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Una delle più famose raffigurazioni di un orologio analogico che rappresenti 
l’evoluzione biologica sul pianeta Terra, vede, nelle ventiquattr’ore, la 
comparsa dell’uomo negli ultimi minuti, ma non basta l’estensione grafica 
di pochi secondi per far capire l’inarrestabile crescita esponenziale delle sue 
conquiste scientifiche. In ambito biomedico, da quando Kary Banks Mullis 
(1944-2019, Premio Nobel 1993 per la Chimica insieme a Michael Smith) 
elaborò la tecnica della reazione a catena della polimerasi (PCR), impensabili 
sviluppi teorici e applicativi hanno coinvolto il mondo della diagnostica 
immunologica e, analogamente, la grande e progressiva espansione delle 
nanotecnologie, ha consentito progressi tali da rendere possibile la “creazione” 
di nuove molecole, in ambito farmaceutico, con tempistiche accelerate, del tutto 
imprevedibili fino a tempi relativamente recenti. La favola biblica del serpente 
e della mela, evoca peraltro molto efficacemente i rischi connessi con l’accesso 
all’albero della conoscenza... Così l’evidente incidenza anomala di reazioni 
avverse di farmaci genici a mRNA, sviluppati in tempi-record quali “vaccini” 
per contrastare il nuovo coronavirus SARS-Cov-2, responsabile della pandemia 
Covid-19, molecole realizzate con biotecnologie e nanomateriali, ha scatenato 
ipotesi di ogni genere quando, con buona probabilità, il problema va forse solo 
ricercato nel controllo di qualità a livello della produzione di queste sostanze. 
Il secondo Quaderno monotematico che Disinfection pubblica, dopo uno precedente 
dedicato allo studio di anomalie ematologiche in soggetti vaccinati sintomatici, 
probabilmente connesse a residui di lavorazione in alcuni lotti, si affianca 
idealmente, nella stessa direttrice di ricerca. Con l’invito, che quale Presidente 
della Associazione Tossicologi e Tecnici Ambientali (ATTA) non posso che 
apprezzare e condividere, ad una sistematica e riflessiva etica sperimentale 
(perché  sperimentale è la natura di questi “vaccini”, nati nell’emergenza), 
in ossequio alle precise norme dettate in merito dal Codice di Norimberga.

A.T.T.A.
il Presidente 

Prof. Marcello Lofrano

Fra scienza e cautela

di Marcello 
Lofrano,
Presidente 

A.T.T.A.
(Associazione 

Tossicologi 
e Tecnici 

Ambientali)

Biotecnologie e nanomateriali 

EDITORIALE
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Criticità chimico-fisiche e potenziale
tossicologico dei nanomateriali lipidici
contenuti in un vaccino a mRNA

Gabriele 
Segalla
gabriele.
segalla@

gmail.com 
Biochimico
Ricercatore 

indipendente *

SOMMARIO
Il preparato medicinale denominato Comir-
QDW\� GL� 3À]HU�%LR17HFK� q� XQD� VRVSHQVLRQH�
DFTXRVD� GL� QDQRPDWHULDOL� OLSLGLFL�� GHVWLQDWD�
D� FRVWLWXLUH�� GRSR� OH� IDVL� GL� VFRQJHODPHQWR� H�
GLOXL]LRQH��LO�SURGRWWR�ÀQLWR�LQLHWWDELOH�SHU�YLD�
LQWUDPXVFRODUH��
1HO�SUHVHQWH�VWXGLR��VL�HVDPLQDQR�DOFXQH�HYL-
GHQWL�FULWLFLWj�FKLPLFR�ÀVLFKH�GHO�SUHSDUDWR��LQ�
PHULWR�DOOD�PDQLIHVWD�LQVWDELOLWj�GHOOD�VXD�FRP-
SRVL]LRQH� TXDOL�TXDQWLWDWLYD�� � QRQFKp� DO� VXR�
FRQVHJXHQWH� SRWHQ]LDOH� WRVVLFRORJLFR�� QHOOD�
IDWWLVSHFLH�FRUUHODWR�DOOD�SRVVLELOH�IRUPD]LRQH�
di ROS (reactive oxygen species), dopo l’ino-
FXOD]LRQH�LQWUDPXVFRODUH��LQ�GLYHUVL�VLWL�ELROR-
JLFL��TXDOL��SRWHQ]LDOPHQWH��UHQL��IHJDWR��FXRUH��
FHUYHOOR��HFF���SURYRFDQGRQH�GLVIXQ]LRQL�H�DO-
WHUD]LRQL��
3DUWLFRODUH� SUHRFFXSD]LRQH� GHVWD� OD� SUHVHQ]D�
QHO� IRUPXODWR� GHL� GXH� HFFLSLHQWL� IXQ]LRQDOL��
$/&������H�$/&�������PDL�XVDWL�SULPD�LQ�XQ�
SURGRWWR� PHGLFLQDOH�� Qp� UHJLVWUDWL� LQ� )DUPD-
FRSHD�(XURSHD�� Qp� WDQWRPHQR� QHOO·LQYHQWDULR�
HXURSHR�&	/��
/H�DWWXDOL�6FKHGH�GL�'DWL�GL�6LFXUH]]D�GHO�IDE-
EULFDQWH� ULVXOWDQR� RPLVVLYH� H� LQDGHPSLHQWL��

