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AUTOIMUNITATE - imaina atbilde pret

pasa antigeniem

Genétiska
predispozicija

TABLE 15-3 Selected Non-HLA Genetic Polymorphisms

Associated with Autoimmune Diseases

Vides faktori

Autoiminitate
Sistémiska vai
organspecifiska

Pa$a antigénu
specifiska
imunefektoru darbiba

Gene of
Interest Function Diseases
Genes Involved in Immune Regulation
PTPN2Z Protein tyrosine phosphatase;rolein T RA, T1D, IBD
and B cell receptor signaling
CDZ/CD58  Costimulation of T cells RA, MS
.. . . IL23R Component of IL-23 receptor; role in IBD, PS5, AS
TABLE 15-2 Association of HLA Alleles with Autoimmune generation and maintenance of Ty 17
Disease cells
Dizease HLA Allele 0dds Ratin? g Downregulates expression of costimu-  1BD, SLE, T1D
- N lators, MHC molecules, IL-12 in den-
L 3 . g
I Hs LS s . dritic cells; inhibits T,1 responses
tis (ant-CCPAD — pogy 2 SFalleles 12
positive)? ’ CTLA4 Inhibitory receptor of T cells, effector TiD, RA
N molecule of regulatory T cells
Type 1 diabetes DRB1*0307-D0A 1*0507 - 4
DOB1*0201 haplotype IL2AL21 Growth and differentiation factors for IBD, CeD, RA,
T cells; IL-2 is involved in TiD, MS
DRB1*0401-D0AT*0301- 8 maintenance of functional Tregs
DaB1*0302 haplotype
plotyp 2B pa0 subunit of IL-12 (Ty1-inducing IBD, PS
DRB 1*0307/0407 heterozygotes 35 cytokine) and IL-23 (Ty17-inducing
Multiple sclerosis ~ DRBI*1501 3 cytokine)
Systemic lupus DRE 10301 9 BLK BIWEEEEEE&;?&EE kinase, involved  SLE, RA
erythematosus DRBI*1501 13
: IL2RA IL-2 receptor @ chain (CD25); role in T MS, T1D
Ankylosing spon- B*27 (mainly B*2705and B*2702)  100-200 cell activation and maintenance of
dylitis regulatory T cells
Celiac disease DaAT=0501-D3aB 1%0201 hap- 7 Genes Involved in Responses to Microbes
lotype Nopz2 Cytoplasmic sensor of bacteria IBD
'The ndds ratio approximates values of increased risk of the disease associated ATGI6 Autophagy (destruction of microbes IBD
with inheritance of particular HLA alleles. The data are from populations of maintenance of epithelial cell intelgriw]
European ancestry. Alleles of individual MHC genes (e.q., DRB1} are indicated by . -
IRFS, IFIH1  Type linterferon responses to viruses SLE

4 numbers (e.q., 0301), based on serologic and molecular typing.

2Anti-CCP Ab, antibodies directed against cyclic citrullinated peptides. Data are
from patients who test positive for these antibodies in the serum.

IZE refers to shared epitope, so called because it is @ CONSENSUS SequUence in thel
['RE1 protein (positions 70-74) present in multiple ORET alleles.

[Courtesy of Dr. Michelle Femando, Kings College, London.)

AS, ankylosing spondylitis; Cal, celiac disease; /B0, inflammatory bowel
dizease; A5, multiple sclerosis; PS, psoniasis; A4, rheumatoid arthritis; SLE

systemic lupus erythematosus; 710, type 1 diabetes.

Data from Zenewicz L, Abraham C, Flavell R&, Cho J: Unraveling the genetics of
autoimmunity, Ceff 140:791-797, 2010, with permission of the publisher.

A.K. Abbas, A. H. Lichtman, and S. Pillai, Cellular and molecular immunology, Eighth edition. Philadelphia, PA: Elsevier Saunders, 2015.




