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RESUMO

Introducio: A pandemia da COVID-19 impactou o mundo todo devido ao grande nimero de
mortes e sobrecarga aos sistemas de saude ocasionada devido a alta transmissibilidade do virus
e a gravidade do quadro clinico dos pacientes, muitos dos quais necessitaram de hospitalizagao
em Unidade de Terapia Intensiva (UTI). Um fator adicional de preocupacdo foi o crescente
numero de coinfecgdes durante o periodo pandémico, que culminou em maiores indices de
mortalidade. Objetivo: Investigar fatores de risco relacionados a mortalidade e infeccao de
corrente sanguinea associada a cateter (ICSAC) e relatar casos de aspergilose associada a
COVID-19 (APAC) em pacientes adultos com COVID-19 hospitalizados em UTI. Material e
métodos: Trata-se de um estudo tipo coorte retrospectivo cujos critérios de inclusdo foram
pacientes diagnosticados com COVID-19, com idade > 18 anos, internados na UTI de um
hospital universitario brasileiro em decorréncia do agravamento da COVID-19, admitidos no
periodo de marco de 2020 a dezembro de 2021. Resultados: Foram incluidos 588 pacientes
adultos admitidos na UTI, dos quais 55,27% foram a 6bito (95% CI = 51,25 — 59,29; 325/588).
A ventilagdo mecanica invasiva foi o preditor de risco de morte na UTI mais forte, juntamente
com idade avancada e Simplified Acute Physiology Score 3 (SAPS3). Do total de pacientes
avaliados, 413 usaram cateter venoso central por pelo menos 48 horas, dos quais 104 tiveram
hemoculturas positivas para fungos e/ou bactérias. A maioria dos microrganismos encontrados
foram bactérias Gram negativas (55,05%), e 55,96% eram resistentes a trés ou mais antibioticos.
Os patogenos mais prevalentes foram Klebsiella pneumoniae (17,43%), Acinetobacter

baumanni (15,6%) e Staphylococcus aureus (13,76%). Nos modelos ajustados, apenas
duas variaveis foram capazes de predizer infeccdo: a obesidade, que aumentou as chances de
ICSAC em 1,39 vezes (OR = 2,39, 1C95%: 1,36-4,22) e o nimero de dias de uso de cateter
venoso central antes da infec¢do reduziu as chances em 0,05 vezes ao dia (OR = 0,91, 1C95%:
0,91-0,99). A ICSAC aumentou o tempo de permanéncia do paciente na UTI e o tempo de
internagdo hospitalar quando comparado ao tempo daqueles que ndo apresentaram a infecgao.
ICSAC isolada nao foi capaz de afetar a mortalidade dos pacientes. Foram identificados oito
casos de APAC, sendo 6 casos possiveis e 2 casos provaveis. Todos os casos foram a obito e
receberam corticoide durante a internacdo. Conclusio: A maioria dos pacientes com COVID-
19 da amostra avaliada ndo sobreviveu. Pacientes com menor tempo de uso de cateter e
obesidade apresentaram maior incidéncia de ICSAC. A medida que mais dados sobre
coinfec¢des e mortalidade em pacientes com COVID-19 se tornam disponiveis, maiores sao as
oportunidades de investigacdo e implementacdo de estratégias que visem a redugdo da
gravidade, mortalidade e impactos nos sistemas de satide, considerando a possibilidade de
novas ondas ¢/ou variantes da doenca.

Palavras-chave: Coinfec¢ao, Cuidado intensivo, SARS-CoV-2.



ABSTRACT

Introduction: The COVID-19 pandemic has impacted the entire world due to the large number
of deaths and the burden on health systems caused by the high transmissibility of the virus and
the severity of the clinical condition of patients, many of whom required hospitalization in the
Intensive Care Unit (ICU). An additional cause for concern was the growing number of
coinfections during the pandemic period, which led to higher mortality rates. Objective:
identify aspects related to mortality and catheter-associated bloodstream infection (CABSI) and
to report cases of COVID-19-associated aspergillosis (CAPA) in adult COVID-19 patients
hospitalized in the ICU. Material and methods: This is a retrospective cohort study whose
inclusion criteria were patients diagnosed with COVID-19, aged > 18 years, admitted to the
ICU of a Brazilian university hospital as a result of the worsening of COVID-19, admitted
between March 2020 and December 2021. Results: 588 adult patients admitted to the ICU
were included, of whom 55.27% died (95% CI = 51.25 - 59.29; 325/588). Invasive mechanical
ventilation was the strongest predictor of risk of death in the ICU, along with advanced age and
Simplified Acute Physiology Score 3 (SAPS3). Of the total number of patients evaluated, 413
had used a central venous catheter for at least 48 hours, of which 104 had positive blood cultures
for fungi and/or bacteria. Most of the microorganisms found were gram-negative bacteria
(55.05% of the germs), and 55.96% were resistant to three or more antibiotics. The most
prevalent pathogens were Klebsiella pneumoniae (17.43%), Acinetobacter baumanni (15.6%)
and Staphylococcus aureus (13.76%). In the adjusted models, only two variables were able to
predict infection: obesity, which increased the chances of CABSI by 1.39 times (OR = 2.39,
95%CI: 1.36-4.22) and the number of days of central venous catheter use before infection
reduced the chances by 0.05 times a day (OR = 0.91, 95%CI: 0.91-0.99). CABSI increased the
patient's length of stay in the ICU and the length of hospital stay when compared to those who
did not have the infection. CABSI alone was unable to affect patient mortality. Eight cases of
CAPA were identified, 6 of which were possible cases and 2 probable cases. All the cases died
and received corticosteroids during hospitalization. Conclusion: The majority of COVID-19
patients in the sample evaluated did not survive. Patients with a shorter duration of catheter use
and obesity had a higher incidence of CABSI. As more data on coinfections and mortality in
COVID-19 patients become available, there are greater opportunities for research and
implementation of strategies aimed at reducing severity, mortality and impacts on health
systems, considering the possibility of new waves and/or variants of the disease.

Keywords: Coinfection, Critical care, SARS-CoV-2.
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1 INTRODUCAO

A pandemia da infec¢do pela doenga do coronavirus 19 (COVID-19) foi um grande
desafio para o mundo todo, com sobrecarga aos sistemas de saude e Unidades de Terapia
Intensiva (UTI) devido ao grande ntimero de pacientes com grave quadro de insuficiéncia
respiratéria, principal manifestacdo da infecg¢do pelo novo virus (PETRIKOV; POPUGAEV;
ZHURAVEL’, 2022). Até o inicio de marco de 2024, mais de 774 milhdes de casos
confirmados e mais de 7 milhdes de mortes foram relatados globalmente (WHO, 2024).
Sucessivas ondas epidémicas com diferentes variantes do virus ocorreram durante o periodo
pandémico e foram caracterizadas por um largo espectro de manifestagdes clinicas, cursos ¢
desfechos, onde a maioria dos pacientes com sintomas graves requereu hospitalizacao
(GRIMA; GUIDO; ZIZZA, 2023).

Fatores como idade, obesidade, diabetes mellitus e hipertensao estdo entre os principais
preditores de gravidade e mortalidade dos pacientes com COVID-19 (LOWHORN et al., 2024),
além de menor renda familiar e taxa de analfabetismo (BALASUBRAMANI et al., 2024; HU
et al., 2024). Doenca cardiovascular e outras comorbidades, intubagdo do paciente, admissao
na UTI e pneumonia também estdo associadas a mortalidade e a gravidade da doenca nesses
pacientes (LOWHORN et al., 2024). Dessa forma, pessoas infectadas pelo virus e que possuam
os fatores de risco supracitados necessitam de vigilancia intensiva, monitoramento e
intervencdo médica em tempo oportuno (WONDMENEH; MOHAMMED, 2024). Politicas e
medidas de saude publica como campanhas educativas destinadas a comunidades vulneraveis,
acesso igualitario a testes, tratamento e vacinacdo sdo cruciais para conter € minimizar o
impacto da COVID-19 (HOLDEN et al., 2024).

Um preocupagdo que surgiu com o aumento das internagdes pela COVID-19 foi o
grande nimero de coinfecgdes e consequente elevagdo da taxa de mortalidade (ALDARHAMI
et al., 2024). Durante a pandemia houve prejuizo nas praticas dos servigos de saude devido a
alta demanda de pacientes, maior carga de trabalho e escassez de recursos humanos e materiais,
0 que impactou na maior incidéncia de infecgdes relacionadas a assisténcia a satide (IRAS),
mudancga no perfil das bactérias circulantes e da resisténcia antimicrobiana (ISMAEL et al.,
2024). Houve aumento das coinfec¢des bacterianas e fungicas em pacientes graves que
necessitaram de hospitalizagdo, especialmente em internados em UTI (KRSIHNAN;
KUMAR; INBAKANI, 2024; YUSOF; NORHAYATI;

AZMAN, 2023).
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Uma metanalise que avaliou 49 estudos sobre coinfec¢des bacterianas concluiu
que, de forma geral, a prevaléncia de coinfec¢cdo bacteriana em pacientes com COVID-19
hospitalizados foi de 26,84% (YUSOF; NORHAYATI; AZMAN, 2023).

A medida que mais dados sobre coinfecgdes e mortalidade em pacientes com COVID-
19 se tornam disponiveis, maiores sao as oportunidades de investigagdo e implementacao de
estratégias que visem a reducdo da gravidade, mortalidade e impactos nos sistemas de saude,

considerando a possibilidade de novas ondas e/ou variantes da doenga.
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2 FUNDAMENTACAO TEORICA

Declarada como pandemia pela Organizagdo Mundial de Satde (OMS) em 12 de margo
de 2020, a COVID-19 gerou impacto global devido sua alta mortalidade, principalmente em
pessoas idosas e portadoras de comorbidades, o que sobrecarregou os sistemas de saude e
culminou em escassez de leitos em UTI nos hospitais devido ao aumento exponencial do nimero
de casos (ALIZADEHSANTI et al., 2021).

Com alto poder de transmissibilidade e infectividade, o virus causador da COVID-19,
identificado como um novo beta-coronavirus de RNA envelopado (denominado coronavirus 2
da sindrome respiratoria aguda grave [SARS CoV-2]) (LU et al., 2020) se espalhou
rapidamente, o que fez com que a medicina dispensasse tratamentos empiricos com antivirais e
corticoides, e a ciéncia buscasse com urgéncia evidéncias de fatores de risco que contribuissem
na identifica¢do rapida de casos graves e intervencao precoce, visando frear a mortalidade e
controlar a transmissdo viral (SUN et al., 2020). O SARS CoV-2 ocasiona um agravamento a
satide maior que o resfriado comum em virtude de sua patogénese, composta pelos estidgios de
replicagdo viral, hiperatividade imunologica e lesdo pulmonar (HUANG et al., 2024; LI et al.,
2021a).

Diante dos diferentes niveis de gravidade clinica entre os infectados pela COVID-19, a
OMS definiu critérios para classificar a doenca em critica, grave e ndo grave. A sindrome do
desconforto respiratério agudo (SDRA), sepse, choque séptico ou outras situagdes que requerem
terapia para manuteng¢do da vida, como ventilagdo mecanica (invasiva ou nao invasiva) e terapia
vasopressora, sdo condigdes que caracterizam o estado critico da doenga. A COVID-19 grave ¢é
definida por saturagdo de oxigénio <90% em ar ambiente, pneumonia grave, sinais de
desconforto respiratorio grave (em adultos, uso de musculatura acessoria, incapacidade de
completar frases completas, frequéncia respiratoria > 30 respiragdes por minuto. A COVID-19
ndo grave ocorre quando ha auséncia de qualquer critério para COVID-19 grave ou critica
(WHO, 2023).

O agravamento do quadro de COVID-19 requer tratamento intensivo com a utilizacao

de modernos esquemas e protocolos de terapia medicamentosa, ventilagio mecanica e
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oxigenacao por membrana extracorporea (PETRIKOV; POPUGAEV; ZHURAVEL, 2022). O
tratamento medicamentoso pode ser subcategorizado em dois grandes grupos baseado no alvo:
agentes antivirais e terapias direcionadas ao hospedeiro, com o objetivo de diminuir a resposta
inflamatéria exacerbada: esteroides, anticorpos monoclonais e policlonais, plasma
convalescente e outros, sendo que a terapia combinatdria apresenta vantagens comparado ao
tratamento isolado (YUAN et al., 2023).

O aumento dos estados inflamatérios com liberagdo exacerbada de citocinas leva a
ruptura da interface dos vasos sanguineos, criando um ambiente propicio a hipercoagulabilidade
(HUANG et al., 2024). Além disso, na COVID-19 ocorre aumento de trombina, fibrinogénio,
maior estimulacdo da ativagdo plaquetaria, niveis elevados de dimero D e aumento significativo
da viscoelasticidade da fibrina, levando & complicagdes tromboembolicas (HE; BLOMBACK;
WALLEN, 2024) .

Estudo de coorte realizado no Canadé analisou dados de vigilancia e concluiu que a
presenca de comorbidades em pacientes com COVID-19 est4 associada ao aumento dos riscos
de hospitalizagdo, admissao em UTI e morte. Esses riscos aumentam também em pacientes nao
vacinados contra COVID-19 (SIMARD et al., 2023). Idade, obesidade, sexo masculino,
diabetes mellitus e hipertensdo estdo associados a mortalidade mais alta. Individuos com
comorbidades e caracteristicas clinicas associadas a gravidade devem ser monitorados de perto,
e os esforgos preventivos devem ser implementados (LI et al., 2021b; LOWHORN et al., 2024).

O desenvolvimento e a implantacdo de vacinas contra o0 SARS-COV-2 reduziram
consideravelmente as taxas de mortalidade entre as pessoas que contraem o virus, tendo papel
importante na mudanga da tendéncia de mortalidade por COVID-19 (COLLABORATORS,
2022).

Devido ao surgimento de diversas variantes do virus que causa COVID-19, a OMS
criou, em 2020, o Grupo Técnico Consultivo na Evolu¢ao do Virus SARS-CoV-2, e em 2024
foi instaurada uma Rede de Coronavirus da OMS (CoViNet) para facilitar a deteccdo precoce
e precisa de coronavirus e rastreamento de variantes, incluindo a coordenagdo de avaliagcdes de
risco, sendo fundamental que estes sistemas sejam mantidos e que os dados sejam partilhados,
a medida que o SARS-CoV-2 continua a circular em niveis elevados em todo o mundo (WHO,

2024).
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2.1 Coinfecgoes

Coinfecgdes por bactérias e fungos sdo muito comuns em pacientes com COVID-19
internados em UTI e estdo relacionadas a um pior progndstico e maior taxa de mortalidade,
sendo relevante estimar o risco combinando critérios clinicos, investigagdes microbioldgicas e
de imagens radioldgicas, objetivando um diagnoéstico rapido que permita a escolha de terapia
apropriada e aumento da sobrevida dos pacientes (DE FRANCESCO et al., 2023).

Pacientes com COVID-19 que possuem comorbidades como hipertensdo, diabetes
mellitus, doenga cardiovascular e doenga pulmonar apresentam maior risco de coinfecgdo,
independente do patogeno (KHAN et al., 2023). Além disso, maior tempo de hospitalizacao,
ventilagdo mecanica e tratamento com esteroides também estdo entre os principais fatores de
risco para coinfeccdo nessa populacio (DARWISH et al, 2023). Idade avangada e
comorbidades subjacentes estio associadas ao aumento da mortalidade. Esta descoberta destaca
a necessidade de melhores ferramentas para diagnosticar a presenca ou auséncia de coinfec¢ao
bacteriana e fingica em pacientes COVID-19 (KOTHADIA et al., 2022).

As coinfeccdes bacterianas e fungicas estao relacionadas a maior tempo de internagao e
maior taxa de mortalidade, sendo as bactérias Gram-negativas e espécies de Candida spp. os
microrganismos mais comumente envolvidos (ALSHREFY et al., 2022). Metanalise que
abrangeu 64 estudos e objetivou avaliar coinfec¢cdes em pacientes com COVID-19 encontrou
prevaléncia de 20,9% de coinfec¢do bacteriana e 12,5% de coinfec¢do fingica, o que justifica
a realizagdo de testes diagndsticos para outros patdgenos simultaneamente com o SARS-CoV-
2, visando o tratamento adequado do paciente (PAKZAD et al., 2022).

O uso indiscriminado de antibidticos em todos os pacientes com COVID-19 grave gera
risco de selecdo de organismos multirresistentes, sendo encorajado, nesse sentido, o uso
criterioso de antimicrobianos, discernindo quais pacientes estdo em risco de doenga critica e
mortalidade (KOTHADIA et al., 2022). Identificar o agente infeccioso, classificar colonizagdes
e infecgdes, correlacionar os dados microbioldgicos com as caracteristicas radiologicas, clinicas
e laboratoriais sdo agdes que podem orientar o inicio da antibioticoterapia apenas em pacientes
que realmente necessitam de antibidticos, oportunizando o tratamento adequado aos pacientes

com COVID-19 (KARACA et al., 2023; TISEO et al., 2022)
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2.1.1 Coinfeccoes bacterianas

A coinfeccao bacteriana aumenta em trés vezes o risco de mortalidade dos pacientes
com COVID-19 (PATTON et al., 2023), além de maior tempo de permanéncia hospitalar, o
que torna o uso oportuno e apropriado de antibidticos, auxiliado por um diagnostico preciso,
fator crucial para melhorar o resultado do paciente e prevenir a resisténcia antimicrobiana (WU
et al., 2022). No inicio da pandemia COVID-19, antimicrobianos empiricos foram prescritos
em 56-90% dos pacientes devido a experiéncia prévia de coinfec¢des bacterianas que ocorrem
em outras pneumonias virais respiratorias, pouco conhecimento sobre o novo coronavirus,
gravidade dos pacientes e dificuldade em estabelecer ou excluir um diagnostico de coinfec¢ao
bacteriana clinicamente, o que contribuiu para um aumento da resisténcia aos antimicrobianos
(WU et al., 2022).

