UNIVERSIDADE FEDERAL DO PARA
INSTITUTO DE CIENCIAS BIOLOGICAS
PROGRAMA DE POS-GRADUACAO EM ANALISES CLINICAS
MESTRADO PROFISSIONAL EM ANALISES CLINICAS

KARITA LORENA FRANCA ALMEIDA

IMUNODEFICIENCIAS PRIMARIAS COMO PRINCIPAIS ATORES
NO CONTEXTO DA COVID-19: SUGESTAO DE PROTOCOLO PARA
TRIAGEM DE IDP NA POPULACAO

BELEM - PA
2021



KARITA LORENA FRANCA ALMEIDA

IMUNODEFICIENCIAS PRIMARIAS COMO PRINCIPAIS ATORES
NO CONTEXTO DA COVID-19: SUGESTAO DE PROTOCOLO PARA
TRIAGEM DE IDP NA POPULACAO

Dissertagdo  apresentada ao Programa de
Pos-Graduagdo em Analises Clinicas do
Instituto de Ciéncias Biologicas da
Universidade Federal do Para — UFPA, como
requisito parcial necessario para obteng¢do do
titulo de mestre em Analises Clinicas.

Linha de Pesquisa: Bioquimica e Biologia
molecular.

Orientador: Prof. Dr. Eduardo José Melo dos
Santos.

BELEM - PA
2021



Dados I nter nacionais de Catalogacdo na Publicacdo (Cl P) de acordo com | SBD
Sistema de Bibliotecas da Univer sidade Federal do Para
Gerada automaticamente pelo médulo Ficat, mediante os dados for necidos pelo(a) autor (a)

F814i  FrancaAlmeida, KaritaLorena
Imunodeficiéncias primarias como principais atores no contexto
da COVID-19: sugestdo de protocolo paratriagem de IDP na
populagdo / Karita Lorena Franga Almeida. — 2021.
68f. :il. color.

Orientador(a): Prof. Dr. Eduardo José Melo dos Santos

Dissertacdo (Mestrado) - Universidade Federal do Pard,
Ingtituto de Ciéncias Bioldgicas, Programa de Pos-Graduacdo em
Andlises Clinicas, Belém, 2021.

1. Imunodeficiéncias primérias. 2. protocolo de triagem. 3.
COVID-19. |. Titulo.

CDD 574.88



http://www.tcpdf.org

KARITA LORENA FRANCA ALMEIDA

IMUNODEFICIENCIAS PRIMARIAS COMO PRINCIPAIS ATORES
NO CONTEXTO DA COVID-19: SUGESTAO DE PROTOCOLO PARA
TRIAGEM DE IDP NA POPULACAO

Dissertagdo  apresentada ao Programa de
Pos-Graduagdo em Analises Clinicas do
Instituto de Ciéncias Biologicas da
Universidade Federal do Para — UFPA, como
requisito parcial necessario para obtencdo do
titulo de mestre em Analises Clinicas.

Belém (PA), 23 de Fevereiro de 2021

Conceito:

Banca examinadora:

Eduardo José Melo dos Santos (ICB - UFPA)
(Orientador)

Maisa Silva de Sousa (Nucleo de Medicina Tropical - UFPA)
(Suplente)

Andrea Luciana Soares da Silva (ICB-UFPA)

Fabio Miyajima (UFC)



AGRADECIMENTOS

Gostaria de agradecer imensa e especialmente ao Professor Dr. Eduardo Santos, meu
orientador, por sua paciéncia, partilha de conhecimento, ajuda e apoio. Todos esses fatores
foram fundamentais para que a jornada de escrever esse projeto fosse enriquecedora e

possivel.

A Professora Dr.? Andrea Luciana, por sua leveza, incentivo, prontiddo e ajuda

sempre que necessario durante a minha estadia em um pais que ndo o meu.

A todas as pessoas que fazem parte do LGHM, que me receberam da melhor maneira
possivel, me ajudaram compartilhando conhecimento ¢ bons momentos ¢ me fizeram sentir

acolhida de imediato nesse espaco.

A Laura Vieira, coordenadora de Programas de Mobilidade Académica Internacional
na Pro-Reitoria de Relagdes Internacionais da Universidade Federal do Pard, com quem meu
encontro foi inspirador, gratificante e fundamental para que a minha experiéncia no exterior

acontecesse e que esteve sempre pronta a ajudar.

Agradego ainda aos membros da banca, que foram generosos ao ponto de tirar um
pouco do seu tempo para compartilhar seu conhecimento comigo, ajudando-me a melhorar

esse projeto e a crescer como aluna e pofissional.

A todos aqueles que de forma direta ou indireta contribuiram para elaboragdo deste

trabalho, o0 meu muito obrigada!l



RESUMO

Desde de Dezembro de 2019, o mundo vem sofrendo as consequéncias de uma pandemia
causada pela COVID-19, doenga que tem como agente etiolégico o SARS-CoV-2, um novo
coronavirus que foi inicialmente identificado na cidade de Wuhan, provincia de Hubei, China.
A COVID-19 possui uma grande variedade de sintomas e as pessoas por ela acometidas
podem apresentar desde estados assintomatico a estados graves, este ultimo sendo atribuido a
fatores de risco, como o comprometimento da resposta imune. Neste contexto, resposta
imunes alteradas, como as causadas por imunodeficiéncias primarias (IDP), emergem como
um potencial e importante fator no prognéstico da COVID-19 e o rastreamento preventivo de
IDP na populacao pode ser uma ferramenta util para a gestdo da satde publica, identificando
um grupo vulneravel importante. Assim sendo, a partir de achados provenientes de um artigo
realizado e aqui apresentado sobre o possivel papel de IDP na predisposigao a severidade em
COVID-19, esse trabalho tem como resultado a proposta de um protocolo para a triagem em
massa de IDP na populagao.

Palavras-chave: Imunodeficiéncias primarias, protocolo de triagem, COVID-19



ABSTRACT

Since December 2019 the world has been suffering the consequences of a pandemic caused
by COVID-19, a disease whose etiologic agent is SARS-CoV-2, a new coronavirus that was
initially identified in the city of Wuhan, Hubei province, China. COVID-19 has a wide variety
of symptoms and people affected by it may present from asymptomatic to severe conditions.
The severe form of the disease has been attributed to risk factors, such as impaired immune
response. Thus, altered immune responses, such as those caused by primary
immunodeficiencies (PID), emerge as a potential and important factor in the prognosis of
COVID-19 and the preventive screening of PID in the population can be a useful tool for
public health management regarding the identification of an important vulnerable group.
Therefore, based on findings from an article carried out and presented here about the possible
role of PID in the predisposition to severity in COVID-19, this work proposes a protocol for
the mass screening of PID in the population.

Keywords: Primary immunodeficiencies, screening protocol, COVID-19
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1. INTRODUCAO

Desde dezembro de 2019, o mundo vem sofrendo as consequéncias de uma pandemia
que esta presente em quase todos os paises do globo. Os primeiros casos da doenga, que ¢
causada por um coronavirus anteriormente desconhecido, foram relatados no final de
dezembro, em uma provincia chinesa (LUDWIG & ZARBOCK, 2020). Desde entdo estes
vém crescendo exponencialmente e hoje, janeiro de 2021, pouco mais de um ano apds o inicio
das infeccoes, o numero de casos confirmados da doenga no mundo ¢ de mais de 90 milhdes,
incluindo 2 milhdes de mortes (WHO, 2021), o que tem incitado uma busca mundial por
informagdes sobre esse novo patdégeno, visando estratégias que minimizem os impactos da

doenga por ele causada e que, por fim, combatam a sua disseminagao.
1.1. CORONAVIRUS

Coronavirus (CoVs) sdao um grupo de virus envelopados, com genoma nio
fragmentado constituido por RNA de fita simples e de sentido positivo (+ sSRNA) (FUNG &
LIU, 2019). O seu tamanho varia de 60 nm a 140 nm de didmetro e Sua superficie é
pontilhada por particulas virais (virions) em forma de coroa, caracterisca da qual provém o
seu nome (GIWA & DESAI, 2020). Possuem uma ampla gama de hospedeiros, incluindo

aves, espécies selvagens, mamiferos domésticos e humanos (HELMY et al. 2020).

Além de gerar certo impacto econdmico, uma vez que infectam e causam doenga a
uma variedade de vertebrados economicamente importantes, como porcos e galinhas (FUNG
& LIU, 2019), sao também considerados uma das principais causas de infec¢des respiratorias
virais em todo 0 mundo, geralmente conhecidos por causar doengas leves do trato respiratorio

superior (GIWA & DESAI, 2020).