VRSUDWWXWWR� LQ� PHULWR� D� TXDQWR� SUHYLVWR� GDOOH�
YLJHQWL�QRUPDWLYH�HXURSHH�LQ�WHPD�GL�UHJLVWUD-
]LRQH��YDOXWD]LRQH���DXWRUL]]D]LRQH�H�UHVWUL]LR-
QH�GHL�QDQRPDWHULDOL��
La presenza di elettroliti nel preparato e la 
VXFFHVVLYD� IDVH� GL� GLOXL]LRQH� GRSR� OR� VFRQ-
JHODPHQWR� H� SULPD� GHOO·LQRFXOD]LRQH� GHVWDQR�
IRQGDWH� SUHRFFXSD]LRQL� VXOOD� SUHFDULD� VWDELOL-
Wj�GHOOD�VRVSHQVLRQH�ULVXOWDQWH�H�VXOO·,QGLFH�GL�
polidispersione dei nanomateriali in essa con-
WHQXWL�� IDWWRUL�TXHVWL� LSRWL]]DELOL�FRPH� OH�root 
causes�GL�QXPHURVL�HIIHWWL�DYYHUVL�SRVW�YDFFL-
QD]LRQH�UHJLVWUDWL�D�OLYHOOR�VWDWLVWLFR�HSLGHPLR-
ORJLFR��
6L�FRQVLJOLDQR�H�DXVSLFDQR�XOWHULRUL�LPPHGLD-
WL� VWXGL� H� YHULÀFKH� LQ� PHULWR�� SUHQGHQGR� QHO�
IUDWWHPSR� LQ� FRQVLGHUD]LRQH�� VH� GHO� FDVR� H� D�
VFRSR�PHUDPHQWH�SUHFDX]LRQDOH�� O·LPPHGLDWD�
sospensione delle vaccinazioni con il prepa-
UDWR�&RPLUQDW\�GL�3À]HU�%LR17HFK��DOOD� OXFH�
GHOO·DUWLFROR� ��� GHO� &RGLFH� GL� 1RULPEHUJD��
“Durante l’esperimento lo scienziato respon-
sabile deve essere pronto a interromperlo in 
qualunque momento se indotto a credere che 
la continuazione dell’esperimento comporte-
rebbe probabilmente lesioni, invalidità o mor-
te per il soggetto umanoµ�

* Dr. Gabriele Segalla,
&KLPLFR��6SHFLDOLVWD�LQ�&KLPLFD�RUJDQLFR�ELRORJLFD��&KLPLFD�FRVPHWLFD�H�GHOOH�SUHSDUD]LRQL�
DG�XVR�WRSLFR�SHU�PHGLFLQD�HVWHWLFD��&KLPLFD�GHOOH�PLFUR�HPXOVLRQL�H�GHL�VLVWHPL�FROORLGDOL��
&KLPLFD�GHOOH�VRVWDQ]H�RUJDQLFKH�QDWXUDOL�

(�PDLO��JDEULHOH�VHJDOOD#JPDLO�FRP

/·$XWRUH�GLFKLDUD�GL�DYHUH�HVHJXLWR�OD�ULFHUFD�ULSRUWDWD�QHO�SUHVHQWH�ODYRUR�LQ�TXDOLWj�GL�5LFHUFD-
WRUH�,QGLSHQGHQWH��GL�QRQ�DYHU�ULFHYXWR�DOFXQ�ÀQDQ]LDPHQWR�H�GL�QRQ�DYHU�FRQÁLWWL�GL�LQWHUHVVH�
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1. Nanomateriali:
    nozioni generali e riferimenti normativi Europei
Il prodotto medicinale (medicinal product) denominato Comirnaty Covid-19 mRNA BNT162b2 
q�XQ�VHPLODYRUDWR�FRQFHQWUDWR��D�EDVH�GL�XQ�SDUWLFRODUH�ÀODPHQWR�GL�P51$�LQFDSVXODWR�LQ�1D-
QRSDUWLFHOOH�/LSLGLFKH� �Lipid Nanoparticles�� /13V��� H� GHVWLQDWR� D� FRVWLWXLUH�� GRSR� OH� IDVL� GL�
VFRQJHODPHQWR�H�GLOXL]LRQH�PHGLDQWH�O·DJJLXQWD�GL�XQD�VROX]LRQH�GL�FORUXUR�GL�VRGLR��XQD�VR-
VSHQVLRQH�GL�QDQRPDWHULDOL�LQLHWWDELOH�SHU�YLD�LQWUDPXVFRODUH��Ë�VWDWR�LPPHVVR�LQ�FRPPHUFLR�LQ�
(XURSD��FRQ�DXWRUL]]D]LRQH�VXERUGLQDWD�D�FRQGL]LRQL��ULODVFLDWD�GD�(0$��(XURSHDQ�0HGLFLQHV�
$JHQF\��LQ�GDWD������������H�Assessment Report�LQ�GDWD������������1 

,� QDQRPDWHULDOL� �FKLDPDWL� DQFKH� QDQRSDUWLFHOOH� R� QDQRIRUPH� D� VHFRQGD� GHO� FRQWHVWR�� WHFQL-
FR�VFLHQWLÀFR�R�QRUPDWLYR��LQ�FXL�LO�WHUPLQH�YLHQH�XVDWR��VRQR�FRVu�GHÀQLWL�H�GHVFULWWL�GD�(&+$�
(European Chemicals Agency): � 

“I nanomateriali sono sostanze chimiche o materiali composti da particelle 
con almeno una delle dimensioni compresa tra 1 e 100 nanometri. 3 

$� FDXVD� GL� XQD�PDJJLRUH� VXSHUÀFLH� VSHFLÀFD� SHU� YROXPH�� L� QDQRPDWHULDOL�
possono avere caratteristiche diverse rispetto allo stesso materiale privo del-
le caratteristiche di nanoscala. Di conseguenza, OH�SURSULHWj�ÀVLFR�FKLPLFKH�
dei nanomateriali possono differire da quelle di sostanze sfuse o particelle 
di dimensioni maggiori.

Molti prodotti di uso quotidiano contenenti nanomateriali sono già presen-
ti sul mercato europeo come batterie, rivestimenti, indumenti antibatterici 
e cosmetici. Sebbene possano offrire opportunità tecniche e commerciali, i 
nanomateriali possono anche comportare rischi per la nostra salute e per 
l’ambiente. Proprio come per qualsiasi altra sostanza immessa sul mercato 
dell’UE, è importante garantire che i loro usi siano opportunamente valu-
tati e che eventuali rischi siano adeguatamente controllati.” 

(G�q�SURSULR�DO�ÀQH�GL�JDUDQWLUH�XQ�DGHJXDWR�FRQWUROOR�H�XQD�DWWHQWD�YDOXWD]LRQH�GHL�ULVFKL�SHU�
OD�VDOXWH�FKH�(&+$

“…opera in stretta collaborazione con le autorità competenti degli Stati 
membri, la Commissione europea, le ONG e le associazioni di settore, nonché 
le organizzazioni internazionali come l’Organizzazione per la Cooperazione 
H�OR�6YLOXSSR�(FRQRPLFR��2&6(���DO�ÀQH�GL�aiutare ad attuare la legislazione 
dell’UE sulle sostanze chimiche per i nanomateriali.” 4 

