de implementagdo de
estratégias eficazes de saude publica voltadas a prevencao e controle das

IRAS no Brasil.