Até mais da metade de 2019 apenas seis coronavirus eram conhecidos por infectar
hospedeiros humanos (FUNG & LIU, 2019), sendo que dois desses, SARS-CoV (Severe
acute respiratory syndrome coronavirus) [Coronavirus da sindrome respiratoria aguda grave]
e MERS-CoV (Middle East respiratory syndrome coronavirus) [Coronavirus da sindrome
respiratoria do Oriente Médio] sdo considerados altamente patogénicos € foram causadores de
dois surtos em grande escala nas ultimas duas décadas: 1) Sindrome respiratoria aguda grave
(SARS) em 2002 e 2003 em Guangdong, provincia da China e 2) Sindrome respiratoria do
Oriente Médio (MERS) em 2012 em paises dessa regido (LAUXMANN, SANTUCCI &
AUTRAN-GOMEZ, 2020). No entanto, em dezembro de 2019 infecgdes causadas em
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humanos por um novo coronavirus foram reportadas a partir da triagem genOomica de
amostras clinicas de pacientes com pneumonia viral em Wuhan, na Provincia de Hubei,
China. Provisoriamente denominado novo coronavirus 2019 (2019-nCoV), 0s pacientes por
ele infectados foram considerados epidemiologicamente ligado ao mercado de frutos do mar
de Huanan, onde varios animais estavam a venda. Este virus foi posteriormente nomeado pelo
International Committee on Taxonomy of Viruses (ICTV) [Comité Internacional de
Taxonomia Viral] como “Severe acute respiratory syndrome-related coronavirus 2”
(Coronavirus 2 relacionado a sindrome respiratoria aguda grave) ou SARS-CoV-2 (SOFI,
HAMID & BHAT, 2020), devido a sua semelhan¢a com o virus SARS-CoV, e a doenga
causada por ele foi nomeada Coronavirus Disease 2019 (COVID-19) [Doenga do
Coronavirus 2019] pela Organizagdo Mundial de Satide (WHO, 2020).

1.1.1. SARS-CoV-2

a) Classificagao:

SARS-CoV-2 faz parte da ordem Nidovirales, familia Coronaviridae e subfamilia
Orthocoronavirinae. Com base em critérios genéticos e antigénicos, 05 membros da
subfamilia Orthocoronavirinae foram subdivididos em quatro géneros: Alphacoronavirus (o-
CoV), Betacoronavirus (B-CoV), Gammacoronavirus (y-CoV) e Deltacoronavirus (3-Cov).
SARS-CoV-2 pertence ao género Betacoronavirus (HARAPAN et al., 2020), do qual também
fazem parte SARS-CoV e MERS-CoV (Figura 1). Estudos de filogenia e taxonomia
realizados pelo Coronavirus Study Group (CSG) [Grupo de Estudo Coronavirus] do ICTV
permitiram o reconhecimento deste virus como sendo um irmao do SARS-CoV e por isso 0
grupo o denominou SARS-CoV-2 (LAUXMANN, SANTUCCI & AUTRAN-GOMEZ,
2020).

Devido a baixa capacidade de revisao da Replicase de RNA (RdRp), os virus de RNA
possuem alto poder de mutagdo em seu material genético (LIU, KUO & SHIH, 2020). Assim
como 0s demais membros da familia Coronaviridae, 0s betacoronavirus exibem alta
especificidade de espécie, mas sutis mudangas genéticas podem alterar significativamente seu
tropismo de tecido, gama de hospedeiros e patogenicidade (HARAPAN et al., 2020). Um
trabalho realizado através de sequenciamento de nova geragdo demonstrou que o material
genético do SARS-CoV-2, apesar de apresentar alguma semelhanga com o material genético
do SARS-CoV (79% de similaridade), apresenta 88% de homologia com dois coronavirus

derivados de morcegos (MALIK, 2020), o que sugere que o novo coronavirus tenha origem
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nesses animais, uma vez que todos os coronavirus humanos tém origens animais, sendo esses

0s seus hospedeiros naturais (LIU, KUO & SHIH, 2020).
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Figura 1. Classificagdo taxondomica do SARS-CoV-2. Fonte: Adaptado de wikimedia
commons.

b) Estrutura:

O SARS-CoV-2 apresenta-se como uma particula esférica de aproximadamente 120
nm de didmetro (LIU, KUO & SHIH, 2020) e com um genoma de 29.903 nucleotideos
(nimero de acesso no GenBank: MN908947), tornando-o 0 segundo maior genoma de RNA
conhecido. Nele estao presentes duas regides nao codificantes (UTRs) nos terminais 5’ ¢ 3’ e
11 Open-reading Frames (ORFs) [Matrizes abertas de leitura] que codificam 27 proteinas
estruturais e acessorias. A primeira ORF (ORFL1 / ab), que constitui cerca de dois tergos do
genoma do virus, codifica 16 proteinas ndo estruturais, enquanto o ter¢o restante do genoma
codifica 4 proteinas estruturais e pelo menos 6 proteinas acessorias. As proteinas estruturais
sdo: (1) a glicoproteina de pico (S), que se projeta através do envelope viral permeando toda a
superficie celular formando os picos em forma de “coroa” caracteristicos dos coronavirus, a
qual esta envolvida na ligagdo ao receptor do hospedeiro por meio do dominio ligante do
receptor (RDB), determinagdo da gama de hospedeiros do virus e no intermédio da fusdo
virus-membrana celular; (2) a proteina de matriz (M), que medeia o transporte de nutrientes
através da transmembrana, liberacdo de particulas virais ¢ formagdo de envelope; (3) a
proteina do envelope (E), que facilita a montagem e liberagdo do virus, além de desempenhar

outras fungdes; e (4) a proteina do nucleocapsideo (N), que interfere com a resposta imune
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inata do hospedeiro (Figura 2), enquanto as proteinas acessorias sao ORFs 3a, 3b, 6, 7a, 7b,
8a, 8b e 9b, as quais ndo t€m os seus papeis bem definidos (LAUXMANN, SANTUCCI &
AUTRAN-GOMEZ, 2020; HELMY et al., 2020; OUZOUNIS, 2020; FEHR & PERLMAN,
2015).

RNA e proteina N

Proteina do envelope (E)

Figura 2. Estrutura em 3D do SARS-CoV-2, com destaque para suas proteinas
estruturais. Fonte: Adaptado de Scientific Animations Inc.

C) Mecanismo de acio:

A ligacdo dos virions a célula hospedeira ¢ desencadeada por interagdes entre a
Proteina S e seu receptor, a Enzima de conversio da angiotensina 2 (ACE2), uma
metalopeptidase presente na membrana de muitas células, incluindo pneumocitos tipo 1 e II,
enterocitos do intestino delgado, células do tabulo proximal renal, células endoteliais de
artérias e veias, musculo liso arterial, entre outros tecidos (GARCIA, 2020). Ao se ligar ao
receptor, o virus deve ter acesso ao citosol da célula hospedeira. Esse mecanismo ocorre
através da clivagem proteolitica dependente de acido da proteina S e ¢ mediado por uma
serina protease transmembrana do tipo 2 localizada na célula hospedeira, TMPRRS2, 0 que
permite a fusdo das membranas viral e celular. (SOFI, HAMID & BHAT, 2020). Uma vez
dentro da célula hospedeira, o RNA viral ¢ liberado, a partir do qual ocorre a tradugdo de
poliproteinas. A replicagdo e transcricdo do genoma viral ocorre através da clivagem de

proteinas e montagem do complexo replicase-transcriptase. O RNA viral ¢ replicado ¢ as
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proteinas estruturais sao sintetizadas, montado e embalado na célula hospedeira, ap6s o que

particulas virais sao liberadas (HUANG et al. 2020).
d) Fisiopatologia:

Os mecanismos fisiopatologicos exatos referentes a doenga causada pelo SARS-CoV-
2 ndo estdo propriamente esclarecidos (LAUXMANN, SANTUCCI & AUTRAN-GOMEZ,
2020). Sabe-se, no entanto, que 0 SARS-CoV infecta principalmente as células epiteliais do
pulmdo e que a adesdo do virus a celula hospedeira e sua replicacdo acabam por desencadear
danos no epitélio vascular e alveolar, através de intensa apoptose e/ou piroptose das células
infectadas (de ALMEIDA et al., 2020).

O SARS-CoV-2 pode ainda invadir macrofagos e células dendriticas, a¢do que
progride para uma infec¢do abortiva. No entanto, acredita-se que a infec¢do desses tipos
celulares pode ser necessaria para a ativacdo de citocinas pro-inflamatorias que podem levar a
doenga (SOFI, HAMID & BHAT, 2020), uma vez que altas concentragdes de citocinas e
mediadores pro-inflamatorios foram detectados no soro de pacientes que desenvolveram a
forma mais grave da COVID-19 (de ALMEIDA et al., 2020).

1.2. COVID-19

A doenga causada por SARS-CoV-2 foi declarada uma pandemia pela OMS em margo
de 2020 (LUDWIG & ZARBOCK, 2020), a primeira causada por um coronavirus na historia
(LIU, KUO & SHIH, 2020). Ela possui uma grande variedade de sintomas e as pessoas por
ela acometidas podem apresentar desde estados assintomatico a estados graves. Entre 0s
sintomas mais comuns estdo febre, tosse seca, dispneia, dor no peito, fadiga e mialgia. Os
sintomas menos comuns incluem dor de cabeca, tontura, dor abdominal, diarreia, njusea e

vomito (HARAPAN et al., 2020).

Com base em dados de hospitaliza¢ao, estima-se que 0 periodo de incubagdao do
SARS-CoV-2 varie de 5,1 a 14 dias (SOFI, HAMID & BHAT, 2020). A sua transmissao pode
ocorrer tanto por meios diretos, através do contato com goticulas contaminadas e com pessoas
infectadas, quanto por contato indireto, por meio de objetos e superficies contaminadas e
contagio aéreo (LOTF, HAMBLIN & REZAEI, 2020). As rotas de transmissdo comuns
incluem: 1) Exposigao direta a tosse, espirro e inalagdo de goticulas dentro de uma faixa de

cerca de 1,8 metros; e 2) Transmissdo por meio de contato com membranas mucosas oral,
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nasal e ocular (LAUXMANN, SANTUCCI & AUTRAN-GOMEZ, 2020). Além disso, a
presenca de SARS-CoV-2 também fora detectada em amostras de fezes, trato gastrointestinal,
saliva e urina dos pacientes infectados, levantando a possibilidade de que haja outras vias de
transmissao do virus (BALOCH et al., 2020).