Virusi un autoimunitate

Genétiska
predispozicija
Autoimiunitate
> Sistémiska vai
organspecifiska

PaSa antigénu

3 : specifiska
Vides faktori imunefektoru darbiba

A- Molecular mimic | B- Bystander activation
: o Seif antigens presented on APC
Self antigens | Self antigens activate autoreactive T cells
1
o 4 /
‘v : 4 MHC ) //
: \
Virus " )
& - 35
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Viral antigens 1 / L
‘ | ytokin /
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___________________________________________ TR S ——————r ypp—"y I
C- Epitope §preadmg
self antigens / - o Self antigens presented on APC
Ab.y activate autoreactive T cells
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o T-cell response spread to other \ o More tissue damage and release
autoreactive T cells of new self antigens

;?'.01

0 Persistent viral infection

M. K. Smatti, F. S. Cyprian, G. K. Nasrallah, A. A. Al Thani, R. O. Almishal, and H. M. Yassine, “Viruses and Autoimmunity: A Review on the Potential Interaction and
Molecular Mechanisms,” Viruses, vol. 11, no. 8, p. 762, Aug. 2019, doi: 10.3390/v11080762.

A — Virusa antigenu epitopi lidzigi pasa organisma antigeniem. Virusa antigenu prezentesana aktivé imuno atbildi verstu gan pret virusa, gan pasa antigeniem
B — Audos esosas Stinas prezente pasa antigénus un tur esosa imtina atbilde pret virusu ierosina kostimulatoro molekulu ekspresiju kas lauj aktiveties antigenu

specifiskam Stnam

C - Persistenta infekcija izraisa nemitigu audu bojajumu, pasa antigenu atbrivoSanos un to prezentesanu talak pastirpinot autoimtino procesu
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Virusi un
autoimunitate

Autoimmune Disease

Virus

Organism

Proposed

Study

Autoimmune
my ocarditis

Coxsackevirus B3

Mus musculus

Bystander
activation

Rose, 2011 [106]

Autoimmune thyroiditis

Human herpesvirs
64 (HHV-6A)

Homo sapiens

Caselli et al, 2017 [107]

Cryoglobulinemia

Hepatitis C virus

Homo sapiens

Owrishiet al., 2016 [108]

Encephalitis (Human
herpes encephalitis)

Herpes simplex virus

Homo sapiens

Molecular mimicry

Armangue et al, 2014
[109]

Autoimmune Disease

Virus

Organism

Proposed
Mechanism

Study

Encephalitis and chronic
neurological sequelae

Herpes simplex virus

Homo sapiens

Kothuretal, 2017
[110]

Pulmonary
inflammation in
lupus-prone mice

Influenza A virus

Mus musculus

Bystander
activation &

epitope spreading

Slight-Webb et al,, 2015
[132]

Encephalitis, myasthenia

Japenese encephalitis

Mus musculus

Molecular mimicry

He et al., 2018 [111]

Sjogren syndrome

Hepatitis C virus

Homo sapiens

Bystander
activation

Ramos-Casals et al,
2005 [133]

Stromal keratitis

Herpes simplex virus

Homo sapiens

Deshpande et al, 2001
[134]

Stromal keratitis

Herpes simplex virus

Homo sapiens

Faroog and Shukla,
2012 [135]

gravis virus
Experimental Murine . . e
Cpurmenta . pone Casiragha et al, 2015
autoimmune Gamma-Herpesvirus Mus musculus - [112]
encephalomyelitis 68 B
- . ) . ) MNagata et al., 2017
Grave's disease Esptein—Barr virus Homo sapiens - e J[ltl Jl '
T . . Lucchese and Kanduc,
Guillain-Barné syndrome Zika virus Homo sapiens Mulecular mimicry Hee 9:;:[;? I—'jm e

Symmetric polyarthritis

Chikungunya virus

Homo sapiens

Epitope spreading

Goupil and Mores,
2016 [138]

Hashimoto's disease

Esptein—Barr virus

Homo sapiens

Janegova et al, 2015

[115]

Systemic lupus
erythematosus

Cytomegalovirus

Homo sapiens

Epitope spreading

Chen et al, 2015 [137]

Immume
thrombocy topenia,
autoimmune hepatitis

Hepatitis C virus

Homo sapiens

Tampaki and Koskinas,
2014 [116]

Systemic lupus
erythematosus in
porphyria cutanea tarda

Hepatitis C virus

Homo sapiens

Epitope spreading

Stolzel et al., 2002 [125]

Encephalomyelitis

Coronav irus

Mus musculus

Pewe and Perlman,
2002 [117]

Systemic upus
erythematous

Parvovirus B19

Homo sapiens

Ribeiro et al., 2015
[139]