O prolongamento da hospitaliza¢do ¢ o principal fator de risco associado a coinfec¢do
bacteriana e ao Obito. Assim, os profissionais de sailde devem minimizar a hospitalizagdo, bem
como seguir um monitoramento continuo para a coinfec¢ao bacteriana entre pacientes COVID-
19, para controlar a dissemina¢do da infeccdo e reduzir a gravidade e a taxa de mortalidade
entre pacientes COVID-19 (ALDARHAMI et al., 2024)

A infeccdo de corrente sanguinea associada a cateter (ICSAC) e pneumonia associada
a ventilagdo mecanica (PAVM) sdo as coinfec¢des mais comuns em pacientes com COVID- 19

(WU et al., 2022).

2.1.1.1 Infeccao de corrente sanguinea associada a cateter (ICSAC)

A ICSAC ¢ um importante problema clinico e de satde publica, com aumento na sua

incidéncia observado durante a pandemia da COVID-19 (SATTA; RAWSON; MOORE,
2023). A ICSAC ¢ definida pela National Healthcare Safety Network (NHSN) como uma

infeccdo que ocorre > 48 h apds a admissdao do paciente, com pelo menos uma amostra de
cultura de sangue periférico positiva (CDC/NHSN, 2024). Principalmente os pacientes com
COVID-19 internados em UTI apresentam maior risco de adquirirem ICSAC, e as taxas de
mortalidade sdo maiores nos pacientes coinfectados (MASSART et al., 2021). Os
microrganismos mais comumente envolvidos em ICSAC em pacientes com COVID-19 sdo as
bactérias Gram-negativas (HLINKOVA et al., 2023).

O aumento da incidéncia de ICSAC nos pacientes com COVID-19 deve-se a causas
multifatoriais, incluindo questdes relacionadas ao paciente como comorbidades, idade avangada,
sexo masculino e uso de esteroides e questoes relacionadas ao processo do cuidado, como a falta

de adesdo as medidas de controle de IRAS.
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em virtude da alta carga de trabalho e escassez de profissionais de saude durante a pandemia
(BEN-ADERET et al., 2023).

Medidas simples de prevengdo de ICSAC como higienizacdo adequada das maos e
cuidados com cateter podem ficar comprometidas quando hé grandes demandas de trabalho nas

equipes de saude e falta de recursos humanos e materiais, como ocorreu durante a pandemia da

COVID-19 (SATTA; RAWSON; MOORE, 2023).

2.1.1.2 Pneumonia associada a ventilacio mecanica (PAVM)

A PAVM ¢ uma das mais frequentes IRAS (com incidéncia de até 40% dos pacientes
internados em UTI), estando intimamente relacionada ao maior tempo de ventilagdo mecanica
e maior tempo de internacdo hospitalar, e cujo diagndstico inclui suspeita clinica, novos
infiltrados e diagnostico microbiologico significando culturas microbioldgicas positivas do
trato respiratorio inferior (PAPAZIAN; KLOMPAS; LUYT, 2020).

No entanto, esses critérios ndo podem ser aplicados com precisdo a pacientes com
COVID-19 que apresentam manifestagdes clinicas sobrepostas devido a infec¢do viral (TAN et
al., 2023). Se surgirem novos sinais clinicos de deterioracdo respiratoria que possam ser
atribuidos a processo infeccioso, além da avaliagdo convencional com radiografia de torax e
tomografia pulmonar, ¢ recomendado o uso de ultrassonografia pulmonar em tempo real para
acompanhar pacientes com COVID-19 gravemente enfermos (DENG et al., 2022). Além disso,
a procalcitonina sérica elevada e aumento de granuldcitos imaturos podem atuar como
biomarcadores que sugerem PAVM (DENG et al., 2022).

A PAVM ¢ uma das complicacdes infecciosas mais comuns da ventilagdo mecanica
invasiva relacionada aos cuidados de satude e esta associada a altas taxas de mortalidade, sendo
os patogenos Gram-negativos os principais responsaveis pela coinfeccdo em pacientes com
COVID-19 (ALIGUI; ABAD, 2023). Além disso, pacientes durante a ventilagdo mecanica em
intubacdo orotraqueal apresentam maior incidéncia geral de PAVM do que aqueles em
traqueostomia (TETAJ et al., 2022).

O aumento da incidéncia de PAVM em pacientes com COVID-19 esté relacionado a
ventilagdo mecanica prolongada e longa permanéncia hospitalar, imunomodulagao viral, uso de
esteroides, uso de agentes sedativos e bloqueadores neuromusculares, uso de vasopressores,
posicao prona, uso de oxigenacdo mecanica extracorporea, escassez de profissionais de saude

e equipamentos de protecao inadequados (FUMAGALLI et al., 2022).



17

Alguns autores afirmam que mesmo que o uso de esteroides esteja associado a uma maior
incidéncia de PAVM, a for¢a da associagdo ¢ provavelmente muito pequena, e o clinico ndo
deve limitar seu uso quando apropriado (VACHERON et al., 2023).

A prevengdo de PAVM, baseada na minimiza¢ao da exposi¢ao a ventilagdo mecanica e
no incentivo a extubagdo precoce, quando viavel, ¢ mais importante do que o tratamento da
PAVM. E,a redug¢ao do tempo de ventilagdo mecanica invasiva esta relacionada com a
prevencao farmacoldgica da PAVM. Quanto ao tratamento da PAVM, os antibidticos empiricos
sdo importantes quando ha suspeita da coinfec¢do, havendo necessidade de atengdo especial
com relagdo ao espectro antimicrobiano e duragdo dos antibidticos devido a existéncia de
bactérias resistentes aos medicamentos (DENG et al., 2022). O uso excessivo de antibioticos
empiricos antes da intubag@o pode contribuir para o desenvolvimento desfavoravel de bactérias
multirresistentes, com uma alta proporcao de resisténcia aos carbapenémicos € microrganismos
multirresistentes (TETAJ et al., 2022).

Pacientes com COVID-19 em UTI apresentam alto risco para PAVM e PAVM
multirresistente. O inicio da PAVM ¢ precoce em pacientes com COVID-19 comparados aos
pacientes sem COVID-19, devendo ser considerado essa condi¢do em pacientes com piora do

quadro clinico (ALIGUI; ABAD, 2023).

2.1.2 Coinfeccgoes flingicas

As infecgdes fingicas se tornaram uma preocupacgdo durante a pandemia, especialmente
em pacientes com COVID-19 gravemente doentes, desempenhando um papel fundamental em
seus desfechos clinicos. Considerando que alguns sintomas de infec¢do fungica podem ser
semelhantes aos da COVID-19 como febre, tosse e falta de ar, o conhecimento da potencial
coinfeccdo € crucial para evitar atraso no diagnostico e prevenir agravamento do quadro clinico
e morte (KRSIHNAN; KUMAR; INBAKANI, 2024).

A duragdo prolongada da ventilagdo mecanica, a desregulacao imunologica, tratamento
com corticosteroides e a exposicdo a antibioticos de amplo espectro criam um ambiente ideal
para o desenvolvimento de infec¢des fingicas invasivas (BETOLAZA et al., 2024).

Os géneros de fungos mais comumente relacionados a essas coinfec¢des sao espécies
de Aspergillus, Mucorales ¢ Candida, incluindo Candida auris (HOENIGL et al., 2022) e
dentre os fatores de risco estdo idade avangada, procedimento cirirgico, sepse, doenca

pulmonar obstrutiva cronica e sexo masculino. A coinfec¢do ocasiona maior tempo de
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internagdo hospitalar e em UTI, além maiores chances de mortalidade (LOPEZ-HERRERO et
al., 2024).

2.1.2.1 Aspergilose associada a COVID-19 (APAC)

Casos de aspergilose associada a COVID-19 (APAC) surgiram durante os primeiros
meses da pandemia. No entanto, as taxas de incidéncia variaram amplamente, provavelmente
porque APAC ¢ dificil de diagnosticar em pacientes SDRA associada a COVID-19 (HOENIGL
etal., 2022). A APAC acomete geralmente pacientes com COVID-19 em estado grave, estando
relacionada a grave deterioragdo da funcdo respiratdria e sepse. Assim, deve-se considerar o
risco potencial de aspergilose mesmo que nao haja fatores de risco classicos para esta coinfec¢ao
(KRSIHNAN; KUMAR; INBAKANI, 2024). Em estudo multicéntrico no Reino Unido que
incluiu 266 pacientes com COVID-19 ventilados mecanicamente, foi encontrado uma taxa de
incidéncia de APAC de 10,9%, (HURT et al., 2024).

Além da prépria COVID-19, tratamento com esteroides, inibidor de interleucina 6 e
doenga pulmonar obstrutiva cronica estao entre fatores de risco para APAC, sendo importante
o manejo adequado dos pacientes em cuidados intensivos (HURT et al., 2024). Somente a
presenca de fungos no trato respiratdrio ndo ¢ sindnimo de doenga flngica, o que requer
investigagdo adequada. Os critérios para o diagnostico de micoses invasivas, que foram
desenvolvidos principalmente para pacientes imunossuprimidos, sao de dificil aplicagdo em
pacientes internados em UTI devido a impossibilidade de coleta de biopsias de tecido pulmonar,
a falta de fatores classicos do hospedeiro que favoregcam a infeccdo fungica, ou seja,
imunossupressdo, e achados radioldgicos inespecificos causados pela ventilagdo mecanica,
além das imagens dos resultados de exames serem dificeis de interpretar devido ao quadro de
infecgdo viral preexistente (SKORA et al., 2023).

O diagnostico de APAC envolve cultura de fungo e pesquisa de galactomanana em
amostras de secre¢do do trato respiratdrio inferior (KRSIHNAN; KUMAR; INBAKANI, 2024).
A Confederagdo Europeia de Micologia Médica (ECMM) e a Sociedade Internacional de
Micologia Humana e Animal (ISHAM) prepararam diretrizes que fornecem as definigdes de
APAC comprovada, provavel e possivel, com recomendacdes para o diagndstico e tratamento
da APAC.

De acordo com as diretrizes da ECMM/ISHAM, o tratamento de primeira linha
recomendado para aspergilose invasiva ¢ o voriconazol ou isavuconazol intravenoso. A

ECMM/ISHAM CAPA recomenda testes de galactomanana sérico para pacientes com SARS-
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CoV-2 trés vezes por semana até a alta da UTI e testes de amostras do trato respiratdrio inferior
pelo menos uma vez por semana (KOEHLER et al., 2021).

Na auséncia de um diagnostico comprovado, o beneficio da terapia antifingica em
pacientes com suspeita de APAC deve ser ponderado com cautela em relagdo ao custo,
toxicidade, potencial de interagdo medicamentosa e desenvolvimento de resisténcia antifungica
(HURT et al., 2024). E recomendado tratamento antifungico para APAC comprovada, provavel
e possivel, sendo indicado inicio com monoterapia Unica ou sequencial com voriconazol,
isavuconazol, posaconazol, anfotericina B lipossdmica. O desoxicolato de anfotericina B ¢ as
equinocandinas podem ser considerados como uma terapia alternativa (WU et al., 2023).

Na populacdo com APAC, outras coinfecgcdes bacterianas com microrganismos
multirresistentes sdo frequentemente identificadas. Essas caracteristicas, juntamente com um
longo tempo de permanéncia hospitalar e ventilagdo mecénica, desafiam o manejo
antibacteriano e antifingico, aumentam os custos de atencao e estdo associadas a maiores taxas
de mortalidade. Melhorar as capacidades diagndsticas e incluir testes de suscetibilidade a
1solados de Aspergillus de importancia clinica como padrdo de tratamento e vigilancia local
ajudard a melhorar os desfechos em pacientes com APAC e, em geral, em todas as infeccoes
fangicas que ocorrem em UTIs/populagdes gravemente doentes (HERNANDEZ-SILVA et al.,
2024).

2.1.2.2 Candidiase associada a COVID-19 (CAC)

Durante a pandemia da COVID-19 houve um aumento da incidéncia de candidiase na
populacdo infectada pelo novo coronavirus, resultando desfechos graves nos pacientes
hospitalizados (TSAI et al., 2022).

Enquanto a fisiopatologia molecular ndo ¢ totalmente compreendida, alguns fatores,
incluindo comprometimento do sistema imunologico, deficiéncias de ferro e zinco e
transmissdes nosocomiais e iatrogénicas, predispdem os pacientes COVID-19 a candidiase
(AHMED et al., 2022). Além disso, os pacientes com COVID-19 que permanecem internados
por longos periodos, utilizam cateter venoso central, sdo submetidos a procedimentos cirtirgicos
e recebem antimicrobianos de amplo espectro, estdo mais sujeitos a candidemia invasiva (AL-
HATMI et al., 2021). Os corticosteroides t€ém uma alta chance de predispor pacientes com
COVID-19 a candidiase, principalmente em combinagdo com outras drogas imunossupressoras

(AHMED et al., 2022).
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A maioria dos casos de candidiase associada a COVID-19 (CAC) ocorre em UTI, sendo
diagnosticado aproximadamente sete dias apds a internagdo e apresentam duas vezes maior
risco de morte quando comparados aos pacientes com candidemia sem COVID-19
(MACAULEY; EPELBAUM, 2021; PISANO et al., 2023). Assim, um diagndstico rapido ¢
necessario para evitar a transmissao fungica a individuos ndo infectados e permitir tratamento
oportuno aos infectados, evitando prognoéstico ruim (AHMED et al., 2022).

Com relacdo ao tratamento, a estratégia terapéutica para o CAC causado por espécies
comuns de Candida, como Candida albicans, Candida tropicalis ¢ Candida glabrata, é
semelhante a era pré-pandémica. Para pacientes ndo criticos ou com baixo risco de resisténcia
azoblica, o fluconazol continua sendo a droga de escolha para candidemia. Para pacientes
gravemente enfermos, aqueles com historia de exposi¢ao recente a azolicos ou com alto risco
de resisténcia ao fluconazol, as equinocandinas sdo recomendadas como terapia de primeira
linha (WU et al., 2023). Para candidemia causada por Candida auris, recomendam-se
equinocandinas. Se ndo houver evidéncia de resisténcia a anfotericina B e houver candidemia
persistente apos o tratamento com equinocandina, anfotericina B lipossomal ou desoxicolato de
anfotericina B podem ser considerados (TSAI et al., 2022; WU et al., 2023).

A transi¢do de Candida spp de comensal para patogeno, a capacidade de mudar de
morfologia e formar biofilmes, a progressdo da infeccdo por Candida spp. e seus fatores de
viruléncia ainda ndo sao bem compreendidos. Adicionalmente, os varios fatores destacados que
predispdem os pacientes com COVID-19 a candidiase, suas interagdes, e efeitos individuais
devem elucidados para evitar o desenvolvimento de coinfec¢des oportunistas que diminuem a

sobrevida dessa populacdo (AHMED et al., 2022).

2.1.2.3 Mucormicose associada a COVID-19 (MAC)

A mucormicose € uma infec¢ao fungica angioinvasiva, causada por fungos da ordem
Mucorales, principalmente os pertencentes aos géneros Rhizopus, Mucor, Rhizomucor e
Phycomyces. E potencialmente letal e tem como fatores de risco diabetes mellitus,
imunodeficiéncias, uso de imunossupressores e esteroides, neoplasias hematoldgicas e
transplante de células-tronco hematologicas (HONAVAR, 2021; SKIADA; PAVLEAS;
DROGARI-APIRANTHITOU, 2020). O fungo ¢ encontrado naturalmente no ambiente, na
superficie do corpo e nos orificios. Em pessoas imunodeficientes, a micose pode afetar a pele,
pulmdes, rins e ainda os esporos podem inocular os seios paranasais € a nasofaringe com

posterior disseminagdo para a Orbita e cavidade intracraniana, causando a mucormicose rino-
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orbitaria. O patdgeno invade a rede vascular causando inflamagdo e necrose. O diagnostico
precoce com a instituicdo de terapia antimicrobiana adequada ¢ imprescindivel para evitar perda
da visdo e morte (RAVANI et al., 2021).

Com a pandemia da COVID-19 houve um acentuado aumento de casos de mucormicose
devido aos danos causados pelo SARS CoV-2, diabetes mellitus nao controlada e uso de
esteroides por esses pacientes (RAVANI et al., 2021). A mucormicose associada a COVID-19
(MAC) ¢ definida como a identificacdo de Mucorales em cultura por testes laboratoriais,
histopatologia ou reagdao em cadeia da polimerase (PCR) em paciente com COVID-19 e sinais
e sintomas clinicos de mucormicose invasiva (SELARKA et al., 2021). A maioria dos casos de
MAC relatados ocorreram na india por ser um pais com alta prevaléncia de diabetes mellitus
ndo controlada e que possui fatores ambientais como o clima quente e imido que propiciam a
proliferacdo e infecg¢do pelo fungo (ALMYROUDI et al., 2022).