Por esse motivo, medidas foram tomadas a nivel internacional a fim de reduzir a
transmissao viral social através da implementacao de estratégias de “distanciamento fisico”,
uso de mascaras de pano para proteger a boca € nariz quando se esta em publico, entre outras
(LAUXMANN, SANTUCCI & AUTRAN-GOMEZ, 2020). Seguir essas instru¢des é ainda a
maneira mais eficaz de combate a COVID-19, uma vez que at¢ o momento ndo ha
medicamentos antivirais especificos aprovados para combate da infec¢do por SARS-CoV-2.
Ha, no entanto, diversas vacinas sendo desenvolvidas e testadas no mundo todo (KOIRALA
et al., 2020) e algumas destas ja se mostraram eficazes e ja estdo sendo utilizadas na
imunizagdo da populacdo contra o SARS-CoV-2 (KNOL & WONODI, 2020).

Estudos revelam que cerca de 80% dos pacientes acometidos pela COVID-19
apresentam a forma mais branda da mesma; 15% desenvolvem a sua forma grave e 0s 5%
restantes evoluem para uma condigdo critica com sindrome do desconforto respiratorio agudo
seguida de comprometimento de multiplos orgados (DELLALIBERA-JOVILIANO et al.,
2020).

Alguns fatores de risco, como idade avancada e pré-existéncia de morbidades tais
quais doengas cardiovasculares, hipertensao, diabetes e doengas respiratorias cronicas estdo
relacionados ao desenvolvimento de severidade da COVID-19 (HELMY et al., 2020). Além
disso, fatores do hospedeiro, como 0 comprometimento da resposta imune, tém sido relatados
como importantes na progressdo da doenga desde o inicio da pandemia por diversos estudos
(PACES et al., 2020; GARCIA, 2020; JESENAK et al., 2020).

Nao se sabe ao certo como um estado imunossupressivo pode afetar a resposta a
doenca causada pelo novo coronavirus (MINOTTI et al., 2020), mas acredita-se que pacientes
que apresentam distrbios imunologicos, como aqueles que sdo portadores de
imunodeficiéncias primarias (IDP) podem estar em maior risco de desenvolver uma forma
mais grave da COVID-19, uma vez que diversos casos de Obitos foram relatados nessa
populagdo (MATSURA et al., 2020).
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1.3. IMUNODEFICIENCIAS PRIMARIAS

Imunodeficiéncias primarias consistem em um grupo de doengas congénitas causadas
por defeitos genéticos que afetam um ou mais componentes do sistema imunologico e que se
manifestam como suscetibilidade aumentada a doengas infecciosas, autoimunidade, doengas

autoinflamatorias, alergia e/ou malignidade (LEWANDOWICZ-USZYNSKA et al., 2020).

Sdo classificadas de acordo com a anormalidade imunologica resultante, que pode
variar de formas potencialmente benignas, como a deficiéncia de IgA, até disturbios graves,
como a imunodeficiéncia combinada severa (SCID) (ABOLHASSANI et al., 2020).

De acordo com o ultimo relatorio da International Union of Immunological Societies
(IUIS) [Uniao Internacional de Sociedades Imunolégicas], as IDP englobam hoje 404 doengas
diferentes, causadas por 430 defeitos genéticos, que sdo, em sua maioria, mutagdes
monogénicas da linha germinativa resultando em perda de expressdo, perda de fung¢do ou
ganho de fungdo da proteina codificada (TANGYE et al., 2020). Embora a maioria das IDP
seja causadas por mutagdes em genes unicos, a penetrancia variavel dessas mutagdes resulta
em diversos fendtipos e gravidade, o que torna o reconhecimento e diagnostico diferencial
dificil (ERJAEE et al., 2019).

IDP eram tradicionalmente consideradas como doengas raras e acreditava-se que
afetavam aproximadamente de 1/10.000 a 1/50.000 da populagdo mundial. No entanto, tem
sido geralmente aceito que sdo subdiagnosticadas ¢ subnotificadas (ABOLHASSANI et al.,
2020) e, com a descoberta de novos erros inatos de imunidade e defini¢do melhorada de
fenotipos clinicos, estima-se hoje que a prevaléncia coletiva dessas condi¢des seja de pelo
menos 1/1000 - 1/5000 (TANGYE et al., 2020). E importante ressaltar que esses nimeros sao
muito maiores entre populagdes com altas taxas de consanguinidade ou entre populagdes

geneticamente isoladas (NOTARANGELO, 2010).

Um recente estudo realizado com base em relatorios de registro e casos diagnosticados
estimou que o numero de pacientes identificados como portadores de algum tipo de IDP no
mundo todo ¢ de 104614. No entanto, o mesmo considerou que ha um significativo nimero
de possiveis pacientes que nao foi incluido nesse resultado (ABOLHASSANI et al., 2020). A

distribui¢do mundial desses casos encontra-Se na figura 3.
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Figura 3. Distribuicdo de casos de imunodeficiéncia primaria no mundo com base no
numero de pacientes relatados por 100.000 individuos (Paises na cor cinza nao
apresentaram registros ou relatéorio publicado). Fonte: Adaptado de Abolhassani et al.,

2020.

O banco de dados da Latin American Society for Immunodeficiencies (LASID)
[Sociedade Latino Americana de Imunodeficiéncias] conta, atualmente, com 0 registro de

8506, dos quais 1920 foram registrados no Brasil (Figura 4).
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Figura 4. Namero total de registros de casos de IDP no banco de dados da Latin American Society for Immunodeficiencies (LASID) por
pais. Fonte: Latin American Society for Immunodeficiencies (LASID). Disponivel em: https://lasidregistry.org/view/statistics/general/2021-02.
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As IDP foram classificadas em 9 categorias pela Organizagdo Mundial da Saude/
International Union of Immunological Societies [Unido Internacional de Sociedades
Imunolégicas]. Sao elas: Imunodeficiéncias que afetam a imunidade celular e humoral
(Imunodeficiéncias combinadas), Imunodeficiéncias combinadas com caracteristicas associadas ou
sindromicas, Deficiéncias Predominante de Anticorpos, Desordens de Desregulagdo Imune,
Desordens Autoinflamatorias, Defeitos na imunidade intrinseca e inata, Defeitos Congénitos de
Fagocitos, Deficiéncias do Sistema do Complemento ¢ Fenocopias de IDP (Figura 5) (SOBH
& BONILLA, 2016).

IMUNIDADE ADQUIRIDA IMUNIDADE INATA
I I I

Sci Células Complemento
CelT CelB Fagocitos

Natural Killer !
//‘ Citoquinas  |hf-massoma
Imunoglobulinas (ex: interferon
(artiu::.;-rp::-s] interleucinas)
r 3
7. Desordens
1. Imuncdeficiéncias Autor tenas
que afetam a
imunidade celular e 6. Defeitos na munidade
humoral intrinseca e inata
9. Fenoocdpias de IDP

2_ Imunodeficiéncias

combinadas com 5_ Defeitos
caracteristicas Celutares
associadas ou Fagociticos
sindromicas

Imunidade Celular

Imunidade Humoral 8. Deficiéncias
4_ Desordens de do Sistema do

Dezregulacac Imune - . o

3. Deficiéncias
Predominante
de Anticorpos

Figura 5. Os 9 grupos dentro dos quais as IDP sio classificadas de acordo com os
componentes do sistema imune que sofrem alteracdo. Fonte: Adaptado de International
Patient Organisation for Primary Immunodeficiencies (IPOPI), 2016. Disponivel em:
https://ipopi.org/wp-content/uploads/2017/07/WEB_IPOPI_Classification.pdf
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As imunodeficiéncias que afetam as imunidades celular e humoral causam defeitos
imunolégicos combinados que afetam ambos os tipos de imunidade adquirida; ja as
imunodeficiéncias combinadas com caracteristicas associadas ou sindromicas afetam as
celulas T e B, causando anormalidades das mesmas, algumas das quais podem ser muito
graves; as deficiéncias predominante de anticorpos afetam a producdo dessas moléculas
colocando os seus portadores em risco de desenvolver infecgdes e doengas autoimunes; a
categoria das desordens de desregulagdao imune é grande e diversa e nela estdo alocadas as
IDP causadas por anormalidades genéticas que afetam os mecanismos que controlam o
sistema imunologico; 0s defeitos celulares fagociticos podem afetar 0 nimero, fungdo ou
ambos destas células, que incluem neutrdofilos e macrocitos, os quais sdo células imunologicas
gue engolem e matam microorganismos invasores, sendo, portanto, componentes importantes
do sistema imunoldgico inato; 0Os defeitos na imunidade intrinseca e inata, por afetarem
componentes importantes do sistema de defesa dos portadores desse tipo de IDP, colocam os
pacientes em risco de infecgdes graves por microorganismos especificos, incluindo
micobactérias, virus e fungos; 0s distarbios autoinflamatorios sdo doengas que resultam da
inflamacdo causada principalmente pela estimulagdo anormal do sistema imunologico inato; a
categoria deficiéncias do sistema do complemento compreende as IDP que afetam um grupo
de proteinas que ajudam os fagdcitos a encontrar, identificar e engolir microorganismos e que
podem matar diretamente as proprias bactérias e virus; as fenocopias de IDP sdo condigdes
gue nao resultam de mutagdes genéticas herdadas, mas sdo adquiridas durante a vida. Eles s@o

causados por mutag¢des genéticas "somaticas" ou por autoanticorpos (IPOP, 2016).