Induced type 1 diabetes

Encephalomy ocarditis-D
virus

Mus musculus

Molecular mimicry

Chot et al, 2001 [115]

Isket autoimmunity

Enteroviruses

Homo sapiens

Muolecular mimicry

Honkanen et al., 2017

[119]

Systemic upus
erythematous, lupus
mephritis

Dengue virus

Homo sapiens

Epitope spreading

Steed and Stappenbeck,
2014 [140]

Lung-restricked
autoimmunity

Sendai virus

Mus musculus

Chiu et al, 2016 [120]

Systemic Vasculitis

Lassa Virus

Cynomolgus
Macaques

Cashman et al,, 2018

[141]

Thrombocy topenia

Hepatitis C virus

Homo sapiens

Dahal et al, 2017 [142]

Multiple sclerosis

Esptein—Barr virus

Homo sapiens

Molecular mimicry

Guan et al,, 2019 [121]

Multiple sclerosis

Thetler's virus

Homo sapiens

Miller et al, 2000 [122]

Thyroiditis

Hepatitis C virus

Homo sapiens

Bystander
activation

Ferri et al, 2017 [143]

Multiple sclerosis

Varella-zoster virus

Homo sapiens

Sotelo and Corona,
2011 [123]

Multiple sclerosis

Measles virus

Homo sapiens

Tucker and Andmew
Paskauskas, 2008 [124]

TMEV-induced

demyelinating disease

Theiler’s murine
encephalomyelitis
virus

Mus musculus

Mouolecular mimicry

Olsberg et al, 1993
[144]

Multiple sclerosis

Cytomegalovirus

Homo sapiens

Molecular mimicry

Vanheusden et al., 2017
[125]

Type 1 diabetes mellitus

Comsackievirus

Homo sapiens

Molecular mimicry

Eizirik and Op de
Beeck, 2015 [145]

Myasthenia gravis

West Nile virus

Homo sapiens/Mus

musculus

Mulecular mimicry

McBride et al., 2006
[126]

Type 1 diabetes mellitus

Coxsackrevirus Bl

Homo sapiens

Molecular mimicry

Laitiren et al., 2014

[146]

Tvpe 1 diabetes mellitus

Cytomegalovirus

Homo sapiens

Pak et al, 1988 [77]

Type 1 diabetes mellitus

Rotavirus

Mus musculus

Bystander effect

Pane et al,, 2014 [41]

" . Human v . 2015
_\-'.1,\".1.\‘fplth}. tm}"ifafl T-lymphotropic virus Homo sapiens . Bangham :_t al, 2015 _ . _ ] } Homo aapiera/iun Stere and Rewers, 2012
spastic parapamesis [1Z7] Tvpe 1 diabetes mellitus Enteroviruses - -
pel 4 musculus [14£7]
" . N . Zuckerman et al., 2000 . . o i Cacoub et al, 2014
‘olyarthritis Hepatitis C virus Homo sapiens - [125] Vasculitis Hepatitis C virus Homo sapiens . 48] v
nnion et al,, 201¢
Pulmonary Fibrosis Gammaherpesyirus Mus musculus - Benni nltfu‘]] , 2019
[129] M. K. Smatti, F. S. Cyprian, G. K. Nasrallah, A. A. Al Thani, R. O. Almishal, and H. M. Yassine, “Viruses and
Rheumatoid arthritis EepteinBarr virs Home sapiens Epitone soreading Dostal C et al, 1957 Autoimmunity: A Review on the Potential Interaction and Molecular Mechanisms,” Viruses, vol. 11, no. 8, p. 762,
P ' F ‘PIpe Spreacing [130] Aug. 2019, doi: 10.3390/v11080762.

Eheumatoid arthritis

Cytomegalovirus

Homo sapiens

Epitope spreading

Pera et al, 2017 [121]
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Expression

Detection

All organs

SARS-CoV-2 infekcija

RMA expression (N)(l'

Brain Q
Eye o

Protein expression {scorel'

Endocring fissues

Lung

Praximal digestive tract
Gastrointestinal tract
Liver & gallbladder

Pancreas

Kidney & urinary
bladder

Male fissues

Female fissues

Muscle fissues

Adipose & zoft tissue

Skin @

Bone marmow & |°
lymphoid fissues

Blood Io

“Tissue expression of ACE2 - Summary - The Human Protein Atlas.”
https://www.proteinatlas.org/ENSG00000130234-ACE2/tissue (accessed Apr. 05, 2021).

