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RESUMO

Introducédo: A COVID-19 é uma doenca respiratoria pulmonar aguda, transmissivel por
goticulas de ar liberadas por pacientes infectados. Muitos casos foram diagnosticados em
2020 e evoluiram para a forma grave, com altos nimeros de 6bito em todo o mundo, e j&
foi observado que pardmetros da resposta imunolégica podem atuar como biomarcadores
para desfecho clinico em individuos graves e internados. Entretanto, poucos estudos
observaram individuos curados da infeccdo, sem interferentes, e menos ainda relacionam
com a producdo de anticorpos, o que salientou o desenvolvimento deste estudo para
estabelecimento de novas estratégias imunologicas visando a melhoria de imunizantes e
manejo de pacientes com COVID-19. Objetivo: Avaliar o perfil imunofenotipico e
inflamatdrio de pacientes graves e convalescentes da infeccdo pelo SARS-CoV-2.
Metodologia: Foram recrutados 51 doadores saudaveis, 12 pacientes diagnosticados com
COVID-19 em estado leve, 6 moderados, 9 graves, e 138 convalescentes, que atingiram
a cura clinica a cerca de 30 dias. Destes, 67 realizaram um acompanhamento longitudinal
por mais dois meses. Dos participantes, foram coletados sangue total para analise por
citometria de fluxo. O soro foi utilizado para quantificar o perfil de citocinas, quimiocinas
e fatores de crescimento por Luminex, e dosagem de anticorpos anti-S e anti-N. Para
analise de dados foram utilizados os softwares Graph PadPrism v. 9.0 e R Studio. Todas
as analises foram consideradas com intervalo de confianca de 95% e valor de p
significativo para p < 0.05. Resultados: Pacientes graves de COVID-19 demonstraram
uma queda nos numeros de células NK e NKT, junto com mondcitos inflamatdrios e néo
classicos. No soro, as concentragdes de IFN-y, CXCL10 e CXCLS8 apresentaram potencial
como biomarcadores imunoldgicos de caracterizacdo clinica de pacientes com COVID-
19. Dentro daqueles sob internacéo hospitalar, os que evoluiram a 6bito apresentaram alta
contagem de eosindfilos. Nos convalescentes, a sororeatividade para o anti-N decaiu ao
longo dos trés meses apds a cura clinica, mas ndo para o anti-S. Marcadores, como a razao
neutrofilo-linfocito, contagem de eosindfilos e IL-15, se mostraram altos durante toda a
convalescenga, embora tenha sido observada uma dinamica inicial de producéo celular.
Conclusao: Com nossos achados, observamos que a exacerbacéo da imunidade inata na
fase aguda pode aumentar o risco de 6bito. J& um efeito reparador, pode colaborar na
manutencdo dos anticorpos IgG em convalescentes. Compreender a dindmica
imunolégica envolvida na soroconversdo permitira o melhor manejo de pandemias
futuras, causadas por agentes respiratorios virais, bem como estabelecer biomarcadores
precisos de monitoramento e acompanhamento clinico de pacientes com COVID-19.

Palavras-chave: COVID-19; Inflamacdo; Biomarcador; Amazonia Brasileira.



ABSTRACT

Background: COVID-19 is an acute respiratory disease, transmissible by airdrops from
infected patients. Many cases were diagnosed in 2020 and evolved to severe conditions,
with high number of deaths around the world, and it was seen before that parameters from
Immune response can act as biomarkers to clinical outcomes in severe and hospitalized.
However, few studies focused on individuals cured from infection, without interferents,
and less were related to antibody production, what highlighted the development of this
study to establish new immunological strategies aiming the improvement of vaccines and
management of patients with COVID-19. Aim: To evaluate the immunophenotypic and
inflammatory profile from severe and convalescent patients with SARS-CoV-2 infection.
Materials and methods: 51 healthy donors were recruited, 12 patients with COVID-19
in mild condition, 6 moderates and 9 severe, and 138 convalescents, who reached clinical
recovery approximately 30 days after. Among these, 67 participants had a monthly
follow-up for two months. Whole blood was obtained from all participants to evaluate by
flow cytometry. Serum samples were also collected to measure cytokines, chemokines,
and growth factors using Luminex, and dosage of anti-S and anti-N antibodies. Data
analysis was done in Graph PadPrism v.9 and R Studio. All analyses were performed with
a 95% confidence interval and a p-value < 0.05. Results: Severe patients COVID-19
demonstrated a decrease in NK and NKT cells number, also with inflammatory and non-
classical monocytes. In serum, the concentration of IFN-y, CXCL10 and CXCL8 had
potential to act as immunological biomarkers of clinical decision to patients with COVID-
19. Among those under hospital attendance, those who evolved to death had high amounts
on eosinophils. In convalescents, serum reactivity to anti-N decayed throughout the three
months after clinical recovery, but not to anti-S. Markers, such as neutrophil-lymphocyte
ratio, eosinophil count and I1L-15 were increased during all convalescence, despite it was
seen an initial cellular dynamic. Conclusion: With our findings, we observed that
exacerbation of innate immunity in acute phase can increase the risk of death. A reparative
effect can collaborate with 1gG antibodies maintenance in convalescents. Comprehend
the immune dynamics in seroconversion will allow the better approach of future
pandemics, caused by viral respiratory agents, as establish more precise biomarkers to
monitor and follow patients with COVID-109.

Keywords: COVID-19; Inflammation; Biomarker; Brazilian Amazon.
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e Hemoterapia do Amazonas.
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RDW: Red Distribution Width.
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FSC: Forward Scatter.
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NK: Natural Killer.
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VPN: Valor Preditivo Negativo.
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1. INTRODUCAO

Em 2020 o mundo experienciou mais uma pandemia, com um nimero alarmante
de casos e ébitos, causada por um novo tipo de coronavirus, causador da Sindrome
Respiratoria Aguda Grave (SARS-CoV-2). Por ser um virus completamente novo, o
sistema imunologico da populacdo encontrava-se vulneravel, e isso, atrelado as poucas
medidas empregadas na contencdo de doengas respiratorias empregadas na época,
favoreceu a répida disseminacéo do virus e infec¢do de milhGes de pessoas.

O ano de 2021 apresentou o maior numero de casos de COVID-19
diagnosticados no mundo inteiro, onde 1% evoluiu para dbito, e 3-20% foram internados
em estado grave (BUSS et al., 2022; LAMERS; HAAGMANS, 2022). No Brasil, muitas
medidas foram propostas, mas o painel epidemioldgico apresentou variagdes com base
nas regides geogréaficas do pais. Esse fator foi primordial para a posterior condicao:
desenvolvimento de novas variantes do virus. Logo no inicio de 2021, houve o
desenvolvimento de uma variante no Estado do Amazonas, que causou um caos Nnos
setores publicos e privados voltados a satde, devido a imensa quantidade de casos que
necessitavam de internacdo (CASTRO et al., 2021; PRETE et al., 2022).

A resposta imunoldgica ao virus na fase aguda foi um dos ramos muito estudados
ao redor do mundo. Pacientes com o diagnéstico de COVID-19 classificados de forma
grave apresentavam quadros mais intensos de febre, tosse, falta de ar, distdrbios
intestinais, e em alguns casos, tromboses (ARCANJO et al., 2020; MARTENS et al.,
2021; ZUO et al., 2021b). Biomarcadores imunologicos foram descritos, de forma tanto
a prever um prognostico, como também caracteriza-los. Foi observado que neutrofilia
(BALZANELLI et al., 2021; CAl et al., 2021; LEPPKES et al., 2020), monocitopenia
(RAJAMANICKAM et al., 2021; ZHANG et al., 2020c), alta relacdo neutrofilo-linfécito
(ASGHAR et al., 2020; BALZANELLI et al., 2021; CAl et al., 2021; IMRAN et al.,
2020; LEPPKES et al., 2020) e producao de mediadores inflamatdrios levam a um quadro

de les&o tecidual, responsavel pelas mais diversas observacgoes clinicas.

A gravidade em que o0 mundo se apresentou pode ser observada entre os anos de
2020 e 2021. No entanto, ainda hd uma escassez de estudos em individuos convalescentes.

Estes sdo caracterizados pelo diagndstico prévio do virus, e que atingiram a cura clinica
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(NG et al., 2021; RAJAMANICKAM et al., 2021). Tanto pacientes leves quanto graves,
que ndo evoluiram a 6bito, sdo considerados convalescentes, e pouco se sabe acerca da
dindmica imunoldgica neste quadro. Os marcadores de ativacdo celular e proteico ainda
se apresentaram aumentados até cerca de 60 dias durante a convalescencga, no entanto, ha
uma queda progressiva, junto com o aumento de neutrofilos imaturos, mondcitos
(KWIECIEN et al., 2021) e linfocitos (KIM et al., 2022).

A produgdo de anticorpos tem inicio ainda durante a fase aguda, para a maioria
dos pacientes, embora ainda néo se saiba os fatores que levam a uma produgéo eficaz de
anticorpos na fase convalescente, nem quanto tempo perduram. Alguns estudos
identificaram que pacientes sintomaticos apresentam maior concentracdo de anticorpos,
do que os assintomaticos (SOKAL et al., 2021; WARDHANI et al., 2021; WU et al.,
2021), enquanto outros descrevem uma correlacdo negativa da contagem de linfécitos
com a concentracdo de anticorpos, sugerindo que quanto pior o perfil inflamatoério na fase
aguda, mais comprometido estara a producdo de anticorpos na fase convalescente (WU
et al., 2020).

Devido a baixa quantidade de estudos com pacientes convalescentes, advindos
da infec¢do natural primaria, bem como os que relacionam a dindmica imunoldgica com
a producdo de anticorpos contra o do virus, fez-se necessario compreender quais
parametros da resposta imune intermedeiam a imunidade inata, bem como os presentes
na imunidade adaptativa. Com nossos resultados, a dindmica de biomarcadores podera
ser mais bem elucidada para potencializar a resposta imunolégica apds infeccao, além de
tracar estratégias para imunizantes e uso de plasma convalescente. Nossos dados
contribuem para o entendimento da resposta imune nestes pacientes e poderao ajudar na
consolidacdo de menores custos ao estado, melhora na qualidade de vida de pacientes
infectados e flexibilidade quanto as medidas preventivas.
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2. FUNDAMENTACAO TEORICA
2.1. Aspectos etiolégicos e gendmicos do SARS-CoV-2
O novo coronavirus € um agente viral, descoberto no final de 2019 através de
relatos de caso de pacientes com uma sindrome respiratoria na provincia de Wuhan,
localizada na China. Por apresentar similaridade genémica de 80% com o coronavirus 1,
descrito em 2002, foi classificado dentro da mesma familia taxonémica, pertencentes a
ordem Nidovirales, e a familia Coronaviridae (JAFARZADEH et al., 2020).

Os coronavirus apresentam similaridades gendmicas e estruturais entre si. O
primeiro coronavirus encontrado em humanos foi o causador da sindrome respiratoria
aguda grave (Severe Acute Respiratory Syndrome [SARS-CoV]), em 2002, seguido pelo
da sindrome respiratdria do oriente médio (Middle East Respiratory Syndrome [MERS-
CoV]), em 2012, e por fim, o causador da doenga do coronavirus (COVID-19), nomeado
como SARS-CoV-2, descoberto em dezembro de 2019. Os agentes causadores do SARS
foram descobertos na China, em provincias diferentes, enquanto que o MERS-CoV foi
descoberto na Arabia Saudita (DOUSARI; MOGHADAM; SATARZADEH, 2020).

Virus desta familia podem ser classificados em quatro grandes grupos,
denominados a, B, y €  coronavirus e sdo conhecidos por infectar mamiferos. J& foram
relatados casos dos dois primeiros em humanos, sendo comum também em outros
mamiferos, enquanto que os dois Gltimos sdo mais frequentes em aves, e alguns animais
marinhos (DOUSARI; MOGHADAM; SATARZADEH, 2020; TURILLI; LUALDI,
FASANO, 2022). Subtipos de a-coronavirus e B-coronavirus ja foram encontrados em
humanos, causadores de sindromes respiratorias, enquanto outros tipos virais, afetam
principalmente os tratos superiores de hospedeiros imunocompetentes, e podem levar
inclusive a complicac@es no trato gastrointestinal (CUI; LI; SHI, 2019; SINGH; Y1, 2021)

Animais silvestres sdo 0s principais reservatorios selvagens dos coronavirus,
sendo o morcego o principal, para 0 SARS-CoV e MERS-CoV. Acredita-se que estes
dois coronavirus sdo oriundos de morcegos, devido a presenca de sequéncias comuns
encontrados no genoma, e junto com 0 SARS-CoV-2, compdem um subgénero dos f3-
coronavirus, os Sarbecovirus (CUI; LI; SHI, 2019). Cabe ressaltar que hospedeiros
intermediérios podem estar presentes, e acabar contribuindo para adaptacdo e

disseminagdo do virus em humanos, como ocorreu em camelos e dromedarios,
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hospedeiros intermediarios para 0 MERS-CoV, enquanto para o SARS, temos 0 musang
(ou cliveta de palmeira asiatica) (CUI; LI; SHI, 2019; ZHANG; HOLMES, 2020).

Também acredita-se que o0 virus possa ser proveniente do pangolin (Manis
javanica), um animal importado ilegalmente no sul da China, devido a similaridade
gendmica e a presenca de 6 mutacdes encontradas no gene que produz o epitopo RBD da
proteina S, presente entre o agente causador da pandemia da COVID-19, e as variantes ja
descritas, capazes de infectar o pangolin (ZHANG; HOLMES, 2020).

Com o avango da populacdo humana sobre &reas silvestres, bem como consumo
de animais crus, houve a adaptacéo de patdgenos causadores de doencas endémicas em
animais para humanos, demonstrando os riscos associados a essa pratica. Muitos
coronavirus se adaptaram a humanos principalmente devido ao contato em mercados
comunitérios (CUI; LI; SHI, 2019). O mesmo ocorreu com 0 SARS-CoV-2, descoberto
no mercado de Wuhan, China.

O SARS-CoV-2 é um virus de RNA fita simples (ssRNA+), com polaridade
positiva, 30 kb de extensdo, 29.903 bp e apresenta uma estrutura envelopada com
diametro de 80-160 nm (LIANG et al., 2020; SINGH; Y|, 2021), pertencendo ao grupo
IV, da classificacdo de Baltimore. Seu genoma apresenta 14 regides de leitura aberta
(ORFs), responsaveis por codificar proteinas ndo estruturais, utilizadas no processo de
replicacdo. Dentro das principais proteinas, tem-se a traducdo da proteina Spike (S),
Membrana/Matriz (M), Glicoproteinas do Envelope (E), Esterase de Hemaglutinina (HE)
e Nucleocapsidio (N). Outros coronavirus compartilham semelhanca com as N, M, e 0s

E, enquanto a HE esta presente em apenas alguns B-coronavirus (SINGH; Y1, 2021).

A proteina S é a mais estudada dentro da fisiopatologia do SARS-CoV-2 por ser
a proteina que intermedeia a interacdo do virus com seu receptor. Se trata de uma proteina
que é compartilhada entre alguns virus e principalmente entre os coronavirus. Varia de
1,160 a 1,400 aminodcidos, é localizada na superficie do virus e intermedeia a interacao
do virus com sua célula hospedeira. Dentro dos coronavirus, as regides N-terminal e C-
terminal a subunidade 1 estdo envolvidas na adeséao celular, enquanto a subunidade 2 esta
envolvida na infecgdo do virus dentro da célula (HARRISON; LIN; WANG, 2020;
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LIANG et al., 2020). Na figura 1 podemos observar o padrdo genémico do SARS-CoV-

2, junto com os sitios envolvidos na transcri¢do das proteinas virais.
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Figura 1: Estrutura gendmica do SARS-CoV-2, com as ORFs e principais proteinas para 0 metabolismo
viral.
Fonte: Adaptado de Singh & Yi, 2021.

Muitas mutacgdes foram observadas nos coronavirus, o que facilitou a adaptacéo
nas mais diversas espécies silvestres, entretanto, mutacdes ndo sinénimas, as quais
ocorrem em baixa taxa, podem estar relacionadas a pressao da selecdo natural que ocorre
no meio ambiente. Essas caracteristicas permitem a preservacao e analise filogenética das
variantes dos coronavirus, de forma a identificar as mutac@es sofridas ao longo dos anos.
Estudos identificaram que a similaridade entre uma variante ja presente em morcegos,
RaTG13, e 0 novo coronavirus (SARS-CoV-2) é de 96%, com uma divergéncia temporal
de 18 a 71 anos (SINGH; Y1, 2021).

Ao longo da epidemia da COVID-19, novas variantes surgiram, levando ao
aumento do numero de casos de forma muito rapida, bem como mudangas no risco de
desenvolvimento dos casos graves. Até o final de 2021, quatro variantes da COVID-19
haviam sido descritas pela Organizacdo Mundial da Saude (OMS), sendo classificadas e
avaliadas quanto as caracteristicas de transmissibilidade, gravidade e resposta

imunologica. Conforme descrito no Quadro 1, pode-se observar que as quatro variantes
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mais comuns apresentam mutacdes caracteristicas, o que levou a melhor forma de

transmissdo e resisténcia ao sistema imunoldgico do hospedeiro (TAO et al., 2021;

TURILLI; LUALDI; FASANO, 2022).

Classificacdo Primeiro Primeiro MutacGes de interesse
relato relato
. . N501Y, A570D, P681H, T716l, S982A,
Alfa Reino Unido 2020 D1118H
Beta Africa do Sul 2020 K417N, E484K, N501Y, D614G, A701V
Gamma Brasil 2020 K417T, E484K, N501Y, D614G, H655Y
Delta india 2020 L452R, T478K, D614G, P681R
A67V, A69-70, T95I, G142D, A143-145,
N2111, A212, ins215EPE, G339D, S371L,
C . S373P, S375F, K417N, N440K, G446S,
. Africa do Sul
Omicron e Botswana 2021 S477N, T478K, E484A, Q493R, G496S,
Q498R, N501Y, Y505H, T547K, D614G,
H655Y, N679K, P681H, N764K, D796Y,
N856K, Q954H, N969K, L 981F

Quadro 1: Padrdo de mutacdes de interesse com base nas variantes genéticas do SARS-CoV-2. Em
destaque estdo as mutacOes descritas como relevantes para maior grau de infectividade ou evasdo de
anticorpos produzidos pelo sistema imunolégico.

Fonte: Adaptado de Turilli, Lualdi e Fasano, 2022; Gémez, Perdiguero e Esteban, 2021.

Ao estudar as variantes, foi observado que diferem entre si quanto a
transmissibilidade, resposta imunoldgica e gravidade. Ja foi demonstrado que a pressao
da selecdo natural acabou por induzir a varias mutacbes no gene do SARS-CoV-2,
principalmente na proteina Spike, entretanto, algumas regiGes apresentaram maior
pressdo positiva do que outras (MARTIN et al., 2021). O principal problema observado
se da pelos testes de diagnosticos realizados e comercializados, bem como eficacia das
vacinas em variantes diferentes (TURILLI; LUALDI; FASANO, 2022). Trés mutacdes,

no gene da proteina S, tomam destaque:

e D641G: Esta mutacdo leva ao maior grau de replicacdo dentro dos infectados,
além de estar relacionada a um maior grau de infectividade e transmissibilidade.
Foi descrita desde fevereiro de 2020, e apresentou maior prevaléncia nos
pacientes identificados posteriormente. Além disso, virions com essa mutagédo
também apresentaram maior quantidade de proteina S na sua superficie
(HARVEY et al., 2021; TAO et al., 2021).
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e N501Y: Aumenta a afinidade da proteina S com o receptor Enzima Conversora
de Angiotensina 2 (ACE2) e a taxa de replicacdo viral através da formacéo de
mais uma ponte de hidrogénio. 14 mutacGes neste gene apareceram no final do
ano de 2020, e cresceram para 30 em abril de 2021 devido a selecdo natural
positiva (GOMEZ; PERDIGUERO; ESTEBAN, 2021; MARTIN et al., 2021).

e E484K: A mutacdo do aminoacido para K, Q ou P causa menor afinidade em
anticorpos monoclonais e de convalescentes, no entanto apenas a troca para o
aminoacido K causa queda significativa na neutralizacdo (HARVEY et al.,
2021). A mudanga proteica (&cido glutdmico por lisina) também confere maior
habilidade de ades&o antigénica do RBD com o receptor celular, o que facilita o
infectividade e replicacdo celular (GOMEZ; PERDIGUERO; ESTEBAN, 2021;
ISTIFLI et al., 2021).

A Figura 2 demonstra a localizagdo dos principais epitopos da proteina Spike.
As mutacGes ocorrem majoritariamente nestes epitopos e podem interferir tanto na
capacidade de infectividade do virus, bem como na resisténcia a anticorpos produzidos
por individuos convalescentes, mas também vacinados. Cabe ressaltar que o processo de
vacinacdo induz a producdo de anticorpos, porém, com as novas variantes, pode haver

escape viral devido a cepa viral utilizada para formulagéo da vacina (TAO et al., 2021).



27

S477, ,T478

5494 __—E484
K417 -

s &
- N 4:- L452
N439

g < P

4

A243/244
. .
L

A69/70 —¢ '

Al44

Figura 2: Principais epitopos da proteina Spike, com maior frequéncia de
mutacdes génicas entre as variantes.
Fonte: Tao et al., 2021.

Com o desenvolvimento das novas variantes, muitos picos de casos foram
observados ao longo da pandemia, levando a dificuldade de tratamento eficaz para
quadros leves e graves, além do grande nimero de 6bitos em determinados locais. A
compreensdo do quadro epidemioldgico permite destacar quais variantes sdo mais
recorrentes, além de propor melhorias nos servicos de atencéo a saude. Topico que seréd

abordado mais a frente.

2.2. Forma de transmissao e epidemiologia da COVID-19
O SARS-CoV-2 é capaz de sobreviver em superficies sob varias condicfes. Ja
foi observado que em temperatura ambiente, apresenta duracdo de 3 horas em aerossois,
5 dias em metais e papeis, e 4 dias em madeiras, além de outras superficies. Esses fatores
contribuem para permanéncia e disseminagdo do virus em superficies, mesmo que

inanimadas. Porém, a principal forma de disseminacdo se da através da liberacdo de
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fluidos bioldgicos, principalmente por goticulas, via nasocomial, bem como amostras

fecais, urina, saliva e até mesmo por via intrauterina (KHAN et al., 2021).

Em um hospedeiro vivo, a principal forma de transmissdo se d& pela entrada do
SARS-CoV-2 nas vias respiratorias, através das goticulas liberadas no ambiente por
infectados, ou até mesmo por contato com materiais contaminados. Por ser um patégeno
de transmissédo aérea, foi possivel uma alta e rapida disseminacéo na China e no mundo,
principalmente devido a fatores como auséncia de medidas de controle eficazes, como
imunizacdo prévia ou barreiras, alto periodo de incubacgdo (5-6 dias) e transmissdo (14
dias) entre os infectados (HARRISON; LIN; WANG, 2020; KEVADIYA et al., 2021;
KHAN et al., 2021).

O surto, que iniciou em 2019, logo se tornou uma pandemia em pouco mais de
trés meses. Em marco de 2020, o virus ja estava presente em varias regides do mundo,
sendo declarado pela OMS o inicio da pandemia. Ao longo desse mesmo ano, varios casos
foram observados no Brasil e no mundo, com alto nimero de internacdes e agravamento
clinico dos pacientes infectados. Medidas de controle do virus foram aplicadas, o que
permitiu primeiramente a queda do nimero de casos dentro da populagdo exposta, mas
majoritariamente, o0 manejo de hospitais e centros de atencdo a satde suportarem o painel
cadtico de pacientes graves que necessitaram de atendimento médico (BUSS et al., 2022).
No mundo, cerca de 1% dos casos evoluiram a oObito, e de 3-20% necessitaram de
hospitalizacdo, e grande parte destes ainda foram para a Unidade de Terapia Intensiva
(UTI) devido aos fortes sintomas (LAMERS; HAAGMANS, 2022).

A variante alfa (B.1.1.7) foi a primeira a ser detectada, no Reino Unido, a partir
de setembro de 2020, e apresenta a mutagdo N501Y, o que potencializou em sete vezes a
afinidade do virus a proteina ACE2 e resisténcia a neutralizacdo dos anticorpos ja
produzidos. A variante beta (B.1.351) surgiu logo em seguida, em outubro de 2020, na
Africa do Sul, com sete mutacdes e 1 delecio, localizadas nas proteinas S (K417N, E484K
e N501Y), E, N, e nas regides da ORFla. Posteriormente, as variantes delta e gama
surgiram em periodos préximos. Acredita-se que a primeira tenha surgido em dezembro
de 2020, enquanto a segunda tenha surgido em janeiro de 2021, embora também seja
estipulado que ambas se desenvolveram ao mesmo tempo, mas em localizagOes

geograficas distintas. E por fim, a omicron, reportada na Africa do Sul em novembro de
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2021. Na Figura 3 pode-se observar um acompanhamento longitudinal da porcentagem
das variantes ao longo do periodo de 2020 até o inicio de 2022, demonstrando uma
prevaléncia transitoria da variante alfa, mas um predominio da variante delta (ALEEM;
SAMAD; SLENKER, 2022; GOMEZ; PERDIGUERO; ESTEBAN, 2021; KOELLE et
al., 2022).
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Figura 3: Padréo dos principais subtipos de SARS-CoV-2 que estavam circulando ao redor do mundo ao
longo de 2020, até janeiro de 2022.
Fonte: Koelle et al., 2022.

A presenca de novas variantes leva ao aumento do numero de casos,
principalmente das variantes que sofrem mutacGes em genes relacionados & infectividade
e capacidade de evasdo do sistema imunoldgico de um hospedeiro ja sensibilizado, seja
por contato prévio com o virus, ou pela vacina. Esses fatores, atrelados a dependéncia de
locais de assisténcia capacitados para realizar a identificacdo de casos, notificacao,
diagnostico efetivo e preciso, torna a vigilancia epidemioldgica um desafio em varios

paises do mundo, principalmente aqueles com baixa renda (CASTRO et al., 2021).

No Brasil, 0 SARS-CoV-2 foi relatado pela primeira vez em 2020, porém o auge
da pandemia se deu no Estado do Amazonas, entre novembro de 2020, e inicio de 2021,
onde houve o desenvolvimento de uma nova variante, a gama (P.1). Com 12 aminoéacidos
diferentes no gene da proteina S da cepa original. Esta variante se mostrou mais agressiva
e mais resistente, devido principalmente as mutagdes E484K e N501Y, no receptor RBD,

que potencializaram a interagdo da proteina S com o receptor ACE2, além da primeira
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mutacao conferir resisténcia a interacdo de anticorpos neutralizantes & proteina S, tanto

de individuos convalescentes, quanto de vacinados (IMAI et al., 2021).

Levaram 11 dias desde o diagndstico do primeiro caso no Amazonas até a
primeira morte relacionada a COVID-19. Mais adiante, na analise temporal, o estado
apresentou o maior indice de mortalidade no pais, sendo inclusive o dobro que a taxa por
100 mil habitantes do Brasil (CASTRO et al., 2021). Além disso, com a grande demanda
de atendimento hospitalar, relacionado a falta de recurso publico destinado a recepgédo
dos pacientes diagnosticados com COVID-19 que necessitaram de internacdo, Manaus
apresentou a maior taxa de mortalidade dentro de um estudo realizado em oito capitais
brasileiras (5,3 por 1.000 habitantes) (PRETE et al., 2022). No periodo de um més e meio,
houve o desenvolvimento da P.1, e foi a linhagem de aproximadamente 75% dos casos
de COVID-19 no Amazonas, atingindo niveis alarmantes na cidade (NAVECA et al.,
2021).

O numero de casos da COVID-19 no Brasil chegou a niveis alarmantes,
principalmente no ano de 2021. Até marco deste ano, o Brasil representava 9,5% dos
casos mundiais de COVID-19, e 10,4% dos Obitos, sendo a populacdo brasileira
representativa de 2,7% da populacdo mundial (CASTRO et al., 2021). Estima-se que até
outubro de 2020, mais de 75% da populacéo brasileira ja havia sido infectada, o que esta
relacionado a problemas de vigilancia, notificacdo dos casos, e baixa capacidade de testes

de diagndstico, principalmente em servicos de satde privados.

Na Figura 4, é possivel identificar as principais regiGes brasileiras com maior
namero de casos durante o primeiro ano da pandemia, bem como sua distribuicao a nivel
nacional. A regides norte e nordeste apresentaram maior quantidade de casos por 100,000
habitantes, quando comparados ao restante do pais, 0 que acredita-se que tenha sido
devido a distribui¢do populacional e disponibilidade de recursos voltados ao atendimento
hospitalar aos pacientes com COVID-19 (CASTRO et al., 2021).
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Figura 4: Padrdo epidemiolégico da COVID-19 no Brasil, representando em escala de cor o nimero de
casos (A) e bbitos (B) de junho a outubro de 2020.
Fonte: Castro et al., 2021 (adaptado por Silva-Junior).

A soroprevaléncia da populacdo apresentou um aumento exponencial em oito
cidades brasileiras, quando avaliados doadores de sangue em diferentes idades e de ambos
0s géneros, de 2020 a 2021. Aproximadamente 100% dos doadores de sangue avaliados
apresentavam reatividade a anticorpos contra epitopos da COVID-19, principalmente em
individuos mais jovens, com idade entre 25 e 44 anos, e do género masculino (PRETE et
al., 2022). Acredita-se que a maior prevaléncia nessa faixa se dé por conta da exposi¢édo
durante o periodo da pandemia, além das medidas preventivas e de restricdo empregadas
na cidade de Manaus. Até o final de 2022, novos casos de COVID-19, bem como novas
variantes do virus ainda continuam a aparecer, embora com os esfor¢os dos profissionais
de saude, e efeitos da vacinacdo, a quantidade de internados e ébitos pela doenca diminuiu
drasticamente (BUSS et al., 2022).

2.3. Mecanismos de diagndstico e fisiopatoldgicos do virus em humanos
As ferramentas de diagndstico sdo um ponto muito importante para a
identificagcdo dos casos de COVID-19. No inicio da pandemia, e até mesmo durante,
muitos casos foram subdiagnosticados devido aos diagnostico clinico-epidemioldgico
empregado nas cidades, e quadros de gripe ou outras doencas eram classificadas como

infeccdo pelo SARS-CoV-2. Com o0 advento das novas tecnologias de diagndstico,
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especificas para o rastreio dos casos, foi possivel a nogdo real das dimensbes de
distribuicdo do virus dentro das populages.

Aplicagdo de testes rapidos/imunocromatograficos permitiram a testagem da
maior parte dos individuos suspeitos, devido ao baixo custo, facil realizacdo, e sem a
necessidade de pessoas com nivel de treinamento especializado. Em contrapartida,
situagBes como periodos de janela imunoldgica permitiam um alto nimero de pacientes
falso-negativos. Cabe ressaltar que a deteccdo da maior parte dos testes rapidos utiliza o
soro ou sangue total dos pacientes, para detectar IgM e/ou IgG, produzidos pelos
pacientes. Ja testes mais especializados, como o teste tempo real de reacdo em cadeia da
polimerase com transcriptase reversa (RT-gPCR), que utiliza o material genético viral,
coletado principalmente da fossa nasal, permite o diagnéstico mais preciso, além de
captar o periodo de janela imunolégica do individuo (KEVADIYA et al., 2021).

A figura 5 mostra o processo de diagnostico empregado na deteccdo de pacientes
infectados. Aqueles individuos com suspeita clinica de COVID-19, devem ser submetidos
ao teste de RT-gPCR, para deteccdo viral, caso os sintomas tenham aparecido em
aproximadamente 5-7 dias prévios ao teste. O diagnostico molecular inicia com a coleta
pelo swab realizado na fossa nasal ou na orofaringe, com posterior extracdo do RNA viral,
producdo do DNA complementar (cDNA), amplificacdo e posterior deteccdo. Pacientes
infectados demonstram quantidades de amplificacdo proporcionais a carga viral, o que

demonstra a reatividade no diagndstico.

Infecgdes passadas podem ser detectadas pela presenca de anticorpos anti-
SARS-CoV-2. As vantagens incluem principalmente a flexibilidade do teste, rapidez,
custo e periodo de diagndstico. Pacientes que ja foram previamente infectados pelo virus
podem apresentar reatividade nos testes por longos periodos (meses ou até mesmo anos).
Os testes rapidos foram utilizados no inicio da pandemia para deteccéo IgM em pacientes

com sintomas recentes, no entanto, apresentavam a limitacéo da janela imunoldgica.
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Figura 5: Ferramentas de diagnéstico da COVID-19. Diagnoéstico molecular para identificagdo da carga
viral em individuos infectados (topo). Deteccdo de anticorpos anti-SARS-CoV-2 IgM e/ou IgG para
diagnostico soroldgico (base).

Fonte: Kevadiya et al., 2021 (adaptado por Silva-Junior).

Foi observado que a deteccdo dos anticorpos pode ocorrer em 50% dos
infectados, caso testados em até 7 dias apds infeccdo, e 100% para aqueles com 14 dias
de infeccdo (KEVADIYA et al., 2021). O mais recomendado para casos suspeitos, € a
realizacdo de ambos os testes RT-gPCR e teste rapido, de forma a identificar a presenca
do virus, mas também detectar os anticorpos circulantes, visto que o IgM tem um pico de
producdo 2 semanas apds a infeccao e tende a baixar, enquanto o 1IgG permanece alto por
varios meses. Esse fator pode contribuir para evitar a recorréncia de casos, bem como

indicar protecdo ao individuo.

Quadros novos de infecgéo iniciam com a entrada do virus no organismo atraves
das vias superiores, principalmente nas células ciliares da nasofaringe ou traqueia
alveolares devido a alta expressdo do receptor especifico. O virus utiliza a subunidade 1
da proteina S para se acoplar a ACE2, localizada na célula-alvo e a subunidade 2 para
realizar a fusdo viral e por fim, adentrar na célula (CEVIK et al., 2020; LAMERS;
HAAGMANS, 2022; TURILLI; LUALDI; FASANO, 2022). Com a o reconhecimento
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da ACE2, ha clivagem da proteina S, e assim, a subunidade 2 ¢é ativada, de forma a
permitir que o material genético viral adentre na celula e inicie o processo de replicacéo
(Figura 6) (LAMERS; HAAGMANS, 2022).
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Figura 6: Processo de interagdo do virus com a célula-alvo através do receptor ACE2, e entrada na
célula.
Fonte: Lamers e Haagmans, 2022 (adaptado por Silva-Junior).

Outras vias de entrada podem ser utilizadas, embora ndo sejam tdo exploradas,
como a endossomal (via catepsina), neutropilina-1 e outras proteases (LAMERS;
HAAGMANS, 2022).

Outras proteinas de interesse, no virus, também sao observadas, como a proteina
M, que possui trés regiGes transmembranas, é a proteina em maior quantidade no virion,
e assim como a proteina E, sdo responsaveis por manter a estrutura morfologica do SARS-
CoV-2, além também de contribuir no processo de fusdo e entrada na célula hospedeira.
Outras fungdes da proteina E estdo inseridas no processo de patogénese, montagem e
liberagdo do virus. A proteina N fica localizada no nucleocapsidio do virus, e atua na
formacdo do complexo que se liga ao RNA, auxiliando no empacotamento do genoma
viral. Por fim, a proteina HE interage com o acido sialico nas glicoproteinas, e favorece
a interacdo da proteina S, culminando na entrada do virus na célula, bem como

movimentacdo na mucosa (LIANG et al., 2020).

As etapas de interagdo do virus com a célula incluem o processo de ligagéo no
receptor ACE-2, por processos descritos anteriormente. Entdo, ha liberacdo do genoma

viral dentro da célula, e os processos de translacdo e protedlise, que irdo favorecer a
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replicacdo do RNA e por fim, a traducéo das proteinas virais. Com isso, o complexo de
Golgi faz o encapsulamento das particulas virais e posteriormente libera¢do do virus nas
vias aéreas, de forma que possa infectar outros tecidos e garantir a contaminacdo de

individuos expostos, conforme demonstrado na Figura 7 (CEVIK et al., 2020).
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Figura 7: Mecanismo de entrada viral na célula-alvo e processo de replicacdo do virus, até a formacgéo de
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Fonte: Cevik et al., 2020 (adaptado por Silva-Junior).
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Com a entrada do virus, ha inicio da replicacdo viral e traducdo das proteinas
envolvidas no processo de replicacdo. A resposta imune inicia 0 processo de
reconhecimento logo nas vias respiratorias atraves do reconhecimento dos padrdes para
que haja producao de interferons do tipo I e 111, além das outras citocinas que por sua vez,
irdo interferir na replicacdo, bem como na ativacgdo das células do sistema imune. As vias
de transcricdo serdo ativadas tanto com o material genético do virus, quanto pela ativacéo
autocrina das citocinas produzidas (LAMERS; HAAGMANS, 2022).

Os primeiros locais a sofrerem com a infeccdo pelo SARS-CoV-2 sdo as vias
respiratorias, e assim, 0 paciente apresenta sintomas sistémicos como calafrios, fadiga e

febre, no entanto, sintomas localizados em outros tecidos também podem ser observados,
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como coragéo, sistema nervoso, muscular e digestivo (Quadro 2). Cabe ressaltar que nem
todos os casos de COVID-19 iréo evoluir para o comprometimento dos tecidos, mas
também € importante salientar que individuos que possuem comorbidades ou doencas
pré-existentes, como consequéncias da idade avancada, hipertensdo, doencas
cardiovasculares, diabetes, e obesidade, podem apresentar um perfil mais alarmante da
doenga (CEVIK et al., 2020; HARRISON; LIN; WANG, 2020; KHAN et al., 2021). O
comprometimento de outros tecidos se da possivelmente pela presenca do receptor ACE2
em varios tecidos do organismo, além do pulmonar, como o tecido digestivo, renal,
cardiaco e os adipdcitos, havendo assim, dispersao do virus para outros sitios de infeccéo
através do vaso sanguineo (CEVIK et al., 2020; KEVADIYA et al., 2021).

Tecido Sintomas

Nasal Rinite, faringite, rinorreia, anosmia (perda da sensibilidade de odores).

Garganta Tosse seca (faringite).

3 Tosse, dispneia, expectoracdo, dor no peito, pneumonia, sindrome
Pulmé&o .
respiratéria aguda grave.

Coragéo Arritmia e dor no peito.

Neurolégico | Tontura, dores de cabeca, perda de consciéncia.

Muscular Mialgia e/ou artralgia, mal-estar, dor muscular no pescogo.

Digestivo Diarreia, nauseas, vomitos e dor abdominal.

Quadro 2: Principais sinais e sintomas apresentados na COVID-19, com base nos tecidos comprometidos.
Fonte: Harrison, Lin e Wang, 2020.

Quadros mais graves tendem a cursar com fadiga, diarreia e falta de ar, embora
0s que evoluem para 6ébito demonstram biomarcadores de gravidade, os quais incluem
principalmente a interacdo do sistema imune através da producdo de tempestade de

citocinas e aumento de leucécitos (KHAN et al., 2021).