A mucormicose apresentava uma taxa de mortalidade aproximada de 50% na era pré-
COVID-19, porcentagem que chegou a 85% durante a pandemia, considerando também fatores
inerentes a condicdo pandémica de falta de infraestrutura hospitalar, de recursos humanos e
dificuldade de diagnéstico (GARCIA-CARNERO; MORA-MONTES, 2022). Devido a alta
mortalidade da doenga e a auséncia de sinais clinicos no inicio da infec¢ao, (KUMAR et al.,
2023), recomendam que o diagnostico seja estabelecido com base em evidéncias de imagem,
microbiologia e histopatologia.

Estudo multicéntrico realizado na India que avaliou 287 pacientes com mucormicose
constatou que idade, envolvimento rino-orbito-cerebral e admissdo em UTI foram associados
com aumento das taxas de mortalidade. O tratamento com drogas antifingicas melhorou a
sobrevida dos pacientes (PATEL et al., 2021). A terapia antifungica adequada e oportuna ¢ a
resseccdo cirargica, quando necessaria, sdo essenciais no manejo da mucormicose. A
anfotericina B lipossomal ¢ a droga de escolha, mas o isavuconazol também ¢ recomendado na
terapia primaria. Triazodis, incluindo posaconazol e isavuconazol, sdo indicados na fase de
consolidagdo ou como terapia de resgate (PATEL et al.,, 2021). No entanto, a escolha de
tratamento pode variar dependendo do tipo clinico de mucormicose: as mucormicoses
pulmonar, rino-orbitaria/cerebral e renal sao tratadas preferencialmente com terapia antifingica
e cirirgica concomitantes, enquanto na mucormicose cutanea utiliza-se, normalmente, apenas
drogas antifungicas (GARCIA-CARNERO; MORA-MONTES, 2022).

Selarka et al. (2021) ressaltam a importancia de maior controle glicémico dos pacientes
com COVID-19, além do uso racional de corticoides e antimicrobianos de amplo espectro, o

que contribui para aumento da sobrevida dos pacientes com MAC.
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3 OBJETIVOS
3.1 Objetivo Geral

Identificar aspectos relacionados a mortalidade e ICSAC e relatar casos de APAC em
pacientes adultos com COVID-19 hospitalizados em uma UTI da rede publica da cidade de

Uberlandia, Minas Gerais.

3.2 Objetivos Especificos

a) Identificar e compreender os preditores de mortalidade em pacientes com COVID-19;
b) Conhecer a frequéncia de ICSAC, identificar microrganismos envolvidos e
preditores dessa coinfecgao;

c) Relatar casos de pacientes com APAC na UTI em estudo.
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Abstract: COVID-19 has generated global impact due to its contagiousness and high lethality rates, 13
with a large number of deaths mainly in intensive care units (ICUs). This study aimed to verify the = 14
occurrence and understand the factors related to mortality in adult patients with COVID-19 admit- 15
ted to the ICU in a tertiary hospital. This is a retrospective cohort study, which included COVID-19 16
patients admitted between March 2020 and December 2021. A total of 588 patients were included, 17
of whom the majority (55.27%) did not survive. Invasive mechanical ventilation was the strongest 18
predictor of risk of death in the ICU with OR = 97.85 (95%CI = 39.10 - 244.86; p <0.001), along with 19
age and SAPS3, and length of ICU stay were protective. Evaluating patients on invasive mechanical =~ 20
ventilation in isolation, using an adjusted model, we found that the following risk factors were ob- 21
served: use of vasopressin, renal replacement therapy, red cell distribution width >15, use of hydro- 22
cortisone, age in years and are protective days of mechanical ventilation use, being admitted from 23
another service and being of female sex. Identifying early predictors of mortality in patients with 24
COVID-19 who require hospitalization is essential in the search for actions to prevent and manage 25

complications that can increase the survival of these patients and reduce the impact on health ser- 26
vices. 27
Keywords: COVID-19; preditors; mortality; intensive care unit 28
29
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Coronavirus disease 2019 (COVID-19), declared a pandemic by the World Health =
Organization (WHO) on March 12, 2020, has generated global impact due to the high =
number of deaths, especially among the elderly and those with comorbidities, whichhas =
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tors that affect its severity and mortality, ICU admission is in many cases indispensable 38
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of this population, which justifies not only establishing conducts aimed at infection con- 46
trol and appropriate antimicrobial management, but also seeking clinical evidence of 47
other variables that may contribute to high mortality rates [5,6]. 48
Although the end of the pandemic has already been decreed in May 2023, revisiting 4
the data of specific populations can be essential as a preventive mechanism. Specifically s
in Brazil, there is a shortage of ICU beds; and the occurrence of healthcare-related infec- s
tions has increased length of stay, increased hospital costs and reduced the availability of = s
ICU beds for public service systems [7,8]. The population sampled here has shown the s
occurrence of both co-infections [9], and the early onset of healthcare-associated infections s
such as catheter-associated bloodstream infection [10]. Patients with COVID-19 have been =5
shown to be more susceptible to infections and secondary complications during hospital- s6
ization. Despite this, retrospective studies of the epidemiology of the disease and its asso- sz
ciated factors are complex. Few population-based studies are available at the municipal s
level regarding strains such as [11], or even the behavior of waves that have clearly been s
affected by local issues and actions, as in the population sampled here [12]; or even the &
profile and occurrences of the outcomes in these populations; facts that may have madeit «
difficult to manage the pandemic locally. 62
Reducing and understanding these negative outcomes can strongly affect health sys- ¢
tems. Understanding the outcomes of patients who have been infected with the SARS- &
CoV-2 virus and the high rate of ICU admissions, associated with the significant mortality e
of COVID-19 patients in the first two years of the pandemic, will enable future actionsin s
the event of new epidemics by this or other viruses, and the development of strategies e
that can contribute to favorable outcomes. Therefore, this study aimed to verify the occur- e
rence and understand the predictors of mortality in adult patients with COVID-19 admit- e
ted to the ICU in a tertiary hospital in the interior of Brazil during the pandemic period. =

2. Methods 71
2.1. Type of study and data collection 72

This is a retrospective cohort study whose inclusion criteria were patients diagnosed 7
with COVID-19, laboratory confirmed by reverse transcriptase polymerase chain reaction 7
(RT-PCR), aged > 18 years, admitted to the ICU of a Brazilian university hospital asa result 7
of the worsening of COVID-19, admitted between March 2020 and December 2021. This 7
hospital has approximately 500 beds and offers highly complex treatment, is tertiary and 7
a reference for the macro-region. The research was submitted to and approved by the Hu- =
man Research Ethics Committee of the University to which the hospital is linked, CAAE:  »
51805021.5.0000.5152, number 5.043.636/2021. 80

The following patient characteristics were assessed: age, gender, comorbidities, clin- &
ical data such as symptoms on admission to hospital, duration of symptoms and vital &
signs on the first day of hospitalization, laboratory results on admission and treatments s
carried out in the ICU. All the data were collected electronically from the hospital infor- &
mation system and the patients’ physical and electronic medical records. 85

2.2. Data recoding 86

For tests that showed significance and were included in the regression models, the &
data were dichotomized according to the reference values followed at the institution. s
Hematocrit was dichotomized into normal (if > 35 and < 45) and non-normal (if <350r> &
45). The red blood cell distribution range (RDW) was dichotomized into > 15 or not (if < &
15). Prothrombin activation time (PAT) was dichotomized into abnormal (if £ 70) or nor-
mal (if > 70). The International Normalized Ratio (INR) was dichotomized into abnormal =
(if 21.2) or normal (if < 1.2). The neutrophil-to-platelet ratio (NPR) was dichotomized into ¢
abnormal (if > 58.41) and normal (if < 58.41). This value was based on the third quartile. = %
In addition, all the tests categorized as normal and abnormal were tested, but most of the ¢
results were not different from the absolute values or showed a low occurrence in one of %
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the levels. In the case of abnormal, for each test it was also considered and tested whether o7
it was below the reference value or above. To simplify the analysis, not all the parameters 9
evaluated are shown. 99
For the blood count, some ratios or derived indices that have been evaluated in the 100
literature were tested [13-15]. The neutrophil/lymphocyte ratio (NeLR) was tested by di- 101
viding the number of neutrophils by the number of lymphocytes. The platelet/lymphocyte 102
ratio (PlaLiR) was obtained by dividing the number of platelets in thousands (plate- 103
lets/1000) by the number of lymphocytes. The derived neutrophil/lymphocyte ratio (d- 104
NLR) was obtained using the equation d-NLR=N/([L*1000]-N), where N is the number of 105
neutrophils and L is the number of lymphocytes. The myelocyte/lymphocyte ratio (MLR) 106
was calculated by dividing the number of myelocytes by the number of lymphocytes. The 107
neutrophil/platelet ratio (NPR) was the number of neutrophils divided by the number of 108
platelets. The systemic immuno-inflammation index (SII) was obtained using the equation 109
SII =(N*P)/(L*1000), where N is the number of neutrophils, P the number of platelets and 110
L the number of lymphocytes. In both cases, multiplying by 1000 served to improve the 111
scale of the variable [13-15]. 112

2.3. Statistical analysis 113

The analyses and tests were carried out separately for patients on invasive mechani- 114
cal ventilation (IMV) and for all patients together (see results). One of the most important 115
points justifying this approach is the presence of few deaths in the group that did not 116
receive IMV (five deaths out of 164 patients), which would not allow us to adequately 117
estimate the statistical trend values and the associations to be tested. In the group that 118
received IMV, there were 320 deaths out of 424 patients. IMV alone is already the main 119
risk factor for mortality in COVID-19 patients (see results). 120

For the quantitative data, the median, first quartile and third quartile were calculated, 121
given the lack of normality assessed by the Kolmogorov-Smirnov Lilliefors test. For the 122
qualitative data, the relative frequency in percentage and its 95% confidence interval 123
(95%CI) were calculated for each level of the variables. To compare the ICU death and 124
survivor groups in the association analyses, the likelihood ratio test was used for qualita- 125
tive variables and the Mann-Whitney test for quantitative variables. Simple and multiple 126
logistic regression analyses were used to predict the occurrence of death in the ICU. For 127
the logistic regression models, the obesity variable was chosen due to the lower sample 128
loss in relation to weight. When necessary, the variables were dichotomized for better 129
estimation. Simple regression models (unadjusted) were built for all available variablesin 130
both cases. Due to insufficient data in the records, multiple models could not be built for 131
all variables. For the multiple models, priority variables were chosen with sufficient sam- 132
ple size, the presence of representative deaths and survivors, and without dependenceon 133
others. In addition, for the (adjusted) multiple regression, models were built only for the = 134
variables that had already shown a significant difference in the previous association anal- 135
yses and were not dependent on others. The multiple models were presented in fulland 136
reduced form. The Wald test probability (p-value < 0.05) and the backward method were 137
used to select the model. In addition, the Odds Ratio and its 95% confidence interval were 138
calculated for all models, crude or adjusted. All the analyses were carried out using SPSS 139
software version 20.0. A 5% significance level was adopted for all analyses. 140

3. Results 141

The study included 588 adult patients admitted to the ICU, of whom 55.27% died = 142
(95%CI = 51.25 - 59.29; 325/588). Among all the patients, 164 did not use IMV and 424 did. ~ 143
Among the patients who did not use IMV, 3.05% died (95%CI=0.42 - 5.68; 5/164). Among 144
the patients who used IMV, 75.47% died (95%CI =71.38 - 79.57; 320/424). Given these dif- 145
ferences in mortality associated with IMV, the patients were allocated into two groups for 146
statistical analysis. The first group was the general group, which included all patients, and 147
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the second group included only patients who received IMV. In addition, exploratory anal-

148

yses demonstrated the dependence between some variables, such as patients who re- 149 ceived

IMV were also those who used vasoactive drugs, used sedatives, received invasive

150

procedures, and used medications or underwent interventions more commonly associ- 151 ated

with mortality and/or worsening of the condition.

In the general group, which included all patients, female gender proved to be a pro-
tective factor OR = 0.62 (95% CI=0.44 - 0.87; p =0.005). The median age was 53 years (IQR
=40.5 - 65.5) for survivors and 65 (IQR = 52 - 73) for non-survivors. The occurrence of
diabetes mellitus was higher in the group that died (32.92 versus 19.01%), proving to be a
risk factor OR = 2.09 (95%CI = 1.42; 3.07, p < 0.001). ICU stay in days had a median of 8
(IQR =4-17) for survivors and 11 (IQR = 6 - 22) for non-survivors; similar behavior to the
length of stay with a median of 15 and 19 days, respectively Survivors had a median Sim-
plified Acute Physiology Score 3 (SAPS 3), a score that assesses the severity of the patient
in the first hour of admission, 49 (IQR = 38 - 58) and non-survivors 61 (IQR =49 - 71).
Patients who died also had more comorbidities than survivors, despite the same median
(Table 1).

Table 1. Some admission variables related to all survivors and deaths patients with COVID-19 ad-
mitted in an adult intensive care unit.

% Yes (95% Confidence interval) [n] P- Odds-Ratio (95%
Trait Survivor (n=263) Non-survivor (n=325) value Confidence interval)
Admitted from another service 67.30 (61.63-72.97) [177] 63.38 (58.15-68.62) [206] 0.321 0.84 (0.60; 1.19)
Female sex 45.25(39.23-51.26) [119] 33.85(28.70-38.99) [110] 0.005 0.62 (0.44; 0.87)
Obesity presence 35.74 (29.95-41.53) [94] 32.62 (27.52-37.71) [106] 0.427 0.87 (0.62; 1.23)
Systemic arterial hypertension presence 48.29 (42.25-54.33) [127] 53.23 (47.81-58.66) [173] 0.233 1.22(0.88; 1.69)
Diabetes mellitus presence 19.01 (14.27-23.75) [50] 32.92 (27.81-38.03) [107] <0.001 2.09 (1.42;3.07)
Cardiovascular disease presence 10.65 (6.92-14.37) [28] 12.92 (9.28-16.57) [42] 0.395 1.25(0.75; 2.07)
Asthma presence 1.90 (0.25-3.55) [5] 1.54 (0.20-2.88) [5] 0.736 0.81(0.23; 2.82)
Chronic obstructive pulmonary disease presence 7.60 (4.40-10.81) [20] 11.38 (7.93-14.84) [37] 0.120 1.56 (0.88; 2.76)
Chronic kidney disease presence 7.22 (4.10-10.35) [19] 10.15 (6.87-13.44) [33] 0.210 1.45(0.81; 2.62)
Etilism habit presence 4.94 (2.32-7.56) [13] 8.00 (5.05-10.95) [26] 0.134 1.67 (0.84; 3.32)
Smoking habit presence 18.63 (13.93-23.34) [49] 23.08 (18.5-27.66) [75] 0.187 1.31 (0.88; 1.96)
COVID-19 vaccine previous hospital admission 17.11 (12.56-21.66) [45] 20.31 (15.93-24.68) [66] 0.323 1.23(0.81; 1.88)
Mechanical ventilation use 39.54 (33.63-45.45) [104] 98.46 (97.12-99.80) [320] <0.001 97.85 (39.1; 244.86)
Median (Quartile 1-Quartile 2) [n] p- Odds-Ratio (95%
Trait Survivor (n=263) Non-survivor (n=325) value Confidence interval)
Age in years 53 (40.5-65.5) [263] 65 (52-73) [325] <0.001 1.03 (1.02; 1.04)
Total number of comorbidities 1(0-2) [263] 1 (1-2) [325] 0.007 1.19 (1.03; 1.36)
Time in days from symptom to ICU admission 11 (8-14) [245] 11 (7-14) [285] 0.229 0.99 (0.96; 1.02)
Simplified Acute Physiology Score 3 score 49 (38-58) [263] 61 (49-71) [325] <0.001 1.05 (1.04; 1.06)
Simplified Acute Physiology Score in % 15.9 (6-31.5) [263] 39.8 (19-58.5) [325] <0.001 1.04 (1.03; 1.05)
Length of stay at the ICU in days 8 (4-17) [263] 11 (6-22) [325] <0.001 1.02 (1.00; 1.03)
Length of stay at the Hospital in days 19 (11-31) [263] 15 (7-27) [325] <0.001

Protective factors for patients who received IMV were those admitted from another
service OR =0.59 (95% CI=0.36; 0.97; p =0.033), and those who received tracheotomy OR
=0.24 (95% CI=0.14; 0.39; p < 0.001), although in the latter case the association was due to
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the longer duration of IMV use in the surviving patients. In the group receiving IMV, 170 female
gender was a protective factor OR=0.36 (95% CI=0.23; 0.56; p<0.001). The median 171 age was
49..50 years (IQR = 38 - 61) for survivors and 64 (IQR =51 - 72) for non-survivors. 172 Diabetes
mellitus almost doubled the risk of death OR =1.96 (95% CI=1.15;3.33; p=0.010 173

). Smoking acted as a predictor of mortality in the unadjusted model OR =2.35 (95% CI= 174
1.22; 4.52; p = 0.006), as did the use of noradrenaline, vasopressin and hydrocortisone, all 175
three variables with a p-value < 0.001. With an increase of more than six times in the risk 176
of death, OR = 6.29 (95% CI = 3.65; 10.85; p <0.001), renal replacement therapy was also 177
among the predictors of mortality in the unadjusted models (Table 2). ICU stay in days 178 had
a median of 21.5 (IQR = 13-33.5) for survivors and 12 (IQR = 6-22) for non-survivors. 179
Survivors had a median SAPS 3 score of 51 (IQR = 37.75-62) and non-survivors 61 (IQR= 180
49-71). The duration of IMV use, in days, was a protective factor, as there was greater 181
survival among patients who used IMV for longer (Table 3). This may be related to the 182
greater severity of the disease in some patients at the time of admission to the ICU, who 183
presented with severe respiratory failure and died shortly after being put on IMV. And 184
those patients who managed to overcome the first few days of greater severity of the lung 185
condition were able to benefit from intensive treatment, with the help of IMV, and survive 186
the disease. 187