Neurologic
Headaches
Dizziness
Encephalopathy
Guillain-Barré
Ageusia
Myalgia
Anosmia
Stroke

Renal
Acute kidney injury
Proteinuria
Hematuria

Hepatic
Elevated
aminotransferases
Elevated bilirubin

Gastrointestinal
Diarrhea
Nausea/vomiting
Abdominal pain
Anorexia

Thromboembolism
Deep vein thrombosis
Pulmonary embolism

Catheter-related thrombosis

Cardiac
Takotsubo cardiomyopathy
Myocardial injury/myocarditis
Cardiac arrhythmias

Cardiogenic shock
Myocardial ischemia
Acute cor pulmonale

Endocrine
Hyperglycemia
Diabetic ketoacidosis

Dermatological
Petechaie
Livedo reticularis
Erythematous rash
Urticaria
Vesicles
Pernio-like lesions

A. Gupta et al., “Extrapulmonary manifestations of COVID-19,” Nature Medicine, vol. 26,

no. 7, Art. no. 7, Jul. 2020, doi: 10.1038/s41591-020-0968-3.c



https://doi.org/10.1038/s41591-020-0968-3
https://www.proteinatlas.org/ENSG00000130234-ACE2/tissue

SARS-CoV-2 un autoimunitate

Imunsistémas
hiperstimulacija ;
AUTOIMUNITATE
Molekulara f
mimikrija
SARS CoV-2 infekcija
Editorial > Autoimmun Rev. 2021 Apr;20(4):102792. doi: 10.1016/j.autrev.2021.102792. v .
& frontiers

Epub 2021 Feb 19.

The SARS-CoV-2 as an instrumental trigger of
autoimmunity

Arad Dotan !, Sylviane Muller = Darja Kanduc 3 Paula David 1, Gilad Halpert 4 VYehuda Shoenfeld 3

Affiliations + expand
PMID: 33610751 PMCID: PMC7892316 DOIL: 10.1016/j.autrev.2021.102792

in Immunology

PMCID: PMCT7934612
PMID: 33777042

Front Immunol. 2021; 12: 645013.
Published online 2021 Mar 12. doi: 10.3389%fimmu.2021.645013

Autoimmune and Rheumatic Manifestations Associated With COVID-
19 in Adults: An Updated Systematic Review

Kun-TungEgﬁ-z-3 Bo-Chueh Hsu,* and Der-Yuan Chen®57-




SARS CoV-2 infekcija

Imunsistémas
hiperstimulacija

Molekulara
mimikrija

- =/

Y

AUTOIMUNITATE

}




SARS-CoV-2 un autoimunitate - HIPERSTIMULACIJA

SARS-CoV-2 infection

Vairakkart demonstrets, ka COVID -19 pacientiem ir
paaugstinati iekaisuma citokinu limeni — CITOKINU
VETRA

COVID-19 pacientiem ir atrodamas izmainas cirkulejoso
leikocitu veidos, piem., pazeminati regulatoro T sunu
limeni

COVID-19

Pastirpinata neitrofilu ekstracelularo tiklu veidosanas
COVID-19 pacientiem

Ilgstoss, nekontrolets iekaisums, audu bojajumi

{

AUTOIMUNITATE

. SARS-CoV-2 infected
[E‘ ) neutrophils

\

NETSs release

Lung eplthellal |nJury

TGP0, N
& i

LY

H\”‘v.,. 4 §
it LY o K,
Citrullinated histone H3/Ju‘ ..

eI
PPV skl
‘ol
°

SARS-CoV-2 induced NETSs release

F.P. Veras et al., “SARS-CoV-2—triggered neutrophil extracellular traps mediate COVID-19 pathology,” Journal of
Experimental Medicine, vol. 217, no. €20201129, Sep. 2020, doi: 10.1084/jem.20201129.