2.4. Resposta imunoldgica ao SARS-CoV-2 na fase aguda
O organismo humano é capaz de reconhecer particulas virais, e responder a elas.
Durante o periodo de incubagdo, 0 paciente pode acabar apresentando um quadro
assintomatico, porém ainda com uma resposta imunolégica (ABBAS; LICHTMAN;
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PILLAI, 2018). J& foi observado que o paciente com COVID-19 pode apresentar
diferentes perfis de resposta, saindo de um quadro leve a grave em poucos dias. Varios
fatores estdo atrelados a essa mudanca, como presenca de doencas pré-existentes,
interacdes genéticas, predisposicdo e subtipo viral. Ja foi observado que o virus pode ser
reconhecido no meio extracelular, ou intracelular, no periodo de replicacdo atraves,
principalmente, das proteinas RIG-1 e MDA, que reconhece RNAs dupla fita e induz a
producdo de interferons e consequente ativacdo das células do sistema imune
(HARRISON; LIN; WANG, 2020; LAMERS; HAAGMANS, 2022).

O padréo de resposta imunoldgica ao virus ainda é um campo que necessita de
mais informacdes, uma vez que uma grande parcela de pacientes apresenta um quadro
variavel em relagdo aos valores quantitativos dos leucdcitos. Os neutrofilos sdo uma
populacdo leucocitaria, com grande participacdo na resposta imune inata, responsaveis
pelo combate direto de patdgenos e células infectadas, mediado principalmente por
fatores como fagocitose, liberacdo de granulos, e em alguns casos, apresentacdo de
antigeno a imunidade adaptativa. Valores quantitativos de neutréfilos na doenca ativa se
mostraram com alto potencial para um preditor de gravidade (LEPPKES et al., 2020;
MAN et al., 2021; RODRIGUEZ et al., 2020).

Sabe-se que a participacdo dos neutrdfilos possui um fator primordial na
atividade da doenca uma vez que a relacdo com os linfocitos, descritas como a relagédo
neutrofilo-linfocito (RNL) é um pardmetro que pode inclusive ser utilizado no momento
da admissdo do paciente para estratifica-lo e atuar como progndstico (CAl et al., 2021;
KWIECIEN et al., 2021; MARTENS et al, 2021). Foi observado um perfil
imunofenotipico caracterizado por neutréfilos imaturos (CD10+CD16low) e com baixa
capacidade de adesdo (CD11b+) no sangue periférico de pacientes com quadros mais
graves (LOURDA et al., 2021; REYES et al., 2021), bem como em pacientes na Unidade
de Terapia Intensiva (UTI). Acredita-se que estes fatores estejam ligados a producédo das
citocinas e fatores de crescimento durante a tempestade de citocinas presentes em
condic@es graves, bem como a um desvio a esquerda devido a atuagdo local e sistémica
dos neutrofilos, e recrutamento pela medula 6ssea, mediado por CXCL1, CXCL2,
CXCL3, CXCL5,CXCL8,CXCL10, CCL2,CCL20, IL-6 e TNF (DIDANGELOQOS, 2020;
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GEBREMESKEL et al., 2021; KWIECIEN et al., 2021; METZEMAEKERS et al., 2021;
PARACKOVA et al., 2020).

A condicdo de hipdxia apresentada pelo paciente durante quadros agudos, ativa
fatores de transcricdo responsaveis pela inducao de citocinas inflamatorias, como IL-1p,
IL-6, e CXCLS8, embora também tenham sido encontrados niveis elevados de fator
derivado de plaquetas 4 (do inglés Platelet-derived Factor 4 [PF4]) e CCL5, todos
capazes de ativar neutrofilos e induzir mecanismos capazes de agravar a condi¢do clinica
do paciente com COVID-19 (GEBREMESKEL et al., 2021; HARRISON; LIN; WANG,
2020; MCELVANEY et al., 2020; MIDDLETON et al., 2020). Além da ativacdo dos
neutrofilos, também ha maior producdo de redes extracelulares de neutrofilos (NETS),
por neutréfilos maduros. Esse componente é capaz de induzir a um estado inflamatério
através da ativacgdo da via do inflamassoma e consequente producdo de interferons (IFN)
do tipo I (AYMONNIER et al., 2022), o que posteriormente pode levar a ativacdo do
sistema imune adaptativo, lesdo endotelial e trombose (METZEMAEKERS et al., 2021;
MIDDLETON et al., 2020).

Os mondcitos, também pertencem a imunidade inata, e assim como 0s
neutréfilos, também realizam o processo de fagocitose e apresentacdo de antigeno, porém
apresentam um papel mais central nestes mecanismos, além de induzir a inflamacao local
e sisttmica. A participacdo dos mondcitos é algo marcante ao longo da infeccdo e
eliminagdo do virus (KWIECIEN et al., 2021), com reducdo apds eliminacio do virus,
enquanto outros estudos demonstraram resultados contrarios, bem como no fluido
broncoalveolar (KIM et al., 2022). A migracdo dos mondcitos para o tecido parece ser
induzida pela tempestade de citocinas, principalmente IL-6, CXCL10, CCL2, CCL3,
CCL4, CCL7 e TNF-a, o que aumenta a permeabilidade dos mondcitos ao endotélio e
assim, a infiltracdo pulmonar, mas também o aumento do ndmero de granulos
intracelulares e maior lesdo tecidual, o que é um dos fatores agravantes para a inflamacéo
local e consequente destruicdo dos alvéolos pulmonares (HARRISON; LIN; WANG,
2020; MARTENS et al., 2021).
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Figura 8: Participagdo da resposta imunoldgica em pacientes infectados pelo virus SARS-CoV-2.
Fonte: Chavda et al., 2021 (adaptado por Silva-Junior).

[ . R R, —— _/\ I, .

Marcadores de ativacdo de mondcitos (SCD14 e sCD163) ja foram relacionados
a gravidade dos pacientes, principalmente por apresentarem uma correlacdo positiva com
a IL-6 e a proteina C reativa (PCR) (HASAN et al., 2021; ZINGAROPOLI et al., 2021).
A participacdo dos mondcitos/macréfagos no tecido pulmonar é marcante devido a
participacdo na tempestade de citocinas, com posterior reducdo quantitativa, aumento de
granulos citoplasmaticos e expressdo de moléculas de adesdo membranares (MARTENS
et al.,, 2021; ZHOU et al., 2020). A dindmica da resposta imune necessita de maior
compreensdo dos mecanismos que levam a uma polarizagdo da resposta, uma vez que
macrofagos M1, embora sejam mais inflamatérios, sdo mais suscetiveis a infec¢do pelo
virus devido ao alto pH que apresentam, em comparacao aos macréfagos M2 (KNOLL,;
SCHULTZE; SCHULTE-SCHREPPING, 2021; LV et al., 2021).

A participacdo de outras populacfes celulares, como eosinofilos, também foi
reportada como em baixa quantidade nos individuos admitidos na UTI, sendo inclusive
sugerido como um marcador de pior prognostico (GEORGAKOPOULOU et al., 2021;
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GLICKMAN et al., 2021; GONZALEZ et al., 2021; KWIECIEN et al., 2021; TAN et al.,
2021; YAN et al., 2021). Em pacientes graves, a interferéncia na producédo da IL-5 pode
ser um fator relacionado a eosinopenia (MARTENS et al., 2021). Ja em pacientes com
um bom curso clinico, a contagem de eosinéfilos tende a aumentar cerca de 20 dias apds
admissao ao hospital, e sua permanéncia foi relacionada a reduc¢do na taxa de mortalidade
(FRAISSE et al., 2020; GEBREMESKEL et al., 2021; GEORGAKOPOULOU et al.,
2021; GONZALEZ et al., 2021; XIE et al., 2021). Varios fatores foram sugeridos a
eosinopenia, como producdo de corticosteroides pela glandula adrenal, o que interfere na
liberacdo de eosinofilos pela medula 6ssea, bem como aumenta a migracao para o tecido;
dano medular causado pela COVID-19, embora ainda nédo totalmente esclarecido; e/ou
maior migracdo dos leucocitos para o tecido pulmonar, e assim, quadro de eosinopenia
na corrente sanguinea (XIE et al., 2021). Além disso, também pode estar associado a

infecgdo do virus neste perfil celular (WEI et al., 2020).

Os eosinofilos também foram relacionados a quadros de pneumonia eosinofilica,
caracterizados pela observacdo de mais de 25% de eosindfilos no tecido pulmonar.
Condicdo esta observada devido a migracdo de eosinofilos ao pulmdo em individuos
graves que evoluiram a dbito, processo mediado por citocinas e mediadores inflamatdrios
(KIM et al., 2022). Embora ndo se saiba ao certo qual a funcionalidade dos eosinofilos na
resposta antiviral, foi observado um perfil ativado, por meio da baixa expressdo de CD15,
CD66b e CD193, e aumento de CD62L e CD147. A expressdo de CD69 se mostrou como
marcador associado a producdo de moléculas inflamatodrias, e ao ébito, enquanto CD66b,
CD11b, CD11a e CD24 permitiram caracterizar os pacientes em estagio moderado
(LOURDA et al., 2021).

Muitos estudos avaliam a resposta imunoldgica frente a COVID-19, em
individuos infectados pelo virus. Muitos fatores estdo ligados ao perfil de resposta, bem
como a capacidade do sistema imune de produzir citocinas e outros mediadores
inflamatdrios. Respostas mais exacerbadas foram observadas em individuos mais velhos,
assim como com comorbidades, como diabetes (IMRAN et al., 2020; LIU et al., 2020a;
MORADI et al., 2021a) e asma (EGUILUZ-GRACIA et al., 2018; NIESSEN et al., 2021).
Em contrapartida, poucos estudos avaliam o paciente apds a cura clinica, no estagio de

convalescenca.
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2.5. Convalescenca: o que sabemos até agora?

A fase convalescente se refere a um estagio apds a COVID-19, com a melhora
no quadro clinico, no entanto, os estudos divergem quanto ao periodo de analise realizado
em individuos convalescentes da COVID-19. A compreensdo do sistema imune neste
estado é primordial para melhora clinica e identificacdo de novos biomarcadores
relacionados ao melhor ou pior progndstico dentro da imunidade adaptativa (NG et al.,
2021; RAJAMANICKAM et al., 2021).

Com o desenvolvimento da fase convalescente, tem-se uma participagédo maior
de neutrdfilos ativados (CD14/CD11b+) aproximadamente 30 dias ap0s a cura clinica
(CHAO et al., 2021; KWIECIEN et al., 2021), com reducdo de neutrofilos ativados
(CD64+) (SEERY et al., 2021) e a producdo de NETs semanas apds o teste positivo
(MIDDLETON et al., 2020; PARACKOVA et al., 2020). Ainda na fase convalescente,
foi observada maior prevaléncia de granuldcitos imaturos, provavelmente devido a baixa
funcionalidade dos neutréfilos, bem como a intensa necessidade de producéo celular pela
medula dssea (KIM et al., 2021; KWIECIEN et al., 2021).

A analise quantitativa dos mondcitos demonstrou retorno a normalidade apés a
fase aguda, independente do estagio. Condicdes criticas foram caracterizadas por um alto
nimero de mondcitos, que posteriormente decaiu para niveis normais na convalescenca,
enguanto que a monocitopenia em pacientes graves apresentou melhora significativa
(NEELAND et al.,, 2021; QIN et al., 2021; RAJAMANICKAM et al., 2021). Em
contrapartida, a participacdo das subpopulacdes de mondcitos apresentou uma melhora
quantitativa apenas cerca de 150 dias apds a cura clinica, demonstrando uma possivel
atuacdo reparadora dos monadcitos/macrofagos dentro da convalescenca da COVID-19
(NEELAND et al., 2021; RAJAMANICKAM et al., 2021).

Em relacdo aos linfocitos, ha uma melhora rdpida dos linfocitos em pacientes
leves e moderados, com predominio de citocinas de perfil Th1, embora apresente melhora
nos valores das células T auxiliares, citotoxicas e de memdria, esta ocorre em um longo
periodo de tempo (SHUWA et al., 2021; ZHANG et al., 2020c). Células de memoria
foliculares especificas para a proteina S apresentaram queda nos primeiros 4 meses apos
o clearance viral, mas ainda houveram niveis detectaveis tanto da proteina S quanto da
N 6 meses ap0s (FERRERAS et al., 2021; WHEATLEY et al., 2021; ZUO et al., 2021a).
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A participacdo de outras células também se apresentam como potenciais
biomarcadores, visto que a maior parte da interacdo da resposta ocorre via sistema imune
inato, e a reducdo leva a um melhor progndstico, tanto dos eosinofilos (KIM et al., 2022;
KWIECIEN et al., 2021; VITTE et al., 2020), bastfilos (RODRIGUEZ et al., 2020) e
células dendriticas (PARACKOVA et al., 2020; WINHEIM et al., 2021). No entanto,
mais estudos se fazem necessarios para compreender a dindmica imunolégica que ocorre
no individuo na fase aguda, e na fase convalescente, para melhor compreender os
mecanismos envolvidos na producdo de anticorpos, melhor clinica dos pacientes, e

melhor grau de imunizagdo da populacdo com histérico de COVID-19.

2.6. Relevancia
A pandemia causada pelo SARS-CoV-2 levou a um alto nimero de casos e
6bitos ao longo do mundo. Sua disseminagdo comecou no final do ano de 2019, e devido
a inexperiéncia imunoldgica da populacdo, houve facil e rapida disseminacdo do virus.
Desde entdo, o enorme montante de casos veio diminuindo, no entanto ainda séo
observadas internacdes hospitalares e dbitos advindos das complica¢Ges causadas durante

a fase aguda da doenca.

O periodo pandémico foi marcado por um caso na salde publica do Brasil,
principalmente na cidade de Manaus-AM, devido ao desenvolvimento da nova variante,
0 que levou ao aumento alarmante do numero de casos na regido nortista, bem como a
intensa necessidade de oxigénio para 0s pacientes acometidos. Com o perfil
epidemioldgico tracado, vérias medidas de contencdo foram aderidas, de forma a evitar a
dispersdo do virus, no entanto, muitos 6bitos ainda ocorreram até a implantacdo de novos

imunizantes contra o virus.

Com a entrada do virus no hospedeiro humano, ha infeccdo principalmente das
células pulmonares, causando quadros de febre, tosse e falta de ar, que podem ser desde
leves até graves. A atuacdo do sistema imunoldgico € marcante, e muitos estudos
trouxeram novas perspectivas nos pacientes infectados pelo virus, e com SARS, tanto ao
analisar células, quanto moléculas. Em contrapartida, poucos estudos observam a

presenca de biomarcadores imunoldgicos dentro do contexto convalescente dos pacientes.
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O estado de convalescenca € marcado pelo periodo ap6s infec¢do pelo virus, e
resolucéo do quadro, de forma que o paciente apresente melhor clinica do sintoma, e um
resultado de diagnostico viral negativo ou ndo reagente. Entender a dindmica imunologica
por tras da resolucdo da infeccdo, tanto na fase aguda, quanto na fase de transicéo para a
resposta imune adaptativa tem tomado um eixo chave na compreensdo dos mecanismos

imunolégicos, bem como na predi¢do de novos marcadores.

Com isso, devido a escassez de estudos sobre os pacientes convalescentes, ligado
a necessidade de se entender a dindmica envolvida na fase aguda, e as mudangas para a
fase convalescente, demonstram a necessidade em compreender 0s mecanismos celulares
da resposta imune, incluindo as subpopulacbes de células, bem como a producdo de
mediadores inflamatérios, pré-inflamatorios, e principalmente a producédo de anticorpos
contra as proteinas virais, de forma a melhorar medidas de prevencdo e acompanhamento
daqueles pacientes com o SARS-CoV-2, mas principalmente entender a sinergia na fase

convalescente.
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3. OBJETIVOS
3.1. Geral

Avaliar o perfil imunofenotipico e inflamatdério de pacientes infectados e

convalescentes da infeccdo pelo SARS-CoV-2.

3.2. Especificos

Caracterizar o perfil sociodemografico, celular circulante e de memoria de
pacientes leves, moderados, graves e convalescentes da infeccdo pelo SARS-
CoV-2;

Quantificar citocinas, quimiocinas e fatores de crescimento em pacientes leves,
moderados, graves e convalescentes da infeccdo pelo SARS-CoV-2,;

Identificar marcadores imunolégicos e laboratoriais alto produtores de pacientes
leves, moderados e graves com COVID-19;

Descrever biomarcadores imunoldgicos e laboratoriais para fim de decisdo para
desfechos clinicos de pacientes com COVID-19 hospitalizados;

Determinar a relacdo de marcadores imunoldgicos no inicio da fase de
convalescenga que impactam na producgdo de anticorpos neutralizantes contra
SARS-CoV-2;

Destacar os principais marcadores laboratoriais envolvidos na fase convalescente

da COVID-19 até 90 dias ap0s a cura clinica.
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4. METODOLOGIA
4.1. Tipo de pesquisa

Este € um estudo que se divide em descritivo longitudinal e exploratério. Para o
descritivo foram feitas coletas de materiais biologicos de trés grupos: 1) Candidatos aptos
a doagdo de sangue, sem histdrico de COVID-19 e sem nenhuma doenca aparente, como
grupo de doadores saudaveis, coletados previamente a pandemia da COVID-19; 2)
Pacientes infectados pelo SARS-CoV-2, diagnosticados por RT-gPCR, com sintomas
clinicos leves, e que ndo estavam internados em hospital para tratamento dos sintomas da
COVID-19; 3) Pacientes infectados pelo SARS-CoV-2, diagnosticados por RT-qPCR, e
internados em hospital de referéncia devido aos sinais e sintomas graves. Para o quarto
grupo foi feito um acompanhamento longitudinal: 4) Individuos convalescentes da
COVID-19, aptos a doacao de sangue, e que atingiram a cura clinica hd aproximadamente
30 dias.

Os individuos do grupo convalescente foram avaliados de forma longitudinal,
com coletas bioldgicas por mais dois meses, descritos neste trabalho como D30 (30 dias

apos a cura clinica), D60 (60 dias apds a cura clinica) e D90 (90 dias ap6s a cura clinica).

4.2. Aspectos éticos
Este projeto faz parte de um projeto maior, intitulado “Estudo de Biomarcadores
Imunoldgicos em Pacientes Convalescentes da Infeccdo pelo Virus SARS-CoV-2
(COVID-19)”, submetido e aprovado pelo Comité de Etica em Pesquisa da Fundagio
Hospitalar de Hematologia e Hemoterapia do Amazonas (CEP-HEMOAM) sob o0 nimero
do parecer: 4.126.784. Todos 0s participantes aceitaram participar do projeto através da
assinatura do Termo de Consentimento Livre e Esclarecido (TCLE), segundo

recomendacdes da Resolucdo N° 466/2012, e a Declaracdo de Helsinki.

4.3. Populacao amostral
Este projeto foi composto por individuos recrutados por demanda espontéanea,
onde foram incluidos 51 candidatos aptos & doagdo de sangue como grupo de individuos
saudaveis. As amostras foram coletadas em outro projeto de pesquisa, previamente
aprovado pelo CEP-HEMOAM, e conduzido anos antes da pandemia da COVID-19.
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Para o grupo de pacientes com a infeccdo pelo SARS-CoV-2 foram incluidos 46
pacientes. Estes pacientes foram divididos em dois grupos: 1) 28 pacientes que
necessitaram de internacdo hospitalar, recrutados e incluidos pelo Hospital Universitario
Getulio Vargas (HUGV); 2) 18 pacientes que ndo necessitaram de internacdo hospitalar,

mas aceitaram participar do projeto de pesquisa na fase sintomatica.

Além disso, foram incluidos 139 individuos por conveniéncia, que atingiram a
cura clinica da COVID-19 a aproximadamente 30 dias, como grupo convalescente. Esses
pacientes foram recrutados para doacéo de plasma convalescente, e foram acompanhados
de forma longitudinal, com uma coleta do sangue periférico ao longo do periodo de trés

meses, como citado anteriormente.

4.4. Critérios de elegibilidade
4.4.1. Critérios de incluséo
Em ambos os grupos de doadores saudaveis e de pacientes convalescentes foram
incluidos individuos de ambos os géneros, maiores de 18 anos e que aceitaram participar
do projeto através da assinatura do TCLE. Para o grupo de doadores de sangue saudaveis,
foram incluidos individuos aptos a doacdo de sangue e que passaram pelos critérios
clinicos e laboratoriais estabelecidos pelo Ministério da Sadde. Todos os incluidos de
ambos 0s grupos testaram negativo para HIV, HBV, HCV, Sifilis, Doenca de Chagas e
HTLV, além de ndo apresentarem nenhum sintoma no momento da doacao de sangue.
Para o grupo de pacientes convalescentes, foram incluidos aqueles que além de
atenderem aos critérios para doacao de sangue, também tiveram o diagndstico de infeccédo
pelo SARS-CoV-2 por RT-PCR, com quadro sintomatico, mas que declararam auséncia
dos sintomas a aproximadamente 30 dias, e apresentavam um resultado de RT-PCR
negativo no momento da coleta.
Para os individuos com COVID-19, foram incluidos aqueles com o diagndstico
por RT-PCR, com a fase sintomética da doenca ainda em atividade. Foram incluidos
individuos que necessitaram de internacdo hospitalar no Hospital HUGV, bem como

aqueles gue ndo necessitaram de atendimento hospitalar.

4.4.2. Critérios de ndo inclusédo
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Para individuos que participaram do grupo convalescente, ndo foram incluidos
aqueles que faziam uso de medicamentos inibidores da Enzima Conversora de
Angiotensina, ou com anticorpos anti-eritrocitarios.

Independente do grupo, ndo foram incluidos gestantes, puérperas, indigenas ou

menores de idade.

4.4.3. Critérios de excluséo
Foram excluidos pacientes que ndo possuiam amostra bioldgica suficiente para
realizacdo dos procedimentos metodoldgicos. Do grupo convalescente, foram excluidos
aqueles com a doenca sintoméatica no momento da inclusdo, que ainda possuiam o teste
de RT-PCR para SARS-CoV-2 positivos ho momento da inclusdo, e ou aqueles com
reatividade soroldgica para algum patdégeno de importancia transfusional. Além disso,
ainda do grupo convalescente, foram excluidos das analises longitudinais, aqueles que

ndo possuiam os trés acompanhamentos.

4.5. Recrutamento, coleta de dados sociodemograficos e amostras bioldgicas

Para o grupo de individuos saudaveis, os doadores foram recrutados durante o
processo de doacdo de sangue, apOs atenderem aos critérios clinicos para doagdo. As
amostras bioldgicas deste grupo foram obtidas antes do primeiro relato de caso de SARS-
CoV-2 no final de 2019, garantindo a confiabilidade como grupo de doadores saudaveis.
Para este grupo foi aplicado um questionario para coleta dos dados sociodemograficos, e
posteriormente foram coletados 8 mL do sangue periférico, distribuidos em um tubo de
EDTA K2 (BD Vacutainer® EDTA K2) e um tubo com gel separador (Gel BD SST® I
Advance).

A lista de pacientes diagnosticados com COVID-19 por RT-PCR foi obtida da
Fundacdo de Vigilancia em Saude (FVS-AM). Os pacientes eram contatados por telefone,
e convidados a participar do estudo apds a contagem de aproximadamente 30 dias da
pausa dos sintomas. Caso aceitassem, se dirigiam a Fundagdo HEMOAM, onde o projeto
eraexplicado, assinavam o TCLE. A participagéo destes pacientes seguia com a aplicagéo
de um questionario para coleta de dados sociodemograficos, e uma coleta de 8 mL de
sangue, distribuidos em um tubo de EDTA e um tubo com gel separador do sangue

periférico.
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Os pacientes internados no HUGV foram abordados e convidados a participar
do estudo, onde foram coletados 8 mL distribuidos em um tubo de EDTA e um tubo com
gel separador do sangue periférico para exames de rotina, e que foram aproveitados para
realizacéo dos testes da pesquisa, desde que utilizados em até 12 horas apés a coleta. Os
dados epidemioldgicos foram coletados de prontuarios fisicos e/ou eletronicos e
armazenados em tabelas do Microsoft Excel 2010.

Individuos do grupo de pacientes diagnosticados com COVID-19, mas que nao
necessitaram de internacdo hospitalar foram recrutados da lista de individuos reportados
pela FVS-AM. Caso aceitassem participar do estudo, a coleta era realizada em um local
isolado, garantindo todos os cuidados com a biosseguranga.

Foram coletados dados epidemioldgicos referentes a data de nascimento, cidade
e estado de nascimento, profissdo, raca, peso, altura, endereco e género. Quanto as
variaveis clinicas, foram coletados os dados de tipagem sanguinea ABO e RhD, data de
inicio e término dos sintomas, se internaram em hospital, com data de entrada e alta, se
fizeram uso de ventilacdo mecanica, quais medicamentos tomam rotineiramente, bem
como se tomaram alguma vacina contra a COVID-19. Os dados de vacinacdo eram

coletados em cada visita.

4.6. Anélise do hemograma

O hemograma de todas as amostras foi realizado com o sangue total, coletado no
tubo de EDTA, no laboratério de hematologia da Fundagdo HEMOAM em no maximo
48 horas apds a coleta. Foi utilizado o contador hematol6gico automatico do setor para
esta finalidade, ADVIA 2120i (Siemens, USA). Os parametros utilizados para andlise
foram os dados hematimétricos de contagem global de hemacias, hematdcrito,
hemoglobina, volume corpuscular médio (VCM), hemoglobina corpuscular média
(HCM), concentracdo de hemoglobina corpuscular média (CHCM), red distribution
width (RDW), contagem global de leucdcitos (WBC), e os valores absolutos de

neutréfilos, mondcitos, linfocitos, eosinéfilos, baséfilos e plaquetas.

4.7. Andlise da producéo de anticorpos
Foi realizada a avaliacdo qualitativa e quantitativa de anticorpos de classe IgM

e 1gG contra as proteinas do SARS-CoV-2 no soro dos participantes. Primeiramente,
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como critério de incluséo, foi realizado um teste imunocromatogréfico, qualitativo contra
0 SARS-CoV-2, para deteccédo de anticorpos de classe IgM e/ou 1gG, utilizando uma gota
de sangue total (20 pL), obtido por puncao no dedo anelar, ou 10 pL obtido do soro. A
gota era adicionada ao teste do kit COVID-19 IgG/IgM ECO Teste da ECO Diagnostica
(Lote 202009032), e considerado positivo ao menor sinal de reatividade nas linhas teste
“M” e/ou “G”, analisada por pelo menos dois integrantes da equipe. A presenca da barra
do controle era um critério para que o teste pudesse ser levado em consideracao, e todo o
protocolo foi sequido conforme recomendacdes do fabricante. Dados de sensibilidade e
especificidade do teste estdo descritos nos Anexos.

Posteriormente, o soro obtido nos tubos com gel separador foi empregado para
a confeccdo dos testes de imunoensaio de microparticulas por quimioluminescéncia
(CMIA). Para o teste qualitativo, foram utilizados 200 pL para deteccédo de anticorpos de
classe 1gG com o kit SARS-CoV-2 1gG ARCHITEC (Abbott), onde o resultado foi
expresso como Index (S/C), e utilizado para classificar em positivo (Index > 1.4) ou
negativo (Index < 1.4). O valor quantitativo expresso em Index, e o resultado qualitativo
foram armazenados para fins analiticos. Todos os procedimentos foram seguidos
conforme recomendacdes do fabricante. O resultado de concordancia percentual positiva
apos o inicio dos sintomas indicado pelo fabricante esta descrito nos Anexos.

Para o teste qualitativo e quantitativo, foram utilizados 200 pL para deteccéo de
anticorpos de classe 1gG pela técnica de CMIA com o kit SARS-CoV-2 IgG Il Quant
ARCHITECT (Abbott), onde o resultado do ensaio foi obtido de forma qualitativa atraves
do valor de corte de 50.0 AU/mL, e quantitativa, expresso pela concentracdo em AU/mL.
O resultado qualitativo, e o resultado quantitativo foram utilizados para analise dos dados.
O protocolo foi seguido conforme recomendagdes do fabricante. O resultado de
concordancia percentual positiva por dias ap6és o inicio dos sintomas e PCR positivo

indicado pelo fabricante esta descrito nos Anexos.

4.8. Avaliacao das populacdes celulares por imunofenotipagem
O sangue total coletado no tubo de EDTA foi utilizado para imunofenotipagem,
utilizando anticorpos monoclonais conjugados a fluorocromos, capazes de emitir

diferentes feixes de fluorescéncia quando interagem com a proteina-alvo.
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Para a marcagdo dos linfocitos T, foi empregado primeiramente o anticorpo
monoclonal anti-CD3, com posterior uso dos linfécitos T citotdxicos ativados
(CD3CD8+CD69+) e ndo ativados (CD3+CD8+CD69-). Para os linfécitos B, foram
marcados os linfocitos B convencionais (CD19+) e B1 (CD19+CD5+). Os mondcitos
foram segregados quanto ao subtipo classico (CD14"9"CD16), intermediario
(CD14"9"CD16*) e ndo classico (CD14°“CD16%). As células dendriticas foram
segregadas em convencionais (CD14-CD11c+) e plasmacitdides (CD14-CD123+). A
expressao de CD3 foi utilizada para segregar as células NK em NK (CD3-CD56+CD16+)
e NKT (CD3+CD56+CD16+). No Quadro 3 estdo dispostas as marcagdes empregadas
nos diferentes tubos, bem como o0s anticorpos utilizados e os respectivos fluorocromos.

Celulas Anticorpo (s) Fluorocromo

Anti-CD3 APC
P Anti-CD8 PE

Linfocitos T ANti-CD69 PERCP
Anti-CD4 FITC

el Anti-CD5 FICT
Linfocito B ANti-CD19 PE
Anti-CD16 FITC

Mondcitos Anti-CD14 APC
Anti-HLA-DR PE

Anti-CD123 FITC

Célula Dendritica Anti-CD14 APC
Anti-CD11c PE

Anti-CD3 APC

; Anti-CD16 FITC
Celulas NK Anti-CD56 PE

Anti-CD69 PERCP

Quadro 3: Painel de marcadores

imunofenotipicos com as células identificadas por
imunofenotipagem e citometria de fluxo. Constam os anticorpos utilizados para clusterizar as
populacdes, bem como os fluorocromos conjugados.

A marcacdo com imunofenotipagem foi analisada pela técnica de citometria de

fluxo, no laboratorio de Marcadores Celulares da Fundagdo HEMOAM. Foi utilizado o
citbmetro FACSCanto Il para aquisicdo das amostras, e posteriormente analisadas pelo
software FlowJo v.10.8, para construcdo das gates e quantificacdo da porcentagem dos
perfis celulares.

Os leucocitos foram separados primeiramente com base nos parametros de

Forward Scatter (FSC) e Side Scatter (SSC), onde posteriormente foram eliminadas as
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hemécias ndo lisadas, com base no pequeno tamanho e complexidade. Posteriormente,
foi empregada uma gate diferente para cada subpopulacéo de célula, conforme as figuras

9 e 10.

250K =

Leucdcitos

200K = 96,5

150K =

S5C-A

100K —

g ICECoDs

50K =

Tco3coscDssy

0

T T
0 0K 100K 150K 200K 260K

ESC-

APCA

250K =

200K =

Linfécitos
185

150K =

S5C-A

100K —

50K =

T T T T
100K 150K 200K 260K

ESC-

Figura 9: Anélise imunofenotipica das células da imunidade adaptativa, com a delimitagdo dos leucdcitos
e linfocitos no software FlowJo v.8.10. A) Painel de marcacdo para linfocitos T (CD3+), T auxiliares
(CD3+CD4+), T citotdxicos (CD3+CD8+) e ativados (CD69+). B) Painel de marcagdo para linfdcitos B
(CD19+) e B1 (CD19+CD5+).
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Figura 10: Anélise imunofenotipica das células da imunidade inata, com delimitagdo dos leucdcitos no
software FlowJo v.8.10. Estratégia utilizada para identificacdo e quantificacdo de A) mondcitos ativados
(CD14+HLA-DR+) e suas subpopulagdes classico (CD14""CD16°), intermediario (CD14""CD16%) e ndo
classico (CD14°"CD16"); B) Células NK (CD3-CD16+CD56+) e NKT (CD3+CD16+CD56+); C) Células
dendriticas convencionais (CD14-CD11c+) e plasmacitoides (CD14-CD123+).
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4.9. Quantificacdo das moléculas

Para quantificacdo das moléculas inflamatorias, foi utilizado o soro, obtido na
amostra com gel separador, onde foram dosadas as citocinas: Eotaxin, IL-1p, IL-1ra, IL-
lo, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p70), IL-15, IL-17A, IFN-y,
TNF-a, IP-10, MCP-1 (MCAF), MIP-1a, MIP-1B, RANTES, FGF basic, G-CSF, GM-
CSF, PDGF-BB e VEGF.

Essas moléculas foram dosadas pela técnica de Luminex, que emprega beads
magnéticas com diferentes intensidades de fluorescéncia, conjugadas a anticorpos
especificos para cada molécula analisada. Para esta finalidade, foi utilizado o kit Bio-Plex
Pro-Human Cytokine Standard 27-Plex da Bio-Rad, seguindo as recomendacbes do
fabricante. A aquisicdo dos resultados obtidos foi realizada no equipamento Luminex 200
System, e a andlise da fluorescéncia para obtencdo dos resultados quantitativos foi
analisado pelo software Bioplex Manager. Os valores das concentragdes foram utilizados
para 0 armazenamento dos dados e posterior analise estatistica. Este procedimento foi

realizado no Instituto René Rachou, na Fundacdo Oswaldo Cruz de Minas Gerais.

4.10. Andlise de dados

Os dados qualitativos e quantitativos foram tabulados e armazenados no
programa Microsoft Excel 2010. Posteriormente, foi utilizado o software GraphPad Prism
v.5.0 (San Diego, CA, USA) para analise da normalidade pelo teste de Shapiro-Wilk. O
resultado obtido foi utilizado para escolha do plano estatistico posterior.

Para a primeira analise, comparando os dados quantitativos dos individuos do
grupo saudavel, pacientes com COVID-19 leve, moderados e graves, foi utilizado o teste
de Kruskal-Wallis, com pos-teste de Multiplas Comparaces de Dunn. J& para a analise
pareada de todos os individuos convalescentes, foram isolados os 67 doadores que
realizaram o acompanhamento ao longo de todos os trés meses, e para esta analise, foram
utilizados os testes pareados. O resultado do teste quantitativo apresentou distribuigéo
ndo Gaussiana, e portanto, foram empregados testes ndo paramétricos nas analises. Os
individuos vacinados ndo foram utilizados nas analises gerais. Para todas as analises, foi

empregado o intervalo de confianca de 95% e valor de p significativo quando p < 0,05.
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A andlise de correlacdo dos pardmetros hematoldgicos com a producao
quantitativa de anticorpos foi realizada pelo teste de correlagdo de Spearman,
considerando correlagdes positivas e negativas, quando p < 0,05. As analises foram
realizadas em dois softwares: GraphPad Prism v. 9.0 e R Studio, conforme descrito nos
Resultados.

A andlise de modelo misto foi empregada para comparar 0s grupos leve,
moderado e grave, dos pacientes com COVID-19, e utilizando o grupo de individuos
saudaveis como referéncia. Com base no valor do logFC, os parametros eram segregados
quanto reguladores positivos (logFC > 0) ou negativos (logFC < 0). Foram utilizados
parametros significativos, quando o valor de p ajustado < 0.05. Para essa analise, os dados
de género e idade foram empregados como cofatores de interferéncia. Essa analise foi

realizada no R Studio, com protocolos e pipelines de analise padronizados e validados.

4.11. Riscos e beneficios

Este estudo apresentou o risco de desconforto e producdo de hematoma ou
equimose (mancha arroxeada), no local da coleta do sangue periférico a todos os
participantes durante a coleta do material biol6gico. Para evitar ou reduzir este risco, a
coleta foi realizada por profissionais treinados da Fundagdo HEMOAM, dispostos a dar
o0 devido suporte em intercorréncias durante e apds o processo de coleta sanguinea.
Também houve o risco de exposicdo de resultados laboratoriais. Para reduzir este risco,
foi atribuido codigo aos participantes, ndo sendo possivel identifica-los por ninguém,
além dos coordenadores do estudo.

Os resultados obtidos poderdo auxiliar em novas formas de diagnéstico da
COVID-19, bem como aumentar a compreensao do perfil imunoldgico de pacientes com
a doenca em atividade, mesmo que em contextos clinicos diferentes, além de monitorar o
perfil de resposta humoral no periodo de trés meses apds a cura clinica. Estes dados
poderdo nortear estudos futuros para identificacdo de novos alvos terapéuticos para

tratamento e diagnostico.
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5. RESULTADOS

Os resultados deste estudo serdo divididos em duas partes principais, com base

nos resultados e grupos. Os capitulos serdo distribuidos em:

5.1: Resultados da andlise dos pacientes diagnosticados com COVID-19, que
estavam internados no hospital HUGV, durante o recrutamento hospitalar. Estes
dados estdo descritos no manuscrito presente no capitulo 8.3 desta tese.

5.2: Resultados da analise de pacientes convalescentes da COVID-19, que estavam
sem sintomas a pelo menos 30 dias. Estes dados estdo presentes no artigo presente
no capitulo 8.2, e publicados na revista Scientific Reports em 2024 (DOI:
https://doi.org/10.1038/s41598-024-71419-X).

No apéndice, também ha um artigo de revisdo narrativa, com materiais publicados
acerca da resposta imunoldgica na fase aguda e convalescentes da COVID-19. Este
artigo  foi  publicado na revista Immuno em 2023  (DOI:
https://doi.org/10.3390/immuno3010007).
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5.1. Andlise de marcadores imunoldgicos em doadores de sangue saudaveis e
pacientes com COVID-19 leve e hospitalizados

5.1.1. Distribuicdo sociodemogréafica dos individuos saudaveis e pacientes com
COVID-19

O grupo de 51 doadores de sangue foi composto por 36 homens (70.6%) e 15
mulheres (29.4%), com idade média de 32 anos (DP + 12 anos). Ja o grupo de pacientes
com COVID-19 leve foi composto por 9 homens (75%) e 3 mulheres (25%), com média
de idade de 39 anos (DP + 8.9 anos). Dos 15 pacientes que necessitaram de atendimento
hospitalar, foram subdivididos em: 6 com COVID-19 moderada, sendo 2 homens (33%)
e 4 mulheres (67%) com idade média de 46 anos (DP * 23.8 anos) que ndo necessitaram
de ventilacdo mecénica; e 9 com COVID-19 graves, distribuidos em 5 (56%) homens e 4
(44%) mulheres, com idade média de 59 anos (DP + 21 anos) que necessitaram de
ventilacdo mecéanica durante a estadia no hospital. A anlise de dados pelo teste de Qui-
quadrado mostrou diferenca significativa na distribuicdo de género entre os grupos (p <

0.0001), como mostrado na Figura 11.

