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The immunology of asymptomatic
SARS-CoV-2 infection: what are the
key questions?

Rosemary J. Boyton( and Daniel M. Altmann(=

COVID19: Infeccion Asintomatica
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No infection

* [nnate resistance?
* Pre-existing

polymerase-specific

Asymptomatic
infection

* Variable T cell
response including
IFNY, IL-2, TNF,
IL-6 and IL-10

* High neutralizing
Ab levels
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Mild symptomatic
infection

* Some evidence for
greater T cell
response than in
asymptomatic
individuals

* High neutralizing
Ab levels
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Severe Lethal

* Delayed seroconversion,
then high Ab titre

* Lymphopenia, especially
CD8*T cell, B cell, NK cell
and Y0 cell cytopenia

* Raised IL-10 and IP10
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The immune system and COVID-19: Friend or foe? [ n
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ABSTRACT

COVID19 binds _
cellsby2 .~
receptors,

Aim: Coronavirus disease 2019 (COVID-19) is a novel highly contagious infection caused by SARS-CoV-2, which
has been became a global public health challenge. The pathogenesis of this virus is not yet clearly understood,
but there is evidence of a hyper-inflammatory immune response in critically ill patients, which leads to acute
respiratory distress syndrome (ARDS) and multi-organ failure.

Material and methods: A literature review was performed to identify relevant articles on COVID-19 published up
to April 30, 2020. The search resulted in 361 total articles. After reviewing the titles and abstracts for inclusion,
some irrelevant papers were excluded. Additional relevant articles were identified from a review of citations
referenced.

Key findings: SARS-CoV-2, directly and indirectly, affects the immune system and avoids being eliminated in
early stages. On the other hand, the secretion of inflammatory cytokines creates critical conditions that lead to
multi-organ failure.

Significance: The immune system which is affected by the virus tries to respond via a cytokine storm and hy-
perinflammation, which itself leads to further multi-organ damage and even death.

ACE2 CD147

: Macrophage activating
«». syndrome & Cytokine storm

Immune cells activate &
attract to infection site
for virus eradication

Innate immune Tex &
hyperactivity lymphopenia

El sistema inmunitario intenta controlar la infeccidon, si no lo consigue,
responde a través de una tormenta de citocinas e hiper-inflamacién
sistémica Fallo M nico
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Several studies have revealed that the hyper-inflammatory response Induced by severe acute respiratory syndrome corona- E-E 0.1-/::"('- ad | 0.1-/:- 01
wirus 2 (SARS-CoV-2) Is a major cause of disease severity and death. However, predictive blomarkers of pathogenic inflam- s an ,.-""‘-_ 00 00 ,_,-""'""_—
mation to help guide targetable iImmune pathways are critically lacking. We implemented a rapld multiplex cytokine assay o 1 20 a0 o 10 20 o 1w 20 @ o 1w m a0
to measure serum Interleukin (IL)-6, IL-8, tumor necrosis factor (TNF)-x and IL-1{} in hospitalized patients with coronavirus Days fram ELLA cytokine tet 1o st llow-up
disease 2019 (COVID-19) upon admission to the Mount Sinal Health System in New York. Patlents (n =1,484) were followed ¢ e v s O sanrsin Coline loves and mvert
up to 41 d after admission (median, 8 d), and clinical information, laboratory test results and patient outcomes were collected. »05% fromnsl) <At fvery low) Modamta m‘;wmgmm
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Fig. 3 | Cytokine levels and survival. Survival curves based on each cylokine measured, after mulliple variable adjustments for sex. age, race/ethicity, Ef;;ﬁf;;fﬁ:::g:f:ﬁ:;ﬁf;:2f:[f:fn';:i':E’;f:):’i’sﬁﬂ;"f':hg;:;:‘::vﬂ:ﬁ::;";':[:::: ::F"':’I‘::;s'"
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Dysregulated Type | Interferon and Inflammatory
Monocyte-Macrophage Responses Cause
Lethal Pneumonia in SARS-CoV-Infected Mice
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Highlights

# SARS-CoV causes a lethal respiratory infection in
BALB/c mice

¢ Robust SARS-CoV replication and delayed IFN-| signaling
promote disease

¢ |FN-l induces influx of pathogenic inflammatory monocytes
and vascular leakage

¢ Disease severity is ameliorated in the absence of IFN

signaling
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Regulated inflammation
Mild-clinical disease

Early IFN-I Signaling

Dysregulated IMM response
Lung immunopathology
Lethal pneumonia

Delayed IFN-| Signaling

SARS disease

No IFN-I Signaling Reduced IMM response
No lung immunopathology

Mild clinical disease
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Monocytes:
1 Recruitment
1 Differentiation