As deficiéncias de anticorpos sdo 0s tipos de IDP mais comumente diagnosticadas
(CONDINO-NETO & ESPINOSA-ROSALES, 2018), sendo a deficiéncia de IgA a mais
prevalente. A deficiéncia dessa imunoglobulina - que é o anticorpo mais produzido no corpo e
funciona na vanguarda do mecanismo de defesa biologica em infec¢des que afetam os tecidos
da mucosa, como a gripe - foi fortemente correlacionada as taxas de infecgdo por COVID-19
(NAITO et al., 2020). Além disso, foi constatado que infec¢des virais respiratorias tendem a
ser mais significativas em pacientes com deficiéncias imunologicas de células T (RUFFNER

etal., 2017) .

De acordo com a Associac¢do Brasileira de Alergia e Imunologia, em conjunto com o
Grupo Brasileiro de Imunodeficiéncias e a Jeffrey Modell Foundation Brasil (2020), de uma

maneira geral, pacientes com diagndstico de alguma imunodeficiéncia primaria apresentam o
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mesmo risco que todas as pessoas para se infectar pelo coronavirus SARS-CoV-2, mas
apresentam riscos diferentes para ter a doenga respiratoria grave causada por esse virus,
dependendo do tipo de defeito do sistema imunoldgico apresentado. Diante disso, é possivel
dividir os portadores de IDP em trés grupos de risco para a COVID-19: extremamente

vulneraveis, moderadamente vulneraveis e de baixo risco (Figura 5).

Quadro 1- Estratificacao de risco para COVID-19 em pacientes com imunodeficiéncias primarias (IDP)
ou erros inatos da imunidade (Ell) e imunodeficiéncias secundarias

GRUPO 1 GRUPO 2
Condigao clinica Extremamente vulneravel Risco moderado
Imunodeficiéncias Imuncdeficiéncias munodeficiéncia Outros defetos primarios
primérias combinadas de células Te B comum varivel na producdo de anticorpos
sem alwracio pulmonar
Linfopenia CD4 no contexto Agamaglobulinemia & sem necessidade de
de qualquer EHl congénita uso de imunaglobulina
ou antitvétices profildticos
Qualquer Ell necesstando uso Doenca granulomatosa
de antibioficoprofilaxia ou crdnica Deficénca de MBL
smunoglobulna com comortedades”
Qutras IDP em uso de Deficéncia seletiva de IgA
Qualkquer ENl necesstando uso Imunoglobulina ou
de anfibioticoprofilaxia ou antbicticoprofitaxia
imunoglobulna E em uso de que nao preencham
mas de 5 mg de prednisolona criténos do grupo 1
40 dia ou imuncssupréssores**
ou anficorpos monaclonass*** Defeitos do sistema
ou nibidores da JAKE do Complemento
por mais de 4 semanas (excato de MBL)
Desordens associadas a
hemalagocitose linfohistiocitea

Figura 6. Quadro contendo os trés grupos de risco para a COVID-19 em pacientes com
imunodeficiéncias primarias (IDP) de acordo com a Associacio Brasileira de Alergia e
Imunologia, Grupo Brasileiro de Imunodeficiéncias e Jeffrey Modell Foundation Brasil.
Fonte: Adaptado de Associa¢do Brasileira de Alergia e Imunologia, Grupo Brasileiro de
Imunodeficiéncias e Jeffrey Modell Foundation Brasil, 2020. Disponivel em:
https://asbai.org.br/wp-content/uploads/2020/04/2020-04-03-
_DOC_ASBAI_BRAGID_JMFB_2.pdf.

Pacientes com algum tipo de imunocomprometimento, como ¢ o caso de portadores de
IDP, tém maior suscetibilidade a infec¢des evitdveis por vacinas. Assim, a vacinagdo ¢ um

fator critico problema nesta populagao.


https://asbai.org.br/wp-content/uploads/2020/04/2020-04-03-_DOC_ASBAI_BRAGID_JMFB_2.pdf
https://asbai.org.br/wp-content/uploads/2020/04/2020-04-03-_DOC_ASBAI_BRAGID_JMFB_2.pdf
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Diante dessas consideragdes ¢ do contexto pandémico em que a sociedade mundial se
encontra, ressalta-se a importancia da identificacdo de um relevante grupo vulneravel no

contexto da COVID-19.
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2. JUSTIFICATIVA

A pandemia causada pelo novo coronavirus tem se mostrado um dos maiores desafios
sanitarios em escala global deste século (WERNECK & CARVALHO, 2020), devido as altas
taxas de infec¢do ¢ mortalidade que apresenta. No entanto, a mortalidade que resulta do
desenvolvimento de formas severas da COVID-19 varia entre diferentes grupos, o que se

atribui a diversos fatores, entre eles, fatores do hospedeiro (SOUZA et al., 2020).

De acordo com a WHO (2021), pacientes portadores de condigdes que afetam seu
sistema imunologico se enquadram no grupo de alto risco, o que significa que possuem maior
chance de desenvolver formas criticas da COVID-19 e, consequentemente, uma maior
probabilidade de necessitar de hospitalizagdo ou tratamento intensivo e de vir a dbito em
decorréncia da doenga. Esses pacientes apresentam ainda uma maior suscetibilidade a

desenvolver reac¢des adversas e respostas inadequadas a vacinas (SOBH & BONILLA, 2016).

Para identificar esses grupos vulneraveis, os fatores de risco para a progressdo a
formas graves e fatais da doenga devem ser encontrados. Além disso, a identificacdo de
fatores de risco pode ser importante na orientagdo do diagnoéstico, terapia, controle de doenca
e contribuir para a investigagdo dos processos fisiopatologicos da COVID-19, a partir do qual

possiveis estratégias de tratamento podem ser desenvolvidas (WOLF et al., 2020).

Recentemente, as taxas de mortalidade de COVID-19 entre pacientes portadores de
IDP foram descritas como sendo 10 vezes mais altas do que entre a populacdo em geral
(DELAVARI et al., 2020) e a deficiencia de IgA, a IDP mais prevalente, foi fortemente
correlacionada as taxas de infeccdo por COVID-19. Ademais, varias regioes identificadas
como estando relacionadas a severidade em COVID-19 através de estudos de WES (Whole
Exome Sequencing) e GWAS (Genome-wide Association studies) possuem genes relacionados
a IDP.

Assim sendo, a inclusdo de triagem preventiva em massa da populagdo visando a detecgdo
de IDP, a partir de um protocolo direcionado, surge como uma ferramenta util para a gestao
da satde publica no contexto da COVID-19, identificando um grupo vulneravel importante,
uma vez que as IDP emergem como um potencial e importante fator no prognostico da
COVID-19.



3. OBJETIVOS

3.1. GERAIS

Demonstrar a relevancia de imunodeficiéncias primarias N0 progndstico da
COVID-19 e sugerir um protocolo de triagem em massa da populagdo visando a
detecgao de IDP.

3.2. ESPECIFICOS

Identificar os genes que, de acordo com a literatura, estdo comumente envolvidos
no desenvolvimento de IDP e na progressao da doenga grave em COVID-19;

Adaptar um protocolo de triagem de IDP pré-existente para que seja aplicado no
contexto da COVID-19, visando a deteccdo de um grupo vulneravel a
desenvolver a forma mais grave da doenga e reagdes adversas a alguns tipos de
vacina anti-COVID-109.

23



24

4. ARTIGO COMPLETO NO FORMATO DA REVISTA

Titulo: Primary immunodeficiencies: major players in the context of COVID-19

Autores: Karita Lorena Franga Almeida, Bruno Conde Costa da Silva , Jakub Kisel, Fabiola
Brasil Barbosa Rodrigues, Eduardo José Melo dos Santos

Status: Ndo Submetido

Revista: Medical Hypotheses

ISSN: 0306-9877

Fator de Impacto: 1.375 (Qualis B2)



25

Medical Hypothesis (March, 2021)

Primary immunodeficiencies: major players in the context of COVID-19

Karita L. F. Almeida ®®, Bruno C. C. Silva ?, Jakub Kisel ¢, Fabiola B. Barbosa * , Eduardo

J. M. Santos *P¢”

% Laboratory of Genetics of Complex Diseases, Federal University of Par4, Brazil
b Programa de Pos-Graduacao em Analises Clinicas, Federal University of Para, Brazil

° Programa de P6s-Graduagdo em Biologia de Agentes Infecciosos e Parasitarios, Federal

University of Para, Brazil

9 Department of Mathematics and Computer Science, University of Southern Denmark,

Denmark

To whom correspondence should be addressed:

Prof. Eduardo José Melo dos Santos

Universidade Federal do Paré, Centro de Ciéncias Bioldgicas
Departamento de Fisiologia.