Gender characterization of participants

100 13 )
% Gt ifia
"g L 2 1 Heultry Dores
E -~ O mu
+
= &~ O Masaraw
E 50 g Al &f £ Seaen
= oo A *}?
% - ‘E Gendor
E s @ Femalk
S § Maw
° A
H2 MMkl Moderate Sewvere Discharge Death _ . )
Groups FCH [ 14

Figura 11: Distribuicdo do género entre os grupos de individuos saudaveis e pacientes com COVID-19.
Anadlise realizada pelo teste exato de Fisher com os valores percentuais de cada grupo, distribuidos entre
homens e mulheres (esquerda); PCA categorizado pelos grupos de individuos saudaveis (n = 51), leves (n
= 12), moderados (n = 6) e graves (n = 9), e coloridos pelo género dos participantes (direita).

Por outro lado, observamos que pacientes graves apresentaram uma idade maior

que o grupo de individuos saudaveis (p < 0.0001) e leves (p = 0.006), mas nao houve
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diferenga entre o grupo leve. O PCA demonstrou uma segregacéo conforme idade, entre
0s grupos, embora ndo foi possivel delimitar os limites dos clusters, € possivel observar
que aqueles participantes mais jovens sdo mais facilmente segregados daqueles com idade

mais avancada (Figura 12).
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Figura 12: Distribuicdo da idade entre os grupos de individuos saudaveis e pacientes com COVID-19.
Comparacdao das idades pelo Teste de Kruskal-Wallis e Mann-Whitney (esquerda); PCA categorizado pelos
grupos e colorido pela escala de idade dos participantes (direita).

Dos 15 participantes hospitalizados, 2 (13.3%) ndo tinham histérico prévio de
comorbidades. 7 (46.6%) tinham diabetes [3/7 foram a 6bito], 6 (40%) tinham hipertensao
[2/6] foram a 6bito, 6 (40%) tinham alguma neoplasia [2/6 foram a dbito]. Quanto ao
desfecho clinico, os 15 pacientes hospitalizados foram subdivididos em Alta (n = 10, 4
[40%] homens e 6 [60%] mulheres), a qual ocorreu em média 33 dias (+ 24) dias apos
internagdo. Apenas 5 (50%) necessitaram de CTI e 5 (40%) necessitaram de ventilagdao
mecanica. Por outro lado, os outros 5 [3 [60%] homens e 2 [40%] mulheres] pacientes
que evoluiram a Obito em uma média de 72 dias (+ 44) apos admissdo hospitalar. A
analise estatistica demonstrou diferenga na propor¢do do género (p < 0.0001) e idade

(Doadores Saudaveis vs Alta; p = 0.002), como demonstrado na Figura 12.
5.1.2. A inflamacdo causada pela COVID-19 é marcada pela relacdo de
marcadores inflamatorios e pro-inflamatérios

Os pacientes graves apresentaram niveis baixos de RBC, hemoglobina,

hematocrito, mas também um aumento de WBC e contagem de neutréfilos, conforme
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Tabela 1. Embora a contagem de linfdcitos totais tenha caido drasticamente nos pacientes
leves, ndo houve diferenca entre o grupo moderado e grave. A Razdo Neutréfilo-Linfdcito
(do inglés Neutrophil-Lymphocyte Ratio [NLR]), um importante marcador de progressao
clinica, mostrou que o grupo moderado obteve um NLR de 36.42 x10%/uL [IQR = 31.8-
48.5], maior que o dos individuos saudaveis (1.89 x10%/uL [1.5-2.3], p < 0.0001) e leves
(2.16 x10%/pL [IQR = 1.3-3.1], p = 0.005).

H;;r;z;tr;)ltt)tilrcsal Healthy Donor Mild Moderate Severe p value
(edian TOR)) (n=51) (=12 (n=6) =9
] 5.03 494 3.47 3.66 hede
RBC (x10'/pL) [4.6-5.4] [4.4-5.4] [2.4-4.4] [3-4.4] <0.001
. 14.9 14.65 10.15 10.1 hode
Hemoglobin (g/dL) [13.6-16] [13.7-15.7] [6.5-12.2] [8.5-127]  <0-001
, 447 44.1 30.05 32.9 bade
0, Gyl
Hematocrit (%) [40.6-47.4] [40.7-48] [19.6373]  [257395]  <0-001
87.8 91.35 86.75 89.8
MCV (L) [84.7-90.4]  [87.1-94.1]  [78.8-91.8]  [84.3-92.6] 0.1773
29.7 30.4 28.7 28.4
MHC (pg) [288-30.7]  [28.9-309] [25.7-32] [27.8-29.3] 0.0624
34.1 32.55 33 323
MCHC (g/dL) [33.1346]  [322-333]  [325343]  [31.5-33.7]  0-0015
13.7 14.25 13.85 13.7
0,
RDW (%) [13.1-14] [13.8-15] [123-152]  [118-17.2] 0.0843
] 6.33 5.92 8.9 12.26 hode
WBC (x10/uL) [5.2-7] [4.1-6.6] [8.6-9] [9.2-145)  <0.001
e 3.34 3.63 8.3 10.19 hede
Neutrophil (x10'/uL) [2.8-4.2] [2.6-4.5] [7.9-8.3] [6.4-11.77 <0001
3 1.85 1.62 0.23 135 ba
Lymphocyte (x10°/uL) [1.6-2.2] [1-2.2] [0.2-0.3] [1.2-2] <0.001
; 0.38 0.39 0.43 0.61 .
Monocyte (x10°/uL) [0.3-0.4] [0.4-0.5] [0.4-0.5] [0.5-1] 0.0014
s 0.2 0.08 0.03 0.26 wbef
Eosinophil (x10/pL) [0.1-0.4] [0-0.2] [0-0] [0.1-0.5] <0.001
o, 0.03 0.03 0.04 0.02 0.63
Basophil (x107/pL) [0-0.1] [0-0] [0-0] [0-0.1] '
1.7 1.65 0.9 1.6 b
0,
LUC (%) [1.4-2.4] [1.2-23] [0.8-1] [1.3-2.1] 0.0105
3 1.89 2.16 36.42 6.67 hede
NLR (x10°7/uL) [1.5-2.3] [13-3.1] [31.8-48.5] [4.7-9.9] <0.001
; 243 205 152.9 224.7 01284
Platelets (x10°/uL) [210-282]  [168.8-278.3] [106.2-242.4]  [147.8-360.3] :
8.1 8.25 7.45 7.6
MVP (L) [7.2-8.6] [7.9-9.8] [6.3-8.7] [7-8.8] 0.2997

Tabela 1: Parametros hematoldgicos de individuos saudaveis e grupos de pacientes com COVID-19.
Anaélise estatistica foi realizada com teste de Kruskal-Wallis e Multiplas Comparagdes de Dunn. Para todas
as comparagdes, foi utilizado intervalo de confianga de 95% e valor de p significante quando p < 0.05.
aDiferenca significativa entre HD vs Mild; "Diferenca significativa entre HD vs Moderate; °Diferenca
significativa entre HD vs Severe; “Diferenca significativa entre Mild vs Moderate; Diferenca significativa
entre Mild vs Severe; "Diferenca significativa entre Moderate vs Severe.

RBC: Hemacias; MCV: Volume Corpuscular Médio; MHC: Hemoglobina Corpuscular Média; RDW:
Ratio Distribution Width; WBC: White blood count; NLR: Neutrophil-Lymphocyte ratio; MVP: Volume
Plaquetario Médio.
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A infeccdo aguda demonstrou um perfil muito similar entre os individuos leves
e graves, baseado no perfil imunoldgico. Por outro lado, é perceptivel que hd um aumento
de marcadores imunolégicos, quando comparados a individuos saudaveis. O perfil celular
demonstrou um aumento de mondcitos intermediérios e células T citotdxicas ativadas,
mas também uma queda nos niveis de mondcitos classicos e ndo classicos, células NK,
NKT e linfocitos T helper (Figura 13).
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Figura 13: Perfil celular do grupo de individuos saudaveis e pacientes com COVID-19 leve e grave.

NK: Natural Killer; NKT: Natural Killer T; CMo: Monécitos Classicos; Imo: Mondcitos Intermedirios;
NcMo: Mondcitos ndo classicos; Th: T helper; aTh: T helper ativado; Tc: T citotoxico; aTc: T citotdxico
ativado; mDCs: Células Dendriticas Mieloides; pDCs: Células Dendriticas Plasmacitoides.

Quanto aos marcadores soluveis, na fase aguda da COVID-19, observamos que
0s grupos apresentaram aumento de CCL11, CXCL8, CCL4, CXCL10, IL-1B, IL-6, TNF-
a, IL-12, IFN-g, IL-17, IL-4, IL-9, IL-10, IL-13, IL-7, VEGF, GM-CSF e G-CSF, bem
como queda nos niveis de CCL5 e IL-15 (Figura 14).
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Figura 14: Perfil molecular solGvel de pacientes com COVID-19 leves, moderados e graves.
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5.1.3. Os marcadores inflamatorios sdo os principais contribuintes para a
condigdo grave, enquanto a moderada € influenciada por marcadores de

proliferacdo

Embora o PCA tenha demonstrado uma segregacdo apenas entre o grupo de
doadores saudaveis e 0s outros grupos de pacientes com COVID-19, foi observado que,
com base nos marcadores imunoldgicos, os grupos de pacientes leve, moderato e grave
apresentaram um perfil muito similar (Figura 15A). Baseado na contribui¢cdo dos
marcadores para o perfil clinico, os trés grupos de COVID-19 compartilham os mesmos
marcadores, mas conforme a gravidade aumenta, os marcadores inflamatérios GM-CSF,
G-CSF, CXCL10, IFN- vy, IL-7, TNF-0, IL-1B, VEGF e IL-17 sdo os principais
marcadores que contribuem para essa gravidade (Figura 15B), como observado no
heatmap (Figura 15C).
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Figura 15: A inflamacdo aguda séo os principais contribuintes para a condi¢cdo grave em pacientes com
COVID-19 grave. (A) PCA segregando por grupo; (B) PCA com os contribuintes da fase aguda, com as
cores dos pontos representando os participantes e as setas representando a contribuicdo; (C) Heatmap com
todos os pardmetros clusterizados nas linhas e 0s grupos organizados nas colunas.

Do grupo de doadores saudaveis para condi¢do de COVID-19 leve (sintométicos
sem necessidade de hospitalizacdo), foi observado que GM-CSF, IFN-y, 1L-12, IL-10 e
monacitos intermediarios tiveram o maior FC, enquanto células NKT, CCL5 e IL-15
tiveram o maior decaimento. Do grupo leve para moderado (hospitalizados sem
necessidade de ventilacdo mecénica), NLR, células NKT, CXCLS8, IL-6 e G-CSF foram
0S gue apresentaram o maior crescimento, enquanto mondcitos nao classicos, eosinéfilos

(%) e linfocitos totais tiveram o maior decaimento. Ainda, aqueles pacientes em
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atendimento hospitalar, e que necessitaram de ventilagdo mecanica, transicionando do
grupo moderado para O grupo grave, apresentaram um aumento na contagem de
eosinofilos (% e total) na circulagcdo, bem como mondcitos nao classicos, contagem total

de linfécitos e IL-12 (Figura 16). Estes marcadores sugerem sua capacidade como

biomarcadores da progressao da doenca.

Mild / Healthy Donors Moderate / Mild

8
T

S
T

Fold change (logs0)
Fold change (logso)

Log10 Fold Change Log10 Fold Change

Severe / Mild Severe / Moderate

)

Fold change (10g;0)

Fold change (10g10)
°

Log10 Fold Change Log10 Fold Change

Figura 16: Andlise de Fold Change (FC) com as médias de cada parametro dos grupos, isoladas pelo pés-
teste de Dunn e organizadas com base no resultado do FC.

5.1.4. Andlise de alto produtores nos grupos com COVID-19

Posteriormente, os grupos de pacientes com COVID-19 foram isolados e
calculada a mediana global. Com isso, de cada grupo, foi calculada a quantidade de
participantes que apresentaram valores acima da mediana global. Posteriormente,
calculados o percentual desses participantes por grupo, e organizados com base no
percentual.

Com isso, foi identificado que apenas o grupo leve apresentou alta produgéo de
10 marcadores, sendo eles: IMo, hematdcrito, hemoglobina, NcMo, linfécitos B,
linfécitos Th, linfocitos T, contagem percentual de linfécitos, RDW e RBC. Ja o grupo
moderado apresentou alta producdo da contagem de baséfilos, CHCM e células NKT.
Pacientes graves de COVID-19 apresentaram alta producdo de 19 marcadores, descritos
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na Figura 17, no entanto, € notoria a producdo de marcadores inflamatorios e relacionados
a migracdo celular.

A forma leve da doenca e aqueles hospitalizados (mas sem ventilacdo mecénica)
possuem um perfil mediado, além dos marcadores descritos anteriormente, de celulas
dendriticas mieloides, HCM, Células NK, VPM, contagem relativa de basofilos e
mondcitos, e células B. Enquanto a condi¢do de hospitalizado compartilha marcadores
inflamatorios, como neutréfilos, CXCLS, IL-10, NLR, G-CSF, CCL5, IL-6, WBC, IL-5
e IL-15, além de outros (Figura 17D).
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Figura 17: Andlise de alto produtores nos grupos de pacientes com COVID-19. Altos produtores utilizando o percentil 50 nos grupos Mild (A), Moderate (B) e Severe

(C). A intersecgdo de cada grupo e dos conjuntos foi descrita no relatério (D).
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As matrizes de correlacdo foram construidas isolando cada grupo. O grupo de
doadores saudaveis mostrou correlagfes fracas entre os parametros, enquanto o grupo
leve apresentou correlagdes mais fortes, variando entre positivas e negativas. Os pacientes
hospitalizados tiveram poucas correla¢fes, quando comparadas ao grupo leve, o que pode
estar relacionado ao atendimento hospitalar (Figura 18).
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Figura 18: Matrizes de correlacdo de todos os parametros nos individuos saudaveis (A) e pacientes com COVID-19 leve (B), moderado (C) e graves (D). As correlagdes
foram construidas utilizando os indices de correlagdo de Spearman (r). Correlag@es significativas (p < 0.05 foram plotadas, e os valores de r foram escalados em uma
escala azul-vermelha, variando de -1.0 para 1.0. Os parametros (contagem sanguinea, perfil fenotipico, quimiocinas, citocinas e fatores de crescimento foram classificados
com base em escalas de cor.
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5.1.5. Contagem de eosindfilos aumenta naqueles pacientes hospitalizados com
COVID-19 com pior desfecho clinico

O grupo de individuos saudaveis foi utilizado como referéncia no modelo de
analise mista, junto com idade e género, como cofatores. O género ndo mostrou influéncia
em nenhum parametro analisado, no entanto, a idade mostrou uma relacdo com a
contagem de eosindfilos totais (logFC = -0.028, p = 0.0154) e eosindfilos (%) (logFC = -
0.147, p = 0.0163). O teste de correlagédo de Spearman foi realizado para identificar a
relacdo de ambos os parametros com a idade. Quando agrupados por todos os parametros,
a idade apresentou uma correlacao negativa apenas com eosinéfilos (%) (r = -0.31, p =
0.0067), mas perdeu significancia quando estratificado por grupos (Figura 19). Mesmo
assim, nos realizamos as analises mistas considerando os dados demograficos dos
pacientes.

A) Age correlation to AEC using all groups (left), and separated by groups (right)
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B) Age correlation to eosinophil percentage using all groups (left), and separated by
groups (right)
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Figura 19: Correlacéao entre idade e producéo dos linfocitos T auxiliares. A) Correlagdo utilizando todos
0s grupos juntos; B) Correlagdes segregadas por grupo.
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O grupo leve apresentou maior logFC nas citocinas, principalmente
inflamatdrias e pro-inflamatérias, IFN-y (logFC = 18.4, p < 0.001), IL-10 (logFC = 16.7,
p =0.012), VEGF (logFC =11.4, p = 0.002) e IL-12 (logFC = 10.8, p = 0.003), e menor
logFC foi observado em CCL5 (logFC = -443.3, p < 0.001), CMo (logFC = -36.6, p <
0.001) and IL-15 (logFC =-17.9, p < 0.01). Um perfil similar foi observado em pacientes
moderados, com maior logFC em CXCL10 (logFC = 1,160, p < 0.01) e NLR (logFC =
40.9, p <0.01). O grupo grave também apresentou alto logFC em CXCL10 (logFC = 692,
p = 0.002), seguido por PDGF (logFC = 103, p = 0.043) e IL-1RA (logFC =39.1, p =
0.001). (Figura 20).
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Figura 20: Selecdo dos principais marcadores imunoldgicos para alta e baixa regulacdo com base nas condicdes, e usando como base o grupo saudavel. Graficos de
radar demonstrando o FC significante de cada grupo.
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Posteriormente, os grupos moderado e grave foram divididos com base no
desfecho hospitalar, em Alta e Obito, referente aos pacientes que evoluiram para alta (n
=10) ou obito (n = 5), respectivamente. Embora compartilhem um perfil similar entre os
parametros de logFC, foi construido um Diagrama de Venn para identificar parametros
compartilhados entre o grupo leve e os desfechos. Nossos resultados demonstraram que
0s marcadores aqui observados ndo sdo capazes de identificar aqueles pacientes
hospitalizados que irdo evoluir para alta hospitalar. No entanto, aqueles que evoluem para
Obito tiveram um aumento da contagem total de eosinofilos, eosinofilos percentuais e
LUC (%) (Figura 21). Hospitalizag&o, independente do desfecho, foi marcada com alta
contagem de WBC e queda de linfocitos totais, hemoglobina, linfocitos (%), RBC,

hematocrito e células T helper.
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Figura 21: Caracterizagao por grupo e influéncia dos pardmetros imunoldgicos, comparados a individuos saudaveis. A influéncia foi caracterizada por cor para influéncia
positiva (logFC > 0, cor vermelha) ou negativa (logFC < 0, cor azul).
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5.2. Perfil imunoldgico em doadores de sangue saudaveis e pacientes
convalescentes da COVID-19

5.2.1. Perfil sociodemografico

51 doadores de sangue saudaveis foram incluidos nesta abordagem do estudo. A
média de idade foi de 32.39 anos (DP + 11.63), com 36 (70.6%) homens e 15 (29.4%)
mulheres. A maior parte dos participantes eram pardos (n = 45 [88.3%]), seguido por 4
(7.8%) caucasianos e 2 (3.9%) afro-americanos. Cinco (9.8%) eram do tipo sanguineo A
positivo, 27 (52.9%) eram O positivo, e 19 (37.3%) eram O negativo.

A média de idade do grupo convalescente foi de 39.94 anos (DP + 11.56), com
51 (82.3%) homens e 11 (17.7%) mulheres. Quanto a etnicidade, 42 (67.8%) weram
pardos, 18 (29%) eram caucasianos, e apenas 2 (3.2%) eram afro-americanos. Quanto ao
tipo sanguineo, 17 eram do tipo A (14 [22.6%] positivo e 3 [4.9%] negativo), 2 eram do
tipo B (1 [1.6%] positivo e 1 [1.6%] negativo), 2 eram do tipo AB (ambos positivos
[3.2%]), e 41 eram do tipo O (40 [64.5%] positivo e 1 [1.6%] negativo). Grande parte
eram sobrepeso ou obesos (n = 23 [37.1%] cada), seguido por 15 (24.2%) com IMC
normal e apenas um [1.6%] tinha baixo IMC. Anélise estatistica demonstrou diferenca
significativa apenas em idade (p = 0.0009) e tipo sanguineo (p < 0.0001) entre ambos 0s
grupos, no entanto, acreditamos que a diferenca no tipo sanguineo ocorra devido a alta

prevaléncia dos tipos O e A na populacdo estudada (Tabela 2).

Sociodemographic data Heaz;(]hz gf)n ors Corzxazlegggznts p value
Age, mean £ SD 32.39 £ 11.63 39.94 £ 11.56 0.0009
Gender
Male, n (%) 36 (70.6) 51 (82.3) 0.1794
Female, n (%) 15 (29.4) 11 (17.7) '
Ethnicity
Caucasians, n (%) 4 (7.8) 18 (29)
Admixed, n (%) 45 (88.3) 42 (67.8) 0.0182
African Americans, n (%) 2 (3.9 2332
Blood type
A+ /[ A-, n (%) 5(9.8)/0(0) 14 (22.6) / 3 (4.9)
B+ /B-, n (%) 0(0)/0 (0) 1(1.6)/1(1.6) <0.0001
AB+/ AB-, n (%) 0(0)/0(0) 2(3.2)/0(0) '
O+ /O-, n (%) 27 (52.9) /19 (37.3) 40 (64.5) /1 (1.6)
Body Mass Index (kg/m?)
Low (<18,5), n (%) 1(2.0) 1(1.6) 0.6504
Normal (18,5 —24,9), n (%) 17 (33.3) 15 (24.2) '
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Overweigh (25 — 29,9), n (%) 19 (37.3) 23 (37.1)
Obesity (>30), n (%) 14 (27.4) 23 (37.1)

Tabela 2: Dados sociodemograficos de doadores saudaveis e pacientes convalescentes.

SD: Desvio Padréo; Pos: Positivo; Neg: Negativo. Teste de Qui-Quadrado foi utilizado isolando os grupos
sanguineos (A, B, AB e 0), e subgrupos (positivo ou negativo) e incluindo apenas aqueles com observagao
> 1 para questdes estatisticas.

Uma vez que foi observada diferenca entre idade, etnicidade e tipo sanguineo
entre os grupos HD e Convalescente (D30), nds realizamos uma analise dos parametros
imunolodgicos segregando nossos grupos baseado no tipo sanguineo e idade. Nenhuma
diferenca foi observada na comparagéo entre 0s grupos com relacao a tipagem sanguinea
entre os grupos HD e Convalescenca. O padréo observado nas observacdes gerais ndo
parece mudar quando relacionado a nenhuma dessas trés caracteristicas, e portanto,
acreditamos que nenhuma teve alguma ou pouca interferéncia no sistema imunologico
dos nossos participantes. A analise do heatmap e PCA segregados por esses parametros

esta mostrado na Figura 22 para idade (22A), etnicidade (22B) e tipo sanguineo (22C).
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Figura 22: Caracterizacdo de todos os pardmetros quando as informacdes sociodemograficas (idade (A) e
etnicidade (B)) e tipo sanguineo (C) de todos os participantes. Valores numéricos foram utilizados na

construcdo de ambos heatmap e PCA.

Ao analisar os dados clinicos do grupo de convalescente, 5 dos 62 pacientes

(8.1%) necessitaram de hospitalizacdo e ventilagdo mecénica. A meédia do tempo de
estadia no hospital foi de 15.82 dias (DP + 10.49), variando de 1 a 51 dias.
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5.2.2. Dinamica dos anticorpos na convalescenca

A concentracdo de anticorpos foi analisada nos grupos convalescentes e
comparados com o nimero de dias apo6s a pausa dos sintomas. IgG anti-nucleocapsideo
(anti-N) demonstrou uma queda significativa (p = 0.0017) de 30 a 90 dias ap0s a cura
clinica, o que foi confirmada posteriormente pela analise de correlagdo. Esta analise
revelou uma correlacdo negativa e significante reducdo na concentracdo de anti-N com o
aumento do numero de dias apés o final dos sintomas (p = 0.0056), como demonstrado
na Figura 23A. Embora a anti-Spike (anti-S) IgG também tenha decaido, a concentragdo
ndo mostrou diferencas significativas na analise comparativa e nem na correlacdo (Figura
23B). Isso sugere que a presenca do anticorpo anti-S no soro persiste, enquanto anticorpos

anti-N decai lentamente ap6s a cura clinica.
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Figura 23: Andlise da producéo sorolégica de anticorpos durante a convalescenga. A) Comparacao da
concentragdo de IgG anti-nucleocapsideo (OD) e correlagdo da concentragdo do anti-N com os dias apds
os sintomas. B) Comparacdo da concentracdo de 1gG anti-Spike (AU/mL) e correlacdo entre a concentracéo
e dias apo6s os sintomas. O cutt-off de 1.280 AU/mL foi marcado para demonstrar os participantes elegiveis
a doacdo de plasma convalescente no D30 (n=30/62 [48.4%]), D60 (n=20/48 [41.7%]) e D90 (n=14/47
[29.8%]); C) Porcentagem de participantes com resultado qualitativo (pos/neg) de anticorpo ao longo do
periodo estudado, baseado no teste imunocromatogréfico e teste quimioluminescente (CMIA) para anti-S
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e anti-N, com valores absolutos e relativos na tabela abaixo; D) Compara¢do do Fold Change de anticorpo
IgG anti-S no D60/D30, D90/D30 e D90/D60, usando o resultado quantitativo dos pacientes com todo o
follow-up (n = 45). Andlise estatistica foi feita com One-Way ANOVa seguido pelo pos-teste de Turkey,
considerando significativo quando p < 0.05. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.

Deve-se notar que a imunidade permanece ativa por alguns dias ap6s o clearance
viral e alguns pacientes fizeram a soroconversao de um estado positivo (no D30) para um
negativo (em ambos D60 e D90) durante o periodo do estudo, para ambos anti-N e anti-
S, considerando o limiar de positividade do fabricante.

O soro de 20, dos 62 participantes (32.3%) com diagndstico previo de COVID-
19 e periodo sintomatico testou positivo para IgM no D30 usando o teste
imunocromatografico. Este nimero decaiu para 11/48 (22.9%) no D60 e 8/47 (17%) no
D90. Os testes IgG apresentaram alta sensibilidade. Todos os trés testes (ambos
imunocromatografico e quimioluminescéncia [CMIA] anti-S, e CMIA anti-N) detectaram
mais de 80% de sororeatividade nos individuos convalescentes no d30. Os grupos D60 e
D90 ainda apresentaram uma sororeatividade acima de 80% para detec¢do de anticorpos
anti-S, enquanto a deteccao de anti-N caiu para 70.2% no D90 (Figura 23C).

A comparacdo do fold change entre os dias mostrou que a concentracao do anti-
S muda gradualmente de um més para o proximo, no entanto, ha uma diferenca
significativa para o terceiro més. Um padréo similar foi observado quando comparado do
D30 para 0 D60 e D60 para D90, indicando que a concentracdo do anti-S do D30 para o
D60 ndo variou significativamente comparado com a variacdo do D60 para o D90. No
entanto, houve uma queda na concentracao de anticorpo do D30 para o D90 (Figura 23D).

A Organizacdo Mundial da Saude langou uma lista com testes aprovados para
deteccdo de anticorpos 1gG anti-S, capazes de identificar potenciais candidatos a doagédo
de sangue convalescente. Os valores qualitativos e quantitativos do teste CMIA foi
aprovado para monitorar potenciais doadores de sangue elegiveis quanto a concentracao
de anticorpos (> 1.280 AU/mL). Entre os individuos convalescentes que aceitaram
participar, apenas 30/62 (48.4%) tiveram concentragdo suficiente no D30. No D60,
apenas 20/48 (41.7%) permaneceram elegiveis, e posteriormente caiu para 14/47 (29.8%)
no D90 (Figura 23B).



78

5.2.3. O perfil inflamatorio é mediado por células de memodria e mondcitos

patrulhadores

A contagem de células NK e NKT apresentou uma queda significativa apos a
COVID-19 e ndo demonstrou sinais de aumento nem apenas apds 90 dias ap0s cura
clinica (Figura 24A e B). Embora a contagem de mondcitos tenha aumentado nos
pacientes no D30, comparados com os doadores saudaveis, esse aumento parece ser
devido ao aumento de mondcitos inflamatdrios e patrulhadores. A contagem absoluta de
mondcitos (AMC) decaiu no segundo més apds a cura clinica (Tabela 3), mas a contagem
de mondcitos patrulhadores continuou a decair ao longo do tempo, atingindo

concentracdes maiores no D90 (Figura 24C-E).
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Figura 24: Andlise fenotipica das células imunes, comparando os grupos HD, D30, D60 e D90. O resultado
estd expresso como mediana e intervalo interquartil do percentual de células. Os gréaficos de barra
representam as analises de: A) Células NK; B) Células NKT; C) Mondcitos cléassicos; D) Monécitos
inflamatorios; E) Mondcitos patrulhadores; F) Linfdcitos T helper; G) Linfdcitos T helper ativados; H)
Linfdcitos T ciotoxicos; 1) Linfocitos T citotoxicos ativados; J) Células dendriticas plasmacitoides; K)
Células dendriticas mieloides; L) Linfocitos B; e M) Linfécitos B1.

A anélise dos dados foi realizada com o teste de Kruskal-Wallis e pds teste de Dunn, considerando
significativo quando p < 0.05. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
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Variables, median HD D30 D60 D90 value
[IOR] n=51 n =62 n = 48 n=47 P
- 4.99 4.90 4.89 4,89
REC EA0> i) [450-540]  [456-520]  [447-515]  [471-520] 04676
. 14.90 14.40 14.35 14.40
Hemoglobin (9/dL) 1136016, 00] [13.38-15.03] [13.23-14.90] [1350-15.10] 00602
: 44.70 42.60 42.75 43.90
(0)
AEMEUSEE(0) [40.6-47.4]  [40.45-4545] [39.13-4450] [4150-46.20]  °-0660
87.80 88.15 87.90 89.10
MCV (fL) [84.70-00.40] [84.85-90.80] [84.35-91.08] [85.30-91.40] 072
29.70 29.60 29.85 29.80
MIEH (Y] [28.8-30.70] [28.38-30.60] [28.10-30.70] [27.90-30.80] 8607
33.70
34.05 33.59 33.40
MCHC (g/dL) [33.10-34.60] gﬁ% [32.75-34.48] [32.60-34.10] 01667
13.70 14.40 14.40 14.35
0, ab,c
R () [13.10-14.00] [13.75-14.95] [13.90-15.08] [13.68-15.03] ~0-0001
6.33 6.78 6.34 6.65
6
WBC (x10° /L) [5.17-695]  [5.87-751]  [5.75-7.57]  [561-7.97] 02908
Neutrophil (x10° 3.34 4.00 3.80 3.79 0.0757
Jul) [2.8-417]  [3.21-4.65]  [3.14-461]  [3.04-4.84] :
Lymphocyte (x103 1.85 1.98 1.93 1.98 0.8081
/L) [159-2.18]  [1.61-2.22]  [1.6-2.3] [1.61-2.23] :
Monocyte (x10° 0.38 0.43 0.37 0.38 Bp—
JuL) [0.28-0.42]  [0.37-0.48]  [0.33-042]  [028-043]
- 0.03 0.04 0.03 0.03
Basophil (x10°/uL)  1609.005]  [0.02-0.06]  [0.02-0.04]  [0.02-0.05] 0.2906
Eosinophil (x10° 0.19 0.19 0.18 0.16 06758
JuL) [0.12-038]  [0.13-0.26]  [0.13-0.26]  [0.12-0.26] :
Platelet count (x103 243.0 259.5 245.0 245.00 0.7717
JuL) [210-282] [212-290] [215-266] [209-272] :

Tabela 3: Pardmetros laboratoriais de doadores saudaveis e pacientes convalescentes no D30, D60 e D90.
aDiferenca significativa entre HD vs D30; "Diferenca significativa entre HD vs D60; *Diferenca

significativa entre HD vs D90; Diferenca significativa entre D30 vs D60; ®Diferenca significativa entre
D30 vs D90; "Diferenca significativa entre D60 vs D90.

A andlise dos dados foi realizada com o teste de Kruskal-Wallis e pés teste de Dunn, considerando
significativo quando p < 0.05 e destacado os significantes em negrito.

Por outro lado, ambos linfécitos T helper e T helper ativados decairas conforme

a convalescenca progrediu (Figura 24 F e G). A contagem de linfdcitos T citotdxicos ndo

variou significativamente entre os grupos analisados, mas a mediana de linfocitos T

citotoxicos ativados demonstrou diferenca significativa no teste de Kruskal-Wallis, no

entanto, ndo foi possivel determinar onde estava a diferenga (Figura 24H e I).

A subpopulacéo circulante de células dendriticas ndo apresentou diferenca entre

0s doadores saudaveis e individuos convalescentes, nem entre 0s subgrupos da

convalescenga (Figura 24J e K).
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Embora os linfdcitos B ndo apresentaram diferenca, foi observado um aumento
nos linfocitos B1 durante a convalescenca, o que aparenta persistir ao longo do trimestre
analisado (figura 24L e M).

5.2.4. A convalescenca ¢ marcada por mediadores regulatorios de reparacdo

tecidual

A fase convalescente parece ser marcada por altos niveis de VEGF, G-CSF, IL-
2, IL-9, e CXCL10, mas também baixa concentracdo de FGF basic, PDGF-BB, GM-CSF,
IL-1B, IL-6, TNF-0, IFN-y, IL-4, IL-5, IL-17A, 1L-10, CXCL8, CCL3, CCL4 e CCL5
(Figura 25). CCL5 apresentou queda no D30, mas parece aumentar a concentragdo no

soro até o D90, atuando como possivel marcador precoce de normalidade sistémica.
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Figura 25: Nivel de moléculas sollveis circulantes comparando os grupos HD, D30, D60 e D90. O resultado esta expresso como mediana e intervalo interquartil em
pg/mL Nivel circulante de quimiocinas (A), citocinas (B) e fatores de crescimento (C).

A anélise dos dados foi realizada com o teste de Kruskal-Wallis e p6s teste de Dunn, considerando significativo quando p < 0.05. *p < 0.05; **p < 0.01; ***p < 0.001;
****p < 0.0001.
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5.2.5. A dindmica de marcadores tende a normalizar conforme a convalescenca

progride

A matriz de correlagdo demonstra que os individuos saudaveis tém menores
interacbes entre citocinas, e mais interacbes com células circulantes e suas
subpopulac@es, enquanto aqueles na convalescenca exibem uma dinamica de moléculas
mais intensa. Pacientes no estagio inicial da convalescenca, representados pelo D30,
demonstraram maior nimero de interagdes entre as moléculas, principalmente citocinas.

O numero de correlagdes aparenta decair conforma a convalescenca progride até
0 estagio final observado em nosso estudo. Embora ainda é possivel observar que os
anticorpos anti-S apresentam correlacdo positiva com a contagem absoluta de eosinofilos
(AEC) e CXCL10 no D30 (em conjunto com anticorpos anti-N) e uma correlacdo
negativa com monacitos patrulhadores.

No D60, a imunomodulacéo foi relacionada a moléculas inflamatérias como IL-
6 e CXCLS, e correlacionada negativamente com a contagem de linfocitos B. No D90, a
participacao parece ser guiada por células dendriticas plasmacitoides e niveis de CXCL8
(Figura 26 A e B). A AEC mostrou correlacdo positiva e significativa com ambos 0s
anticorpos anti-N e anti-S no D30 e D90 (Figura 26), o que pode estar relacionado a sua

funcionalidade.
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Figura 26: Matriz de correlagdo de biomarcadores indicando diferenca no padrdo de doadores saudaveis (A) e convalescentes no D30 (B), D60 (C) e D90 (D). As
correlagdes sdo baseadas no indice de correlagdo de Spearman (r). A correlacéo foi significativa quando p < 0.05 entre todos os marcadores analisados. A escala de azul,
variando de -1.0 a 1.0, demonstra a forca da correlagdo, como representado na imagem.

WBC: White Blood Count; ANC: Absolute Neutrophil Count; ALC: Absolute Lymphocyte Count; AMC: Absolute Monocyte Count; AEC: Absolute Eosinophil

Count; ABC: Absolute Basophil Count; NK: Natural killer; Chemokines: CXCL8, CXCL10, CCL3, CCL4, CCL2, CCL5 and CCL11; Cytokines: IL-1p, IL-1ra, IL-6,
TNF-a, IL-12p70, IFN-y, IL-2, IL-7, IL-9, IL-15, IL-4, IL-5, IL-13, IL-17A, IL-10; Growth factors: VEGF, FGF basic, PDGF-BB, GM-CSF, G-CSF. HD: Healthy
donors.
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5.2.6. Marcadores inflamatorios ainda podem ser utilizados para caracterizar as

fases iniciais da convalescenca

A anélise de biomarcadores e o diagrama de Venn demonstram que individuos
convalescentes sdo caracterizados por altos niveis de IL-15, NLR e RDW. No entanto,
quando segregados quanto ao estagio da convalescenca e inspecionados por
biomarcadores em cada tempo, n6s observamos que no inicio da convalescenga, 30 dias
apos a cura clinica, altos niveis de monacitos, basofilos, plaquetas, células dendrititcas
mieloides e anticorpos anti-S também foram observados.

Adiante, a imunomodulacao do primeiro (D30) para o segundo més (D60), pode
ser caracterizada pelo aumento de mondcitos inflamatorios e patrulhadores, linfocitos B1,
G-CSF, IL-2 e razéo IFN-y/IL4. Embora os linfocitos B1 estejam elevados na circulagio,
apenas o0 D30 foi marcado com aumento de anticorpos anti-S.

Estagios posteriores da convalescenca, observados no nosso estudo, foram
marcados por ambos os linfécitos T citotoxicos ativados e totais, células dendriticas
plasmacitoides, VEGF, IL-9 e CXCL10. Este perfil sugere um processo reparativo, o que
pode estar relacionado a intensa lesdo causada pela imunidade durante a fase aguda.
Nenhum dos grupos convalescentes se apresentou como alto produtor de anticorpos antti-
N (Figura 27).
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Figura 27: Assinatura de biomarcadores dos grupos representados pelo diagrama de Venn. A) Frequéncia dos individuos com os biomarcadores acima do cut-off. B) Diagrama

de Venn representando os grupos, intersec¢des e elementos, sugerindo potenciais marcadores para imunomodulagdo na convalescenca. A mediana global para cada pardmetro

foi calculada e usado para caracterizar os participantes como baixo (<50%) ou alto (>50%) produtores. HD: Healthy donors.
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6. Discussao

O mundo enfrentou um problema de saude publica, que se tornou uma pandemia
desde 2020. Entre as principais caracteristicas que contribuiram para a répida
disseminacéo do SARS-CoV-2 e desenvolvimento de condicdes criticas extremas, muito
estudos destacaram a auséncia de imunidade e presenca de fatores de risco

Ao analisarmos os pacientes com COVID-19, observamos que aqueles com a
condicdo mais grave apresentaram uma idade significativamente maior, o que pode se dar
devido as caracteristicas imunoldgicas de senescéncia (HOU et al., 2022; HU et al., 2021;
MODERBACHER et al., 2020).

As mudancas hematoldgicas observadas em nossos resultados sdo sustentadas
pelo perfil fisiopatologico da doenca. Eventos trombdticos apresentados em pacientes
com COVID-19, e reportados em estudos anteriores, demonstrou que a suplementacéo de
oxigénio induz o aumento dos niveis de fibrinogénio e posterior agregacao eritrocitaria,
bem como viscosidade sanguinea. Esses agregados podem impactar na disponibilidade
de eritrdcitos circulantes no vaso sanguineo, mas juntos com o dano na membrana e a alta
expressdo de fosfatidilserina, ha aumento da remocéo de eritrocitos pelo bago (KLEI et
al., 2017; NADER et al., 2022). Estes fatores levam a uma cascata de eventos onde a
diminuicdo de eritrocitos no sangue causa uma condicdo de hipdxia no paciente
(BERZUINI et al., 2021), o que corrobora com nossos achados nos nossos pacientes
graves.

