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RESUMO

A fibrose cistica (FC) ¢ uma doenca genética autossdmica e recessiva que ocorre devido a
presenca de variantes patogénicas no gene Cystic Fibrosis Transmembrane Regulator (CFTR). A
FC ¢ multissitémica e afeta, principalmente, as vias aeriferas. Pacientes com FC podem
apresentar exacerbacdes pulmonares e maior risco de obito devido a infecgdes virais e, dessa
forma, a coronavirus disease (COVID)-19 nesta populagdo foi associada a grande preocupagao
pelos profissionais de satde. Nesse contexto, o estudo (i) avaliou o perfil epidemiologico de
pacientes com FC e hospitalizados (dezembro de 2019 a marco de 2022) devido a sindrome
respiratdria aguda grave (SRAG) no Brasil e (ii) descreveu uma revisdo sistematica dos artigos
publicados desde o inicio da pandemia (17 de novembro 2019) até a data da pesquisa (23 de maio
de 2022) que avaliaram pacientes com FC e COVID-19. Foram incluidas 33 caracteristicas
clinicas e demograficas e os pacientes foram classificados em: (G1) SRAG por infecgdo viral
desconsiderando-se o severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (23;
5,4%), (G2) SRAG por agente etiologico desconhecido (286; 67,1%) e (G3) SRAG pela infec¢ao
pelo SARS-CoV-2 (117; 27,5%). A maioria dos casos foram registrado em Sdo Paulo e em
pacientes do sexo feminino (54,0%), de raga branca (63,8%) e¢ domiciliados em zona urbana
(90,0%). Os principais sintomas na admissdo foram dispneia e saturag¢do periférica de oxigénio
(SpO2) <95%. A maior necessidade de tratamento em unidade de terapia intensiva (UTI) (52;
44,4%) e ventilagdo mecanica invasiva (29; 24,8%) ocorreu no G3. Quase metade dos pacientes
do G3 faleceu (51; 43,6%); em contrapartida, nenhum paciente do G1 morreu. Porém, foi
observado 43 (15,0%) casos de dObitos no G2. Além disso, 12 (4,2%) e um (0,9%) Obitos ndo
associados a SRAG ocorreram, respectivamente, em G2 e G3. Os pacientes que faleceram devido
a COVID-19 apresentaram, frequentemente, SpO2 <95% (46; 90,2%) e necessidade UTI (34;
66,7%) com ventilagdo mecanica invasiva (27; 52,9%). No estudo foi identificada uma elevada
prevaléncia de pacientes com idade adulta e avangada. Dessa forma, foi considerada a
possibilidade de erros de notificagdo com o possivel atributo de FC a pacientes com fibrose
pulmonar. A revisdo sistematica abrangeu 31 estudos observacionais. Os estudos incluiram
661.386 pacientes de todas as faixas etarias. No entanto, apenas 19.150 (2,9%) pacientes tinham
FC e, dentre eles, 2.523 (0,4%) COVID-19. Nos estudos foi descrito que, respectivamente, 322 e
139 pacientes com FC precisaram de internacdo e de suporte de oxigénio. Cem pacientes
necessitaram de UTIs, cinquenta de suporte de ventilagdo mecédnica ndo invasiva e trés de
ventilagio mecénica invasiva. O 6bito devido a COVID-19 ocorreu em 38 pacientes. E
importante ressaltar que o transplante pulmonar e a presenca de doenga pulmonar moderada a
grave foram fatores de risco independentes para piores desfechos na FC durante a infec¢do pelo
SARS-CoV-2. Em contraste com a literatura, os pacientes brasileiros do G3 apresentaram
fenotipo grave, embora a maioria dos outros estudos ndo tenha observado piores desfechos em
pacientes com FC e COVID-19.

Palavras-chave: CFTR. COVID-19. Fibrose Cistica. Epidemiologia. SARS-CoV-2.
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ABSTRACT

Cystic fibrosis (CF) is an autosomal recessive genetic disease due to the presence of pathogenic
variants in the Cystic Fibrosis Transmembrane Regulator (CFTR) gene. CF is multisystemic and
mainly affects the airways. Patients with CF may present with pulmonary exacerbations and a
higher risk of death due to viral infections and, therefore, coronavirus disease (COVID)-19 in this
population was associated with great concern among health professionals. In this context, the
study (i) evaluated the epidemiological profile of CF patients hospitalized (December 2019 to
March 2022) due to severe acute respiratory syndrome (SARS) in Brazil and (ii) described a
systematic review of articles published since the beginning of the pandemic (November 17, 2019)
until the date of the research (May 23, 2022) that evaluated patients with CF and COVID-19. A
total of 33 clinical and demographic characteristics were included and patients were classified
into: (G1) SARS due to viral infection disregarding severe acute respiratory syndrome
coronavirus 2 (SARS- CoV-2) (23; 5.4%), (G2) SARS due to unknown etiological agent (286;
67.1%) and (G3) SARS due to SARS-CoV-2 infection (117; 27.5%). The majority of cases were
registered in S3o Paulo and female patients (54.0%), white people (63.8%), and living in urban
areas (90.0%). The main symptoms on admission were dyspnea and peripheral oxygen saturation
(Sp0O2) <95%. The greatest need for treatment in the intensive care unit (ICU) (52; 44.4%) and
invasive mechanical ventilation (29; 24.8%) occurred in G3. Almost half of the patients in G3
died (51; 43.6%); in contrast, no patient in G1 died. However, 43 (15.0%) cases of death were
observed in G2. Furthermore, 12 (4.2%) and one (0.9%) deaths not associated with SARS
occurred, respectively, in G2 and G3. Patients who died due to COVID-19 often had SpO2<95%
(46; 90.2%) and required ICU (34; 66.7%) with invasive mechanical ventilation (27; 52.9%). The
study identified a high prevalence of patients of adult and advanced age. Therefore, it was
considered the possibility of reporting errors with the possible attribute of CF to patients with
pulmonary fibrosis. The systematic review covered 31 observational studies. The studies included
661,386 patients of all age groups. However, only 19,150 (2.9%) patients had CF and, among
them, 2,523 (0.4%) had COVID-19. In the studies, it was described that, respectively, 322 and
139 CF patients required hospitalization and oxygen support. One hundred patients required
ICUs, fifty required non-invasive mechanical ventilation support and three required invasive
mechanical ventilation. Death due to COVID-19 occurred in 38 patients. It is important to
highlight that lung transplantation and the presence of moderate to severe lung disease were
independent risk factors for worse CF outcomes during SARS-CoV-2 infection. In contrast to the
literature, Brazilian G3 patients presented a severe phenotype, although most other studies did not
observe worse outcomes in patients with CF and COVID-19.

Keywords: CFTR. COVID-19. Cystic Fibrosis. Epidemiology. SARS-CoV-2.
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INTRODUCAO
1.1 Fisiopatologia e genética da fibrose cistica

A fibrose cistica (FC; OMIM no 219700) é uma doenca autossdmica e recessiva com elevada
prevaléncia na populacdo caucasiana (ATHANAZIO et al., 2017). Trata-se de uma doenca
multissistémica e que afeta, principalmente, o sistema respiratorio e digestivo (MONDEJAR-
LOPEZ et al., 2017). A FC é uma doenca complexa e que pode progredir ao 6bito ainda na primeira
infancia (ATHANAZIO et al., 2017).

A fisiopatologia da FC esta associada a presenca de variantes patogénicas no gene CFTR (do
inglés Cystic Fibrosis Transmembrane Conductance Regulator). Este gene codifica a proteina
reguladora da condutancia transmembrana da FC que pertence a familia de proteinas ABC (cassete
de ligacdo de ATP — trifosfato de adenosina; do inglés ATP binding cassette) que sdo responsaveis
pelo transporte de ions através da membrana plasmatica (PETROVA et al., 2020). As variantes
patogénicas no gene CFTR reduzem a atividade do canal de cloreto devido a presenca de um
transporte anormal de ions pela membrana apical de células epiteliais e como resultado, o transporte
de fluidos é desregulado (PETROVA et al., 2020; BELL et al., 2020). Dessa forma, os ions de
cloreto podem ficar retidos no interior da célula culminando com o maior transporte de sédio e
agua do meio extracelular para o intracelular. A mudanca do transporte pela membrana resulta em
secrecBes exdcrinas mais espessas e viscosas (RATJEN, 2017; GRAEBER; MALL, 2023).
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FIGURA 1. Papel da proteina CFTR nas vias aeriferas saudaveis e mecanismos que causam
sua disfuncéo na fibrose cistica. (A) Nas vias aeriferas saudaveis, o gene CFTR é expresso na superficie
apical das células epiteliais em conjunto com a proteina ENaC. A regulagdo de transporte transmembrana
coordenada pelas proteinas CFTR e ENaC permite a hidratagdo adequada da superficie das vias aeriferas
uma depuracdo mucociliar eficaz. (B-D) Variantes nonsense ou de splicing no gene CFTR anulam a
expressdo génica. (C) Variantes missense, como a p.Phe508del, prejudicam o dobramento adequado da
proteina CFTR e levam a retencdo dela no reticulo endoplasmatico e a sua degradacédo pelo proteassomo.
(D) Algumas variantes patogénicas missense e splicing produzem canais de ions cloreto que ndo estéo
totalmente funcionais. CFTR: canal regulador de condutancia transmembrana da fibrose cistica (do inglés
Cystic Fibrosis Transmembrane Conductance Regulator); ENaC: canal epitelial de sodio (do inglés
epitelium sodium channel); CI": ion cloreto; Na*: ion sodio; H.O: 4gua; mRNA: RNA mensageiro (do inglés:

messenger RNA); R.E., reticulo endoplasmatico. Traduzido e adaptado de Bell et al., 2020.

O gene CFTR se localiza na regidao cromossémica 7931 (BOURN, 2022) e, atualmente,
possui mais de 2,000 variantes genéticas identificadas, sendo 384 delas consideradas patogénicas
(CFMD, 2022). A variante patogénica com maior prevaléncia é a p.Phe508del que causa a delecéo
do aminoé&cido fenilalanina no codon 508. E desencadeia um enovelamento erréneo e gating
incorreto da proteina mutada o que resulta na menor (ou nula) expressdao de CFTR na membrana
plasmatica (BRUSA et al., 2022). QOutras variantes com elevada prevaléncia sdo a p.Gly542X,
p.Ala561Glu, p.Gly551Asp, p.Arg334Trp e p.Ser549Arg (BRUSA et al., 2022; BAREIL;
BERGOUGNOUX, 2020).

A maioria das alteracGes do gene CFTR séo provenientes da troca dos nucleotideos nos éxons

do DNA que resultam em variantes patogénicas do tipo nonsense (8%), missense (39%), splicing
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ou variantes sinbnimas (23%). Além disso, as variacfes do tipo frameshift ocorrem em cerca de
16% dos casos (BOBADILLA et al., 2022; CASTELLANI et al., 2008). O tipo e a localiza¢do dos
aminoacidos afetados podem influenciar na patogenicidade das variantes missense. Grandes
delecdes ou insercdes no gene CFTR ocorrem em aproximadamente 1 a 2% das pessoas com FC
(BERGOUGNOUX et al., 2019; BAREIL; BERGOUGNOUX, 2020).

A classificagdo mais recente e utilizada por guidelines nacionais e internacionais para
descrever a variantes no gene CFTR utilizada informacGes sobre tipo de alteracdo genética,
expressao fenotipica e disponibilidade de terapias corretivas (MARSON; BERTUZZO; RIBEIRO,
2016) (FIGURA 2). Nesta abordagem de medicina de preciséo e personalizada, os pacientes com
FC podem ser ordenados em sete classes distintas — grupo | que é subdividido em 1A e IB, II, IlI,

IV, V e VI. A classe | apresenta o fendtipo mais grave da doenca e, a classe VI, o mais leve.
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S“’E“:‘::;':z:—l l l l 5 4t ” L
e L L hdae g L
\ . S AL B bl

ENDom:smert:ég ‘_"'?"_T 'ﬁ .f_—; .?—‘T .?—7‘ .f.: .?—;\‘—'
comnexoug‘/,"‘ }(yk(,'\"kykyk

E
o Yo igX | | g~ Y g i Sy Yy~
.
Motz 4= 5 / -
/ . - : - 2
CITOPLASMA RNAm ! PROTEINADEFEITUOSA : REDUGAO
H N H
PRODUGAO PROCESSA- I REGULACAO  CONDUTANCIA : REDUGAODA ! ESTABILIDADEDA
MENTO) - : : PROTEINA [  SUPERFICIE
/———7 = s H i FUNCIONAL § CELULAR
. . . . .
' - H - :
g=es . i H : H
DEFEITO DA SEMPRODUGAO & SEM : SEM ! GATTINGPRE- ! MENORCON- :  MENOS & MENOS

CFTR DE RNAm H PROTEINA : TRAFEGO H JUDICADO | DUTANCIA : PROTEINAS !  ESTABILIDADE
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FIGURA 2. Classificacdo das variantes patogénicas no gene CFTR (do inglés, Cystic Fibrosis
Transmembrane Condutance Regulator — CFTR). (A) Célula com funcionalidade normal. O transporte
ibnico acontece de forma correta devido a auséncia de variantes patogénicas no gene CFTR. (I-111) Variantes
patogénicas mais graves com proteina CFTR ausente ou defeituosa. (1) Variantes de classe I: auséncia de
producdo de RNA mensageiro (I1A) ou expressdo proteica (IB). (1) Variantes patogénicas que causam
problemas no processamento proteico e inibem o trafego da proteina. (111) Variantes que causam um gating
prejudicado e culminam com ma regulacdo do transporte idnico. (I\V-VI) Variantes patogénicas mais
brandas. (IV) Variantes que interferem na conduténcia dos canais iénicos. (V) Diminuicdo da quantidade
de proteinas funcionais. (V1) Variantes que interferem na estabilidade proteica da superficie celular. Fonte:

Adaptado e traduzido de Marson; Bertuzzo; Ribeiro, 2016.
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A classe | inclui as variantes associadas a degradacdo de mRNA ou que atuam diretamente
na expressdo proteica. A classe | € subdivididaem 1A e IB sendo que ambas causam a auséncia da
proteina CFTR, porém a classe IA ndo apresenta terapia corretiva (MARSON; BERTUZZO;
RIBEIRO, 2016). As variantes de classe Il, incluindo a p.Phe508del, atuam no trafego proteico
com a degradacéo de reticulo endoplasmatico na presenca de dobramentos incorretos. Na classe 111
sdo dispostas as alteracfes associadas ao transporte limitado pelo canal CFTR. A classe IV esta
associada ao declinio da condutancia dos ions cloreto e de bicarbonato e, a classe V, a reducao nos
niveis de proteina CFTR normal. As variantes de classe VI desestabilizam a CFTR da superficie
celular ocasionado na endocitose (De BOECK; AMARAL, 2016).

1.2 Epidemiologia da fibrose cistica

Desde a descricdo da FC (ANDERSON, 1938), mudangas no padrdo de incidéncia e de
sobrevida da doenca foram descritos na literatura (BELL et al., 2020). A priori, a doenca era
considerada exclusivamente de recém-nascidos e bebés, pois dificilmente se excedia o primeiro
ano de vida (FAJAC; BURGELL, 2021). No entanto, atualmente, em paises desenvolvidos a taxa
de sobrevivéncia supera os cinquenta anos de idade e nota-se que o numero de adultos com FC
supera o de criangas (STEPENSON et al., 2017; SCOTET; L’HOSTIS; FEREC, 2020).

Estima-se que um a cada 2.500-5.000 nascimentos vivos na populacdo de europeus
(MONDEAR-LOPEZ et al., 2017) sejam de individuos com a FC (MONDEJAR-LOPEZ et al.,
2017). Entretanto, essa incidéncia pode ser varidvel (SCOTET; GUTIERREZ; FARREL, 2020).
Por exemplo, na Irlanda a incidéncia de FC é de 1/1.353 (ECFSPR, 2018) e na Russia (ECFSPR,
2020) de 1:10.000 dentre nascidos vivos. Na Franca, Alemanha, Italia e Espanha ha grande
amplitude nas taxas incidéncia de FC que variam de 1:5.200 a 1:6.500 nascidos vivos (TERLEZZI
etal., 2019; CASTELLANI et al., 2016; SKOV et al., 2020).
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FIGURA 3. Estimativa de pacientes com fibrose cistica no mundo. Fonte: Guo; Garrat; Hillc,
2022.

Estima-se que existam aproximadamente 144.606 a 186.620 pessoas com FC no mundo,
porém, apenas 105.352 com diagndstico confirmado (SHTEINBERG et al., 2021). Na América do
Norte e Central estdo descritos 37.002 pacientes com FC, principalmente residentes nos Estados
Unidos da América e Canada (GUO; GARRAT,; HILLC, 2022). Na América do Sul foram
contabilizados 10.034 pacientes com FC em oito paises, principalmente, do Brasil e Argentina
(GUO; GARRAT; HILLC, 2022) (GRAFICO 1). Na Oceania foram descritos 3.652 pacientes
provenientes da Australia e Nova Zelandia (GUO; GARRAT; HILLC, 2022). Na Asia estimou-se
que cerca de 5.349 pessoas possuam FC com a maioria dos registros realizados na Turquia e Israel.
Na Africa foram descritos 1.665 pacientes, principalmente do Egito e Africa do Sul (GUO;
GARRAT; HILLC, 2022). No Brasil, o Relatorio Brasileiro de FC (REBRAFC) do Grupo
Brasileiro de Estudos de FC (GBEFC) descreve, em 2022, a presenga de 6.427 pacientes em
acompanhamento no Brasil (GBEFC, 2022).

De acordo com o0 REBRAFC, a maior parte dos pacientes fazem acompanhamento em S&o
Paulo [1.594 (24,9%)], Minas Gerais [754 (11,8%)] e no Rio Grande do Sul [655 (10,2%)]
(GBEFC, 2020) (GRAFICO 2).
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GRAFICO 1. Evolugéo do nimero de casos (registros) e seguimento de individuos com fibrose

cistica no Brasil. (REBRAFC — Relatério Brasileiro de Fibrose Cistica, 2022).
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GRAFICO 2. Distribui¢io dos pacientes com fibrose cistica de acordo com o estado de

nascimento (REBRAFC, 2022).



19

1.3 Diagnostico da fibrose cistica

O diagnostico da FC pode ser realizado no pré-natal pela histéria familiar e por meio da
amostragem de vilosidades coribnicas e anélise genética (SADIGURSCHI et al., 2022). A termo,
pode ser realizada pela triagem neonatal seguida de exames complementares (FARREL et al.,
2017; CASTELLANI et al., 2018). Na triagem neonatal ocorre a quantificagdo dos niveis de
tripsinogénio imunorreativo (De BOECK; VERMEULEN; DUPONT, 2017). Na presenca de
valores alterados, uma segunda quantificacao deve ser realizada entre a segunda e quarta semana
pos-nascimento (FINGERHUT et al., 2023).

O teste do suor é o padrdo ouro para o diagndstico da FC. O teste realiza a dosagem do ion
cloreto no suor. A coleta do suor deve ser otimizada para que a quantificacdo do ion seja realizada
corretamente GIBSON; COOKE, 1959; HAMMOND; TURCIOS; GIBSON, 1994; ZHANG et
al.,2023). Concentragdes de ions cloreto >60 mmol/L sugerem que o individuo possui a
doenca (De BOECK, 2020). Os valores obtidos no teste do suor fornecem uma boa evidéncia
da perda ou reducédo da expressdo do gene CFTR, independentemente da variante patogénica
(RAY etal., 2021) (Tabela 1, Figura 5). A confirmacao do diagndstico é realizada pela presenca
de dois testes com valores alterados (De BOECK, 2020).

TABELA 1. Valores de referéncia para o diagnéstico da fibrose cistica de acordo com a
dosagem do ion cloreto no suor pelo método TIQP. Fonte: Adde, F. V. Sociedade Brasileira de
Pneumologia (SBP, 2015).

Classificagdo do Lactentes abaixo de 6 meses Criangas acima de 6 meses até
teste adultos
Normal abaixo de 30 mmol/L abaixo de 40 mmol/L
Limitrofe entre 30 e 59 mmol/L entre 40 e 59 mmol/L
Alterado igual ou acima de 60 igual ou acima de 60 mmol/L
mmol/L

TIQP: Teste de lontoforese por Pilocarpina Quantitativo.