Dendritic cells:
1 Costimulation
1 Antigen presentation
1 Cross-presentation

1 Migration to lymph nodes

1 Differentiation

Maintenance of hematopoietic

Sustaining microbiota-driven
optimal antiviral immunity

Enhancement of innate immune responses

)

Regulation of physiological processes

Maintenance of synaptic
plasticity and cognitive
function

S

Regulation of bone
remodeling

Macrophages:
1 Regulatory functions

-
-

NK cells: :'

1 Recruitment ‘
1 Activation

1 Cytotoxicty
1 IFNy production
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Inhibition of viral
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Helper CD4+ T cells: @

1 Th1 differentiation

1 B cell activating capacity

1 Regulatory T cell
differentiation

B cells:

1 Activation

1 Class switching
1 Plasmablast differentiation

1 Antibody production of plasma cells

Degradation
of viral RNA

Facilitation of adaptive immune responses
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viral state
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Trapping of viral
components

Cytotoxic CD8+ T cells:

1 Clonal expansion
1 Survival
1 IFNy production @

1 Cytotoxicity
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19 GRAVE

Figure 3. Working Model for T Cell
Responses to SARS-CoV-2: Changes in
Peripheral Blood T Cell Frequencies and
Phenotype

A decrease in peripheral blood T cells associated
with disease severty and infllmmation is now well
documented in COVID-18. Several studies report
increased numbers of activated CD4 and CDB
Tecells, which display a trend toward an exhacsted
phenotype in persistant COVID-19, based an
continuous and upregulated axpression of inhibi-
tory markers as well as potential reduced paly-
functionality and cytotoxicity. In severa diseasa,
production of specific infammatory cytokines by
CD4 T cells has also been reported. This working
model needs to be confirmed and expanded on in
future stedies to assess virus-specific T cell re-
sponses both in peripheral blood and in tissues. In
addition, larger and more defined patient cohorts
with longitudinal data are required to define the
relationship between disease severty and T call
phenotypa.

IL, interleukin; IFM, interferon; TMF, tumor necrosis
factor, GM-CSF, granulocyte-macrophage col-
ony-stimulating factor; GzmA/B, granzyme AS
granzyme B; Prf1, parforin.
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Severe Pandemic H1IN1 2009 Infection Is Associated with
Transient NK and T Deficiency and Aberrant CD8
Responses

Annette Fox'?*, Le Nguyen Minh Hoa?, Peter Horby'-%, H. Rogier van Doorn"'?, Nguyen Vu Trung?3,
Nguyen Hong Ha®, Nguyen Trung Cap?, Vu Dinh Phu?, Nguyen Minh Ha? Diep Nguyen Thi Ngoc?, Bich
Vu Thi Ngoc?, Huong Tran Thi Kieu?, Walter R. Taylor”*#, Jeremy Farrar'?, Heiman Wertheim"? Nguyen
Van Kinh®

1 Oxford University Clinical Research Unit, Wellcome Trust Major Overseas Programme, Dong Da, Ha Noi, Viet Nam, 2 Nuffield Department of Clinical Medicine, Centre for
Tropical Medicine, University of Oxford, Oxford, United Kingdom, 3 National Hospital for Tropical Diseases, Dong Da, Ha Noi, Viet Nam, 4 South East Asia Infectious
Diseases Clinical Research Network, Jakarta, Indonesia

Abstract

Background: It is unclear why the severity of influenza varies in healthy adults or why the burden of severe influenza shifts
to young adults when pandemic strains emerge. One possibility is that cross-protective T cell responses wane in this age
group in the absence of recent infection. We therefore compared the acute cellular immune response in previously healthy
adults with severe versus mild pandemic H1N1 infection.

Methods and Principal Findings: 49 previously healthy adults admitted to the National Hospital of Tropical Diseases, Viet
Nam with RT-PCR-confirmed 2009 H1N1 infection were prospectively enrolled. 39 recovered quickly whereas 10 developed
severe symptoms requiring supplemental oxygen and prolonged hospitalization. Peripheral blood lymphocyte subset
counts and activation (HLADR, CD38) and differentiation (CD27, CD28) marker expression were determined on days 0, 2, 5,
10, 14 and 28 by flow cytometry. NK, CD4 and CD8 lymphopenia developed in 100%, 90% and 60% of severe cases versus
13% (p=<<0.001), 28%, (p=0.001) and 18% (p=0.014) of mild cases. CD4 and NK counts normalized following recovery. B cell
counts were not significantly associated with severity. CD8 activation peaked 6-8 days after mild influenza onset, when 13%
(6-22%) were HLADR+CD38+ and was accompanied by a significant loss of resting/CD27+CD28+ cells without
accumulation of CD27+CD28— or CD27-CD2B— cells. In severe influenza CD8 activation peaked more than 9 days
post-onset, and/or was excessive (30-90% HLADR+CD38+) in association with accumulation of CD27+CD28~— cells and
maintenance of CD8 counts.