Quanto ao perfil inflamatorio descrito nos nossos pacientes, o envolvimento do
neutréfilo em pacientes graves foi alto, o0 mesmo observado por outros autores
(BALZANELLI etal., 2021; IMRAN et al., 2020; LOURDA et al., 2021; MCELVANEY
etal., 2020; MORADI et al., 2021a; ZHANG et al., 2020d; ZHAO et al., 2020). Um efeito
do desvio a esquerda foi observado, provavelmente devido a dindmica imunoldgica
relacionada a producéo celular da medula éssea. Muitos neutrofilos circulantes, durante
a fase aguda da COVID-19, apresentam um perfil imaturo (CD10+), e ja foram
correlacionados com marcadores inflamatorios como CXCL8, CXCL10, CCL3, CCL4,
IL-6 e IL-1IRA (CARISSIMO et al, 2020; METZEMAEKERS et al., 2021;
PARACKOVA et al., 2020; WILK et al., 2020).

A funcdo desses neutrofilos imaturos ainda néo é bem elucidado se apresentam

um perfil regulatério ou pré-inflamatorio, mas quando associados a contagem de
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linfocitos (representado pelo NLR), nossos dados demonstram uma queda significante
com base na gravidade. Para estratégias e analises futuras, compreender os mecanismos
por trés da neutrofilia e linfopenia, o perfil proliferativo e de recrutamento para o local da
inflamacdo pode melhorar as abordagens terapéuticas e condi¢cdes agudas em pacientes
com uma primo-infecgéo, como observada no SARS-CoV-2 em nossos pacientes.

O perfil fenotipico mostrou uma contagem baixa de células NK e NKT em
pacientes graves, como ja descrito na literatura (KIM et al., 2022; TAGHILOO et al.,
2021; ZHANG et al., 2020c), e também relacionados ao comprometimento da
citotoxicidade aguda (ANTONIOLI et al., 2020; LEEM et al., 2020). Entre os fatores
relacionados a esse deshalanceamento, problemas no eixo IL-15/IL-15RA foram
sugeridos como componentes importantes na exaustdo funcional das células NK, bem
como senescéncia e um controle mais eficiente da infeccdo viral (FLAMENT et al., 2021;
ZHANG et al., 2020d; ZHANG; HOLMES, 2020)

Assim como observado nas células NK/NKT, as subpopula¢@es de mondcitos
também estavam diminuidas no sangue, conforme houve o aumento da gravidade. Essas
células participam no reconhecimento viral e eliminacdo, incluindo células infectadas, e
embora 0 SARS-CoV-2 possa infectar mondcitos, devido a expressdo do receptor viral
ACE2, um aumento na granularidade e permeabilidade das células endoteliais ja foi
reportado (KIM et al., 2022; MARTENS et al., 2021; ZHANG et al., 2020c; ZHOU et
al., 2020), o que pode acabar justificando a queda observada nos nossos grupos moderado
e grave.

Foi sugerido anteriormente que essa reducdo no sangue periférico, junto com a
de células Th, ndo se da por conta da auséncia de producdo ou estimulo, mas sim devido
a tempestade de citocinas e excesso de estimulacdo para migrar da circulacdo para o
tecido (DIDANGELOS, 2020; GEBREMESKEL et al., 2021), e para isso, observamos o
perfil solvel de moléculas nos nossos pacientes.

Nossos achados mostram um aumento na concentracdo sérica de CCL11,
CXCL8, CCL4 e CXCL10 no grupo grave, o que pode estar relacionado a expressao de
moléculas de adesdo em leucdcitos circulantes (GEBREMESKEL et al., 2021; MORADI
et al.,, 2021a; ZHANG et al., 2020d). Estes fatores cogiram na hipotese salientada
anteriormente. A CXCL10 é conhecida como um forte indutor de ativacédo e recrutamento
de linfdcitos, eosinéfilos, mondcitos e células NK (JING; VASSILIOU; GANEA, 2003;
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YOUNG; LEE; SONG, 2009), as mesmas encontradas diminuidas em nossos achados,
bem como com alta produgdo de CCL11, CXCL8 e CCL4, que potencializam a
inflamacédo e degranulacdo de granuldcitos (BELPERIO et al., 2000; BYSTRY et al.,
2001; REN et al., 2010; SMITH; HUMPHRIES, 2009).

O perfil inflamatdrio parece ser mediado por IL-1p, IL-6, TNF-a, IL-12, IFN-y,
IL-17, IL-4, IL-9, IL-10, IL-13, IL-7, VEGF, GM-CSF e G-CSF, o que salienta a
dindmica da tempestade de citocinas em nossos pacientes. Estes marcadores foram
demonstrados anteriormente como potenciais para manutencdo da doenca e progressdo
para modular a imunidade, ativacdo celular, recrutamento de células e proliferagdo
(KNOLL; SCHULTZE; SCHULTE-SCHREPPING, 2021; KUMAR et al., 2021; QIN et
al., 2021; THEOBALD et al., 2021).

Embora os eosindfilos foram descritos como marcadores de melhora na
progressdo da doenca (GEORGAKOPOULOQU et al., 2021; GLICKMAN et al., 2021,
GONZALEZ et al., 2021; KWIECIEN et al., 2021; LIU et al., 2021; TAN et al., 2021;
VITTE et al., 2020; YAN et al., 2021), nossos achados demonstram diferente. Essa
relacdo do aumento na contagem de eosinofilos e melhor prognéstico ja foi sugerido por
outros autores, no entanto nds sugerimos que nossos pacientes estavam também com um
processo de degranulacéo, o que poderia explicar 0 aumento na gravidade e contribuicao
para piores desfechos. J& foi observado que eosinéfilos ativados (CD69+) foram
correlacionados a marcadores inflamatdrios, e contribuem para infiltracdo tecidual nos
pulmdes, degranulacdo, coagulacdo e metabolizacdo da matriz extracelular (LOURDA et
al.,, 2021). Determinar a funcionalidade do eixo IL-4/IL-5 pode contribuir na
compreensdo da dindmica dos eosindfilos e outros granuldcitos durante a fase aguda da
doenca e o dano tecidual apresentado.

Quanto aos achados nos pacientes convalescentes, n6s conduzimos um estudo
prospectivo de individuos convalescentes, recrutados 30 dias ap6s a cura clinica, e
acompanhados até 90 dias apds a cura clinica. Nestes grupos, os procedimentos realizados
também foram os mesmos descritos para aqueles pacientes com COVID-19, descrito
anteriormente.

Nossos achados, quanto a dindmica de anticorpos demonstrou que anticorpos
anti-S IgG persistem no sangue circulante por mais tempo que anticorpos de classe IgM,

como esperado. Em nosso estudo, apenas 32% dos participantes tinham IgM detectéavel
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no D30, o que é menor do que o reportado na literatura (DAN et al., 2021). Ao mesmo
tempo, mais de 80% dos convalescentes apresentaram 1gG anti-S detectavel, o que
corrobora com outros estudos (BOSNJAK et al., 2020; DAN et al., 2021; XIANG et al.,
2021). E importante salientar que o anti-S 1gG demonstrou maior estabilidade, quando
comparado com o anti-N durante a convalescenga. O pico da produgédo de anticorpo
ocorre aproximadamente 10 a 20 dias ap6s o inicio dos sintomas e parece ser influenciado
primariamente por anticorpos IgG de classes 1 e 3 (KIM et al., 2021, 2022). Alguns
estudos reportaram que a persisténcias de células B de memoria e células circulantes Tth
possuem um papel importante na producdo de anticorpor anti-S, enquanto que a producao
de anti-N e anti-RBD apresentam uma queda significativa (CHANSAENROJ et al., 2022;
JUNG et al., 2021; NELSON et al., 2022; PRETE et al., 2022; SOKAL et al., 2021).

A dindmica imunoldgica durante a convalescenca envolveu maior participacao
de mondcitos inflamatdrios e patrulhadores. A contagem de mondcitos totais normalizou
conforme houve a progressdo da convalescenga, mas as subpopulagdes ativadas
pareceram aumentar, incluindo um aumento dos monacitos patrulhadores. Na literatura,
ambos patrulhadores e inflamatérios foram encontrados diminuidos durante a
convalescenga, e estabilizaram sua concentracdo ap6s aproximadamente cinco meses
(KWIECIEN etal., 2021; RAJAMANICKAM et al., 2021; ZHANG et al., 2020b).

Esta diferenca pode estar relacionada a ativacdo de mondcitos, uma vez que ja
foi previamente demonstrado que a expressdo de HLA-DR aumenta durante a
convalescenca (NEELAND et al., 2021; QIN et al., 2021; RAJAMANICKAM et al.,
2021). No entanto, ha poucos relatos quanto a quais subpopulacBes expressdo esse
marcador durante a fase convalescente. O maior controle do perfil inflamatério e
reparatdrio pode ser uma das razdes para esse aumento, uma vez que o aumento de ambas
as subpopulac6es persiste por mais dois meses ap6s o clearance viral.

Embora nossos resultados demonstraram que a convalescenca pode ser marcada
por citotoxicidade, aparenta ser regulada por linfocitos T. Células NK e NKT
apresentaram uma queda notavel, o que foi descrito anteriormente (ANTONIOLI et al.,
2020; LEEM et al., 2020; TAGHILOO et al., 2021) e pode estar relacionada a producédo
de outras celulas envolvidas no processo de reparacao tecidual. Este mesmo padrao foi
observado durante a fase aguda, tanto nos nossos resultados, como na literatura tambem,

uma vez que a contagem de células NK foi relacionada com a gravidade da doenga e
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comprometimento da citotoxicidade (TAGHILOO et al., 2021). Curiosamente, ambas
células dendriticas mieloide e plasmacitoide ndo apresentaram diferenga, indicando que
seu papel no combate antiviral ocorre de forma rapida e estimulo-dependente.

O perfil molecular demonstrou que um padrao inflamatério ainda predomina
frente a um perfil antinflamatdrio. No entanto, ambos os perfis foram reduzidos, quando
comparados aos individuos saudaveis. A dindmica imunoldgica durante a convalescenga
¢ caracterizada por baixa producdo de mediadores inflamatorios, e fatores reparadores,
bem como intensa regulacdo mediada pelo aumento da concentracdo de CXCL10, IL-2 e
G-CSF. A concentracdo de anti-N diminuiu por linfdcitos B no inicio da convalescenca,
mas no D60, parece que essa populacdo celular também atua na queda da producédo de
anticorpos anti-S, caracteristica que ja ndo € vista no D90. Algumas células imunoldgicas
ainda estiveram presentes no D60, mas com uma queda consideravel na concentracdo de
anticorpos, observado na analise de fold change, provavelmente devido a queda no
estimulo inflamatorio. Foi demonstrado que células de memdria tendem a persistir mesmo
com a reducdo na producdo de anticorpos, demonstrando reatividade a maioria dos
agentes antivirais mesmo ap6s seis meses (DAN et al., 2021; SOSA-HERNANDEZ et
al., 2020).

Durante todo o periodo de convalescenca, houve um aumento no nivel de NLR.
Nossa avaliacdo dos pacientes agudos, bem como estudos prévios, sugeriram esse
marcador como potencial para progndstico em pacientes agudos (ASGHAR et al., 2020;
LEPPKES et al., 2020; MAN et al., 2021; RODRIGUEZ et al., 2020; TAJ et al., 2021),
e nossos achados demonstram que este permanece elevado por periodos elevados, até
mesmo na convalescenga.

Todos os trés meses da convalescenca foi caracterizado pela alta producéo de
IL-15. Na fase inicial, também houve o envolvimento de G-CSF e IL-2, enquanto o ultimo
estagio foi marcado principalmente pela producdo de IL-9 e CXCL10. Conforme
salientado anteriormente, o desbalanco do eixo IL-15/IL-15RA é um fator crucial nos
processos bioldgicos das células NK e NKT, o que contribui para o rapido processo de
controle da infeccdo mediado por citotoxicidade e resposta de anticorpos durante a
convalescenca (FERRERAS et al., 2021; FLAMENT et al., 2021; MASSELLI; VITALE,
2021; NOTARBARTOLO etal., 2021; ZHANG et al., 2020c, 2020d).
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Moléculas como G-CSF, IL-2 e IFN-y estdo envolvidas na tempestade de
citocinas durante a fase aguda da COVID-19, e como observado em nosso estudo, este
perfil de proliferacdo persiste na convalescenca, mediado principalmente por G-CSF e
IL-2. Isso pode estar relacionado a funcionalidade de reparo e migracdo de granuldcitos
do vaso sanguineo para o tecido lesionado (KWIECIEN et al., 2021). A dindmica
subsequente da IL-9 e CXCL10 no periodo D60/D90 também foi descrito em processos
de alergia crbnica e estdo associados ao envolvimento de mastdcitos e inducéo da adesédo
de linfécitos ao endotélio e inibicdo da medula 6ssea. A CXCL10, embora previamente
relacionada a desfechos a curto prazo e possivel biomarcador de melhora clinica de
individuos com COVID-19, sua participagdo na convalescenca pode estar associada a
propriedades antinflamatorias (WU et al., 2021).

NOs observamos que nos grupos convalescentes, o D30 foi o periodo 6timo para
coleta de plasma convalescente. Menos de 50% dos nossos participantes tiveram uma
concentracéo de anticorpos suficientes para doagéo de plasma, o que decai ainda mais no
D90. Enquanto muitos estudos foram em avaliar a eficacia do uso de plasma
convalescente em pacientes com COVID-19 aguda, poucos estudos avaliam os fatores
relacionados na dindmica imunoldgica e producdo de anticorpos, particularmente
relacionado na obtencéo de plasma convalescente (NELSON et al., 2022; ZHOU et al.,
2020). No entanto, foi observada uma necessidade emergente de melhorar a qualidade na
obtencdo de plasma para estocagem, considerando a possibilidade de futuras pandemias

e o desenvolvimento de casos graves.
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7. Conclusao

Neste estudo, trouxemos dados referente a dinamica imunoldgica de individuos
saudaveis, recrutados antes da pandemia da COVID-19, dados de pacientes com COVID-
19 com estagio leve (sem internacdo hospitalar), moderado (hospitalizados sem
ventilacdo mecanica) e grave (hospitalizados sob ventilagdo mecéanica). Também foram
incluidos individuos convalescentes da infecgdo virus, considerados aqueles curados da
infeccdo, e habilitados para doacdo de sangue 30, 60 e 90 dias apds a cura clinica.

Nossos resultados demonstraram que na fase aguda, o perfil inflamatério é
preponderante, e a tempestade de citocinas pode acabar por ser um fator crucial no
aumento da gravidade. NO0s demonstramos a potencialidade de moléculas como IFN-y,
IL-1B, GM-CSF, IL-17, e TNF-a de atuarem como preditores de desfecho clinico dos
pacientes agudos. Mas além disso, também sugerimos que a contagem de eosinofilos,
monacitos ndo classicos e contagem de linfocitos também possuem um grande potencial
como biomarcador, mas desta vez, relacionado a necessidade do uso de ventilagcdo
mecéanica naqueles pacientes hospitalizados. Os eosindfilos também parecem participar
na progressao da doenca, e um pior desfecho, quando pacientes ja se encontram em uma
condicdo grave. Embora ainda ndo tdo bem estabelecido, desvendar os mecanismos por
trds desta, e de outras células no processo de lesdo tecidual pode propor novos
mecanismos de acompanhamento e tratamento de futuros casos de doengas pulmonares.

Quanto a fase convalescente, nos identificamos a rapida queda de anti-N IgG
apos o clearance viral, enquanto a variacdo de anti-S IgG ocorre de forma mais lenta nos
trés primeiros meses. Isso demonstra a melhor habilidade do anti-S para fins terapéuticos
e de diagndstico. Também identificamos que ap6s a infeccdo, um perfil inflamatorio ainda
esta presente, mediado principalmente por mondcitos inflamatorios e patrulhadores, bem
como linfécitos B1, com imunomodulacdo mediada por G-CSF, IL-2 e IL-15 na
convalescenga. A inflamacdo ainda esta presente nos estagios iniciais, mas por
aproximadamente 60 dias, o perfil parece comecar a mudar para uma caracteristica mais
proliferativa, mediada por IL-9 e CXCL10. Nossos dados contribuem na pesquisa de
biomarcadores envolvidos no processo de producao de anticorpos, e avaliacdo de células
e moleculas circulantes em individuos convalescentes. Conhecer a principal funcdo dos
marcadores aqui descritos poderdo sugerir melhores medidas de manejo apés infeccao
pelo SARS-CoV-2.
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1. Background

Corenavirus disease 2019 (COVID-19) is an infectious discase caused by a betacero-
navirus, reported as the pathogen of severe acute respiratory syndrome coronavirus 2
(SARSCoV-2). It was first described in 2019, related to transmission from wild animals, in
the province of Wuhan, China. Cases rapidly increased around the world due to its easy
transmission via acrosol; however, other fluids, such as urine and saliva, as well as surfaces
(paper, wood, and metal) for more than 4 days [1-4], were suggested as transmission routes,
but conclusive evidence is still needed.

After exposure to the virus, the respiratory tract is the main tissue affected by angiotensin-
converting enzyme (ACE2) expression, the human’s receplor to the viral spike protein. After
binding, SARS-CoV-2 enters the target cell, thercby establishing infection. The human first
line of defense plays an important role in immune recognition and management of the
disease, The viral protein receptor is expressed mainly in pulmonary, cardiac, renal, and
lipid-rich tissues, and symptoms are represented by cough and feves; in severe cases, symp-
toms may evolve to pneumonia and death, Dynamics of extrinsic factors, such as age and
comaorbadities [5-7], together with intrinsic factors, such as immune response, have been
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demonstrated as key factors ina patient’s clinical outcome during the acute phase, in their
pest-COVID-19 symptoms, and in their protection from new variants [$-10].

The innate and adaptive immune responses contribute to viral clearance and to the
production of specific antibodies. Many studies have evaluated and characterized the im-
munity imbalance in patients with active discase, showing a hyperinflammatory response
in severe patients, led by a cytokine storm that causes more disadvantages than benefits in
the resolution of the disease [11-16]. However, few papers have proposed evaluating those
patients who had 2 favorable outcome, known as convalescent patients,

Many individuals may present long-term symptoms, named post-acute COVID-19
{starting 3-12 weeks from the acute phase} and post-COVID-19 syndrome (or long COVID,
starting more than 12 weeks from the acute phase), which highlights the damage caused
by the acute phase, as well as the risk of adverse effects and death |17,18]. Leukocytes
are nesponsible for acute dynamics, as well as the production of markers of immunity.
Although leukocytes play many different roles against SARS-CoV-2, they are also a key
factor in tissue repair and convalescence [19,20]. Higher levels of total leukocytes are
described, but the immune cell and soluble protein profile changes during infection (active
COVID-19) between mild and severe patients, especially to predict the consequences in
convalescence [21-23].

Here, we propose a concise review of immune aspects in acute COVID-19 patients,
as well as contribute to the understanding of the immune dynamics during active disease
and the contribution to the convalescent stage. Comprehending the process involved can
promote better clinical guidelines, identify better hallmarks, and improve the patient’s
quality of life.

2. An Overview of Immunology in the Acute Phase of COVID-1¢

The establishment of 4 SARS-CoV-2 infection triggers the host’s immune response
to recognition, inflammation, and viral clearance. Previous studies have highlighted the
prevalence of neutrophils and moenceytes as the first immune cells to migrate to the infec-
tious site through the stimulus of chemokines and the expression of adhesion molecules
by endothelial cells, acting as a key factor in innate immunity [24,25]. The recognition of
microorganisms and infected cells is mediated by pattern recognition receptors, especially
Toll-like receptors [TLRs), NOD-like receptors (NLRs), and others related to intermediate
intracellular mechanisms of activation that contribute 1o the effects observed during the
immunological response.

2.1, NETosis Plays a Pivotal Role in COVID-19 Preumonia Sevenity

Neutrophils act mainly by phagocytosis, which occurs via the inclusion and digestion
of components into intracellular organelles, mediated mainly by enzymes. In addition,
neutrophils produce inflammatory mediators, such as reactive oxygen species (ROS), which
contribute not only to the activation of other immune cells, bul also to cell recruitment
to the local site of infection [21,26]. Although cytokines and other proteins have been
described in terms of neutrophil interaction in the immune system, their relationship with
COVID-19 severity remains scarcely known. Neutrophils play an important role in innate
and adaptive responses since it is the first cell to reach the inflammatory site, where they
can recognize the pathogen, digest it, and promaote an immune response through the release
of inflammatory cytokines [27].

The absolute neutrophil count (ANC) has been reported as an important seventy
mediator among COVID-19 patients, along with lymphocyte count. Patients who required
intensive care unit {ICL) admission for pneumonia caused by COVID-19 or who developed
the severe form of the disease had higher values of ANC and for neutrophil-to-lymphocyte-
ratio (NLR) [6,10,24,25,28-35]. NLR determination is an easy and cost-effective test to
perform in clinical practice, and it has shown a significant improvement in the stratification
of COVID-19 patients at hospital admission [21,30,36,37], as well as its potential as a
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prognostic factor for COVID-19 outcome [34,37-40], especially in those with comorbidities,
such as type 2 diabetes, hypertension, and ischemic heart disease [2532,41].

Relative values expressed as a percentage of neutrophils, related to absolute leucocyte
count, did not demonstrate a significant difference in acute patients, even among individu-
als with confirmed SARS-CoV-2 infection and those patients exposed [21,42], emenging as a
non-recommended parameter in clinical and laboratory COVID-19 management

The acute phase is marked by inflammatory and inhibitory cell surface markers, such
as CDa3, CDe4, CD117, and CXCR3, driven mainly by CXCLS and G-CSF [42-35]. The
pazticipation of immature neutrophils marked by CD10” and CD16" is prominent in the
severe form, with acute respiratory distress syndrome [25,47] and ICU patients close to
discharge, when compared te mederate and mild patients, driven by G-CSF [43]. Due to
the urgency of inflammatory mediators, the cell phenotype profile shows a “shift to the
left', with the presence of immature neutrophils, although it is unknown whether they are
immunosuppressive or pro-inflammatory. A positive correlation of immature neutrophils
was seen with inflammatery markers of [L-6, IL-1ra, CXCLS, CXCL10, CCL3, CCL4, and
vascular endothelial growth factor [12,45,45,49),

CD11b, another important neutrophil marker nelated to adhesion to alveolar
macrophages [50], was demonstrated to be controversial under COVID-19 disease ac-
tivity [12,27,51], but was associated with prolonged viral replication, being significantly
reduced in these with a poor outcome [51]. From the acute to convalescent stage, this
marker was shown not to suffer a significant difference [42].

The expression of activated markers and adhesion molecules is important for a better
understanding of neutrophil physiology and further therapeutic strategies. Thus, immature
neutrophils demonstrated grealer participation in COVID-19 disease, potentially due to
their regulatory function, the tissue healing process, and the low expression of adhesion
markers, which contribute to their maintenance in peripheral blood [12,49,52].

Severe stages of the disease are characterized by hypoxemia, which was demonstrated
to activate transcriptional factor HIF-1a (hypoxia-inducible factor 1a), responsible for
further production of an inflammatory profile, guided mainly by 1L-15, 1L-6, and IL-8
{CXCLS) [29,53] (Figure 1). Other molecules, such as platelet-derived factor 4 (PF$) and
CCL5 chemokine, can trigger neutrophil activation and promote mechanisms that may
aggravate the condition of COVID-19 patients [54].

The participation of chemokines and cytokines is still not dlear; however, their partici-
pation can recruit neutrophils to local activity. When infected by SARS-CoV-2, the lungs
express chemokines CXCL1, CXCL2, CXCL3, CXCL5, CXCLS, and CCL20 that induce
neutrophil chemotaxis from blood vessels to the lungs [53,55], Furthermore, cytokines and
chemokines in COVID-19 patients are guided mainly by the inflammatory process, involy-
ing CCL2, CXCL10, CXCLS, [L-6, and tumor necrosis factor {(TNF) [53] These molecules
are important acute inflammatory mediators, which drive chemotaxis, increase adhesion
molecules, and induce positive immune regulation from neutrophils and other cells [53].

Novel neutrophil mechanisms have been an important focus of research. Neutrophil
extracellular traps (NETs), nets composed mainly of histones and proteins (lactoferrin,
cathepsins, elastase, and myeloperoxidase), along with eytoskeleton components and other
plasmatic proteins, are among the major mechanisms of neutrophils to maintain home-
ostasis [56,57]. NET release and ROS production are based on the neutrophil maturation
level, Immature granulocytes are reportedly lower during viral clearance, when compared
to normal individuals, which suggests that it might reflect the recruitment of mature and
efficient neutrophils to leave the creulation and migrate to the tissue [21].

NETs also have the property of activating inflammasome complex NLRP3, which is
responsible for type I interferon production and inflammatory cytokines [55]. Additionally,
there is a stimulus of adaptive immune response, endothelial injury, thrombosis mediated
by the immune system, and occlusion of small vessels, which may worsen pneumonia
experienced by COVID-19 patients [43]. On the other hand, the capture of microorganisms
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and immune cells allows the maintenance of inflammatory damage and downregulates it,
thus reducing the consequences of exacerbated inflammation.

Figure 1. Dynamics of immane cell response against SARS-CoV-2 in acute phase. The vinus induces
pulmonary damage, which further hyp ia. Both infection and tissue damage lead to
inflammatory mediators, mainly interdeukin- 15 (TL-153), CXCLS, and 11-6, which further cause NETo-
sis and promote positive infl tory feedback via infl activation in both neutrophils
and monocytes. Subsequently, critical patients experience low monocyte count, i terms of both T
CD8 and natural killer (NK) oclls, with M1 polarization {driven by cytokine storm), all related to
a worse clinical condition. Instead, when the antiviral stage is established, there is sustained type
Linterferon (IFN) by dendritic cells, contributing to the Th2 profile (IL-4 and IL-5), which induces
the degranulation process by lymphocytes (CDS+ and NK), ecsinophils, and basophils, and an M2
polarizatson, which resultsin a better prognasis. The release of granules has good and bad effects,
whereby they can damage viral and human infected cells, but may abo damage normal lissue, char-
acterizing the respiratory syndrome. Macrophages produce granulocyte colony-stimulating factor
{G-CSF), which acts in bone marrow to mature Jeukocyte progenitors. This may kead to a “shift to the
left’ and improve viral response.

Several studies have described the formation of NETs in COVID-19 patients, with
increased rates of markers in patients who evolved severe complications, such as thrombaosis
and death, or in intubated compared to non-intubated patients and convalescents [43,54,57],
cven though patients with a mild form of COVID-19 express a different type of immune
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response, NET components mycloperoxidase (MPORDNA, neutrophil dastase (NE)}-DNA,
and citrullinated histones H3 exhibited no significant difference in mild and ICU patients,
but they were increased when compared to healthy individuals [1234,59]. In contrast,
higher values of neutrophil elastase were found among 1CU patients on entrance, with
a median reduction after 7 days and further discharge [43]. Ng et al. [60] suggested a
positive correlation of NET production, poor outcome, and inflammatory markers, such as
WBC, ANC, and inflammatory cytokines, in addition to increased rates of thrombosis in
the COVID-19 group.

A higher concentration of NETs in the respiratory tract than in circulating plasma
was also observed, and a direct correlation index to clinical illness sevenity score was
established [54). It is important to note that NET release induces direct and indirect effects
in a systemic manner. Activation of the complement system due to the presence of tissue
factor, along with the formation of aggregates in the pulmonary compartment, worsens the
dinical condition of pneumonia 56,611

The thrombosis cffects caused by NETs can cause injury not only to the pulmonary
tract, but also to the endothelial, renal, liver, and candiac systems, and they may be involved
in further organ faillure. Individuals with previous chronie disease, characterized as groups
at risk of COVID-19, may experience an increase in endothelial injury due to the intense
activity of immune cells, cytokine storm, and inflammatory mediator production [£4,54,56]
The participation of thzombotic factors, such as D-dimer and von Willebrand factor, has been
reported as being more intense in severe COVID-19 patients; although few studies have
described the direct correlation of NETosis and thrombotic molecules, a relationship among
NET, platelet aggregates, and the state of thrombosis has already been proposed [44,54,60].

2.2, Improvement of Severe Cases 1s Markad by Ecsinopiiulia

Eosinophils are polymorphonuclear cells that play a role in innate immunity; they
are characterized by granules extremely rich in inflammatory mediators, such as cationic
proteins, peroxidase, hydrolase, and lysophospholipase. This lineage has been extensively
studied in terms of parasite response and allergic diseases [62]. This cell profile also
presents PRRs and produces cytokines, nitric oxide, and proteins, which contribute to viral
clearance [63].

There s an unmportant relationship between cytokines and eosinophil production. It
is already known that IL-4 promotes the expression of adhesion molecules that further
contribute to eosinophil adhesion to the endothelium, while IL-5 induces degranulation.
Both cytokines are produced mainly by mast cells, basophils, and Th2 lymphocytes, which
are extremely important in allergic responses, The degranulation process is commonly
used in parasites due to membrane damage, but it can also damage the host tissue [62].

Eosincpenia (<40/mm’®) was reported in patients admitted to the ICU, where it was
suggested as a prognostic factor for poor outcomes [7,5,21,63-67]. In severe patients, CD8*
T cells contribute to eosinephil proliferation via the production of IL-5; however, due to
exhaustion on the first cell, the IL-53 level may suffer interference, which might be a cause
of casinopenia at the beginning of the disease course [36]. Around 20 days after hospital
admission, the absolute eosinophil count (AEC) usually exceeds 1500/ mm® in patients
ready for discharge. This eosinophilia commanly lasts around 5 days and is correlated with
a reduced mortality rate [5,53,54,68 59].

Asian race/ethnicity with cosinophilia was a predictor for a shorter hospital stay,
while other races fethnicities showed no significant difference [63]. Other factors that have
been proposed to contribute to no resolution of AEC are higher age, alcohol abuse, tobacco
use, hy pertension, diabetes mellitus, chronic pulmonary disease, chronic kidney failure,
comorbidities, previous use of corticoids, and initial symptoms of normal cough, dyspnea,
arthromyalgia, asthenia, and saturation >95% [8]. Some studies with asthmatic patients
presented the same pattern, in addition to reporting the protective aspect of easinophilia
and a Th2 eytokine profile on disclosure of COVID-19 patients with asthma [63,70].
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This cell lincage was also seemingly connected to severe symptoms, with a few pa-
tients with normal AEC experiencing fever, fatigue, shortness of breath, and inflammatory
infiltrates at hospital admission, in addition to increased rates of aggravation [69], related
to the natural killer (NK) T-cell response and further eosinophilic lung inflammation [26].

Sustained cosinopenia was found in severe cases and in patients with cyvtokine storm
syndrome |28,% ], and three hypotheses have been suggested [69]: (1) production of corti-
costeroids by the adrenal during an acute response, which blocks the release of cosinophils
from bone marrow and induces migration of eosinophils to the tissue, culminating in
reduced cosinophils in crculation; (2) COVID-19 may cause damage to the bone marrow,
which would also impact eosinophil count (hypothesis not fully elucidated); (3} upreg-
ulation of Thl and Th2 cytokines by viral clearance promotes leukocyte migration to
pulmonary tissue, resulting in a lower availability in peripheral bloed, Although not
widespread, cosinopenia might also be related to the infection of cosinophils by SARS-
CoV-2, as previously demonstrated [9]. These issues can be highlighted, especially as the
cosinophil count increases at the same rate as clinical improvement and viral load reduction.

Both eosinophils and neutrophils were found in the bronchoalveolar fluid extracted
from patients with severe COVID-19, in addition to cosinophil cationic proteins, which
confirms the importance of eosinophils in the local immune response against SARS-CoV-2
The number of eosinophils in the pulmonary tract can cause similar inflammation to acute
cosnophilic preumontia, with a previous observation of >25% of eosinophils in the lungs [26].
Although it is known that COVID-19 is the agent responsible for leukocyte recruitment to
the pulmonary tissue, the role of eosinophils in viral clearance is not fully understood.

The surface markers on COVID-19 patients demonstrate an activate profile character-
ized by a lower expression of CD135, CD66b, and CD193 and a higher expression of CD62L,
CD89, and CD147, compared to noninfected individuals. A comparison betwveen moderate
and severe patients revealed CDE9” eosinophils in the latter, which might be related to
decreased outcome, whereas CDb6b, CD11b, CD11a, and CD24 are present in eosinophil
membranes in moderate patients, influencing clinical management [28],

Activated ensinophils (C169°) exhibit a positive correlation with soluble inflammatory
molecules in severe patients, such as IFN-y, CCL2, CCL7, and CCLS. They play a key role
in lung tissue infiltration, degranulation of neutrophils, clotting factor activation, molecule
recognition, and extracellular matrix metabolization [25].

2.3, Granulecytes and Mosocytes Management in Vival Claerance

COVID-19 pathology is guided by a ThZ cytokine profile, which is directly connected
to the participation of eosinophils, basophils, and the local inflammatory response. The
absolute basophil count (ABC) was found at lower levels during the initial course of the
disease, while showing recovery over the course of illness [22]. An absence of ABC recovery
was present in severe patients who required mechanical ventilation and who evolved to a
fatal outcome, possibly being a biomarker for a poor outcome [51). A negative relationship
between basophil count and both severe and hospitalized COVID-19 patients demonstrates
the importance of basophils in local viral dearance [71]

The evaluation of basophils duning disease activity demonstrated an incressed rate of
CDI31" {IL-3 membrane receptor) cells, CD11b, CDA3, and CXCR4 [25] but a low expression
of GM-CSF and IL-5 receptors [51]. Furthermore, the involvement of thrombotic events in
severe cases, as well as immunomodulatory effects during the acute and chronic responses,
highlights the important role of basophils in immunity against SARS-CoV-2 [71]. Basophils
are involved in the hypersensitivity response, production of mucus, vaso-constriction,
inflammation, and tissue damage, bul more studies must be conducted to evaluate their
effect in acute COVIDA9 [n2]

Monocytes, on the other hand, represent & subpopulation of leukocyles from the same
precursor as neutrophils. They are known as agranulocytes, with a2 main function related
to the recognition of pathogens and cell products by PRRs and subsequent phagocytosis.
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The stimulus activates mntercellular mechanisms that contribute to cytokine storm and
mugration Lo lissue.

These cells participate in both innate and adaptive immunity, acting in COVID-19 viral
clearance or as antigen-presenting cells to combat the virus or induce antibody production,
respectively. Monecytes are classified into three specific subtypes according to their cell
surface protweins: cassical (CD147*CD16 ), inflammatory (CD14*°CD16%), and patrolling
({CD14'CD16* '}, It is important to highlight that other markers can also be used, such as
chemokine receptors and cytokine production [72].

Monocytes also contribute to an interesting aspect of COVID-19 physiopathology, as
they were previously shown to express ACE2, thus being influenced by the virus [73]. It
was shown that prolonged viral infection (more than 10 days of positive RT-PCR tests from
admission) can reduce ACE2 mRNA, as well as levels of soluble ACE2, instead quickly
returning to normal in patients with a negative RT-PCR in less than 10 days [74].

The absolute monocyte count (AMC) is a low-cost measurement, and monocyto-
sis/ monocytopenia was previously related to hospital discharge. Those with higher AMC
spent fewer days in hospital (15 days), while those with lower levels of AMC remained for
a prolanged period (40 days) [73]. In addition to its functionality, low rates of monocytes
were found in severe and in mechanical ventilation patients [21,40,51,75], further associated
withage [33] and the presence of atypical and vacuolated monocytes [73]. [t was suggested
that these mozphological changes come from the process of monocyte mnfection, as also
observed in visceral leishmaniasis, but not other viral diseases [73).

Severe disease is marked by a lower rate of AMC when compared o mild
cases [40,75,76]. Monocyte soluble markers show that, during acute COVID-19, there is
a higher secretion of sCD14 and sCD163 when compared to normal individueals. sCD163 is
correlated with the time elapsed from hospital admission, whereas sCID14 is correlated with
several laboratory parameters, including IL-6 and C reactive protein (CRP). Accordingly, a
few differences were observed between ICU and non-ICU patients, but patrolling monocytes
produce less sCD163 and more sCD14 [2349,77-79]. Corticolds were suggested as a factor
interfering with monocyle activation and inflammatory pathways, although the CD163
receptor was increased in all subtypes of monecytes in severe conditions [10,75,80-52].

The particpation of moenocytes,/ macrophages in pulmonary inflammatory diseases
has been reported, especially classical monocytes in asthma [55,84]. Some studies have
reported higher levels of monocytes in peripheral bleod with a further reduction in conva-
lescent stage, whereas others have reported the opposite [21,85,586], with similar observa-
tions in bronchoalveolar fluid [26]. A delay in interferon signaling leads to the infiltration
of monocytes inta the pulmanary tract, thus inducing the production of inflammatory
mediators that drive the response to cytokine storm, which results in positive feedback
to leukocytes, contributing to bissue damage and regulation of antiviral cytokines, Coron-
aviruses mediate antiviral eytokines via trarslational mechanisms that are usually involved
in viral clearance, such as type | interferon, which acts as an escape mechanism [87].

During cytokine storm syndrome, monocytes tend to reduce their quantitative cir-
culating value, but increase the granularity and permeability of endathelial cells [36,45].
This might result in the expression of adhesion molecules and migration to other tisswes.
Although it is well established that cytokine storm is the main event that influences a
worse prognosis, monocy tes (and even dendiitic cells) were suggested to nol be the main
producers of proinflammatory cytokines [S8].

The infection stage involves the participation of CD16" monocyles, in contrast to a
healthy status [73,79]. However, among COVID-19 subgroups, mild and severe stages
presented increased rates of inflammation (CD16” } and presenting ability (HLA-DR™) when
compared to critical patients [49,51,75,76 81]. Winheim et al. [$9] demonstrated that, within
the subpopulation of activated monocytes, there was participation mainly by classical
moenocytes. This inflammatory profile was demonstrated to be guided by higher levels of
TNF-m, L6, 1L-10, IL-2, 114, IL-13, IL-18, CCL3, CCL4, and CCL2, although only IL-6 had
a significant positive relationship with CD16° monoecytes and a negative relationship with
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HLA-DR*® monocytes [19,76,%0-593], This suggests that proinflammatory monecytes drive
IL-6 production, which may be related to the proinflammatory state and low HLA-DR
production in critical patients (Figure 1).

We must highlight that both extra- and intracellular mechanisms play an important
role in SARS-CoV-2 clearance, espeaally inflammasome activation, as mentioned before,
in neutrophils and monocytes. Interactions among viral RNA [94], NETs [43,58], and the
dysregulation of calcium concentration [95] influence NLRP3 activation, mediated by the
viral envelope protein. Upon stimulus, this induces the maturation of proinflammatory
cytokines IL-15 and IL-18, which further stimulates IL-6 and TNE promoting inflammation
in the lungs. These events worsen disease progression, representing the major mediators
of cytokine storm, and cause systemic dysfunctions, such as macrophage recruitment and
leukocyte degranulation [96], Moreover, severe patients experience an increased rate of
activation of the NLRP3 and TXNIP inflammasome pathways [79].