Campus Universitario do Guama, Rua Augusto Correa s/n
Guama

66075970 - Belém, PA - Brasil - Caixa-postal: 8615
Telefone: (91) 32017933

E-mail: ejmsantos@yahoo.com



26

Abstract/Summary

COVID-19, the disease caused by SARS-CoV-2 infection has a wide range of symptoms
which can go from asymptomatic to severe state. It is known today that the immune system
plays an important role in the disease progression and that patients presenting with immune
disorders may be at a higher risk of developing a more serious form of the disease. Thus, we
propose that Primary immunodeficiency disorders (PID) are major players in COVID-19
prognosis. Previous GWAS and WES studies have shown that several of the PID genes
related are also associated with critical illness in COVID-19. We surveyed these genes for
their respective putative loss-of-function variants and retrieved their worldwide frequencies.
We found out that the variant of the IFNAR2 gene rs773890486 and the OAS3 gene mutation
rs61942233 have specially high frequencies in Europeans, which might be related to the
higher case fatality rate of COVID-19 in this population when compared to the case fatality
rate in East Asians and Africans. Hence, preventive screening of PID in the population could

be a useful tool for public health management, identifying an important vulnerable group.
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INTRODUCTION

The Corona Virus Disease of 2019 (COVID-19) was initially described as a severe
respiratory distress syndrome caused by the Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection [1]. However, it is known today that the spectrum of symptoms of
the disease is wide, ranging from asymptomatic to severe state [2] involving inflammatory
and thromboembolic manifestations, along with a number of systemic pathogenic

mechanisms [3].

The main host proteins involved in the virus infectivity are angiotensin-converting enzyme
2 (ACEZ2), which is the virus receptor, and transmembrane serine protease 2 (TMPRSS2),
involved in the viral spike protein S cleavage, which activates viral internationalization [4].
Additionally, ADAM metallopeptidase domain 17 (ADAML17) also plays a key role in ACE2

cleavage and virus entry in cells [3].

The severity of COVID-19 has been associated with several comorbidities and other host
factors [5, 6]. One of them is immune response impairment, which has been identified as

important since the beginning of the pandemic by several studies [7, 8, 9, 10].

In this context, altered immune responses as those caused by aging in SARS-CoV-2
infection [11] and the predisposition to exhaustion of T-cells in COVID-19 [12] may play an

important role in the disease progression.

Although it is still unclear how the response to virus infection is affected by an
immunosuppressive status [13], patients presenting with immune disorders may be at a higher
risk of developing a more serious form of the disease, like those with Primary
immunodeficiencies (PID), where cases of death by coronavirus have been reported [14, 15,

16].
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THE HYPOTHESIS

In aggreement with previous studies that suggest more aggravate viral infections in PID
[20], we hypothesize that Primary Immunodeficiencies (PID) constitute a major risk factor for

COVID-19 severity.

Primary immunodeficiency constitutes a heterogeneous group of more than 350 rare
diseases resulting from the impairment of different components of the immune system caused
by inborn genetic errors, which leads to predisposition to increased frequency and severity of
infection, autoimmune and autoinflammatory disorders, and malignancy [17]. They are
mainly monogenic and there are at least 308 genes recognized involved in their etiology
according to ORPHANET database (https://www.orpha.net/consor/cgi-bin/index.php), an
international registry for genetic rare diseases [18], but additional genes have been reported in

panels like Panel App [19].

FUNDAMENTALS OF THE HYPOTHESIS

The first direct evidences of the role of PID in COVID-19 prognosis originated from case
series studies. The two largest studies of this kind reported that i) four male individuals from
two unrelated families who presented with severe COVID-19 carried pathogenic mutations at
gene TLR7 [21], reported as a PID related gene at PanelApp; ii) seven patients with primary
antibody deficiencies, from which five were common variable immune deficiencies (CVIDS)
and two agammaglobulinemia. CVIDS patients displayed severe COVID-19 symptoms but
agammaglobulinemia patients presented with milder symptoms. The differences in clinical
presentation were attributed to the immunoglobulin substitutive therapy the

agammaglobulinemia patients were submitted to [22].
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Furthermore, a meta-analytical study correlated COVID-19 worldwide incidences with IgA
selective deficiency prevalence [23], the most frequent PID which reaches prevalence as high

as 1% in some countries.

More recently the COVID-19 mortality rates among PID have been described to be 10-

folds higher than among the general population [24].

Additional genetic evidences, originated from whole exome sequencing (WES), identified
24 functional variants at eight genes: TLR3, UNC93B1, TICAM1, TBK1, IRF7, IFNAR2, IRF3
e IFNARL in patients with life-threatening COVID-19 pneumonia [25] being the first six
reported at ORPHANET PID gene list and the last two at PanelApp PID gene set. Moreover,
the gene ADAML17, described as related to SARS-CoV-2 infectivity and modulation of
inflammatory response [26, 27, 28], is also reported as a PID related gene in ORPHANET.

Genome Wide Association Studies (GWAS) were able to identify some chromosomic
regions associated with COVID-19 severity [29, 30]. In special, two of these regions contain
PID related genes: 19p13.3, where the genes C3, CD70, CFD, ELANE and TCF3 are located;
and 3p21.31 that contains the gene TREX1. Notably, the region 3p21.31 was reported in both
GWAS studies mentioned above. TREX1 function impairment is associated with distinct
activation of the IFN-stimulated genes and increase in the release of proinflammatory
cytokines (IL-6) and chemokines (CXCL10 and CCL5) [31].

Several regions and genes which were found to be related to COVID-19 severity or
susceptibility by GWAS and WES studies are also associated with PID etiology, as
summarized in Table 1.

It is noteworthy that the worldwide prevalence of PID is heterogeneous. Although exact
data is scarce - besides data on selective IgA deficiency, extrapolations suggest that about 1-

2% of the world's population is affected by one of the known PID [32]. Among groups of
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selected patients though, such as those hospitalized with severe infections in the Pediatric
Intensive Care Unit, PID incidence can reach up to 10% [33].

Hence, PID emerges as a potential major player in COVID-19 prognosis and preventive
screening of PIDs in the population could be a useful tool for public health management,

identifying an important vulnerable group.

CONSEQUENCES OF THE HYPOTHESIS AND DISCUSSION

PID carriers emerge clearly as a putative COVID-19 poor prognosis group and besides the
predisposition to more severe disease, their response to vaccines could be compromised for
multiple reasons: first, the efficacy would be lower for some PID carriers with antibody
production disorder [34]. Second, the safety would be affected by the predisposition to
allergy, which is one of the major adverse reactions to vaccines of PID carriers with altered
immunoglobulin production [35]. Furthermore, the use of some COVID-19 vaccines, like
those that use potentially pathogenic vectors or attenuated SARS-CoV-2 virus would not be
advisable in those patients due to their immune response deficiency.

Hence, it would be important to include mass surveys for PID in public health management
of COVID-19.

The first step for PID diagnosis is a clinical screening. After excluding background
diseases like diabetes, HIV infection, some types of cancer and use of immunosuppressing
therapies [36], anamneses for the ten warning signals for PID in adulthood and childhood
should be carried out (Table 2) [17]. The presence of two or more of these warning signals is
suggestive of PID and additional laboratorial investigations should be considered.

Despite the limitations in detecting some types of PID [37], one study showed that the

overall significance of having at least two of the 10 PID warning signs led to a sensitivity of
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94% and approximately 64% of specificity. When adopting a more rigorous criteria of at least

tree warning signs the sensitivity decreased to 77%, but the specificity rose up to 86% [38].

Since about 50% of the PID involves impairment of the antibody or immunoglobulin
levels [32], laboratorial dosage of total serum immunoglobulin level like 1gG, IgA and IgM
becomes a valuable complement for PID diagnosis. A parallel evaluation of alterations in
blood cells count in order to detect cell mediated immunity defects is also relevant for an
initial approach. [39]. Additional laboratorial tests are valuable, but the final diagnostic of
PID relies on the identification of genetic mutations on key PID genes by WES [40] or

genotyping panels [41, 42].

In face of the COVID-19 pandemics, a large-scale screening of PID based on clinical
anamneses and the ten warning signs, along with immunoglobulins dosage and blood cell
counts would be relevant on identifying vulnerable population groups. Furthermore, a panel
of PID pathogenic mutations based on their worldwide frequencies could be relevant for

evaluation of suspicious cases.

In order to investigate the relevance of the ten warning signals we surveyed the
presence of two or more of them among symptomatic COVID-19 patients (360 individuals)
and healthy individuals (475) that did not report any COVID-19 infection. Among COVID-19
patients 4,17% reported to have at least two warning signs for PID while only 1,9% of the
healthy individuals reported two or more warning signals for PID. Considering a more
rigorous criterion, 2,5% of the COVID-19 group displayed three or more warning signal,
which was very contrasting with the non-COVID-19 group, where only 0,4% reported three
or more warning signals. Fisher exact test for these differences were significant and the odds
ratios where higher than 2, suggesting that a simple clinical survey could be useful for mass

screening for COVID-19 development.
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We surveyed the non-MHC PID genes present in COVID-19 related regions
mentioned in Table 1 for their respective putative loss-of-function (pLOF) variants in the
Genome Aggregation Database v2.1.1 (gnomAD; https://gnomad.broadinstitute.org/) [43] and
retrieved their worldwide frequencies. The sum of the frequencies of all pLOF variants
reported in each gene is presented in Figure 1A. In our analysis, we excluded the variants that
contained any flags that signalized their annotation was dubious or had a low level of
confidence. Considering the genes with the most frequent mutations it was possible to present
a geographic scenario highlighting the most likely PID genes to be addressed to PID

diagnostic.