Hé& ainda a possibilidade de realizar testes genéticos para determinar o genétipo do gene
CFTR. Dessa forma, recém-nascidos com dosagens de ion cloreto no suor alterada e triagem

neonatal positiva devem ser submetidos a testes genéticos (VanDEVANTER et al., 2016;
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FARRELL et al., 2017). A anélise genética pode ser estendida para individuos com niveis de ion
cloreto no suor normais com evolucgdo clinica sugestiva de FC e para pacientes com resultados
limitrofes no teste do suor (FARREL et al., 2017).

1.4 Fendtipo da fibrose cistica

A grande variedade de fenotipos da FC pode ser explicada pelas variantes patogénicas que
influenciam na expressdo do canal CFTR (VALLIERES; ELBOURN, 2014; CASTELLANI;
ASSAEL, 2017; POLGREEN; COMELLAS, 2022) (FIGURA 4). Além disso, genes
modificadores e fatores ambientais podem agir como moduladores fenotipicos. Dessa forma,
pacientes com o perfil genético do gene CFTR idéntico podem apresentar caracteristicas clinicas

distintas.

Normal Portadores de FC Pessoas com FC
(sem mutagoes)

L J 4

Fatores que Mutacgdes especificas do gene CFTR:R117H (leve), G551D,
afetam o Phe508del (grave)

fendtipo Fatores ambientais: cigarro, poluigao, arsénico

do CFTR Modificadores genéticos: TGF 1-beta, IL-8, TCF7L2, IFRD1

FIGURA 4. Fatores que podem interferir no fenétipo de portadores de uma alteragéo no gene
CFTR e pessoas com fibrose cistica. p.Argl17His (R117H): variante do gene CFTR (do inglés, Cystic
Fibrosis transmembrane condutance regulator — CFTR) com baixa gravidade; p.Gly551Asp (G551D):
variante do gene com gravidade moderada; p.Phe508del (Phe508del): variante mais comum e que resulta
em fendtipo grave. TGF 1-beta: fator de crescimento transformante beta do tipo 1 (do inglés, transforming
growth factor beta 1) — controle da proliferacédo e diferenciacéo celular. IL-8: interleucina-8 — mediador de
resposta imune inata. TCF7L2: fator de transcricdo 7-like 2 (do inglés, transcription factor 7-like 2) —
sensibilidade aos carboidratos e gorduras saturadas. IFRD1: regulador de desenvolvimento 1 relacionado
ao interferon (do inglés, interferon related developmental regulator 1) — proteina expressa em neutrdfilos,

musculo esquelético, pancreas e cérebro. Fonte: traduzido e adaptado de Polgreen; Comellas, 2022.
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Pessoas com FC possuem alteragdes em multiplos sistemas e podem apresentar bronquite
cronica, bronquiectasia, sinusite cronica, doenca do refluxo gastroesofégico, constipacdo e
diarreias, diabetes mellitus, pancreatite crénica, desnutricdo, atraso no desenvolvimento,
infertilidade masculina, osteoporose, asma, polipose nasal, distdrbios de fluidos e eletrdlitos,
cancer de coldn, escoliose, obstrucdo intestinal, colelitiase e nefrolitiase (POLGREEN;
COMELLAS, 2022).

1.4.1 Infertilidade na fibrose cistica

A infertilidade masculina ocorre em cerca de 98% dos casos (BIETH; HAMDI; MIEUSSETI,
2021; BIETH et al.; 2021), principalmente devido a auséncia bilateral de canais deferentes,
desencadeando azoospermia obstrutiva (KHAN et al., 2022), anatdmico-fisioldgicas na cauda e
corpo do epididimo (YOON et al., 2019) e hipogonadismo decorrente a infecgdes recorrentes e a

necessidade regular de uso de glicocorticoides (KAHN et al., 2022).

A infertilidade feminina apresenta menor prevaléncia (35%) do que a masculina
(HABIBULLAH, 2022). A supresséo do eixo hipotalamico em funcdo de hiponutri¢do e estresse
relacionado a FC podem interferir ou suprimir a ovulacdo. Além disso, ha a possibilidade de que o
muco espesso e desidratado presente no colo do Udtero blogueie a movimentacdo de
espermatozdides e/ou que alteracdes na secrecao de bicarbonato prejudiquem a nidagdo do embrido
apos a fecundacdo devido a reducdo no liquido intrauterino (HUGHAN et al., 2019). Ademais, as
flutuacGes hormonais do ciclo menstrual podem causar exacerbagcfes pulmonares e predispor a
colonizacdo pela Pseudomonas aeruginosa. O estrogénio, a progesterona e seus receptores sdo
expressos no pulméo e, em estudos in vitro, foi demonstrado que o estradiol regula a formacéao do

muco das vias aeriferas e inibe a secre¢do de ions cloreto (HABIBULLAH, 2022).
1.4.2 Trato gastrointestinal na fibrose cistica

A insuficiéncia pancreatica ocorre devido a destruicdo do pancreas exdcrino que acarreta na
producdo de enzimas pos-prandiais inferior a 10% do esperado. A insuficiéncia leva a ma digestdo
de macro e micronutrientes [vitaminas lipossoluveis (A, D, E, K)] (LEY; TURCK, 2022) e
contribui para a ocorréncia de esteatorreia, desnutricdo, deficiéncia de oligoelementos,
hipovitaminose e salde 6ssea prejudicada. Os sintomas da insuficiéncia pancreatica podem incluir
fezes mal cheirosas, volumosas, gordurosas, diarreia cronica, distensdo abdominal, aumento de

apetite contrastando com baixo ganho de peso e deficiéncia de vitaminas lipossoluveis (LEY;
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TURCK, 2022). A insuficiéncia do pancreas pode levar a disturbios na regulacéo da glicose sérica
e desencadear a diabetes relacionada a FC.

A doenca do refluxo gastroesofagico € mais frequente na FC do que na populacdo geral,
podendo estar associada ao aumento do numero de relaxamentos transitorios do esfincter esofagico
inferior, aumento do gradiente de pressdo gastroesofagica devido a pressdo intratoracica
inspiratéria mais baixa, esvaziamento gastrico retardado, dieta lipocalérica, doenca pulmonar
subjacente e uso de beta-2 adrenérgicos (HENEN et al., 2021).

Outras complicac@es do trato gastrointestinal séo a constipacdo que é caracterizada por dor
ou distensdo abdominal devido a consisténcia das fezes; o cancer que pode estar associado ao
processo inflamatdrio recorrentes na FC em sinergia com a regulacdo de oncogenes causada pela
disfuncdo do gene CFTR; infec¢des por Clostridium difficile, apendicite aguda, infeccéo bacteriana
no intestino delgado, prolapso retal, intolerancia a lactose, doenca celiaca e ulceras (HENEN et al.,
2021; LEY; TURCK, 2022).

1.4.3 Sistema respiratdrio na fibrose cistica

O comprometimento respiratorio € o principal fator de morbimortalidade na FC e
desencadeia, em alguns casos, a necessidade de transplante de pulméo ainda na adolescéncia. A
FC cursa com infec¢Bes pulmonares cronicas e recorrentes que podem desencadear no declinio da
funcdo pulmonar e causar a insuficiéncia respiratéria precoce (De BOECK, 2020; GOET; REN,
2019). Na FC existe uma gama de patdgenos que auxiliam no processo de exacerbagdo pulmonar
e pior progndstico da doenca, tais como P. aeruginosa, Burkholderia cepacia e Aspergillus spp.
(POLGREEN; COMELLAS, 2022).

O acometimento e progressdo da doenca pulmonar pode variar em funcdo dos genes
modificadores e condi¢Ges socioecondmicas (DICKINSON; COLLACO, 2021; OATES;
SCHECHTER, 2023). Em criangas em idade escolar, os sintomas respiratorios podem ser similares
a crises de bronquite (SATHE; HOUWEN, 2017). No entanto, podem evoluir para tosse, producéo
de catarro excessiva, sibilos durante a respiragdo com duracdo superior a 90 dias com achados
radiograficos pulmonares anormais e hipocratismo digital (TURCIOS, 2020). Ademais, na
cavidade nasal e seios paranasais, a FC pode induzir a rinossinusite crénica devido ao
comprometimento do transporte mucociliar em fungdo do muco espesso e secregdes epiteliais
viscosas (JOHNSON; CHOBY; O'BRIEN, 2020; SATHE; HOUWEN, 2017).


https://www.sciencedirect.com/topics/medicine-and-dentistry/stomach-paresis
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1.4.4 Saude bucal em pessoas com fibrose cistica

A salde bucal impacta em inimeras doencas e podem ser um foco para infecgdes sistémicas.
As bactérias periodontais podem causar bacteremia, implicando em efeitos deletérios a salde,
sobretudo em pacientes com comorbidades (MARTINS et al., 2023). O estado de saude oral pode
estar ligado a formagdo de arteriosclerose em pacientes com predisposicdo e exacerbagdes
pulmonares ou até mesmo pneumonia em pacientes internados em unidade de terapia intensiva
(VERMA,; SINGH; VERMA, 2023).

Pessoas com FC tem um bom controle de higiene bucal porém possuem maior prevaléncia de
sangramento gengival (HILDEBRANDT et al., 2022; DURUEL et al., 2020). Os defeitos de
desenvolvimento de esmalte em denticdo permanente podem estar relacionados com uso de
antibidticos como amoxicilina, medicamentos beta-2 agonistas, corticosteroides orais e inalatorios,
problemas respiratérios e desordens sistémicas (COLLIGNON et al., 2022). Dessa forma, na FC,
0s pacientes possuem menor prevaléncia de lesGes de carie e maior numero de defeitos de esmalte
(FERRAZZANO, 2009; PEKER et al., 2014; APS et al., 2022).

O uso combinado de medicamentos interfere na boca e podem levar a xerostomia ou
alteracdes gengivais como hiperplasias (PACHECO-QUITO et al., 2023). Nesse contexto, um
estudo avaliou parametros salivares na FC e demonstrou que a capacidade de tamponamento nessa

populacdo pode ser menor devido a caréncia de ions bicarbonato (HILDEBRANDT et al., 2020).
1.4.5 Problemas 6sseos na fibrose cistica

Na FC, devido ao aumento da sobrevida, tem sido descrito 0 aumento da perda de densidade
mineral 6ssea. Na Franca, Reino Unido e Estados Unidos da América a prevaléncia esta ao redor
de 25%, contudo estima-se que essa porcentagem real seja em torno de 70% (MALL; MAYER-
HAMBLETT; ROWE, 2020; BOYLE et al., 2022). Alguns fatores podem predispor ao processo
de perda mineral nos ossos como a fungdo pulmonar deteriorada, estado de mé nutricdo, baixa
absorcdo de vitamina D, producdo exigua ou alterada de horménios sexuais, infec¢Bes cronicas,
inatividade fisica, uso de corticosteroides (principalmente em pacientes que necessitam de
transplante), hipognadismo, puberdade tardia e diabetes mellitus (BOYLE et al., 2022; WU et al.,
2023). Outras manifestagdes clinicas mais raras incluem a alcalose hipoclorémica, as doencas

hepéticas cronicas e a ictericia neonatal persistente (LEY; TURCK, 2022).
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1.5 Depresséo e ansiedade na fibrose cistica

A ansiedade e a depressdo sdo as principais caracteristicas psicologicas descritas em
pacientes com FC e em seus cuidadores (ANCEL et al., 2022) sendo que o acompanhamento no
ambito psiquico deve ser realizado anualmente. A impossibilidade de socializacéo, provinda muitas
vezes, da inaptiddo fisica é fator crucial nesse sentido (KIMBALL et al., 2021). A depressdo na FC
pode reduzir a adesdo ao tratamento e, consequentemente, causar efeitos deletérios a salde,
incluindo diminuicao da funcdo pulmonar e aumento das exacerbagdes, queda da qualidade de vida
e aumento do nimero de internacdes (SCHECHTER et al., 2021). Nos Estados Unidos da América
foi observada uma relacéo significativa entre a taxa de mortalidade e pensamentos suicidas na FC,
sobretudo em casos graves da doenca. Dessa forma, existe a necessidade de integralizar o
tratamento da saude fisica e mental na FC (SCHECHTER et al., 2021; QUITTNER et al., 2016).

A carga psicologica dos cuidadores também € exacerbada pela rotina intercalada com as
internacOes e idas frequentes a consultas e hospitais (SENHOR et al., 2023). A ansiedade e a
depressdo da pessoa que zela pela satde de pacientes com FC pode culminar com diminui¢do da
funcdo pulmonar, diminuicdo de massa corporea e aumento das hospitalizagdes do paciente
(SENHOR et al., 2023; BELL et al., 2022; QUITTNER et al., 2016; CROLLY et al., 2019).

1.6 Tratamento para fibrose cistica

O tratamento da FC deve ser realizado, de forma interprofissional, com estratégias
terapéuticas que possam abranger os pacientes de forma holistica e que supram todas
suasnecessidades fisica e mental (WENDEKIER; WENDEKIER-RAYBUCK, 2021; TURCIOS,
2020; BLAGOVIDOV; MASHILOV; KOSTINOV, 2019).

O tratamento deve englobar imunizag6es de rotina; uso de medicacdes inalatorias, visando
diminuir a viscosidade de secrecfes das vias respiratorias; broncodilatadores e algumas vezes o
uso de corticosteroides; uso de enzimas pancredticas; suplementacdo de vitaminas; dieta
hipercaldrica (VanDer HAAK et al., 2020) e, quando disponiveis, o uso de moduladores do gene
CFTR (SATHE; HOUWEN, 2017). Tal tratamento se faz importante para prevenir a obstrugédo das
vias respiratorias e controlar as infecc¢des, principalmente, as bacterianas. A adeséo ao esquema
vacinal se torna importante para prevenir doengas que afetam as vias aeriferas, incluindo a
coronavirus disease (COVID)-19 (TURCIQS, 2020).
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Broncodilatadores inalatérios podem ser usados para reduzir o estreitamento das vias
respiratdrias. Além disso, drogas (dornase alfa ou solugdes salinas) que auxiliam na diminuicdo da
viscosidade do muco sdo indicadas para melhorar a expectoracdo, melhorar a funcdo pulmonar e
diminuir a frequéncia das infeccbes respiratérias (LANDS; STANOJEVIC, 2019). Os
corticosteroides sdo eficazes para manejar as exacerbacGes brénquicas graves, quando ndo se
obteve sucesso no tratamento com broncodilatadores ou na ocorréncia de algum processo

infeccioso que desencadeie reacdes alérgicas (DAVIS et al., 2023).

Antibioticos sdo Uteis nos processos infecciosos e sdo amplamente utilizados na FC devido
susceptibilidade dos pacientes a infeccdo por diferentes microrganismos (CAVERLY;
VANDEVANTER, 2022). Comumente s&o identificados Staphylococcus aureus e algumas cepas
de Pseudomonas spp. que devem ser imediatamente combatidos para minimizar os efeitos
deletérios (CASAREDI et al., 2023). Em casos mais graves de infeccGes pode ser necessaria a
administracdo venosa dos antibidticos (geralmente aminoglicosideos em combinagdo com

cefalosporinas, penicilinas ou fluoroquinolonas) (AIYER et al., 2022).

Em neonatos com ileo meconial o uso de enemas fecais ou cirurgia pode ser indicado. Em
adultos com constipacdo ou bloqueio parcial do intestino, que possam dificultar a evacuacdo das
fezes, usa-se os emolientes fecais, enemas ou solu¢bes que possam facilitar o processo de
esvaziamento intestinal (LEY; TURCK, 2022).

Pacientes com FC apresentam baixa absorcdo de vitaminas, proteinas e minerais (LEI et al.,
2022). Dessa forma, a ingestdo diaria deve ser superior aos valores normais, a fim de suprir
asnecessidades energéticas e vitaminicas do individuo. Neste contexto, suplementos orais
hipercaloricos sdo frequentemente prescritos (VanDer HAAK et al., 2020; LAI et al., 2022). O
paciente com FC deve ser suplementado com o dobro de vitaminas lipossolUveis recomendada a
uma pessoa sem a disfuncéo, tais formulas devem ser manipuladas com veiculos que facilitem a
absorcéo pelo organismo (CALVO-LERMA et al., 2019; CALVO-LERMA et al., 2021). Por sua
vez, a suplementagdo com enzimas pancreaticas deve ser realizada durante as com as refeicoes,
muitas vezes em uso de bloqueadores de histamina-2 ou inibidores de bomba de protons
(SALMAN et al., 2018; TRAPNELL et al., 2020). A diabetes mellitus deve ser controlada com
injecOes de insulina, orientacdo nutricional adequada, inser¢do em projetos de controle de diabetes

mellitus e monitoramento de complicacOes (LEI et al., 2022; KUMAR et al., 2023).
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Infelizmente, tratamentos mais invasivos podem ser necessarios em casos de pulmédo em
colapso, sangramentos internos, intervencgdes na vesicula biliar, infecgdes pulmonares mais graves,
obstrucdo do intestino e sinusites cronicas (LE et al., 2019). Ademais, pode ocorrer a necessidade
de transplante de alguns 6rgéos, como figado e pulmdes (LE et al., 2019; DANA, 2022). Por fim,
tratamentos suplementares podem ser indicados, como diuréticos em pacientes com insuficiéncia
cardiaca e inje¢des de hormdnio hormdnio do crescimento para auxiliar na melhora da funcéo
pulmonar, aumento de peso/altura e reducéo nas taxas de hospitalizacdo (NICHOLS et al., 2021).

Na presenca de baixa saturagéo de oxigénio (O2) deve-se realizar a suplementacéo de Oo.
1.7 Novas modalidades terapéuticas para o tratamento da fibrose cistica

Variantes patogénicas de classes I, Il e Ill trazem como consequéncia uma doenca mais
grave, enquanto as das classes 1V, V e VI se relacionam com uma doenga mais leve. Todavia,
pessoas com FC podem apresentar diferentes variantes nos dois alelos o que desencadeia uma
infinidade de gendtipos na FC. Cabe dizer ainda que as variantes patogénicas podem responder de
modo diferente & mesma terapia, inclusive as descritas como pertencentes a mesma classe de
defeitos (RAPINO et al., 2015; KEATING et al., 2018; AWATADE et al., 2019).

Atualmente, os modulares de CFTR regulam, melhoram ou restauram a funcéo, expressao e
estabilidade proteica. Tais medicamentos, separadamente ou em combinagfes, podem abranger
cerca de 90% das pessoas com FC sendo a prescricdo orientada pelo perfil genético e idade
(NICHOLS et al., 2021). Os moduladores séo de grande valia como terapia para reduzir os sintomas
respiratérios (SALUZZO et al., 2022) e foram divididos em cinco grupos: potencializadores,
corretores, estabilizadores, agentes de leitura e amplificadores (LOPES-PACHECO, 2020).

Os potencializadores atuam na restauracdo do gating e da conduténcia do canal (classes Il e
IV). Eles agem restaurando ou mesmo aumentando a probabilidade de abertura do canal idnico
CFTR facilitando a condutancia dos anions CFTR-dependentes (BACALHAU et al., 2023). Em
torno de 5% das variantes patogénicas levam ao comprometimento do canal ou condutancia exigua.
Entre estas, podemos destacar a p.Argl17His, p.Arg347Pro e p.Gly551Asp (TAYLOR-COUSAR
et al., 2023). Os corretores resgatam a proteina com dobramento incorreto viabilizando o seu
processamento e trafego. A maioria das pessoas com FC apresenta trafego dificultoso devido a
presenca da variante p.Phe508del (TAYLOR-COUSAR et al., 2023).
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1.8 Coronavirus disease (COVID)-19 e a fibrose cistica

A coronavirus disease (COVID)-19 é causada pelo severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (WHO, 2019). Os coronavirus fazem parte de um grupo de virus
com RNA de fita simples, envelopados e diversos, que podem ser fator etioldgico de muitas
doencas com gravidade variavel (HE; DENG; LI, 2020).

A patogenia da COVID-19 é dada pela presenca de uma proteina especifica denominada S
(Spike), que é importante para os CoV, ja que coordena a ligacdo do virus a célula e inicia a fusdo
na membrana celular, bem como dita a susceptibilidade do hospedeiro, direcionando a transmissao
da doenga (STENBERG; NAUJOKAT, 2022). A proteina S compreende duas subunidades. A S1é
responsavel pela ligacdo a enzima conversora de angiotensina (ECA 2) da membrana plasmatica de
células epiteliais das vias aeriferas, células caliciformes e pneumdcitos do tipo Il (HOFFMAN et
al., 2020). A ligacdo promove a endocitose do SARS-CoV-2. Dentro do endossomo, proteinas
celulares (serina protease 2) clivam a subunidade S1 (FAINARDI et al., 2022). A partir dai, a
subunidade S2 ir4 conduzir a fusdo da membrana viral e libera o pacote viral as células do
hospedeiro (HOFFMAN et al., 2020). Existe ainda a possibilidade de que 0 SARS-CoV-2 também
interaja com receptores do acido sialico de células das vias aeriferas superiores causando rapida
difusdo da doenca (MILANETTI et al., 2020).