The expression of surface markers demonstrates a predominance of M1 macrophages
in critical patients, when compared to noncritical patients, due to the increased expression of
CD8Y, higher production of 1L-6, TNF-x, and TGE-p cytokines (although M1 macro
are not the main source of these cvtokines), and lower expression of MHC-TI [73,82,88 7]
It is important to note that M1 macrophages show increased odds of tissue migration due
to their rheologic properties, but also fewer acid granules, which contribute to viral RNA
perseverance in the cell. M2 macrophages, otherwise, present more acid granules, which
lead to viral RNA instability and further degradation [9,95]. Even though alveolar M2
macrophages (CD206%) are also present during the immune response, when compared
to the healthy status, the cytokine profile barely varied, with an IL-4/IL-13 balance to
induce M2 macrophages [73,99]; however, a decrease in CD86' expression and MHC-IT [33]
was observed.

Dendritic cells (DCs) play an important role in viral clearance, antigen presentation
from innate to adaptive immunity, and the capture of apoptotic/ necrotic cells [100]. Imma-
ture DCs show an increased ability to recognize antigens, while mature DCs are important
producers of 1L-12, 1L-1p, type [ and type 11 [FN, 1L, IL-10, and TNF-« [101]. Their
function in COVID-19 disease remains unclear, and their participation is mainly guided by
inflammatory status. Some studies demonstrated a lower expression of ¢-KIT™ in ¢DC1 and
of plasmacytoid DCs in mild /moderate patients, together with a significant reduction in
DC count. Moderate patients were marked by a higher expression of CD38. However, with
the progression of discase severity, a lower parbcipation of the inflimmatory DC3 subset
(CD163 CDI14 ) was reported, with an increase in the ¢-KIT receptor [49,81,102,105],

Patients both with and without neurological symptoms 4 weeks after disease onset
demonstrate increased rates of DC density and mature DCs, when compared to a healthy
status. However, differences were not observed between infected groups [104], These data
suggest long-term participation of DCs, whether the patient is symptomatic or not. Cell
activation and inflammatory status are compromised by increased age, and senescence is a
common factor of immunity, which, when related to COVID-19, seems to play a key role in
response, potentially reflecting why newer patients experience disease differently [101].

During viral infection, plasmacytoid DCs (pDDC) are important producers of type T TN
{especially IFN-x) via recognition of RNA by TLR7/8, once there is participation of the PD-
L17CD80™ DC population; however, their levels are diminished with severity [49]. Even
though a phenotypic profile is prominent in asymptomatic patients, hospitalized patients
display a phenotype characterized by PD-L1'CD80*, It is important to highlight the higher
expression of CDB6 in asymptomatic patients [19], demonstrating their greater ability to
stimulate DCs, whereas hospitalized patients had a higher expression of CD80 [12,103] and
lower HLA-DR [105].

During viral infections (including viruses other than coronavirus), viral escape can
occur through interference with type IHEN production via antagonism of transcriptional
factors. This was established by some studies describing a higher concentration of 1IFN-a
and [FN-genes at the beginning of disease, with a subsequent reduction, even in patients
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that experience a severe form, in companison to mild patients [12,100,107]. IFN-« plays an
important role in dendsitic cell functionality during acule disease, even in convalescence. A
normal level is not restored for more than 6 months after infection, and a positive correlation
index between IFN-a cytokine and pDCs has been demonstrated, which might be related
to the decrease in P1-pDCs in hospitalized patients [104]. Costimulatory molecules CDSO
(B7-1) and CDS6 (B7-2), expressed mainly by DCs, are capable of activating T cells and
participating in the SARS-CoV-2 response. A lower circulating level of mDC and pDC
CDE6* has been reported in the acute phase; however, their efficiency in activating T
Iymphocytes must be explored, as their dynamics in acute disease interfere with antibody
titers during convalescence [ 106,108],

2.4, Lyniphacytes: When Adaptioe Immumity Takes Place

Lymphocytes are important cells related to antiviral regulation, maintenance of home-
ostasis, and inflammatory responses. They are commondy divided into T and Blymphocytes
according to their functionality and cell surface marker expression; however, both classes
participate in innate and adaptive immunity involving soluble proteins (mainky cytokines,
chemokines, and antibodies) through cell-to-cdl interactions [109].

The absolute lymphocyte count (ALC) parameter, whether alone or combined with
neutrophil count, had a greater ability to estimate a worsening prognosis when low [110],
especially in ICU patients [111,112] and in those who evolved to death [40]. The mech-
anisms that drive lymphopenia are still not dear, but some concerns have been raised,
such as (1) lvmphocyte infection by the virus, (2) cell migration from blood to tissue, and
(3) damage to lvmphoeid organs (and further production of lymphocytes) [113,114].

Due to the intense participation of cytotoxic T (CD87) cells, the CD4™/CDS™ ratio is
lower in diagnosed patients and those under ventilation therapy [19.51], when compared
to healthy mdividuals, guided by inflaimmatory TNF-cc and TFN-y cytokines as major
contributors [41,111]. This suggests an inflammation process related to antivizal activity,
especially due to the expression of suppressor marker CD57 and adhesion molecules (CD38
and HLA-DR) on cytotoxic lymphocytes [6,49]. It would be reasonable to think that a
side-effect can be seen in terms of tissue damage, as inflammation induces degranulation
activity from T CD8” lymphocytes and can be harmful to regular tissues [115-118]

T lymphecytes can be divided into different subtypes, according o cytokine produc-
tion and functionality. The cytokine environment is characterized by the main populations
of Thl (mediated by INF-y), Th2 (IL- and IL-13), Th17 (IL-17A and IL-17F), Treg (IL-10,
IL-35, and TGF-g), and Th follicular (IL-21). Other T lymphocyte subpopulations also par-
ticipate, such as Th9 (IL-9) and Th22 (1L-22), but their role during COVID-19 disease is not
well described [119]. Cytokine storm, known as the key factor underlying disease severity
in COVID-19, is guided by IL-1f, IL-2, IL-6, IL-7, IL-8, IL-10, G-CSF, GM-CSE, CXCL10,
CCL2, CCL3, IFN-y, and TNF-x [118,120-122]. However, few molecules have been related
to disease outcome, such as the perseverance of higher 1L-1ra and chemokine (CXCL10,
HGF, CCL3, CCL7, and MIG) concentrations in plasma associated with a worse outcome,
whereas CXCLI0 and CCL7 were shown to predict COVID-19 improvement [121],

Previous studies described an increase in T helper cells, albeit slowly, in mild disease,
as well as in Treg cells (CD4 CDRSMEN, B Iymphocytes, and NKT cells [6,41,51,116]. The
severity score presented a negative relationship with both CD8™ and CD4™ lymphocytes,
as well as NK cells [5,118,120-125], which may be related to their degranulation ability. All
subtypes (naive, memory, and effector T CD8® and CDM* cells) had increased rates of both
apoptosis and migration characteristics, suggesting an inflammatory functionality and local
repairment [126]. In mild patients, the inmune response is based on the nonconventional
Thi cell lineage; however, in patients who evolve to a severe condition, the Th2 profile also
participates [26], Regardless of symptoms and seventy, lymphocytes express CD38, CD39,
CD6Y, CTLA-4, HLA-DR, Ki-67, and 'D-1 markers, potentialized mainly by T helper and
cytotoxic memory cells [6,55,127]. This profile induces acute and local damage over the
course of the disease, and some parameters may decrease with disease severity [125].

101



Jmmuno 2023, 3

In moderate-to-severe patients, not only were T effector cells found to express gran-
ulysin, but NKT (CD160°) cells also produce more granzymes A, B, and H to solve viral
infection, which persists for a longer time in critical patients [$2,129]. A severe condition
was marked by a significantly lower count of NK (CD56" and CD16°) cells {5], compromis-
ing cytotoxicity [115,130]. TCDS' memory cdls and effector cells (CD45RO™ and CCR7 )
are influenced by the 1L-15/1L-15RA axis [116,151,132], PD-1, and inhibitory receptors
{(NKG2A and NKG2D) during severity, which play a key role in the functional exhaus-
tion of NK cells, senescence, and apoptosis [115,118,120,126,153]. Imbalance of the 1L-15
axis may induce a significant reduction in NKT 4 cells (CD1607 ), which was previously
proposed to promote rapid control of the disease via direct cytotoxicity, as well as induce
cytotoxicity mediated by antibodies, similar to regular NK cells [74,125,129,121]. The in-
creased rates of cytotoxic 1 cells and type | cytokines were described as biomarkers of a
poor outcome in convalescence, which may be guided by the higher release of enzymes,
inducing cellular damage in tissues [127,134].

During SARS-CoV-2 infection, a significant proportion of T3 cells can be identified,
when compared to healthy individuals, but no differences were observed between patients
under ventilation and SARS groups [48,52,107,126,135,136]. Instead, these cells presented
a higher expression of CD4” and CD25* markers [137], although mild patients also had
increased levels of TCR y& naive and central memory cells compared to severe patients [135]
Mucosal-associated invariant T cells (MAIT) did not differ among COVID-19* patients, but
correlated positively with patient’s age and negatively with severity, whereby those with
preumonia, hypoxia, and ICU had lower levels [19,107,126,136], which were increased
among patients who were discharged in <15days, along with an increase in INKT cells [107]
However, MAIT célls with the expression of the CD8 marker were increased in patients in
the ICU, together with [FN-y and granzyme B production. COVID-19 patients show higher
CD69* expression on MAIT cells, which is further correlated with CRP, IL-18, and IFN-o
levels, suggesting an influence on inflammatory markers [52,79,107]. Once these cells are
in the minority in blood, their participation in the inflammatory status still requires further
elucidation. Their reduction in severity might be related to the intense production of other
innate immune cells with a mere active functionality in inflammation than nonconventional
T cells, although cytotoxicity is stimulated, even in minority cells,

Many studies have raised concerns about laboratorial and clinical markers, especially
related to prognoesis. Few bioinformatic studies have addressed this issue using acute
patients; however, it remains unclear whether other hallmarks can be proposed, charac-
terizing the various clinical profiles that patients may expenence (asymptomatic, mild,
severe, ICU, and convalescence). Considering the completeness of data, science faces a
need o comprehend the mechanisms involved in immune dynamics underlying significant
clinical changes. These questions must be addressed in future studies on coronavirus so as
to construct a bridge between basic and dinical studies.

3, What Do We Know about Convalescence so Far

Convalescence is known as the stage after COVID-19Y clinical recovery. This group
is formed by patients who were diagnosed with COVID-19 (whether symptomatic or
not) but did not evolve to death, Comprehending the immune system’s behavior during
the acute phase plays an important role in recognizing the key points related to clinical
improvement, as well as inidentifying novel hallmarks related to a better or poorer outcome,
and identifying the dynamics in adaptive immunity [60,75].

In convalescents, a significant increase in activated neutrophil count (CDM5/CID11b*)
28 days after clinical recovery was reported [21,27], although a reduction in CD84" neu-
trophils [45] and NETs was observed a few weeks [12,54] to months [60] after a positive
SARS-CoV-2 RT-PCR test.

Activation markers on neutrophils have been assessed, and a lower metabolic function
with few genetic materials has been observed in COVID-19 acute patients, compared
to healthy individuals. However, this is even lower in convalescence, together with
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higher rates of immature granulocytes, which might be related to a lower number of
well-functioning neutrophils, as well as urgent granuloposesis [21]. It was suggested that,
after disease, there is an increased circulation of nonreactive neutrophils; however, after a
period of time, the reactivity function re-emerges [21,82]. The neutrophil population seems
to be controlled quantitatively, according to Rodriguez ct al. [37], although evolution of the
inflammatory profile from mild and severe patients to convalescence was not determined.
This profile may be a consequence of the cytokine storm from SARS-CoV-2 infection to
the convalescent period, especally related to the reduction in IFN-x Jevels over time since
symptom onset [7].

Immature granulocytes are significantly increased during acute COVID-19, reaching
even higher levels in convalescence [21], albeit not from the neutrophil lincage [49]. This
might be due to the intense immune response to help fight against the virus, whereas, in
convalescence, there is an urgent need for the immune replacement of functional cells.

Eosinophils tend to be reduced in bronchoalveolar fluid during the convalescent stage,
as indicated by immature cell markers CD45* /CD24 " /CD16"" [26], whereas they tend to
be increased in blood vessels [9,21,22], A direct relationship between AEC and ALC was
described, which could be a reasonable field to comprehend immune factors associated
with a transient stage of acute complications and adaptive response [135],

Although not vet fully understood, convalescent patients (+14 days after dlinical
recovery ) with a higher titer of antibodies also express a higher mean AEC and level of
immature granulocytes [ 135]. Even though Vitte et al. [66] evaluated convalescent patients
28 days after symptom onset, where the median eosinophil count increased to a greater
level than in patients in the mild group, the level only decreased in 3/19 severe patients,
with the remainder presenting a better outcome. Eosinophils demonstrate an important
correlation with inflammatory markers during all disease pathologies, considering spexific
markers of innate immunity following symptom onset, when considering the evolution of
dendritic cells, T lymphocytes and monocytes, until the recovery stage [39].

Several studies have proposed a concise evaluation of eosinophils in convalescence;
however, despite being classically known as elements of innate immunity, they were also
demonstrated to participate in adaptive immunity. There is an urgent need to comprehend
the biological mechanisms underlying this cell’s behavior to improve therapeutic strategies.

The production of 1L-6 and IL.-4 by basophils in convalescence are associated with
higher production rates of antibody against SARS-CoV-2, However, patients admitted to
the ICU had a slight reduction in 1L-6 levels, when compared to those who were not [39].
Although the mechanisms underlying the relationship among basophils, viral clearance,
and antibody production are not fully understood, this cell lineage plays a pivotal role in
viral load and local repairment.

During recovery (1-10 days after admission), the AMC tends to retum to normality,
and the level of activated monocytes is reduced [75]. Lower counts observed during the
critical stage tend to increase in mild and severe conditions (characterized by a higher
number of monocytes) (Figure 2), along with a reduced expression of inflaimmatory markers
{CD38, sCD14, CRP, CD163, and soluble tissue factor) and an increased expression of HLA-
DR* [42,75,76]. The convalescent stage, characterized by a stabilization of symptons,
has been described with a significantly increased level of monocytes, when compared to
COVID-19-infected and healthy patients [21]. However, the participation of sublypes is
still controversial [75,75,126]. Monocyte stabilization (and its subtypes) was demonstrated
to occur only 151 days after infection [42,75].

On the other hand, macrophages are influenced by antibody production againse
SARS-CoV-2 epitopes. Polarization to M1 macrophages is also observed in convalescents,
especially stimulated by IFN-y, resulting in a further production of CXCLS and CCL2,
which are both important chemokines for monocyte migration to tissue [79,91,9%,139].
IFN-y was descnibed to play an important role in monocyte activity, with delayed IFN pro-
duction (during acute disease) potentially driving a late inflammatory wsponse against the
virus |73, Although inflaimmation is mainly driven by M1 macrophages, M2 macrophages
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may also contribute with proinflammatory cytokines when antibodies are produced. IgG
anli-SARS-CoV-2 is recognized by a complex of receplors, bul :inflammation is driven by
FeyRlIla recognition. Ty pically, this receptor, together with other FeyRs, is largely expressed
in macrophages, when stimulated, it contributes to a cytokine storm through 1I-1f3, 1L-6,
TNF-a, and CXCLS production [140]. This highlights that, depending on the stimulus of
adaptive immunity and further antibody titer in acute conditions, the immune dynamics
may worsen disease progression (Table 1),

Figure 2. Transient immunological response in mild / moderate, severe, and convalescent patients
with cellular and molecular profile. S patients experience intensive immune dynamics, driven
by cytokine stoem (TNF-a, TL-6, TFN-y, and CC12), which may worsen clinical condition, as well as
compromise adaptive immunity. With clinical improvement, the Th2 profile becomes more prominent,
with participation of IL-10, 1L-2, 1L-4, [L-13, 1L-15, IL-18, CCL3, COL4, and COL2; however, if a Thi
profile pemsists, a poor outcome can be seen. Those with a mikd/moderate profile have more antiviral

properties (IFN-ac and 11-15RA), with a higher proportion of T CD§* Iymphmyks, neutrophils
{especially bands), and dendritic cells. Regulatory and anti-infl isms prevent severe
conditions, but may also interfere during convalescence. This stage is marked by an improvement in
mmkcomf“mlhwcscvm)mdnm hcywklnetouepdrmupmﬂc In convalesoont
patients, higher antibody lsM titers are seen during the first ths after intection, while 13G may
survive for vears, potentiating the preventi ofmwmhcha\s. Adaptive cell surveillance prevaiks
over innate immunity; howeser, local damage 1o tssues may cause further complications or even
increass the risk of death.
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The pIXC and myeloid DC (mDC) counts dunng the acute phase ane lowered in arculating
blood, when compared to a convalescent and healthy status, related to the patient’s age and
potentially the migration of these cells from blood to lymph nodes [12,42,51,77 45,586,106, 1341
Lower counts are seen in severe when compared to muld patients [12]. However, when
compared to the convalescence stage, the total DC count remains lower when compared
to normal individuals. Among subpopulations, only transitional DC had an increased
rate [89], whereas CD1¢™ mDC was reduced, and CD141° and CD16™ mDC exhibited no
difference from healthy patients.

The participation of DCs is vet Lo be unraveled, but the damage occurring in severe
patients prevails during convalescence. The cytokine storm experienced by some patients
allows a greater effect of the negative IL-6/DC axis and further discase progression [106].

Convalescence is also marked by an improvement in ALC, which occurs rapidly in
mild/moderate patients, compared to critical patients [52], Furthermore, a Thi profile is
maintained, with higher prevalence of MAIT cells (CXCR3*), in those who had mild dis-
case [136]. The reactive ability of MAIT cells (CD69' ) remains for a few days after symptom
onset, but reduce after 1 month [74]. Few studies evaluated Ty cells in convalescence, but
a nonsignificant difference was demonstrated among healthy, infected, and convalescent
patients [49,126]. Those with a severe form presented greater granzyme K production in
convalescence, as well as a strong decrease in CD56"™CDI16" effector cells [L16]. These
who presented a better outcome had normalization of helper, cytotoxic, and memaory cells,
but a perseverance of nonconventional Th1 cells, as well as an increase in IFN-y, TNF-g,
and [L-10 cytokines. There is typically an improvement in parameters, but a long time is
needed to return to normality [127,129].

Memory and follicular T cells and antibodies specific to spike proteins are low in the
first 4 months after viral clearance in mild patients [122,141]: however, a T-cell response has
been observed even after b months toward the spike, nucleccapsid, and M proteins [142].
Although B cells are stimulated following infection, few studies have exploned the compo-
nents underlying this activation. An increase in circulating B lymphocytes (CD19°CD107)
was shown to better drive adaptive immunity in symptomatic and RT-PCR-negative pa-
tients than in severe RT-PCR-pesitive patients [6,117,127,143] (Table 2).
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Atypical memory B cells were the first lineage of adaptive immunity described, and
their perseverance might indicate a worse outcome. Instead, immature transitional cells ane
related to clinical improvement and a higher surveillance rate. In convalescence, a higher
participation of classical memory cells has been found, with a more prominent involvement
of immature transitional B cells [150]. Immune reactivity to SARS-CoV-2 was observed
even 5 months after infection, especially to spike, RBD, and N proteins [132,148],

Nonconventional T cells demonstrated reactivity and expansion even 3 months after
the first SARS-CoV (in 2003) infection, which was further correlated to IgG anti-SARS-
CoV [151]. Analyses have demonstrated that antibodies participate in immune defense,
even though an increase in effector cells suggests a better clinical outcome in those patients
diagnosed with COVID-19 [1535]; nonregulated production of antibodies may cause a hy-
peractive immune response and lead to further immune cell infiltration into the lungs [140]

The majority of B lymphocytes are characterized as memory cells [116] and CD27
1gD [127], which mainly produce IgM a few weeks after viral clearance, as well as
IL-10. Plasmablast participation is transient during the convalescence of patients who
experience mild disease, but sustained in severe cases [39,48 89,116, Transitional cells
{CD24™"CD38™) markedly increased in the transition from severe disease to convales-
cence, whereas mild and moderate patients showed no significant difference. Ki-67, an
important protein for cell proliferation, s increased in acute patients, when compared to
convalescence, showing a positive correlation with T helper cells [55,127], which might be
due to the intense stimulus during the acute phase, with a further regulation process in
convalescence [14%], In contrast, a discussion of viral infectivity must be established, as
some studies described the participation of higher viral titers in sevene patients, as well as
the ability to effectively induce both innate and adaptive immunity [132].

Few data are available on adaptive immunity and the factors associated with the
convalescent stage; furthermore, controversial data have been presented, hindering com-
prehension of the main component contributing to higher or lower production of antibodies.
It is clear, however, that anti-spike lymphocytes have a low survival rate when compared
to other SARS-CoV-2 antigens, whereas mare studies must be conducted to determine the
influence of dendritic cell activation and cytokine involvement to unravel this issue. These
factors may contribute to immune efficacy during the acute stage and impair adaptive
immunity activation. We recognize that this process may contribute to not only treatment
protocols, but also the availability of neutralizing antibodies in convalescence.

Specific antibodies against COVID-19 proteins are key factors influencing immune
protection. Many studies have found that those convalescent patients who experienced a
symptomatic stage of COVID-19 have a higher rate of antibody preduction [152]. Those
with fever, cough dyspnea, and pneumonia are 50 times more likely to produce higher
antibody titers [1735,153), The presentation of higher titers of antibodies in severe patients
has been discussed; although some studies have proposed that the severity of symptoms
is related to a higher viral load and the availability of viral antigens to induce the im-
mune system, only the anti-SARS-CoV-2 spike/RBD region antibody is increased in severe
patients [85,132],

The antibody response is an important step in immunity that actively participates
in cellular response, complement activation, and immunity protection [82,153]. One of
the functionalities of antibodies includes the activation of the dlassical pathway of the
complement system, thus mediating the damage to infected tissue and release of anaphy-
latoxins, Although aimed at viral clearance, it was identified that the immune complex
from the brane attack complex is fixed on lung vessels, potentially causing immeversible
pulmonary damage in fatal COVID-19 [32].

A negative correlation has been found between lymphocyte count and antibody titers,
suggesting that an inlense acute inflammatory response may compromise antibody produc-
tion during the convalescent stage [152]. Patients in the acute phase that produced higher
TFN-y levels were demonstrated to have higher antibody titers and greater lymphocyte
activation, suggesting that adaptive immunity is IFN-y-dependent [151]. However, viral
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load during the acute phase was also highlighted as a possible interfering with antiboedy
production [124].

Detectable IgM antibodies are found in less than 60% of convalescent patients § weeks
after COVID-19, while IgG is detectable in more than 75'% [148]. Moreover, no seroreactivity
has been reported in convalescents who experienced reinfection [10]. Anti-nucleccapside
1gG1 and IgG3 were found to increase along recovery, whether in critical or noncritical
cases, reaching their peak 10 to 20 days post symptoms. In contrast, IgG2 and IgC4 were
poorly detected [26,82].

The specificity of antibodies against different epitopes has been described. The main
antibodies studied are against nucleocapsid (N), spike (S), and RBD proteins, in which a
rapid decrease in IgG anti-N and anti-RBD has been observed, whereas anti-5 is seemingly
more stable in serum, which is further correlated to memory B cells and circulating Teh cell
survival up to 10 menths [124,153-155]. All antibodies, despite reducing over time, exhibit
an increase in their neutralization ability and their ability to bind to B lvmphocytes [153,156]
Somatic mutations and defects in the germinal center at the beginning of convalescence
were demonstrated to be related to antibody titers [156],

IgA has a serum conversion around 70% in noncritical patients and 100% in critical
patients [52], Some studies have suggested that IgA Jevels (specifically anti-RBD) tend to
remain detectable in serum due to antigen presentation by follicular DCs and long-lived
antgers [153,156]. In mild cases, IgA anti-N demonstrates a transient increase, with a peak
15 to 20 days post symptoms, whereas critical patients, despite a reduction, exhibited more
stability until around 40 days [26,52].

Different strategies have been proposed to induce adaptive immunity. By 2022, many
vactines were developed; despite convalescence or vaccnation, it has been observed that
previously exposed patients still have a low risk of contracting COVID-19 [157,158]. These
concerns, together with vaccine efficacy, remain to be addressed due to several issues:
(1) individual immunization rate; (2) seroconversion; and (3) completeness of vaccination
strategy. We do recognize that the immune response during the acute and convalescent
stages of disease has an established profile, while the analysis of vaccinated and reinfected
patients must also be fully reviewed to determine the factors predicting severity of new
cases and to improve quality of Life,

4. Conclusions

SARS-CoV-2 has infected millions of people around the world, being responsible for
many deaths, as well as sequelae in those who survived. Many issues of immunity have
been raised, mainly the challenge in responding to a new virus, the disbalance in immune
response, the cytokine storm, and the hyperinflammation dynamics in severe patients,
which can compromise further activation of the adaptive system. The pathway taken by
the immune system in the acute phase is not only dixectly related to the outcome, but its
effects can also be seen during the convalescence phase.

Although the participation of cells acts as a hallmark of discase progression and
severity, neutrophils, lymphocytes, and eosinophils have been revealed as good predictors
of clinical outcome in reaching convalescence. A remarkable “shift to the left’ is clear, which
contributes to chemotaxis and impatred tunctionality in convalescence. Tvpe [ IFN and
IL-15 are related to guide immunity, as well as thrombotic events, orchestrated by NETs
and basophils.

The dynamics in the acute phase are coordinated by granulocytes and enzymes, alle-
viated by increased monocytes in convalescence. However, this functionality is situation-
specific, and the participation of macrophages in tissues after viral dearance remains unclear

We recognize that this review focused only on people infected with SARS-CoV-2 and
not other diseases, such as HIV, lupus, diabetes, and immune disorders, which could change
the immune profile and, thus, the patient’s severity score. The dynamics of immunity
interfere with the convalescent stage, and several questions have been raised since the
emergence of SARS-CoV, related to viral biology, human immune response, and treatment
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strategies; the ap pearance of SARS-CoV-2 has resulted in further questions. Several studics
have proposed thal convalescence, with no distinction of time, is a checkpoint for many
cells and molecules.

Comprehending whether immune factors induce a potent response to mild and se-
vere COVID-1%, especially in convalescents, is essential for proposing novel treatments,
increasing quality of life, and improving disease prognosis. Long immunization is now a
priority to prevent the severity of new cases of COVID-19, as well as reduce the mortality
rate of other wild viruses, Public policies and new strategies must be addressed under this
framework, due to the chaotic situation experienced by several countries.
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SARS-CoV-2 caused the pandemic situation experienced since the beginning of 2020, and many
countries faced the rapid spread and severe form of the disease. Machanizms of interaction betweesn
the virus and the host were abserved during acute phase, but few data are avaiable when related to
immunity dynamics in convalescents. We conducted a longitudinad study, with 51 healthy donors and
E2COVID-19 convalescent patients, which these had a 2-month follow-up after symptoms recovery.
Venous blaood sample was obtained from all participants to measure blood count, subpepulations

of menocytes, lymphocytes, natural killer calls and dendritic cells. Sarum was used to measure
cytokines, chemokines, grewth factors, anti-N 1gG and anti-S 1gG/IgM antibodies. Statistic was
performed by Kruskal-Wallis test, and linear regression with days post symptoms and antibody titers.
All ana'ysis had confidencainterval of 95%. Less than 25% of convalescents ware anti-S gM+, while
maore than B0% were 1gG+ in D30. Anti-N IgG decreased along time, with lass of seroreactivity of 13%.
Ecsinophil count played & distinct role on both antibodies during all study, and the convalescence was
orchestrated by higher neutrophil-to-lymphocyte ratio and IL-15, but initial stages were marked by
increase in mysicid DCs, Bl lympheocytes, inflammatory and patrolling monocytes, G-CSFand IL-2.
Later convalescence seemed to change to cytotoxicity mediated by T lymphocytes, plasmacytod DCs,
VEGF, IL-9 and CXCL10. Anti-S1gG antisedies showed the longest perseverance and may be & better
option for diagnosis. The mflammatory pattern is yet present on initial stage of corvalescence, but
guickly sk fts 1o s reparetive dynamic. Meanwhile ecsinophils seem to play a role on anti-N levels in
convalescence, although may not be the major causative agent. We must highl ght the importance of
immunological markers on acute dinical outcomes, but their comprehension to potentiakze adaptive
system must be explored toimprove immunizations and further praventive solicies,

Keywords Severe acute respiratory syndroaie (SARS), leamune ballmarks, Antibody, Brazil

COVID-19 is a plobal viral disease caused by the Betacoronavirus kiown as Severe Acute Respiratory Syndrome
Coronavirus- 2 (SARS-CoV-2). It primanily affects the lungs, leading to both Jocal and systemic complications.
Among individuals with no prior immunity, or those with comarbidities associated to worse ouscomes, an
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increased nisk of death has been observed . The incubation period 1 typically around 5 days, with transmissson
ponible wuhmal‘u day pericd through Ilu-rupmyum This facilstates its rapid q«dﬁmmml«uvd
even i asy toan
Main symploms include dey cough, dyspnea, pnmmumn. and in severe cases, respiratory syndrome’ S
Amaong infected, 3-20% require haspitalization, with most going ta the 1CU, and 1% die from ications
in the acute phase™ . Studies described hunzan body's viel 10 wnd d the dynamics of cells and
protesns, 1o prevent recur ence and redace tisks during acute p[mes"“‘
Innate immune cells have been proposed as markers of severity during acate disease’'" ', However, by
w2z, mam'people had already been exposed to the viras, mdtheuundemncewpbeamumrd topicof
his sage refers to the dinxal improvement after COVID- 19, and there is still a lack of discussson
mgudlng tbe Immune funmdutcoordam mﬂbodymdmem cell production’ ', Numerouws stsdies have
cells, cytoki kines. and growth factars, but their correlation with
uulbody pmchaion has not been fully elucidated ya™
The Warkd Fleakth Organization (WIO) has proposed that individuals who have recovered from SARS-CoV-2
may donate plasma for a convalescent plasma therapy, which consists of transfusion of plasma enriched with
antibodies from cured mdividuals info patients inlected with SARS-CoV-2 and with severe lorm of the discase ™,
This appmoch Is based on passive immunization, where antibodics specific to viral epitopes ase transferred from
individuals to acute patients. Howeyer, this procedure i still under study, and certain criteria must
be met. Mnlcs are the primary popnﬂalhm 10 plasma donation, cnce woman may present specific antibodies
that can enhanse transfusion reaction acute lung imjury. Despite gender, the donor also must have sufficient
concentration of antibodies in the serum* <, “thas treatment is experimental, bt theee is 00t enoagh studies to

standardize a protocol and with higher. Understand the major mech related to antsbody production in
convalescent patients from (.0\'10 19 un te new therap stralegies 10 pranyp lug}m ibody Liters
and so, reduce the seventy of tment to those with i gl

Our aim was lo ceaduct a ‘uq:ludnul slud) with COVID-1% lescent patients who had d from
the acute phase at 30, 60, and 20 days Lnd«sundms |hc involvement of cells and soluble profeins in annbody
surveillance will contribeate lo faping further s for patient follow-up afier the scute disease. pravide

insights into ent prog i v approaches, and ultimately enhance the

qualuy of lide for patients. > #
Results
Sociodemagraphic data

-ane healthy danors were enrolied in this study. The mean age was 32.39 years (SD £ 11.63), with 36 [70.6%)

males and 15 (25.4%) females. The majority were of admixed ethnicity (n -'45 {88:3%]). followed by 4 (7.5%)

Caucasians and 2 (39%) African Amersans. Frve (9.8%) had Hood type A positive, 27 (52.9%) had blood type
O positive, and 19 (37.3%) had blood type O negative

The mean age of the convalescent group was 39.94 years (SD t 11.56), with 51 (82.3%) males and 11 (17.7%)
females. In lmm of ethnicity, 42 (67 8%) were admixed, 18 (29%) were Caucastans, and only 2 (3.2%) were
African Americans. Re; ng blood 17 were A (14 [22.6%)] and 3 [49%) ive), 2 were
type B (1 [16%] pomn?::d 11 6%lmm).zm?wwm{bmhpms %)), ..m.mweom
[64.5% ] positive and | [1.6%)] negative). The majority were over weight or obese (0= 23 |37 1% eadh), fotlowed
by 15 (24.2%) with a pormal BMI, and oaly anc [1.6%] had a Jow BMI. Stacistical analysis showed ant
difference only in age (p « 0.0009) and bload type (p <0.0001 ) between hoth groups, however we believe the blood
type ditference is relaned wh@mmalcmu(gmd.kq'pcshmcpopulmn studied (Table 1),

Once there was seen difference among age, ethnicity and blood type between HD and Convalescent (D30)
groaps we conducted an apalysss of inma opul parameters segregating our groups based on blood type and
age. Any duflerence was seen in the comparison of Bood s inside HD oe Convalescent growp. The patiern
seent in the general observation seemed not wmngewmwmyotmmmchmtcdﬂksmdn
we believe that none of them had any or few interferences in the tem in our participants. Heatmap
and PCA apalysis segregated by these parameters are shown ia Fig. 51 longc (S1A), ethnicity {S1B} and bleod

51,
nvf\lmlymg the clinical data from the comabescent group, 5 out of 62 patients (8 1%) required hospitalizat
and mxh‘h’t)ml veptiation. The mean haspital length of stay (LOS) was 1552 days (SD = 10.49), nngingfmm
Lto 51

Antibody dynamicin convalescence
The antibody concentration was evaluated in the convalescent groups and comparad (o the aumber of days
after the end of . Anti nucleocapsid (anti- MlgGslnweduwuﬁclm (p=0.0017) from 50
to %0 days after dinical recovery, \‘hld‘l was further confirmed by correlation analysis, The 2nalysis revealed
a negative and significant reduction in anti-N concentration with an increase in the number of days after the
end of & rn-fmrm (p=0.0056}, as shown in Fig 1A Although anti-Spike (anti-S) IgG alsa decreased, the con-
centration Jevels showed no significant difference, even in the correlation analysis (Fig. 18). This suggests that
the presence of anti-S antibodies in the serum penists, while anti-N antibodies decrease slowly after recovery
(Fig. 181 Tt should be noted that immunity remains active for a few ::'r after viral clearance, and some patients
seroconverted fram a positive staze (a DI0) to 2 negative state (a D60 and D90} during the stady period
for bath anti-N and anti-§ antibodies, using the marufaciurers cut-ofl.

Serum samples from 20 our of 62 pasticipants (32.3%) with a previous diagnosis of COVID-19 and a symp-
tomatic period tested positive for IgM using an immunochromatographic test at D30, This namber decreased
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Table 1. Soctodemo, data of healthy donors and convalescent 5. SO standand deviation, Pos
ronnn. Neg negative. Chi-square test was med isolating bload groups (A, B, AB and O), ané

m' negative), and induding only those with observation > 1 for statistical purposes. Significant values

arein

to 11 oul of 48 participants (22.9%) at DSO, and 8 cut of 47 particapants (17%) al DSO. IgG detection tests
showed higher seasitivity. All three tests (bosh ant-5 hic and CMLA, and anti-N CMLA)
detected more than 80% seroceactivity in convalescent individuals at D30, The D60 and 1290 groups still had a
seroconversion rate higher than 80% lor anti-S antibody detection, while anli-N antibody detection decreased
10 70.2% at D50 (Fig 1C).

The fold change comparson shows thsat the antibady concentration changes gradually from 1| month o

lhc aext, but there is a mare significant difference at the thind month. A similar pattern was ohserved when

D30 1o D60 and D6O w DSO, indicating that the antibody concentration from DX to D60 did rot
vary significantly compured to the change fram Déd to D90, However, there wasan overall decreass in antibady
concentration from D30 o DSo (Fig, 1D).

WHO released a list of approved tests to detect anti-5 IgG antibodees, wiich can belp sdentsfy potential con-
valescent blood dapors. The qualitative and quantitative CMIA ted has been approved lor monitaring potential
bload dances who meet the eligibility cmem for antibody concentration (> 1.280 AU/mL). Among all the
comvalescent individuak who agreed to pasticipate, caly 30 out of 62 (48.4%) had a sufficient concentration at
1330 By D60, only 20 out of 43 participants (41.7%) remained eligihle, and this mumber further decreased to 14
out of 47 participants (29.8%] at D90 (Fig. 1 D).

hﬂammtzg profile is mediated by memory cells and patrolliing monacytes
Cell counts lations were ¢ od aver time using blood count and ﬂwcywme:y L respectively
NKandNICI’a&mnmlﬁnmlymhodaﬂtrCOVﬂ'J 19 and showed no significant signs of recovery even
after 90 days (Fig. 2A.B). Although the monocyte count increased in D30 patients compared to healthy contrels,
this increase appeared to be driven by inflammasory and patrolling mmoqta The ahsolute monccyte count
(AMC) decreased in the second moeath sfter symptoen resohtion (Tabde 2), but patrolling monocyles continued
toincrease over time, reaching even higher levels at D90 (Fig 2C-E), On the other hand, both tosal T helper cells
tndmakd‘l’hcbcr«lls decrweduoomalcmn«pwmnd(ﬂg Jf(}) 'l'on] Tcy\omﬂclywhu ad
significanily between the analyzed groups, but the median of Tey hocytes showed
a digference, al statistical analysis ceuld 0ot determine whdch groups (Fig 2000, The
subpopulation of arcalating dendritic <ells showed no difference bebween healthy deaoes and convalescent
individuals, noc between convalescent subgroups (135, 21,K0. Although B lymphecytes showed no difierence,
an increase in BI lymphocyies wis observed during convalescence. which appeared to persist throughout the
3-month period analyzed (Fig, 2LM).

To evalsate the mvolvement af cytokines, chemokines, and growth factors i comvalescent idividuaks, we
quantified these soluble protezs and compared them 1o the healthy donoe group. Thwe convalescent stage agpeaned
tobe chamcterceed by Bigher levels of VEGE G-CSFIL-2, 119, and CXULIOL but also lower serum concentra -
ticas of FGF basic, PDGF-BB. GM-CSF, IL-15. IL-6, TNF-a, IFNy, IL 4, ll'i 5,1L-174, IL-10, CXCLS, CCL2,
CCLA, and CCLS5 (Fag. 3). CCLS were antly low al D30 but red W increase until D90, serving as
early markers ofrm:n to noemality. Agplicmey cis .
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Flg- 1. Serum antibody analysis during comalescence. (A) Comparison of IgG antt-muckocapsid protein (0D)
and correlation under anti N concentration and days post symptoems; (B} Comparison of IgG anti-Spike protein
(AU/mL) and coereation betwaen anti-S cona and days post symgptoms. The cutt-off 1.280 AU/mL was
highlighted to demanstrate the participants that were eligile to lescent plasma donation in D30 (n - 30/62
[48.4%]), D60 (n=20¢48 [41.7%]) and DY0 (3= 10247 [298%]); (C) Percentage of partiipants with a qualitative
(posineg) anlibody production ameng study period, based on anti-§ immunochromatographic test, and CMIA
anti-S and aoti-N, with absolute and relative values on table below: (D) Fedd change comparison between Deo/
D30, DAV D30 and D9O/60 [5G anti-S antibody concentration, esing quantitative result from pabents with all
follow-up (1= 45) Statistical analysis was performsed with One-Way ANOVA followed by Turkey’s Mudtiple
comparison test, considering sgnificative when p <005, “p<0.05: " p<001; **"p< 0001 ****p< 00001,

The corred matrix & rates that healthy donars have fewer interactions between cyvtokines and more
interactions with circulating cells and subpopulations, while convalescent individuals exhidit more immune
dynamics between metecules. Patients in the infthal stages of convalescence, represented by D30, showed a greater
number of inteructions between molecules, mainly cytokines.