Conclusion: Severe influenza is associated with transient T and NK cell deficiency. CD8 phenotype changes during mild
influenza are consistent with a rapidly resolving memory response whereas in severe influenza activation is either delayed or
excessive, and partially differentiated cells accumulate within blood indicating that recruitment of effector cells to the lung
could be impaired.
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Cell 182, 14191440, September 17, 2020

Severe COVID-19 Is Marked —
by a Dysregulated Myeloid Cell Compartment maa gRpd (eerenteutoanisrst] o g gl e

(I k

Late Late

" By /’ " " Early /

multipronged single-cell analysis of PBMC and whole blood

Hi g hli g hts CyTOF scRNA-seq “RNA'“Q Flow cytometry

» SARS-CoV-2 infection induces profound alterations of the é’fgj “"M“ m @¥9
myeloid compartment 20M 99K 230 M celis

¢ Mild COVID-19 is marked by inflammatory HLA-DR™CD11c"™ activated CD14° monocytes
CD14” monocytes Hc"g;?g" co1:y::g::m

s Dysfunctional HLA-DR'CD163™ and HLA-DR'°S100A"™
CD14" monocytes in severe COVID-19

» Emergency myelopoiesis with immature and dysfunctional
neutrophils in severe COVID-19
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Pathological inflammation in patients
with COVID-19: a key role for
monocytes and macrophages

Miriam Merad and Jerome C. Martin(®

Fig. 1 |Possible pathw ays oo mtrib uting to hyp emsctivation of monoeybe-
derived macrophages and hyperinflammation in COVID-19. Several
e hanisms likely contribut e to the yperactivation of monoe yte- dered
macrophages that is seeninpatientswith COVID-19 D ayed produe tion
al type linterderon leading to enhanced oytopathic effect s and incressed
semsing of microbial threats promaotes the enhanced release of monoote
chemoattractants by alheolar epithelial cells fand likely also by macno-
phages and siromal cellsk leading to sustained recruitment of bload
manocytes into the lungs. Monocytes differentiate into pro-inflammat ory
macrophages though activation of Jamas kinase JAKRsgnal transducer and
activabor af tr ansor prion (STAT) pathways, Activated natweal killer (ME) cdls
and T cells further promote the recruitment and activation of monooyte-
derived macrophages throwgh the produc tion of granmulocyte—m acrophage
colomy-stimulating factar {GM-CSF), tumowr neorosis factar (THNF) and
inmtesrferon-yil AN O dized phospholipid s $0x PLs) acoumul steininfected
lungs and activate monoeyte- derived macr ophages through the Toll-like

| Meng BT e B SRP prpf/ 3 E SN
KIll JORNADAS DE : l\F r Ei'ﬁp Saramplin, rubecl y parotiditi =\'MM - s q @ 4 ““l'clll ‘ﬁ:_
VACUNAS AP = Y = i S b &
LEON,1Y 2 DE ABRIL DE 2022 3 ?5343-50’5;: i §§
Vacunasaep.o =y T
. ST SV FV/MRS Tlos 283 &

receptor 4{TLR4FTRAR—NF-xB pathway. Vines sending cantrigger TLRT
activation through viralsingle- stranded RN A recog nition. It is possible that
type |imber Terons indwee the expression of severe acute respiratory syn-
drome coronaving 2 (SARS-CoV-2) entry receptors, enabling the virus 1o
gain access 1o the cytoplasm of macrophages and to activate the NLRP 3
inflammasome, leading to the secretion ol matuwre |L-1 B and/or IL-18 IL-1p
can amplify activation of monoc yte-derved macrophages in an sut oorine
ar paracrine way, but it can also reduce type linter feron production in
infec ted lumgs The eng agement of Foyrecep tors FeyR 9 by anti-spike pro-
vesin by i e complescss ¢ an contribute o increased inflammabory acti-
wation of monoeyte-derived macrophsges. Activated monooy te-derved
macrophagescontribute to the COVID-19 eytokine stomm by releasing
massive amounts of pro-inflammatory eytokines. CCL, CC-chemokine
ligand: CXCL10, CHC -chemokine ligand 10; 156, inteferon-stimulated
gene; [TAM, immunoneceptor tyrosine-based activation motil; TRAM,
TRIF-red sted adaptor molecule.
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TRASTORNOS DE LA COAGULACION EN LA COVID-19

.M:El'?