A partir da infeccdo das células e liberagdo do genoma viral pelo SARS-CoV-2, inicia-se a
sinalizacdo da resposta pré-inflamatdria. A infecgdo viral nas vias aeriferas pode levar a piroptose
celular, que é responsavel pela ativacdo da resposta inflamatoria, gerando o aumento de secre¢édo
provinda desse processo, citocinas e quimiocinas, sobretudo interleucina 6 (IL-6), interferon-gama
(INFy do inglés Interferon gamma), proteina de membrana de atividade cofatora (MCP do inglés
membrane cofactor protein) e interferon-gama induzido pela proteina 10kDa (IP10 do inglés
Interferon Gamma Induced Protein 10kDa) (FAINARDI et al., 2021).

Casos mais graves da COVID-19 evoluem para a sindrome respiratéria aguda grave que €
associada a elevada liberacdo de citocinas e quimiocinas que atraem células do sistema imune,
sobretudo monacitos, macrofagos e linfocitos T para o pulméo (TAY et al., 2020). Em alguns
pacientes pode ocorrer resposta imune exacerbada, onde a tempestade disfuncional de citocinas,

leva a sintomas de sepse e causam faléncia de 6rgdos (MEHTA et al., 2020; ZHOU et al., 2020).



28

A transmissdo do SARS-CoV-2 ocorre de pessoa a pessoa, sendo sua principal fonte o
contato proximo e por goticulas (LI, 2020; CHAN et al.; 2020). A maioria dos pacientes com a
COVID-19 sdo adultos e idosos (WU; McGOOGAN, 2020). Na Italia, pais drasticamente afetado
por essa infeccdo viral, dados mostraram alto indice de mortalidade (7,5%) quando comparado a

outros paises europeus com populacdo semelhante (IMMOVILI et al., 2020).

Sua epidemiologia sugere uma predilecdo para o sexo masculino. E cerca da metade dos
infectados possui comorbidades pré-existentes, tais como: hipertenséo arterial sistémica, diabetes
mellitus ou doencas cardiovasculares (LI, 2020; CHAN et al., 2020; WU, 2020). Curiosamente,
criangas infectadas pelo SARS-CoV-2 e com doencas cronicas pré-existentes também podem
evoluir de forma grave (GARAZZINO et al., 2020). Na Amazonia brasileira, durante a segunda
onda da COVID-19, houve maior predilecdo da infeccdo e mortalidade para jovens quando
comparados a primeira onda da pandemia. 1sso pode sugerir que a variante Gama da doenca tendeu

a acometer de forma mais dréstica individuos com idades menores (NICOLETE et al., 2022).
1.8.1 Coronavirus disease (COVID-19) em pacientes com fibrose cistica

Ha evidéncias que infeccdes virais podem levar a processos pulmonares agudos na FC
(BURGEL, 2021). Dados da HIN1, revelam que em pacientes com essa anomalia genética, houve
maior declinio da funcéo pulmonar e maior incidéncia de ébitos. Segundo dados da OMS, existe
uma correlacdo significativa entre exacerbacfes pulmonares e a infecgdo pelo virus sincicial

respiratorio em criangas (WHO, 2019).

A incidéncia da infeccdo pelo SARS-CoV-2 na FC variou, de acordo com alguns artigos
analisados, entre 2,7/1.000, 3,2/1.000 (MONDEJAR-LOPES et al., 2020) e 17,2/1.000 pessoas
com FC (JUNG et al., 2021). A baixa infeccdo de pacientes com FC pelo SARSCoV-2 pode ser
explicada pela maior conscientizagdo do distanciamento social, uso de mascaras e higiene
frequente das méos (BOLAKI et al., 2020).

A disfuncdo da proteina CFTR contribui, nos pulmdes, para o acumulo de muco e
incapacidade de excretar microorganismos inalados. Como consequéncia, 0S Processos
inflamatdrios e infecciosos se tornam mais recorrentes e persistentes, levando a uma remodelacao
das vias aeriferas. Além disso, a patologia da FC altera a movimentacdo de bicarbonato nas células
interferindo no pH da regido e estudos realizados em modelos animais evidenciaram que essa

alteracdo pode prejudicar a imunidade inata (MATHEW et al., 2021).
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Na FC, a taxa de incidéncia de COVID-19 em criangas foi mais baixa e os piores desfechos
foram relacionados a internagdo devido a necessidade de transplante de pulmdo. J& a sintomatologia
foi comparada a populacdo geral sem nenhuma exacerbacdo (LAXMINARAYAN et al., 2020;
JUNG et al., 2021). Na Australia, Doumit e colaboradores mostraram que ndo houve grandes
exacerbacdes pulmonares pela infec¢do por SARS-CoV-2 na FC (DOUMIT etal., 2022). Ademais,
uma coorte de pacientes com FC avaliada na Espanha revelou que, embora, a doenca seja um fator
de risco para gravidade da COVID-19, nenhum paciente veio a obito dentre aqueles da casuistica;
todavia a imunodepressao causada pelo transplante de pulméo em pacientes com FC pode ser fator
de risco para a mortalidade da doenga em funcéo da infeccdo pelo virus (SATHE; HOUWEN,
2020)

Embora as taxas de internacdo dos pacientes com FC e infeccdo pelo SARSCoV-2 seja mais
alta, os desfechos foram mais brandos do que se propunha. O que pode ser explicado, do ponto de
vista fisiopatoldgico, por exemplo, pelo uso de alfadornase que inibem os neutrofilos. Além disso,
alL-6 associada ao curso grave na COVID-19 esta constitutivamente reduzida no trato respiratorio
de pacientes com FC sendo, portanto, fator de protecao contra a infeccdo viral (MATHEW et al.,
2021; CAOHUY et al., 2022). Ademais, sugere-se que a proteina CFTR possa auxiliar na clivagem
viral do SARSCoV-2 e, por esta ser disfuncional, poderia afetar a infecgdo viral. A microbiota do
trato respiratdrio e as secrecfes espessas podem ser mecanismos protetivos a infeccdo e a indugédo
autofagica também desempenha papéis diretos e indiretos na resposta antiviral (CAOHUY et al.,
2022).

Alguns estudos envolvendo pessoas com FC e a COVID-19 evidenciaram que o desfecho da
infeccdo pelo SARS-CoV-2 foi menos impactante do que o esperado (SABADOSA et al., 2021,
SANDRES et al., 2022; COLOMBO et al., 2020), entretanto pessoas com FC e mais velhas ou que
possuiam diabetes mellitus, fungcdo pulmonar j& comprometida e transplantados tiveram uma
evolucdo ndo tdo favoravel necessitando de suporte hospitalar (BURGEL; GOSS, 2021,
SIMONSON et al., 2021).

1.9 Escolha do tema

N&o é incomum que infecgdes virais do trato respiratdrio evoluam para casos moderados ou
graves, sobretudo em criangas, idosos, pessoas com comorbidades ou imunossuprimidos. A

mortalidade anual global proveniente de infecces virais gira em torno de 43% para 0 virus
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influenza e 57% para o virus sincicial respiratorio (LIMA et al., 2023). Com a chegada da pandemia
da COVID-19, causada pelo virus SARS-CoV-2, houve a necessidade de mudanga de habitos. A
comunidade médica entrou em alerta para os desfechos que este agente tao virulento poderia trazer
a pessoas com saude mais debilitada. Dessa maneira, a FC poderia predispor a maior gravidade
durante a infeccdo pelo SARS-CoV-2. Ademais, e em consonancia com a possibilidade de grandes
efeitos deletérios as pessoas com FC, viu-se a necessidade de entender os panoramas brasileiro e
mundial relacionando os casos da COVID-19 na FC, observando-se os desfechos principais aos

quais tal populacdo estaria exposta durante a infeccao viral.
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2. OBJETIVOS
2.1 Objetivo Geral

Avaliar o acometimento pela COVID-19 em pacientes com FC a partir de dados publicos

disponibilizados pelo Data-SUS do Brasil.
2.2 Objetivos Especificos

2.2.1 Descrever o panorama da infeccao pelo SARS-CoV-2 em pessoas com FC por meio de

uma revisao sistematica de modo a observar os desfechos da COVID-19 na populacéo alvo.

2.2.2. Efetuar a descri¢do epidemioldgica dos pacientes com FC hospitalizados no Brasil
devido infecgdo pelo SARS-CoV-2 e associar os dados com a ocorréncia do ébito.
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CAPITULO I (artigo publicado)

Epidemiological Profile of Hospitalized Patients with Cystic Fibrosis in Brazil Due to Severe
Acute Respiratory Infection during the COVID-19 Pandemic and a Systematic Review of
Worldwide COVID-19 in Those with Cystic Fibrosis

MARQUES, L. S.; BOSCHIERO, M. N.; SANSONE, N. M. S.; BRIENZE, L. R.; MARSON, F.
A. L

A FC ¢é uma doenca genética recessiva, progressiva e que afeta inmeros 6rgéos do corpo
humano, sobretudo sistema respiratdrio e vias aeriferas. Por se tratar de uma disfuncéo de um canal
ibnico, a deficiéncia da proteina CFTR tem por caracteristica a formacdo de secrecGes mais
viscosas e espessas, desencadeando processos inflamatérios frequentes e dificuldades de
expectoracdo de agentes patogénicos. Em funcdo desse acometimento do sistema respiratério, a
pandemia da COVID-19, causada pela infec¢do pelo SARS-CoV-2 preocupou as pessoas com FC
e a comunidade médica, no sentido de quais seriam os desfechos dos pacientes com a disfuncao do
CFTR frente a infeccdo viral.

A resposta se encontra no artigo epidemiolégico publicado, onde se pesquisou o desfecho da
Sindrome Respiratéria Aguda Grave durante a pandemia de COVID-19 em pessoas com FC. No
presente estudo, a elevada taxa de letalidade e de acometimento ocorreu, principalmente, pelas
caracteristicas do banco avaliado, no qual apenas pacientes hospitalizados tiveram dados
imputados. Todavia, opondo-se ao que se supunha, a maioria dos pacientes evoluiu para alta
hospitalar. Através dos dados do artigo notou-se uma inconsisténcia entre a base de dados
consultada, trazendo um viés aos dados, mas que serviram de alerta para que o diagnostico correto

das patologias seja realizado adequadamente.
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Abstract: Since the onset of the coronavirus disease, COVID-19 pandemic, concern arose for those
who might be at higher risk of a worse COVID-19 prognosis, such as those with cystic fibrosis
(CF). In this context, we evaluated the features of hospitalized patients with CF due to severe acute
respiratory infection (SARI) in Brazil and we also performed a systematic review including all the
studies published from the beginning of the first case of COVID-19 (17 November 2019) to the date
of this search (23 May 2022) which included, concomitantly, patients with CF and COVID-19 in the
worldwide population. In our Brazilian data, we evaluated the period from December 2019 to March
2022, and we included 33 demographical and clinical patients’ features. We classified the patients into
groups: (G1) SARI due to another viral infection than severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) (23; 5.4%), (G2) SARI due to an unknown etiological agent (286; 67.1%), and (G3) SARI
due to SARS-CoV-2 infection (117; 27.5%). The individuals in G3 tended to be older, especially over
50 years old, and presented a higher prevalence of dyspnea, peripheral capillary oxygen saturation
(SpOy) <95%, and cardiopathy. The highest prevalence for intensive care unit (ICU) treatment
(52; 44.4%) and invasive mechanical ventilation (29; 24.8%) was for patients in G3. Almost half of the
patients in G3 died (51; 43.6%); in contrast, none in G1 died. However, we observed 43 (15.0%) deaths
in G2. In addition, 12 (4.2%) and one (0.9%) death not associated with SARI occurred, respectively,
in the G2 and G3. The patients who died due to SARS-CoV-2 infection had a higher frequency of
SpO; <95% (46; 90.2%), ICU treatment (34; 66.7%), and invasive mechanical ventilation (27; 52.9%)
when compared to those who recovered. The systematic review comprised a total of 31 papers
published as observational studies. These studies comprised 661,386 patients in total, including
children, adults, and elderly age groups. However, only 19,150 (2.9%) patients were diagnosed
with CF and, from these patients, 2523 (0.4%) were diagnosed with both CF and COVID-19. It was
observed that the most common outcome was the need for hospitalization (n = 322 patients with CF),
and the need for oxygen support (n = 139 patients with CF). One hundred patients with CF needed
intensive care units, fifty patients needed non-invasive mechanical ventilation support, and only three
patients were described as receiving invasive mechanical ventilation support. Deaths were described
in 38 patients with CE. Importantly, lung-transplanted patients with CF represented an increased risk
of death in one publication; in accordance, another study described that lung transplantation and
moderate to severe lung disease were independent risk factors for severe outcomes after SARS-CoV-2
infection. In contrast with the literature, in conclusion, Brazilian patients in G3 presented a severe
phenotype, even though most of the other studies did not observe worse outcomes in patients with
CF and COVID-19.

Keywords: Brazil; CFTR; epidemiology; p.Phe508del; SARS-CoV-2; mucoviscidosis; severity;
systematic review; worldwide
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1. Introduction

Cystic fibrosis (CF; OMIM: no. 219700), one of the most common Mendelian autosomal
recessive disorders, is characterized by two aberrant copies of the Cystic Fibrosis Trans-
membrane Conductance Regulator (CFTR; region 7q31.2) gene [1], which ultimately alter
the CFTR protein, an ion channel responsible for transporting chloride and bicarbonate
across epithelial surfaces, leading to the dysregulation of endothelial cells and decreased
pH in airway surface liquid [1-3]. Most CF symptoms are related to the respiratory tract,
such as mucus accumulation and difficulty cleaning the respiratory tract, which could lead
to an enhanced risk of chronic infections, inflammation [2,3], and death [4].

Since the rise of the coronavirus disease, COVID-19 pandemic, concern arose for those
who might be at higher risk of worse COVID-19 prognosis, such as those with underlying
conditions, which included Down syndrome, older age, systemic arterial hypertension,
and diabetes mellitus [5-7] or even neglected populations, such as Indigenous peoples and
Black individuals [8-11]. Nevertheless, the impact of COVID-19 on individuals with CF
is not fully understood yet. Previous studies observed that viral infections might lead to
pulmonary exacerbations, and, in the 2009 HIN1 pandemic, patients with CF presented
higher case fatality rates when compared with the general population [3,12-17]. Although
it is plausible that patients with CF might bear an increased burden of COVID-19, more
observational studies are necessary to evaluate the outcomes of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection among those with CF in the real world.

Recent studies tried to evaluate how SARS-CoV-2 affected individuals with CF [18-20].
However, in the literature, there are some contrasting results; for instance, Bain et al.’s study
(2021) comprised a total of 105 children with COVID-19 and CF, and most of them (71.0%)
were managed in the community with mild COVID-19, with no need for hospitalization [19].
On the other hand, Naehrlich et al.’s study (2021) comprised 130 patients with COVID-19
and CF, and the incidence of COVID-19 was higher in the age groups <15, 15-24, and
25-49 years old when compared to the general population [18]. In addition, individuals
with CF had a higher hospitalization rate than the general population [18]. Finally, a
multicenter study that took place in Italy comprised only 30 patients, 16 with CF and
COVID-19 and 14 with only CF; however, the authors did not find any difference in
hospitalization rate, need for intensive care unit (ICU) admission, or even forced expiratory
volume in the first second between the two groups of patients [20].

Only two studies comprised Brazilian individuals with CF and COVID-19. Bain et al.
(2021) described a population from 13 countries, such as Argentina, Germany, France,
and Brazil; however, the cases were not specified regarding their country of origin in
order to maintain confidentiality [19]. In their study, Bain et al. (2021) described the
features of 105 patients with CF and COVID-19 aged less than 18 years; the authors
described how a major proportion of the patients were treated in the community, and
only 24 patients were hospitalized. Also, one death occurred and was not associated
with COVID-19 [19]. In another study, the authors described SARS-CoV-2 infection in
a Brazilian post-transplanted patient with CF who had a concurrent infection with an
adenovirus [21]; the patient presented clinical recovery after supportive treatment without
directed management for COVID-19.

Thus, our primary aim was to perform an observational study in Brazil to describe
the demographical and clinical characteristics of hospitalized individuals with CF affected
by severe acute respiratory infection (SARI) due to another known respiratory virus than
SARS-CoV-2, due to an unknown etiological agent, and due to SARS-CoV-2 (COVID-19).
Also, our secondary aims were (i) to associate the demographical and clinical characteristics
of hospitalized individuals with CF affected by SARI in the group of patients with COVID-
19 with the outcomes (death or clinical recovery), (ii) to characterize the virus profiles from
the patients with CF classified as SARI due to another known respiratory virus, as well as
the co-detection in the patients with positive SARS-CoV-2 infection, and (iii) to perform
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a systematic review of papers regarding individuals with COVID-19 and CF (worldwide
population) to evaluate the amount of evidence there is in the literature regarding these
two diseases in the first two years of the COVID-19 pandemic in Brazil.

2. Materials and Methods
2.1. Systematic Review of COVID-19 among Those with CF—Worldwide Population

The systematic review aimed to highlight the clinical progression, short-term impact,
and other peculiarities of SARS-CoV-2 infection in people with CF (worldwide population).
Initially, we conducted an advanced search in the PubMed virtual library with the following
words (descriptors): ((COVID-19 OR COVID OR Coronavirus Disease OR Coronavirus Dis-
ease 2019 OR SARS-CoV OR SARS-CoV-2 OR SARS OR severe acute respiratory syndrome)
AND (Cystic Fibrosis OR CFTR OR Cystic Fibrosis Transmembrane Regulator)) to search
for English-language publications about the subject, generating the search data presented
as Supplementary Material S1.

The publication date of the papers was defined from the beginning of the first case
of COVID-19 (17 November 2019) to the date of this search (23 May 2022). Only studies
published using English, including patients with CF and COVID-19, were included in the
data collection. At the end of the search, 422 publications on the subject were obtained;
after reading the title and the full abstract, 391 papers were excluded for not meeting the
inclusion criteria. Therefore, in this study, we included thirty-one (N = 31) studies that
comprised the inclusion criteria. The selection of papers was made by three authors (LSM,
MNB, and FALM) blindly using the tool Rayyan (https:/ /www.rayyan.ai/ (accessed on
19 June 2023)). All three authors agreed with the inclusion of a paper for it to be included
in our study; if any disagreement was observed, the paper was discussed between the
authors to confirm the inclusion or exclusion. The information regarding authorship,
journal of publication, aim, sample (population evaluated in the study), study type, results,
methods, and conclusion of the studies included in the systematic review were collected
and summarized. We followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guideline for systematic reviews [22].

2.2. Epidemiological Study of the Brazilian Hospitalized Patients with CF and SARI

We performed a cross-sectional and analytical epidemiological analysis using Brazilian
epidemiological (demographical and clinical) data available at OpenDataSUS (https://
opendatasus.saude.gov.br/ (accessed on 23 March 2022)). The Brazilian Ministry of Health
computed the data according to the surveillance data of SARI and from the platform of
the Information System for Epidemiological Surveillance of Influenza (SIVEP-Gripe; in
Portuguese “Sistema de Informagao de Vigilancia Epidemiologica da Gripe”).

In our study, our primary outcome was to describe the demographical and clini-
cal characteristics of hospitalized individuals with CF affected by SARI due to another
known respiratory virus than SARS-CoV-2, an unknown etiological agent, or SARS-CoV-2
(COVID-19). The secondary outcomes of the epidemiological study were: (i) to associate
the demographical and clinical characteristics of hospitalized individuals with CF affected
by SARI in the group of patients with COVID-19 with the outcomes (death or clinical
recovery), and (ii) to characterize the virus from the patients with CF classified as SARI due
to another known respiratory virus, as well as the co-detection in patients with positive
SARS-CoV-2 infection.