The number of corrcations appeass W decrease &3 Convalescence progresses unﬂlmcmm?c.akhmghutm
be observed that anti-S antibodies bave a positive coerelation with AEC and CXCLI0 in D30 (aloagside anti-N
antibodies) and a negative correlation with patrolling monecytes o D60, the immunomaodualation was relatesd
to intlammatory modecules such as IL-6 and CXCLS, and negatively correlmed with B lymphocytes. In D90, the
participution seems to be guided by pDC and CXCLS (Fig 4A8). AEC showed 4 positive and significant correfa-
ticey with both ant N and anti S aptibodses :n D30 and D90 (Fig. 4), which may be refated to its functionality.

lnﬂammlt;:r markers still may be used to characterize the initial stage of convalescence

Biomarker ialysis and the Venn diagram revealed that convalescent individuals are typically characterized
by higher levels of IL-15, NLR, and RDW. However, when we te the convalescent stage and inspect for
Dromarkers in each timsepoant. we observe that in the beginning of convalescence, 30 days after inical recovery,
hri!)t fevels of AMC, ABRC, plnu:lﬁs. myeloid DCs and anti- S lsG were also observed. Furthermore, immu.
romodulation from the first (D30) to the second month (D60), can be obser ved through increased productsan
of indl vand pateolling ma tes, B1 lymphocytes, G-CSE L2, and the IEN-y/I1L4 ratio. Although 81
Ilymphocytes are elevated in cireulatian. only D30 was marked by a higher increase in anti-S antibodies
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L L
Fig 2. mtwmlpudmummﬂxwgomsmnnmmm 5. Datais sed
as median and interquartile range in percentage of cellx. Bar graphs represent sis of (A) NK cells; (B)

NKT cells; {C) Classical manocytes (D) Inflammatory monocytes; {E) Patrolling monccytes; (F) T helper

Iymphocytes; (G) Activared T helper lymphocytes; (H) T cytotoxic (1) Mctivated T cytotoxic
lymphocytes; (F) Plasmacyroid dendritic cells, (K1 Myeloid derdnitic cells, (1) B lymphocytes; and (M) 1
lymphocytes. Statsstical analysis was conducted with Kraskal-Wallis and Dunn’s Multipte Comparisons tests,

cansidenng significative when p <005, *p<0.05: **p<D.0L; ““*p<000]; **“p= 00001,

RBC (O 10001, mecian [3QR]) 199 (139590 450 [436-520) PLLH R 489 {71509 0467
Homegloben {gdl, medan [KX]) 1450 (15 e-1600] [SERSRRL Y ) 1455 18 2)-14.90] 1440 [LA50=1510] [T
Mmoot (8, madiss [I00]) HI0 o474 400 SRS 75 (W) 490 HIS0-qe | (]
MCV I, rraadin [GR) 780 [$4.70-9042] 3415 485908 .10 (15369030 e
Ellq;nwhn [WE] 970 [28 83070 290 11858 30| M55 [ 10-20 70 2100 {2790- 0] 08T
WCHE (gL medun [IOR]) R 100460 AL R ST ) R TR 40 1) N T
ROW (s median (1000 L7010 (0-14000 [EETRERE ST 1440 1501508 [EE R o
WRBC |« 1071 medien TQR)) 633[317.695] 678 [S87-751) R34 {575.757] 655 (581-757) 02500
Neersopha O (VUL medlan QR | 334118 417) 100 (321 485 ECERTET ATO04 L8] 00757
Trmghooyse (= 10 L seedion IQR]) | 1 ES]159.218] 198 [L61-222) 193 (1623 13151228 DA&l
Mzl (e 107Gl medan [IGR)D | 136 J0.25-0.42 045 (037-04K 057 0,480 42 048 (0.2%-04% ames
Femophil (x 1071, rolias |GR)) 108 j0.82-005] 003 (012008 003 J(2-0.04] 08 90 (0-005] n2un
Faunopinl G 10702, medan [IOR]) ni9je 203 19015 00s QI8 S0 08 016 90.12-02e3 (e ]
Hateket covnt (x 100, median [IGR]) | 2400 [210-292] 2595 212-290) M0 | 215 268 24500 (20 272) oms

Table 2. Laboratorial eters of heakhy donors and convalescent patients at D30, Tk and D90,
“Significant difference for HD vs D30; *Significant difference for HD vs D60; “Significant difference for HD w
D90; “Significant d:&n-nw ln( 130 vs D6, Significart differenae for D30 v DG, ‘ngﬁmm dlﬂm« for
D60 vs D90, Statistical was performed with Kruskal- Wallis test. and Dunn’s Multiple Com| n Test
1o munpnrt Temiasological values from all groups. A p< 005 was consicered significant and highlighted by beld
type fon
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Clrradwing bvels (spiml,) ————————————p

Fig. 3. Circulating level of soluble molecules comparing HD, D30, D60 and D90 groups. Data is expressed
wes aowdian and int etile range i pgdml. Circnlating kevels of chemolones (A), cytokines (B) and growth
factors (C), Statistical analysis was conducted with Kraskal -Wallis and Duna’s Multiple Comparssons tests,
considering significative when p<0.05. “p <05, *"p <ODE, **p<000]; * " p< 0N,

Later stages of convaloscence seen i our study wis marked by both total and actvated T cytotoxic lym-
phocytes, plasmacytoid DCs, VEGE, I1-4 and CXCL10. This profile saggests a ive process, which can be
related 1o the extensively injury cased by the imamunity priming during atmemm}\'\!m of the convalescent
proups exhibited higher production ofanti N antibodies (Fig, S?

Discussion

COVID-19 hus impacted numerous indivicheals warldwide, with its peak occurring between 2020 and 2021

This period was characterized by immense strain en healthcare systems, as efforts were made to find better
treatmenty, identify effective drugs, and conduct improved clinical k. The pandemic situation compellad
rescarchers taenh their unds ding of how the body responds to the virus, particularly focusing on the
dynamics of convalescence and the immunological factors imvobved in disease recurmense, Pro| n.
and prevention strategies. In this study. we propose perspectives an immune dynamics from 4 to S0 days after
clinical recovery, aiming to characterize the immune response in terms of cells and molecules.

Our investigation into antibody dynamics revealed that anti-S 1gG antibodies persisted Jonger than IgM anti-
bodes as expected. In our study, caly 32% of participants had detectable IgM levels at D30, which is lower than
what has been reported in the literature™, Conversely, more than 8% of convalescents in car exhibited
detectable IgG anti-Spike antibodies, aligning with findings from other studies™ . Importantly, [gG ant-Spike
antibodies demanstrated greater gability in serum compared to IgG anti nucleotapsid antibodies, whach exhib.
ined a rapid decline during convalescence, ‘The scroeeactivity of anti-S antbodics varied by less than 5.2% over the
3-month period foBowing viral clearance. whereas anti-N antibodies vaned by 13.4% dunng the same timeframe.
The peak period of antibody production oocurned 10-20 days after the onset of symptoms and appeared W be
prmarlly mfuenced by 1gG1 and IgG3 subchsses™ ', Some studics have reported that the persisience of
B oells and circulating Tih cells plays a significant role in the production of anti-S antibodies, while anti-N an
anti RBD) antibedies show 2 notable decrease'™ *,

Several concerns have been raised regarding the decresse i antibodies mmuk:mc. One of these
concerns & the matation that occurs in the germinal center at the onset of ¢ vnee, which has been coe-
related with amtibody titers™. It has been observed that patients who experience reinfection within a certain

iod do not produce aptibodses, suggesting that antibody production vent new Cases of infection
mhwet. this muiu Fias by qsg;&m due to the specificaty of uuiurem uther SARS CoV-2 lineages
that have und mations during the pandemic. Despite the reduction in antibody titers, an increase in
peutralization Jﬁiliky bas been observed ™.
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Fig. 4. Biomarker corrdation matrix indicating difference in patter of healthy donors (A), and convalescence

10 D30 (B}, 1360 (C) and D90 (D). Networks were based o0 Spearmant corvelation indices(r). Association was
significant when p<0.05 betwoen all markess analyzed. Blue scale, ranging from - 1.0 10 1.0, shows correlation
strength, as represented on image, WBC white blood coant, ANC absolute neutrophil count. ALC absolue
lymphocyle count, AMC absalute monocyte count, AEC absolute cosinophil count, ABC absalute basophil
count, NK narural kiler, Chremokings CXCLA. CXCL10, CCL3, CCL4, CCL2, CCL5 and CCLLL, Cytokines [L-15
TL-1ra T0-6, TNF-a, 1L-12p70, IFN-y, TL-2, 1L-7, TL-9, TL- 15, 114, TL-5, [L- 18 1117 A, TL-10, Growth factors
VEGE FGE basic, PDGF-BB, GM-CSE, G-CSE, D bealchy donors.

Same studies have shown a relationship between antbody production und the seventy of the desease™
Patients who experience symptoms such as fever, cough, dyspnea, and preumonia are 50 times mare likely to
produce higher antibody titers™ ", However, the severity of e disease is slso related to vieal load and the avail-
ability of viral antigens. It is worth noting that anly anti- RRD antibedies have been found to increase over time

in patients with 2 severe condition™ .

The immunclogical dynamacs dnﬂng convalescence involve a higher participation of inflammatory amd
paxmmng mnmqrta Toml monocytes were found to regulate #s convalescence progresses, bat the activated

appeared to increase, inchading an increase in patrolling monocytes. In the lit-
erature, both mmmmtlurv and patrolling monocytes bave been reported to decresse during convalescence and
stanilize theis levels around 5 months' **/, This difference may be related to the activation of monocytes since
it has been previously shown that HLA DR expression incréases during convalescence'™ 4", However, there
is no available data on which subpopulations express this marker during convalescence. The higher control of
indlamumatory status and tissue repadr may be a clear reason foe this increased involvement, as the increase in
bath subpopalations persists for up to 2 months after viral clearance,

Convalescence is chamcierszed by s progressive decrease in antibody titers, but it can still activate Jocal mac-
rophages and induce inflammation theough FeyRILa receptors, theredy Inducing proinflammatory molecules.
M1 macraphages have been shown Lo be more sensitive to activated antibodses, but M2 macroph may also
polariae tn M1 upan antibody recognition. M1 macr have been described to produce lngh leveds of IFN ¥
CXCLS and CCL2Y 7, However, our putients showed a reduction in the fist two markers during convalescence.

Even theagh eur results d rated that ¢ lescence can be marked by cytotaxicity, it appears to
be regulated by T lymphocytes. NK and NKT ceils showed a sigrificant decrease, which has been previously

ScentificReports|  (202:) ¢ 20m0 | https #doiorg/L0. 1038754152024 7141 9-x nature portfolo



.-.,.._,

& SR ABvind | b oy
. mm“ vor M

POPhovs 401 IR PUe R GNCAT

Mg, AR o ., s ) L4
- LA WU B yrgmonses . ABC.

C3A N0 AT Tt A b et T

e et ree L OAUIN e AL
L] i, MRS, M. A8 W e D8
: e
Flg.5. Blomarker signatute of groups represented in a Venn Diagram. (A) Frequency of subjects with
beamarker level above the Cut-ofl; (B) Venn Diagram rep 2 the groups, tioas, and ¢

B
wwwmmmumwemwumohwm for cach paramesce
was measured and wsed to characterize participants as low (< 50%) or higher (> 50%) producers. H healthy
donors.

described ™ * and may be due 10 the production of other cells involved in tissue repair. This sanse pattern was
olserved during the acute phase, 25 low NK cell counts were assocuted with disease severity and compromused
cviotoxicky™®. Our findings suggest that thiscompeomise in NX cell counts persists daning convalescence Inter-
estingly, both myeloid and plasmacytoid dendritic cells showed no difference, indicating that their role in viral
dlearance ocurs Crapadly and s stinlus-degendent.

The e showed that an infl v p ant ins predomi over anti-infl
markers. However, ro il y and anti i di were reduced comp bhdtby
danors. Immunosurseifance during convakscence is cbmmbrd Dy a lawer production o( inflammatory and
reparative fictors, along with intense nmb&lm mediated by increased concentrations of CXCLI0, IL-2, and
G-CST. Anti-N was downregulated by B es in the beginning of convalescence, however, in D60, it
seems that this cell population participates also in downregulation of anti-S sntibodies as well, characteristic
that is not seen in D20, Some immunological cells were still present in D60, buz with a considerable reduction in
antibody tiers, seen in the fodd change analysss, probably due to a decrease in inflammatory stinmli. Memory cells
wmisowmopmla even with a reduction in antibody . exbibiting mmvky o most viral mlgma

en after 6 nmonths™ . Ie bater stages of convalescence, was a loss of interssive interactions, indicating tha
l!u immune system strives to reach homeostasis 2 few months after viral clearance.

‘Ihroughbout the entire convalescent period, there was an incresse in the production of NLR. Previous stad-

les have suggested this marker as a prognostic factor for acute pnm'“-“ %, and our findings suggest that it

elevated for 2 prodonged period during escence | Im‘enhmpoﬂdmmrmrm
peatrophil count with activation parkers even 28 days after dinicdr« #49%, Fusthermore, the production
of neutrophil extracellubar traps (NETs) has been detected even after months ™, Our findings of increased
G-CSF lewls may coptrdiote to neatrophil recrustment. The Dterature demonstrated that nestrophil metabobs
function during the 2cute phase and further reduced during ! suggesting the productzan
of non-reactive cells during this penod. Therefore, G-CSE b«mm an important fictor in nducing urgent
granulopaiesis, particularly in the first 2 moaths of convalescence'™™

All 3 months of canvalescence were characterized by a higher productica of 1L-15. In the instsal stage, there
was also involvement of G- CSFand IL. 2, while the last stage was marked by mainly producing 11-9and CXCLIO.
Some studies huve described the 1L-15/1L-15RA x5 as a crucial Bctor in the functional exhaustson, senescence,
md ipnytmu of NK mdNKT y5 cells. vlhn:h Pmmuu rapid control of infection through cytotaxicity and

G-CSE I1-2, and IFN-y are mol«ulu hlvolvrd in the cytokine storm duﬂng the acute phnu of OOVID-
19, and as observed in our study, this profile of proliferation persists in sated by
G-CSFand IL-2 This may be attributed to the functionstity of repair and the migraton of Iﬂ'ln' ocytes from
the bloodstream to the afected tissues . The subsequent dynamics of 1L-9 and CXCL10 & 190 were also
observed in chronic allergic diseases and are associated with the involvement of mastocytes, the induction of
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Iymphocyte adhesion ta endathelium, and bone marrow inhibition™. CXCL10 has previowsly been linked to
acule outcomes axd lhcpmlxtumdxmpm\mm in COVID-19 patients, but its role in convelescence may be
assocsated with is anti-inflammanory

The specific hagher producess at D30 were AMC, ABC, mayeloid DCs, platelets, and ants-S TG antbodses.
Myeloid DXCs have been repoeted to be reduced ar have limited imwolvement during the acute phase!s 775%
Antibodies were mmmz':zy produced only at D30, and we propose that this specific period of acute disease is
the main source nf antibody comcentration

We observed that within cur convalescent groups, D30 was the optimal time for collecting convalescent
plasma. Less than 50% of our patients had a sufficient antibody concentration for plasma donation, which
decreased 1o less than 309 after 90 days. While many studies focus on evaluating the efficacy of convalescent
plasnsa use in acute COVID-19 patients, theze is limited dita m\&uhl: 10 assess tbe ﬁaon mohwd in imnvune
dynamics and antibody production, particularly in relati &
there is an urgent need to improve the collection of plasma nmples for amp. comidrﬂng future pandmm;
and severe cases.

The convalescent period, which is ¢ill lacking in comprehensive dis hnldtv luabl dau. apt:ul))
rding immunily and the lactors contributing to antibody production. Und, g Uvese me

prevent new cases, redace the recuzrence of severe cases, infoem vaceinaion mlcpa,md Promoic a bam

quality of life for the exposed I We emphasize the & s of immune cells, solable molecules, and

particularly the maintesance of antibodies in COVID-19 convalescent paticats.
Furthermore, we identified that inflammatory and patrolfing monocytes, together with BI lymphocytes.
in the immane syslem after infection. Based on [ersure data, the cylokine storm  riggered dunng SARS-
nvznﬂcdmlndlnmnuumnnmmmmmmml y par of and ¢ wcity™ 71,
Thes profile was shown in our study still present in the b ing of coaval ¢, which lmmuomoddum
is primanly driven by G- (SE L2 and 1125 Wiale inflammatary markess are still present in the icitial stages
of comvalescence, around 60 days, the profile shifts toward a prolifesative patiern characterized nuinly by [L-$
and CXCLID, that tend to last lbﬂ M daysof wnvnlmmmhmu and profile seem to shift towands a
ferative and 55, related 1o te and sxs(F 61 Al lbm
Ewcmcor ot b oo b Feurs i e ackqoredge o thre ' dpwregeloom of Ienabr
P during lescence, but still a lack on the & ics related %o i menory on Ihe-e patients.
Aswell, we do comprehend that undmlandmg the dynamic of immuoe -p\rm s still a lack and reguire mone
pproaches ta better und, d which isms are related to antibody dynamics, but also immanoregula-
tion. Characterize the participants based on clinscal and laboratorial scores, to evaluate the acute phase and
orm 2 follow-up till late stages of convalescence can validate the results p d here and d ine more
robust biomarkers for d!wu:!mgmnm Due 1o limitation of data regardmg patients medical history during
acute phase of OOVID 19, and due to our patients be maindy mald cases during acute, we were unahle to deter-
mine clindcal soores from our paticats and therapies that were used, which we believe it conld determine bester
canchasions and propase novel studies. Other factors during acute phase were shown to impact on immanity in

L2
wEGE

Flg. 6, Concluding remarks on immunclogical shifts related se acute (based on literature) and convalescence
COvin- lﬂ\dk-nts DC dendritic cells, NLR pentrophil-to-Tymphocyte ratio,
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canvalescent conditions, and although we consadered this in our analyses, we were limited regarding the therapy
wsed”™, Only two bad hospital sdmission, and mostly coulde't address the therapy used during symplomatic
persod. Nowe of them received netralizing antibodies agatnst SARS-CoV-2 petther previouy to infectson, noe
during acute phise Some, however, were vaccinated during the stady period, aftes mduumu but the duta were
nat inlmled in the analysis.

We highlight the dynamics of immune cells, soluble molecules and specially, the mai of antibed:
which are produced alang COVID-19 convaliescent patients. We ile ified |M anb-N 1 educed quickly affer
viral clearance, while anti- S I[gG changes slowly during the first 3 months, being a good proposal for diagnostics
and therapeutical strabegres. We could also identify that after infection, inflammatory and pateolling monocytes
are still present oo immunity, together with B1 lymphocytes, and immunomodulation driven mainly by G-CSE
IL-2 and [L-15 i convalkescence, Inflammation is still pmcm on initial stages of convalescence, but around
61 days, the profile seems 0 start to change to a proliferative pattern, ch ized by 11-9 and CXCL10, Our
results contribate 10 hallmarks fsvolved on amlbody pmdnmon and evaluste higher proportion of cells and
soluble immune molecules under these patients. Our findings will snpeon a better conmnehemon over the
major hallmarks for immune sustalnment and dynamics after SARS-Co

Methods

Ethical statement

The participants enrolled in this study L rovided written consent by formal sigmature on the consent form.
The study was submitted and the Fthical Committes of Fundagio Hospitalar de Hematologa ¢
Hemoterapia do Arsazonas (CEP-HEMOAM) ender processes of 74.126.784 and #1.982.465. The protocols
followed the guidelines of the Dedaration of Helsinkl and Resolution 466/2012 of the Brazillan National [ealth
Council for resecarch involving human subjects.

Participants and samples
Our study involved 51 healthy donors (HD) who were eligible blood donors recruited before the COVID- 19
pandemic, on fupe 13tk 2017 and June 20th 2017 These donors tested negative foe HIV, HBV, HCV, HTLY,
Chags disease, and syphilis. They also had ne clinical symptoms prior to donation. Additionally, we included 62
COVID-19 comvalescent Lgumlswboluul previvusly Lested positive for RT-PCR mdtx.pcnrnmh

The age range nvalescenls was 18-60 years, and they were recrnuated 30 days nlladmxcnlmm\x

¢ wnulcmu were followed up monthly Sor up 10 3 months, during which blnod samples wz codlect
The convalescent group uus recrusted ot Fundagio Hospitalar de H il ¢ Hemat i
(HEMOAM) in M Brazil, | Jaly 20th 2020 and June 20d 2021, Mpmmnbwm
tdumﬁed basedona pounve R1- KJ( testand were tmucd to participate 30 days after dintcal recovery, following
of acul ﬁ during COVID- lOptnat(u lever, fatigue or muscle aches),

lnd when eligible for Hoo} dnmion nder was preferred for parti to mmlu;em plasma
cullecton, al women were also i dbut lhmdnungmﬁumid(:g Yy
Noather distinctions were made.

The convalescent group isted of 62 patients at liment (D30), which completed all three follow.
Assome individials received the COVID- 19 vacine during the follow-up period, their sesults were not m:.lnmd
in the analysis. Therefore, data from anly 48 patients are reported at D60, and 47 2t D90,

Patients who were asymptomatic for COVID- -19, sympiomatic at the ime of recruitment, taking drugs that
could inhibit ACE, had anti-erythrocyte antibodies, received any COVID. 19 vaccine prioe to in n, were
Prognant, or were mdlgmous were not included in the smdy Patients who tested positive for RT-PCR during
recruitment or sh se7 ¥ ta other infects (HIV, TIRV. HCV. syphilis. Chagas disease. or
HTLV) were excluded. Samples obtained from patients who received the vaccine during the follow-up persod
were not inchaded in the analysis,

Sociodemographic and clinical data coliected from all participants included gender. age. ethalcity, blood type.
bady mass index (BMI), duration of symptams during acute COVID- 19, and the need for hosputalization and
mechanical vendation. Blood samples were cdlmcdlgmugh vepipuncture, with 4 mL of whole blood collected
in EDTA (BD Vacutainer EDTA K2} tubes and 5 ml. collected in separator gl (Ged BD SST [1 Advance) tubes.
Serum samples were stored at - 80 °C lor further procedures.

Blood count and immune cell analysis

Fresh whaole blood was used %o mensure the paramelers of ad and white blood cells (REC and WBC, respectively)
and platelets. This was deae using an automatsc hematological blood counter (ADVIA 21204, Siemens, USA)
located at HEMOAM. Immunophenotyping of immune cells was also performed at HEMOAM using the follow-
ing antibodies: anti-CDY (PERCP), ant:-CD4 (FITC), anti-CD8 (PE), and anti-CD69 (APC) to identily total T
Iymphocytes (CD3+), T helper lymphocytes (CDI+CD 44 ), activated T hedper lymphocytes (CD3+ CD4=CDeM),
T eylotoic Ly {CD3+CDS 1 ), and activated T cytotoxic l)‘l%hn(y'lzs (CD3+CDE+CD65+ ) anti-CD3
(FITC) and anti-CD19 (PE) to identify B (CD19+) and Bl (CD19+CDS4) lymphacytes, anti-CD16 (FITC),

anti-CD (APC), and anti- HLA-DR (PE) to classical (CDI44CDI6-), inflammatory (CD14+CDRI64 ), and
patrolling manec ytes (CD14owCD16+ ) anti-CON23 (FITC), anti-COD11 ¢ (PE), and ant CO 4 CAPC) to myelond
(CD14-CD123+) and plasmacytoid (CD14-CD1ct) dendritc cells; and anti-CD3 (PERCP), arti-CD16 {FITC),
and anti-CD56 (PE) to NK (CD3-CO564CDI6+) amd NKT (CD3C156+CD16+) oells (Fig 52). Thw antibod-
ies were purchased from BD Bsosciences (San Dicgo, CA, USA), Beckman Coalter (Area, California, USA), and
BioLegend (San Diego, CA, USA).
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A sample of 100 pL of whole blood was incubated with the respective antibodies, followed by a Tysis solu-
tica al room: temperature. The cells were washed, resuspended in PBS, and then stored at 4 °C until they were
ﬁmm! by flow cytoeetry within the next 24 b A total of 30,000 events were acquired using the FACSCanrto
«wq‘umdmd Fumlaga HFMOA\( The analdysis was condu ced using Flow)o Software v 1008 to defise
based on b w characteristics and fliorescence from monodonnl antibodies. The gates

mJnnlq:m used are indicated in Fig. S1. The percentage of cells was used for statistical analysis.

Chemokine, cytokine, and growth factor assay

Molecitles were meassired using the Luminex technique. Cytokines [L-1f 11 1ra, [L-6, TNF-a, IL-12p70,
IFN-y, IL-2, 102, IL-9, [L-15, 1L 4, IL-5, 113, BL1 7, and [L-§0; chemokines CXCLY, CXCL10, CCL3, CCL4,
CCL2 CCLS, and CCL11; and grawth factors VEGE, FGF-basic, PDGF, GM-CSF, and G-CSF were measared
in serum samples 2t Instituto Rene Rachou (FIOCRUZ MG). The procedure was conducted using the Bioplex
Pro Human Cytokine 27-Plex Kit (Bio-Rad, Calitornia, USA] foliowing the manufacturer’s instructions and
protocol. Acquisitian and concentration measurements wese performed on 2 Luminex 200 ‘iy:t:m and md)ud
using Bloplex Maager Software with Five P, s Logistic K jonr. The con

ml. The desection limits for the molecules were as fallows CXCLS = 42,150 p@/ml; CXCL |o- 31236 ngmL
CCL2~24.252 pg/mL; CCL3 ~ 960 pg/mL: CCL4 = 11233 pg/mL: CCLS5 = 16,533 pg/mL. CCL11 -~ 26342 pg'mL:
IL-3f = 8608 ppimil. IL-1ra = 91,661 p/ml; IL-2 = 18297 pg/mls 119 = 25,642 p/ml; [1-15 < 22,428 pgiml.;
IL-4 = 4789 pg/mL; [L-5 = 23,105 py/mL; 1L-6 = 37,680 pg/mL: IL-7 = 16,593 pg/mL; [L-10= 35,170 pg/ml; [L-
13p70 = 37584 pg/ml; T1-13 = 8090 pgimL. T1-17A « 28550 pg/mL: IFN-y = 25411 pg/mL: TNF-a~ 64,303 pg/
mL; PDGF-BB = 24,721 py/mL; FGIb=16,046 pg/ml; G-CSF = 40,049 pgml; GM-CSF= 12,844 pg/mls and
VEGF - 29464 pg/mL.

Antibody measurement

Antibodics IgG antl-Spike {anti-S) and anti-pucleocapsid (anti-N) were measured using chemiluninescence
with the Chemiluminescence Microparticle Immunoassay {CMIA) by Abbott test on Architect. The procedures
were conducted based on the manatactuser's Instructions. A gualitative test was conducted to measure anti-N
IgG. and the result was obtained in Index (S/C). It was considered positive when the Index was greater than 1.4,
Quantitalive data of Optical Density (OD) were also recorded and used far m-nl analysis. The qualitative-
quantitative Lest of IgG anti- S was d, and the < is exp din AU/mL The concentration
was used for statsstical analysis, and according o the manufactarer’s instructicns, samples were comsidered
pastive v(hm the mnmnlmum wits greater than 50 AU/ml. All procedurs were performed on the Architect
d in the gy department of Fundaghbo HEMOAM.

=

Statistical analysis

All data were stored in Microsoft Excel for further analysis in GraphPad Prism v, 8.0 (San Dkgn CA, USA) The
Shiapiro- Wilk noemality test was performed to evaluate the normality of the g and
interquartile range ([QR) (25th and 75th percentiles) were acquired. Sncmdcmns l: dan are expressed as

absalute values and percentages. Analysis of these pazameters were done by Mann- ' test, while categori
cal pacameters were compared with Che-square test. Beatmap and Principal Conpanent Analyses (RCA) were
pt&mdmkShtholeunﬁwmiPmmfua istical C ing Versica 10.1]. The median of cells

and molecubes from all groups was compared usiag the Kruskal - Wallis and Drris Multiple Comparisan tests.
A confidence interval of 95% was considered, and statistical valwes were used when p<0.05.

The correation nuZnsm performed using correlation test in GraphPad Prism v, 8.0 software
(San Diege, CA, USA) for all cells, cell wbl}h molecules within exch group. Significant results were used
toconstruct biomarker corrdation matrices on the Spearman correlation coefiicient (r). Sgnificance wus
identified when the p-value was < 0.05.

The median value of each meter was calculated across all groups and used o 2 cutoll point to catego
rize each participant as 2 hlgrm‘ producer, as described previously. Median valoes for each parameter
used are: RBC =491 106/uL: hcmodnbtn 14.50 g/dL; hematocrit = 43%; MCV = 88.1 fL; MCH = 29.70 pg.
RDW = 14.10% WRC = 6.53 103fuL; ANC = 3.77 103ulz ALC = 1.95 108/pL; AMC =0.39 103/l AFC = 0,18
losnu.; ABC =0.03 103/pLs platelet = 248 103/pL; dassical morocytes = 63.9%0%; inflammatory monocytes
5.60%: patrolling monocytes - 8.20%: T lymphocytes - 67.85%. T helper lymphocyies - 38.70% activated T
helper lymphocytes= 1.07%; cytotoxic T lymphocytes = 25.15%; activated cytotoxic T lymphocytes = | 82%
NK cells @ 5.24%; NKT cells « 0.15%; mDOs = 0.25%; pDCs = 0.47%; B lymphocytes = 11.60%; BI lympho-
cytes= 1,16%; VEGF=6.61 pg/mL; FGF basic = 1.38 pg/mL; PDGE-BB = 141.40 pe/mL; GM-CSF= 152 py/
ml: G-CSFm 394 pg/mls [L- 1 =10.37 pg/mls 1L 1ra=2159 pgimls 11-6= 020 pg'mb: TNF-a =559 pp/ml;
IL-12p70 = 1.97 pgimls LEN-y= 13,04 pg/mL; [L-2= 048 py/mL: [L-7=1.33 pg/mL; [L-0 = 4.07 pg/mL: IL-15
2.36 pgiml: 114~ 0.18 pg/mLs iL-5=0.69 pg/mL: 1L-13 =038 pg/mL: 1L-17A = 2,87 pg/mL: IL-10= 141 pg/
mb: CXCLE <098 pg/mL: CXCLID=52.00 py/ml; CCLS =022 pgmLC(_I.A--L?O ml OCL2 =756 $
CCLS5=28.05 pgiml; OCL11 = 1522 pgim; anti-N IgG (OD) = 4.40 Index; anti-S IgG= 872,90 AU/mI. Percent-
age values were then obtained from these groups, snd parameters llul reached moare than the 30th percentile were

characterized as higher prodiscens, represented in 2 ynphw L Fachj T wins isodased foe
each group and presented in a Venn Disgram, munxtwns. and elements. This
analysis was conducted using a publlic website (hlqr.. whlfomaaun peh ugent b/ webtools/Venn/},
Linear regression was calculated to identi the number of days from the end of
ms and the concentration of bath aati- S TgG MU'ml.)‘ and anti-N JgG (OD), obtained by the CMIA
A significant value was corsidered when p < 11.05. To evaluate antibady iom, qualitative values
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(positive/negative) were also calculated from immunodchromatographic tests (IgM and 1gG anti-S) and CMIA

(IgG anti-S and anti-N). Percenlage values were used to calculate the seroconversion rate for all convalescent

groups. A fold change analysss was also pesfarmed using the nean value of the concentratson of anti-5 1gG from

pﬂmpnnh at D3N D60, DI, and D090, compured using the One Way ANOVA and Tukey's Multiple
ison test. All methodalogical procedures are described in Fig S3.

Data availability
The datasets generated during and/or analyzed during the current study are available from the spoading
author on reasooable request
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8.3. Manuscrito 3: “Immune Contributors to Hospitalization in Patients with
COVID-19 and Laboratorial Markers for Outcome Prediction” a ser

submetido.
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Abstract
Background: Coronavirus Disease (COVID-19) faced a non-experienced immunity in
2020, which favored its rapidly spread, and infection in a non-prepared environment.
These features led to an intense cytokine storm, tissue compromising and worse outcomes
in the human population. These mechanisms were shown to be a key factor on SARS-
CoV-2 management, predict hospitalization, long-COVID symptoms and sequelae. Our
paper focused in unravelling cellular and molecular mechanisms with potentiality of
contribution to hyperinflammatory conditions in mild, moderate and severe patients with
COVID-19. Methods: We conducted a cross-sectional study, with 51 healthy donors, 12
mild and non-hospitalized COVID-19 patients, 6 moderates which required
hospitalization but not mechanical ventilation, and 9 severe who required both
hospitalization and mechanical ventilation during attendance. Whole blood and serum
were obtained to measure blood count parameters, immunophenotypic and soluble
proteins. Cells were identified by flow cytometry, while cytokines, chemokines and
growth factors were measured by Luminex. Data was stored and analyzed by Kruskal and
Dunn'’s tests, and Spearman correlation. A mixed model was also applied using age and
gender as cofounding factors. The analysis was done with confidence interval of 95%.
Results: Patients with COVID-19, during the acute phase, showed higher levels on
inflammatory markers, mainly IFN-y, IL-1p, GM-CSF, IL-17, and TNF-a. During mild
conditions, an increase in inflammatory and proliferative markers were seen, while
migration to a hospitalized condition is determined by increase mainly in NLR, NKT
cells, CXCL8 and IL-6. However, eosinophil count (logFC = 1.9; p < 0.001) and

percentage (logFC = 7.8; p = 0.002) were the major markers regarding those severe that
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required mechanical ventilation. These markers, aligned to LUC (logFC = 2.0; p = 0.007)
measurement, were shown to be increased among those who involve to death.
Conclusion: Our findings highlight the major immune markers related to inflammation
and COVID-19 worsening. As severity increases, participation on IFN-y, IL-1p, GM-
CSF, IL-17, and TNF-o are the major compounds in severe condition. Eosinophils
showed the potential to act as marker for patient migration from moderate to severe
hospitalized condition. There is a need to identify the main mechanisms involved in
clinical worsening, and correlate to other compounds to prevent fatal outcomes in future

Cases.

Keywords: Hallmarks; SARS-CoV-2; Cytokine storm; Severe; Predictors.

Background

SARS-CoV-2 affected population worldwide since 2019 and was the major cause
of several deaths. This virus is classified as a Betacoronavirus, with main tropism for the
angiotensin-converting enzyme (ACEZ2), presented mainly in lung tissue, and caused the
severe acute respiratory syndrome (SARS) (CEVIK et al., 2020; TURILLI; LUALDI,
FASANO, 2022). Major transmission occurred rapidly by aerosol released from an
infected patient to nasal the tract of a non-infected patient. For the next days, the viral
replication occurs mainly in lungs to then, the transmission cycle may last from 5 (to
previously immunized) to 14 (non-exposed) patients (HARRISON; LIN; WANG, 2020;
KHAN et al., 2021).

Clinical symptoms reported included mild to severe fever, cough, breathing
issues, intestinal compromising and in some cases, thrombosis (ARCANJO et al., 2020;
MARTENS et al., 2021). Immune system showed a potentiality on hallmark research for
patients’ hospitalization, once mechanisms such as cytokine storm, which showed a
pivotal role on disease progression (KHAN et al., 2021), but also on convalescent
condition, observed after clinical recovery (ZHAO et al., 2022).

Those infected patients can progress from a mild to severe condition and death in
a short amount of time. Many factors have been related to increase in severity scores, and
most were related to immune components (PURWONO et al., 2024; SANCHEZ et al.,
2023; TAO et al.,, 2021). Although clinical and laboratorial parameters interplay is
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extremely important to comprehend the major dynamics over disease, there has been a
lack over the key points between severity groups and clinical outcomes. Correlate the
major parameters and comprehend how their interactions can improve future strategies
and clinical management for patients with SARS.

Here we highlight the production of major immune markers in severity dynamics
of patients with COVID-19 in mild condition but also hospitalized and under mechanical
ventilation. Clinical outcome was also evaluated from those hospitalized, in which we
highlight markers such as neutrophil-lymphocyte ratio (NLR), absolute eosinophil count
(AEC) and B1 lymphocytes as possible markers of both clinical conditions, but also
hospitalization outcome. To accomplish this, we recruited healthy blood donors, and
COVID-19 positive and hospitalized patients. Our findings can improve clinicians’
decision in future respiratory diseases that may occur in the future.

Methods

Subjects and sample inclusion

To all eligible participants, formal consent was applied after invitation and written
consent was obtained, as inclusion criteria. Further, a questionnaire was applied for
sociodemographic and clinical data obtainment and after, blood sample collection. This
research and design were approved by the ethical committee (# 4.126.784) from both
Fundacdo Hospitalar de Hematologia e Hemoterapia do Amazonas (HEMOAM) and
Hospital Universitario Getalio Vargas (HUGV), located in the city of Manaus, state of
Amazonas, in Brazil. All procedures were performed following Declaration of Helsinki,
and Brazilian Health Ministry.

We conducted a cross-sectional study, with inclusion of 51 Healthy Donors, who
were eligible for blood donation and had no previous infectious or genetic disease, and
27 patients with previous diagnosis of SARS-CoV-2 by RT-PCR. These patients were
further classified in 12 Mild patients, who were symptomatic, but did not require hospital
attendance; 6 Moderate patients, who required hospital attendance, but during clinical
follow-up, did not required mechanical ventilation; and 9 Severe patients who were also
hospitalized, but required mechanical ventilation. All participants were recruited after
diagnosis and COVID-19 symptoms (for Mild group) or hospital entrance with viral
symptoms (for Moderate and Severe groups), as shown in Figure 1A. Recruitment of HD
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and mild groups occurred at Fundacdo HEMOAM, while patients from COVID-19
groups were recruited from Hospital Universitario Getulio Vargas (HUGV), along the
first SARS-CoV-2 wave (2020) and the beginning of 2021. Any participant had taken any
COVID-19 vaccine before enrollment in this study (Figure 1A).
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Figure 1: Methodological procedures. A) Grouping all participants included; B) Wet
lab procedures with scheme of flow cytometry (top) and Luminex technic (bottom),
following sample preparation, staining, acquisition and further data storage; C) Statistical

analysis performed and software used to construct all graphs

From all participants, 8 ml of whole blood was obtained and separated into EDTA
(BD Vacutainer® EDTA K2) tubes and Gel separator (Gel BD SST® 11 Advance). Whole
blood was used in automatic blood count (ADVIA 2120i, Siemens, USA) at hematology
lab from HEMOAM, and immunophenotyping and flow cytometry, while serum samples

were collected and stored in -80 °C for further analysis.