*Lj�QHO�������OD�&RPPLVVLRQH�HXURSHD�DYHYD�SXEEOLFDWR�XQD�5DFFRPDQGD]LRQH�5 contenente la 
GHÀQL]LRQH�GL�QDQRPDWHULDOH��LQYLWDQGR�JOL�6WDWL�PHPEUL��OH�DJHQ]LH�GHOO·8QLRQH�H�JOL�RSHUDWRUL�
HFRQRPLFL�DG�XVDUOD�QHOO·DGR]LRQH�H�QHOO·DSSOLFD]LRQH�GHOOD�OHJLVOD]LRQH�H�GHL�SURJUDPPL�VWUD-
WHJLFL�H�GL�ULFHUFD�UHODWLYL�DL�SURGRWWL�GHULYDQWL�GDOOH�QDQRWHFQRORJLH��LQ�SDUWLFRODUH�DSSRUWDQGR�
OH�RSSRUWXQH�PRGLÀFKH�LQ�GLYHUVL�UHJRODPHQWL�HXURSHL��WUD�FXL�LO�5HJRODPHQWR�5($&+�6 e il 
5HJRODPHQWR�&/3�7��DO�ÀQH�GL�DUPRQL]]DUH�LO�PRGR�LQ�FXL�L�QDQRPDWHULDOL�HUDQR�GHÀQLWL�QHL�YDUL�
TXDGUL�JLXULGLFL�
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'HWWD�5DFFRPDQGD]LRQH� YHQLYD� VXFFHVVLYDPHQWH� DFFROWD� GDO�5HJRODPHQWR� �8(�� �����������
HQWUDWR� LQ�YLJRUH� LO����JHQQDLR�������FKH��ROWUH�DG� LQWURGXUUH�DOFXQH�VRVWDQ]LDOL�PRGLÀFKH�DO�
5HJRODPHQWR�5($&+��HQXQFLDYD�XQD�GHÀQL]LRQH�GL�QDQRPDWHULDOH�PROWR�SL��DUWLFRODWD�H�FRP-
SOHWD��LQWURGXFHQGR�VSHFLÀFKH�LQGLFD]LRQL�SHU�OD�UHJLVWUD]LRQH��OD�YDOXWD]LRQH��O·DXWRUL]]D]LRQH�
e le restrizioni concernenti le cosiddette nanoforme�

,Q�WDOH�5HJRODPHQWR��VL�OHJJH�

“'HÀQL]LRQH�GL�QDQRIRUPD�H�VHULH�GL�QDQRIRUPH�VLPLOL: 
Sulla base della raccomandazione della Commissione del 18 ottobre 2011 sul-
OD�GHÀQL]LRQH�GL�QDQRPDWHULDOH, una nanoforma è una forma di una sostan-
za naturale o fabbricata contenente particelle allo stato libero, aggregato o 
agglomerato, e in cui, per almeno il 50 % delle particelle nella distribuzione 
dimensionale numerica, una o più dimensioni esterne siano comprese tra 
1nm e 100nm��LQFOXVL�LQ�GHURJD�L�IXOOHUHQL��L�ÀRFFKL�GL�JUDIHQH�H�L�QDQRWXEL�GL�
carbonio a parete singola con una o più dimensioni esterne inferiori a 1nm. 
$�WDO�ÀQH��LO�WHUPLQH�©particella» indica una parte minuscola di materia con 
OLPLWL�ÀVLFL�GHÀQLWL��©agglomerato» indica un insieme di particelle o aggrega-
WL�FRQ�OHJDPL�GHEROL�LQ�FXL�OD�VXSHUÀFLH�HVWHUQD�ULVXOWDQWH�q�VLPLOH�DOOD�VRPPD�
GHOOH� VXSHUÀFL�GHL� VLQJROL� FRPSRQHQWL� H�©aggregato» indica una particella 
composta da particelle fuse o fortemente legate fra loro.” 9