Table 2. Some categorical variables related to survivors and deaths patients in mechanical ventila- 188
tion with COVID-19 admitted in an adult intensive care unit. 189

% Yes (95% Confidence interval) [n] P Odds-Ratio (95%

Trait Survivor Non-survivor value  Confidence interval)

Admitted from another service 74.04 (65.61-82.46) [77] 62.81 (57.52-68.11) [201] 0.033 0.59 (0.36; 0.97)

Female sex 57.69 (48.2-67.19) [60] 32.81 (27.67-37.96) [105] <0.001 0.36 (0.23; 0.56)

Obesity presence 38.46(29.11-47.81) [40] 33.13 (27.97-38.28) [106] 0.322 0.79 (0.5; 1.25)

Systemic arterial hypertension presence 45.19 (35.63-54.76) [47] 53.13 (47.66-58.59) [170] 0.160 1.37(0.88; 2.14)

Diabetes mellitus presence 20.19 (12.48-27.91) [21] 33.13 (27.97-38.28) [106] 0.010 1.96 (1.15; 3.33)

Cardiovascular disease presence 7.69 (2.57-12.81) [8] 12.81 (9.15-16.47) [41] 0.140 1.76 (0.8; 3.89)

Asthma presence 0 (0-0) [0] 1.56 (0.2-2.92) [5] 0.092

Chronic obstructive pulmonary disease

presence 4.81(0.70-8.92) [5] 11.56 (8.06-15.07) [37] 0.032 2.59 (0.99; 6.77)
Chronic kidney disease presence 2.88 (0-6.1) [3] 10.31 (6.98-13.64) [33] 0.009 3.87(1.16;12.9)
Etilism habit presence 5.77 (1.29-10.25) [6] 8.13 (5.13-11.12) [26] 0.417 1.44 (0.58; 3.61)
Smoking habit presence 11.54 (5.40-17.68) [12] 23.44 (18.8-28.08) [75] 0.006 2.35(1.22;4.52)
COVID-19 vaccine previous admission 13.46 (6.90-20.02) [14] 20.31 (15.9-24.72) [65] 0.109 1.64 (0.88; 3.06)
Blood transfusion 26.92 (18.40-35.45) [28] 31.56 (26.47-36.65) [101] 0.368 1.25(0.76; 2.05)
Use of noradrenaline 90.38 (84.72-96.05) [94] 99.38 (98.51-100.00) [318] <0.001  16.92(3.64; 78.55)
Use of vasopressin 17.31 (10.04-24.58) [18] 70.94 (65.96-75.91) [227] <0.001  11.66 (6.65;20.47)
Use of hydrocortisone 29.81 (21.02-38.6) [31] 71.56 (66.62-76.51) [229] <0.001 5.93 (3.65; 9.63)
Use of neuroblocker 71.15 (62.45-79.86) [74] 68.13 (63.02-73.23) [218] 0.560 0.87(0.53;1.41)
Use of midazolam 94.23 (89.75-98.71) [98] 91.25 (88.15-94.35) [292] 0.315 0.64 (0.26; 1.59)
Use of fentanyl 98.08 (95.44-100.72) [102] ~ 93.44 (90.72-96.15) [299] 0.045 0.28 (0.06; 1.21)
Use of propofol 59.62 (50.19-69.05) [62] 51.25 (45.77-56.73) [164] 0.136 0.71(0.46; 1.12)
Use of ketamine 37.5(28.20-46.8) [39] 44.06 (38.62-49.5) [141] 0.238 1.31(0.83;2.07)
Use of non-invasive ventilation 62.5(53.20-71.8) [65] 61.56 (56.23-66.89) [197] 0.864 0.96 (0.61; 1.52)
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Use of indwelling bladder catheter
Use of tracheostomy

Use of central venous catheter

Renal replacement therapy
Haematocrit abnormal

Red cell distribution width >15
Neutrophil to platelet ratio abnormal
Prototombin activation time abnormal

International Normalized Ratio abnormal

100 (100-100) [104]
40.38 (30.95-49.81) [42]
100 (100-100) [104]
18.27 (10.84-25.7) [19]
33.65 (24.57-42.74) [35]
13.46 (6.9-20.02] [14]
17.48 (10.14-24.81] [18]
6.12 (1.38-10.87] [6]
5.1 (0.75-9.46] [5]

97.19 (95.38-99.00) [311]
13.75 (9.98-17.52) [44]
98.75 (97.53-99.97) [316]
58.44 (53.04-63.84) [187]
4828 (42.79-53.76) [154]
27.59 (22.68-32.49] [88]
33.54 (28.34-38.75] [106]
19.02 (14.61-23.42] [58]
15.84 (11.73-19.95] [48]

0.024
<0.001
0.132
<0.001
0.009
0.002
0.001
0.001
0.003

0.24 (0.14; 0.39)

6.29 (3.65; 10.85)
1.84 (1.16;2.82)
245 (1.32; 4.53)
2.38 (1.36; 4.17)
3.60 (1.50; 8.63)
350 (1.35; 9.06)

Table 3. Some quantitative variables related to survivors and deaths patients in mechanical venti-
lation with COVID-19 admitted in an adult intensive care unit.

Trait

Median (Quartile 1 - Quartile 2) [n]

Survivor

Non-survivor

p-value Confidence interval)

Odds-Ratio (95%

Age in years

Total number of comorbidities

Time in days from symptom to ICU admission
Length of stay at the ICU in days

Simplified Acute Physiology Score 3 score
Simplified Acute Physiology Score in %

Days of mechanical ventilation use
Hemoglobin in g/dL

Leukocytes in 1000/mm?

Haematocrit in %

Mean Corpuscular Volume in fL

Mean Corpuscular Hemoglobin in pg

Mean Corpuscular Hemoglobin Concentration
in g/dL

Red cell distribution width in %

Mean platelet volume in fL.

Myelocytes in units by mm3

Rods in units by mm?3

Segmented in units by mm?
Lymphocytes in units by mm3
Monocytes in units by mm3
Neutrophils in units by mm?
Platelet in units/1000 by mm?
Neutrophils Lymphocytes Ratio
Platelet Lymphocytes Ratio
Creatinine in mg/dL

Albumin in mg/dl

49.50 (38-61) [104]
1(0-2) [104]

11 (8-13.75) [98]
21.5 (13-33.5) [104]
51 (37.75-62) [104]
20.25 (6-39.8) [104]
15.5 (9-27.25) [104]

12.6 (11.18-14.13) [104]

11.3 (7.58-13.7) [104]

37.65 (34.18-41.58) [104]

88.9 (85.35-91.2) [104]
29.65 (28.8-30.6) [104]

33.5(32.2-34.63) [104]
13.9 (13.2-14.6) [104]
10.5 (10-11.1) [103]
0 (0-0) [104]

601 (298-1349) [104]

8406 (5901.5-11436.25)

[104]

810.5 (483.5-1120.5) [104

380 (271-633) [102]

9400 (6499-12578.25) [104]
234 (190.5-299) [103]
11.63 (7.86-17.65) [104]
299.43 (209.61-477.12) [104]
0.81 (0.61-1.09) [104]

3.23 (2.85-3.56) [84]

64.00 (51-72) [320]
1(1-2) [320]
11 (7-14) [282]
12 (6-22) [320]

61 (49-71) [320]
39.8 (19-58.5) [320]
11.5 (5-19) [312]
12.4 (10.8-14.05) [319]
11.9 (8.4-17.05) [319]
37.3(32.7-41.55) [319]
88.9 (85.1-93.2) [319]
29.9 (28.6-31.1) [319]

33.6 (32.45-34.6) [319]
14.1 (13.2-15.2) [319]
10.7 (10-11.4) [314]
0 (0-0) [319]

755 (377.5-1444.5) [319]

9480 (6335.5-13751)
[319]

687 (385-1150) [319]
426 (282-750) [317]
10250 (7138-15178) [319]
215 (167.25-292) [316]
14.67 (8.96-23.5) [319]

308.97 (191.26-483.73) [318]

1.22 (0.85-2.24) [318]
3.13 (2.65-3.44) [265]

<0.001
0.003
0.676
<0.001
<0.001
<0.001
<0.001
0.641
0.056
0.631
0.275
0.219

0.873
0.097
0.405
0.590
0.177

0.044
0.256
0.215
0.057
0.040
0.017
0.798
<0.001
0.060

1.05 (1.03; 1.06)
1.31(1.08; 1.6)
0.99 (0.95; 1.03)
0.97 (0.96; 0.98)
1.04 (1.02; 1.05)
1.03 (1.02; 1.04)
0.98 (0.97; 1.00)
0.97 (0.88; 1.06)
1.05 (1.01;1.09)
0.99 (0.96; 1.02)
1.02 (0.99; 1.05)
1.06 (0.97; 1.16)

0.98 (0.86; 1.13)
1.16 (1.00; 1.34)
1.05 (0.84; 1.32)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00005 (1.00001;

1.0001)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
1.00 (1.00; 1.00)
0.998 (0.996; 1.00)

0.999 (0.996; 1.002)

1.00 (1.00; 1.00)
152 (1.21;1.91)
1.01 (0.97; 1.05)

190

191

192
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Glutamic-oxaloacetic transaminase in U/L
Glutamic-pyruvic transaminase in U/L
Lactic dehydrogenase in U/L

Polymerase Chain Reaction in mg/dL

D-dimer in ng/mL

Interleukin 6 in pg/mL

Prototombin activation time in %
International Normalized Ratio
Neutrophils Lymphocytes derivate Ratio
Myelocytes Lymphocytes Ratio
Neutrophils Platelet Ratio

Systemic immune-inflammation index

Length of stay at the Hospital in days

50.1 (37.98-73.18) [100] 52.9 (33.8-85.6) [283] 0.845 1.00 (1.00; 1.01)
45.05 (28.45-74.7) [100] 37.15 (22.4-59.68) [282]  0.061 1.00 (1.00; 1.00)
562 (432.5-670) [87] 615 (453-856) [233] 0.016 1.00 (1.00; 1.01)
12.64 (7.41-19.1) [102] 13.4(6.95-21.69)[300]  0.499 1.01 (0.99; 1.04)
1.0003 (0.999;
1135 (628.5-4063) [91] 2381 (826.2-6545) [263]  0.009 1.0001)
0.9999 (0.9995;
48.7 (26.57-142.68) [76] 89.37 (40.86-178.4)[219]  0.024 1.0003)
100.00 (96.5-100) [98] 96.00 (75-100) [305] <0.001 0.97 (0.96; 0.99)
1.00 (1.00-1.02) [98] 1.01(1.00-1.12)[303]  <0.001  5.32(1.07;26.51)
7.33 (5.25-10.11) [104] 7.33 (5.25-11.5) [319] 0.180 1.04 (1.00; 1.08)
0.60 (0.33-0.8) [102] 0.67 (0.33-1.18) [317] 0.049 1.48 (1.07; 2.06)
38.80 (28.52-51.39) [103]  47.35(33.09-67.27)[316]  0.001 1.02 (1.01; 1.03)
2.86 (1.63-4.54) [104] 3.31(1.70-5.39) [319] 0.187 0.99 (0.98; 1.01)
31.5 (22.75-48.50) [104] 15.50 (7.00-27)[320]  <0.001

IMV was the strongest predictor of the risk of death in the ICU in the unadjusted

193

models with OR =97.85 (95%CI = 39.10 - 244.86; p <0.001). Based on this, a prediction 194 model

was proposed for all patients (Table 4), and another only for patients on IMV (Table

195 4). The

use of mechanical ventilation was also associated with greater use of vasoactive 196 drugs and
use of devices (data not shown); and as there were few deaths in the group 197 without IMV,

it was not possible to build models that took this interaction into account
IMV and death in the ICU).

After applying the multiple logistic regression model, the overall group had as pre-
dictors of mortality the use of IMV, OR = 306.74 (95% CI = 87.47-1075.71; p < 0.001), age,
OR =1.04 (95% CI=1.03-1.06; p <0.001) and SAPS 3 score, OR=1.03 (95% CI =1.01-1.04; p
=0.001). While Length of stay at the ICU in days was a protective factor in this group OR=
0.96 (95% CI=0.85-0.98; p <0.001)

When the adjusted model was applied to the group receiving IMV, there was age,
OR=1.03 (95% CI=1.01-1.05; p=0.006), use of vasopressin, OR =7.87 (95% CI=3.54-17.46,
p <0.001), use of hydrocortisone, OR = 2. 33 (95% CI=1.05-5.16; p = 0.038), RDW >15, OR
= 3.84 (95% CI = 1.60-9.21; p = 0.003) and renal replacement therapy OR = 5.42 (95%ClI=
2.55-11.51; p < 0.001) as predictors of mortality. In this group, days of use of mechanical
ventilation OR = 0.95 (95%CI = 0.93 - 0.97; p <0.001), being admitted from another service
OR =0.43 (95%CI = 0.21-0.86; p < 0.001) and being female OR =0.42 (95%CI =0.22 - 0.82; p
<0.001). (Table 4).

Table 4. Logistic regression models and odds ratios related to death in patients with COVID-19 in
an adult intensive care unit evaluated in different scenarios (models for all patients or only to pa-
tients in mechanical ventilation).

Model applied to all patients

Full Multiple model Reduced multiple model
Odds Ratio (95% Odds Ratio (95%
Traits included p-value p-value
Confidence Interval) Confidence Interval)
Mechanical ventilation use <0.001 351.70 (95.94; 1289.22) <0.001 306.74 (87.47;1075.71)
Age in years <0.001 1.05 (1.03; 1.07) <0.001 1.04 (1.03; 1.06)
Simplified Acute Physiology Score 3 score 0.001 1.03 (1.01; 1.05) 0.001 1.03 (1.01; 1.04)
Length of stay at the ICU in days <0.001 0.96 (0.95; 0.98) <0.001 0.96 (0.95; 0.98)

198 (use or not of

199
200
201
202
203
204
205
206
207
208
209
210
211
212

213
214
215
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Asthma presence 0.299 6.13 (0.20; 187.18)
Chronic kidney disease presence 0.331 1.80 (0.55; 5.93)
Diabetes mellitus presence 0.288 1.44 (0.74; 2.80)
COVID-19 vaccine previous hospital admission 0.491 1.29 (0.62; 2.68)
Obesity presence 0.415 1.26 (0.72;2.22)
Smoking habit presence 0.728 1.16 (0.51; 2.61)
Time in days from symptom to ICU admission 0.701 1.01 (0.96; 1.06)
Etilism habit presence 0.995 1.00 (0.27; 3.61)
Cardiovascular disease presence 0.791 0.87 (0.32; 2.36)
Chronic obstructive pulmonary disease presence 0.616 0.75(0.24; 2.33)
Admitted from another service 0.118 0.64 (0.36; 1.12)
Systemic arterial hypertension presence 0.095 0.59 (0.32; 1.10)
Model applied to patients in mechanical ventilation
Full Multiple model Reduced multiple model
Odds Ratio (95% Odds Ratio (95%
Traits included p-value p-value
Confidence Interval) Confidence Interval)
Use of vasopressin <0.001 7.49 (3.29;17.05) <0.001 7.87 (3.54; 17.46)
Renal replacement therapy <0.001 5.19 (2.23; 12.09) <0.001 5.42 (2.55;11.51)
Red cell distribution width >15 0.011 3.52(1.34;9.26) 0.003 3.84 (1.60; 9.21)
Use of hydrocortisone 0.030 2.57 (1.10; 6.03) 0.038 2.33(1.05; 5.16)
Age in years 0.041 1.03 (1.00; 1.05) 0.006 1.03 (1.01; 1.05)
Days of mechanical ventilation use <0.001 0.94 (0.92; 0.96) <0.001 0.95(0.93; 0.97)
Admitted from another service 0.026 0.43 (0.21; 0.90) 0.020 0.43(0.21; 0.87)
Female sex 0.035 0.47 (0.23; 0.95) 0.010 0.42(0.22;0.82)
Use of noradrenaline 0.060 15.67 (0.90; 274.17)
Neutrophil to platelet ratio abnormal 0.088 2.18(0.89; 5.32)
Diabetes mellitus presence 0.492 1.54 (0.45; 5.22)
Haematocrit abnormal 0.478 1.30 (0.63; 2.67)
Smoking habit presence 0.733 1.19 (0.44; 3.18)
Time from symptom to ICU admission 0.510 1.02 (0.96; 1.09)
Simplified Acute Physiology Score 3 score 0.527 1.01 (0.98; 1.03)
Total number of comorbidities 0.712 0.91 (0.55; 1.50)
Chronic kidney disease presence 0.862 0.84 (0.13; 5.68)
Chronic obstructive pulmonary disease presence 0.675 0.72(0.16; 3.29)
Use of Fentanyl 0.050 0.13(0.02; 1.00)
4. Discussion 216