Immunophenotyping and flow cytometry

The whole blood was marked by antibodies conjugated to fluorochromes with the
objective of quantifying the immune cells subpopulation. The following markers were
applied: anti-CD3 (APC), anti-CD4 (FITC), anti-CD8 (PE) and anti-CD69 (PERCP) to
identify T cells (CD3+), T helper cells (CD3+CD4+, Th cells), activated T helper cells
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(CD3+CD4+CD69+, aTh cells), T cytotoxic cells (CD3+CD8+, Tc cells) and activated T
cytotoxic cells (CD3+CD8+CD69+, aTc cells). Anti-CD19 (PE) and anti-CD5 (FITC) for
B cells (CD3-CD19+) and B1 cells (CD19+CD5+). Anti-CD14 (APC), anti-CD16
(FITC), and anti-HLA-DR (PE) for classical monocytes (CD14+CD16-, CMo),
intermediary monocytes (CD14+CD16+, IMo) and non-classical monocytes
(CD14lowCD16+, NcMo). Anti-CD14 (APC), anti-CD123 (FITC) and anti-CD11c (PE)
for myeloid dendritic cells (CD14-CD123+, mDCs) and plasmacytoid dendritic cells
(CD14-CD11c+, pDCs). Anti-CD3 (APC), anti-CD16 (FITC), anti-CD56 (PE) and anti-
CD69 (PERCP) for NK cells (CD3-CD56+CD16+) and NKT cells
(CD3+CD56+CD16+). All antibodies were obtained from BD Biosciences (San Diego,
CA, USA), Beckman Coulter (Brea, California, USA), and BioLegend (San Diego, CA,
USA). Acquisition was performed with FACSCanto Il flow cytometer, also at Fundagéo
HEMOAM, and gating strategy was conducted in FlowJo Software v.10.8, as described
previously (SILVA-JUNIOR et al., 2024). The percentage of immune cells was obtained
and applied to statistical analysis (Figure 1B).

Soluble mediators’ measurement

Serum was used to measure chemokines (CCL11, CXCL8, CCL3, CCL4, CCL2,
CCL5 and CXCL10), cytokines (IL-1p, IL-6, TNF-qa, IL-12p70, IFN-y, IL-15, IL-17A,
IL1ra, IL-4, IL-5, IL-9, IL-10, IL-13, IL2 and IL-7) and growth factors (FGF basic,
PDGF-BB, VEGF, GM-CSF and G-CSF) by Luminex technic at Instituto René Rachou
(FIOCRUZ-MG) with the Bioplex- Pro Human Cytokine 27-Plex Kit (Bio-Rad,
California, USA). Acquisition occurred in Luminex 200 System and further Bioplex
Manager Software under Five Parameters Logistic Regression. The detection limits were:
CXCL8 =42,150 pg/ml; CXCL10 = 31,236 pg/ml; CCL2 = 24,282 pg/ml; CCL3 = 960
pg/ml; CCL4 = 11,233 pg/ml; CCL5 = 16,533 pg/ml; CCL11 = 26,842 pg/ml; IL-1p =
8,608 pg/ml; IL-1ra = 91,661 pg/ml; IL-2 = 18,297 pg/ml; IL-9 = 25,642 pg/ml; IL-15 =
22,328 pg/ml; 1L-4 = 4,789 pg/ml; IL-5 = 23,105 pg/ml; I1L-6 = 37,680 pg/ml; IL-7 =
16,593 pg/ml; 1L-10 = 35,170 pg/ml; IL-12p70 = 37,684 pg/ml; IL-13 = 8,090 pg/ml; IL-
17A = 28,850 pg/ml; IFN-y = 25,411 pg/ml; TNF-a = 64,803 pg/ml; PDGF-BB = 24,721
pg/ml; FGFb = 16,046 pg/ml; G-CSF = 40,049 pg/ml; GM-CSF = 12,844 pg/ml; and
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VEGF = 29,464 pg/ml. All procedures followed manufacture’s protocols, and data was
obtained in pg/ml (Figure 1B).

Statistical analysis

All groups were compared based on sociodemographic and laboratorial
parameters using log value for continuous laboratorial values. Gender was compared
using Fisher Exact Test, while age was compared with Kruskal-Wallis and Dunn’s
multiple comparison post-test (Figure 1C).

A mixed model was done to determine the influence of both age and gender in
each laboratorial parameter. For this approach, we used all groups (and outcomes), inside
package “limma” in R Studio R Studio v.2023.12.1 software (Project for Statistical
Computing Version 3.0.1). All statistical analysis (contingency and continuous
comparisons) were done also in R Studio with the proper package and considering

confidence interval of 95% and significant p when p < 0.05.

Results

We included 51 healthy blood donors, composed by 36 (70.6%) males and 15
(29.4%) females, and mean age of 32 (x 12) years. COVID-19 mild patients were
composed by 9 males (75%) and 3 females (25%), with mean age of 39 (£ 8.89). The 15
patients who required hospital attendance were divided into: 6 with Moderate COVID-
19, in which 2 were males (33%) and 4 females (67%) with mean age of 46 years (+ 23.8)
that did not require mechanical ventilation; and 9 with Severe COVID-19, in which 5
were males (56%) and 4 were females (44%), with mean age of 59 years (+ 21) and
required mechanical ventilation during hospital attendance. Chi-Square test showed
difference among gender (p < 0.0001) between our groups (Figure S1A). Regarding age,
Severe patients were older than Healthy Donors group (p < 0.001) and Mild group (p =
0.006) (Figure S1B).
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A) Gender characterization of participants
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Fig S1: Participant’s demographic characteristics. A) Demographic characterization
of participants based on group sampling. Bar graph (left) with percentage of participants,
and PCA distribution (right) based on groups and gender; B) Demographic
characterization of participants based on age sampling. Boxplot comparison (left) with

age of participants, and PCA distribution (right) based on groups and age scale.

Under 15 hospitalized patients, 2 (13.3%) had no history of previous
comorbidities. 7 (46.6%) had diabetes [3/7 died], 6 (40%) had hypertension [2/6 died], 6
(40%) had neoplasm [2/6 died]. Regarding clinical outcome, these 15 patients were
divided into Discharge (n = 10, 4 [40%] males and 6 [60%] females), which occurred in
the mean of 33 days (x 24). Only 5 (50%) required ICU and 4 (40%) required mechanical
ventilation. On the other hand, the other 5 [3 [60%] males and 2 [40%] females] patients
involved to Death in the mean of 72 days (+ 44) after hospital admission. Among them,

all required ICU and mechanical ventilation. Statistical analysis demonstrated a
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difference in gender analysis (p < 0.0001) and age (HD vs Discharge; p = 0.002), as shown
in Figure S1.

Acute COVID-19 is marked by an inflammatory and pro-inflammatory interplay

Severe patients showed lower levels of RBC, hemoglobin and hematocrit, while
increase in WBC, ANC and AMC (Table 1). Despite ALC falling significantly among
mild patients, there was no difference between moderate and severe. Neutrophil-
Lymphocyte ratio (NLR) was proposed to be an important marker for clinical progression,
and our data showed that moderate patients had a median of 36.42 x10%/uL [IQR 31.8-
48.5], higher than both Healthy Donors (HD) (p < 0.0001) and Mild (p = 0.005).
Regarding immune cells, only AEC decreased from HD to Mild group (p < 0.01) and
from Moderate to Severe (p = 0.001). We must highlight that both Mild and Moderate

groups had a significant reduction in AEC, even lower than 25" interquartile range from

HD group.

Hematological Healthy Mild  Moderate  Severe

parameters Donor ("o T(n=6) (n=g) P value

(median [IQR]) (n=51)
RBC (x10"uL) 654 [Aba a4 [aa <0000
Hemoglobin (g/dL) [131.2'-916] [131.;1%.7] [6.159.1125.2] [8.:5L?1é.7] <0.001"
Hematocrit (%) [40.?2177.4] [4(;1.4;'-28] [19?2;):(3)3.3] [25.372-'3?9.5] <0.001"
MCV (L) [84.877-;30.4] [87?1;32.1] [78?2;;?8] [84?3?332.6] 0.1773
MHC (g) 268307 (269909] [257.32) [2r8203 006
MCHC (g/dL) [33.31%.314.6] [32?.’;22.3] [32.2-354.3] [31.352:53.7] 0.0015"
RDW (%) [131.?'-714] [1?.1{3?55] [121.;?2.2] [11.18?.177.2] 0.0843
WBC (x10"uL) 527 4166 [868] [o4s MO0
ANC (x10°/uL) 2647 (2645 [1983] [eaiLy <000
ALC (x10°/uL) [1.16-825.2] [11-'2.22] [0.%-2;3] [112352] <0.001"

; 0.38 0.39 0.43 0.61 .
AMC (x107/uL) [0.304] [04-05] [0.4-05] [051 00014
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; 0.2 0.08 0.03 0.26 whes
AEC (x10'/pL) [01-04] [0-02]  [0-0] [0.1-0.5] <0-001
3 0.03 0.03 0.04 0.02
ABC (x10*/uL) 001  [0:0] 00 [001] 0.63
1.7 1.65 0.9 16 ,
0,
LUC (%) [14-2.4] [L2-2.3] [0.8-1] [13-21] 00105
; 1.89 2.16 36.42 6.67 hede
NLR (x107/pL) [15-2.3] [L.3-31] [31.8-485] [4.7-9.9] <0-001
" 205 1529 2247
Platelets (x10°/uL) (210.087] 11688  [1062-  [1478-  0.1284
2783]  2424]  360.3]
8.1 8.25 7.45 7.6
MVP (fL) [7.2-86] [7.998] [6.3-87] [7-88 27

Table 1: Hematological parameters from healthy donors, and COVID-19 groups.
Statistical analysis was performed with Kruskal-Wallis test and Dunn’s multiple post-
test. To all comparisons, a confidence interval of 95% was applied and p was considered
significant when p < 0.05.

&Significant difference between HD vs Mild;

bSignificant difference between HD vs Moderate;

Significant difference between HD vs Severe;

dSignificant difference between Mild vs Moderate;

¢Significant difference between Mild vs Severe;

'Significant difference between Moderate vs Severe.

RBC: red blood cells; MCV: Mean corpuscular value; MHC: Mean corpuscular
hemoglobin; RDW: Ratio Distribution Width; WBC: White blood count; ANC: Absolute
Neutrophil Count; ALC: Absolute Lymphocyte Count; AMC: Absolute Monocyte Count;
AEC: Absolute Eosinophil Count; ABC: Absolute Basophil Count; NLR: Neutrophil-
Lymphocyte ratio; MPV: Mean platelet volume.

Acute infection demonstrated a lower on NK, NKT cells, CMo and Th cells. On
the other hand, an increase in IMo, NcMo and aTc cells levels was seen in the Mild group,
despite IMo having no difference among other COVID-19 groups (Figure 2).
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Figure 2: Acute COVID-19 cell profile. The data is expressed as percentage of cells and
analyzed by Kruskal-Wallis and Dunn’s Multiple Comparison posttest, with confidence

interval of 95%.

Regarding soluble inflammatory and proinflammatory markers, acute COVID-19
showed an increase in CCL4, CCL11 and CXCL10, together with a reduction in CCL5
(Figure 3A). This, together with the cytokine profile with increase in IL-1p, IL-6, TNF-
a, IL-12, IFN-y, IL-17, IL-4, IL-9, IL-10, IL-13 and IL-7 mediate the inflammatory
profile during acute phase (Figure 3B). Growth factor profile demonstrates an increase in
VEGF, GM-CSF and G-CSF, when compared to healthy donor group (Figure 3C).
Interestingly, only IL-6 was higher in Severe group, when compared to Mild (p < 0.001)
and IL-4 was higher in Severe, compared to Moderate group (p = 0.0292).
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Figure 3: Acute COVID-19 soluble molecular profile. Soluble markers are distributed
into chemokines (A), cytokines (B) and growth factors (C). Data is expressed as pg/mL
and analyzed by Kruskal-Wallis and Dunn’s Multiple Comparison posttest, with

confidence interval of 95%.

Inflammatory markers are the major contributors to Severe condition, while
Moderate is influenced by reparative markers

Despite general PCA showed a segregation only under Healthy Donor group and
the other groups, it was seen that, based on immunological markers, all Mild, Moderate
and Severe patients have a very similar profile (Figure 4A). Based on contribution, Mild,
Moderate and Severe groups share the same markers, but as severity increases,
inflammatory markers of GM-CSF, G-CSF, CXCL10, IFN-y, IL-7, TNF-a, IL-1B3, VEGF
and IL-17 are the major markers that contribute to this severity (Figure 4B), as observed
into the heatmap as well (Figure 4C).
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Figure 4: Inflammatory markers are the major contributors to Severe condition in acute
COVID-19 patients. (A) PCA segregation based on grouping; (B) PCA with contributors
to acute condition, with point colored by the groups and arrows by the contribution; (C)

Heatmap with all features clustered in the rows, and groups organized by the columns.

From Healthy to Mild (symptomatic with no need of hospitalization) condition,
we observed that GM-CSF, IFN-y, IL-12, IL-10 and IMo had the biggest increase, while
NKT cells, CCL5 and IL-15 had the highest decrease. From Mild to Moderate
(hospitalized with no mechanical ventilation requirement), NLR, NKT cells, CXCLS, IL-
6 and G-CSF were the major markers to increase, while NcMo, eosinophil (%) and ALC

had the highest decrease. Thus, those patients that are under hospital attendance, and
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require mechanical ventilation, transitioning from Moderate to Severe condition,
eosinophil (%) and AEC and had the highest increase in blood circulation, together with
NcMo, ALC and IL-12 (Figure 5). These markers suggest their capacity to act as
hallmarks of disease progression.

Mild / Healthy Donors Moderate / Mild

Severe | Mild Severe ( Moderate

—— | |

LA

Figure 5: Fold Change (FC) analysis with the mean of each parameter from the groups,

isolated by Dunn’s post hoc and organized based on FC result.

Producers’ analysis supports that severity is marked by high production of
inflammatory markers

Furthermore, COVID-19 groups were isolated, and the global median was
calculated, as described before. Our findings highlight that Mild condition was
exclusively marked by higher production of 10 markers: IMo, hematocrit, hemoglobin,
NcMo, B1 cells, T and Th cells, lymphocytes (%), RDW and RBC. While Moderate group
was the higher producer of only basophil count, MCHC and NKT cells. Severe group was
marked by higher production of 19 markers: FGF basic, AMC, IL-9, IL-13, IFN-y,
platelets, IL-1pB, aTc cells, GM-CSF, aTh cells, VEGF, IL-4, TNF-0, CCL4, IL-17, IL-2,
IL-1RA, PDGF and Tc cells (Figure 6).
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Figure 6: High producers’ analysis among COVID-19 groups. Higher producer calculus

was used with percentile 50" in the groups of Mild (A), Moderate (B) and Severe (C).

Intersection of each group and elements is described on the report (D).

Correlation matrices were performed by isolating each group and using all

parameters. The Healthy Donor group showed weak correlations between the parameters,

while Mild group were more strong correlations, whether positive or negative.

Hospitalized groups had fewer correlations, when compared to Mild group, which could

be related to hospital attendance (Figure 6).
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Eosinophil has increased on those hospitalized patients with COVID-19 with
worse outcome

We applied our data into a mixed model to determine the logFC of acute COVID-
19 groups, using Healthy Donors as a reference group, and including gender and age as
cofounding factors. Gender did not show any significant interference among any marker,
however, age demonstrated to interfere with AEC (logFC = -0.028, p = 0.0154) and
eosinophil (%) (logFC =-0.147, p = 0.0163). The Spearman correlation test was made to
identify the relation of both parameters to age. When grouped all patients, age had a
negative correlation only to eosinophil (%) (r = -0.31, p = 0.0067), but lost significant
when stratified by groups (Figure S2). Despite that, we controlled our groups based on
both demographic conditions.

Mild condition had highest logFC on cytokines, mainly inflammatory and
proinflammatory, IFN-y (logFC = 18.4, p < 0.001), IL-10 (logFC = 16.7, p = 0.012),
VEGF (logFC = 11.4, p = 0.002) and IL-12 (logFC = 10.8, p = 0.003), while the lowest
FC were found in CCL5 (logFC = -443.3, p < 0.001), CMo (logFC = -36.6, p < 0.001)
and IL-15 (logFC =-17.9, p < 0.01). A similar profile was seen in Moderate patients, with
higher logFC of CXCL10 (logFC = 1,160, p < 0.01) and NLR (logFC = 40.9, p < 0.01).
The Severe group also had the highest logFC on CXCL10 (logFC = 692, p = 0.002),
followed by PDGF (logFC = 103, p = 0.043) and IL-1RA (logFC = 39.1, p = 0.001). All
parameters are plotted into a radar graph, sorted by group in Figure 7.
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Figure 7: Radar graphs sorted based on up- and down-regulation from logFC obtained
from Healthy Donor group, controlled by participant’s age and gender. For plotting
purposes, all data was transformed to log scale, and the size of the graphs was established
in a range of -4 to 4 logFC. To negative FC, parameters are aimed to the center of the
graph, while positive FC is aimed to the outside. Parameters were numbered, and
categorized based into blood count markers, leukocytes (obtained by flow cytometry),

chemokines, cytokines and growth factors.

Furthermore, we divided the Moderate and Severe groups based on hospital
outcome, into Discharge and Death groups, from those patients that involved to discharge
(n =10) or death (n = 5) outcomes, respectfully. Even though they share a similar profile
of logFC, we constructed a Venn Diagram to look for shared parameters between Mild
group and both outcomes. Our findings demonstrated that the markers evaluated here
were not sufficient to determine which hospitalized patients can involve to discharge.
However, those who involve to death had increase in AEC, eosinophil (5) and LUC (%)
(Figure 8). Hospitalization, despite the outcome, was marked by an increase in WBC, and

lower on ALC, hemoglobin, lymphocyte (%), RBC, hematocrit and Th cells.
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Figure 8: Selection of major immune markers for up- and down-regulation of conditions
normalized by HD group. Radar graphs (top) demonstrate the significant fold change of
markers related to HD group. Venn Diagrams (bottom) shows the markers shared for the

upregulated (red) and downregulated (blue) among groups.

Discussion

The entire world faced a public health issue that turned to the pandemic condition
experienced in 2020. Among major contributors to the rapid spread of SARS-CoV-2 and
development of extreme critical conditions, many studies highlighted the absence of
immunity but also risk factors. With that in mind, we proposed to understand the
immunological features related to prime infection in mild, moderate and severe patients,
using a healthy donor group as reference. That, related to hospital admission and outcome
allowed us to identify eosinophil laboratorial values (both absolute and percentage) as
possible markers of worse outcome in COVID-19 patients.

Despite few studies determining the difference among viral characteristics based
on gender, we found no interference in immune parameters observed in our study. Age
by itself has been described as a factor in immune parameters, named immune senescence,
and has been an important field of study (HOU et al., 2022; HU et al., 2021;
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MODERBACHER et al., 2020). The distribution of patients in our study showed that the
severe group was older than the reference group, which is in accordance with other studies
before, relating the older ages as risk factor for severity in COVID-19 clinical
management. Elderly condition follows many chronic comorbidities, that may enhance
lung tissue lesion (mainly), but also other complications (SCULLY et al., 2020), which
corroborate to the characteristics of our patients.

The hematological changes observed in our data are sustained by a systemic
pathophysiology from the disease. Thrombotic events were previously described among
patients with COVID-19, where it was shown that oxygen supplementation induces an
increase in fibrinogen levels and further to RBC aggregation, RBC aggregates strength
and blood viscosity. These aggregates can impact the availability of RBC into the blood
vessels, but, together with RBC membrane damage and higher phosphatidylserine (PS)
exposure, it contributes to removal from the spleen (KLEI et al., 2017; NADER et al.,
2022). These features lead to a cascade of event where lower RBC in the blood take to a
hypoxia condition (BERZUINI et al., 2021), which corroborate to the need of mechanical
ventilation in Severe group.

Regarding inflammatory status seen in our patients, the neutrophil involvement
was extremely increased in Severe, which was seen by other authors (BALZANELLI et
al., 2021; IMRAN et al., 2020; LOURDA et al., 2021; MCELVANEY et al., 2020;
MORADI et al., 2021b; ZHANG et al., 2020a; ZHAO et al., 2020). A ‘shift to the left’
effect is seen, probably due to immune dynamics related to cell production from stem
cells. Many circulating neutrophils, during acute COVID-19, share immature profile
(CD10+) and were previously correlated to inflammatory markers of CXCL8, CXCL10,
CCL3, CCLA4, IL-6, IL-1RA (CARISSIMO et al., 2020; METZEMAEKERS et al., 2021;
PARACKOVA et al., 2020; WILK et al., 2020). The role of these immature neutrophils
is still unclear whether regulatory or pro-inflammatory, but when associated to
lymphocyte count, our data demonstrated a significant reduction based on severity. For
further strategies and analysis, comprehending the mechanisms behind neutrophilia and
lymphopenia, the proliferative pattern and recruitment to local inflammatory tissue can
improve therapeutic approaches and acute clinical conditions in patients with a first-time

infection, as SARS-CoV-2 was, in our patients.
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The phenotypic profile demonstrated extremely lower counts on NK and NKT
cells during severity, dynamic also found by other authors (KIM et al., 2021; TAGHILOO
etal., 2021; ZHANG et al., 2020c), and to compromise acute cytotoxicity (ANTONIOLI
et al., 2020; LEEM et al., 2020). Under factors related to this imbalance, issues in IL-
15/1L-15RA axis were suggested as important components on NK cells functional
exhaustion, senescence and a more efficient control of viral infection (FLAMENT et al.,
2021; ZHANG et al., 2020c, 2020d).

As NK/NKT cells, monocytes subpopulations were also lowered on blood as
severity increased. These cells participate in viral recognition and elimination, including
infected cells, and although SARS-CoV-2 can infect monocytes due to their expression
of the viral receptor ACE2, an increase in granularity and permeability on endothelial
cells was described (KIM et al., 2021; MARTENS et al., 2021; ZHANG et al., 2020c;
ZHOU et al., 2020), which may justify the reduction in Moderate and Severe of our
groups. Accession of T cells showed a reduction in Th cells and increase in Tc and aTc
cells in Severe group. This profile was seen before, especially on those under mechanical
ventilation, guided mainly by inflammatory cytokines (CARISSIMO et al., 2020; LIU et
al., 2020b; MAHMOODPOOR et al., 2021; RENNER et al., 2021).

It was suggested before that these reductions in circulation are not because there
is no production or stimulus, but because they are overstimulated to migrate from
circulation to the tissue (DIDANGELOS, 2020; GEBREMESKEL et al., 2021), and to
determine this hypothesis, we accessed the soluble molecule profile.

Our findings highlight increased mean in CCL11, CXCL8, CCL4 and CXCL10 in
severe group, which, when related to the expression of adhesion molecules in circulating
leukocytes, described in the literature (GEBREMESKEL et al., 2021; MORADI et al.,
2021b; ZHANG et al., 2020a), allow us to believe in the hypothesis suggested before.
CXCL10 is known to induce activation and recruitment of lymphocytes, eosinophils,
monocytes and NK cells (JING; VASSILIOU; GANEA, 2003; YOUNG; LEE; SONG,
2009), most cells that were reduced in our findings, and together with CCL11, CXCL8
and CCL4, enhance the inflammation and degranulation of granulocytes (BELPERIO et
al., 2000; BYSTRY et al., 2001; REN et al., 2010; SMITH; HUMPHRIES, 2009).

The inflammatory profile seemed mediated by IL-1p, IL-6, TNF-a, IL-12, IFN-y,
IL-17, IL-4, IL-9, IL-10, IL-13, IL-7, VEGF, GM-CSF and G-CSF, which highlights the



153

dynamics on cytokine storm in our patients. These markers were shown before as key
markers on disease maintenance and progression to modulate immunity, activation
process, recruitment of cells, and proliferation (KNOLL; SCHULTZE; SCHULTE-
SCHREPPING, 2021; KUMAR et al., 2021; QIN et al., 2021; THEOBALD et al., 2021).
Our findings show that these markers are the major contributors to COVID-19 acute
disease. However, moderate stage has an increased contribution of growth factors, such
as GM-CSF and G-CSF, but also CXCL10, NLR and B1 lymphocytes, and stronger
correlations, when compared to the severe group. Severe conditions, on the other hand,
seemed to be more focused in inflammatory components, as WBC, IL-1p, IL-6, TNF-a,
IFN-vy, IL-17, IL-4, IL-9, IL-13, IL-7, VEGF, GM-CSF and G-CSF. The parameters here
described may be applied as markers of severe complication on hospital admission and
can be proposed to prevent respiratory issues among patients with COVID-109.

The severe group had a significant increase in IL-4 concentration, when compared
to Moderate group, and despite not significant, higher mean of IL-5 as well. Both
cytokines were shown before to induce expression of adhesion molecules and
degranulation in eosinophils, respectively (ABBAS; LICHTMAN; PILLAI, 2018). This
pattern highlights the importance of eosinophil involvement in immune pathogenesis and
severity of COVID-19. Tc cells (CD8+) were previously related to production and
induction of IL-5, which contributes to eosinophil proliferation, even indirectly. Once
disease progresses, the exhaustion in Tc cells enhance imbalance on IL-5 levels
(MARTENS et al., 2021), which may be the reason behind higher concentrations of this
marker in severe group.

Even though eosinophils were demonstrated to be markers of improvement in
disease progression (GEORGAKOPOULOQU et al., 2021; GLICKMAN et al., 2021;
GONZALEZ et al., 2021; KWIECIEN et al., 2021; LIU et al., 2021; TAN et al., 2021;
VITTE etal., 2020; YAN et al., 2021), our findings showed the opposite. The relation on
increase in eosinophil count and a better prognosis was already suggested by other
authors, however, we suggest that our patients were also degranulating, what may explain
the increased severity and collaboration to worse outcomes. Determine whether the role
of the axis IL-4/IL-5 regulates can contribute to comprehend the dynamics over

eosinophils and other granulocytes during viral clearance and tissue damage.
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During mild conditions, the eosinophil count lowered, and even more in moderate,
but during severe, it increased to values like HD group. Despite we could not access if
these eosinophils were activated or not, studies showed previously that activated
eosinophils (CD69+) were correlated to inflammatory markers, and contributed to lung
tissue infiltration, degranulation, clotting and extracellular matrix metabolization
(LOURDA et al., 2021). We believe that this response can be reflection of inflammatory
stimulus from the cytokine storm into the bone marrow, aiming to produce more innate
cells, and clear the viral infection.

Our study brings new insights into COVID-19 immune dynamics. Our groups
were obtained still during the first wave of SARS-CoV-2, when people had no immunity,
and the virus had any or few mutations reported. We believe that understanding the
mechanisms in a primary exposure to respiratory disease, and hospital clinical markers
and predictors, can improve management on future respiratory syndromes. We
acknowledge that once our recruitment period started in the very beginning of pandemics,
we couldn’t address a severity score to our patients, which we believe would normalize
our data and results to other studies. Also, the situation that the world faces, in 2024, is
an immunity better prepared, due to both previous exposure to the virus and/or
immunization. Our data of a first exposure condition can be applied to future respiratory
disease that may arise in the future, but also understanding the immune mechanisms in

hospitalized conditions.

Conclusion

Our results highlight the immune markers, based on cells and soluble molecules,
especially the ability of circulating cells and soluble molecules to participate in the
dynamics related to severity in COVID-19 patients. We showed the higher contribution
of molecules such as IFN-y, IL-1B, GM-CSF, IL-17, and TNF-q, to the clinical course of
the disease. Beyond that, we suggest that eosinophils, NcMo and ALC are potential
markers to indicate the transition from patients hospitalized to mechanical ventilation.
Eosinophils also seemed to participate in the disease progression and worse outcome,
when patient is already in a severe condition. Despite not well established, unravel the
role of this cell, and the mechanisms under tissue damage may propose novel insights in

severity for future pulmonary diseases.
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A) Age correlation to AEC using all groups (left), and separated by groups (right)
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B) Age correlation to eosinophil percentage using all groups (left), and separated by
groups (right)

[ ]
R=-0.31, p = 0.0067 »
” P * 20

L]
R=-0.048, p =001

o
(=]

—_ —_
o o

S . & Groups

= = Healthy Donor
= L] =

5 10 e* b4 =3 Mild

8 P [ ] 8 Moderate

‘@ ‘@ 0 Severe

Q Q *

L 5 Ll

75 100 0 25 75 100

50
Age (years)

50
Age (years)

Fig S2: Correlation of age with significant parameters found in mixed model. Spearman
correlation was made to age and AEC (A) and eosinophil percentage (B), group all groups

together (left) and sorted by groups (right).



169

8.4. Resumos em congresso
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Introduction: SARS-CoV-2 is the agent responsible for both severe acute respiratory syndrome
and COVID-19 pandemic situation. The transmission mechanism occurs by respiratory droplets,
what contributes to increased incidence of disease in a curtain period of time. Hematological
parameters have been described as prognostic factors to patients with COVID-19, however there
is a lack over the use of hematological count to monitor COVID-19 patients into the convalescent
stage. The main objective of this study was to describe hematological parameters under patients
with COVID-19 diagnosis and convalescent individuals. Methodology: Whole blood collected
in EDTA tube was obtained from 53 healthy donors (HD) as control group, 17 patients with
diagnosis of COVID-19, but with no need for hospitalization (NH); and 139 convalescent
individuals from COVID-19 included after 30 days of clinical recovery (CV). Hematological
evaluation was performed at ADVIA2120i equipment from Fundacdo HEMOAM, in order to
monitor parameters from red blood cells, leucocytes and platelets. Data was recorded in Microsoft
Excel 2010, and statistical analysis was performed on GraphPad Prism v.5.0, with confidence
interval of 95% and a significant p value when p < 0.05. Results: A lower mean value of MVC
and RDW was observed in CV group, when compared to other groups, while there was an
increased value on MCHC, when related to NH group. The leucocyte count was higher in CV
group, when compared to HD, which seemed guided by neutrophil and monocyte count, although
eosinophil count had a lower mean in NH group. The participation of neutrophils and monocytes
have been reported as the main immune cells involved on COVID-19 acute response.
Conclusion: Our data demonstrated influence of hematological parameter over COVID-19,
especially leucocytes, which are directly involved in acute and chronic process of response against
SARS-CoV-2. More studies are necessary to improve comprehension over the participation of
blood count on patient's prognosis.

Keywords: Blood count; SARS-CoV-2; Pandemic.
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Introduction: Coronavirus is the causative agent of the pandemic of COVID-19. It is an airborne
virus with a high capacity for infection and development of mild to severe symptoms.
Lymphocytes are the main cells involved in the viral immune response, and although several
studies describe lymphopenia as a condition of severe patients, the relationship of these cells in
response of the convalescent individuals to COVID-19 is not strongly established. Objective:
Describe the frequency of T helper (CD4+) and T cytotoxic (CD8+) lymphocytes in the immune
response of convalescent individuals from COVID-19. Methodology: 50 convalescent
individuals from COVID-19 were enrolled in this study, without symptoms for approximately 30
days prior to collection, of both genders, and without infectious diseases at the time of sample
collection. 50 candidates suitable for blood donation were included as a control group. Whole
blood was used for immunophenotyping of the lymphocyte population by flow cytometry with
phenotype markers of CD3, CD4, CD8 and CD69. The samples were acquired in the FACS Canto
Il flow cytometer of the HEMOAM Foundation. The analysis was performed in FlowJo v. 10.6
software. For statistical analysis, the unpaired T-test was done, with confidence interval of 95%
and significant p for p<0.05. Results: No significant difference was observed on
sociodemographic data under groups. In the analysis of lymphocyte count, an increase in
cytotoxic T cells and activated cytotoxic T cells was observed in the convalescent group when
compared to the control group. Conclusion: Individuals healed from COVID-19 present
increased cytotoxic T lymphocyte counts, even though 30 days after clinical recovery, suggesting
activation of these cells, besides adverse effects related to tissue damage and inflammation pattern
in convalescent patients. However, further studies evaluating other parameters of cellular
immunity are needed to describe the relationship between clinical and immunological aspects of
COVID-19.

Keywords: Inflammation; Respiratory syndrome; Brazilian Amazon.
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Introduction: COVID-19 is a viral disease caused by SARS-CoV-2 responsible for the pandemic
stage since the beginning of 2020. Patients experience a respiratory syndrome that may evolve to
death in a few weeks, marked by an inflammatory process, which includes the participation of
immune cells as a key point to viral clearance, healing process and antibody production. However,
there is still a lack over the antibody production among healed COVID-19 patients to maintain
the protection against new infections after clinical recovery. Objectives: Monitor the level of IgG
antibody against SARS-CoV-2 nucleocapsid protein over three months after infection. Methods:
This is a longitudinal study, which included 138 convalescent COVID-19 donors, analyzed 30
days after clinical recovery, and with blood sample collection every month for a three-month
period. Whole blood sample was collected in EDTA K2 to quantify automatic blood count, and
separator gel tubes to measure anti-nucleocapside SARS CoV2 IgG levels by chemoluminescent
assay. All data was recorded in Microsoft Excel 2010, to further statistical analysis in GraphPad
Prism v. 5.0. Results: From all 138 individual enrolled, 60 completed all follow-up. Paired
hematological parameters showed a significant reduction on red blood cells count, hematocrit and
monocyte after one month of clinical recovery, while only monocyte had significant reduction
over the three months period. Significant decrease was observed in mean hemoglobin
concentration and an increase in hematocrit parameter later, on the second to the third month.
Although only 49/60 (81,6%) convalescent donors were IgG+ by the time of inclusion, we could
detect a rapid decline in antibody cut-off value with the 7/49 (14,3%) of the cases were classified
as negative after 3 months of follow up. Conclusion: Anti-N IgG as measured by the Abbott test
declines very rapidly and are not indicated to detect previous infected individuals. More studies
are recommended to identify novel strategies related to diagnosis, and track of convalescent cases
into a population.

Keyword: COVID-19; Adaptive immunity; Pandemic.
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ANTICORPOS IGG ANTI-SPIKE EM DOADORES DE PLASMA
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Objetivos: A COVID-19 foi a doenca que causou 0 quadro de pandemia, ocasionando diversos
casos e Obitos ao longo do mundo. Uma estratégia para o tratamento de quadros graves da
COVID-19 foi o uso de plasma convalescente, obtido de doadores convalescentes da doenga, com
alta producdo de anticorpos, de forma a permitir a neutralizacdo do virus e melhora no quadro
clinico. Embora muitos estudos destaquem o uso do plasma convalescente, poucos descrevem
propostas para coletar plasma com concentracdo de anticorpos anti-Spike aceitaveis para 0 uso
em individuos acometidos com a forma grave da COVID-19. Dessa forma, o objetivo deste estudo
foi avaliar os fatores sociodemograficos ligados a producdo de anticorpos IgG anti-Spike em
candidatos a doacdo de plasma convalescente na cidade de Manaus-AM. Material e Métodos:
Foram incluidos no estudo 123 candidatos & doacdo de plasma convalescente, do género
masculino, que tiveram o diagndstico da COVID-19 30 dias antes da doacdo, sem historico de
vacinagao prévia. Foi realizada uma coleta de 4 mL do sangue periférico para obtengéo do soro,
utilizado para quantificacdo de anticorpos 1gG anti-Spike por quimioluminescéncia, expressos em
AU/mL, através do kit Architect SARS-CoV-2 IgG Il Quant (Abbott). Os doadores foram
segregados com base na concentracgdo de anticorpos em baixa producdo (< 50 AU/mL), produgéo
intermediaria (50-1,280 AU/mL) e alta produgdo (> 1,280 AU/mL), segundo informacdes do Kit,
e recomendacao internacional. Os dados sociodemogréaficos de idade, género, cor de pele, indice
de massa corporal (IMC), uso de ventilacdo mecénica e dias internados foram utilizados para fins
de comparacdo entre os grupos. Foi realizado o teste de ANOVA, Qui-Quadrado e teste exato de
Fisher para comparacdo dos dados sociodemograficos, além dos testes de correlacdo de
Spearman. Resultados: Nossos dados demonstraram uma maior prevaléncia de doadores com
alto indice de IMC na populacdo de alto produtores de anticorpos (p = 0.0254). Além disso,
também observamos que a concentracdo dos anticorpos IgG anti-Spike apresentou grau de
correlacdo positiva com a idade (r = 0.240; p = 0.008) e IMC (r = 0.247; p < 0.006). Discusséo:
Nossos resultados demonstram uma relagdo entre a idade e o IMC na producéo de anticorpos anti-
Spike em doadores convalescentes com alta concentracdo de anticorpos. Essa relacdo pode estar
atrelada a efeitos de imunomodulagdo, bem como ao grau de lesdo tecidual e sistémico
apresentado pelos pacientes mais velhos e/ou com maior IMC. A relagdo desses fatores com a
producdo de anticorpos ainda é uma &rea pouco explorada, o que salienta a necessidade de
compreender 0s mecanismos imunolégicos associados a producdo de anticorpos, junto com a
protecdo dos pacientes convalescentes. Conclusdo: Nosso estudo demonstrou que o IMC dos
acometidos pela COVID-19 pode contribuir para a alta produgéo de anticorpos de classe 1gG anti-
Spike. No entanto, estudos adicionais sdo necessarios para compreender os aspectos imunoldgicos
associados a maior protecdo da populacéo, bem como producéo de anticorpos com maior eficacia
pelos individuos acometidos pela COVID-19.