We obtained the data from 29 December 2019 to 20 March 2022, and we evalu-
ated the following information (patients’ features): (i) virus profiles that cause the SARI;
(ii) demographical profile, including sex, age, education level, and place of residence;
(iii) data for place of residence with flu outbreak, presence of hospital-acquired infection
(nosocomial), and antiviral drug use to treat influenza virus infection; (iv) presence of
comorbidities (cardiopathy, diabetes mellitus, systemic arterial hypertension, respiratory
disorders, obesity, and others); (v) clinical symptoms related to SARI (fever, cough, loss
of smell, loss of taste, myalgia, and others); (vi) the need for ICU and/or mechanical
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ventilation support (invasive or non-invasive); (vii) outcomes (death or clinical recovery);
(viii) time between symptoms onset, hospitalization, and outcome; (ix) time in ICU; and (x)
COVID-19 vaccination status (exploratory analysis). For accuracy, all epidemiological data
from individuals with SARI and CF obtained in the dataset were revised by two authors
(MNB and FALM). The definitions for symptoms and previous diseases were carried out
by both authors (MNB and FALM).

All the patients included in the study had the diagnosis of CF and SARI; however,
they were further divided into three groups, depending on the SARI etiological agent, as
follows: (i) SARI due to another viral infection other than SARS-CoV-2 (e.g., influenza
virus); (ii) SARI due to an unknown etiological agent; and (iii) SARI due to SARS-CoV-2
infection (patients with COVID-19). We followed the STROBE guideline for observational
studies [23].

2.3. Statistical Analysis for the Epidemiological Study of the Brazilian Hospitalized Patients with
CF and SARI

We performed the inclusion of missing data for some features because (i) we had
more than 5% missingness, (ii) we identified the missing data only for the independent
variable, and (iii) we assumed that the variables were missing completely at random.
Also, we excluded the patients’ characteristics that had more than 40% missingness, which
included the education level (56.1%), place of residence in a region with a previous flu
outbreak (61.5%), abdominal pain (42.7%), fatigue and asthenia (40.8%), loss of smell
(47.7%), loss of taste (47.2%), image exams results (X-ray (61.9%) and high-resolution
computed tomography of the chest (79.3%)), and COVID-19 vaccination status (62.7%—this
marker was excluded from the inferential statistical analysis protocol, but it was presented
as part of the exploratory analysis). We imputed the missing data using the XLSTAT
Statistical Software for Excel. For the qualitative (categorical data), we estimated the
missing data using the NIPALS (Nonlinear Iterative Partial Least Squares) algorithm; also,
for the quantitative (numerical data), we estimated the missing data using the MCMC
(Markov Chain Monte Carlo) multiple imputation algorithm. The XLSTAT Statistical
Software generated a new Excel dataset for descriptive and inferential statistical analyses.

We performed the statistical analysis in the Statistical Package for the Social Sciences
software (IBM SPSS Statistics for Macintosh, Version 27.0.) and OpenEpi software (OpenEpi:
Open-Source Epidemiologic Statistics for Public Health, Version. www.OpenEpi.com,
(accessed on 19 June 2023)). The chi-square or Fisher’s exact statistical tests were used to
compare the proportion of individuals with CF and SARI due to another viral infection
than SARS-CoV-2, SARI due to an unknown etiological agent, or SARS-CoV-2 infection,
considering all patients’ features evaluated in the present study. Also, the same statistical
tests were used to calculate the chance of death among individuals with positive SARS-
CoV-2 infection concerning patients’ features. The odds ratio (OR) and the 95% confidence
interval (95%CI) were calculated using the chi-square or Fisher’s exact statistical tests
for each analysis. The OR was calculated using the OpenEpi software for 2 x 2 tables,
including the value for each patient characteristic. In addition, we compared the time
between symptoms onset, hospitalization, and outcome, and time in ICU between the SARI
groups (SARI due to another viral infection than SARS-CoV-2, SARI due to an unknown
etiological agent, or SARS-CoV-2 infection), as well as according to the outcomes (death
or clinical recovery) in the patients who presented positive for SARS-CoV-2 infection. We
used the Kruskal-Wallis and Mann—-Whitney tests to compare the times (numerical data—
number of days) between the study groups. The results were summarized in tables and
figures. The figures were built using the GraphPad Prism version 8.0.0 for Mac, GraphPad
Software, San Diego, CA, USA (http://www.graphpad.com (accessed on 19 June 2023)).
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3. Results
3.1. Systematic Review of COVID-19 among Those with CF—Worldwide Population

A total of 31 papers published as observational studies reported an association of
COVID-19 in patients with CF [18-21,24-50] (Table 1). These studies comprised
661,386 patients in total, including children, adults, and elderly age groups. Also, pregnant
women were described in two papers only [42,48]. However, only 19,150 (2.9%) patients
were diagnosed with CF and, from these patients, 2523 (0.4%) were diagnosed with both
CF and COVID-19. Regarding patients with CF and COVID-19, the sex proportion was
(female/male) 1207/1167 [24,25,27-39,41-43,45,47-50]. Some publications [21,26,35,40,46]
did not report the sex of the patients.

The most frequent symptom was fever, reported in 620 patients with CF [19,20,24,30,31,33—
35,37,41,43,46,47,50], followed by cough (549 patients with CF) [24,31,33,34,41,42,46,47,50], and
pulmonary symptoms (409 patients with CF) [33,34].

Other clinical symptoms were also described, like (number of patients with CF): fatigue
(247) [31,33,46], myalgia (209) [19,20,33,41,43,47,50], headache (189) [20,31,33,41,43,46,48],
dyspnea (245) [19-21,33,34,41,45,46], chest tight (45) [33], wheeze (15) [33,47], increased
sputum (140) [21,31,33,41,42,46,50], respiratory failure (16) [31,33], diarrhea (70) [33,41,46,50],
nausea (39) [33,41,43,46,48], abdominal pain (22) [33,46], joint pain (60) [20,31,41], anosmia
(67) [33,41], dysgeusia (51) [33,41], pneumonia (5) [24,26,35], gastrointestinal symptoms
(42) [19,24], acute respiratory failure (4) [26,41], asthenia (84) [41,43], chest pain (3) [41,50],
rhinitis (3) [41,43,46], and limb pain (1) [46].

Regarding the CFTR genotype, the most common pathogenic variant was the
p-Phe508del. In the studies, 623 patients were p.Phe580del heterozygous, then 486 pa-
tients were p.Phe580del homozygous, and, also, 496 patients presented other pathogenic
variants [19-21,25,30,31,33,34,38-41,45,47-50]. A total of 300 patients with CF were lung
transplanted; the remaining individuals were non-transplanted patients or did not have
their organ transplantation specified [18,20,21,24-47,49,50].

Most of the included papers were conducted in European countries; Italy had the
highest number of papers published with their population, which appears eleven times
(35.5%) [18-20,25,33,35,40,41,45,47]. In addition, other European countries appeared fewer
times (14, 45.2%) [18,19,21,25,31-35,38,39,46,48,49]. Other studies were also performed on
populations from other nations, like the United States of America, Mexico, India, Oman,
Brazil, Argentina, Chile, South Africa, Australia, and Canada [19,27-30,34,42,44,50].

Most of the diagnoses of COVID-19 in the included papers was made using the real-
time polymerase chain reaction (RT-PCR) from nasopharyngeal swabs; however, some
studies used the serology tool [37,39,46,50]. Computed tomography of the chest was used
for complementary diagnosis to evaluate the pulmonary disease manifestation or evolution
in five (16.1%) studies only [21,24,25,33,49].

Nine (29.0%) studies [31,33,36,39-41,46,47,50] reported asymptomatic cases; never-
theless, most of the patients were symptomatic [17,18,21-29,31,32,34,35,38—43,45-47]. The
studies reported that children have a milder clinical presentation of COVID-19 and a better
prognosis than adults, even with CF. In addition, only one paper reported an asymptomatic
case of COVID-19 in a child [36]. Regarding adults, those with COVID-19 and CF who
needed a lung transplant were observed to develop greater severity of COVID-19 than
those who did not need a lung transplant [18,20,21,24,31,32,34,38].

Most of the papers described the outcomes of the patients with CF and COVID-19,
and it was observed that the most common outcome was the need for hospitalization
(n = 322 patients with CF) [19-21,25,27,28,30-35,38,44,45,50] and the need for oxygen sup-
port (n = 139 patients with CF) [19,20,25,28,31,33-35,45]. One hundred patients with CF
needed ICU [19,21,25-34,38,48-50], fifty patients needed non-invasive mechanical ven-
tilation support [19-21,25,33,44,50], and, curiously, only three patients were described
as receiving invasive mechanical ventilation support [19,31,35]. In addition, one study
described the phenotype of those four patients with CF who received extracorporeal mem-
brane oxygenation respiratory support [33].
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Table 1. Information regarding authorship, journal of publication, aim, sample, study type, methods, results, and conclusions of the studies included in the
systematic review about the coronavirus disease, COVID-19 prevalence, manifestations, and outcomes in patients with cystic fibrosis (CF) [18-21,24-50].

IF

Aim

Study Type Sample

Methods

Results

Conclusions

Journal of
Ref. Publication
[24] Transplant

Infection Disease

223

To describe the clinical
course of eight patients
with a history of lung
transplant and infected
with SARS-CoV-2.

Eight patients [five patients with
idiopathic pulmonary, two

Serial case patients with chronic obstructive

To describe the profile of eight
patients who received lung
transplantation but only five
who had a positive RT-PCR for
COVID-19. Among the
patients, one had a CF
diagnosis, which was the
cause of the lung transplant.

Two patients needed mechanical ventilation,
one of whom was prone. Two patients
required a high-flow nasal cannula, one patient
a regular nasal cannula, and three patients
were not on supplementary oxygen (ambient
air). The transplanted patients who died two
weeks before the diagnosis were extubated
post-transplant; however, they required
mechanical ventilation after the COVID-19
diagnosis. The two patients who died
developed sepsis or necrotizing pancreatitis.
Of the surviving patients, six were discharged
with stable graft function.

Short-term mortality of 25% was
observed. Both patients who received
Brasiliximab as an immunosuppressant
died. In addition, 75% of patients who
recovered from COVID-19 had their
lung function preserved. The study did
not describe its findings according to
the disease that was the cause of lung
transplantation.

=y Journal of Cystic
(23] Fibrosis

5.53

To assess the impact of
SARS-CoV-2 infection
in patients with CE.

To present the outcome of
COVID-19 in patients with CF
from 19 European countries.
For the diagnosis of
COVID-19, positive results
from material collected from
the nasopharynx or throat
and/or computed
tomography of the chest
and/or symptomatic hospital
diagnosis were considered.
The cases were subdivided
according to the transplant of
the lungs.

Transplanted patients with CF presented a
higher proportion of people who needed
hospitalization when compared with
non-transplanted. Post-transplanted patients
needed to be frequently admitted to intensive
care units (7 vs. 4 patients) and required more
supplementary oxygen and non-invasive
ventilation than other patients. Also, the male
sex was associated with severe disease, but the
non-transplant CF cohort did not increase
chances of hospitalization when compared
with non-transplanted females. In the
post-transplanted cohort, the male sex was
twice as often hospitalized when compared to
the female.

SARS-CoV-2 infection is less severe than
feared in patients with CF; also,
individuals with CF have median age
with a lower prevalence of obesity and
other factors. There was a propensity
for hospitalizations for patients
transplanted with CF when compared
to non-transplanted ones. In terms of
mortality, seven patients died—four
non-transplanted patients died, and
three were transplanted.

Journal of Cystic

(191 Fibrosis

5.53

To evaluate the cases of
SARS-CoV-2 infection
in children with CF
under 18 years.

report pulmonary disease, and one
patient with CF].
Obsstir(;/at_lonal One hundred eighty-one patients
cohg]rt with CF (32 post-transplant).
Observational One hundred and five
study children with CF.

The Registry Global
Harmonization Group
collected cases of children
with CF in 13 European
countries. For inclusion,
positive SARS-CoV-2 RT-PCR
and/or hospital clinical
diagnoses were considered,
and patients with antibody
tests or self-reports were
excluded.

The average age was ten years old, 54.0% of
the patients were male, and the median
percentage of the predicted forced expiratory
volume in one second was 94.0%. About 71.0%
of children were treated in the community. Of
the admissions (n = 24), six patients required
oxygen support and two non-invasive
mechanical ventilation. Nearly half of the
patients received antibiotic-type medications,
five received antiviral drugs, four received
Azithromycin, and one received
corticosteroids. Lower lung function and body
mass index were observed in hospitalized
children. One child died from complications
unrelated to SARS-CoV-2 infection six weeks
after COVID-19 diagnosis.

The study provides information that
will guide children with CF, their
families, and the team responsible for
care. It is noted that SARS-CoV-2
infection in children presents with mild
symptoms in those who do not have
pre-existing severe pulmonary
involvement. The study considered
children with CF as a priority group for
access to the vaccine. It also emphasizes
that patient follow-up is essential to
assess long-term complications,
including the impact on lung function.
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Study Type
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Methods

Results

Conclusions

Journal of
Ref. Publication
European
[26] Respiratory
Journal

33.80

To describe the clinical
features of patients
with prior lung disease
who needed
hospitalization for
COVID-19 or
2018-2019 seasonal
influenza and compare
the pulmonary
complications, need for
intensive care unit, and
in-hospital mortality
according to both
diseases.

Observational
study—
cohort

Patients with COVID-19 = 89,530
(chronic respiratory failure = 1433;
chronic obstructive pulmonary
disease = 4866;
pulmonary hypertension = 341;
asthma = 3273; CF with
pulmonary manifestations = 20;
lung cancer = 977;
emphysema = 1426;
pulmonary sarcoidosis = 159;
interstitial lung disease = 1611;
and sleep apnea = 3581).
Patients with seasonal influenza
= 45,819 (chronic respiratory
failure = 1830; chronic
obstructive pulmonary
disease = 4637; pulmonary
hypertension = 247;
asthma = 2230; CF with
pulmonary manifestations = 79;
lung cancer = 431;
emphysema = 533; pulmonary
sarcoidosis = 81; interstitial lung
disease = 471; and
sleep apnea = 1443).

This nationwide retrospective
cohort study describes
patients with prior lung
disease hospitalized for
COVID-19 or influenza. The
study compared the data for
pulmonary complications,
need for intensive care, and
in-hospital mortality among
the type of infection (virus)
and groups of prior
lung diseases.

Of the 89,350 cases of COVID-19 that made up the
study, only 20 were individuals with CF and
pulmonary manifestations. However, the number is
less frequent when compared to seasonal flu cases
(n =45,819) in patients with CF (n = 79). There was
an underrepresentation of patients with chronic
respiratory failure, chronic obstructive pulmonary
disease, asthma, CF, and pulmonary hypertension.
Patients with lung cancer, sleep apnea, emphysema,
and interstitial lung diseases were highly
represented. Patients with COVID-19 and chronic
respiratory diseases had a greater significance in
the development of pneumonia and pulmonary
embolism when compared to influenza, requiring
intensive care more frequently. Except for patients
with asthma, patients with chronic respiratory
diseases with COVID-19 had higher mortality rates
when compared to those with flu.

Patients with chronic respiratory
diseases, especially asthma, chronic
obstructive pulmonary disease,
and chronic respiratory failure,
were underreported among
patients with COVID-19 when
compared to those hospitalized
with influenza. Chronic respiratory
diseases are a risk for developing a
more severe SARS-CoV-2 infection
with an accompanying high
mortality rate. The low incidence
of the disease in patients with
chronic respiratory disease can be
explained by the great rigor with
which they comply with social
distancing. Regarding CF, the low
incidence can be explained by the
frequent use of inhaled
corticosteroids that could protect
patients against COVID-19. There
was no need for intensive care,
presence of exacerbations, or
increased risk for individuals with
CF and COVID-19 when compared
to the other chronic respiratory
diseases evaluated in the study.
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Ref gﬁ;ur[::ii?,i IE Aim Study Type Sample Methods Results Conclusions
The clinical outcome of
SARS-CoV-2 infection does not
differ from other respiratory tract
infections in CE. The clinical
The centers were contacted to evolqgi)glc:)f the lmfec’aon 1nt}p1)eople
collect data from patients who ;:A)](lpecte d“;f det;si:?;}ce: ian?;)r;
re}f)(éﬂgélg%pt?ﬁ S sugtgets.tlve explained by the young age of the
o ositive c_)r sis e;cizg ?}firlgg patients, the lower incidence of
pos P cardiovascular risk factors, and the
parties between February and presence of the respiratory
Patients with CF from 32 J ucll)llnzl(c)ezllo ;)iz,crggqtgsn\l;;r;d The most frequently reported symptoms were microbiota that may lead to a
To describe the clinical reference centers = 6597; compared among patients cough, fever, asthenia, and dyspnea; however, no greater competence of the immune
. . 30 patients had suggestive P 8 patie statistical difference occurred in symptoms and response to viral infection. The
signs and outcomes of Observational £ COVID-19 and 16 who tested positive in linical evolution between the & T rud . lusive i
[20] Plos One 3.572 SARS-CoV-2 infection study— symptoms of COVID-19, and 1 nasopharyngeal swabs clinica’ evoLLtion between the two groups. Two Study was INConClusIve i
in patients with CF cohort presented a positive diagnostic submitted to SARS-CoV-2 adults with a history of lung transplantation determining the role of other viral
P from Ital test. The 14 patients who tested RT-PCR and the control grou required non-invasive ventilation, none required infections concerning SARS-CoV-2
¥ negative for COVID-19 were (negative RT-PCR) Tlgqe P intensive care unit admission, and all progressed to  infection and was designed only on
classified as the control group. clinicaig course of the infection cure without significant deleterious effects. information from the first viral
was based on the need for strain. Therefore, it was impossible
intensive care, vital signs to understand the course of the
supplemental Z)x er an cll disease in the face of (SARS-CoV-2)
I]; I;chanical ver?t%latilon virus mutations (pathogenic
support (invasive variants). Further studies are
or non-invasive) needed to understand better the
’ long-term implications of
COVID-19 in patients with CF,
especially those with severe
respiratory compromise and a
history of lung transplantation.
Compared with the general
. population of the same age,
A?ozzsfg; ztfgﬂ ds t;?g;:aas individuals with CF have a higher
collected in 38 countries from incidence of SARS-CoV-2 infection
the European CF Societ The incidence of COVID-19 was 270/1000 in people and hospitalization, especially
Patient Regilz try. The diagn};sis with CF. According to this study, the incidence was those with a history of lung
of COVID-19 was based on higher in patients who received lung transplantation; thus, this
To observe the One hundred and thirty patients positive RT-PCR tests for transplantation than in non-transplanted patients. population is at increased risk for
Journal of Cystic incidence of Observational with CF were classified as SARS-CoV-2 from 1 Februar The incidence was also higher in people with CF death and severe disease outcome.
[18] oty 5.53 . study— y than in the general population. Patients with CF Individuals with CF must continue
Fibrosis SARS-CoV-2 in people h non-lung transplanted (n = 107) 2020 to 30 June 2020, and had higher hospitalizati t d t d & tect their health and
with CF in Europe. cohort or lung-transplanted (n = 23). follow-up was performed until ad fugher hospitanization rates and a greater nee O protect their health and engage
7 January 2021. Patients were for intensive care when compared to the general in physical exercise. Health
subdivided ac.cor ding to the population. Most individuals with CF progressed agencies should prioritize
need for lung trans lagntation to clinical cure (96.2%); however, five patients died vaccination against COVID-19 in
and the inci cflgence 01? infection, (three were lung transplant recipients). this population of patients,
regardless of age, including CF, as
was calculated by country and

an increased risk for adverse
conditions of
SARS-CoV-2 infection.

age group.
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IF Aim

Methods

Results

Conclusions

To compare the
pulmonary function
between pre-infection
and post-infection
periods in SARS-CoV-2
infected patients.

17.03

A multicenter cohort study of
patients with COVID-19 was
performed where lung
function before and after
SARS-CoV-2 infection was
compared from March to
November 2020.

Most patients were White (n = 70; 87.5%) and never
smokers (n = 42; 52.5%). The most patients had
mild to moderate COVID-19 disease (n = 60; 75.1%),
with 25 (31.2%) requiring hospitalization. There
was no difference between the pre-and
post-pulmonary function test data. There was also
no difference in the pulmonary function test when
analyzed by hospitalization and disease severity.
After adjusting for potential confounders,
interstitial lung disease was independently
associated with a decreased forced expiratory
volume in the first second, in addition, increasing
age and CF were associated with decreasing forced
vital capacity when comparing pre-and
post-infection pulmonary function tests. Only
increasing age was independently associated with a
reduction in total lung capacity and diffusing
capacity before and after SARS-CoV-2 infection.

