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RESPIRATORY SYNCYTIAL VIRUS (RSV) CLASSIFICATION

| Paramyxoviridae |
| | ] 1
| Paramyxovirinae | | Pneumovirinae |
]
| [ |
| Parainfluenza | Pneumovirus | | Metapneumovirus |
Human PIV 1-4 Human RSV ‘I Avian MPV
Sendai Ovine RSV Human MPV
Pneumovirus

Isolato per la prima volta nel 1956 da scimpanzé
affetti da raffreddore e denominato CCA
(chimpanzee coryza agent)

Poiché in colture cellulari provoca aggregazione
delle cellule in larghi sincizi, gli fu conferito il
nome definitivo di "respiratorio sinciziale"

Respiratory Syncytial Virus Infection and Bronchiolitis Giovanni Piedimonte,Miriam K. PerezPediatrics in Review 2014;35;519.



Etiology of acute respiratory infections in children. The World Health Organization estimates indicate
that respiratory syncytial virus (RSV) accounts worldwide for more than 60% of acute respiratory
infections in children and more than 80% in infants younger than 1 year and at the peak of viral season.
Therefore, RSV is by far the most frequent cause of pediatric bronchiolitis and pneumonia

y : o,
Chlamydia pneumoniae 0% Adenovirus 7%

Mycoplasma pneumoniae 9%

Haemophilus influenzae 6%

H. parainfluenzae 2%
Influenza B 2%
Influenza A 3%

Streptococcus pneumoniae 8%

Respiratory Syncytial Virus Infection and Bronchiolitis Giovanni Piedimonte,Miriam K. PerezPediatrics in Review 2014;35;519.



75% DI BRONCHIOLITE E CAUSATA DAL RSV

FATTORI di RISCHIO

NATO A TERMINE SANO

Eta'< 36 settimane
Basso livello socio-economico
Esposizione a fumo passivo

NATO PRETERMINE
EG <32 settimane
Displasia broncopolmonare

Ventilazione meccanica in epoca
heonatale

PATOLOGIE CRONICHE

Fibrosi cistica
Cardiopatia congenita
Immunodeficit
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Figure 3: Location of studies reporting incidence, hospital admission, and in-hospital case fatality in children with RSV-ALRI
RSV-ALRI=RSV-associated acute lower respiratory infection.
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INTERNATIONAL COOPERATIONS ON RSV RESEARCH
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Diffusione del RSV-A ON1 a partire dal 14 novembre 2014
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VRS E PATWAY DEI TLR

E— -
TLR3 TLR4/CD14 TLR4 TLR1/TLR2 TLR2 TLR2/Dectin-1 TLRG/TLR2 TLRS TLR10 TLRH TLR7 TLRE TLRY
+Double-stranded  + Lipopolysaccharides (LPS) * Lip y haride + Lip 0.9 B | Lipop * 2y * RALP-Z (Mycopltasmal « Flagellin Unknown = Profilin * Imiquemod . 3M2 * Unmaethylated
RNA (dsRNA) (R~ @t Sforms) {LPS) (Rform) OspA * Lipoarsbinomannan Macrophage-activating * Gardiquimod * R-846 {Resiquimod) CpG DNA
« paly(l:C) < Lipid A * Lipld A « Triacylated (LAM) Lipopeptide) + R842 (Ras + Singl RNA + CpG OONs
« mRNARRNA « Monophosphoryl Lipid A + Monophosphoryl Lipopeptid + MALP.2 {Mycoplasmal « Di « 827610 (ssRNA) + Hemozoin
(MPL-A) Lipid A (MPL.A) Pam,CSK,, JBT3002 Macrophage-activating Lipopeptides. oL * Polyuridylic acid
* Acychic Lipid A-fike Analog Lipopeptide) Pam,CSK,, FSLA «T0G
(R112022) + Glycasyiphosphatidyl- + Soluble Tuberculosis 3N
* Paclitoxel [recognizes mouse inositol (GP1) Factor (STF) * Bropirimine
8 TLRY) + Glycolipids TLR11 + Single-stranded RNA
c + LMW Oligosaccharides of +Porins (mouse) (53RNA)
a, Myaluronic Acid (sHA) TLRS * Polyuridylic acid
E » Flavelipin * UTsnRNA
— « Glycoinositolphospho-  TLR4 TLR1 TLR2 TLR2 TLR6 TLR2 = TLR10 . oo
lipids (GIPLs) A ! N ® ! = , 2
e B == = z
E L Ligands available from
cD14 ! = ALEXIS" Biochemicals
Ll are indicated in red