EDH?
Artivated
i wndiotheedial cell

Matelets

Fig. 2 | Possible contribution of hyperactivated monocytes to cosgulation in COVID- 18, Circulating pro-inflamm atory stimuli, such as viral pathogen-
aadocaled moleol s pat terns (PAMPY), damage-associated molecular pat tems [DAMP:) and cytokines trigger activation of blood monocyt e, which
respond by inducing tissue lactor membrane sgpretion Endothelisl cells are activated by oytokine and vieal particles and produce monocybeclhemo-
attrac tant s and adbesi onmoleoles. Endothelial dam sge induced by the vines canaleo sspase tissee betor onendotbddial el Activatedm onooy tes are
resgruibesd Lo endothelial cdls Tase Betor esgpressed by activabed monos yled monocy be-derived mioovesides and endothelial cells setieates the estrinsc
coagulation pathway, keading to Tibrin deposition and blood dotting. Newtrophils are recruited by activated endothelial cells and release meutraphil
extracellular trags (NERL whichactivate the ¢ aagulation contact pathway and bind and act vate platelss o amplify Blood dotting. Major endogenous
anticoagulant pathways, which induwde tissee Tactor pathway inhibit or (TFPIL antithrombin and protein Care reduced Turthes Suppor ting ©oagula tion
aetivation CCL2CC-chemokine ligand 2; SARS-CoV-2, severe aoul e nespir sbory Syndrome oofonavinus 23 TLUR, TolHike recepton; THE, Dumoern necrosis
factor; vWE von Willebrand factor O@gomez_rials
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COVID-19: ENFERMEDAD EN DOS FASES

A

Incubacion

Gravedad

Inicio de los Sintomas

-
B
o
-
--
- e -

Fase Infecciosa/Viral

COVID19: ¢ ENFERMEDAD INFECCIOSA O INMUNITARIA?

GENVID

FASES DE LA ENFERMEDAD POR SARS-CoV2

Fase Inmunologica

Recuperacion

Ingreso en UCI

Deteccién del Virus

Hiper-Inflamacion Sistémica
(complicaciones)

Curso de la enfermedad

i h Fiebre, Tos seca, Diarrea, Dolor de [ Insuficiencia Respiratoria ] [ Diestrés respiratorio, Shock, Fallo cardiaco
Sintomas Pre-Sintomatica cabeza, Pérdida Gusto/Olfato Hipoxia
Posible afectacion cardiaca, neurolégica
\_ Y, o0 a nivel de la dermis [ Trastornos de la Coaguladén
C B [ Antivirales }
Teraplas [ Inmunomoduladores, Corticoides ]
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Anticoagulantes, Heparina ]
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Blanco-Melo et al., 2020, Cell 187, 1036-1045
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Imbalanced Host Response to SARS-CoV-2 Drives

Development of COVID-19
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SARS-CoV-2 infection induces low IFN-I and -lll levels with a
moderate ISG response

Strong chemokine expression is consistent across in vitro,
ex vivo, and in vivo models

Low innate antiviral defenses and high pro-inflammatory
cues contribute to COVID-19
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In Brief

In comparison to other respiratory
viruses, SARS-CoV-2 infection drives a
lower antiviral transcriptional response
thatis marked by low IFN-I and IFN-II
levels and elevated chemokine
expression, which could explain the pro-
inflammatory disease state associated
with COVID-19.
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En comparacion con otros virus respiratorios, la infeccion por
SARS-Cov2 induce una respuesta antiviral muy pobre con
niveles bajos de IFN-I y —Ill y con una elevada expresion de

citocinas inflamatorias, responsables de la enfermedad grave
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M) Cnock for updates

Untuned antiviral immunity in COVID-19 revealed
by temporal type I/1ll interferon patterns and flu

comparison
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Fig. 1| Temporal IFN and infl atory cytokine of patients with COVID-19 and flu in relation to hospital admission. a, Schematic showing the
experimental design with sampling at specific time intervals after hospital admission of 32 patients with COVID-19 and 16 patients with flu with pnesmonia
followed longitudinally. Dashed lines indicate the time of the first and last onset of critical disaase, respactively. b, Sarum levals of IFN-A1, IFM-a, [FN-y, THF,
IL-&, IL-7, IL-8, IL-10 and CCL3 at various time intervals after hespital admission. Data are presented as scatter plots with dots showing individual patient
measurements, columns median values and error bars the range. For COVID-19, n=16, 17, 21,15, 11 and & for each of the six consecutive time intervals. For
flu, m=16, 14 and 1, raspectively. For healthy, n=10. Gray shading marks the limit of quantification of the assay. P values were determined by a two-tailed
Mann-Whitney U-test for nonparametric comparisons. *P< 0.05, **P< .01 and ***P« 0004 show significance over healthy controls. *P< 0.05, **P< (.01
and *™P< 0.001 show significance betwean COVID-19 and flu groups.
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RESEARCH SARS-COV-2
Life-threatening

Asymptomatic/mild
RESEARCH ARTICLE SUMMARY
12222222 1522222

Autoantibodies against type | IFNs in patients 2222222 = 221%222

with life-threatening COVID-19 2222222 22221129

0/663 (0%) Y 101/987 (10.2%)
Neutralizing auto-Abs impair type | IFN immunity

Paul Bastard*{ and Lindsey B. Rosent et al.