Most participants had mild to
moderate symptoms of COVID-19;
some patients required
hospitalization. There was no
significant differences in the
pulmonary function tests of
hospitalized and severely ill
patients. There was no
exacerbation of SARS-CoV-2
infection in patients with CF;
however, there may be a
relationship between certain
underlying lung diseases and
decreased pulmonary function
post-infection.

To report the
experience of
SARS-CoV-2 infection
outcomes in children
with CF.

1.93

The report provides a one-year
overview of the COVID-19
pandemic in children with CF
from three pediatric care
centers in Oman.

During the COVID-19 pandemic year, only three
children from the study population required
hospitalization due to COVID-19. Of the children
who required hospitalization, only one required
supplemental oxygen, non-invasive mechanical
ventilation, and intensive care unit monitoring.
This patient had moderate-severe CF with forced
expiratory volume in the first second of 50% and
severe asthma on Omalizumab. This patient
required care for two weeks and was treated with
oxygen, salbutamol, dual antipseudomonal
antibiotics, and chest physiotherapy. The other two
children had mild symptoms and remained
hospitalized for two to five days.

Three children with CF were
hospitalized at the three centers.
One child required non-invasive

oxygen supplementation and
monitoring in an intensive care

unit. Children with CF, especially
those with poorer lung function,
should continue to adhere to
COVID-19 containment measures.
According to the report, non-urgent
bronchoscopy should be postponed
in patients with CF due to the
development of new variants.

Journal of
Ref. Publication
eClinical
1271 Medicine
Journal of
[28] Paediatrics and
Child Health
Respirator
[29] pi Y

Medicine

To report the clinical
outcomes of
SARS-CoV-2 infection
in a cohort of people
with CF and compare
these results with a
corresponding cohort
of people without CF.

4.58

Study Type Sample
Observational
study— Eighty patients with CF.
cohort
Téztitterrto thr? The study comprised
bo as é_l 233 children with CF,
° ﬁf;rzla and only three had a positive
study diagnosis of COVID-19.
Observational The study enrolled
study— 507,388 patients with COVID-19
cohort

(422 with CF).

The study described the
clinical features of
SARS-CoV-2 infection in
patients with CF and
compared the results with
people without CF. The
analysis included patients

+16 years and RT-PCR positive

for SARS-CoV-2.

Only 0.08% (n = 422) of the patients who composed
the study had CF. In the CF group, the mean age
was 46.6 years, with a predominance of females

(n = 225; 53.32%) and Caucasians (White;

n =309; 73.22%). Patients with CF had higher rates
of hospitalization, need for intensive care,
mechanical ventilation, acute kidney injury, and
deaths when compared with patients without CE.
Regarding the calculation of data, there was the
following propensity for critical admission
(RR = 1.56, 95%CI = 1.20-2.04), need for critical care
(RR =1.78, 95%CI = 1.13-2.79), and kidney injury
(RR = 1.60, 95%CI = 1.07-2.39) in patients with CF
when compared with patients without CF.

Patients with CF are more likely to
develop severe disease from
SARS-CoV-2 infection; the need for
priority vaccination against
COVID-19 in this group of patients
was described. Ten patients
required intensive care. Young
patients and a lower prevalence of
obesity did not protect patients
with CF from serious illness caused
by SARS-CoV-2 infection.
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Journal of

Ref. Publication

IF Aim

Study Type Sample

Methods

Results

Conclusions

Boletin Médico
[30] del Hospital
Infantil de México

To report a case of
0.71 SARS-CoV-2 infection
in a child with CE.

Case report One patient

The case report describes a
22-month-old patient with CF
who arrived at the hospital
with probable symptoms of
COVID-19. The patient
received supplemental oxygen
therapy, antibiotic therapy,
and antiretroviral therapy.

The patient with CF presented tachycardia,
polypnea, fever, and oxygen saturation of 87%
when he arrived at the hospital. The child displayed
breathing difficulties and need for non-invasive
ventilation management and high-flow therapy in
the intensive care unit. A ventilatory test showed: a
peak pressure of 21 cmH,O; plateau pressure of 14
c¢mH,O; transpulmonary pressure of seven cmH,O;
compliance of 0.75; and positive pressure at the end
of expiration (autoPEEP) of 0.7. As the patient
showed good evolution, extubating was performed
12 h after the admission.

The patient’s evolution was
favorable with immediate support
and antibiotics in a tertiary care
hospital. The study guides on the
need to report pediatric cases and
the different evolution compared to
that presented by adults among
patients with CF. Due to the spread
of SARS-CoV-2 worldwide, it is
essential to share the experience of
other methods to improve
knowledge about the clinical
features, evolution, treatment, and
rapid prognosis of those with CF.

Journal of Clinical

[31] Medicine

To describe the clinical
expression of
COVID-19 in French
patients with CF.

541

Patients registered in French CF
centers = 7500; and patients with
CF and COVID-19 =31
(post-transplant = 12; and
non-transplanted = 19).

Observational
study

An observational and
prospective study was carried
out with 7500 patients with CF

from 47 reference centers in
France. The patients were
screened for SARS-CoV-2 by
RT-PCR through
nasopharyngeal swab test,
with serological tests only
becoming available in May
2020. Data from patients with
CF infected by SARS-CoV-2
were collected in a dedicated
CF-COVID registry, which is
nested within the French CF
registry (maintained by the
French CF patient association,
Vaincre la Mucoviscidose). To
account for the potential lack
of performance of the RT-PCR
for SARS-CoV-2 due to
sampling quality or kinetics
(sensitivity <60%), a body of
evidence was used
for assessing
COVID-19 diagnosis.

In the period evaluated, 31 patients tested positive
for COVID-19, 15 were male with a mean age range
of 31 years, and 12 were lung transplant recipients.
Most of the patients had CF-related diabetes (n =19,
61.3%), and a mild lung disease (n = 19, 65.0%),
with percent-predicted forced expiratory volume in
one second <70%. Only three patients had no
symptoms. The most common symptoms for the
28 symptomatic patients were fever (n = 22, 78.6%),
fatigue (n = 14, 50.0%), and increased cough (n = 14,
50.0%). Nineteen patients required hospitalization,
including eleven lung transplant recipients, seven
required oxygen support, and four required
intensive care unit hospitalization. Ten patients had
severe acute respiratory syndrome. However, all
patients presented a good evolution of the disease,
and no more serious deleterious effects in the short
term were described.

Patients with CF have rarely been
diagnosed with COVID-19 in
France; however, the rate of
underdiagnosis should be
evaluated in other studies. The
short-term evolution was favorable,
with the rare occurrence of the
severe acute respiratory syndrome,
and death was not described.
Post-lung transplant patients need
to be followed up with greater
attention by the multidisciplinary
team due to the tendency to present
a more severe clinical course.
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Ref P]::ll:hrr: :ii(())fn IF Aim Study Type Sample Methods Results Conclusions
A cross-sectional study was
To describe the impact carried out during the Most patients were female (53.0%), and only 49
of restrictions relats dto COVID-19 pandemic in (25.0%) were transplanted. Ten patients with CF
COVID-19 on dail patients with CF in reported infection with SARS-CoV-2 being two
hvsical activi y Patients with Switzerland. The severity of lung-transplanted. Two patients required The studv = ls unfavorabl
_phys Cla activity, d CF= a19§ . de idual COVID-19 was classified hospitalization without the need for invasive © study revea sngi/‘ioD—aw ¢
alirnm?l]actigiril?gz o (lun, -tr;ms lla?\té:;l —lea9 'Sand into stages: mechanical ventilation and death. Forty-six percent arlcc(l)grifi(cllllrggcr?st?ons for patients
132] Plos One 3.75 Lestions on 194 Observational non—%un trgns lant_e d ” 144) I—mild symptoms (dry cough,  reported less physical activity during the pandemic, I?Nith CF: the long-term e fgects on
- . COV(IlD—19-com atible study and a;gtients xr/)v ith CF z_m d fatigue, and headache); mostly due to closed fitness facilities (85.0%), lack of hysical f,itness ar% 4 Tune health ar
toms, di P " CSVID—19 =10 (tw II—moderate to severe motivation (34.0%), and changes in daily structures P yk N Strateei ut g he . rﬁ N
tSyth oms, t.agmt)st_: lune-t 71 A d)o symptoms (dyspnea and (21.0%). Among patients with CF without lung un r\ﬁwr\: " rta' cg1es to overcome
ez:lii\ae:c;?fielsgkfo?lt S ung-transplanted). hypoxia); transplantation, seven (5.0%) and five (4.0%) such a sttuation are necessary.
health—r%late d aspects II—critical symptoms reported performing less airway clearance and
vering the pan C{) mi (discomfort syndrome and inhalation therapy during the COVID-19 pandemic,
covenng the pandemic. heart failure); respectively; no death was registered in the study.
IV—death.
Eight hundred and twenty-eight people with CF
from 26 countries reported infection with
Data from patients with CF SARS-CoV-2, bringing the 1nc1deonce o 17.2/1000. Clinical symptoms arising from
The mean age was 24 years, 48.4% were male, and . .
from the European CF Society o 1 i o The inci a COVID-19 in CF are variable, and
Patient Registry with positive 94% were lung transplant recipients. The incidence pulmonary symptoms resemble
. o of SARS-CoV-2 was higher in lung transplant L
To estimate incidence, RT-PCR results for ivients wh d with ) those of a common exacerbation in
describe the clinical SARS-CoV-2 were described. FeCIpIEnts When comparec with non-ung CEF. The study described that lung
. d Pati ith CF and Ie di db d transplanted individuals. About seventy-five 1 / d mod
European .preser'\tatl()n, any ) atients wit an ases diagnosed by compute percent of patients were asymptomatic. transp. anta.tlor\ and mo erate to
[33] Respirator 33.80 investigate factors Observational ~ COVID-19 = 828 (78 with lung tomography, serology, or Symptomatic infection was associated with age severe previous lung disease were
- P Y : associated with severe stud transplantation and 750 with antigen test without ymp 8
Journal y P g

outcomes due to
SARS-CoV-2 infection
in patients with CE.

no-lung transplantation).

SARS-CoV-2 RT-PCR
confirmation were excluded.
The clinical features were
presented for all patients
according to lung transplant
status.

+40 years, at least one p.Phe508del pathogenic
variant in the CFTR gene, and pancreatic
insufficiency. The severity was two to six times
greater in transplanted than in non-transplanted
patients with CE. Factors predisposing to
hospitalization were CF-related diabetes, severe or
moderate lung disease, lung transplantation, use of
Azithromycin (to treat the Pseudomonas aeruginosa
infection), and worse lung function.

independent risk factors for severe
outcomes after SARS-CoV-2
infection. All patients with CF
must maintain protective measures
to prevent infection with
SARS-CoV-2 and must be
vaccinated against COVID-19.
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5.53

To characterize the
SARS-CoV-2 infection
in patients with CF.

Observational
study

Patients with CF positive for
SARS-CoV-2 = 40
(lung-transplanted = 11; and
non-transplanted = 29).

Anonymized data were
obtained from patients with
CF and infected with
SARS-CoV-2 between
1 February 2020 and
13 April 2020. Patients with
findings suggestive of
COVID-19 on computed
tomography of the chest and
without a positive
SARS-CoV-2 RT-PCR were
excluded. The following data
were collected: sex, age, body
mass index, forced expiratory
flow in one second, treatment,
CF-related complications,
microbiology profile, presence
of lung transplantation,
presence of pregnancy, and
characteristics of current
health status.

Of the 40 study participants from eight countries, 31
(78.0%) had symptoms of SARS-CoV-2 infection,
including fever in 24 (60.0%) patients. A total of

70.0% recovered uneventfully, 30.0% remained
unresolved at the notification, and no deaths
were reported.

The outcomes of these cases of
SARS-CoV-2 in 40 people with CF
have been better than initially
predicted based on previous
respiratory pandemics. However,
the medium and long-term impact
of COVID-19 is not yet known in
patients with CF. Lifetime
population mortality may be
concerned with the relatively low
incidence of SARS-CoV-2 in the CF
population, which can be
attributed to adherence to
social distancing.

33.80

To evaluate the
COVID-19 outcomes in
children with
underlying
chronic diseases.

Observational
study

The study enrolled 945 children
with COVID-19. Also,

185 children presented with
underlying chronic respiratory
disease and COVID-19: 63 with

asthma; 14 with CF; nine with
bronchopulmonary dysplasia;
and 99 with other
underlying conditions.

Experts created a survey that
circulated twice (in April and
May 2020) to members of the
Pediatric Assembly of the
European Respiratory Society
(ERS) and through the ERS
social media. The research
stratified patients by the
following conditions: asthma,
CF, bronchopulmonary
dysplasia, and other
respiratory diseases, to
evaluate if these diseases are
associated with severity due to
SARS-CoV-2 infection.

One hundred and seventy-four centers were willing
to participate. The SARS-CoV-2 was isolated from
63 (49 with complete information) children with
asthma, of whom 16 required no hospitalization
and 33 were hospitalized, 19 needed supplemental
oxygen, and four required mechanical ventilation.
Fourteen (thirteen with complete information)
children with CF and COVID-19 were evaluated;
ten required no treatment, and four had only minor
symptoms. In addition, one patients with CF
needed invasive ventilation and two supplemental
oxygen. Among the nine children with
bronchopulmonary dysplasia and COVID-19, two
required no treatment, five required inpatient care
and oxygen, and two were admitted to a pediatric
intensive care unit requiring invasive ventilation.
Data were available from 33 children with other
conditions and SARS-CoV-2, of whom 20 required
supplemental oxygen and 11 needed non-invasive
or invasive mechanical ventilation support.

The low number of children with
CF and asthma admitted to the
hospital may suggest that these

children are not at risk of having

COVID-19 with the severe
phenotype, which is essential data
for guiding governments
concerning public health
decision-making. Concomitantly,
children with other respiratory
illnesses and asthma may be at
increased risk for disease severity
and benefit from being protected
against the COVID-19
disease spread.

Journal of
Ref. Publication
) Journal of Cystic
[34] Fibrosis
European
[35] Respiratory
Journal
136] Journal of Cystic

Fibrosis

5.53

To report an
asymptomatic case of
COVID-19 in an infant

with CE.

Letter to the
Editor as a
case report

One patient

A report was made of a
one-month-old child with
COVID-19 and CF but
asymptomatic. SARS-CoV-2
infection occurred after
contact with the infected
grandfather, who presented
positive SARS-CoV-2 RT-PCR
in material collected from
the nasopharynx.

The clinical infection course in children was more
mild than in adults.

The child progressed
asymptomatically to SARS-CoV-2
infection. However, the study
concludes that other cases should
be evaluated to describe the real
impact of COVID-19 among those
with CF.
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Journal of
Ref Publication
Journal of Cystic
[37] Fibrosis

5.53

To report outcomes due
to COVID-19 and
Burkholderia cenocepacia
infection in a patient
with CE.

Case report

One patient

A report was made of a
34-year-old woman with CF
with complications from the
disease. The patient sought
support from the CF referral

center with an elevated

temperature and an episode of
abnormal 92% oxygen
saturation in room air. The
patient had a positive RT-PCR
for SARS-CoV-2.

The patient needed to move to a sub-intensive care
unit. Twelve days after the positive RT-PCR for
SARS-CoV-2 from the swab and three days after the
disappearance of the symptoms, the RT-PCR tested
negative. Thirteen days after admission, the
serology for SARS-CoV-2 showed high levels of IgG
(13,600 AU/mL) and IgM (5252 AU/mL)
antibodies, and the computed tomography of the
chest had improved.

Although the SARS-CoV-2
infection had severe manifestation,
the patient had a probable outcome
with a clinical cure. Infection with

SARS-CoV-2 and B. cenocepacia
warns of the risk of pulmonary
complications, and one patient
presented a severe course of
COVID-19, with signs of interstitial
involvement in the examination
appointment. Further similar cases
can confirm the hypothesis that
B. cenocepacia colonization should
be regarded as a risk factor for
severe COVID-19 expression in CF,
similar to diabetes mellitus or poor
lung function.

Respiratory
(58] Medicine

4.58

To describe the impact
of SARS-CoV-2
infection in patients
with CF in Spain.

Observational
study

Eight patients with CF and
COVID-19 were enrolled—one
lung-transplanted and seven
non-lungs transplanted.

A retrospective study
including patients with CF
was carried out to evaluate the
incidence of COVID-19. The
research also evaluated the
prevention measures against
the SARS-CoV-2 infection, the
activities of CF reference
centers during the COVID-19
pandemic, and the possible
reasons for the low incidence
of COVID-19 among those
with CF.

SARS-CoV-2 infection was detected in eight
patients with CF, and one received a lung
transplant. The disease incidence was 32/10,000 in
patients with CF and 49/10,000 in the general
population. No patient died during the study.

Although CF is a risk for the severe
development of COVID-19, none of
the non-transplanted patients
progressed to death, and the
incidence of COVID-19 in CF
appears to be lower when
compared to the general
population. Lung transplantation
immunosuppression may be an
additional risk for mortality in
patients with CF. More studies are
necessary to evaluate the pandemic
progression in the long-term for
SARS-CoV-2 infection on CE.

Journal of Cystic

139 Fibrosis

5.53

To measure the
SARS-CoV-2
seroprevalence in
patients with CF
in Belgium.

Observational
study—
cohort

One hundred forty-nine patients
with CF were
enrolled—thirty-six were
symptomatic, and four had
positive serology for COVID-19.

A retrospective study was
conducted with patients with
CF from 13 April to 19 May
2020. Serum from 149 patients
was collected at the CF referral
center or sent to a referral
center. Patients were contacted
by telephone to obtain clinical
data about
SARS-CoV-2 infection.

Among the patients, only three asymptomatic
patients had SARS-CoV-2 virus-related IgG. In one
patient hospitalized for COVID-19 (positive
molecular test) and another 35 positives, no
anti-SARS-CoV-2 antibodies were found.

Although cases with
symptomatology were frequent,
antibodies were detected in only a
minority of patients with CF,
reflecting the low incidence of
COVID-19 in this population. The
study also described the similarity
of symptoms of COVID-19
concerning respiratory
exacerbations of CE.
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To present data from
the first and second
5.53 waves of SARS-CoV-2
infection in patients
with CF.

A survey was carried out
using an anonymous online
form to obtain data from
patients with CF and
COVID-19 to assess the
evolution of the disease. The
number of infected
individuals, sex, age, the
method for diagnosing
COVID-19, type of restraint,
need for intensive care unit
admission, and the number of
clinically recovered patients
were evaluated in the
questionnaire. In the period
from February to November
2021, a total of 87 patients with
CF were infected with
SARS-CoV-2.

Of the 87 patients with CF, only 15 were
hospitalized (15/87; 17.2%), and admission to the
intensive care unit was required in only two cases

(2/87; 2.3%). One patient with CF and
COVID-19 died.

The low incidence of COVID-19 in
CF may suggest that the disease is
a protective factor. The incidence in
the first wave was possibly due to
the social distancing implemented
in families with CF. The percentage
of cumulative positivity for
SARS-CoV-2 infection in the Italian
population with CF was
approximately double that
observed in the general population.
Most patients were asymptomatic
or had mild respiratory symptoms.

Journal of
Ref. Publication
, Journal of Cystic
[40] Fibrosis
[41] Infection

To describe the clinical

course and risk factors

for severe COVID-19 in
patients with CF.

7.45

Study Type Sample
Lé%‘;tie;;o_;hse Patients with CF and positive for
an observa- SARS-CoV-2 = 87
X (first wave = 22; and second
tional
wave = 65).

study
Observational ~Two hundred thirty-six patients

study with CF and COVID-19.

The Italian Society of CF
carried out a prospective
study. CF centers collected
data and followed up on
patients positive (RT-PCR for
SARS-CoV-2) for COVID-19

between March and June 2021.

Symptoms considered
indicative of COVID-19 were:
fever, cough, asthenia,
anosmia, dysgeusia, shortness
of breath, sore throat,
headache, myalgia, and
diarrhea. The forced
expiratory flow was assessed
at baseline and the follow-up
visit. Subgroup analyses were
also performed between
symptomatic and
asymptomatic patients and
those who developed severe
and mild COVID-19.

In the study, six patients died, 43 were admitted to
the hospital, and four were admitted to the
intensive care unit. Pancreatic insufficiency was
associated with an increased risk of severe
COVID-19 (OR = 4.04, 95%CI = 1.52 to 10.8) as well
as forced expiratory volume in one second < 40%
(OR = 4.54, 95%CI = 1.56 to 13.2), need of oxygen
therapy (OR = 12.3, 95%CI = 2.91 to 51.7), low
weight (OR =2.92, 95%CI = 1.12 to 7.57), organ
transplantation (OR = 7.31, 95%CI = 2.59 to 20.7),
diabetes mellitus (OR = 2.67, 95%CI = 1.23 to 5.80),
and liver disease (OR = 3.67, 95%CI = 1.77 to 7.59),
while the use of dornase alfa was associated with a
reduced risk (OR = 0.34, 95%CI = 0.13 to 0.88) of
severe COVID-19. No significant changes in forced
expiratory volume in one second were observed

from baseline to a median follow-up of two months.