NUCLEO

Pl PP B

v v v v v v v v A\
NG IP-10 P10 IL1p CCR7 IP-10 L6 12 IFN
IFN<p TNF TNF TNF

01-June-07

Adaptor Pathways

— Inhibition (Il LRR Domain

IRF3 N\, IRF3 j
a 1 / . o / a IRF7 IRF1 ® Phosphorylation Kinase
= Typs
. wyoes @B Uviquitination @ Doath Domain

\ | (IEN-S, IFN-u) /
”@" W * Inflammatory Cytokines /
a TIR Domain e Transmembrane

— (TNFao, 1L, 1L-12)
ROV VO SIWIRY T
g -

* Activated by caspase-1?
* Adaptor-inhibiters shown for
TLR4 only




TLR: GENETICA
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TLR1 TLR2 TLR3 TLR4 TLR5 TLR6 TLR7 TLR8 TLR9 TLR10 TLR11/13
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PLoS One. 2011;6(10):e25998. Epub 2011 Oct 5. TLR1/TLR2 heterodimers play an important role in the recognition of Borrelia spirochetes.

Cancer Epidemiol Biomarkers Prev. 2011 Dec;20(12):2594-602 Genetic variants of toll-like receptor 2 and 5, helicobacter pylori infection, and risk of gastric
cancer and its precursors in a chinese population.

Rev Esp Cardiol. 2011 Nov;64(11):1056-9. Toll-like receptor 2 R753Q polymorphisms are associated with an increased risk of infective endocarditis

Am J Respir Crit Care Med. 2008 Oct 1;178(7):710-20. Toll-like receptor 1 polymorphisms affect innate immune responses and outcomes in
sepsis

Quintessence Int. 2008 Mar;39(3):217-26. Toll-like receptors 2 and 4 gene polymorphisms in a Chinese population with periodontitis.

Cugr Iﬂrug Targets Inflamm Allergy. 2005. CD14 and toll-like receptors: potential contribution of genetic factors and mechanisms to inflammation
and allergy.
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DINAMICA EVOLUTIVA T CELLS
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INFEZIONE DA VRS E RISPOSTA IMMUNITARIA
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RSV: PROTEINE CHE ANTAGONIZZANOQ LA
RISPOSTA IMMUNITARIA DELL OSPITE

Decoy for neutralising
antibodies

& ’: / TLR antagonism

Soluble G-protein

RSV
G-protein nucleoproteins

| l

Escape from Suppression of type |
:utralising antibodies IFN production

Eur Respir J 2015; 45: 774-789 |




The RSV Genome and Morphology

RSV: GENOMA E FUNZIONE DELLE o W w6 e o
PROTEINE CODIFICATE A . o
Genome " ==
3 s2 "

Protein Function

| o
Non structural protein 1: anti IFN type | = N
Non structural protein 2. anti IFN type | |

Bletron microgragh ionage Crodit s Fof Roberto

Nucleocapsid protein: structural protein essentian ot
transcriptional activity

Phosphoprotein : essential structural protein and cofactor of the polymerase
Matrix protein: viral assembly

Small hydrophobic protein: viroporin with anti apoptotic role mediate by TNF-a

Transmembrane protein: attachment function; membrane bound and
secreted forms; neutralizing antigen.

Fusion glycoprotein: responsible for syncytia formation, penetration,
neutralization and protection

M2-1 protein : transcription and antitermination factor
M2-2 protein : regulation of transcription and RNA replication

RNA-dependent RNA polymerase : Major polymerase subunit

Eur Respir J-2015; 45: 774-789 |



RSV: CELLULE COINVOLTE NELLA RISPOSTA IMMUNE

VouL. 18, 2005
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RSV: CRONOPROGRAMMA DELLA RISPOSTA IMMUNE

CD8 T cells Antibody
[
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Cunicat Microgiotosy Reviews, -JUly 2005, P. 541-555
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« RSV bronchiolitis
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INFEZIONE DA VRS E RISPOSTAT HELPER
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RSV: RISPOSTA IMMUNITARIA
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Differentiation of the Thl, Th2, Treg, and Th17 subsets
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Volume 78 | Number 5 | November 2015 Pediatric Researc h



RSV: RISPOSTA DELL' ORGANISMO IMMUNOCOMPETENTE

CELL DEATH
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IDENTIKIT GENETICO DELL'OSPITE
E VARIABILITA' DI RISPOSTA AL VRS

Table 1

List of genes in which variants have been associated with particular disease outcomes in specific virus infections

Human gene

Variant-associated disease
manifestation

Gene functional category

Reference(s)