*AM e AGC contribuiram igualmente para este trabalho.
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DINAMICA DAS SUBPOPULACOES DE MONOCITOS NA IMUNIDADE
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Introdugdo: A COVID-19 tem sido uma doenga de grande impacto para a saude publica desde
2020. Sua causa se da pela transmissdo do SARS-CoV-2, um virus altamente contagioso, que se
desenvolveu rapidamente e evoluiu um quadro de pandemia. Sua veiculagdo pelo ar facilita a
disseminacdo para muitos individuos e gera ampla variedade de sintomas, podendo ser
classificados de leves a graves, além de terem alta taxa de mortalidade. Os mondcitos foram
descritos com uma fungdo primordial no processo inflamatorio e de retroalimentagéo positiva na
resposta ao virus, porém poucos estudos avaliam sua dindmica na resposta convalescente da
COVID-19. Objetivo: Descrever as subpopulagBes de monocitos circulantes na resposta
imunoldgica de pacientes convalescentes da COVID-19. Material e Métodos: Foram incluidos
50 pacientes convalescentes, sem sintomas a 30 dias prévios a coleta, do sexo masculino, e sem
outras doencas infecciosas. Também foram incluidos 50 candidatos aptos a doacéo de sangue. Foi
utilizado sangue total para imunofenotipagem dos subtipos de mondcitos, com base na expressao
de CD14, CD16 e HLA-DR. A aquisicao dos dados foi feita por citometria de fluxo, no citbmetro
FACS Canto Il e a estratégia foi feita no software FlowJo v. 10.6. O soro foi coletado e empregado
na detecgdo de anticorpos IgG anti-S e anti-N por quimioluminescéncia na Fundacdo HEMOAM.
Para andlise estatistica, foi realizada a comparagdo dos grupos pelo teste de Kruskal-Wallis,
enquanto a correlagdo foi realizada pelo teste de Spearman. Todas as analises foram feitas no
software GraphPad Prism v. 6.0, considerando intervalo de confianga de 95% e p significativo
para p < 0.05. Resultados: N&o foi identificada diferenca estatistica quanto aos dados
sociodemograficos. Ja na quantificacdo dos mondcitos totais, foi observado um aumento
significativo dos mondcitos (p < 0,03), além das subpopulacées, onde foi observada uma reducédo
dos mondcitos classicos (p < 0,0001), e aumento nos mondcitos intermediarios (p < 0,0003) e ndo
cléssicos (p < 0,0001) nos convalescente. A andlise de correlagdo mostrou uma correlagdo
negativa entre os mondcitos ndo classicos e a produgdo de anticorpo IgG apenas anti-S.
Discussdo: Nossos resultados demonstraram um aumento significativo de mondcitos totais na
fase convalescente, o que parece ser guiado pelos mondcitos intermediarios e ndo classicos. Esses
resultados corroboram com diversos outros estudos publicados, os quais podem estar atrelados a
funcéo reparadora devido ao dano causado durante a fase aguda da doenga. Concluséo: Os dados
deste estudo demonstraram uma dindmica dos mondcitos na fase convalescente, mesmo apos a
cura clinica, que pode estar envolvido no quadro de COVID longa. Porém, mais estudos sdo
necessarios a fim de compreender a funcdo dos mondcitos durante a fase ativa da doenga, bem
como no desenrolar da fase convalescente.

Palavras-chave: Resposta imune; Células mononucleares; Sindrome Respiratéria Aguda
Grave; Inflamacdo.
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DENDRITIC CELLS ON ACUTE CELLULAR IMMUNITY AMONG
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Background: SARS-CoV-2 caused the 2020 pandemic in less than four months, and it is still
responsible for many cases around the world. Due to higher rate of contamination, the incidence
increased along time, together with death rates. Immune system plays a pivotal role on viral
clearance, once is the major factor on recognition, processing, and elimination of pathogens. These
events are mediated mainly by dendritic cells (DC), which are the main cells on adaptive immunity,
through recognition and viral presentation to T and B lymphocytes. Yet, few studies evaluate the
participation of DCs and its subtypes on COVID-19 disease activity, what highlights the need to
increase comprehension of DCs on innate and adaptive immunity among those patients infected
with SARS-CoV-2. Methods: This review was conducted on digital platforms of Pubmed and
Scielo, with original papers, published between 2019 and 2022, written in English, with the
following descriptors: “COVID-19”, “immune response”, “dendritic cells”, “inflammation” and
“adaptive immunity”. All data was stored and used further to construct the narrative review.
Results: On SARS-CoV-2 infection, plasmacytoid dendritic cells induce production of pro-
inflammatory cytokines, such as TNF-a, IL-6 and CXCLS8, what leads to cytokine storm, a key
factor on severity of infected patients. During initial steps of infection, plasmacytoid DCs rapidly
lose their ability to produce antiviral mediators due to intracellular mechanisms, which takes to
low count, but also limits type | IFN, and contributes to viral persistence. The reduce on activation
and maturation on DCs interfere on antigen presentation, culminating on a further low cellular
response and worse patient’s prognosis. Myeloid DCs express low HLA-DR on membrane, but
there is few or any functional changes. Conclusion: Plasmacytoid DCs plays an important role on
acute inflammation, and we strongly believe there is a pivotal participation on cytokine storm and
subsequently on severity stage, however few studies support higher conclusions over DCs as
leaders on inflammatory condition experienced by severe patients. Instead, we must consider that
more studies are recommended to improve the knowledge over cellular immunity available, and
maybe suggest a biomarker for prognosis on future cases.

Keywords: COVID-19; Immune response; Inflammation; Adaptive immunity.

Financial Support: FAPEAM, CAPES, CNPQ, HEMOAM DIAGNOSTICOS, FUNDACAO
SANGUE NATIVO, FUNDACAO HEMOAM.



175

CYTOKINE STORM RELATED TO DEATH IN COVID-19 SEVERE
PATIENTS WHO REQUIRED HOSPITAL ADMISSION IN MANAUS-AM,
BRAZIL

Alexander Leonardo Silva-Junior®!; Rechfy Kasem Abou Ali?; Myuki Alfaia Esashika
Crispim®3; Danielle da Costa Marques Aponte*; Tatiana Campos de Oliveira*; Maria do Carmo
Costa da Silva®; Miharu Maguinoria Matsuura Matos*; Maria do Socorro Sampaio Carvalho?;
Andrea Monteiro Tarrago'*°; Andréa Teixeira-Carvalho®; Licia Helena Faccioli’; Carlos
Artério Sorgi?®; Ester Cerdeira Sabino®; Olindo Assis Martins-Filho®; Nelson Abrahim Fraijit;
Allyson Guimaraes da Costal?*5; Adriana Malheirg®1235

0. Programa de Pos-Graduacdo em Biotecnologia (PPGBIOTEC), Universidade Federal do
Amazonas (UFAM), Manaus, AM, Brazil;

1. Fundacdo Hospitalar de Hematologia e Hemoterapia do Amazonas (HEMOAM), Manaus, AM,
Brazil;

2. Programa de P6s-Graduacdo em Imunologia Basica e Aplicada (PPGIBA), Universidade Federal
do Amazonas (UFAM), Manaus, AM, Brazil;

3. Programa de Pés-Graduacdo em Ciéncias Aplicadas a Hematologia (PPGH), Universidade do
Estado do Amazonas (UEA), Manaus, AM, Brazil;

4. Hospital Universitario Getulio Vargas (HUGV), Manaus, AM, Brazil;

Rede Gendmica em Salde do Estado do Amazonas (REGESAM), Manaus, AM, Brazil;

6. Grupo Integrado de Pesquisas em Biomarcadores de Diagnéstico e Monitoracdo, Centro de
Pesquisas René Rachou, Fundacdo Oswaldo Cruz (FIOCRUZ), Belo Horizonte, MG, Brazil;

7. Faculdade de Ciéncias Farmacéuticas de Ribeirdo Preto, Universidade de S&o Paulo, SP, Brazil;

8. Faculdade de Filosofia, Ciéncias e Letras de Ribeirdo Preto (FFCLRP), Ribeirdo Preto, SP, Brazil;

9. Faculdade de Medicina da Universidade de S&o Paulo (FMUSP), S&o Paulo, SP, Brazil.

o

Background: SARS-CoV-2 caused the pandemic in 2020, and worsened in 2021, with
developing of new variants and many cases worldwide. The absence of effective protection
against the virus, attached to the naive characteristic of public health for respiratory syndrome
management culminated in a higher number of cases and deaths. Many studies determined the
immune key points for disease severity, however, only a few comprehend the mechanisms related
to death after hospital admission. Methods: In this study, we enrolled 51 healthy donors without
SARS-CoV-2 infection history, 12 patients with mild disease and 15 patients who required
hospital admission in Manaus-AM, Brazil. These were divided into 10 who had hospital discharge
and 5 who involved to death. Whole blood was obtained and used for all methods. Cell profile
was characterized by flow cytometry, while 27 soluble molecules were measured by Luminex.
From data obtained, a Kruskal-Wallis and Dunn’s test was performed, using a confidence interval
of 95%. Results: Those patients who required hospital admission were marked by low NK and
NKT cells, together to a high intermediary and non-classical monocyte count. Cytotoxicity was
seen and supported by inflammatory and regulatory markers, mediated mainly by IFN-y levels,
CXCL10 and CXCL8. When we analyzed the severity subgroups, a similar pattern was seen,
however, B1 lymphocyte were higher on those who involved to death. Conclusion: Inflammation
has a significant impact in severity of COVID-19, however, lower on NK, NKT and monocyte
subtype cells in severe patients, together to analysis of B1 lymphocytes can have a pivotal role in
disease biomarker and prediction of death under in-hospital patients. The mechanisms related to
these observations must be analyzed, and a higher cohort must be performed to validate these
parameters as possible biomarkers for clinical prediction.

Keywords: SARS-CoV-2; Biomarkers; Brazilian Amazon; Innate immunity.
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10. ANEXOS
10.1. Parecer consubstanciado do Comité de Etica em Pesquisa da Fundag&o
Hospitalar de Hematologia e Hemoterapia do Amazonas (CEP-HEMOAM)
10.1.1. Parecer do projeto “Estudo de Biomarcadores Imunologicos em pacientes
Convalescentes da Infeccao pelo Virus SARS-CoV-2 (COVID-19)”

FUNDACAO DE
HEMATOLOGIA E W
HEMOTERAPIA DO

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Estudo de Biomarcadores Imunolégicos em pacientes Convalescentes da infecgao
pelo Virus SARS-CoV-2 (COVID-19).

Pesquisador: Adriana Malheira

Area Tematica:

Versdo: 2

CAAE: 30975020.9.0000.0009

Instituigdo Proponente: Fundacao de Hematologia & Hemoterapia do Amazonas - HEMOAM
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Namero do Parecer: 4.126.784

Apresentagdo do Projeto:

Este estudo serd composto por trés grupos. O grupo 1, pacientes convalescentes candidatos 4 doagio de
plasma, o G2 doadores de sangue saudaveis (grupo controle) e G3 pacientes internados em enfermaria ou
UT! dos hospitais que atendem pacientes com Covid-19 e que aceitarem participar da pesquisa.

Os pacientes convalescentes serdo incluldes por demanda espontanea & medida que forem recrutados
pelo Hemoam para doagao de plasma convalescents. Estima-se estudar 200 pacientes. O Hemoam, através
da Secretaria de Salde e da Fundagio de Vigildncia em Salde, terd acesso A lista de pacientes
convalescentes, de acordo com o projeto *  aprovado pelo CEP". Estes candidatos 4 doacgao de plasma
serdo contactados pelo servigo social do Hemoam. Pacientes que voluntariamente procurarem a equipe do
projeto ou o Hemoam também poderdo ser incluidos no projeto. Para o grupo controle também serdo
inseridos 200 doadores de sangue saudavel, gque serfo abordados pela equipe do projeto no momento da
doagfo. Para o G3, serfo incluldos pacientes internados em enfermarias ou UTls de Covid-19, do HUGY
fque anuiu sua participa¢do ao projeto. Estes pacientes serdo contactados pela equipe de
enfermagem/residentes/equipe médica (médica responsdvel Dra Alena Mileo), do hospital para aplicagdo do
TCLE, para o paciente ou seus familiares. Estimamos estudar neste grupo 200 pacientes, que sero
incluidos por demanda espontanea, no periodo de julho a dezembro de 2020.

O presente projeto visa avaliar o perfil de resposta imune na infecgdo pelo SARS-COVI-2,
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10.1.2. Termos de Consentimento (TCLE) aplicado

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO -
DOADOR DE PLASMA CONVALESCENTE - Grupo 1
CAAE: 30975020.9.0000.0009

Centro de Pesquisa: Universidade Federal do Amazonas (UFAM)/ Fundagédo Hospitalar
de Hematologia e Hemoterapia do Amazonas (HEMOAM).

Projeto: Estudo de Biomarcadores Imunoldgicos em pacientes Convalescentes da
infeccdo pelo Virus SARS-CoV-2 (COVID-19).

Pesquisador Principal: Dra. Adriana Malheiro Alle Marie

Telefone de contato: (92) 99114-9478

Convidamos o Sr. a participar da pesquisa sobre o estudo de biomarcadores
imunoldgicos (proteinas presentes no sangue) em pacientes que se recuperaram da
infeccdo pelo Coronavirus. O objetivo desta pesquisa é descrever potenciais
biomarcadores imunolégicos e inflamatorios em Doadores de Plasma obtidos de
pacientes que se recuperaram da infeccdo pelo Virus SARS-CoV-2 (COVID-19) e
associar com a cura e producdo de anticorpos nestes individuos.

A sua participacdo é voluntaria e se ndo concordarem participar ou alterar a sua
deciséo e retirar o consentimento a qualquer momento do estudo, o seu tratamento nédo
sera prejudicado. Sera possivel fazer todas as perguntas que quiser em qualquer momento
do estudo. Vocé tem todo o tempo que quiser para decidir e discutir a situacdo com
pessoas de sua confianca.

Para sua participacdo ha necessidade do preenchimento do questionario de rotina
para doacdo de amostras de sangue (equivalente a duas colheres cheias), verificacdo de
peso e pressdo arterial. Além disso, somente serdo aceitos individuos que possuam
resultado de PCR positivo para Coronavirus ou teste rapido IgM/IgG positivos, que
estejam assintomaticos por pelo menos 14 dias antes da coleta. Que ndo tenha recebido
transfusdo nos ultimos 12 meses. Que durante a infeccdo, apresentaram sintomas clinicos
leves ou com necessidade de internagdo. Que estejam aptos nas triagens clinica,

hematologica e laboratoriais de rotina para doacéo de sangue.



189

O senhor sera entrevistado por um médico/enfermeiro para registro de
informacdes sobre o tempo e sinais clinicos apresentados durante a infeccdo. Se o senhor
estiver apto nas triagens anteriores, sera coletada uma amostra de seu sangue para a
verificagcdo da presenca de anticorpos que protegem contra o Coronavirus e ainda uma
amostra do interior de suas narinas e garganta para verificar se o0 seu organismo eliminou
completamente o Coronavirus. Se 0 senhor estiver apto nas triagens acima, serdo
realizados os exames de outras doencas como Hepatite B, Hepatite C, HIV, Sifilis, Chagas
e tipagem sanguinea. Com a aptidéo nestes exames, sera agendada uma coleta de sangue
para 0 estudo e posteriormente, sera realizado a coleta de mais duas amostras de seu
sangue, 60 e 90 dias apds a primeira coleta de amostra para verificar a concentracdo de
anticorpos contra o Coronavirus e das proteinas presentes no seu corpo.

Vocé ndo tera qualquer custo ou qualquer forma de pagamento/remuneracao por
sua participacdo neste estudo. Solicitamos sua autorizacdo para armazenarmos uma
amostra de seu sangue e plasma para uma nova testagem se for necessario e outros exames
que ndo estejam previstos aqui, mas que sejam necessarios para o estudo. O sangue
coletado ficara armazenado no biorrepositério da Fundacdo HEMOAM para futuras
analises e avaliagdes ligadas ao projeto. No caso de amostra insuficiente, quebra do tubo,
hemdlise, o senhor serd avisado para que retorne ao HEMOAM para realizar nova coleta
de sangue para a realizacdo dos exames.

Se vocé sofrer algum dano ou intercorréncia, devera falar para alguém da equipe
da pesquisa imediatamente ou em caso de emergéncia, podera contatar diretamente Dra.
Adriana Malheiro Alle Marie, pesquisadora do estudo, através do telefone (92) 99114-
9478. Nos Ihe daremos toda assisténcia integral e gratuita e que for necessaria para
garantir seu bem-estar. Os membros da equipe do projeto de pesquisa irdo garantir que
vocé receba assisténcia imediata caso tenha quaisquer tipos de danos, diretos ou indiretos,
imediatos ou tardios, sofridos no decorrer de sua participacdo na pesquisa, previsto ou
ndo neste documento.

Os riscos de participacdo neste projeto estdo relacionados ao desconforto da
puncdo da veia para coleta das amostras. Durante a coleta de sangue o senhor podera
sentir tremores e dorméncias nos labios, desconforto no local da coleta e uma mancha

vermelha podera aparecer no local, mas é uma reagdo normal a coleta de amostras.
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Os beneficios de sua participacao estdo direcionados ao auxilio no entendimento
da doenca (COVID-19) e o que ela produz no corpo dos pacientes, além de ser possivel
identificar proteinas que possam demonstrar os pacientes que irdo produzir uma resposta
eficiente do organismo ao virus. Essa pesquisa ndo trard nenhum tipo de beneficio direto
ou remuneracao de nenhuma espécie para os participantes deste projeto, mas irdo ajudar
a entender a doenca e os pacientes que forem infectados no futuro.

Os exames e procedimentos realizados exclusivamente com fins de pesquisa ndo
implicardo qualquer custo para vocé. Os acompanhamentos médicos ap6s a doagao serdo
realizados por telefone; se necessario, vocé recebera um ressarcimento pelos gastos
relacionados a sua participacdo no estudo. Apesar de ndo haver compensacéo financeira,
ao assinar este termo de consentimento vocé ndo renunciard a nenhum dos seus direitos
legais, garantidos na regulamentacéo brasileira de pesquisa envolvendo seres humanos,
sendo um de seus direitos a solicitacdo de indenizacao.

Vocé pode ser excluido do estudo se 0s pesquisadores considerarem oportuno ou
se vocé solicitar, tanto por raz6es de seguranga, por qualquer desconforto que ocorra ou
por considerar que vocé ndo esta cumprindo os procedimentos solicitados pela equipe do
estudo. Em todos os casos, vocé receberd uma explicacdo adequada do motivo que
ocasionou a sua retirada do estudo. Além disso, o estudo também pode ser cancelado por
razOes administrativas. Ao assinar este Termo de Consentimento Livre e Esclarecido,
VOCé se compromete a cumprir com os procedimentos do estudo que foram explicados.

Para obter mais informacGes sobre este estudo ou para qualquer informacéo
adicional sobre os seus direitos como participante, ou se vocé quiser fazer uma
reclamacdo, por favor, entre em contato com o pesquisador responsavel do estudo: Dra.
Adriana Malheiro Alle Marie, no endere¢co Av. Constantino Nery, 4397, Bloco E, 1°
andar, Chapada, Manaus - AM; telefone (92) 99114-9478 ; e-mail
malheiroadriana@yahoo.com.br.

Em caso de davidas, denuncias ou reclamacdes sobre a sua participacdo e sobre
questdes éticas do estudo, vocé pode entrar em contato com o Comité de Etica em
Pesquisas (CEP) da Fundacdo Hospitalar de Hematologia e Hemoterapia do Amazonas
(HEMOAM); e-mail: cephemoam@gmail.com; endereco: na Av. Constantino Nery,
4397-Chapada, Bloco A, 2° andar, Sala 13 (CEP-HEMOAM), Chapada, Manaus - AM,;
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telefone: (92) 3655-0114. O horéario de funcionamento do CEP é de 8 as 14 horas, de
segunda a sexta-feira.
Eu li este documento ou ele foi lido para mim, fico ciente e concordo em fazer a

doacéo.

Eu (nome completo),

e Tive a oportunidade de tirar ddvidas sobre o estudo.
e Recebi informacoes suficientes sobre o estudo.
e Serei informado regularmente sobre qualquer informacdo que possa afetar a
minha disponibilidade em continuar a minha participacédo no estudo.
e Autorizo o acesso as minhas informaces confidenciais.
e Autorizo o processamento de minhas informacdes e amostras.
e Entendo que receberei uma via deste termo.
e Entendo que a minha participacéo é voluntaria.
e Entendo que posso retirar 0 meu consentimento e concluir a minha
participacao:
1. Em qualquer momento
2. Sem dar qualquer explicacao
3. Sem que prejudique meu tratamento posterior
Ofereco livremente 0 meu acordo para participar deste estudo e dou o0 meu
consentimento para acessar e usar os meus dados nas condic¢des descritas neste Termo de

Consentimento Livre e Esclarecido.
( )SIM ( )NAO
Concordo que as amostras serdo armazenadas para um biorrepositorio e autorizo
contato, caso necessario, para futuros estudos que possam ocorrer, aprovados pelo CEP

e, quando necessario, pela CONEP.

( )SIM ( )NAO
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10.2. Valores de sensibilidade e especificidade do teste imunocromatografico
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) o _ RT-PCR
> 14 dias do inicio dos sintomas Total
Reagente N&o reagente
COVID-19 1gG/IgM Reagente % 0 %
Total 98 0 98

Resultado de Sensibilidade combinada (IgG + IgM) do COVID-19 IgG/IgM ECO Teste em
amostras coletadas entre 7 e 14 dias do inicio dos sintomas.
Sensibilidade (1gG + IgM): 96,94%.



194

10.3. Valores de concordancia positiva do teste CMIA qualitativo

Dias gpés 0 inicio n Positivas Negativas CPP

dos sintomas (1C 95%)
<3 4 0 4 (0.86?2?24)
37 : 2 © | (3196500
613 22 19 S| (@s09.9700
> 14 o8 o8 0 | (@589 10000

Concordancia Positiva por dia ap6s o inicio dos sintomas.
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10.4. Valores de concordancia positiva do teste CMIA qualitativo e quantitativo

Dias apos o inicio n Positivas Negativas CPP

dos sintomas g (1C 95%)
51.69%

<7 118 61 57 (42.77, 60.51)
87.12%

8-14 163 142 21 (81.11, 91.42)

0,
>15 158 157 1 99.37%

(96.50, 99.97)

Concordancia Percentual Positiva por Dias Apos o Inicio dos Sintomas.

Dias apds PCR n Positivas Negativas CPP
positivo g (IC 95%)
66.36%
<7 220 146 4 (59.89, 72.28)
97.04%
8-14 135 131 4 (92.63, 98.84)
0
" " - . 98.81%

(93.56, 99.94)

Concordancia Percentual Positiva por Dia Ap6s Resultado Positivo e PCR.
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10.5. Orientacg6es de alunos de Iniciacéo Cientifica e em Trabalhos de Concluséo
de Curso (TCC)

CERTIFICADO

Certificamos que Alexander Leonardo Silva Junior crientou o projeto de pesquisa
descrito desenvolvido no ambito do Programa de Apoio a Iniciagdo Cientifica
(PAIC) da Fundacdo Hospitalar de Hematologia e Hemoterapia do Amazonas
(HEMOAM), no periodo de Agosto de 2022 a Julho de 2023, com carga horaria de
720 horas.

Bolsista: Henayara Kelly Trindade de Souza
Titulo do Projeto: Perfil de células dendriticas na imunidade celular de pacientes

convalescentes da COVID-19
¥,
” , “‘ﬂ /)
Tatiane AMhabile de Lima Manaus-AM, 14 de selembro de 2023
Coordenadora PAICHEMOAM
-~
4] /\ Lecrecmia de
| HEMOAM 'T) feomamicn Gancn,
h-\”; :«V»‘ --;;,;L-n l;w.-;.;h Dot rants oo Ereire) & Posgpiss Gadacs 00 Posguma, Cooromrm o o0 PAKCAHEMOM (+35 I M55 ‘mv:-

i UNINORTE

CERTIFICADO

Declaramos para os devidos fins, que

+ ﬁ(,/ M. Herarnder Sierericte f.//'y/-'r///‘r'////(.? M

Atuou como orientador de Projeto de Iniciacio Cientilica, intitulado Analise dos Fatores
Envolvidos no Incentive 4 Doaclio de Sungue e Estudantes do Evsino Supetior, realizado no
periodo de 08 de Feverelro de 2021 a 29 do Dezembro de 2022 Tendo como erlentando o aluno

Jonzstas Alencar Castro Campelo

: 1
| e
Lol
Jeftesum G de Feimoa
Cocrdrracor dn Cursa de Biomedicing

i
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g e |
- il UNINORTE ——)1
Declaramos para os devidos fins, que
4 .)‘1//}/.‘ MF%. cHorvrrider Loornavde .%%w///;////i-) 3
Atwou como arientador de Projeto de Iniciaciio Clentifics, intitudado Rasteesmento e Identificagio
de Hotspots Transfusionais no Estado do Amazonss, realizndo no penodo de 08 de Fevereiro de
2022 a 20 de Dezembro de 2023, Tendo como omenlundo o aluno omatas Alencar Castro
Campelo
Lelludor,
Jeenw R G de Lomas
Covrdenadir dir Curso de Baoenochoin
X 4 ——
TITULO DO TRABALHO DE
CONCLUSAO DE'CURSO DO CENTRO DISCENTE CURSO
UNIVERSITARIO UNINORTE
PERFIL DA COBERTURA VACINAL LAIS BRAGA DO ESPIRITO SANTO
CONTRA O HPV EM JOVENS E CRIAN(;AS BIOMEDICINA
EM IDADE ESCOLAR NA AMAZONIA MARCOS DACIO DE ARAUJO
BRASILEIRA
EMILY RAYANE BENTES
ANEMIA FALCIFORME: FERRAMENTAS JESSYCA CAROLINE SOUZA BIOMEDICINA
DE DIAGNOSTICO E TRATAMENTO LASMAR
VANESSA DOS SANTOS MOTA
ELLEN CAROLINE DA SILVA
PROTOCOLO FOLFOX NO TRATAMENTO COSTA
DE PACIENTES COM CANCER THATIAC';\ISNRSEILE\(/:E? SILVA FARMACIA
COLORRETAL EM ESTAGIO Il
YASMIM NASCIMENTO DE
PAULA
QUIMERISMO: MECANISMOS JULIANNA CRISTINA AYRES DA
ENVOLVIDOS NO POS TRANSPLANTE DE | SILVA BIOMEDICINA
MEDULA OSSEA — REVISAO JESSICA FERNANDA DE ALMEIDA
SISTEMATICA PRISCILA RETROZ MAGALHAES
RASTREAMENTO DA DOENCA DAIANE DA COSTA FERREIRA
FALCIFORME ATRAVES DO TESTE DO LEANE FERREIRA CAETANO BIOMEDICINA
PEZINHO NO BRASIL GABRIELE DOS SANTOS
DANIEL JACQUIMINOUTH
FERRAMENTAS DE DIAGNOSTICO DA RODRIGUES BIOMEDICINA
LEUCEMIA LINFOIDE AGUDA JACQUELINE PINHEIRO DA SILVA
LIDIANE COSTA BANDEIRA
A EVOLUQAO NO TRANSPLANTE DE NUBIA BEATRIZ DE LIMA BIOMEDICINA

MEDULA OSSEA

CLAUDIO




NAYANDRA DA SILVA LOPES

PABLO LUCAS LOPES DE ARAUJO
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GENERO E HPV: PERFIL DE
SUSCETIBILIDADE AO

AMANDA LIMA SEIXAS

JUCILANE PINHEIRO DOS

DESENVOLVIMENTO DE CANCER SANTOS BIOMEDICINA
PENIANO OU DE COLO UTERINO SILAS PRATA E SILVA
ATUACAO DOS LINFOCITOS NA 10 DA SILVA VEIGA
INFECCAO AGUDA E CRONICA DO VIRUS - . BIOMEDICINA
DA IMUNODEFICIENCIA HUMANA (HIv) | RAIANA THAIS APARAI RIBEIRO
REACAO EM CADEIA DA POLIMERASE NO ANDERSON DA COSTA
AMBITO DA GENETICA FORENSE: RODRIGUES
PARADIGMA CIENTIFICO AO IVANI CUNHA NOGUEIRA BIOMEDICINA
LABORATORIO DE BIOLOGIAE YANARA BIANCA DA SILVA E
GENETICA DO AMAZONAS SILVA
RASTREIO DAS LESOES PRECURSORAS FABIOLA RtﬁE“’ngb'}%FERRE'RA )
DO CANCER DE COLO DE UTERO, i} > FARMACIA
VANTAGENS DOS METODOS AUXILIARES gﬁ@iARA JANAINA PAULA DA
LUPUS ERITEMATOSO SISTEMICO: AMANDA ARAUJO AMARAL
CARACTERISTICAS CLINICAS EM ANGELICA ISABELLA RENDON | BIOMEDICINA
MULHERES RODRIGUEZ
O USO TERAPEUTICO DA ISOTRETINOINA
ORAL EM PACIENTES COM ACNE
VULGAR E SEUS EFEITOS ADVERSOS: BEATRIZ VIEIRA CONDE BIOMEDICINA
UMA REVISAO BIBLIOGRAFICA
A BIOQUIMICA CLINICA NO
ACOMPANHAMENTO DA LESAO MARJORIE PAULA MELO DA BIOMEDICINA
HEPATICA EM PACIENTES COM CRUZ
HEPATITE A
PERFIL DE LINFOCITOS NA IMUNIDADE
CELULAR DE PACIENTES
CONVALESCENTES DA INFECCAO POR LUCAS DA SILVA OLIVEIRA BIOMEDICINA
SARS-COV-2 (COVID-19)
SUBPOPULACAO DE MONOCITOS NA
IMUNIDADE CELULAR DE PACIENTES NARA CAROLINE TOLEDO BIOMEDICINA
CONVALECENTES DA INFECCAO PELO BELEZIA
VIRUS SARS-COV-2 (COVID-19)
O PAPEL DA BIOMEDICINA NO INESSA DA SILVA BENITAH
DIAGNOSTICO E ACONSELHAMENTO
GENETICO NOS CASOS DE ANEMIA PATRICIA GISELLE ALMEIDA DE | BIOMEDICINA
FALCIFORME - REVISAO LITERARIA ALCANTARA
PROTOCOLOS DE
ELETROTERMOFOTOTERAPIA E
EXERCICIOS TERAPEUTICOS NA
MELHORA DOS SINAIS E SINTOMAS EM NATHALIA gngiTD”E\'A ARRUDA | 161 0TERAPIA
INDIVIDUOS COM DISFUNCAO
TEMPOROMANDIBULAR: REVISAO DE
LITERATURA
YASMIM CAROLINA DE
O DNA NA BUSCA DE PESSOAS SOUZAQUEIROZ
DESAPARECIDAS: UMA REVISAO DE BIOMEDICINA

LITERATURA

HELIO LUCAS ASSUNCAO DA
SILVA SOUZA
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PARTICIPAGAO DE NEUTROFILOS NA

PATOGENESE DA ANEMIA FALCIFORME HERSHILEY OLIVEIRA BIOMEDICINA
RASTREIO DE INTERRUPCOES DE -
CONCENTRADO DE HEMACIAS NO JONATAS?A‘&ES_A‘OR CASTRO | LARMACIA

AMAZONAS DE 2015 A 2019
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Abstract: SARS-CoV-2 serologic surveys estimate the proportion of the population with antibodies
against historical variants, which nears 100% in many settings. Mew approaches are required to fully
exploit serosurvey data. Using a SARS-CoV-2 anti-5pike (5) protein chemiluminescent microparticle
assay, we atlained a semi-quantilative measurement of population IgG titers in serial cross-sectional
monthly samples of blood donations across seven Brazilian state capitals (March 2021-November
2021). Using an ecological analysis, we assessed the contributions of prior attack rate and vaccination
to antibody titer. We compared anti-5 titer across the seven cities during the growth phase of the
Delta variant and used this to predict the resulting age-standardized incidence of severe COVID-19
cases. We tested ~780 samples per month, per location. Seroprevalence rose to >%5% across all
seven capitals by Novernber 2021, Driven by vaccination, mean antibody titer increased 16-fold over
the study, with the greatest increases occurring in cities with the highest prior attack rates. Mean
anti-5 IgG was strongly correlated (adjusted B2 = 0.89) with the number of severe cases caused by
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Uso terapéutico do plasma rico em plaquetas na prevenciio de cicatrizes
inestéticas em animais e humanos

Therapeutic use of platelet rich plasma in prevention of unaesthetic scars in
animals and humans

Lima RAM', Belezia NCT?, Malheiro A*, Silva-Junior AL

Lima RAM, Belezia NCT, Malheiro A, Silva-Junior AL. Uso terapéutico do plasma rico em plaquetas na prevengio de oxatrizes
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RESUMO ABSTRACT

O desenvolvanento de lesbes na pcle pode CRUSAT A Presenca de  The developmens of thin lestans can couse the gy ewnee of sears,
cicatrizes. is quais estho a whick are associated fo aesthefic issues, especiaily it women. The
prmcipabmente emn mulheres. Ousadol’hmlmanl'hqueh wie of Platelel Rick Plassa (PRP) tn post-nvgery showed a betler
(PRT) 20 pds-cinwrgico mostrou meoe gray de cicattizagio, com  degree of healing, wirh fess marks amd discongoii due fo the

menores marcss e descontorios, devido & producho ¢ medsadores
anti-inflamatorios ¢ melhor reparo tecidual. Desta forma, nosso
objetivo & realizar wn Jev ento dos Hados obtidos por
estudos publcados guanto a efichcin do uso terapéutico do PRP na
cicntrizagho de forides em animms ¢ smmos. Com isso. foi
realizada wma revisido da literatwrz, com artigos das plazaformas
MSMWMhm de 2000 a 2023, que
utilizon seves 1 uso de PRP ¢ com
uma descricao da dlach do pmeetneua Tdentificamos que
1694 artigos encostrndos atendenan aos aritérios, ande slom dos

production of ann-infl tiafors and dester lssue
rapan, owammwmommasmq of the res uits obtmaned
b published snudies regavding the effecnveness of the thevapenitic
wie of PRP tn tive healimg of wounds iw animals and hwwows. To
achueve our aim, we conducted a reyees, with arvicles from digiial
Platforms, from 2000 and 202 3, winck used people or animals, who
wsed PRP and who had a dercriprion of the effectiveness of the
ocedwre. Theve were adenfified 1694 arficles W mer the
atteia, where i addinon ro humans, reseach alio wied rabburs,
mahm dogr, and Mores PRE was pregenvad i heterologous,

humanos, ﬁotmmmzmspesqdmmoodbol. d s e
equinos. O PRP foi preparado de formas heterdl hoeublogn ¢
autologa, emudoqnbo:swmwuouuumzm
gueinndos, como ooadjwmemmm e fecido cutineo cem

de e em cicalrizes de pos-
opmmdodo cirmpia piistica Tndependente da sdministragho. ol
observado que seu efelto repruador ¢ mior nas primeias fses da
cicorizagho. Cowm isso, superimos que 0 PRP ¢ um bom fecurso
termpéutico durante a cicatrizagdo, ¢ embora aimda ndo se tenha um
protocodo  estabelecido pam coleta ¢ prepargao, apresenta
resultados  promissores oo pos-operatécio  cinwgico.
Recomendmmos que mais estudos sejaum realizados, € wm protocelo
seja padronzzado pars obteogdo ¢ uso do PRP de fonma segqura ¢
conlivel

Palavras chave: Lesao tecidual; reparagdo secidual; fator de
crescimento; rmtamento repamtivo
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Abstract

Leishmaniasis is considered by the World Health Organization (WHO) to be one of the most neglected ropical diseases in the
world. The host's inunune response is crucial for parasite elimination and, although the Thl peofile is associated with control
of iafections, if sot modulated, it can cause tissue damage. The treatvent of cutaneous leishusaniasis (CL) is still a challeage
b it is not adapted to the of the patients, and is long, foxic and avasive, Thus, this study aimed 1o evaluate the
lymphoproliferation and dosage of cytokines induced by bioactive compounds of plant and inorganic origin, with
antileishmanial action, through perpheral blood monoauclear cells (PBMCs) of patients with CL. Lymphoproliferation was
evaluated against the stimuli from the methanolic extract and fraction of Libidibia ferrea. copper complex and
phytohemsagglutinig using & BrdU cell proliferation ELISA kit after 72 hours of incubation. The dosage of IL-6. I1L-8 and 1L-
1B was determined using 3 BD™ cytometric bead amray (CBA) homan Thl Th2'Thi? cytokine kit. Our results indicate that the
bicactive substances significantly stimulated i vitro lymphoproliferation of PBMCS (Cu(l) p<0.000; LFME p<0.02) and
patients showed higher levels of TL-6 and IL-8 before treatment. It is therefore suggested that these bicactive compounds can
enhance the cellular immune response.

Koywords: Cutaneous leishmansasis; Lididibia ferrea; Copper complex; Therapeutic alternatives.

Avaliagdo in vitro da atividade imunomoduladora do complexo de cobre(l) e
Libidibia ferrea na leishmaniose cutanea

Resumo
As leishmanioses sho consideradas peln Organizagio Mundial de Saide (OMS) uma das doencas tropicais mais negligeaciadns
do mundo. A resposta imumoiogica do bospedewo ¢ determinante para eliminagdo do pamsito ¢ apesar do perfil Thi estar
associado a0 controle da infecgdo, s nio modulado, pode ocasionar danos taciduais. Otmamenﬁoda leishmaniose cutinea
{LC) ainda ¢ um desafio pois ndo € adaptado ao dos paci 30 long icos e invasivos, Desse modo, este
estudo teve como objetivo avaliar a linfoproliferacdo e dosagem de ci iduzidas por bioativos de origem vegetal ¢
inorginica, com agdo antilesshmania, através de célulns monopucleares do sangue penitérico (PBMC) de pacientes com LC. A
Linfoproliferacdo foi avaliada frente o estimulos do extrato metandlico e Frugdo de Libidibia fermsa, complexo de cobre ¢
Phytobemagglutinin utihizando BrdU Cell Prol:ferstion ELISA Kit apés 72h de incubagdo. A dosagem das citocinas IL-6, IL-
Sen.-lﬂfmdemmmadlpotﬁbﬂ'CwomﬂmMAm)(CBA)Hanthh.Thl?C)WKJL\mmmnlhdm
dicam que oz b i 2 linfoproliferagio i vitro de PBMC (Cu(T) p<0,000: LFME p<0.02)
epa:-eumapmennmnmommmdell.-(iell.s;mesdohhmmw Sugere.se entio que estes bioativos podem
potencializar & resposta imune celular.

Palavras-chave: Leishmagiose tegumentar; Libidibia ferrea; Complexo de cobre: Altermativa terapéutica.
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Received 17 fanuary 2024 rates in Evazil High proportion of HIV infected blocd donors and transmission clusters of

Accepted 30 June 204 tidrug i IRVARY resi viruses were described in HEMOAM bloed dotors, »

Available online 17 July 2024 main Amazonas public bleed bank. Recent and long-tarm infections among previcusky gen
otyped doniors are reported.

Keywords: Methods/maneriale The recency immunoxssay Lag Avidity EIA (Maxim, USA) was employed.

HIV bleod donoes CliricalCD4/viral load medical £l data of the main local HIV management center (FMT-

HIV incldence HVD) and ARV treatment’ART dats were reviewed,

Srazilian Amazon Resuzs: Among 142 HIV-bioad darors. chranic infection predominazed {n = B7; 613 %),

749 based on LAg EIA and 8 undisclozed HIV identified in FMT-HVD records, mestly
young adull single males, 4 vopeat donors, all ART-nalve. Recont infoctions ropre-
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alerts suggesting test-seeking behavior of at-risk popalstions. Early AST use in Brazil, can
rum HIV diagnasis mare challenging repeosenting a blocd wansfusion rick In the highly
endemic Brazilinn Amazon,
© 2024 Published by Clwevier Espafia, S.1 U on behalf of Sociedade Bragileira de Infectologia
This is an cpen acoess article under the OC BY liconse
{hatp/erentivecommonn orglicensea byl O]
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