SARS CoV-2 infekcija

Imunsistémas
hiperstimulacija

Molekulara
mimikrija

Y

AUTOIMUNITATE

}

W —




SARS-CoV-2 un autoimunitate - MOLEKULARA
MIMIKRIJA

* Analize virusa un cilveka aminoskabju Jonear
sekvences, meklejot parklajosos peptidus ' '

Accessible
determinant

/

T cell contact
residue of
peptide

Inaccessible
determinant

T cell receptor Denaiuratlo

Denaturation
Polymorphic
residue
of MHC

Anchor
residue

of peptide

"Pocket"

of MHC _ o _
FIGURE 6-1 A model for T cell recognition of a peptide-MHC lg bll‘!dS tO_ Ig blﬂ_dS TOl
complex. This schematic illustration shows an MHC molecule binding determinant in determinant in
and displaying a peptide and a T cell receptor recognizing two polymorphic denatured both native and
residues of the MHC molecule and one residue of the peptide. protein only denatured protein

A.K. Abbas, A. H. Lichtman, and S. Pillai, Cellular and molecular immunology, Eighth edition. Philadelphia, PA: Elsevier Saunders, 2015.



SARS-CoV-2 un autoimunitate - MOLEKULARA
M I M I KR IJ A E:slr)l;:l short description of 34 human proteins that share heptapeptides with

SARS-CoV-2.
Shared 7- Human proteins sharing heptapeptides with SARS-CoV-2'
mer
SSRSSSR Abl interactor 2
ALALLLL Insulin-like growth factor-binding protein complex acid labile
CORONAVIRUS subunit
£ ALALLLL Cerebellin-2
iR .PROTEIN LLSAGIF UPF0600 protein C5orf51
. - SSRSSSR CLK4-associating serine/arginine rich protein
o V t t RGQGVPI Putative uncharacterized protein encoded by the long intergenic non-
€1COt VIirusa proteoma s 216
= . =7 . — ALALLLL Cytochrome P450 251
S alleIHaS anu ar Cllveka, ALALLLL Delta and Notch-like epidermal growth factor-related receptor
. . & 4 s 3, . GLTVLPP FHI1/FH2 domain-containing protein 3
atra S tl Valrakl e tl dl kurl LDKYFEN Follistatin-related protein 1
p P J RQLLFVV Guanosine triphosphate-binding protein 10
— —_— IGAGICA Hepatitis A virus cellular receptor 2
P arkl a] a S SSRSSSR Hornerin
LFAAETL Tyrosine-protein kinase ITK/TSK
LASFSAS Maltase-glucoamylase, intestinal
- = 2 — ® LIRAAEI Unconventional myosin-XVIIla
® L ]_ dZ 1 ga S a_ I I I 1n0 Skab] u ANTIBODY QRMLLEK Unconventional myosin-Ve
- < TGRLQSL Neuron navigator 3
Sekvence S Star Cllveku un LIMLIIF Sodium/potassium/calcium exchanger 2
p | IIFWFSL Olfactory receptor 7D4
(- — \V SLLSVLL Orosomucoid 1-like protein 2
Vlru Su atr a St a S arl 0 Z a S SSRSSSR Oxysterol-binding protein-related protein 10
J ) SSRSSSR Pleckstrin homology domain-containing family G member 2
O k = o 5 SRGGSQA Ras-associating and dilute domain-containing protein
re Cepto ru amlno S ab] u %’D OLFACTORY SSRSSSR Solute carrier family 12 member 6
. VLQLPQG Prestin
S e kV’e n C e S RECEPTOR AEGSRGG snRNA-activating protein complex subunit 3
ALALLLL Translocon-associated protein subunit delta
gori‘;l‘]);'lz;rmteigr ;Anisfgi:;g}éos\fln;a an:l dysgeusia in IVDTVSA Alanine-tRNA ligase, mitochondrial
-19 may be due to -CoV-2 protein mimicr; . . . .
oI oo iors OREINOMAE wo. 5, o 145 NASVVNI ?ﬁiﬁiﬁ;ﬁ?ﬁfﬁf“’m protein
151, Sep. 2020, doi: 10.4193/RHINOL/20.063. LDDRVEI Wolframin
SSRSSSR Zinc finger CCCH domain-containing protein 18
SSRSSSR Zinc finger Ran-binding domain-containing protein 2

A. Dotan, S. Muller, D. Kanduc, P. David, G. Halpert, and Y. Shoenfeld, “The SARS-CoV-2 as
an instrumental trigger of autoimmunity,” Autoimmunity Reviews, vol. 20, no. 4, p. 102792,
Apr. 2021, doi: 10.1016/j.autrev.2021.102792.
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A Initial pathogenesis Antiphospholipid