Influenza virus

IFITM3 Severe influenza Antiviral restriction factor 39,162,177
IRF7 Severe influenza Transcription factor 27
CPTII Influenza-associated encephalopathy Cell homeostasis 21,94, 171

Bronchiolitis

Cell homeostasis

83,92, 153

VDR Bronchiolitis Transcription factor 68, 80, 102, 141
ILS Bronchiolitis Cyrokine 61

1.4 Bronchiolitis Cytokine 26, 56,173
IL4RA Bronchiolitis Cytokine 56,149

IL13 Need for mechanical ventilation Cytokine 124

Need for mechanical ventilation

Cytokine

44, 168

CCRS Resistance to infection, slow disease Virus entry receptor or coreceptor 33,90, 129
progression

HILABS7 Low viral load and slow T cell decline Antigen presentation 2,40, 74, 103

KIR3DS1 Slow disease progression Adaptive immune cell development | 98, 151

TRIMSA Accelerated disease progression Antiviral restriction factor 136

APOBEC3G Accelerated disease progression Antiviral restriction factor 3

IFITM3 Accelerated disease progression Antiviral restriction factor 176

HTLV-1

EPCI Aggressive type adult T cell lymphoma Cell homeostasis; Transcription 106

factor

Immunotherapy (2017)



HRV e RSV e WHEEZING PERSISTENTE

Short epidemic Neurogenic
season inflammation

| l

Infantsand __y Extensive damage
young children to the airways

T

J Prematurity
More inducer Young age

than trigger

Long-lasting bronchial
hyperreactivity

Every Recurrent
season infections

! \

Infants, children 5 Atopy as Pro-inflammatory cell
and adolescents facilitator activation and limited
T damage

Long-lasting bronchial
hyperreactivity

More trigger
than inducer

Eur Respir J 2015; 45: 774-789 |



RSV E NEUTROFILI NELLA PATOGENESI DELL'ASMA
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OCTOBER 2015



THE ROLE OF INNATE LYMPHOID CELLS (ILCS) IN VIRAL INFECTIONS

VIRAL INFECTION TISSUE REPAIR
A RSV RV
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Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 2 August 2017 | Volume 7 | Article 367



Asthma predisposition and respira-
tory syncytial virus infection
modulate transient receptor poten-
tial vanilloid 1 function in chil-
dren’s airways

FIG 2. TRPV, expression was silenced with a specific siRNA (TRPY ;siRMNA).
This strategy achieved approximately 70% reduction in TRPV; mRNA tran-
scripts as measured by quantitative PCR and abolished the effect of RSV
infection on capsaicin-induced [Ca®"); in HBE from both asthmatic children
and nonasthmatic controls. All experiments were repeated =2 times in
quadruplicate. Data are expressed as mean = SEM. **P = 01 and
##%0 <« 001 compared with controls treated with nontargeting siRNA
(NTsIRNA).
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GENI DI SUSCETTIBILITA': RSV/ASMA
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International Archives of

Allergy...
Immunology

Ciprandi G, Cuppari C, Salpietro AM, Tosca MA, Rigoli L, Grasso L, Leonardi S,
Marseglia GL, Miraglia del Giudice, Salpietro C

Serum IL-23 Strongly and Inversely Correlates with FEV, in Asthmatic Children.
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Clinical reviews in allergy and immunology

Role of viral infections in the development and

exacerbation of asthma in children

RV-C RSV-A (10 genotypes)
RSV-B (13 genotypes)

AV-B
RV-A (65 types)
80types) 2 0 g

Viruses

'''''

ICAM.1  CAM- o CX3CR1 ~ membrane
Receptors or
LOL-R

Cell type Ciliated epithelial cell Ciliated epithelial cell

Type 1 pneumocyte

* Airway damage and ,

Virus infection
« Rhinovirus types A and C
* Respiratory syncytial virus

Pre-existing Treatment
. airway « Rhinovirus wheezing:
inflammation corticosteroid o control
» T helper 2 polarized airway inflammation
inflammation * Respiratory syncytial virus

bronehiolitis: monocional

remodelling antibody, palivizumab,
vaccinaton
Genetics Environment
» Family history of / + Exposure 1o allergens,
asthma or atopy tobacco smoke and
* Poor antiviral immunity poliution
» Specific risk genes and * Loss of environmental
single nucleotide biodiversity
polymorphisms

Microbiome
* Loss of personal microbial diversity

J ALLERGY CLIN IMMUNOL
OCTOBER 2017



RSV: RUOLO DELLA VITAMINA D

X Rhinovirus R*ARSV QA Influenza
Virus

Respiratory
Epithelial
Cell
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Conditions
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Treatment