IFNAR2 showed the highest frequency of pLOF mutations worldwide (Figure 1.). The
study performed by Pairo-Castineira et al (2020) showed that this gene together with OAS
genes is crucial for the innate antiviral defenses early in COVID-19, an important biological

mechanism in the development of the severity of the disease.

IFNAR2 plays a key role in Susceptibility to Hepatitis B Virus [44]. Besides that, an
inborn mutation in IFNAR2 was also related to Immunodeficiency 45. The homozygous
truncating mutation was found in a 13-month-old male who developed severe and fatal

encephalitis after routine measles/mumps/rubella vaccination [45]

The OAS genes consist of a cluster of the OAS1, OAS2, and OAS3 genes [46]. Some
isoforms of the OAS1 gene and OAS3 gene showed an antiviral role against Dengue virus
[47]. The OAS3 gene was also reported to have an antiviral role against Chikungunya virus
[48]. Interestingly, the OAS3 showed a high frequency of pLOF alleles worldwide and its

variant rs61942233 is present in 0,011 of the world’s population.
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IFRNA2 most frequent variant, rs773890486, showed to be 0,002 frequent in the
whole world. Notably, both mentioned variants are more frequent in Europeans than Africans
and East Asians (Figure 1B), which might be a contributor factor to higher mortality rates in

Europe than in other ethnic groups like Africans and East-Asians [49].

On the other hand, some studies claim that patients with some type of
immunosuppression seem to have often a milder COVID-19 course when compared to the
general population and immune defects may work as protective factor towards SARS-CoV-2
infection [15]. Thus, further studies considering a larger spectrum of PID related genes and
their variants, together with their distribution over the population groups that display highest
numbers of critical illness in COVID-19 should be carried out in order to corroborate our

hypothesis.
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FIGURES AND TABLES

Table 1. Chromosome regions identified as important in COVID-19 severity and their

respective relationships with PID genes.

Region | Type of Observations
Study
2p25.1 Functional | The region contains the ADAM17 gene, which is listed as PID
studies gene by ORPHANET. Evidences show this gene plays an
[26, 27] important in COVID-19 pathogenesis.
3p21.31 | GWAS [29, | This region was identified in two GWAS studies that searched for
30] regions with important role in COVID-19 severity and contains the
PID related gene TREXL.
9934.2 GWAS [29] | This region contains the ABO blood group system, described as
associated with COVID-19 susceptibility in a number of papers.
12g24.13 | GWAS [30] | One SNP was found to be associated with critical illness in
COVID-19 in this region, which contains the OAS1 gene. This
gene is related to immune function and innate response to viruses
and is listed as PID genes at Panel App.
19p13.3 | GWAS [30] | This region contains PID related genes like C3, CFD, ELANE and
WES [25] TICAML. Additionally, mutations at TICAML in patients with
critical COVID-19 were described by a WES study.
19p13.2 | GWAS [30] | TYK2, a PID related gene according to ORPHANET whose

important role in early COVID-19 has been described, is located in
this region. This region also contains the PID related genes

STXBP2 and ACPS.
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6p22.1

GWAS [30]

This region contains the HLA-G gene, where one SNP was found
in patients with critical COVID-19. This region also contains some

class I MHC genes like HLA-A.

6p21.33

GWAS [30]

This region contains the CCHCRL1 gene, where one SNP was found
in patients with critical COVID-19. This region also contains some
class I MHC genes like HLA-B and -C, as well as the PID related

genes C2 and SKIV2L.

6p21.32

GWAS [30]

This region contains the NOTCH4 gene, where one SNP was found
in patients with critical COVID-19. This region also contains some
class Il MHC genes like HLA-DRB1, as well as the PID related

genes TAP1, TAP2 and TAPBP.

4935.1

WES [25]

This region contains the gene TLR3, a PID related gene according
to ORPHANET where inborn errors were described in patients with

life-threatening COVID-19 pneumonia.

11913.2

WES [25]

This region contains the gene UNC93B1, a PID related gene
according to ORPHANET where inborn errors were described in
patients with life-threatening COVID-19 pneumonia. This region

also contains the PID related gene TCIRGL.

12q14.2

WES [25]

This region contains the gene TBK1, a PID related gene according
to ORPHANET where inborn errors were described in patients with

life-threatening COVID-19 pneumonia.

19913.33

WES [25]

This region contains the gene IRF3 where inborn errors were
described in patients with life-threatening COVID-19 pneumonia.
IRF3 is listed as a PID related gene at PanelApp and is directly

related to Interferon pathways.
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11p15.5 | WES [25] This region contains the gene IFR7 where inborn errors were
described in patients with life-threatening COVID-19 pneumonia.
IRF7 is listed as a PID related gene at ORPHANET and it is also
related to Immunodeficiency 39 and viral infection response.
21022.11 | WES [25] This region contains the genes IFNAR1 and FNAR2 where inborn
GWAS [30] | errors were described in patients with life-threatening COVID-19

pneumonia. Both genes are listed as PID related genes at PanelApp
and ORPHANET and are directly related to viral infection response
and interferon pathways. This region also contains the PID related

gene IL10RB.
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Table 2. The 10 warning signs developed by the Jeffrey Modell Foundation Medical

Advisory Board.

Warning signs for childhood PID (less

than 18 years old patients)

Warning signs for adulthood PID (18

years old and older patients)

1. Four or more new ear infections within
1 year.

2. Two or more serious sinus infections
within 1 year.

3. Two or more months on antibiotics with
little effect.

4. Two or more pneumonias within 1 year.

5. Failure of an infant to gain weight or

grow normally.

6. Recurrent, deep skin or organ abscesses.

7. Persistent thrush in mouth or fungal
infection on skin.

8. Need for intravenous antibiotics to clear
infections.

9. Two or more deep-seated infections
including septicemia.

10. A family history of Primary

Immunodeficiency.

1. Two or more new ear infections within 1
year.

2. Two or more new sinus infections within
1 year, in the absence of allergy.

3. One pneumonia per year for more than 1
year.

4. Chronic diarrhea with weight loss.

5. Recurrent viral infections (colds, herpes,
warts, condyloma).

6. Recurrent need for intravenous
antibiotics to clear infections.

7. Recurrent, deep abscesses of the skin or
internal organs.

8. Persistent thrush or fungal infection on
skin or elsewhere.

9. Infection with normally harmless
tuberculosis-like bacteria.

10. A family history of Primary

Immunodeficiency.

Adapted  from  http://downloads.info4pi.org/pdfs/10-Warning-Signs%2D%2D-Generic-

Text%2D%2D2-.pdf.



http://downloads.info4pi.org/pdfs/10-Warning-Signs---Generic-Text--2-.pdf
http://downloads.info4pi.org/pdfs/10-Warning-Signs---Generic-Text--2-.pdf
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CAPTIONS TO ILLUSTRATIONS

Fig 1. (A) The sum of all worldwide reported pLOF mutation in each gene listed as associated
with PID. Only genes outside MHC were considered, because of the high linkage and density
of genes in this region can introduce ascertainment biases by identifying candidate genes; (B)
Frequency of the major variants rs773890486 (IFNAR2) and rs61942233 (OAS3) in three
ethnic groups with heterogeneity in COVID-19 mortality (Europeans, Sub-Saharan Africans

and East-Asians), where Europeans display higher mortality rates.
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5. APRESENTACAO DO ARTIGO

O artigo aqui apresentado foi idealizado no més de setembro de 2020, em meio a
pandemia causada pelo novo coronavirus. Em uma conversa sobre a minha dissertacdo do
mestrado, que até aquele momento se baseava em um outro projeto, o meu orientador, Prof.
Dr. Eduardo Santos, sugeriu que desenvolvéssemos um trabalho que abordasse a possivel
relagdo entre imunodeficiéncias primarias e severidade em COVID-19, ideia que surgiu a
partir da leitura de um artigo realizado por Zhang e colaboradores (2020), que aborda erros
inatos de imunidade em pacientes correndo risco de vida causado por COVID-19. Decidi
aceitar a mudanga de projeto por acreditar na importancia e urgéncia do mesmo e, a partir
desse momento, passamos a parte pratica da realizacdo do artigo, que consistiu na busca de
artigos que citassem regides identificadas como importantes no desenvolvimento de
severidade em COVID-19. Essa etapa se deu de maneira breve, devido a natureza recente do
tema. Além do artigo que serviu de motor inicial para a realizagdo do trabalho, um outro
artigo realizado por Pairo-Castineira e colaboradores (2020) foi de extrema importancia nessa
fase de realizacdao da pesquisa. Apos a conclusdo dessa etapa, o proximo passo foi identificar
os genes relacionados as IDP que estdo localizados nas regides relatadas como sendo
importantes no desenvolvimento de severidade em COVID-19. Para tal, consultei o site

ORPHANET e a ferramenta GeneAPP, pois ambos possuem uma lista desses genes.

A grande lista de regides que estdo concomitantemente relacionadas a IDP e a
COVID-19 serviu de embasamento tedrico para o nosso trabalho, que agora entrava na fase
pratica, o que consistiu na busca pelas variantes dos genes relacionados a IDP presentes nas
regides previamente identificadas que apresentam perda de frequéncia e suas frequéncias na
popula¢do mundial e em populagdes especificas como Africanos, Europeus e Leste Asiaticos.
A essas regides foram dadas especial atencdo devido a grande diferenga nas taxas de

mortalidade por COVID-19 quando comparadas entre si.