Type 1 IFN immunity Auto-Abs to type I IFNs
Interindividual clinical variability in the course of severe acute respiratory syndrome coronavirus 2 % ° o we '},“-:.- ‘z“{‘ﬁ' %l'ts
(SARS-CoV-2) infection is vast. We report that at least 101 of 987 patients with life-threatening # ° = *"yﬂ g &
coronavirus disease 2019 (COVID-19) pneumonia had neutralizing immunoglobulin G (IgG) autoantibodies l &6 l * £E :‘
(auto-Abs) against interferon-m (IFN-w) (13 patients), against the 13 types of IFN-a (36), or against both (TLR3 ) | | *
(52) at the onset of critical disease; a few also had auto-Abs against the other three type | IFNs. The pSTATS pSHATs
auto-Abs neutralize the ability of the corresponding type | IFNs to block SARS-CoV-2 infection in vitro. These * l *
auto-Abs were not found in 663 individuals with asymptomatic or mild SARS-CoV-2 infection and were 1 ,ng '3@#
present in only 4 of 1227 healthy individuals. Patients with auto-Abs were aged 25 to 87 years and 95 of (CRF7 )= snonmmins IRF7 WRIRINARY
the 101 were men. A B cell autoimmune phenocopy of inborn errors of type | IFN immunity accounts for life- 5 # #

threatening COVID-19 pneumonia in at least 2.6% of women and 12.5% of men.
Neutralizing auto-Abs to type | IFNs underlie life-threatening COVID-19 pneumonia. We tested the hypothesis

that neutralizing auto-Abs against type | IFNs may underlie critical COVID-19 by impairing the binding of type |
IFNs to their receptor and the activation of the downstream responsive pathway. Neutralizing auto-Abs are
represented in red, and type | IFNs are represented in blue. In these patients, adaptive autoimmunity impairs innate

Auto-Ac frente al IFN-I en Covid-19 grave (2,6% mujeres / and infrinsic antiviral immunity. 1SGs, IFN-stimulated genes; TLR, Tolllike receptor: IFNAR, IFN-a/B receptor;

pSTAT, phosphorylated signal transducers and activators of transcription; IRF, interferon regulatory factor.
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JCI The Journal of Clinical Investigation N

naive B cells

The intersection of COVID-19 and autoimmunity

Jason S. Knight, ..., Julia Y. Wang, William J. McCune Extratolicular

pathway

Secondary
lymphaoid organs
J Clin Invest. 2021;131(24):e154886. https://doi.org/10.1172/JCI1154886. . . ) » ) . .
Acute COVID-19, caused by SARS-CoV-2, is characterized by diverse clinical presentations, ranging from asymptomatic
infection to fatal respiratory failure, and often associated with varied longer-term sequelae. Over the past 18 months, it
has become apparent that inappropriate immune responses contribute to the pathogenesis of severe COVID-19.
Researchers working at the intersection of COVID-19 and autoimmunity recently gathered at an American Autoimmune
Related Diseases Association Noel R. Rose Colloguium to address the current state of knowledge regarding two