The study reports the short-term
consequence of SARS-CoV-2
infection in CF. Forced expiratory
flow to assess the effects of
SARS-CoV-2 infection on
respiratory function has been
found to have limitations, and
other more sensitive measures may
provide different results, especially
in younger patients. In addition,
several clinical markers were
associated with the severe
COVID-19 phenotype.
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A 42-year-old transgender patient G2P1 (genetically . .
female, identifying as male) at 39 + 3 weeks Patients with CF and pregnancy
Report a case of a 42-year-old . A . may have favorable outcomes in
transgender patient gestation with underlying CF the COVID-19 setting. A
- (p.Phe508del/p.Arg117His and IVs8 7T /9T polyT A )
. (genetically female and - ) . multidisciplinary team should
. . To report COVID-19 in . e . variants in the CFTR gene) was admitted to a f
) Infection, Disease . identified as male) with the . 1s . manage these patients to ensure
[42] 4.05 a complex Case report One patient . tertiary hospital in Queensland Australia due to . . P -
& Health . . forced expiratory flow at . - optimal care, including infection
obstetric patient. . possible COVID-19 with symptoms of cough and e
39 weeks of gestation who . . . . control to prevent transmission and
o increased sputum production for five days. His . . .
presented a positive RT-PCR . . consideration of parental wishes
female partner was admitted the day prior due to . .
result for SARS-CoV-2. . A . regarding delivery and care of the
fever and productive cough following international newb ttor birth
travel with SARS-CoV-2 detectable on testing. ewborn atter birth.
The SARS-CoV-2 RT-PCR was performed on three
A case report of a 35-year-old successive samples a day apart. Several factors
man with a history of lung associated with false-negative SARS-CoV-2 RT-PCR
transplantation eight years results were previously reported. However,
ago was performed due to the nasopharyngeal swabs were unlikely to be The study concludes that lung
forced expiratory flow optimally performed as two different trained transplant patients with CF may be
decreasing and the presence of operators sampled them. Furthermore, the at increased risk of developing a
fever and dyspnea. A physical ~ hypothesis was raised after the first negative result, severe SARS-CoV-2 infection.
To report the examination was performed, and particular attention was taken to the second Extensive screening is needed in
[43] Journal of Cystic 553 COVID-19 features in Case report One patient pulmonary crackles were swabbing. Alternatively, it was possible that the symptomatic patients, including
N Fibrosis ’ one lung-transplanted P p noted, and the patient was patient was hospitalized for a rhinovirus infection those with milder symptoms. In
patient due to CF. hospitalized after evaluation and then acquired a SARS-CoV-2 infection. the context of the COVID-19
by high-resolution computed However, he had been placed in respiratory pandemic, all these results would
tomography. On the third day isolation at admission, and the disease incubation help to improve the rapid
after admission, RT-PCR was period ranged from two days to 11 days. identification of patients infected
positive for SARS-CoV-2. In Furthermore, rhinovirus is rarely associated with with SARS-CoV-2.
addition, the patient tested severe disease in lung-transplanted patients. His
positive for wife presented mild disease, with exclusively
rhinovirus infection. pharyngeal symptoms that could be attributed to
either rhinovirus or SARS-CoV-2 infection.
To report two cases of . S Children with severe pulmonary
children with . Case 1 (9-year-old boy): Pneumonia with involvement may be more likely to
. To describe two case reports of respiratory failure requiring non-invasive
Indian Journal of underlying pulmonary hild ith invol ¢ tilat " develop severe SARS-CoV-2
[44] 5.31 morbidity (CF) who Case report Two patients with CF ¢ \:vitfleeral g;er;ng)?l::ens}n yeniatory Support. infection and pulmonary

Paediatrics

developed severe
disease after
SARS-CoV-2 infection.

SARS-CoV-2.

Case 2 (18-month-old boy): Two episodes of severe
SARS-CoV-2 lower respiratory infection within two
months, requiring high-flow nasal oxygen support.

exacerbations. Strict preventive
measures must be taken to protect
children with CF from COVID-19.
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To analyze the
inflammatory cytokines
in a patient with CF
during the first wave of
the
COVID-19 pandemic.

3.56

Case report

One patient

A clinical case of a 14-year-old
girl with CF who had
pancreatic insufficiency was
described. Also, the study
describes the levels of the
inflammatory cytokines
identified in this patient.

The patient developed chronic lung disease
throughout childhood and adolescence with
bronchiectasis complicated by P. aeruginosa. The
tests performed were chest radiography with
diffuse thickening of the interlobular septa with
parenchymal infiltrates and RT-PCR with a positive
result for SARS-CoV-2 infection. The patient with
acute-phase COVID-19 had less activation of the
immune response, as measured by levels of
cytokines or chemokines, such as Interleukin (IL)-6,
C-C Motif Chemokine Ligands 2 (CCL2) and 5
(CCLS5), and C-X-C Motif Chemokine Ligands 8
(CXCLS8), 9 (CXCLY9), and 10 (CXCL10) than
pediatric and healthy patients referred to the center.
Plasma concentrations of IL-6, CCL2, CCL5, CXCLS,
and CXCL10 were lower during COVID-19 when
compared to levels measured a month earlier.
Cytokines remained low after a one-month
reassessment, suggesting that the immune response
to SARS-CoV-2 was not associated with increased
inflammatory response.

The patient with acute-phase
COVID-19 had less activation of
the immune response, as measured
by levels of cytokines or
chemokines, than pediatric and
healthy patients referred to the
center. Cytokines remained low
after a one-month reassessment,
suggesting that the immune
response to SARS-CoV-2 was not
associated with increased
inflammatory response.

Journal of
Ref. Publication
e Frontiers in
[45] Paediatric
) BMC Pulmonary
[46] Medicine

To describe the
SARS-CoV-2 incidence
in patients with CF for

one year.

3.20

Observational
study

Patients with CF screened for
SARS-CoV-2 IgG = 156.
Patients with CF positive for
SARS-CoV-2 in serology =13.

The profile of
anti-SARS-CoV-2 IgG
antibodies (serology) and the
presence of SARS-CoV-2 in
throat saliva or
nasopharyngeal swabs of 156
patients with CF were
described. Symptoms and
other clinical data were
recorded for patients with
confirmed infection for
SARS-CoV-2.

In the study, 13 (8.3%) patients tested positive for
SARS-CoV-2 infection, most of them during the
second and the beginning of the third wave of the
COVID-19 pandemic. Ten patients who tested
positive had symptoms linked to COVID-19. The
most common symptom was a cough, followed by
fatigue and headache. The SARS-CoV-2 infection
did not impair lung function. No positive tested
patient needed to be hospitalized.

The cumulative frequency of
SARS-CoV-2 infection was 8.3% in
CF, being lower than in the general

population. COVID-19 did not
alter the lung disease exacerbation
in CF. In addition, delivering data
on the immune response in CF will
be essential to determine the
vaccine priority.
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To evaluate the clinical
characteristics and
outcomes of
SARS-CoV-2 infection
in patients with CF
managed at home.

Letter to the
Editor as a
case report

9.21

Patients with CF followed at the
regional center = 352 (positive
diagnosis of COVID-19 = 80).

To describe the features of
patients with CF and
COVID-19 (positive RT-PCR of
nasal/throat material)
followed up at the CF center in
Florence, Italy, which serves
children and adults. Cases
were recorded through June
30, 2021. Diagnostic tests were
performed when there were
symptoms or, in asymptomatic
cases, if patients were at risk
for positive family contact or
work. In the study, pre- and
post-infection, the trend of
body mass index, or
weight/length percentile for
infants, and the predicted
percentage of forced
expiratory volume in one
second for patients +6 years,
were compared.

Telemedicine consultation took place immediately
following the COVID-19 diagnosis and during the
active infection (phone calls, monitoring of arterial
peripheral oxygen saturation (SpO), and screening
for pulmonary symptoms suggestive of COVID-19
were carried out). In the absence of criteria for
hospitalization, the authors advised the isolation of
the patient and his family, the use of a home pulse
oximeter, and, in the case of a reading of less than
92% or respiratory distress signs, the need for
hospitalization was suggested.

A total of 18 (5.1%) out of 352 patients with CF
followed at the regional center suffered from
SARS-CoV-2 infection. A total of 13 (72.2%,
ten males, mean age at SARS-CoV-2 infection: 27
years, range three months-59 years) out of 18
patients were managed at home. It excluded five
patients—two adults who needed hospitalization
due to lung transplant and three more cases with
persistent fever with SpO, <92%.

In this study, a higher prevalence of
SARS-CoV-2 infection in CF than in
previous studies was described.
However, no cases of infection
occurred in the early period of the
COVID-19 pandemic, likely due to
increased restrictions on social
distancing measures. Telemedicine
reduced the risk of cross-infection
and avoided
hospital overcrowding.

To report early
SARS-CoV-2 infection
2.89 after lung
transplantation in a
patient with CE.

Case report

One patient

A case report of a patient with
CF with an indication for lung
transplantation was
performed. A 21-year-old
male patient with no
comorbidities was diagnosed
with SARS-CoV-2 RT-PCR.
The patient was also infected
with adenovirus.

The patient showed clinical improvement with
supportive treatment without any directed
treatment for COVID-19. Although the most
probable source of infection was nosocomial, the
authors could not determine whether it was from a
healthcare professional or the patient’s caregivers,
as access to the patient was not restricted when the
patient’s condition was worsening. Nosocomial
infection must be prevented, especially in countries
with many cases of SARS-CoV-2 infection. It is
improbable that the donor was the source of the
infection because the donor tested negative for
SARS-CoV-2 RT-PCR before lung transplantation,
an incubation period of two weeks further
disfavored this hypothesis in the
immunosuppressed patient. In this case,
nasopharyngeal swabs of the recipient were not

collected before the lung transplantation. Currently,

nasopharyngeal swabs are collected for
SARS-CoV-2 RT-PCR testing from all patients.

There was a rapid disease
evolution in the patient who
required mechanical ventilation
72 h after the onset of symptoms.
Routine lung transplantation
should be maintained with
particular attention to donor
surveillance and postoperative
management. More studies are
needed to understand better the
role of co-infections with other
viruses and the impact of the
intensity of immunosuppression
on the clinical outcomes of organ
recipients with COVID-19.
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5.53

To describe the clinical

impact of SARS-Cov-2  Retrospective
. A N cohort
infection in patients
study

with CF in New York.

Eight hundred and ten patients
with CF were enrolled, and
twenty six had a positive
diagnosis of COVID-19.

A multicenter retrospective
cohort study was conducted to
assess the impact of the
COVID-19 pandemic on
people with CF in the New
York metropolitan area from
1 March 2020 to 31 August
2020. The prevalence of
COVID-19 was performed by
SARS-CoV-2 RT-PCR and IgG
antibodies. The following
markers were evaluated:
clinical characteristics, time in
routine outpatient care, and
the effect on anxiety and
depression in CF.

The prevalence of COVID-19 by SARS-CoV-2
RT-PCR (1.6%) and IgG antibody (12.2%) testing
was low. In the study, 58.0% of cases were
asymptomatic, and 82.0% were managed at home.
Also, 8.0% of the patients were hospitalized and
one patient died. In addition, 89.0% of the
individuals experienced a delay in care. The
prevalence of anxiety increased from 43.0% baseline
to 58.0% during the COVID-19 pandemic. In a post
hoc analysis, the proportion of patients with
diabetes mellitus (38.0% versus 16.0%) and
pancreatic insufficiency (96.0% versus 66.0%) were
higher in individuals with CF who tested positive
for COVID-19. In comparison, CFTR modulator use
was lower (46.0% versus 65.0%) in individuals with
CF who tested positive for COVID-19.

CF may increase the risk of
complications from COVID-19.
There was a lower prevalence of
COVID-19 when compared to the
general population in the assessed
region and a low hospitalization
rate during the first wave of the
pandemic. More studies are
needed to understand better the
long-term impact of COVID-19 on
CF as the general population
becomes vaccinated and social
contact returns to normal.

Journal of
Ref. Publication
Journal of Cystic
(501 Fibrosis
[48] Case Reports in

Women'’s Health

1.48

To report a case of
COVID-19in a
pregnant CF carrier
with
myasthenia gravis.

Case report

One patient

A case report of a 16-year-old
Hispanic woman with CF
(diagnosed on admission) in
her first pregnancy (seven
weeks) and with COVID-19
was carried out.

The use of acetylcholinesterase inhibitors, while
standard treatment in women with myasthenia
gravis and COVID-19 in pregnancy, may have
exacerbated mucus production, delaying the ability
to extubate the patient from the case report,
especially in the context of her CF carrier status.

Regardless of myasthenia gravis,
there is a unique opportunity to
protect all pregnant women by

recommending genetic testing for

patients with CF for family
planning and identifying a risk
factor for severe COVID-19
and mortality.

[49] Diagnostics

3.99

To report the first case
of COVID-19 treated
with monoclonal
anti-spike antibodies in
a patient with CF
in Romania.

Case report

One patient

A case report of a 17-year-old
patient with CF who had not
been vaccinated, diagnosed as
RT-PCR positive for
SARS-CoV-2, was performed.

At the time of evaluation, the patient was afebrile
(36.6 °C), with a blood pressure of 121/78 mmHg,
heart rate of 85 b.p.m., respiratory rate of
20 cycles/min, and peripheral arterial oxygen
saturation of 97% in room air. The

electrocardiogram showed no pathological changes.

A computed tomography scan of the chest was
performed, which revealed isolated central and
peripheral ground-glass opacities distributed
bilaterally, and was suggestive of mild pneumonia
caused by COVID-19.

The study reported the first case of
administration of anti-spike
SARS-CoV-2 monoclonal
antibodies in CF and COVID-19 in
the presence of moderate
symptoms and good clinical
outcomes. As monoclonal
antibodies become part of routine
clinical practice in Romania and
elsewhere, it becomes essential to
characterize the profile of patients
who are expected to have the most
significant benefit and least risk
from this type of treatment and
prioritize timely diagnosis to allow
early therapeutic intervention to
prevent progression to
severe disease.

%, percentage; <, less than; 95%CI, 95% confidence interval; AU/mL, arbitrary units per milliliter; b.p.m., beats per minute; CFTR, cystic fibrosis transmembrane regulator; cm H,0O,
centimeter of water; G2P1, two pregnancies, one birth; h; hour; IF, impact factor; ref, reference; IgG, immunoglobulin G; IgM, immunoglobulin M; min, minute; mm Hg, millimeter(s) of
mercury; N, number of patients; PEEP, positive end-expiratory pressure; RR, relative risk; RT-PCR, real-time polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome

coronavirus 2.
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Deaths were observed in some papers (n = 38 patients with CF) [29,33,38]. Importantly,
lung-transplanted patients with CF presented with an increased risk of death in one
publication [38]; in accordance, another study described that lung transplantation and
moderate to severe lung disease were independent risk factors for severe outcomes after
SARS-CoV-2 infection [33]. It is worth mentioning that, in a study that included patients
from several diseases, in which there were two deaths, it is not clear which patients died,
so it was not counted in the sum of the cases of deaths [24].

In addition to CE, the studies have reported several other comorbidities, such as
pulmonary hypertension, obesity, asthma, other chronic obstructive pulmonary disease,
obstructive sleep apnea, and lung cancer [20,26,31,31]. But the most frequent diseases
associated with CF were cystic-fibrosis-related diabetes (CF-RD) (n = 610 patients with
CF) [20,24,29,31-34,38,41,50], pancreatic failure (n = 867 patients with CF) [20,33,38,41,45,49,50],
systemic arterial hypertension (n = 268 patients with CF) [29,31-33,50], and chronic lower
respiratory disease (n = 259 patients with CF) [29]. Other comorbidities were reported, such
as liver disease (n = 77 patients with CF) [20,31,41,44,50], kidney disease (n = 106 patients
with CF) [29,32,41,50], heart disease (n = 96 patients with CF) [29,31], and other types of
cancer (n = two patients with CF) [32].

Other common etiological agents from CF were identified in addition to SARS-CoV-2,
such as Pseudomonas aeruginosa (n = 613 patients with CF; one patient was using an anti-P.
aeruginosa therapy) [19-21,24,28,31,33,38,41,44,45,47], Staphylococcus aureus (n = 498 patients
with CF) [19,21,33,38,47], Burkholderia cenocepacia (n = 37 patients with CF) [33,35,38,41,47],
Stenotrophomonas ssp. (n = 66 patients with CF) [33,47], Nontuberculous mycobacteria
(n = ten patients with CF) [19], Muycobacteria ssp. (n = 28 patients with CF) [33],
Stenotrophomonas maltophilia (n = one patient with CF) [38], and Aspergillus ssp.
(n =163 patients with CF) [21,26,28,31,33,41].

The pharmacological interventions reported included antibiotics, used in 1272 indi-
viduals, which included Azithromycin (n = 451 patients with CF) [27,31,33,41,47], oral
antibiotics (n = 253 patients with CF) [19,33,50], intravenous antibiotics (n = 352 patients
with CF) [19,33,50], and non-specified antibiotics administration (n = 216 patients with
CF) [19,20,24,28,35,37,38,41,44,45,48,49]. An inhaled corticosteroid was prescribed to
119 patients with CF [20,31,37,41]; furthermore, an oral corticosteroid was used in
96 patients with CF [20,21,24,27,31,38,41,44,48,49]. In addition, salbutamol was used
in only two patients with CF [28,40] and the dornase alfa in 82 patients with
CF [21,30,41]. Curiously, antiviral drugs, such as Ritonavir [19,38], Lopinavir [20,38],
and Remdesivir [27,44,49,50], were prescribed to 22 patients with CF. Some studies de-
scribed therapy with monoclonal antibodies (mAbs) to treat patients with CF affected by
COVID-19 [27,38,49]; in addition, one study described the use of immunotherapy with Oma-
lizumab [27]. Hydroxychloroquine was administered to 16 patients with CF [20,27,35,38,50].
Telemedicine was used to reduce cross-infection and obtain clinical data for SARS-CoV-2
infection [39,47].

3.2. Demographic and Clinical Characteristics of the Brazilian Hospitalized Patients with CF
and SARI

We assessed the data of 3,177,462 hospitalized patients due to SARI; we recovered
the data of 501 patients with CF from them. We excluded 75 patients due to the absence
of outcomes, 66 from the SARI due to an unknown etiological agent group, and nine
with SARI due to the SARS-CoV-2 infection group. In this context, we enrolled a total of
426 hospitalized patients with CF and SARI during the period of the study. The distribution
of the patients according to the place of notification (Figure 1) and state of residence is
presented in Supplementary Table S1. In addition, we presented the cumulative number
of cases for SARI due to an unknown etiological agent group and SARS-CoV-2 infection
group by month of the COVID-19 pandemic considering the outcomes in Figure 2.
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Figure 1. Distribution of the hospitalized patients with cystic fibrosis due to severe acute respiratory
infection in Brazil during the coronavirus disease, COVID-19 pandemic. We showed the Brazilian
states and Federal District (FD). We presented the data using the number of individuals (N). AC,
Acre; AL, Alagoas; AM, Amazonas; AP, Amapa; BA, Bahia; CE, Ceara; ES, Espirito Santo; GO, Goias;
MA, Maranhao; MS, Mato Grosso do Sul; MT, Mato Grosso; MG, Minas Gerais; PA, Para; PB, Paraiba;
PA, Parana; PE, Pernambuco; PI, Piaui; R], Rio de Janeiro; RN; Rio Grande do Norte; RS, Rio Grande
do Sul; RR, Roraima; RO, Rondénia; Santa Catarina; SP, Sao Paulo; SE, Sergipe; TO, Tocantins; IBGE,
Instituto Brasileiro Geografia e Estatistica.