As evidéncias encontradas no decorrer da realizagdo desse artigo me fizeram sentir
que estamos seguindo no caminho certo e a realizagdo do artigo em si se mostrou uma fonte
de aprendizado enorme. Elas também foram importantes para o processo de pensar sobre a
necessidade de uma possivel triagem em massa da populagdo, visando identificar um grupo
propenso a desenvolver formas mais graves da doenca, o que serviu de motor para a

montagem de um protocolo para esse fim.
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6. RESULTADOS ADICIONAIS:

Por serem molecular e clinicamente heterogéneas, As IDP representam um desafio
para o diagndstico imunolédgico e o manejo clinico (HSIEH & HERNANDEZ, 2016). A
maioria delas ¢ diagnosticada a partir da combinagdo de investigagdes de diversas naturezas,
tais como um historico clinico completo e direcionado, exame fisico detalhado, hemograma
completo e testes laboratoriais padrdo, principalmente aqueles que avaliam os componentes

do sistema imune.

A histéria clinica deve incluir histéria familiar de IDP, consanguinidade ou historia
familiar de morte subita em idade precoce. J4 o exame fisico deve incluir uma avaliagcdo do
estado nutricional, sequelas de infecgdes anteriores, linfonodos, amigdalas,
hepatoesplenomegalia, etc (SANCHEZ-RAMON et al., 2019). A auséncia de alteragdes nessa
etapa ndo descarta a possibilidade de IDP e, portanto, as etapas subsequentes devem ser

realizadas independente do resultado do exame fisico.

Quando da etapa que envolve exames laboratoriais, ¢ importante destacar que as
citopenias periféricas e sindromes de desregulagdo imunologica estdo entre as manifestagoes
mais recorrentes em portadores de IDP e representam particular relevancia no diagnoéstico,
uma vez que sdo comuns na pratica clinica. NO entanto, em muitos casos estes ndo estao
listados nos compéndios aceitos de sinais de alerta para o diagndstico de IDP em criangas e
adultos, aumentando o risco de falha no diagnoéstico do defeito imunoldgico. Devido a isso, é
importante ressaltar que um hemograma completo ¢ esfregaco de sangue com contagem
diferencial de células ¢ necessario a fim de descartar citopenia ou anormalidades celulares.
Além disso, algumas doencas extra-hematoldgicas, como manifestagdes cutaneas, disturbios
gastrointestinais, pneumonias recorrentes ou retardo de crescimento, entre outras, devem ser
levadas em consideragio (SANCHEZ-RAMON et al., 2019).

A determinagdo de Ig no soro (IgG, IgM, IgA e IgE) ¢ a primeira etapa na avalia¢do da
imunidade humoral e ajudara a diagnosticar deficiéncias quantitativas de Ig, como
agamaglobulinemia congénita, imunodeficiéncia varidvel comum ou deficiéncia de IgA e
outras anormalidades de anticorpos associadas a defeitos como hiper-IgE ou sindrome hiper-
IgM. Quando o diagnodstico permanece incerto apos todos esses testes e a suspeita ¢ alta,
testes adicionais, como funcionais ou moleculares estudos, devem ser realizados em centros
de referéncia (SANCHEZ-RAMON et al., 2019). O teste genético é frequentemente

necessario para garantir o melhor diagnostico possivel e os ultimos avangos na tecnologia
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genética tém contribuido significativamente para o diagndstico de IDP (CONDINO-NETO &
ESPINOSA-ROSALES, 2018).

A partir dessas instru¢cdes e usando como base o algoritmo proposto por Cooper,
Pommering e Koranyi (2016), foi elaborado um protocolo de triagem em massa da populagao

visando a identifica¢ao de IDP apresentado na figura a sequir (Figura 3).
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Figura 7. Sugestao de protocolo a ser utilizado na triagem de IDP na populacio, a fim de detectar o risco de desenvolvimento da
severidade em COVID-19. Fonte: Adaptado de Cooper, Pommering & Koranyi, 2003.
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7. CONSIDERACOES FINAIS

O questionamento sobre a possivel relagdo das imunodeficiéncias primarias € o
desenvolvimento de formas severas da COVID-19 se mostra essencial, principalmente no
contexto em que a populagdo mundial estd vivendo atualmente. Todas as tentativas de
minimizar os impactos da devastadora pandemia que tem nos assolado sdo validas e a

protecdo de grupos vulneraveis consiste em uma importante estratégia visando esse fim.

A realizag¢do desse trabalho se mostrou extremamente importante, uma vez que ele
constitui uma das muitas tentativas de entender aspectos do mecanismo dessa doenga, que ¢é
ainda pouco conhecida, e o seu resultado ¢ nada mais que uma proposta de manobra para
identificar e, a partir de entdo, poder direcionar cuidados especificos a um grupo que esta em

potencial vulnerabilidade que pode, por vezes, ser silenciosa.
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ANEXOS

Guidelines for Authors on the construction of articles

The purpose of Medical Hypotheses is to publish interesting theoretical papers. The
journal will consider radical, speculative and non-mainstream scientific ideas provided they

are coherently expressed.

Medical Hypotheses is not, however, a journal for publishing workaday reviews of the
literature, nor is it a journal for primary data (except when preliminary data is used to lend
support to the main hypothesis presented). Many of the articles submitted do not clearly
identify the hypothesis and simply read like reviews.

These notes are designed to help authors formulate an article for Medical
Hypotheses in such a way that the article is clearly distinguishable from a review. These are
guidelines only and the Editor is happy to accept other formats provided that the principal

requirements are met.

An hypothesis

Roughly speaking, an hypothesis should be an organized logical structure (or model)
that accounts for (some) known facts, and which has real world consequences that are (in

principle) observable.

The consequences of an hypothesis constitute predictions that may be tested against

observations and experiments to determine whether some of them are (apparently) fulfilled.

Most articles for Medical Hypotheses should fulfil the requirements of an hypothesis,

and the logic of the proposals should be clearly stated and evaluated.

Medical Hypotheses is a general journal and articles need to be intelligible to a wide
audience in medicine and bioscience, including those who may not be specialists in the field.

Clarity of presentation and concision are key requirements.

Abstract/ Summary
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The abstract should present the paper in microcosm. It should contain explicit details
of the hypothesis being advanced, the main lines of supporting evidence and the most

important implications.

Introduction/Background

The introduction should be a concise introduction to the scientific area to be
addressed, supported by appropriate references and should set the scene for the hypothesis.
The introduction should not be an attempt to review the evidence in detail.

The Hypothesis/Theory

The hypothesis needs to be set out in explicit detail. Typically it should be clear why
and how the hypothesis is different from current thinking, how the idea has evolved, and why

it is important.

The scientific logic of the hypothesis should be clearly evident (eg. the steps in its

causal assumptions).

Evaluation of the hypothesis/idea

The proposed hypothesis should be evaluated in the light of known and published
information. Generally, this entails an evaluation of both evidence in support and evidence
(apparently) against the hypothesis. Only relevant, and critically evaluated, papers should be

cited.

An hypothesis should, if correct, have implications and make predictions. These
predictions are (in principle) amenable to further observation and experimentation that could
tend to confirm or refute the hypothesis. Typically, authors would be expected to indicate how

their hypothesis might be tested.

Empirical data

Inclusion of extensive new data is not wusually acceptable in Medical
Hypotheses papers. However, at the Editor's discretion, pilot data may be included when it is
required for support of the proposed hypothesis, and when it is unlikely to be published in its

own right.
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Consequences of the hypothesis and discussion

The importance of the hypothesis may need to be stated explicitly, with a discussion of
the potential implications for the area of science under discussion if the hypothesis were to be

confirmed.

References

As a general rule, references should be limited to those that have a direct bearing on

the understanding of the hypothesis.

Figures and Tables

Diagrams, figures or tables may be invaluable in explaining the hypothesis. Tables
may be a good way of presenting evidence for and against a hypothesis in a way which makes
the strengths and weaknesses of the argument quickly apparent to the reader. Explanatory
diagrams and figures are welcome - so long as they clarify the argument.

Authors are requested to submit their manuscript and figures online

via https://www.editorialmanager.com/ymehy/default.aspx. This is the Elsevier web-based

submission and review system. You will find full instructions located at this site - a Guide for
Authors and a Guide for Online Submission. Please follow these guidelines to prepare and
upload your article. Once the uploading is done, our system automatically generates an
electronic pdf proof, which is then used for reviewing. All correspondence, including
notification of the Editor's decision and requests for revisions, will be managed via this

system.

The Editors cannot accept responsibility for damage to or loss of typescripts. A paper
is accepted for publication on the understanding that it has not been submitted simultaneously
to another journal in the English language. Rejected papers will not be returned to authors

except on request.