Table 1. SARS-CoV-2 shares some characteristic features with important questions: Does established autoimmunity predispose to severe COVID-19? And, at the same time, can SARS-
. . . . CoV-2 infection trigger de novo autoimmunity? Indeed, work to date has demonstrated that 10% to 15% of patients with i i
other viruses that trigger autoimmunity critical COVID-19 pneumonia exhibit autoantibodies against type | interferons, suggesting that preexisting autoimmunity Ay \ ,) . 3
. : oV underlies severe disease in some patients. Other studies have identified functional autoantibodies following infection with Autoreactive DN2 cells Germinal centers with tolerance
Features of °t|_'e' ""!*s Eﬂde"“f‘h' SARS c‘_ﬂ 2 ; SARS-CoV-2, such as those that promote thrombosis or antagonize cytokine signaling. These autoantibodies may arise (Jg[). D27, CXCRS, CD21) \ checkpoints
Precedes autoimmunity Case reports of patients developing classifiable from a predominantly extrafollicular B cell response that is more prone to generating autoantibody-secreting B cells. This
autoimmune diseases following SARS- (oV-2 Review highlights the current understanding, evolving concepts, and unanswered questions provided by this unique l
e (56-64) opportunity to determine mechanisms by which a viral infection can be exacerbated by, and even trigger, autoimmunity. )
Induces type | [FNs SARS-CoV-2 induces robust type I IFN responses The potential role of autoimmunity in post-acute sequelae of COVID-19 is also discussed. Y
in a subset of patients (23-26) 1
Breaks tolerance SARS-CoV-2 induces autoantibody production A B 19G __,’//
in Flﬂtil!mli“h:h spyere COVID-19 {42' n} VWMW Y autoantibody B N LN
Superantigen activity SARS- Col-2 spike protein contains a Endotnelieleats 7 A S FoyRilb P AN
superantigen motif and patients with severe ARGNET } bau ™ |
COVID-19 exhibit TCR skewing consistent with aPL antibodies 3 antihody setoting cells
superantigen activation (109) . LR
Inhibits apoptosis of infected cells No evidence to date —_— T S Complamen Eeteaton Figure 3. Potential mechanisms of de novo autoimmunity in COVID-19.
Interferes with its own destruction No evidence to date Thrombosis - Naive B cells can be activated via both the germinal center and the extra-
Neutrophil follicular pathway. The extrafollicular pathway lacks some tolerance check-
=<—> o€ I5Gs Nucleus points that prevent the activation and maturation of autoreactive B cells
Atoanubodles Platelet DAL T and is, therefore, more prone to generating autoantibodies. Patients with

severe COVID-19 exhibit higher levels of extrafollicular B cells lacking IgD,
CD27, CXCRS5, and CD21 (known as double-negative [DN2] cells) and plasma
cells. They may also lack germinal centers. Red arrows indicate increased
or reduced levels in patients with severe COVID-19 compared with patients
with mild COVID-19.

Figure 2. P ial d eam hani of autoantibodies identified in patients with severe COVID-19. (A) A subset of patients with severe
COVID-19 have anti-phospholipid antibodies (aPLs) and/or anti-neutrophil extracellular trap (anti-NET) autoantibodies. aPLs may activate endothelial
cells and platelets and stimulate neutrophils to release NETs. Anti-NET antibodies bind to NETs, impairing NET degradation by DNase. Together, these
autoantibodies may activate complement and promote thrombosis. (B) In some patients with severe COVID-19, antibodies can prevent the expression of

ISGs by antagonizing signaling through the type | IFN receptor in an FcyRIlb-dependent fashion, impairing antiviral immunity. o@gomeZ_rials
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Overlapping B cell pathways in severe COVID-19

Sevans DOVID-19
and |UpUS : i*ﬁ*
An Exaggi_arated extrafollicular B cell response cha!racter'lstlc_ of active systemic lupus erythematosus also w Pateeial outeomes of
characterizes the B cell response to SARS-CoV-2 in those with severe COVID-19. = Comorbidities gareais COVID-19
= Ganedc burden ¥
A. Darise Farris and Joel M. Guthridge R = Lovwr-affinity antibodies
- .'I'I'I'..l'-l'lh:l'r'? —_— — = Wik TSmOy
MNATURE IMMUNOLOGY | VOL 21| DECEMBER 2020 | 1477-1485 | www.nature comynatureimmunclogy [ “ ! 'l. m
“ e
Nild COWID-19