In this study, the majority (55.27%) of COVID-19 patients admitted to the ICU did 217
not survive. A review that evaluated different studies published during the pandemic 218
found that the mortality rate for COVID-19 patients in the ICU reached 84.6%. This high 219
rate may have been due to the severity of the disease, the population served, comorbidi- 220
ties, difficulties faced by health systems and socioeconomic status [16,17]. As the pan- 221 demic
progressed, mortality rates fell to close to 40%, a fact that may be related to the 222
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rapid availability of scientific studies related to guidelines for the clinical management of 223
COVID-19 [16], and the advent of vaccines in record time and their effectiveness [18]. 224
The SAPS3 score was effective in predicting mortality in the general group of pa- 225
tients. This score shows good applicability in predicting mortality in ICUs and in patients 226
with COVID-19, both in patients admitted to private Brazilian ICUs [19] as in public insti- 227
tutions [20]. The score should be used with caution and future studies should test its cali- 228
bration for each population studied and for specific diseases, taking into account other 229
comorbidities such as diabetes; since they can interfere with the calibration result [21]. 230
Age was associated with higher mortality as an independent factor, both in the group 231
of patients who received IMV and in the general group, which corroborated data froma 232
meta-analysis of COVID-19 cases from five countries that concluded that age was anim- 233
portant predictor of mortality in this population [22]. In Brazil, the age factor was also 234
preponderant in mortality rates; although aspects of the municipality were also essential ~ 235
in defining mortality [23], probably related to differences in the local management of the 236
pandemic or the conditions of the municipal health network. Another important factor 237
was the higher mortality in men who received IMV. There are indications of higher mor- 238
tality in men compared to women, even more prevalent in older people; although the 239
causal effects are still unknown and are probably related to the virus infection itself [24]. 240
Some comorbidities seem to play an important role in the evolution of COVID-19. 241
Diabetes mellitus acted as a predictor of mortality in the univariate analysis of this study, 242
both for the general group and for the group of patients who received IMV. The high 243
mortality from COVID-19 in patients with diabetes can be explained by some processes, 244
such as the permissibility of pluripotent stem cells derived from pancreatic beta cells for 245
infection by SARS-CoV-2 [25]. There is also greater insulin resistance in COVID-19 pa- 246 tients
due to the exaggerated action of angiotensin II, and insulin resistance triggers acti- 247 vation
of the inflammatory response and the cytokine storm [26]. Thus, the release of dif- 248 ferent
inflammatory mediators into the blood that SARS-CoV-2 causes is exacerbated in 249
patients with diabetes [13,27]. Analysis of pancreatic autopsies of patients infected with 250
COVID-19 showed that beta cells were infiltrated by SARS-CoV-2 in all patients [28]. 251
COVID-19 patients with better glycemic control have better outcomes [29]. Diabetic pa- 252
tients are also those with the highest risk of using mechanical ventilation (adjusted OR= 253
2.20; p =0.004; 95%ClI: 1.29 - 3.75; full model not shown), and this may justify not including 254
them in the adjusted models; since the impact of IMV overlaps with other variables. Other 255
comorbidities may also be important, as we observed that an increase in the number of 256
comorbidities increases the risk of death, as observed in the literature, but due to the low 257
representativeness and experimental difficulties, assessing the impact of each of them may 258
be complex [30]. Further studies, such as case-control studies, should assess the increased 259
risk of death from the comorbidities that we found to play a significant role here, suchas 260
Cardiovascular disease presence, Chronic obstructive pulmonary disease presence, 261
Chronic kidney disease presence, Smoking habit presence, correcting for confounding 262
variables for each comorbidity. 263
The use of IMV was the strongest independent predictor of mortality in the patients 264
evaluated (OR =97.85), and should receive more attention in the clinical management of 265
the patient. Mechanical ventilation is necessary as a support measure for many COVID- 266
19 patients with acute respiratory syndrome and directly reflects the severity of the dis- 267
ease. The use of non-invasive mechanical ventilation did not prove to be a protective fac- 268
tor in our study, possibly due to the rapid and progressive evolution of the pulmonary 269
condition in these patients. Despite the possible complications inherent in this therapy, 270
IMV, such as barotrauma with alveolar rupture and superimposed bacterial pneumonia, 271
was a strategy widely used in the clinical management of patients. These complications 272
can be minimized if imaging tests are carried out frequently, in addition to rigorous mon- 273
itoring of the patient's clinical condition, with a view to early diagnosis of pneumonia, 274
complications that would lead to appropriate management [31]. In this sense the presence 275
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of other comorbidities with significant effect observed by us as cronic obstructive Pulmo- 276
nary disease presence and Smoking Habit presence could reinforce this lethality. On the 277
other hand, it is important to identify the ideal time to introduce mechanical ventilation, 278
since its late installation can reduce patient survival. Multicenter study that evaluated 279 about
1900 patients with COVID-19 in ICU in the United States concluded that early ini- 280 tiation
of mechanical ventilation reduces the chance of mortality compared to those pa- 281 tients who
receive late intervention [32]. Patients died with a median of 11.5 days of me- 282 chanical
ventilation use and survivors had a median of 15.5 days under IMV. Prospective 283 cohort
observed survivors with median of 27 days of IMV use and non-survivors 10 days 284 [33]. 285
In the analysis of patients in the general group, the length of stay in the ICU acted as 286
a protective factor against mortality, that is, the longer the stay in the ICU, the lower the 287
chance of mortality. The justification for this finding may be due to the extreme severity =~ 288
of the clinical picture by COVID-19 of some patients admitted to the ICU, leading to early =~ 289
death. Another factor to discuss is that the time of ICU and or hospitalization in these 290
cases can work as an associated outcome and not a predictor. Those patients who survived = 291
the first days of hospitalization received the appropriate intensive care necessary for 292
health recovery. However, a long time in the ICU increases the risk of other unfavorable = 293
outcomes such as the risk of infection related to health care, impairs mental health and 294
family relationships of patients, in addition to the higher cost and burden on health sys- 295
tems [34,35], which consequently increase the risk of death. In Brazil, the occurrence of 29
infections related to health care has already been clearly related to overload and increased 297
health costs for the public health system [7,8]. Thus, the length of stay in ICU is an im- 298
portant measure for planning the capacity of beds and hospital resources if the SARS- 299 CoV-
2 presents a seasonal pattern [36]. Reducing hospitalization time and preventing 300
health care-related infections are an important indicator for health services. In the patients 301
evaluated here we observe both the presence of infections secondary to covid as aspergil- 302
losis [9], and the early installation of infections related to health care as catheter associated 303
bloodstream infection [10]. There is a difficulty in defining the presence and classification 304
of care-related infections based on international criteria in Brazil, since compulsory noti- 305
fications in Brazil follow criteria of Brazilian regulatory bodies. Despite this, we observed 306
the positivity of positic cultures for microorganisms both for blood, urine and tracheal 307
aspirate (data not shown). 308
Patients with COVID-19 who have acute kidney injury have a substantial increased 309
risk of death, especially if they require renal replacement therapy [37], association that 310
was observed in patients admitted with high levels of creatinine on admission also in the 311
group of patients in IMV who received renal replacement therapy of this study, after mul- 312
tiple logistic regression analysis. Vasopressin is commonly used in respiratory failure 313
caused by COVID-19 to replace other drugs, because it does not impair renal functionand 314
does not cause overload in the right ventricle [38]. However, in patients with non-septic ~ 315
shock, vasopressin associated with catecholamines should be avoided because it is related 316
to possible hyponatremia and volume overload [39]. In the group of IMV patients in this 317
study, vasopressin increased by almost eight times the risk of death (OR =7,87). 318
The use of hydrocortisone was associated with higher mortality in the group of pa- 319
tients in IMV (OR=2.33). However, meta-analysis including seven randomized controlled 320
trials, including 1,703 patients, concluded that mortality was lower among patients receiv- 321
ing corticosteroids, including dexamethasone, hydrocortisone or methylprednisolone, 322
compared to those who received placebo or conventional treatment [40]. Infusion of in- 323
travenous hydrocortisone in severe patients with COVID-19 reduces the amount of inter- 324
leukin 6 in the lungs, thus reducing the inflammation that occurs in acute respiratory syn- 325
drome related to COVID-19 [41]. The findings of this study may be related to the late start 326
of hydrocortisone therapy. However, this hypothesis was not analyzed due to the lack of 327
accurate data that confirmed the exact date on which the drug was introduced in the treat- 328
ment of patients. Studies of the impact of using one drug or another are still complex in 329
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retrospective studies in Brazil given the low quality of patient records in the medical rec- 330
ord. Digital and structured data in eletronic health records in Brazil are incipientes [42]. 331
In the analysis of blood counts, the group of patients who received IMV had RDW > 332
15 as a predictor of mortality (OR = 3.84). The dysfunction in the size and aggregatibility =~ 333
of erythrocytes contributes to the impairment of capillary blood flow and microangiopa- 334
thy/microthrombosis in patients with COVID-19 [43]. RDW, as well as platelets and leu- 335
kocytes, are biomarkers that can predict disease progression and mortality in patients 336 with
COVID-19. Thus, these combined parameters should deserve special attention from 337 the
beginning of hospitalization in case of future waves of COVID-19 [44]. The altered 338 markers
for platelets, Neutrophil to platelet ratio abnormal, Prototombin activation time 339 abnormal
and International Normalized Ratio abnormal were independently associated 340 with higher
risk of mortality and reflect changes in the coagulation pattern of patients as 341 observed in
the literature [45,46], probably associated to vascular endothelial cell dysfunc- 342 tion, a hyper-
inflammatory immune response; and hypercoagulability [47]. Markers re- 343 lated to
hemograms and their indices or derived reasons have had diverse findings in the 344 literature
but has shown great predictive potential of outcomes [13-15]. In Brazil, NLR 345 greater than
10 has been associated with higher mortality, independently or associated 346 with Dimero D
[48]; although there is no consensus on the reference values for most of 347 these indices. 348
At the height of the COVID-19 pandemic and with the increasing number of cases 349
and deaths from the disease, researchers were looking for biomarkers in patient admission 350
that could predict mortality. In this study, in the group receiving IMV, high levels of lactic 351
dehydrogenase (LDH), D-dimer and creatinine (p=0.016, p=0.009, p<0.001, respectively) 352
were associated with mortality. However, when multivariate logistic regression models 353
were applied, these variables did not have statistical significance alone. Probably these 354
patients with high values for the tests are also the same who received IMV and or other 355
risk factors for death. Elevated levels of LDH on admission are associated with an approx- 356
imate six-fold increase for the development of severe disease and an increase of about 16- 357
fold in the chances of mortality in patients with COVID-19 [49]. 358
Serum LDH is a prognostic marker of pulmonary injury of rapid, effective and acces- 359
sible to predict higher risk of mortality in patients with COVID-19, and its measurement 360
should be prioritized to enhance actions aimed at reducing mortality in these patients [50]. 361
The level of serum D dimer collected on admission is a product of fibrin degradationand 362
reflects the activation of coagulation and fibrinolysis, being a biomarker used to predict 363
the mortality of patients with COVID-19 [51]. Meta-analysis that evaluated 2911 patients 364
concluded that increased rates of this biomarker can increase up to four times the risk of 365
death [52]. Serum creatinine level at admission can predict mortality in patients with 366
COVID-19 and the literature points to 1.12 mg/dL as a cutoff point for this prediction [53]. 367
Our study found a median of 1.22 mg/dL of creatinine among the nonsurvivors who re- 368
ceived IMV, when an unadjusted statistical model was applied. 369
Some aspects that could affect mortality rates in the population studied here are dif- 370
ficult to control. There are records of the differential distribution of the incidence of 371
COVID-19 in different neighborhoods of the city [54], which could reflect socio-economic 372
differences and access to health services. Studies of the behavior of the waves and the 373
Prevalencia of the strains in the municipality are absent or do not cover the entire pan- 374
demic periphery, and the municipality did not follow the guidelines for the virus content 375
recommended by the state which clearly affected the occurrence of cases in the munici- 376
pality [11,12]. Thus, these confounding factors could not be corrected in our study. The 377
hosptial is also a macroregional reference, with patients from different municipalities in- 378
formation that is not always present in the medical records. Compulsory notification data 379
from the municipalities served in the microregion of Uberlandia, in the initial phase of the 380
pandemic had already demonstrated the impact of the size of the municipality of origin 381
(small, medium or large) and decentralized policies to control the spread of the pandemic 382
[55]. 383
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This study has important limitations because it is single-center, presents great data
loss of some variables not recorded in medical records, and the absence of a prospective
follow-up with control group without COVID-19, which prevented in-depth analysis and
generalization of results. The results found, however, contribute to the elucidation of fac-
tors associated with mortality, directing future research, controlled the possible confound-
ers, which provide the creation of intensive care protocols for patients with COVID-19 in
order to mitigate mortality in this population. Local data are of paramount importance for
the management of the municipalities, since they may present marked differences in be-

havior in relation to the state and or even the country.

5. Conclusion

Most patients with COVID-19 admitted to the ICU did not survive. IMV was a risk
predictor strongly associated with mortality, age, diabetes mellitus and high SAPS 3 score
for the general group of patients. In the group of patients receiving IMV, age, vasopressin,
RDW >15, renal replacement therapy and were hydrocortisone associated with mortality.
Early identification of predictors of mortality in patients with COVID-19 that require hos-
pitalization in the ICU is paramount in the search for prevention and management of com-

plications that may increase the survival of these patients.
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Abstract: During the pandemic of COVID-19, the rates of bloodstream infection associated with ve- nous
catheter in patients infected with the disease admitted to an intensive care unit rose significantly. In
this study, we evaluated the occurrence of bloodstream infections in patients with SARS-CoV-2 and
the variables that made the patients more susceptible to the catheter-associated bloodstream infection
(CABSI). Blood culture results from patients interned between March 2020 and December 2021 (n=
109) were collected electronically from the hospital information system and then analyzed. The
following variables presented statistical relevance after an adjusted model as follows: obesity (p =
0.003) and time of use of catheter before infection (p = 0.019). In conclusion, patients with shorter
catheter use time and obesity had higher incidence of CABSI.

Keywords: COVID-19;, central venous cathter, secondary bloodstream infection;
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1. Introduction

The serious global health crisis caused by the coronavirus disease 2019 (COVID-19)
pandemic caused the health workforce, and material and financial resources routinely
used to prevent healthcare-associated infections (HAIs), to be redirected to manage the
pandemic [1]. Added to this, patients who develop the severe form of COVID-19 are more
prone to HAI due to the pathogenic mechanism of the virus and the use of immuno-
suppressive medications, along with other risk factors such as staying in intensive care
units (ICU) [2,3]. Studies, including systematic reviews and meta-analyses, indicate an up
to 24% higher incidence of secondary infections, whether bacterial or fungal, in patients
hospitalized with COVID-19 [4-6]. Furthermore, higher rates of catheter-associated blood-
stream infection (CABSI) are observed in these patients compared to those not infected
with COVID-19 [7].

Bloodstream infections are among the most serious in critically ill COVID-19 pa- tients [8], an
diabetes and obesity [9]. These factors are associated with greater clinical severity and the need fc
susceptible to CABSI [10]. It is reported that up to 50% of patients with COVID-19 who died
frequency of CABSI, finding related microorganisms and factors associated with infection cont
HAIs. Especially for COVID-19 patients, the need to know this frequency is reinforced given that th
stay and patient morbidity and mortality [12], reducing the availability of resources and beds,
pandemic.Thus, this study aimed to describe the occurrence of CABSI in patients with COVID-19

admitted to anintensive care units and its related factors.

Microbiol. Res. 2024, 15,1134-1143. https://doi.org/10.3390/microbiolres15030076 https://www.mdpi.com/journal/microbiolres
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2. Materials and Methods

This is a retrospective cohort whose inclusion criteria were patients aged over 18 years
and who had used a central venous catheter (CVC) for at least 48 h. This was because the
objective of the study was to analyze the population of adults admitted to an ICU due to
the worsening of COVID-19, and because CABSI is defined as an infection occurring at least 48
h after central line insertion [13]. The patients selected had been admitted from March 2020
to December 2021. The study was carried out at a Brazilian public university and tertiary
hospital. This hospital has approximately 500 beds and offers complex treatments. There
were no exclusion criteria. The research was approved by the local Human Research Ethics
Committee, CAAE: 51805021.5.0000.5152, under opinion number 5.043.636/2021.

The following characteristics were evaluated: age, sex, comorbidities, clinical data such
as symptoms upon admission to the hospital, duration of symptoms and vital signs on the
first day of hospitalization, laboratory results upon admission and treatments performed
in the ICU. All data, including blood culture results from blood samples obtained by
peripheral venipuncture, were collected electronically from the hospital information system
and the patients’ electronic medical records. In this case, the identified germs and the
resistance profile of the antibiogram were collected, following the institution’s protocol.
For classification of resistance, the following definition was considered: resistant (R),
microorganisms that present resistance to at least one class of antimicrobial; multidrug-
resistant microorganisms (MDR), resistant to three or more classes of antimicrobials after
accounting for intrinsic resistance; extensively resistant (XDR), resistant to most standard
antimicrobials; pandrug resistant (PDR), resistant to all antimicrobials [14].

2.1. Defining the Outcome of Catheter-Associated Bloodstream Infection

CABSI is defined as an infection occurring at least 48 h after central line insertion, with
at least one positive peripheral blood culture sample. In our study, the date of infection
was defined as the date of positive blood culture collection. Microorganisms classified by
the Centers for Disease Control and Prevention (CDC) as commensal, present on the skin,
such as coagulase-negative staphylococci (including S. epidermidis) and viridians group
streptococci, which are identified by the culture of two or more blood samples collected
on separate occasions, were not considered in this study due to the lack of a second
sample that could differentiate from contamination. Infections were defined according to
CDC standards [13].