Recruitment of Dampen Anti-viral effects: Dampen
neutrophils, immunopathology 1 viral replication immunopathology
macrophages, T-cells etc. ¥ Infectivity
{ Epithelial cell death
T Effector mechanisms T Neutralisation

for viral clearance

Nutrients 2015, 7



Vitamin D
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Immune Responses
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A New Hypothesis: correlation between Phlogosis Allergic Minimum Persistent

(P.A.M.P.) and Recurrent Respiratory Infections (R.R.l.)
Cuppari C, Manti S, Salpietro A, Colavita L, Valenti S, De Vivo D, Arrigo T, Salpietro C
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HMGB1 E NOSTRI STUDI
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Ann Allergy Asthma Immunol. 2015 Aug;115(2):103-7. doi: 10.1016/.anai.2015.06.008.

Sputum high mobility group box-1 in asthmatic children: a noninvasive sensitive biomarker reflecting disease
status.

Cuppari C', Manti 5, Chirico V', Caruso R', Salpietro V!, Giacchi V2, Lagana F', Arrigo T, Salpietro C*, Leonardi 52.

Br J Haematol. 2015 Cct;171(1):130-6. doiz 10.1111/bjh.13530. Epub 2015 Jun 8.

Thalassaemia major and infectious risk: High Mobility Group Box-1 represents a novel diagnostic and
prognostic biomarker.

Chirico V', Lacguaniti A2, Piraino B!, Cutrupi M', Cuppari C', Grasso L7, Rigoli L', David A3, Arrigo T', Salpietro C1.

J Bigl Regul Homeost Agents. 2015 Apr-Jun;2H2 Suppl 1):55-7.
HIGH-MOBILITY GROUP BOX 1 IN ALLERGIC AND NON ALLERGIC UPPER AIRWAY INFLAMMATION.
Chirico V!, Lacguaniti A2, Vingi S, Piraino B, Manti §7, Marseqlia L, Salpietro A", Gitto E', Arrige T', Salpietro €', Cuppari C1,

Eur J Pediatr. 2014 Sep:173(9):1123-36. doi: 10.1007/500431-014-2327-1. Epub 2014 May 9.

High-mobility group box 1 (HMGB1) in childhood: from bench to bedside.
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HMGB1 AUMENTA NEL TESSUTO POLMONARE DI TOPI
INFETTATI CON VRS
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VRS INDUCE UN'AUMENTATA ESPRESSIONE DI HM6EBI
(Colvure di cellule staminali differenziate in bronchiali)
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Vertical Transmission of Respiratory Syncytial Virus Modulates Pre- and
Postnatal Innervation and Reactivity of Rat Airways
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RSV genomic sequences were found in
one-third of the fetuses

When pups delivered from RSV-infected
dams were reinfected postnatally (group R+R)
their airways became significantly
hyperresponsive to any frequency of EFS

Piedimonte G, et al. PLoS One. 2013




RSV e gravidanza




RSV: TRASMISSIONE VERTICALE

MADRE CON SCREENTG TNFETTIVOLOGICO NEGATIVO. SINDROME TNFLUENZALE
PERSTSTENTE NEGLT ULTIMI MESI DI GRAVIDANZA

FAMILIART COABITANTI STESST SINTOMI

INFEZIONE ATTIVA RSV IgM (1/40), IgA (1/20) and Ig6 (1/60)

FEDERICO: NATO ALLA 35 SETTIMANA
A 5 MINUTT DALLA NASCITA DISTRESS RESPIRATORIO

SIEROLOGIA POSITIVA PER Ab ANTI RSV IgM (1/40), IgA (1/20) Ig6 (1/60) E PRESENZA
SIERICA DI RNA VIRALE

A DISTANZA DI 4-6 SETTIMANE BENESSERE E GRADUALE NEGATIVIZZAZIONE IgM e IgA anti
RSV

SSENZA DI RNA VIRALE NEL SIERO ’ \

Vertical transmission of RSV infectius disease: the first report in a newborn. S.Manti, C.Cuppari, A.Lanzafame, S.Leonardi,
C.Salpietro, P.Betta. Pediatric Allergy Immunology Pulmunology



EVIDENCE-BASED MANAGEMENT OF BRONCHIOLITIS

EVIDENCE

|

Piedimonte G, Miriam K. Perez. Pediatrics in Review 2014



Our Hypothesis

Lee, et al. Mol Vis; 2012



Glycyrrhizin treatment reduces RSV viral load
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EVIDENCE-BASED MANAGEMENT OF BRONCHIOLITIS

Anti-HMGB1

Piedimonte G, Miriam K. Perez. Pediatrics in Review 2014
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