La enfermedad de Covid-19 grave y el Lupus

¢ Lini £ Fig. 1| Does intrinsic immune bias se to severe COVID-197 In a largely AA cohort, Woodruff
comparten vias patogenicas donde estan etlgal. Jhuw that subjects with M:::egﬁlg make exaggerated E:rtrafulliE: {EF) B call responsas,
implicadas las células B which are also obsarved in AAs with active SLE. This raises the guestion of whether an increasad
propensity for inflammation contributes to the risk for severe COVID-19. Among the elevated soluble
mediators in severe COVID-19 ara IL-6, IP-10, IL-10 and THF, which may promaote EF and suppress
GC responsas. Other studies showing reduced or absent GC responses and EF-response-associated
autoantibodies in severs SARS-CoV-2 infection support an EF bias in the adaptive immune responze
in peopla with a severe disease course. Potential deletarious outcomes of an EF-biased responsa range
from inadeguate immunologic memory to possible autcimmune seguelas. Linderstanding the precise
callular mechanisms leading to innate bias in the adaptive immune response to sevara COWVID-19 could
lead to therapeutic approaches that restore the balance betwesn EF and GC responses.
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Diverse functional autoantibodiesin
patients with COVID-19
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COVID-19 manifests with a wide spectrum of clinical phenotypes that are characterized
by exaggerated and misdirected host immune responses'®, Although pathological
innate immune activation is well-documented in severe disease’, the effect of
autoantibodies on disease progression is less well-defined. Here weusea
high-throughput autoantibody discovery technique known as rapid extracellular
antigen profiling” to screena cohortof 194 individuals infected with SARS-CoV-2,
comprising 172 patients with COVID-12 and 22 healthcare workers with mild disease or
asymptomatic infection, for autoantibodies against 2, 770 extracellular and secreted
proteins (members of the exoproteome). We found that patients with COVID-12 exhibit
marked increases in autoantibody reactivities as compared touninfected individuals,
and show a high prevalence of autoantibodies against immunomodul atory proteins
(including cytokines, chemokines, complement components and cell-surface
proteins). We established that these autoantibodies perturb immune function and
impair virological control by inhibiting immunoreceptor signalling and by altering
peripheral immune cell composition, and found that mouse surrogates of these
autoantibodies increase disease severity in amouse model of SARS-CoV-2 infection.
Cwir analysis of autoantibodies against tissue-associated antigens revealed
associations with specific clinical characteristics. Our findings suggest a pathological
role for exoproteome-directed autoantibodies in COVID-19, with diverse effects on
immune functionality and associations with clinical outcomes.
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New-onset IgG autoantibodies in hospitalized
patients with COVID-19
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Fig. 4 Measurement of anti-viral lgG responses using a COVID-19 viral array. a Heatmap depicting lgG antibodies using a 28-plex bead-based protein
array. Viral protein antigens are grouped based on sixteen proteins from SARS-CoV-2 (left panel), other coronavineses (middle panel), and other viruses
(right panel}, labeled on the x-axis. Most recombinant viral proteins were engineered to include a 6X-His-tag whidch was used to validate conjugation to
beads using an anti-epitope monoclonal antibody (bottom of the panel). The same COVID-19 patients from Fig. 3 (see Supplementary Figures 9 and 10)
were analyzed (top panel, n =94 longitudinal COVID-19 samples, induding paired samples from 44 subjects and 2 subjects who had 3 available time
points eadch, subjects UFF0 and UFFT). HC {n =16, middle panel). Two patient sample pairs (UP&3 and UMR20) were excluded from analysis due to
technical failure on the viral amay assay. Colors comespond to the MFl values shown at right. b Heatmap depicting st atistically significant anti-viral lgG
responses. Colors indicate g5 antibodies whose MF measurements are 55D (red) or <5 50 (black) abowve the average MFI for HC samples collected
prior to the COVID-19 pandemic Source data are provided as a Sowrce Data file.
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More than 50 long-term effects of COVID-19: a systematic review and meta-analysis.
Sci Rep 11, 16144 (2021). https://doi.org/10.1038/s41598-021-95565-8
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Pathological sequelae ot long-haul COVID

COVID19: ¢ ENFERMEDAD INFECCIOSA O INMUNITARIA?
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Vil persistance —  Augimmunity
Saurabh Mehandru'2= and Miriam Merad 2122 ‘."[" ol homecsiatia "i.""":'" s el Y oo sk of
+ Stromal injury 'Eﬂhpnq:f:ﬂ
The world continues to contend with successive waves of coronavirus disease 2012 (COVID-19), fueled by the emergence of * Pregantation of cryptic antigens
viral variants. At tha same time, persistent, prolonged and often debilitating sequalae are increasingly racognized In convales- PN o ooy o e * Ausoimenune artibodies
cant individuals, named *post-COVID-19 syndrome’ or ‘long-haul COVID'. Clinical symptomatelogy Includes fatigue, malaise, | pelirating menociies, nedliopEs I
dyspnea, defects In memory and concentration and a variety of neuropsychiatric syndromes as the major manifestations, and
several organ systems can be involved. The underlying pathophysiclogical mechanisms are poorly understood at present. This - & tract Ahered oytokine production
Review detalls organ-specific sequelae of post-COVID-19 syndromes and examines the underlying pathophysiclegical mecha- « Cantral nervous: system * Type | and typa I IFM, IL-1p, IL-8, TGF-g,
nisms available so far, elaborating on persistent inflammation, induced autolmmunity and putative viral reservoirs. Finally, + Cthar ACE2-eapressing cogan systems: PTX3
- TP
‘we propose diagnostic strategles to better understand this heterogeneous disorder that continues to afflict milliens of people Ahred mmunometabeic pathways it
worldwide. | apHOS * Polyneurits
* Hemerrelated metabolic pathways: :l.l.hm-in‘ll:lk =
Ahered Fo-dependent sigraling
= Aducosylated aribodies
coviD \ ‘|’ /
Autoimmunity Pulmonary fibrosis and scarring
Maural inflammation and remodeling
Dysaunonomia
Ongan damage during acute COAMID _— Post-COVID-19 syndrome — mem.ﬁ_mmuﬁld
lEﬂhiﬂlﬂhpﬂl
Fig. 2. Immunology of PASC. A fraction of COVID-19 patients with