In our data, most of the patients with CF were female (230; 54.0%). Most of those
included identified themselves as White (272; 63.8%), followed by Pardos (Multiracial
background - 132; 31.0%), and Black (15; 3.5%). Individuals aged <5 years (96; 22.5%) and
>50 years (119; 27.9%) were the most prevalent (Table 2). Those who lived in an urban
region were the most common individuals (385; 90.4%), few patients had a nosocomial
infection (7; 1.6%), and few individuals were treated with antiviral drugs (82; 19.2%),
Oseltamivir being the most used drug (78; 18.3%) (Table 2).
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Figure 2. Cumulative number of cases for severe acute respiratory infection (SARI) due to

an unknown etiological agent group (A) and severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) infection (B) group by month of coronavirus disease, COVID-19 pandemic considering

the outcomes (number (n) of deaths and number of clinical recoveries). We obtained the data from

29 December 2019 to 20 March 2022.
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Table 2. Demographic and clinical characteristics of the hospitalized patients with cystic fi-

brosis and severe acute respiratory infection (SARI) in Brazil during the coronavirus disease,
COVID-19 pandemic.

Markers Data N (%)
Sex Male 196 (46.0%)
Female 230 (54.0%)
Race White 272 (63.8%)
Black 15 (3.5%)
Asian 6 (1.4%)
Pardos (Multiracial background) 132 (31.0%)
Indigenous peoples 1(0.2%)
Age * <5 years 96 (22.5%)
>5 years and <10 years 40 (9.4%)
>10 years and <15 years 46 (10.8%)
>15 years and <20 years 36 (8.5%)
>20 years and <25 years 33 (7.7%)
>25 years and <30 years 12 (2.8%)
>30 years and <35 years 13 (3.1%)
>35 years and <40 years 13 (3.1%)
>40 years and <45 years 8 (1.9%)
>45 years and <50 years 10 (2.3%)
>50 years 119 (27.9%)
Place of residence Urban 385 (90.4%)
Rural 27 (6.3%)
Peri-urban 14 (3.3%)
Nosocomial infection Yes 7 (1.6%)
No 419 (98.4%)
Clinical symptoms
Fever Yes 259 (60.8%)
Cough Yes 357 (83.8%)
Sore throat Yes 33 (7.7%)
Dyspnea Yes 355 (83.3%)
Respiratory discomfort Yes 334 (78.4%)
Peripheral artez’1<£1915(())/>3/gen saturation Yes 311 (73.0%)
Diarrhea Yes 32 (7.5%)
Vomit Yes 43 (10.1%)
Coryza Yes 14 (3.3%)
Headache Yes 21 (4.9%)
Myalgia Yes 13 (3.1%)
Other clinical symptoms Yes 58 (13.6%)
Comorbidities
Cardiopathy Yes 54 (12.7%)
Hematological disease Yes 2 (0.5%)
Down syndrome Yes 3(0.7%)
Liver disease Yes 9 (2.1%)
Asthma Yes 22 (5.2%)
Diabetes mellitus Yes 46 (10.8%)
Neurological disease Yes 14 (3.3%)
Immunosuppressive disease Yes 17 (4.0%)
Kidney disease Yes 10 (2.3%)
Obesity Yes 7 (1.6%)
Antiviral to treat flu Yes 82 (19.2%)
No 344 (80.8%)
Drugs to treat flu—antiviral type Oseltamivir 78 (18.3%)
Zanamivir 1(0.2%)
Other 3 (0.7%)
No 344 (80.8%)
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Table 2. Cont.

Markers Data N (%)

Intensive care unit Yes 135 (31.7%)
No 291 (68.3%)

Mechanical ventilatory support Invasive 67 (15.7%)
Non-invasive 244 (57.3%)
None 115 (27.0%)
Discharge criterion Laboratorial 400 (93.9%)

Clinical 26 (6.1%)
Outcome Clinical recovery 319 (74.9%)
Death due to SARI 94 (22.1%)

Death was not related to SARI 13 (3.1%)

SARI classification SARI due to another viral infection 23 (5.4%)
SARI due to an unknown etiological agent 286 (67.1%)
SARI due to SARS-CoV-2 infection 117 (27.5%)

We presented the data using the number of individuals (N) and the percentage (%). <, less than; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2. *, we classified the age according to the Brazilian Cystic
Fibrosis Registry.

The most common symptoms were cough (357; 83.8%), followed by dyspnea
(355; 83.3%), and respiratory discomfort (334; 78.4%), whereas the most common comor-
bidities were cardiopathy (54; 12.7%), diabetes mellitus (46; 10.8%), and asthma (22; 5.2%)
(Table 2). Almost one-third of the patients needed ICU treatment (135; 31.7%), and most of
the patients in this cohort needed mechanical ventilatory support of some kind, invasive
(67; 15.7%) or non-invasive (244; 57.3%) (Table 2). Most of the patients had SARI due to an
unknown etiological agent (286; 67.1%), followed by SARI due to SARS-CoV-2 infection
(117; 27.5%), and SARI due to another viral infection (23; 5.4%) (Table 2). The main dis-
charge criterion was based on laboratory findings (400; 93.9%) rather than clinical findings
(26; 6.1%). Finally, most patients had clinical recovery (319; 74.9%); however, several pa-
tients died due to SARI (94; 22.1%). The complete demographical and clinical characteristics
are summarized in Table 2.

3.3. Demographic and Clinical Characteristics of Brazilian Hospitalized Patients with CF
According to the SARI Group

As mentioned previously, our study accounted for three groups of patients with CF
and SARI, namely, SARI due to another viral infection than SARS-CoV-2, SARI due to an
unknown etiological agent, and SARI due to SARS-CoV-2 infection. In all three groups,
most of the individuals were White, with a higher prevalence of this race in individuals
with SARI due to an unknown etiological agent (195; 68.2%) (p = 0.026) (Table 3). Regarding
age, individuals with SARI due to SARS-CoV-2 infection tended to be older, especially over
50 years old (63; 53.8%), whereas, for SARI due to another viral agent than SARS-CoV-2
(16; 69.6%) and SARI due to an unknown etiological agent (70; 24.5%), a higher prevalence
of individuals under five years old was observed (p < 0.001). Although in all three groups,
most of the patients lived in an urban area, a higher percentage of individuals living in a
peri-urban region was observed in individuals with SARI due to another viral infection
than SARS-CoV-2 (3; 13.0%) when compared to the other groups (p = 0.024) (Table 3). There
was no difference between the three groups regarding sex, nosocomial infection, antiviral
drug use to treat the flu symptoms, and discharge criterium (Table 3).

A higher prevalence of individuals with SARI due to SARS-CoV-2 infection presented
(107; 91.5%) dyspnea when compared to SARI due to another viral agent than SARS-
CoV-2 (20; 87.0%) and SARI due to an unknown etiological agent (228; 79.7%) (p = 0.010)
(Supplementary Table S2; Figure 3A). In the same way, individuals with SARI due to
SARS-CoV-2 infection (95; 81.2%) also presented a higher prevalence of lower peripheral
arterial oxygen saturation (SpO,) when compared to the other groups [SARI due to another
viral agent than SARS-CoV-2 (14; 60.9%) and SARI due to an unknown etiological agent
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(202; 70.6%)] (p = 0.035) (Supplementary Table S2; Figure 3A). Finally, cardiopathy was
more common in individuals with SARI due to SARS-CoV-2 infection (32; 27.4%) when
compared to the other groups [SARI due to another viral agent than SARS-CoV-2 (no
cases) and SARI due to an unknown etiological agent (22; 7.7%)] (p < 0.001). There was
no statistical difference for other symptoms or comorbidities (Supplementary Table S2;
Figure 3A,B).

Table 3. Association between demographical and clinical characteristics of the hospitalized patients
with cystic fibrosis according to the severe acute respiratory infection (SARI) groups in Brazil during

the coronavirus disease, COVID-19 pandemic.

SARI Due to SARI Due to an SARI Due to
Markers Data Another Viral Unknown SARS-CoV-2 Total p
Infection Etiological Agent Infection
Sex Male 11 (47.8%) 126 (44.1%) 59 (50.4%) 196 (46.0%) 0.489 2
Female 12 (52.2%) 160 (55.9%) 58 (49.6%) 230 (54.0%)
Race White 12 (52.2%) 195 (68.2%) 65 (55.6%) 272 (63.8%) 0.026 ®
Black 1 (4.3%) 11 (3.8%) 3(2.6%) 15 (3.5%)
Asian 0 (0.0%) 3 (1.0%) 3(2.6%) 6 (1.4%)
Pardos (Multiracial 9 (39.1%) 77 (26.9%) 46 (39.3%) 132 (31.0%)
background) ’ ’ ’ ’
Indigenous peoples 1 (4.3%) 0 (0.0%) 0 (0.0%) 1(0.2%)
Age * <5 years 16 (69.6%) 70 (24.5%) 10 (8.5%) 96 (22.5%) <0.001°
>5 years and <10 years 3 (13.0%) 32 (11.2%) 5 (4.3%) 40 (9.4%)
>10 years and <15 years 1 (4.3%) 42 (14.7%) 3(2.6%) 46 (10.8%)
>15 years and <20 years 2 (8.7%) 26 (9.1%) 8 (6.8%) 36 (8.5%)
>20 years and <25 years 0 (0.0%) 26 (9.1%) 7 (6.0%) 33 (7.7%)
>25 years and <30 years 0 (0.0%) 10 (3.5%) 2 (1.7%) 12 (2.8%)
>30 years and <35 years 0 (0.0%) 11 (3.8%) 2 (1.7%) 13 (3.1%)
>35 years and <40 years 0 (0.0%) 9 (3.1%) 4 (3.4%) 13 (3.1%)
>40 years and <45 years 0 (0.0%) 3 (1.0%) 5 (4.3%) 8 (1.9%)
>45 years and <50 years 0 (0.0%) 2 (0.7%) 8 (6.8%) 10 (2.3%)
>50 years 1 (4.3%) 55 (19.2%) 63 (53.8%) 119 (27.9%)
Urban 19 (82.6%) 257 (89.9%) 109 (93.2%) 385 (90.4%) 0.024 b
Place of Rural 1(43%) 18 (6.3%) 8 (6.8%) 27 (6.3%)
residence Peri-urban 3 (13.0%) 11 (3.8%) 0 (0.0%) 14 (3.3%)
Nosocomial Yes 0 (0.0%) 5 (1.7%) 2 (1.7%) 7 (1.6%) 1.000 ®
infection No 23 (100.0%) 281 (98.3%) 115 (98.3%) 419 (98.4%)
Antiviral to treat Yes 5(21.7%) 59 (20.6%) 18 (15.4%) 82 (19.2%) 0.4782
Flu No 18 (78.3%) 227 (79.4%) 99 (84.6%) 334 (80.8%)
Oseltamivir 5(21.7%) 55 (19.2%) 18 (15.4%) 78 (18.3%) 0.770°
Drugs to treat Zanamivir 0 (0.0%) 1 (0.3%) 0 (0.0%) 1 (0.2%)
Flu Others 0 (0.00%) 3(1.0%) 0 (0.0%) 3(0.7%)
No 18 (78.3%) 227 (79.4%) 99 (84.6%) 344 (80.8%)
Discharge Laboratorial 23 (100.0%) 272 (95.1%) 105 (89.7%) 400 (93.9%) 0.074°
criterion Clinical 0 (0.0%) 14 (4.9%) 12 (10.3%) 26 (6.1%)

We presented the data using the number of individuals (N) and the percentage (%). SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2. ¥, we classified the age according to the Brazilian Cystic Fibrosis Registry.
2, we performed the statistical analysis using the chi-square test; ®, we performed the statistical analysis using the
Fisher’s exact test. We adopted an alpha error of 0.05. We demonstrated the significant p using the bold type.

The highest prevalence for ICU treatment was for patients with SARI due to SARS-CoV-2
infection (52; 44.4%) (p < 0.001), as well as the need for invasive mechanical ventilation
(29; 24.8%) (p = 0.007; Supplementary Table S3; Figure 4). Almost half of the patients with
SARS-CoV-2 infection and CF died (51; 43.6%); in contrast, none of the patients classified
in the SARI due to another viral infection group died. However, we observed 43 (15.0%)
deaths due to SARI in the group of patients classified as SARI due to an unknown etiological
agent (p < 0.001; Supplementary Table S3; Figure 4). In addition, 12 (4.2%) deaths and one
(0.9%) death not associated with the SARI occurred, respectively, in the groups classified
as SARI due to an unknown etiological agent and SARI due to COVID-19. Furthermore,
individuals with SARI due to an unknown etiological agent were hospitalized for more days
(1453 + 184 days) (Table 4). In contrast, individuals with SARI due to
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SARS-CoV-2 infection were hospitalized for more days in ICU (2.31 £ 4.31 days) (Table 4).
All data are summarized in Supplementary Table S3, Figure 4, and Table 4.
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Figure 3. Description of the clinical symptoms and comorbidities of the hospitalized patients with

cystic fibrosis according to the severe acute respiratory infection groups in Brazil during the coron-

avirus disease, COVID-19 pandemic. (A) Clinical symptoms; (B) comorbidities. We presented the

data using the percentage (%). We presented the p for the significant association only and performed

the statistical analysis using the chi-square test or Fisher’s exact test. We adopted an alpha error of

0.05. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; %, percentage; SpO,, peripheral

arterial oxygen saturation.
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[ No
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Figure 4. Association between the need for an intensive care unit, the need for mechanical venti-
lation, and the death of the hospitalized patients with cystic fibrosis according to the severe acute
respiratory infection (SARI) groups in Brazil during the coronavirus disease, COVID-19 pandemic. p
for the need for an intensive care unit = < 0.001; p for the need for mechanical ventilation = 0.007;
p for death = < 0.001. We presented the data using the number of patients (N) and percentage (%).
We performed the statistical analysis using the Fisher’s exact test. We adopted an alpha error of 0.05.
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; %, percentage.

Table 4. Association between the time of symptom onset, time of hospitalization, and time in intensive
care unit in the hospitalized patients with cystic fibrosis in Brazil according to the severe acute respi-
ratory infection (SARI) groups and outcomes during the coronavirus disease, COVID-19 pandemic.

Time between

Time between Symptoms Time in the Intensive Care

SARI Groups Onset and Outcome (Days) Hospitalization and Outcome Unit (Days)
(Days)

SARI due to another viral infection 14.09 £8.71 10.83 + 8.01 0.08 +0.39
SARI due to an unknown etiological agent 20.81 + 23.05 14.53 +18.41 1.81 +5.42
SARI due to SARS-CoV-2 infection 17.92 + 16.44 11.12 + 14.36 231 +431

P 0.155 0.007 2 <0.001"
Death due to SARI 20.06 £ 21.90 12.96 £ 20.19 3.86 + 5.66
Clinical recovery 16.39 £+ 10.38 9.80 + 7.05 1.10 +2.27

pe 0.852 0.549 <0.001

We presented the data using the mean and standard deviation. SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2. We performed the statistical analysis using the Kruskal-Wallis test and Mann-Whitney test. We
adopted an alpha error of 0.05. We demonstrated the significant p using the bold type. ?, SARI due to an unknown
etiological agent was significantly different from SARI due to SARS-CoV-2 infection (p = 0.006); ®, SARI due
to another viral infection was significantly different from SARI due to SARS-CoV-2 infection (p < 0.001) and
from SARI due to an unknown etiological agent (p = 0.015), also, SARI due to an unknown etiological agent was
significantly different from SARI due to SARS-CoV-2 infection (p = 0.020); ¢, we evaluated the outcomes for the
group of patients infected with the SARS-CoV-2 only.
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In addition, we performed an exploratory analysis regarding the response (outcomes)
for COVID-19 vaccination in the groups of hospitalized patients with CF classified as SARI
groups by outcomes. The COVID-19 vaccination status was described for few individuals.
In our data, no hospitalized patients classified as SARI due to another viral infection group
died and only 1/15 (6.7%) was vaccinated (Table 5). Among those classified as SARI due to
an unknown etiological agent, 32/94 (34.0%) patients were COVID-19 vaccinated and 5/11
(45.5%) deaths occurred among the vaccinated ones (p = 0.390) (Table 5). Among those
classified as SARI due to SARS-CoV-2 infection, 26/50 (52.0%) patients were COVID-19
vaccinated and 14/20 (70.0%) deaths occurred among the vaccinated ones (p = 0.139)
(Table 5). Finally, in the pooled analysis, 59/159 (37.1%) patients were COVID-19 vaccinated
and 19/31 (61.3%) deaths occurred among the vaccinated ones (p = 0.041) (Table 5).

Table 5. Association between coronavirus disease, COVID-19 vaccination status of the hospitalized
patients with cystic fibrosis and severe acute respiratory infection (SARI) groups in Brazil with the
risk for death during the coronavirus disease, COVID-19 pandemic.

Data The Patient Received the The Patient Did Not Receive the Total p
COVID-19 Vaccination COVID-19 Vaccination
SARI due to another viral infection group
Clinical recovery 1(6.7%) 14 (93.3%) 15 (100.0%) -
SARI due to an unknown etiological agent
Clinical recovery 25 (32.5%) 52 (67.5%) 77 (100.0%) 0.3902
Death due to SARI 5 (45.5%) 6 (55.5%) 11 (100.0%)
Death was not related to SARI 2 (33.3%) 4 (66.6%) 6 (100.0%)
SARI due to SARS-CoV-2 infection
Clinical recovery 12 (41.4%) 17 (58.6%) 29 (100.0%) 0.1392
Death due to SARI 14 (70.0%) 6 (30.0%) 20 (100.0%)
Death was not related to SARI 0 (0.0%) 1 (100.0%) 1 (100.0%)
All hospitalized patients with cystic fibrosis
Clinical recovery 38 (31.4%) 83 (68.6%) 121 (100.0%) 0.0412
Death due to SARI 19 (61.3%) 12 (38.7%) 31 (100.0%)
Death was not related to SARI 2 (28.6%) 5 (71.4%) 7 (100.0%)

We presented the data using the number of individuals (N) and the percentage (%). SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2. ?, we performed the statistical analysis using the Fisher’s exact test. We
adopted an alpha error of 0.05. We demonstrated the significant p using the bold type.

3.4. Clinical and Demographic Characteristics Associated with Death in Brazilian Hospitalized
Patients with CF and COVID-19

A total of 51/116 (44.0%) patients with both CF and COVID-19 died, and 65/116 (66%)
recovered during the study. A higher prevalence of death was observed with older age,
especially those over 50 years old (37; 72.5%); in this context, we compared the chance
of death among the patients aged above and below 50 years, and we observed an OR
of 3.964 (95%CI = 1.799 to 8.736) for those aged over 50 years (Table 6). Most of those
who died had SpO; <95% (46; 90.2%—OR = 3.258 (95%CI = 1.111 to 9.556)) whereas most
of those who recovered presented with a fever (47; 72.3%—OR = 0.368 (95%CI = 0.170
to 0.797)) (Supplementary Table S4; Figure 5A). Finally, most of the patients who died
needed ICU treatment (34; 66.7%—OR = 5.647 (95%CI = 2.530 to 12.610)) and needed
invasive mechanical ventilation (27; 52.9%—OR = 82.700 (95%CI = 12.480 to 1073)) when
compared to those who recovered (Supplementary Table S5; Figure 6). There was no
statistical significance regarding sex, race, place of residence, nosocomial infection, other
clinical symptoms, comorbidities, antiviral use, or discharge criterion with the outcome
(Table 6; Supplementary Table S4; Figure 5A,B).
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Table 6. Association between demographical and clinical characteristics of the hospitalized patients
with cystic fibrosis and SARS-CoV-2 infection in Brazil with the risk for death during the coronavirus
disease, COVID-19 pandemic.