2.2. Statistical Analysis

For quantitative data, the median, first quartile and third quartile were calculated,
given the absence of normality assessed by the Kolmogorov-Smirnov Lilliefors test. For
qualitative data, the relative frequency in percentage and 95% confidence interval were
calculated for each of the variable levels. To compare groups with and without CABSI in
association analyses, the likelihood ratio test was used for qualitative variables and the
Mann-Whitney test for quantitative variables. To control confounding variations, logistic
regression models were used. For the logistic regression models, we chose the variable
obesity due to lower sample loss compared to weight. To predict the presence of CABS],
simple and multiple logistic regression analysis was used. The simple (unadjusted) and
multiple (adjusted) regression models were only built for variables that had previously
shown a significant difference in prior association analyses and without data absence to
avoid convergence and parameter estimation problems, since we had a lot of missing data
in some variables. These variables with missing data were maintained in text for better
patient characterization. The adjusted model included the presence of obesity, COVID-19
vaccination prior to hospital admission, hydrocortisone use prior to CABSI, 3 or more
antibiotic use prior to CABSI, use of antifungal prior to CABSI, lactate dehydrogenase in
U/L and days of central venous catheter use until diagnosis. Furthermore, the odds ratio
and its 95% confidence interval were calculated for all models, unadjusted or adjusted.
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All analyses were conducted using SPSS software version 20.0. A significance level of 5%

was adopted for all analyses.

3. Results

During the study period, 596 COVID-19 patients were evaluated, of which 413 used
CVC for atleast 48 h and were included in the study. A total of 62.5% were male and had
amedian age close to 60 years. Patients with CABSI had shorter catheter use times before
infection (median 9 vs. 11 days) compared to those who did not have infection (Tables 1
and 2). Furthermore, they showed higher weight and body mass index values, reflecting
the higher prevalence of obesity (43.27 vs. 32.04%) and use of the COVID vaccine (25.0 vs.
16.18%), together with lower prevalence of hydrocortisone use before infection (48.8 vs.
59.87%), use of more than three antibiotics before infection (25.0 vs. 39.48%) and
antifungals before infection (10.58 vs. 21.04%) (Tables 1 and 2). The hematological
parameters of patients upon admission to the ICU did not differ between the two groups.

Table 1. Qualitative variables related to catheter-associated bloodstream infection (CABSI) in patients

with COVID-19 in an adult intensive care unit.

Variables

Admitted from another service

N of Yes (% of Yes) [95% Confidence Interval]

CABSI Presence (n = 104)

69 (66.35) [57.26-5.43]

CABSI Absence (n = 309)

200 (64.72) [59.4-70.5]

p-Value

0.764

Obesity presence

Systemic arterial hypertension presence
Diabetes mellitus presence

Cardiovascular disease presence

Chronic obstructive pulmonary disease presence
Chronic kidney disease presence

Etilism habit presence

Smoking habit presence

COVID-19 vaccine prior to hospital admission
Renal replacement therapy prior to CABSI
Hydrocortisone use prior to CABSI

Antibiotic use prior to CABSI

3 or more antibiotics use prior to CABSI

Use of cephalosporin prior to CABSI

Use of carbapenem prior to CABSI

Use of antifungal prior to CABSI

45 (43.27) [33.75-57.79]
60 (57.69) [48.2-67.19]
35 (33.65) [24.57-42.74]
14 (13.46) [6.9-20.02]
10 (9.62) [3.95-15.28]
11 (10.58) [4.67-16.49]
7 (6.73) [1.92-11.55]
22 (21.15) [13.3-29]
26 (25) [16.68-33.32]
40 (38.46) [29.11-47.81]
50 (48.08) [38.47-57.68]
83 (79.81) [72.09-87.52]
26 (25) [16.68-33.32]
19 (18.27) [10.84-25.7]
41 (39.42) [30.03-48.82]
11 (10.58) [4.67-16.49]

99 (32.04) [26.84-37.24]
155 (50.16) [44.59-55.74]
89 (28.8) [23.75-33.85]
34 (11) [7.51-14.49]
32 (10.36) [6.96-13.75]
24 (7.77) [4.78-10.75]
25 (8.09) [5.05-11.13]
65 (21.04) [16.49-25.58]
50 (16.18) [12.07-20.29]
142 (45.95) [40.4-51.51]
185 (59.87) [54.41-65.34]
253 (81.88) [77.58-86.17]
122 (39.48) [34.03-44.93]
56 (18.12) [13.83-22.42]
153 (49.51) [43.94-55.09]
65 (21.04) [16.49-25.58]

0.040
0.183
0.354
0.505
0.828
0.384
0.649
0.980
0.050
0.181
0.036
0.642
0.007
0.973
0.073
0.013

Table 2. Quantitative variables related to catheter-associated bloodstream infection (CABSI) in
patients with COVID-19 in an adult intensive care unit.

Variable

Median (Quartile 1-Quartile 3) [n]

CABSI Presence

CABSI Absence

p-Value

Age in years

Weightin Kg

Height in m

Body Mass Index in Kg/m?

Total number of comorbidities

Simplified Acute Physiology Score

Simplified Acute Physiology Score prognosis in %
Days of central venous catheter use until diagnosis
Creatine in mg/dL

Albumin in mg/dL

Glutamic-Oxaloacetic Transaminase in U/L
Pyruvic Glutamic Transaminase in U/L

Lactate Dehydrogenase in U/L

Polymerase Chain Reaction in mg/dL

D-Dimer in mg/dL

Interleukin-6 in pg/dL

Prothrombin Activity Time in %

International Standardized Prothrombin Ratio

60 (45.75-68) [104]
80 (71-95) [94]
1.68 (1.64-1.73) [101]
28.03 (25.01-33.3) [93]
1 (1-3) [104]
57 (44.75-70) [104]
32 (11.75-57.25) [104]
9 (6-14) [99]
1.06 (0.76-1.75) [104]
315 (2.73-3.44) [248]
49.65 (39-71.85) [100]
38.9 (29.8-53.9) [99]
636 (519-850) [75]
13.61 (7.83-20.28) [101]
2149 (595.5-5845) [87]
74,55 (23.77-124.38) [72]
100 (83.75-100) [98]
1 (1-1.08) [98]

61 (49-71) [309]
75.5 (68-87.2) [248]
1.67 (1.6-1.72) [256]

26.99 (24.69-31.24) [235]

1 (0-2) [309]
59 (46-69) [309]
34 (13-56.5) [309]
11 (6-20) [294]
1.1 (0.78-1.9) [308]
3.22 (2.63-3.52) [93]
50.75 (33-86.48) [276]
39 (23-66.4) [277]
563 (423-800) [241]
12.77 (6.92-20.86) [293]
1928 (775.14-5897) [257]
86.22 (34.64-186) [217]
100 (77-100) [295]
1(1-1.1) [293]

0.396
0.007
0.782
0.008
0.070
0.417
0.362
0.043
0.945
0.362
0.852
0.819
0.042
0.654
0.537
0.114
0.262
0.334
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In the simple models, all variables that showed a difference between the two groups
were also efficient in predicting CABSI, except for lactic dehydrogenase (OR = 1.00) (Table 3).
Obesity was considered a risk factor, and prior vaccination for COVID-19, the use of
hydrocortisone, use of three or more antibiotics and use of antifungals were considered
protective factors. When the models were adjusted, we saw that only two variables were
able to predict infection, with obesity increasing the chances of CABSI by 1.39 times (OR =
2.39; 95%CI: 1.36-4.22) and the number of days of CVC use prior to infection reducing the
chances by 0.05 times per day (OR = 0.91; 95%CI: 0.91-0.99) (Table 3). CABSI increased the
patient’s length of stay in the ICU (median of 20.5 vs. 12 days) and the length of hospital
stay (median of 26.5 vs. 19 days) when compared to the times of those who did not have
the infection. CABSI alone was not able to affect patient mortality, with mortality in the
group without CABSI being 72.2% (95% Cl:67.85-77.78; n = 225 deaths) and in the group
with CABSI being 75.96% (95% CI:67.65-84.17, n = 79 deaths) with an odds ratio of
1.18 (95% CI:0.70-1.97; p-value = 0.597). This result needs to be evaluated with caution, as
confounding factors were not considered.

Table 3. Simple (or unadjusted) and multiple (or adjusted) logistic regression models related to
presence of catheter-associated bloodstream infection (CABSI) in patients with COVID-19 in an adult
intensive care unit.

Significant Variables in the Association Tests

0dds Ratio (95% Confidence Interval)
Simple Model

Multiple Model

p-Value Unadjusted p-Value Adjusted
Obesity presence 0.038 1.62 (1.03-2.55) 0.003 2.39(1.36-4.22)
COVID-19 vaccination prior to hospital admission 0.046 1.73 (1.01-2.96) 0.232 1.50 (0.77-2.91)
Hydrocortisone use prior to CABSI 0.036 0.62 (0.40-0.97) 0.585 0.85(0.48-1.51)
3 or more antibiotics use prior to CABSI 0.008 0.51(0.31-0.88) 0.597 1.21 (0.60-2.42)
Use of antifungal prior to CABSI 0.020 0.44 (0.22-0.88) 0.242 0.56 (0.22-1.47)
Lactate Dehydrogenase in U/L 0.940 1.00 (1.00-1.00) 0.647 0.99 (0.9996-1.0003)
Days of central venous catheter use until diagnosis 0.002 0.96 (0.94-0.99) 0.019 0.95(0.91-0.99)

A total of 109 positive blood cultures for bacteria or fungi were found in 104 patients (of
which five had simultaneously positive samples for fungus and bacteria). Most mi-
croorganisms found were gram negative bacteria (55.05% of germs), with 55.96% of germs
resistant to three or more antibiotics. The most prevalent germs were Klebsiella pneumoniae
(17.43%), Acinetobacter baumanni (15.6%) and Staphylococcus aureus (13.76%). These germs
also showed the highest number of samples with resistance (Tables 4 and 5, Figure 1).

Table 4. Microorganisms isolated in 109 blood cultures from patients admitted with COVID-19 to
an intensive care unit and evaluated for the presence or absence of catheter-associated bloodstream
infection (CABSI).

% (n) [95% Confidence Interval]

13.76 (15) [7.29-20.23]
3.67 (4)[0.14-7.2]
0.92 (1) [0-2.71]
15.6 (17) [8.78-22.41]
12.84 (14) [6.56-19.13]
17.43 (19) [10.31-24.55]
5.5 (6) [1.22-9.79]
3.67 (4) [0.14-7.2]
0.92 (1) [0-2.71]

Variable Level

Staphylococcus aureus
Enterococcus faecium
Proteus mirabilis
Acinetobacter baumanni
Enterecoccus faecalis
Klebisiela pneumoniae
Pseudomonas aeruginosa
Stenotropomonas maltophilia
Burkholderia cepacia

) ) Serratia mascescens 0.92(1)[0-2.71
Isolated microorganism Escherichia coli 0.92 (1) [0-2.71
Pasteurella sp. 0.92 (1) [0-2.71
Klebisiella oxytoca 0.92 (1) [0-2.71
Streptococcus viridans 0.92 (1) [0-2.71
Candida peliculosa 0.92 (1) [0-2.71
Candida tropicalis 0.92 (1) [0-2.71
Candida albicans 11.01 (12) [5.13-16.89]
Candida utilis 0.92(1)[0-2.71
Candida glabrata 0.92 (1) [0-2.71
Aspergillu sp. 1.83(2) [0-4.35

Geotrichum candidum 0.92 (1) [0-2.71]
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Table 4. Cont.

Variable

Level

% (n) [95% Confidence Interval]

Agent classification

Gram positive bacteria
Gram negative bacteria

27.52 (30) [19.14-35.91]
55.05 (60) [45.71-64.38]

Fungi 17.43 (19) [10.31-24.55]
. . No 96.63 (86) [92.88-100.38]
ESBL resistance mechanism Yes 3.37(3) [0-7.12]
Resistant to 3 tibioti No 55.96 (61) [46.64-65.28]
esistant to 3 or more antibiotics Yes 44.04 (48) [34.72-5336]

Staphylococcus aureus

Acinetobacter baumanni

Fseudomonas aeruginosa

Kiebisiella oxytoca

Klehisiela pneumaoniag

Serratia mascescens

Escherichia cali

Enterecoccus faecalis

Enteracoccls faecium

Fasteurella 5o I

Benzylpenicillin
Clindarmycin
Emithrammzin
Cracilin
Rifampicin
Sulfazotrim
Tigecycline

Amikacin

Imipenem

Meropenem

Gentamicin

Ampicillin.Subactram

Cefepime

Ciprofloxacin

Fiperacilin.Tazobac

Ertapenem

Ceftriaxone

Wancomycin

Ampicillin

Figure 1. Antimicrobial resistance from microorganism (in blue) to antibiotics (in yellow) represented

in a bipartide network for 109 cultures from patients admitted with COVID-19 to an intensive care unit

and evaluated for the presence or absence of catheter-associated bloodstream infection (CABSI). The

bars represent the resistance of each microorganism to each antimicrobial. Note: Stenotrophomonas

maltophilia, Streptococcus viridans and Burkholderia cepacia did not show any resistance. See Table 5 for

frequency of resistance in each pair.
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Table 5. Frequency of resistance in microorganisms isolated in 109 blood cultures from patients
admitted with COVID-19 to an intensive care unit and evaluated for the presence or absence of
catheter-associated bloodstream infection (CABSI).

1

o Microorganisms

Antibiotics M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
Amikacin 2 0 0 0 1 1 0 0 0 0
Ampicillin 0 0 4 1 18 1 1 0 3 0
Ampicilin-Sulbactam 14 0 0 1 16 1 0 0 3 0
Benziylpenicillin 0 0 0 0 0 0 0 0 0 13
Cefepime 14 0 0 1 15 1 0 0 2 0
Ceftriaxone 0 0 0 1 17 1 0 0 2 0
Ciprofloxacin 14 0 0 1 15 1 0 1 1 0
Clindamycin 0 0 0 0 0 0 0 0 0 10
Erythomicin 0 0 0 0 0 0 0 0 0 12
Ertapenem 0 0 0 0 14 1 0 0 1 0
Gentamicin 4 6 0 0 12 1 0 1 0 0
Imipenem 13 0 0 0 14 1 0 1 1 0
Meropenem 13 0 0 0 14 1 0 1 1 0
Oxacilin 0 0 0 0 0 0 0 0 0 7
Piperacilin-Tazobac 0 0 0 0 13 1 0 3 1 0
Rifampicin 0 0 0 0 0 0 0 0 0 1
Sulfazotrim 1 0 0 0 0 0 0 0 0 2
Tigecycline 3 0 0 0 0 0 0 0 0 0
Vancomycin 0 0 0 0 0 0 0 0 0

4. Discussion

COVID-19 has negatively affected health services in several ways, including an in-
crease in HAI rates [15]. Patients with CABSI had had a shorter time using a catheter
before infection compared to those who did not have infection. This was also observed
in another study that compared CABSI in a pre-COVID-19 cohortand a COVID-19 co- hort,
showing in its results that, in the pre-pandemic period, the length of catheter use was
approximately 4 days and after the pandemic the length of use was approximately 3 days
[16]. The hypothesis is that with a shorter period of time using a catheter, the patient with
COVID-19 in the ICU with a predisposition to CABSI will already need to undergo several
invasive procedures, thus becoming susceptible to greater exposure and infection by
different microorganisms [17]. As a result, the infection sets in soon after exposure and
contamination. A study assessed that the incidence of CABSI before COVID-19 was equal
to 1.89 per 1000 patients admitted, and during the pandemic the incidence increased to
5.53 per 1000 patients admitted [18], which may suggest a lower quality of care in mainte-
nance and insertion of the catheter during the pandemic, possibly caused by the stress of
healthcare professionals faced with exposure to the new virus and decreased adherence to
standard precautions, as shown by some studies [9,15,16]. We saw obesity as a risk factor for
CABSI. Obesity contributes to worse prognoses in patients with established COVID-19.
Furthermore, metabolic deregulations, which are common in the obese population and closely
related to an impaired immune system, together with an altered response to viral infection
can lead to a greater predisposition to other infections and greater virulence, duration and
severity of the disease [19]. Regarding length of stay, it was found that CABSI was associated
with higher values both in the ICU and in the hospital. This result is in line with other studies,
wherein prolonged hospitalization was also associated with the presence of CABSI [20,21].
An elevated serum DHL level was seen in patients with infection, as in another study,
resulting from the greater release of this enzyme into the bloodstream because of cellular
damage caused by the infectious processes to which these patients are
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subjected [20]. Patients with more severe cases of COVID-19 infection have higher levels of
DHL than patients with milder cases, this being a biomarker that can be used to show the
severity of patients’ status in relation to COVID-19 [22].