] antibodies bind to
SARS-CoV-2 un >
—-— —-— S L3 35 e N " &
Antiphospholipid . b

° ° — antibodies are //—\ v{s o}
produced et 4 > B.GPI
autoimunitate —
antibodies

B Continued pathogenesis

Activation of inflammatory cells Promotion of Interference with trophoblasts
and endothelial cells coagulation and decidual cells
MONOCYTE

COVID-19 pacientiem detektejamas
vairakas autoantivielas

NETosis

1. Anti-fosfolipidu antivielas G

2. Neutralizejosas anti -1 tipa el iy s el o
interferonu antivielas ek | 4 e actor gy it sy | 4 rfrstio

3. Anti-nuklearas antivielas - -

D Through multiple mechanisms, . N % < 7
antiphospholipid-antibody activity results in: & B o ) el r
= ’ J
D) uoCo = ~ = - e = 'S 3
( Inflammation Vasculopathy Thrombosis ‘ Pregnancy complications J
\ / \ J \ J \ 3

Figure 1. Summary of the Proposed Pathogenesis of Antiphospholipid-Antibody-Mediated Clinical Problems.

In Panel A, antiphospholipid antibodies are produced by B cells; binding to anionic surfaces converts the closed, nonimmunogenic
Ba-glycoprotein | (8;GPl) to the open, immunogenic B;GPI. In Panel B (left), antiphospholipid antibodies bind to the immunogenic
BaGPI, resulting in endothelial-cell, complement, platelet, neutrophil, and monocyte activation (including the release of neutrophil
extracellular traps [NETosis]). In Panel B (middle), antiphospholipid antibodies promote clot formation, and in Panel B (right), anti-
phospholipid antibodies interfere with trophoblasts and decidual cells. Panels C and D show that, on the basis of multiple mecha-

D. Garcia and D. Erkan, “Diagnosis and Management of the Antiphospholipid Syndrome,” New England Journal of Medicine, vol. 378, no. 21, pp. 2010~ nisms that are not mutually exclusive, antiphospholipid antibodies result in inflammation, vasculopathy, thrombosis, and pregnancy

2021, May 2018, doi: 10.1056/NE]Mra1705454. complications.
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SARS-CoV-2 un autoimunitate - AUTOIMUNAS
SLIMIBAS

Neurological manifestations Antiphospholipid antibody syndrome

Encephalitis 0.1-0.2%; GBS 0.1-1.0%; myelitis 0.1%, N Positivity for LA, IgA AB2GPI, and IgA ACA: as

optic neuritis 0.1% in hospitalized patients high as 92%, 37%, and 32% in moderate to severe
patients

Ocular manifestations \ Other SARDs

N et : 53 o Flare of pre-existing SARDs, particularly SLE
Case reports of retinal vein vasculitis and uveitis » .

Interstitial lung disease
Interstitial pattern infiltrate 0.88% in hospitalized \ Multlsystem lnﬂammatory

* Gijena-Bare sindroms e sndrome

7% in severe patients

* Autoimunas vairogdziedzera Articular manifestations
Systemic vasculitis Arthralgia 2.5-31%:; case reports of acute arthritis

Slimib aS Limited to case reports

Case reports in adults aged 35-54 years

\ Hematological manifestations

* Autoimuna hemolitiska aneémija Other ergan-epecifc immune-

Case reports of crescentic and collapsing

glomerulopathy; IBD flare 1-5%
Skin manifestations

Case series of cutaneous vasculitis and
chilblain-like lesions

FIGURE 3 | The summary of autoimmune and rheumatic manifestations associated with the coronavirus disease 2019 (COVID-19). AB2GPI, anti-B2glycoprotein |
antibody; ACA, anticardiolipin antibody; AIHA, autoimmune hemolytic anemia; GBS, Guillain-Barré syndrome; HLH, hemophagocytic lymphohistiocytosis; IBD,
inflammatory bowel disease; ITP, immune thrombocytopenic purpura; LA, lupus anticoagulant; SARD, systemic autoimmune rheumatic disease; SLE, systemic
lupus erythematosus.

K.-T. Tang, B.-C. Hsu, and D.-Y. Chen, “Autoimmune and Rheumatic Manifestations Associated With COVID-19 in Adults: An Updated Systematic
Review,” Front Immunol, vol. 12, Mar. 2021, doi: 10.3389/fimmu.2021.645013.
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