Markers Data Death Due to SARI Clinical Recovery Total p
Sex Male 29 (56.9%) 29 (44.6%) 58 (50.0%) 0.262 2
Female 22 (43.1%) 36 (55.4%) 58 (50.0%)
Race White 31 (60.8%) 34 (52.3%) 65 (56.0%) 0.819°P
Black 1(2.0%) 2(3.1%) 3 (2.6%)
Asian 1 (2.0%) 2 (3.1%) 3(2.6%)
Pardos (Multiracial background) 18 (35.3%) 27 (41.5%) 45 (38.8%)
Age* <5 years 0 (0.0%) 10 (15.4%) 10 (8.6%) <0.001"
>5 years and <10 years 0 (0.0%) 5(7.7%) 5 (4.3%)
>10 years and <15 years 1 (2.0%) 2 (3.1%) 3(2.6%)
>15 years and <20 years 1 (2.0%) 7 (10.8%) 8 (6.9%)
>20 years and <25 years 3 (5.9%) 4 (6.2%) 7 (6.0%)
>25 years and <30 years 2 (3.9%) 0 (0.0%) 2 (1.7%)
>30 years and <35 years 0 (0.0%) 1(1.5%) 1 (0.9%)
>35 years and <40 years 1 (2.0%) 3 (4.6%) 4 (3.4%)
>40 years and <45 years 1 (2.0%) 4 (6.2%) 5 (4.3%)
>45 years and <50 years 5(9.8%) 3 (4.6%) 8 (6.9%)
>50 years 37 (72.5%) 26 (40.0%) 63 (54.3%)
Place of residence Urban 46 (90.2%) 62 (95.4%) 108 (93.1%) 0.297°P
Rural 5(9.8%) 3 (4.6%) 8 (6.9%)
. ) Yes 2 (3.9%) 0(0.0%) 2 (1.7%) 0.191®
Nosocomial infection No 49 (96.1%) 65 (100.0%) 114 (98.3%)
L. Yes 7 (13.7%) 11 (16.9%) 18 (15.5%) 0.797 2
Antiviral to treat flu No 44 (86.3%) 54 (83.1%) 98 (84.5%)
Discharge criterion Laboratorial 44 (86.3%) 61 (93.8%) 105 (90.5%) 0.209b
Clinical 7 (13.7%) 4(6.2%) 11 (9.5%)

The patients used only Oseltamivir. We presented the data using the number of individuals (N) and the percentage
(%). SARI, severe acute respiratory infection; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
*, we classified the age according to the Brazilian Cystic Fibrosis Registry. ?, we performed the statistical analysis
using the chi-square test; ®, we performed the statistical analysis using the Fisher’s exact test. We adopted an
alpha error of 0.05. We demonstrated the significant p using the bold type.
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Figure 5. Association between clinical symptoms and comorbidities of the hospitalized patients with

cystic fibrosis and SARS-CoV-2 infection in Brazil according to the outcome during the coronavirus

disease, COVID-19 pandemic. (A) Clinical symptoms; (B) comorbidities. We presented the data

using the percentage (%). We performed the statistical analysis using the chi-square test and Fisher’s

exact test. We adopted an alpha error of 0.05. *, p with a significant value. SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2; %, percentage; SpO,, peripheral arterial oxygen saturation;
OR, odds ratio; 95%CI, 95% confidence interval. Fever—OR = 0.368 (95%CI = 0.170 to 0.797);
SpO,—OR = 3.258 (95%CI = 1.111 to 9.556).
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Patients with cystic fibrosis who died due to
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Figure 6. Association between the need for intensive care unit and mechanical ventilatory support
with risk of death in hospitalized patients with cystic fibrosis and SARS-CoV-2 infection in Brazil
during the coronavirus disease, COVID-19 pandemic. We presented the data using the number of

patients (N) and percentage (%). We performed the statistical analysis using the chi-square test for

the mechanical ventilatory support and Fisher’s exact test for the intensive care unit. We adopted

an alpha error of 0.05. We presented the significant p value as red color. SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2; %, percentage.
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Finally, individuals with SARI due to SARS-CoV-2 infection who died were hospital-
ized for more days in ICU than those who presented clinical recovery (3.86 & 5.66 days vs.
1.10 4 2.27 days; p < 0.001) (Table 4).

3.5. Microbiological Profile of Brazilian Hospitalized Patients with CF According to the Three
Groups of SARI

Several viruses other than SARS-CoV-2 were identified in our cohort; for instance, in
individuals with SARI due to a viral infection other than SARS-CoV-2, the most common
viruses were rhinovirus (12 cases), followed by respiratory syncytial virus (six cases),
parainfluenza 3 (four cases), influenza A (two cases), bocavirus (two cases), parainfluenza 1
(one cases) and parainfluenza 4 (one case). Regarding SARI due to an unknown etiological
agent, in most patients, the RT-PCR was negative for a viral infection (263 cases); however,
some patients did not have the RT-PCR result (23 cases). In the group of patients with
COVID-19, the SARS-CoV-2 infection was confirmed by RT-PCR, and infections with
rhinovirus (two cases, no deaths) and influenza A (one case who died) were also diagnosed
(Table 7).

Table 7. Description of the respiratory virus identified in the hospitalized patients with cystic fibrosis
according to the severe acute respiratory infection (SARI) groups in Brazil during the coronavirus
disease, COVID-19 pandemic.

Result SARI Due to Viral SARI Due to an Unknown SARI Due to Total
Infection Etiological Agent SARS-CoV-2 Infection
Bocavirus 1 0 0 1
Bocavirus + parainfluenza 3
. 1 0 0 1
+ parainfluenza 4
Influenza A 2 0 1* 3
Parainfluenza 1 + respiratory
. . 1 0 0 1
syncytial virus
Parainfluenza 3 2 0 0 2
Parainfluenza 3 + rhinovirus 1 0 0 1
Respiratory syncytial virus 4 0 0 4
Respiratory syncytial virus +
. . 1 0 0 1
rhinovirus
Rhinovirus 10 0 2% 12
SARS-CoV-2 0 0 114 114
RT-PCR without result 0 23 0 23
RT—PCR was negatlve for 0 263 0 263
viral infection
Total 23 286 117 426

We presented the data using the number of individuals (N) and the percentage (%). RT-PCR, real-time polymerase
chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. *, the patients also presented a
positive result in the RT-PCR for SARS-CoV-2.

4. Discussion

To the best of our knowledge, this study is the only one that comprised a uniquely
Brazilian cohort of hospitalized patients with both CF and SARI. We further divided our
cohort into three different groups, namely, SARI due to another viral infection than SARS-
CoV-2 ones (23; 5.4%); SARI due to an unknown etiological agent (286; 67.1%), and SARI
due to SARS-CoV-2 infection (117; 27.5%) to tease apart, among the etiological agents
that cause SARI, the effect that SARS-CoV-2 has on CF individuals in Brazil. Patients in
the latter group seemed to have a more severe clinical condition, since they presented a
higher case fatality rate, need for ICU, need for invasive mechanical ventilation, and even a
higher prevalence of clinical symptoms related to higher severity, such as dyspnea and low
peripheral oxygen saturation, when compared to the other study groups.

Previous studies reported the clinical characteristics and outcomes of individuals with
CF and SARS-CoV-2 [18-21,24-50]. Unfortunately, most of the studies were performed in
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the European continent, where the genetic variability in the CFTR gene is low. For example,
one European collaborative study identified homozygous and heterozygous individuals
for the p.Phe508del pathogenic variant in the CFTR gene in ~46.0% and ~39.0% of the
individuals, respectively [51]. The Brazilian population, however, is extremely mixed
due to intense miscegenation between African, native Indigenous, and European people,
which consequently leads to high genetic heterogeneity, as observed in the different genetic
profiles of patients with CFE, in which p.Phe508del, p.Gly542X, p.Asn1303Lys, p.Gly551Asp,
and p.Arg553X pathogenic variants of the CFTR gene were observed in only ~56.0% of CF
reported cases, with a wide variation across the Brazilian states [52-56]. Thus, researchers
must describe the outcomes of COVID-19 in patients with CF with different genetic profiles,
like in the case of Brazil, where rare and new genetic variants in the CFTR gene were
previously described [57-60].

In the study performed by Hadi et al. (2021) [29], 422 patients with CF and COVID-19
were included from more than 40 health care centers in the United States of America, and
most of the patients included were female and Caucasian (White individuals), similar to
our study. The authors observed enhanced 30-day mortality (5.2% vs. 1.7%), ICU admission
(11.6% vs. 2.6%), and need for mechanical ventilation (6.2% vs. 1.6%) in patients with
COVID-19 and CF when compared to those with only COVID-19. In our study, however,
we observed a higher case fatality rate, need for mechanical ventilation, and ICU care
admission than reported by Hadi et al. [29], perhaps due to the fact that all of our patients
needed hospitalization, and only 117 (23.3%) of Hadi et al.’s cohort needed inpatient service,
which may correspond to the more severe clinical condition of our cohort.

A French study included 31 patients with COVID-19 and CF [31]. Regarding the
distribution of symptoms, the authors observed fever, cough, and fatigue to be the most
common ones, and only 19 (61.3%) of them needed hospitalization, whereas, in our study,
cough, dyspnea, and respiratory discomfort were the most frequent and all the patients
needed hospitalization. Perhaps this difference can be ascribed to the patient selection
workflow, which included a more severe clinical condition in our patients [31]. Similar to
our study, high ICU admission was observed; however, only one (3.2%) patient with CF
needed invasive mechanical ventilation, and none of them died [31]. Another study carried
out in Europe, in Italy, by Colombo et al. (2022) [41] comprised 236 patients with CF and
positive RT-PCR for SARS-CoV-2. Most patients reported fever, cough, and asthenia as
the most common symptoms, whereas 22.0% were asymptomatic [41]. Only 43 (18.2%)
patients required hospital admission, and four (1.7%) required ICU treatment. Also, six
(2.5%) patients with CF died [41]. Finally, one of the most extensive studies published in
Europe comprised 828 patients with CF and COVID-19. The most common symptoms were
cough, fever, and fatigue, but only 586 (75.7%) of them reported any symptoms [33]. A total
of 195 (23.7%) patients with CF required hospitalization, 32 (3.9%) required respiratory
support, of which 12 (1.5%) needed invasive ventilation; only 21 (2.5%) patients needed
ICU care, and 11 (1.4%) patients with CF died [33]. One of the main reasons our results
differ from the current literature, that is, our results show an enhanced need for ICU, need
for invasive mechanical ventilation, and case fatality rate, might be the fact all the patients
from our cohort were hospitalized, which translates into a more severe clinical condition.

Only two studies reported patients with CF and COVID-19 in Brazil [19,21]. Bain
et al.’s study (2021) [19] comprised 105 children from 13 countries, such as Argentina, Chile,
Brazil, France, Germany, Italy, Russia, South Africa, Spain, Sweden, Switzerland, the United
Kingdom, and the United States of America. Unfortunately, the authors could not detail
the patients’ nationalities due to the need to maintain confidentiality. A total of 24 out of
82 (29.3%) patients needed to be hospitalized, and only one out of 83 (1.2%) needed ICU
care. Regarding respiratory support, six out of 21 (28.6%) needed supplemental oxygen,
two out of 20 (10.0%) needed non-invasive mechanical ventilation, and one out of 20 (5.0%)
needed invasive mechanical ventilation [19]. These results contrast with ours; our patients
needed hospital treatment, demonstrating an enhanced severity that can explain our results.
The authors also observed several differences between hospitalized and non-hospitalized
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patients, for instance, those with higher body mass index, pancreatic insufficiency, worse
percent predicted forced expiratory volume in one second, and those not using modulator
treatment appear to need more hospitalizations [19].

The other study with a Brazilian patient was a case report in which the authors de-
scribed an infection by SARS-CoV-2 in a 37-year-old male patient with CF in the second
week after lung transplantation [21]. On the 9th post-operative day, the patient devel-
oped acute rejection, being treated with a 3-day course of methylprednisolone on the 11th
post-operative day [21]. However, the patient still presented hypoxemia; after a computer-
ized tomography showed ground glass opacities, a COVID-19 nasopharyngeal swab was
performed. The patient rapidly progressed to severe hypoxemia, needing mechanical venti-
lation support, in which the tracheal aspirate was positive for SARS-CoV-2 and adenovirus.
On the 19th post-operative day, he was weaned off mechanical ventilation support. On the
39th post-operative day, he was discharged from the hospital, even though the patient was
still positive for COVID-19 15 and 25 days after symptom onset [21]. Unfortunately, there
are no other studies comprising a Brazilian cohort of patients with CF and COVID-19, and
no studies consisting of a cohort of adult patients, which makes our study one of the first,
and necessary since the Brazilian population is highly mixed and has some unique traits,
as previously mentioned.

Several other pathogens commonly colonize individuals with CF; in fact, several
bacteria such as S. aureus, Haemophilus influenzae, P. aeruginosa, and Burkholderia complex
have been widely identified in individuals with CF, being that the most common respi-
ratory pathogen in adults is P. aeruginosa, whereas, in children, it is the S. aureus [61,62].
Although individuals with COVID-19 tend to have a relatively low rate of co-infection
with bacterial agents, S. pyogenes and S. pneumoniae being the most common microorgan-
isms [63,64], it might not be true for patients with CF and COVID-19, since nearly 25.0% of
the patients included in the systematic review presented co-infection of P. aeruginosa and
SARS-CoV-2 [19-21,24,28,31,33,38,41,44,45,47], which might impair their prognosis. Unfor-
tunately, in our data, we did not have access to bacterial testing data because the Brazilian
Ministry of Health did not compute the data into the dataset. Regarding viral infections,
the most common viruses identified were the RNA-virus, being that respiratory syncytial
virus, rhinovirus, influenza, and parainfluenza were the most common [65-68]. In addition,
the data regarding the co-infection of SARS-CoV-2 and other viruses are scarce in the
literature, e.g., only one study reported a co-infection of SARS-CoV-2 and adenovirus in
a CF lung-transplanted patient [21]. However, patients with CF and COVID-19 seemed
to have the same virus profile as other patients, since the most common virus identified
in our cohort, rhinovirus, was also the most commonly identified virus in a cohort of no
CF infected with SARS-CoV-2 [63]. One might speculate that the low incidence of other
viral agents might be due to the adherence to social isolation observed in patients with CF
since they are worried about their respiratory health. However, it is essential to evaluate
how much COVID-19 and the measures to control its progression, such as social isolation,
impacted the patients with CF, including psychologically [63,69,70].

The association between CF and viral infections is not new in the literature; reports
have shown that up to ~60.0% of acute pulmonary exacerbations in patients with CF
are caused by viral infections [65,71,72]. Although previous studies observed worse out-
comes in patients with CF and other viral infections, especially influenza and respira-
tory syncytial virus [13,72-74], the same does not seem to happen with individuals with
COVID-19 [34,36,72,74]. Several unique traits of CF might help explain this phenomenon;
for instance, these patients might have paid more attention to respiratory infection, re-
specting social distance, and infection control, which might explain the lower incidence
of COVID-19 in patients with CF [34,72,74]. Furthermore, in a recent analysis, increased
angiotensin-converting enzyme-2 (ACE2) mRNA, and decreased transmembrane protease
serine 2 (TMPRSS2) mRNA, were described in CF airway epithelial cells when compared
to non-CF cells [72,75,76], both of which are important proteins for the SARS-CoV-2 entry
in cells. Although the increased ACE2 expression might increase the SARS-CoV-2 binding
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to epithelial cells, it is also responsible for converting angiotensin II to angiotensin 1-7, an
anti-inflammatory molecule, which might decrease pulmonary damage from the SARS-
CoV-2 and inflammation [72,77,78]. Also, the low expression of TMPRSS2 might reduce the
SARS-CoV-2 entry in cells [72]. The increased ACE-2 and decreased TMPRSS2 expressions
might explain the lower impact of SARS-CoV-2 in patients with CF; however, our study
contrasts with the present literature because our patients with CF and COVID-19 presented
worse outcomes than those infected by other viruses.

Our study also shows some unique traits from our patients that might help explain
this finding: for instance, as previously mentioned, all of our patients with CF were
hospitalized, with greater severity of SARI, whereas most of the patients from other studies
were outpatients; most of the referral centers to manage CF in Brazil are located in the
Southeast region, especially Sao Paulo state [79], which can complicate the logistics of
these patients, especially when in relation to seeking proper medical care; and, although
available in the Brazilian free health care system, most of the drugs used to treat CF, such as
alpha-dornase and Ivacaftor [80], are expensive and represent an impact in the healthcare
budget [81], which limits the number of people who can use them, especially at present,
since the Brazilian Ministry of Health had a budget cut of more than 40.0% [82]. All of
this might contribute to worse outcomes in this population and perhaps explain, in part,
our findings.

Finally, several measures taken to mitigate the impact of the COVID-19 pandemic,
such as social isolation, might have a negative impact on patients with CF, especially in
relation to physical exercise [83]. Recent studies observed that patients with CF were
doing less physical activity (ranging from 45.0 to 71.0%), mostly because the fitness cen-
ter was closed or even due to lack of motivation [32,84,85]. The reduction in physical
exercise is troublesome for patients with CF, since physical activity is part of the treat-
ment and is responsible for decreased hospitalizations and a slower rate of lung function
decline [32,86-88]. Luckily, most patients are willing to change their exercise routine and
implement online classes to keep doing physical exercises [85].

Our study comprised only Brazilian hospitalized patients with CF, which might
present greater severity. We observed that their burden is enhanced in the COVID-19
pandemic, with worse outcomes, such as higher case fatality rates, need for ICUs, and need
for mechanical ventilation support. However, the impact of COVID-19 is not limited to the
disease itself since isolation proposed to decrease the SARS-CoV-2 spread might have also
reduced their level of physical activity, thus impairing their treatment and lung disease
progression, as well as psychological status.

Regarding COVID-19 immunization, many articles were carried out before the start
of or during studies involving vaccines. Therefore, they are not precise as to the vaccine
status of the sample [20,21,24,25]. Four papers do not presented the number of vaccinated
individuals, however, they mention the need to prioritize patients with CF during cam-
paigns [18,19,26,33]. Some papers do present the number of vaccinated patients; however,
they do not describe whether they are part of the patients with CF and whether they
presented with a positive result for SARS-CoV-2. An article [41], which was performed in
Italy in mid-March 2021, cites the beginning of the vaccination campaign in the country,
and although no participant in the paper had been immunized, it presents as a given a
decrease in the contamination of the disease that can be the result of mass vaccination.

Limitations: In our study, we used a public dataset and did not have access to the
original data. There is considerable underreporting of COVID-19 in Brazil, and several cases
diagnosed as SARI due to unknown etiological agents might be COVID-19, as we presented
in other studies [89-91]. Most of the referral centers to treat and follow patients with CF are
in the South and Southeast regions of Brazil, making it difficult to manage patients from
the North and Northeast regions. We did not have access to the CFTR genetic profile of
patients with CF, which might have strengthened our work. Although we performed a
systematic review, we did not perform a meta-analysis since the studies were very different,
making a comparison impossible.
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Further studies should evaluate the influence of modifier genes on the CF outcomes
regarding COVID-19 because the modifier genes, including the variants in the ACE gene,
were previously associated with the worst lung disease and response to treatment, including
the response to personalized and precision medicine [92-96]. Our study is a picture
coming from the Brazilian context and this could or could not match exactly the worldwide
scenario, including access to the health system and/or the standard of admissible patients to
treatment in ICU, together with code-status regulations. Also, in the future, it is important
to perform other observational studies, such as those performed by the National Institute
for Health and Care Research Global Health Unit on Global Surgery and COVIDSurg
Collaborative (https://globalsurg.org/covidsurg/ (accessed on 19 June 2023)), in order
to improve the world’s capacity to deal with conditions such as the COVID-19 pandemic
(before, during, and after the COVID-19 pandemic) [97-101].

5. Conclusions

Individuals with CF might have an increased burden of COVID-19 compared to the
general population, not only from the disease itself but also from public health policies to
decrease the spread of SARS-CoV-2, such as social isolation, since their ability to engage in
physical exercise decreases. Even though most of the other studies did not observe worse
outcomes in patients with CF and COVID-19, our cohort comprised only hospitalized
patients with greater severity of the disease, which might explain, at least in part, our
findings of enhanced case fatality rate, need for ICU, and need for ventilatory support.
Finally, our study is unique since it comprises only hospitalized Brazilian patients of all
ages and with other causes of SARL
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3. CONCLUSAO

Os individuos com FC podem ter um fardo aumentado perante a COVID-19 em comparagdo
com a populacdo em geral, ndo so6 pela doenca em si, mas também pelas politicas de satde publica
para diminuir a propagacdo do SARS-CoV-2, como o isolamento social, uma vez que a sua
qualidade de vida diminui. Embora a maioria dos outros estudos ndo tenha observado piores
resultados na FC, nossa coorte incluiu apenas pacientes hospitalizados com maior gravidade da
doenca, o0 que pode explicar, pelo menos em parte, nossos achados de maior taxa de letalidade,
necessidade de UTI e necessidade de suporte ventilatorio. Por fim, nosso estudo € unico, pois
compreende apenas pacientes brasileiros hospitalizados de todas as idades e com outras causas de
SRAG.

Frente aos dados apresentados no artigo, houve uma peculiaridade relacionada ao quérum
gue comp0s o espaco amostral, demonstrando um viés da base de dados publica consultada. H& um
contraste, relacionado ao diagndéstico de FC entre a base OpenDataSUS e 0 REBRAFC. Esse fato
pode ser explicado por uma confusdo semantica entre os termos FC e fibrose pulmonar, denotando
despreparo técnico de alguns profissionais médicos no momento da anamnese e investigacdo dos

sintomas.
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