either severe or mild COVID-19 develop a variety of new, recurring, or Clinioal snnotafion of sysnptoms
ongoing symptoms and clinical findings 4 or more weeks after L;#h-dh-l profiling:
infection. Anayses of immune responses in peaple with PASC reveal « Protsamic m‘
key inflammatory cytokines and calular activation phenotypes that are + Multiplexad imaging
P = Spattial transcriplomics
anﬁcarlly elevated wer nanASC maiescent controls. Fi rH'ber. « Vinapaguilic nanurilly
studies are needed to identify the drivers of PASC pathophysiology. + Autoantibody dataction
Viral reservoir/ Detection of wiral ressroins
viral remnants
Fig. 1| Putative mechanisms and diagnestic strategies for patients with post-COVID-19 syndromes. Delayed resolution of inflammation, autoimmunity
and viral persistence represents overlapping mechanisms that may contribute to the pathogenesis of post-COVID-1? syndromes. Strategies to better
[ characterize patients with post-COVID-19 syndromes are indicated. TP, idiopathic thrombocytopenic purpura; OXPHOS, oxidative phosphordation; PDCs,
Merad et al., Science 375, 1122-1127 (2022) 11 March 2022 Post-acute sequelae of SARS plasmacytoid dendritic calls; ROS, reactive oxygen species; TGF-f, transforming growth factor-g.

CoV-2 infection (PASC)
1 Interferons
t Inflammatory cytokines
Lymphocyte activation and dysregulation
Chronic mveloid cell activation
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COVID-19

HOW DOES IT AFFECT YOU?

Coronavirus Disease 2019 (COVID-19) is a pandemic
caused by Severe Acute Respiratory Syndrome
Coronavirus 2, also called SARS-CoV-2. Despite the
widespread awareness regarding COVID-19, many are
still unaware about how it affects the human body.
Left Lung

Trachea

Bronchus

Alveoli (sg. alveolus)

SARS-CoV-2 starts its journey in the nose,
mouth, or eyes and travels down to the alveoli in
the lungs. Alveoli are tiny sacs of air where gas
exchange occurs.

gas exchange
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Impaired Gas Exchange

When the immune system attacks
the area of infection it also kills
healthy alveolar cells. This results in
three things that hinder gas
exchange:

1) Alveolar collapse due to loss of
surfactant from Type Il cells

2) Less oxygen enters the blood-
stream due to lack of Type I cells

3) More fluid enters the alveolus
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SARS-CoV-2 Structure

Stay Home

Hospitalization

Dangerous for
high-risk individuals;
secondary infections
may occur

Intensive Care (ICU)

Patients may require
ventilators and
ife-support

Complications
unrelated to COVID-19
may occur

With proper care, patients
may recover at any point
during this process
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Gas Exchange

Each sac of air, or alveolus, is
wrapped with capillaries where
red blood cells release carbon
dioxide (CO,) and pick up oxygen
(0,). Two alveolar cells facilitate
gas exchange; Type | cells are
thin enough that the oxygen
passes right through, and Type Il
cells secrete surfactant - a
subtsance that lines the alveolus
and prevents it from collapsing.

Red blood cell

Capillary wall

Typel
alveolar cell

Surfactant

Type ll
alveolar cell

Viral Infection

The spike proteins covering the
coronavirus bind ACE2 receptors
primarily on type Il alveolar cells,
allowing the virus to inject its
RNA. The RNA “hijacks” the cell,
telling it to assemble many more
copies of the virus and release
them into the alveolus. The host
cell is destroyed in this process
and the new coronaviruses infect
neighbouring cells.

Immune Response

) After infection, Type Il cells release inflammatory
signals that recruit macrophages (immune cells).

(2 release that cause
vasodilation, which allows more immune cells to
come to the site of injury and exit the capillary.

Fluid I inside the alveol

The fluid dilutes the surfactant which triggers the
onset of alveolar collapse, decreasing gas
h and ing the work of breathing.

Neutrophils are recruited to the site of infection
and release Reactive Oxygen Species (ROS) to
destroy infected cells.

Type | and |l cells are destroyed, leading to the
collapse of the alveolus and causing Acute
Respiratory Distress Syndrome (ARDS).

If inflammation becomes severe, the protein-
rich fluid can enter the bloodstream and travel
elsewhere in the body, causing Systemic Inflam-
matory Response Syndrome (SIRS).

© SIRS may lead to septic shock and multi-organ
failure, which can have fatal consequences.
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