The use of hydrocortisone, three or more antibiotics and antifungals were protective
factors for CABSI, which corroborated other studies in which patients with concomitant use
of antibiotics showed a lower association with CABSI [23,24]. Although the literature links
corticosteroid therapy with increased rates of fungemia [10,25], there are reports of the pro-
tective effect of hydrocortisone against candidemia in patients with severe COVID-19 [26].
The Pan American Health Organization points to a reduction in the risk of death for pa- tients
with COVID-19 with the use of corticosteroids, such as hydrocortisone, due to the
effectiveness of this medication in treating and controlling the inflammatory process caused
by COVID-19 [27]. The microorganisms isolated in the observed blood cultures were
Gram negative, with a predominance of Klebsiella pneumoniae and Acinetobacter baumanni.
Gram negative bacilli present greater multidrug resistance, being more resistant after the
COVID-19 pandemic [24] and presenting a need for greater control of the use of antimi-
crobials. A study that compared COVID-19 ICUs with non-COVID-19 ICUs showed that
Acinetobacter baumanni had increased resistance to carbapenems. However, during the pan-
demic there was a significant increase in the consumption of broad-spectrum antimicrobials,
disproportionate to the increase in infections with MDR microorganisms. Considering the
need to avoid excessive use of antimicrobials but without delaying the start of effective
treatment, it is important to create antimicrobial management programs, in addition to
spreading greater knowledge of infection rates and the microorganisms involved [16]. This is
important to minimize morbidity, mortality, hospitalization time and costs.

Studies show that the more invasive procedures are conducted, the greater the ex-
posure to such microorganisms and, so, to CABSI [28-30]. Is important to remember the
importance of knowing the risk factors involved in co-infections, which contribute to the
development of preventive actions, thus ensuring greater quality in the care provided and
reducing morbidity, mortality and patient hospitalization times. The occurrence of HAIs in
general has increased patients’ length of stay and hospital costs, thus creating an overload
on health systems. Reducing infection rates related to HAIs both reduces hospital costs
and increases the availability of ICU beds in the world [31], which are still scarce, and were
even more scarce during the COVID-19 pandemic.

There was a higher incidence of CABSI in vaccinated patients compared to those who
were not vaccinated, although we were unable to verify how long ago the patient had been
vaccinated or whether the vaccination schedule had been completed. A justification for
this finding may be related to the vaccination of risk groups, corroborating this hypothesis
with the fact that, in the adjusted models, only obesity remained a risk factor. The occur- rence
of CABSI is associated with greater severity of COVID-19 and risk factors prior to
hospitalization in these patients. In a retrospective cohort study conducted in Hungary, no
statistical difference was seen relating vaccinated patients to bloodstream infections [32], but
that was in a more accelerated vaccination context compared to Brazil.

This study brought interesting information about the association of obesity, time of
catheter use, CABSI and COVID-19 infection. Although the pandemic has ended, COVID-
19 infections will continue to occur and new previously unknown variants of the virus
may appear, which requires the preparation of health services in terms of caring for the
population and preventing other complications due to hospitalization. In this way, the
results found can collaborate with future studies.

Our findings also contribute to elucidating the risk factors and risk indicators for the
development of CABSI in patients seriously ill due to COVID-19, emphasizing the need for
greater control and prevention of infections during other pandemic periods, not only
COVID-19. Furthermore, other studies in other regions of the world will contribute to
better evaluating the robustness of the data found in this study. Future studies, involving
large control centers in this country and others, will be able to point out the variables that
best relate to the outcome of patients infected with diseases such as COVID-19 and will
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also be able investigate health care actions that can mitigate the occurrence of catheter-
associated bloodstream infections, especially in vulnerable patients such as those requiring
intensive care.

The study, however, has some limitations, such as the lack of prospective analysis
and a control group without COVID-19, in addition to the fact that data collection was
conducted in a single center, and records had a high loss of information in some variables,
preventing in-depth analysis, which limits the generalization of results.

5. Conclusions

Patients with a shorter time using a catheter and with obesity had a higher incidence of
CABSI compared to patients with a longer period of use and without obesity. The occurrence
of CABSI also increased patients’ length of stay in the ICU and in the hospital.
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ABSTRACT

COVID-19-Associated Pulmonary Aspergillosis (CAPA) is one of the main complications of severely ill
patients with COVID-19. Thus, this study aimed to report cases of CAPA in patients hospitalized in an
intensive care unit of a tertiary hospital. Method: Descriptive and retrospective study that included patients
with CAPA admitted between March 2020 and December 2021 in the intensive care unit of a high
complexity hospital. Results: Of the eight patients with CAPA described in this study, six were classified as
possible cases and two as probable cases. Conclusion: Preventive actions and active investigation of
invasive pulmonary aspergillosis in critical COVID-19 patients should be performed through appropriate
screening and diagnostic protocols, considering the high risk of co-infection of these patients.

RESUMO

A Aspergilose Pulmonar Associada a COVID-19 (APAC) é uma das principais complica¢oes de pacientes
com COVID-19 gravemente doentes. Dessa forma, esse estudo objetivou relatar casos de APAC em
pacientes internados em unidade de terapia intensiva de um hospital terciario. Método: Estudo descritivo
e retrospectivo que incluiu pacientes com APAC admitidos entre marco de 2020 a dezembro de 2021 na
unidade de terapia intensiva de um hospital de alta complexidade. Resultados: Do total de oito pacientes
com APAC descritos nesse estudo, seis foram classificados como casos possiveis e dois como casos
provaveis. Conclusdo: Ag¢bes preventivas e investigagdo ativa de aspergilose pulmonar invasiva em
pacientes com COVID-19 criticos devem ser realizadas por meio de protocolos de rastreamento e
diagnostico adequados, considerando o alto risco de coinfec¢ao desses pacientes.
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Introduction

COVID-19 marked world history for the unprecedented damage generated in a
pandemic that recorded more than 6.6 million deaths between March 2020 and November
2022 (WHO Coronavirus (COVID-19) Dashboard | WHO Coronavirus (COVID-19)
Dashboard With Vaccination, 2022). The virus that causes COVID-19 was called SARS-CoV-
2 due to is genetic similarity with the coronavirus of severe acute respiratory syndrome (SARS-
CoV) (Zhu et al., 2020). This virus causes severe pneumonia with clinical symptoms different

from known and rapidly evolving ones that have challenged health services worldwide

(Castagnoli et al., 2020).

Since the beginning of the pandemic, bacterial and fungal coinfections have been
reported in patients with COVID-19 and among the main genera of pathogens involved are
Acinetobacter, Klebsiella, Pseudomonas, Candida, and Aspergillus (Musuuza et al., 2021).
COVID-19-Associated Pulmonary Aspergillosis (CAPA) is one of the main complications of
severely ill patients with COVID-19 (Calder6n-Parra et al., 2022; Hashim et al., 2022),
occurring in approximately 10% of patients admitted to the Intensive Care Unit (ICU)
worldwide (Calderén-Parra et al., 2022; Hashim et al.,, 2022) and higher mortality rate
compared with patients without CAPA (Bartoletti, 2020; Calderon-Parra et al., 2022; Chong
et al., 2022). Recent reports from Netherlands, Brazil and Spain report invasive aspergillosis
in 19%, 16% and 11% patients with severe COVID-19 pneumonia, respectively (Koehler et al.,
2020; de Almeida Jr et al., 2022; Marta et al., 2022).

The diagnosis of CAPA is complex due to nonspecific symptoms, difficulty in
performing biopsies and imaging tests that do not adequately differentiate lung damage caused
by COVID-19 or invasive aspergillosis (Caggiano et al., 2022). Given the different definitions
of CAPA used in research published at the beginning of the pandemic, the European
Confederation of Medical Mycology/International Society for Human and Animal Mycoses
(ECMM/ISHIM) proposed, based on validated tests, to classify the CAPA as proven, probable
and possible. This classification allows researchers to homogeneously classify patients,
conferring higher quality to studies and, to health professionals, adequate clinical management
(Koelher, 2021). 2020 ECMM/ISHAM consensus definitions provide support for
standardization of CAPA clinical research and surveillance studies based on conventional
biomarkers and micrology of lower respiratory tract samples, such as microscopy and culture
for fungi, in order to meet the microbiological diagnostic criteria (Permpalung et al., 2021).

The aim of this study was to report cases of COVID-19-associated pulmonary
aspergillosis in patients admitted to the ICU of a tertiary hospital, from March 2020 to

December 2021, with description of clinical characteristics, diagnosis, treatment and outcome.
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Method

Design and ethical aspects of the study

This descriptive and retrospective study included patients with CAPA, adults (=18
years), admitted between March 2020 and December 2021 in the ICU of a high complexity
hospital, which has approximately 500 beds and is a reference in the southeastern region of
Brazil.

The research was submitted and approved by the Human Research Ethics Committee,

CAAE: 51805021.5.0000.5152.

Data collection and definitions

Patient data were collected in the electronic medical record including clinical and
microbiological information, prescribed treatment and outcome. As there was no screening or
screening protocol for CAPA in the period evaluated, the investigations occurred upon clinical
suspicion.

The laboratory diagnosis of COVID-19 occurred by polymerase chain reaction with
reverse transcriptase (RT-PCR). For the diagnosis of CAPA, the criteria of the 2020
ECMM/ISHAM consensus were used (Koelher, 2021), which classifies CAPA as proven,
probable and possible: CAPA is proven by histopathological or direct microscopic detection, or
both, of fungal elements that are morphologically consistent with Aspergillus sp, showing
invasive growth into tissues with associated tissue damage, or (with or without) aspergillus
recovered by culture or detected by microscopy, in histology studies or by a sterile aspiration
or biopsy from a pulmonary site, showing an infectious disease. The diagnosis of probable and
possible pulmonary PACA requires a pulmonary infiltrate combined with mycological evidence
by culture of the respiratory tract obtained via non-bronchoscopic lavage or detection of
biomarkers, being probable when the serum galactomannan index or bronchoscopic lavage is
>0.5 and possible when galactomannan detected in non-bronchoscopic lavage, index >1,2.

The cases described in this report could not be proven due to the absence of samples
obtained by biopsy or bronchoscopy. Aspergillus species were obtained in culture of tracheal
secretion aspirate and serum galactomannan was obtained by enzyme immunosorbent assay
(ELISA). The antimicrobial sensitivity profile of the isolated fungus species was not
determined. The eight cases included in this study were described and relevant data were

categorized.

Results
We identified 588 patients with COVID-19 admitted to the ICU during the study period, of
which 170 had tracheal secretion cultures positive for bacteria or fungi. The consensus criteria

followed included identification of Aspergillus sp in culture of tracheal secretion and serum
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galactomannan >0.5, which allowed to classify eight cases of CAPA, six as possible CAPA and
two as probable CAPA (Table 1).

Tablei.

Characteristics of patients with COVID-19 Associated Pulmonary Aspergillosis
(CAPA) in an Intensive Care Unit

Characteristics
Age

Sex
Comorbidities
SAPS 3

Length of stay until
identification of the
fungus im culbure

Time of mechanical
ventilation until
identification of the
fungus im culbure

Time behwesn
sdmission to the ICU
and identification of
the fungus in cuture

Length of ICU
stayidays
Hermodialysis

Length of hospital
stay

Prone position
Serurn GM |paositive:
index =0.5)

Germ idendified in
Fungal Culture of
Tracheal Aspirate

CAP| ddassification
sccording to
ECMM/ISHAM

Coinfection with cther
gems

Antifungal therapy

Patient 1
51 years

male

Grade Il
obesity, DM,
SaH

£4 points

16 days

11 days

11 days

28 days
yES
33 days
yes

Positive (0.2

Azpargilluz 5p

Probable

o

Emirical
fluconazole
and
variconazole
replaced by
liposomal
amphotericin B
after
identification of
Aszpemyilie

Patient 2
50 years

female

Grade |l
obesity

24 peints

12 days

10 days

10 days

48 days
no

50 days

Megative®

Azpergilluz

Possible

lebisi

preumoniae

\oriconazole
followed by
Liposomal
Amphotericin
B

Patient 3
74 years

male

SaH,
gasiric
uleer

not
calculated

G days

4 days

5 days

T days

T days
no

not
performed

Azpergilluz
fumigstuz

Poszible

no

not started

dusto
death

Patient 4
58 years

male

Grade I
obesity, SAH

78 peints

11 days

B days

B days

12 days

14 days
yes

Megative®

Aspergilluz
SR

Pozsible

no

Liposomsl

amphotericin
B

Patient &
37 years

female

Grade |1
obasity, S&H

70 paints

9 days

9 days

9 days

9 days

9 days
yes

not perfarmed

Azpergiliuzs
fumigatus

Puossible

not started dus

to death

Patient &
51 years

male

Grade | obesity;
MOr 54H; CVL;

oKD
80 points

G days

3 days

5 days

5 days
yes

G days

not performed

Azpergiliuzs
fumigatuz

Possible

not started due

to desth

Patient 7 Patient &
58 years 51 years
male masle

Grade |
. Grade |
obesity, DM, .
SAH obesity, SAH

not calculated 78 points

5 days 14 days
3 days 12 days
5 days 11 days
14 days 27 days
yes yes
14 days 30 days
no yes

Positive*[1.25) Megatie®

Azpergiliuz Azpergillus
fumigatuz fumigatuz

Probabie Paossibie

Candida Acinefobacter
albicans banmanai

Liposomal Liposomsal
amphotericin B amphotericin B

Abbreviations: DM: diabetes mellitus; SAH: systemic arterial hypertension; CVD: cardiovascular disease; CKD: chronic
kidney disease; SAPS 3: Simplified Acute Physiology Score 3; GM: galactomannan. Symbol: *: exam collected the day after
the identification of Aspergillus in a culture of tracheal secretion aspirate.
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Common profile of the cases

The eight patients included in this report were admitted to the hospital due to
symptoms of COVID-19 and then transferred to the ICU where they received invasive
mechanical ventilation, used intravenous corticosteroid and had Aspergillus species identified
in tracheal secretion culture. All patients underwent at least one chest computed tomography
scan during hospitalization, indicating ground-glass pulmonary opacity. The eight patients

progressed to death.

Presentation of the cases
Case 1

Male patient, 51 years old, with diabetes mellitus, systemic arterial hypertension and

grade III obesity. Diagnosed with COVID-19 four days before admission. Chest tomography
was performed on the day of admission with areas of ground glass with involvement of 20% of
the pulmonary area. Due to worsening of the respiratory pattern was transferred to the ICU in
D5 (fifth day of hospital stay), when it required mechanical ventilation and initiated renal
replacement therapy. He presented persistent fever and infectious leukogram, even with
broad-spectrum empirical antibiotic therapy and, in D9, fluconazole was also prescribed
empirically. With a positive galactomannan test on D14, voriconazole was administered instead
of fluconazole. In tracheal aspirate secretion collected on D16 was isolated Aspergillus sp and
staggered treatment for liposomal amphotericin B. There was a worsening of the clinical picture
and identification of Acinetobacter baumannii in aspirated tracheal secretion collected in D30.
He died in D32

Case 2

Female patient, 50 years old, grade III obesity, with a history of smoking for 40 years,
abstaining for 10 years. Admitted due to diagnosis of COVID-19 the day before hospitalization
and symptoms of dyspnea and cough five days before hospitalization. Chest tomography of the
day of admission with bilateral ground glass opacities occupying more than 90% of the
pulmonary parenchyma. It presented progressive worsening of the respiratory pattern, being
transferred to the ICU with two days of hospitalization, D2, the day in which mechanical
ventilation was installed. Due to persistent fever cultures were collected on D12, with
identification of Aspergillus sp and Klebisiella pneumoniae in endotracheal aspirate secretion,
instituted therapy with voriconazole on D16, maintained empirical meropenem started on D10
and associated inhaled gentamicin. After 15 days of treatment with voriconazole, this was
replaced by liposomal amphotericin B in D31 due to alteration in hepatogram. In D35 was
identified Acinetobacter baumannii in tracheal secretion culture. The patient presented worse

ventilatory parameters and died in D50.
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Case 3

Male patient, 74 years old, with systemic arterial hypertension. He went to the health
service with cough and high digestive bleeding due to a gastric ulcer. On the day of admission,
COVID-19 was confirmed and thorax tomography was performed with ground glass opacity
occupying 40% of the total lung area, followed by transfer to ICU. On the second day of
hospitalization, D2, presented worsening of the respiratory pattern, agitation and mental
confusion, being installed mechanical ventilation. Aspergillus fumigatus isolate in
endotracheal aspirate culture collected on D5 due to persistent fever. Renal replacement
therapy initiated on D6. He presented hemodynamic instability and progressed to death in D7,

the day on which the culture result was released, prior to the beginning of antifungal therapy.

Case 4

Male patient, 59 years old, with systemic arterial hypertension and grade II obesity.
Admitted to the service the day he was diagnosed with COVID-19, with complaints of flu
symptoms. He was transferred to the ICU the day after admission, D2 and, on the fourth day
of hospitalization, D4, was intubated and installed mechanical ventilation, after presenting a
progressive decrease in oxygen saturation, not responsive to other measures, and the imaging
showed bilateral pulmonary opacity. In D9, renal replacement therapy was started. He
presented persistent fever, leukocytosis and increased C-reactive protein, and broad-spectrum
antibiotic therapy was started. In D11, Aspergillus sp was identified in endotracheal aspirate
secretion concomitant to the worsening of the clinical picture. Started treatment with

liposomal amphotericin B on D12, when the patient evolved to death.

Case 5

Female patient, 67 years old, with systemic arterial hypertension and grade II obesity.
Diagnosed with COVID-19 five days before hospital admission. Admitted with major dyspnea,
being intubated and referred to ICU on admission. Chest tomography performed at admission
showed 40 to 60% of lung involvement. He presented persistent fever and, in D9, Aspergillus
fumigatus was identified in endotracheal aspirate secretion and liposomal amphotericin B was
prescribed. However, due to the worsening of the clinical picture the patient evolved to death

before the beginning of treatment.