The Editors reserve the right to make editorial and literary corrections. Any opinions
expressed or policies advocated do not necessarily reflect the opinions or policies of the
Editors.
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Document Lay Out

Papers should be set out as follows, with each section beginning on a separate sheet:

title page, summary, text, acknowledgements, references, tables, captions to illustrations.
Title

The title page should give the following information: (1) title of article; (2) initials and
name of each author, with highest academic degree(s); (3) name and address of the
department or institution to which the work should be attributed; (4) name, address, telephone
and fax numbers and E-mail address of the author responsible for correspondence and to

whom requests for offprints should be sent; and (5) sources of support in the form of grants.
Abstract

The abstract is the most important section of the paper since it will be widely and
freely disseminated by scientific indexing systems, and will be read far more often than the
whole paper. Great care should therefore be taken to provide an informative abstract which
summarizes the main argument of the paper. The maximum length allowed is 400 words. The
abstract should not contain any references, because it will sometimes be disseminated in
isolation from the rest of the paper. Please ensure that you submit your abstract within the

first page of your manuscript.
Within the Text

Papers should be subdivided as the author desires, bearing in mind that the use of
headings usually enhances the reader's comprehension. Major heading should be in capital
letters at the centre of the page, minor headings in lower case letters (with an initial capital
letter) at the left hand margin. It is suggested that authors bear in mind that hypotheses may be
more persuasive when their implications are made explicit - for example, including

suggestions for observational or experimental testing.
Maximum Length

Papers should normally be restricted in length to a maximum of 40 pages of double
spaced 12 point type including tables, illustrations and references.
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Reference Format

The accuracy of references is the responsibility of the author. References should be
entered consecutively by Arabic numerals in parentheses in the text. The references should be
listed in numerical order on a separate sheet in double or triple spacing. References to journals
should include the authors' names and initials (list all authors when six or fewer; when seven
or more, list only the first three and add ‘et al.', full title of paper, abbreviated journal title,
using Index Medicus abbreviations, year of publication, volume number, first and last page
numbers. Internet references should include author, title, web address, date of publication (if

known), and the date on which the website was accessed.
Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript
by citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. This
identifier will not appear in your published article.
For reference style 3 Vancouver Numbered:
[dataset] [5] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak
wilt disease and surrounding forest compositions, Mendeley Data, vl1; 2015.
http://dx.doi.org/10.17632/xwj98nb39r.1.

Figures

All line illustrations should present a crisp black image on an even white background.
The illustrations should be 127 x 173 mm (5 x 7 in) in size, or no larger than 203 x 254 mm (8
x 10 in).

Photographic illustrations and radiographs should be submitted as clear, lightly
contrasted black-and-white prints (unmounted), sizes as above. Photomicrographs should
have the magnification and details of staining techniques shown. X-ray films should be
submitted as photographic prints, carefully made to bring out the detail to be illustrated, with

an overlay indicating the area of importance.
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Figures should be submitted appropriately lettered in capitals. The size of the letters
should be appropriate to that of the illustration, taking into account the necessary size

reduction.

Where illustrations must include recognizable individuals, living or dead and of
whatever age, great care must be taken to ensure that consent for publication has been given.
If identifiable features are not essential to the illustration, please indicate where the
illustration can be cropped. In cases where consent has not been obtained and recognizable
features may appear, it will be necessary to retouch the illustration to mask the eyes or
otherwise render the individual 'officially unrecognizable'.

Tables

These should be double-spaced on separate sheets and contain only horizontal rules.
Do not submit tables as photographs. A short descriptive title should appear above each table
and any footnotes, suitably identified, below. Care must be taken to ensure that all units are
included. Ensure that each table is cited in the text.

Units & Abbreviations

Avoid abbreviations in the title and abstract. All unusual abbreviations should be fully
explained at their first occurrence in the text. All measurements should be expressed in Sl
units. Imperial units are acceptable from USA contributors. For more detailed
recommendations, authors may consult the Royal Society of Medicine publication entitled
Units, Symbols and Abbreviations: A Guide for Biological and Medical Editors and Authors.

Correspondence

Medical Hypotheses welcomes correspondence, especially when letters are linked to
previous publications in the journal. Alternatively, letters can summarise extensions of
previous work, draw attention to new evidence relating to theories, describe new ideas, or
make general comments concerning the journal or its field of interest. Letters should be 400

words maximum length, inclusive of any references.
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Reviewers

Authors are asked to supply the names and email addresses of at least 3 and up to 5
potential reviewers for their manuscript. Please do not suggest reviewers from your own
institution, previous or current collaborators or Editorial Board members. Without reviewer
suggestions, processing of the manuscript may be delayed. Please do not contact any

reviewers that you have suggested.

Copyright Information

In order for us to ensure maximum dissemination and copyright protection of material

published in the journal, copyright must be explicitly transferred from author to publisher.

The copyright transfer agreement to be used for the journal is reproduced in the first
issue of each year. Extra copies are available from the Publisher or the Editors, or contributors
may photocopy the agreement reproduced in the journal. A copy of this agreement must be
signed by every author before any paper can be published.

We assure you that no limitation will be put on your personal freedom to use material
contained in the paper without requesting permission, provided acknowledgement is made of

the journal as the original source of publication.

Permissions Information

Written permission to reproduce borrowed material (illustrations and tables) must be
obtained from the original publishers and authors, and submitted with the typescript.
Borrowed material should be acknowledged in the captions in this style: ‘Reproduced by the
kind permission of ... (publishers) from ... (reference)'.

Conflicts of Interest/Role of the Funding Source

At the end of the text, under a subheading "Conflict of interest statement™ all authors
must disclose any financial and personal relationships with other people or organisations that
could inappropriately influence (bias) their work. Examples of potential conflicts of interest
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent

applications/registrations, and grants or other funding.
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All sources of funding should be declared as an acknowledgement at the end of the
text. Authors should declare the role of sponsors, if any, in the collection, analysis and
interpretation of data; in the writing of the manuscript; and in the decision to submit the
manuscript for publication. If the sponsors had no such involvement, the authors should so

state.
Proofs

Careful proof reading of the manuscript to ensure the published paper is correct
and accurate is the sole responsibility of the author. Authors may be charged for any
alterations to the proofs beyond those needed to correct typesetting errors. Proofs must then

be returned by email, fax or post to the Issue Manager at Elsevier within 48 hours of receipt.
Offprints

The corresponding author will, at no cost, receive a customized Share Link providing
50 days free access to the final published version of the article on ScienceDirect. The Share
Link can be used for sharing the article via any communication channel, including email and
social media. For an extra charge, paper offprints can be ordered via the offprint order form
which is sent once the article is accepted for publication. Both corresponding and co-authors
may order offprints at any time via Elsevier's Webshop. Corresponding authors who have
published their article open access do not receive a Share Link as their final published version
of the article is available open access on ScienceDirect and can be shared through the article
DOl link.

Procedure for Publication

Submitted manuscripts will be reviewed by the editor who will accept or reject the
manuscript based on its adherence to the criteria described above and in the Journal's Aims &
Scope. While awaiting print publication in the journal, a pre-print web version of accepted
articles is made available to subscribers on ScienceDirect as an ‘article-in-press'. Articles-in-
Press have a digital object identifier (DOI) and are fully citable. For more information

see: http://www.sciencedirect.com/science/journal/03069877



https://www.elsevier.com/authors/journal-authors/share-link
http://www.sciencedirect.com/
http://webshop.elsevier.com/myarticleservices/offprints
http://www.sciencedirect.com/science/journal/03069877
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Data Visualizations

Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions here to find out about

available data visualization options and how to include them with your article.

RESEARCH DATA: This journal encourages and enables you to share data that supports
your research publication where appropriate, and enables you to interlink the data with your
published articles. Research data refers to the results of observations or experimentation that
validate research findings. To facilitate reproducibility and data reuse, this journal also
encourages you to share your software, code, models, algorithms, protocols, methods and
other useful materials related to the project. Below are a number of ways in which you can
associate data with your article or make a statement about the availability of your data when
submitting your manuscript. If you are sharing data in one of these ways, you are encouraged
to cite the data in your manuscript and reference list. Please refer to the "References"” section
for more information about data citation. For more information on depositing, sharing and

using research data and other relevant research materials, visit the research data page.

Data linking: If you have made your research data available in a data repository, you can link
your article directly to the dataset. Elsevier collaborates with a number of repositories to link
articles on ScienceDirect with relevant repositories, giving readers access to underlying data
that give them a better understanding of the research described. There are different ways to
link your datasets to your article. When available, you can directly link your dataset to your
article by providing the relevant information in the submission system. For more information,

visit the database linking page .For supported data repositories a repository banner will

automatically appear next to your published article on ScienceDirect.In addition, you can link
to relevant data or entities through identifiers within the text of your manuscript, using the
following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). ?

Mendeley Data: This journal supports Mendeley Data, enabling you to deposit any research
data (including raw and processed data, video, code, software, algorithms, protocols, and
methods) associated with your manuscript in a free-to-use, open access repository. During the
submission process, after uploading your manuscript, you will have the opportunity to upload
your relevant datasets directly to Mendeley Data. The datasets will be listed and directly


https://www.elsevier.com/authors/author-services/data-visualization
https://www.elsevier.com/authors/journal-authors/research-data
https://www.elsevier.com/databaselinking
https://www.elsevier.com/books-and-journals/enrichments/data-base-linking/supported-data-repositories
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accessible to readers next to your published article online. For more information, visit

the Mendeley Data for journals page.

Data statement: To foster transparency, we encourage you to state the availability of your
data in your submission. This may be a requirement of your funding body or institution. If
your data is unavailable to access or unsuitable to post, you will have the opportunity to
indicate why during the submission process, for example by stating that the research data is
confidential. The statement will appear with your published article on ScienceDirect. For

more information, visit the Data statement page.


https://www.elsevier.com/books-and-journals/content-innovation/mendeley-data-for-journals
https://www.elsevier.com/books-and-journals/enrichments/data-profile