Case 6
Male patient, 61 years old, with diabetes mellitus, systemic arterial hypertension, grade
I obesity, congestive heart failure and chronic kidney disease, undergoing conservative

treatment until admission to the ICU, where the disease worsened and required renal
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replacement therapy. Diagnosed with COVID-19 seven days before admission. He presented
25% of pulmonary involvement in chest tomography performed on the date of admission.
Transferred to ICU in D2 and D4 mechanical ventilationwas installed due to the worsening of
the respiratory pattern. In D6, Aspergillus fumigatus was identified in endotracheal aspirate
secretion, the day the patient died.

Case 7
Male patient, 59 years old, with diabetes mellitus, grade I obesity and hypertension.

Prior to hospitalization, he received a dose of vaccine against COVID-19, whose date and
manufacturer information were not recorded in the medical record. The diagnosis of COVID-
19 occurred 11 days before hospitalization. Admission chest tomography showed 70% of lung
involvement. He presented respiratory worsening and was transferred to ICU in D1. He needed
mechanical ventilation in D2 and after three days renal replacement therapy was started due
to alteration of renal function. Due to persistent fever and worsening of the clinical picture, in
D5 cultures were collected with identification of Aspergillus fumigatus and Candida albicans
in tracheal aspirate secretion and started treatment with liposomal amphotericin B. Collected
serum galactomannan in D6, with index 1.25. The patient presented a worsening of the clinical
picture with persistent fever, not responsive to the measures and prescribed broad-spectrum

antibiotic therapy, evolving to death on D14.
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Case 8

Male patient, 61 years old, with systemic arterial hypertension and grade I obesity,
previous history of smoking, no record of time of cigarette use, and current history of
alcoholism. Diagnosed with COVID-19 five days before admission. Submitted to orotracheal
intubation and transferred to ICU in D4. Due to persistent fever and infectious leukogram,
cultures and isolate Aspergillus fumigatus and Acinetobacter baumannii were collected in
tracheal secretion within 15 days of hospitalization, when antifungal therapy was initiated with
liposomal amphotericin B and replaced with empirical meropenem and teicoplanin by
polymyxin and tigecycline. In D17, renal replacement therapy was started and, in the following
days, there was a worsening of the clinical picture that culminated in the death of the patient

in D30.

Discussion

Brazil is, along with the United States and India, among the countries with the highest
number of cases and deaths from COVID-19 (Oliveira et al., 2022). CAPA has been of interest
to scholars due to its ability to increase morbidity and mortality in critical patients and the
need for better definitions regarding its clinical manifestations (Calderon-Parra et al., 2022;
Koehler et al., 2020). Studies indicate significantly higher mortality among patients with CAPA
than in patients without CAPA (Borman et al., 2022; Hashim et al., 2022; Singh et al., 2021;
Tio et al., 2021). In this report all patients evolved to death. However, it is worth mentioning
the existence of comorbidities such as hypertension, obesity, diabetes and advanced age, in
addition to the early clinical worsening by COVID-19 presented by the cases, given the high
scores of Simplified Acute Physiology Score 3 (SAPS 3) obtained at the time of admission to
the ICU. The SAPS 3 is a validated hospital mortality predictor system, which is based on
variables of acute physiological disorders, conditions and health status prior to interventions
occurred in hospitalization, since the calculation is performed with data from the first hour
after the patient’s admission to the ICU. This score can vary between zero and 120 and the
higher the score, the higher the probability of death (Moreno et al., 2005).

Considering the greater possibility of poor outcomes in patients with COVID-19
coinfected by invasive pulmonary aspergillosis (Singh et al., 2021), it is relevant to mention the
risk factors for the emergence of CAPA mentioned in the literature and also found in patients
who composed the sample of this report, among which are the lung damage caused by COVID-
19 itself, need for hospitalization in ICU, corticosteroid use, prolonged hospitalization, invasive
mechanical ventilation, and advanced age (Arastehfar et al., 2020; Calder6n-Parra et al., 2022;
Er et al.,, 2022; Nasir et al.,, 2020), which is why routine screening is essential for early
screening and decision-making (Caggiano et al., 2022; Gangneux & Dannaoui, 2022).

The diagnosis of aspergillosis in critical patients with COVID-19 is a topic widely
discussed due to the difficulty in distinguishing between colonization by Aspergillus spp. or

invasive infection, considering the frequent unavailability of histological findings and lack of
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clinical and radiological characteristics, which was observed in our cases and corroborated with
other studies (Calderon-Parra et al., 2022; Koehler et al., 2020; Tio et al., 2021). Bronchoscopy
to obtain samples free of contaminants is generally avoided due to the possibility of aerosol
transmission during the procedure, and many patients were not clinically fit for a lung biopsy
at the time of suspicion of CAPA. Likewise, imaging tests may not be feasible due to the clinical
instability of patients or, when performed, they may not differentiate acute respiratory
syndrome in COVID-19 and invasive pulmonary aspergillosis (Nasir et al., 2020).

In the cases reported here, five patients had serum galactomannan analysis in the
period of identification of Aspergillus in tracheal secretion aspirate, where two had a positive
result (index >0.5). Galactomannan, obtained in plasma or bronchoalveolar lavage fluid, is a
biomarker that can assist in the diagnosis and prognosis of invasive pulmonary aspergillosis,
being indicated its serum collection three times a week until discharge from the ICU, for CAPA
screening in critical patients (Koelher, 2021; Patterson & Donnelly, 2019). Different authors
defend its importance as a pre-test in situations of high probability, considering its high
specificity in non-neutropenic patients (de Almeida Jr et al., 2022; Ghazanfari et al., 2022;
Koelher, 2021; Lim, Jin Lee et al., 2022). Galactomannan is detectable even before the onset
of clinical symptoms and thus may be useful to guide early treatment (Caggiano et al., 2022).
However, it is important to consider that, especially at the serum level, galactomannan has low
sensitivity and may be positive even in case of colonization (Mitaka et al., 2020).

Given the rigorous criteria required by the ECMM/ISHAM to prove CAPA, many
authors were concerned about the possibility of underestimation of its incidence(Bounhiol et
al., 2022; Lim, Jin Lee et al., 2022; Nasir et al., 2020; Permpalung et al., 2021). Thus, the
search for microbiological findings in tracheal aspirate, bronchoalveolar lavage or through
nonbronchoscopic lavage is relevant in order to mitigate morbidity and mortality from this
infection and, even cases classified as possible APAC, should receive antifungal therapy
(Koelher, 2021; Machado et al., 2021; Marta et al., 2022; Nasir et al., 2020). On the other hand,
some authors discuss the issue of early and prolonged treatment impacting increased costs,
adverse reactions, drug interactions and antimicrobial resistance in patients already highly
vulnerable in ICU, emphasizing the importance of applying and refining the diagnostic criteria
of CAPA, which will provide realistic prevalence rates and appropriateness of therapy
(Arastehfar et al., 2020; Egger et al., 2022). New studies may contribute to greater definitions
of the benefits of using early antifungal treatment or prophylaxis for patients at high risk of
invasive fungal infections (Gangneux & Dannaoui, 2022).

The CAPA treatment decision should consider all patient information and clinical data.
Voriconazole is recommended as a first-line antifungal in the management of CAPA, even with
the possible drug interactions with treatments commonly used in COVID-19, its narrow
therapeutic window and toxicity that may aggravate the clinical picture of these patients
admitted to the ICU (Koelher, 2021; Tio et al., 2021). One patient, among the cases presented
in this report, required replacement of voriconazole by liposomal amphotericin B due to liver

alteration, an adverse event most commonly presented by patients using voriconazole
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according to some authors (Eiden et al., 2007; Maertens et al., 2021). Liposomal amphotericin
B is a viable option when the patient presents contraindication to triazoles due to its
nephrotoxic potential and the renal alteration that commonly affects patients with severe
COVID-19 (Maertens et al., 2021; Patterson et al., 2016; Ullman et al., 2018) observed in most
of the patients in this report.

With clinical activity similar to voriconazole and fewer adverse effects are
posaconazole and isavuconazole, safe options for the treatment of CAPA for patients who do
not tolerate voriconazole or liposomal amphotericin B (Koelher, 2021; Maertens et al., 2021;
Singh et al., 2021). Both drugs have a higher unit cost than voriconazole, which may justify
their unavailability and non-use in some health services, although studies indicate a good cost-
effectiveness of these alternative options (Floros et al., 2019; Greiner et al., 2010; Harrington
et al., 2017).

This case report exemplifies the clinical difficulty in the diagnosis and management of
patients with CAPA, even in large hospital centers. Among the several limitations of the study
are the realization of the research in a single center, the small sample of CAPA cases, perhaps
underestimated due to the lack of adequate screening and investigation, the lack of diagnostic
tests that could prove CAPA and the absence of a control group without COVID-19, hospitalized
in the same period, which would enable the analysis of the impact of COVID-19 on the
development of invasive pulmonary aspergillosis. Thus, extensive studies that analyze risk

factors, clinical manifestations, early diagnosis and therapy are necessary.

Conclusion

The high mortality, diagnostic and management complexity of patients with CAPA
indicate the need for active investigation of invasive pulmonary aspergillosis in patients with
COVID-19 in intensive care, through appropriate screening, diagnostic protocols, and
preventive actions for patients with a high risk of co-infection.
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CONSIDERACOES FINAIS

A pesquisa realizada possibilitou identificar a ocorréncia de ICSAC e mortalidade em pacientes com
COVID-19, além de permitir a analise dos casos de APAC dentre os pacientes internados em UTI,
resultados esses que contribuem para a elucidagao e investigacao de fatores que possam reduzir o

drastico impacto causado no mundo em situagdes de pandemia.
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il colaiidas . Aldr ek, nd Sohe o imsliumetio 8 cadala db

Eaferage v Joia Kesss da dede 5151 Doca ™47, mal 2584 - Corgas Sis. WS

Baiva  SmE MG CEP 34408
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BENEFICIOS. Os banelicios mofuam um mathor conhecimanio da rolagho COVID-tDisfecgdo fingica;
ConFeoar o comelesons inms oinioes & apdemebgios bem coms o agrdston, Famamenio & ayvshagda
das irfsogdes. Esias infdormaipies poecher S SET S R O SesEr O M e eokocoios of preEvan b &
mansio das doengas, o forma a reduzie sua morbimoiabdade Adm de Syonecer B subsdar noesos esialns
manefCa G kemad e escnhida,

Cormenidrios o Considarsg fes sobee o Pesquisa:
Resoostn da pendfncies aponiada ro Farecer n*6.0100516 da 30 de Setembng de 2021:

1. Cm pronlusnos gon ko pars da pesgquiza, oo ppenas de pockemiss U (@ recsbaram alts dos hospiiais
paricpanies? Cass rds, o TCLE ndo pode ser depenesco pars paceniee sinds s Frip=anio. Opeia
forme, o CEP soliciin pacrscmania

REESFOSTA OIS PFESRDASADORES

Oha prodtiuleies duoa Tarfo e da pesipe s 2k Apafas &8 pRoanlns Gua b recalsram ala dos hospdas
pamcsaes . Trada-ss ta um s rdrcssactien, com Rl die gacesiog hosp e efes i asoe 20
o 2021, A codita dia daddng sefd rialzad, Conkon g Cronog i ma proposio, o dezambne da 2021 & jEndne
oy ZO2Z, oom andlss incal dos Jadod & pandr das inbemaides ooomides em 2020 @ dopods, por e, os
inlemaglhes coormidas am 2021 Sssim, dos of pacenies o seus oroniu s anslisados apds a aka
nospiintar. Aorads doosmenis do st cafiva do depansa do TOLE, om quaestiiaes dlcas no Dom:ura oo
Eempuisator & itam e irain sobes depensa o TOLE m plafalorma Brasdl

Consderaies GEPUELL Pancéncts alendsin

Congidarag fes sobre o5 Termes de apreseniagde ckrigattnia:

Folfa da mesto canmbeda, assineda ¢ daieda palo dirgdor da unidese. Docleropdas das insliEghes
copariicipanies assinsdos 8 daladns. Curmiodlos da &oipa seecubora qualfiosdos 8 idenifkcados.
Orgamenlo o ocronograma daetalbados. Dotumento da equise edecoiora assinado & dalado.

Eagermgr sy Jolia Fssss da fds 3150 Dioog "1, aain 2594 - Corgam Sin. Moo
Haiva ) S P CEP 38 408
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ﬁqﬂ-ﬁfﬂﬂiTﬂ.Eimmmti nardag da CEP.

Condusins ca Perdincins o Lk do lnadeguacSas:
As pandinias do pamoer " 50100808 g 30 da Sesamins de 3029 forsm et ndides

Conuidarsg das Finals a crithns da CEP:
OES.: O CEF/UFU LEREBRA QUE QUALICUER MUDANGA O PROTCCOLO DEVE EER INFORMADA
IMEDIATAMENTE AD CEF PARA FING DE AMALIEE E APRCAVACAD D& MESMA.

O CEPUFL lamiona: qua:

o sngurdo of Rpsobmdes TG 86301 2 & 5101& o pesquissdor deward manisr os dodos On pesgu s &m
arguien, fsion oo digisl, sob sus guarda & responsabdidode, por wm reniods misimo de 3 [0Noa) anos apds
O brming da pescpasa;

b- pedard. por sscolha slesldnin, veisr o pesquisador paes conderéncin do relabors & documaniapdn
perlinesniey 8o preiein

o~ @ apravacho go prolscolo de pesquias pals CEP/UFL dé-as am decoméngis do aterdimanio s
R g CHS 48R, S1016 & s comtplamanlires, mda imgdcanda ne quakdada chantficn do mesisn

Orkenilegiis di DaRdumadar |

+ O panicipans da pesduiia Wim o Abindate OF recussEr-5e o paibicigan ou o relir sii consandmenio am
o bouar Al Ja pRSqusa, Sam penalzacis Skamo o sam pauiie o seu culdede (R, CHE 46612 a
B0 E o dove redobesr uma da orgina Do Temeo do Consordimants Livne 0 Esclarackdo, na inkegra, o ohe
oA Tigh i

+ 3 pasuissior dese desenyolvar o pesquisa oonlorme delireada no prokocoln aproesdn o desoontinur o
esiudy pomente apdes analee das randas da desconinudeds paks CEF que o opeovou §Res, D85S S5E1 2],
Bpuadands seu perecer, axcnlo queando pErreber oo ou dans nA0 preasio an park o panks ol qUaTED
coraietar & supanorEisde de egme cfarecds 3 um dos grupos oo pesguies e ren s ram ek imedisin
v 0 CEP gave sy imformosdo ée ledoe o8 slsies advenss ou dalos masvaniss guae sliemm o cuma nommesl &
wmaludo (Fes, CNE 4860121 £ papel do pesgeissdor sssgumit medidss imedalae pdeguadee lranls a
draniits sdvran giave Soorticks e gua lanla aido am Gulnd canden) a ansiar nolfisache ao CEP aa
Aghncis Hecenal da Vigiknoa Saniliis — ANYVEA - unla om 6

Catersgn A7 Jolic e da fdle 3130 Mizoa M18°, mis 2508 - Compas S, ElSace
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v Evardiain sodifcaidas oo afandas o prolooskn Desam e apniseniadas o CEP da e Slafe a
suddnia, destacands @ parie do prolecoks @ sar modifcasa @ suas justlcmiees. Em cass o groyaing do
Grups | ou | apresoeniaioes anipnomons & AMVISA, 0 DesduBedor ou pairmoirador S anwil-las iambdm
& mosma, pnio pom o pareods aprcbaldns do CEF, pora sarem uniodas oo prodocods inkcéal |Ros. 25157,
imm L2 a)

Din acordo cam se siribuigies dedinides e Resolugho CHS 466132, Rescbedo S0 & nums
semplamardaiss, o CEF manilegia-es pals aprovaiEs do pralocoln de gesgean propesln

{0 proldeals nks apmeanle problemias de d8cE nas corl e da paRajunbs com sered s, e il
wa redacAo & da meksdolgis @ prase ke

Dwaia para eniraga do Ralaidie Final o CEFUFLU: JANEIRCY20E4.

* Todard nola mdsema do Of mads para airmso ma oniregas do reladdoo final

Exntn parncar fal sinborade bassado nos docesanbcs shetsn relaccmaics:

Tipo Dooumenio S AT Porsiasgom AT =] Tt
nlperractes Bascae [ PE_INFORMSDOES BASKCAS DO & | O Aamin
din Pragaln AOUETO 1R1084 1. pe 15:13:43
ChlTos parnedenoia doce OEA20ET | Denbsn Woim Dofinges | Aoodn

2R | Brin Ridder
e cinprene_ ks prf RN AEY | Denime Voo Doleges | Scwin
151050 & Bridn Rfyder
Progia Dashada ! | gecpdess pD000 2l DEMOEIET | Danbea Vom Dalinge | &sada
Brochura 64817 | Brin Ridder
Inwesticesrion
o ciFmicuio_|omes dock 130G | Deniso Vo Dolinger | Aoedin

i) 1S b Boln Hoder

Feltes s Misin fola e rozin pdl CHIEVMENT | Derss Vom Diolinges | Acmin
04537 tha Erfin

Casersgee e bolia Fosss da deln 3151 Diooa 147, paln 734 - Casryam Sin. kibmc
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EHITT=1 AT

ERubs o do Pamcer

Aprcaadn

Mecassiy Apreciasdo da CONER:

Mo

LIEERLAMDES 10 Je Oujubm de 2001
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