3HUFKp�q�LPSRUWDQWH�FDUDWWHUL]]DUH�H�GLVWLQJXHUH�IUD�ORUR�L�YDUL�WLSL�GL�QDQRIRUPH��TXDOL�DSSXQWR�
OH�VLQJROH�SDUWLFHOOH�H�L�ORUR�HYHQWXDOL�´DJJUHJDWLµ�R�´DJJORPHUDWLµ"�'LFLDPR�VXELWR�FKH�L�SULPL�
FULWHUL�GL�YDOXWD]LRQH�GHOOD�SHULFRORVLWj�H�WRVVLFLWj�GHOOH�QDQRIRUPH�VRQR�VRVWDQ]LDOPHQWH�TXHOOL�
correlati alle loro dimensioni��6L�QRWL��LQIDWWL��FKH�QHOOD�VRSUD�ULSRUWDWD�GHÀQL]LRQH�SUHVFULWWLYD�
QRQ�YL�q�DOFXQ�ULIHULPHQWR�DOOD�FRPSRVL]LRQH�FKLPLFD��RUJDQLFD�R�LQRUJDQLFD��GHO�PDWHULDOH�LQ�
TXHVWLRQH��PD�VROR�HG�HVFOXVLYDPHQWH�DOOH�dimensioni delle particelle�FKH�OR�FRVWLWXLVFRQR��VLD�
esso di origine naturale, derivata o sintetica��,Q�SDUWLFRODUH��DO�ÀQH�GL�YDOXWDUQH�LO�SURÀOR�WRV-
VLFRORJLFR��GHYRQR�HVVHUH�SUHVH�LQ�FRQVLGHUD]LRQH�SULPD�GL�WXWWR�OH�FDUDWWHULVWLFKH�ÀVLFR�FKL�
miche, e in particolare la dimensione delle particelle, la loro distribuzione dimensionale�QX-
merica, la loro forma e altri parametri morfologici �TXDOL� DG�HV�� FULVWDOOLQLWj�� LQIRUPD]LRQL�
VXOOD�VWUXWWXUD�GHOO·LQVLHPH��FRPSUHVH�DG�HVHPSLR�VWUXWWXUH�D�FRQFKLJOLD�R�VWUXWWXUH�FDYH��HFF����
la VXSHUÀFLH��VXSHUÀFLH�VSHFLÀFD�LQ�YROXPH��VXSHUÀFLH�VSHFLÀFD�LQ�PDVVD�R�HQWUDPEH���QRQFKp�
la struttura molecolare��10

Figura 1. Il Comitato Nazionale per la Bioetica della Presidenza del Consiglio approva, nella seduta plenaria 
GHO���*LXJQR�������LO�SULPR�GRFXPHQWR�XIÀFLDOH�LWDOLDQR�VXL�ULVFKL�H�EHQHÀFL�GHOOH�1DQRWHFQRORJLH�
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/·HYLGHQWH�FRUUHOD]LRQH�WUD�OH�GLPHQVLRQL�QDQRPHWULFKH�H�L�ULVFKL�SHU�OD�VDOXWH�XPDQD�HUD�JLj�
VWDWD�DPSLDPHQWH�HVDPLQDWD�H�GHVFULWWD�GDOOR�VWHVVR�&�1�%���Comitato Nazionale per la Bioetica 
della Presidenza del Consiglio dei Ministri���FKH��QHOOD�VHGXWD�3OHQDULD�GHO���JLXJQR�GHO������
�)LJXUD�����D�WDOH�SURSRVLWR�ULOHYDYD�

“… /·DOWR�UDSSRUWR�VXSHUÀFLH�PDVVD��OH�GLPHQVLRQL�´DWRPLFKHµ�H�OD�IDFLOLWj�
con cui le nanoparticelle possono assorbire e veicolare altre sostanze: pro-
prio le caratteristiche che rendono attraenti i nanomateriali, suggeriscono 
anche una certa prudenza nel loro utilizzo in campo biomedico. Infatti, se 
l’estrema penetrabilità delle nanoparticelle costituisce il segreto delle loro 
potenzialità, non vanno sottovalutati i rischi connessi alla nano-dimensio-
ne, visto che da più parti si sottolinea come non siano ancora chiare le pos-
sibili interazioni tra le nanoparticelle e l’organismo umano.
…
,O�PDJJLRU�QXPHUR�GHL�GDWL�VFLHQWLÀFL�GLVSRQLELOL�VXOOH�ULVSRVWH�ÀVLRORJLFKH�
alle nanoparticelle riguardano il sistema respiratorio, in merito al quale i 
dati sperimentali dimostrano che, alla medesima concentrazione di massa, 
le nanoparticelle producono effetti tossici maggiori rispetto a particelle più 
grandi di una stessa sostanza. Inoltre, secondo i dati evocati, l’interazione 
delle nanoparticelle con biomolecole quali il DNA, l’RNA o le proteine cre-
sce con il decrescere della dimensione delle particelle considerate. 
…
1HOOD�FRQVLGHUD]LRQH�GHL�ULVFKL�VSHFLÀFL�GHULYDQWL�GDOOH�QDQRSDUWLFHOOH��SHU-
tanto, vengono in rilievo non solo la dimensione, ma anche la forma e la 
FRPSRVL]LRQH��ROWUH�FKH�OD�FDULFD�GL�VXSHUÀFLH�DVVRUELWD��XJXDOPHQWH�VLJQL-
ÀFDWLYL�VRQR�L�IHQRPHQL�GL�PRGLÀFD��DJJUHJD]LRQH��GLVVROX]LRQH�R�GHJUDGD-
]LRQH�GHOOD�VXSHUÀFLH�GHOOH�QDQRSDUWLFHOOH��GD�FXL�SXz�GHULYDUH� LO� ULODVFLR�
di nanoparticelle. Posto che le nanoparticelle immediatamente solubili in 
DPELHQWH�ÀVLRORJLFR�SHUGRQR�OH�ORUR�VSHFLÀFKH�SURSULHWj��q�VLJQLÀFDWLYR�YH-
ULÀFDUH�VH�HVVH�VL�GLVVROYRQR�R�PHQR�LQ�PROHFROH�QRFLYH��5LJXDUGR�DOOH�QDQR-
particelle essenzialmente insolubili, esiste una possibilità di biopersistenza, 
GHULYDQWH�GDOO·HVSRVL]LRQH�GL�OXQJR�WHUPLQH�H�GD�VSHFLÀFL�HIIHWWL�DVVRFLDWL�DOOH�
nanoparticelle. Inoltre, OD� WUDQVORFD]LRQH�GHOOH�QDQRSDUWLFHOOH�SXz�DYYHQL-
UH�DG�XQ�OLYHOOR�SL��HVWHVR�H�LQ�VLWL�GLYHUVL�ULVSHWWR�D�TXDQWR�VL�YHULÀFD�FRQ�
particelle di dimensioni maggiori��SHUWDQWR�VL�SRWUHEEH�YHULÀFDUH�XQD�distri-
buzione ed una accumulazione sistemica di tali particelle. È stato provato 
che le nanoparticelle sono in grado di translocare dal loro punto di accesso 
nel corpo umano e raggiungere altre parti, compreso il sangue e il cervello, 
DQFKH�VH�OD�SRUWDWD�H�LO�VLJQLÀFDWR�GL�WDOH�WUDQVORFD]LRQH�QRQ�VRQR�FKLDUL�H�
SRFKL�VWXGL�VRQR�VWDWL�FRQGRWWL�LQ�SURSRVLWR��,Q�SDUWLFRODUH��q�LQFHUWR�VH�OH�QD-
noparticelle siano in grado di raggiungere il feto, anche se la distribuzione 
sistemica appare probabile nelle applicazioni mediche che comportano la 
somministrazione parenterale di nanoparticelle.”11
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2. Composizione e nanomateriali del vaccino
��&RPLUQDW\�&RYLG����P51$�%17���E�
&RPH� RUPDL� EHQ� QRWR�� LO� YDFFLQR� &RYLG���� 3À]HU�%LR17HFK�� GHQRPLQDWR� &RPLUQDW\� %1-
7���E���FRQWLHQH�XQ�SDUWLFRODUH�ÀODPHQWR�GL�mRNA incapsulato in nanoparticelle lipidiche��
7DOL�QDQRSDUWLFHOOH�KDQQR�OD�IXQ]LRQH�SULPDULD�GL�SURWHJJHUH�O·�P51$�GD�GHJUDGD]LRQL�HQ]LPD-
WLFKH�H�SHUPHWWHUQH�FRVu�OD�SHQHWUD]LRQH�QHOOH�FHOOXOH�GHOO·RUJDQLVPR�RVSLWH��GRSR�O·LQLH]LRQH�
LQWUDPXVFRODUH���
1HO�IRUPXODWR��VL�GLVWLQJXRQR�TXDWWUR�VSHFLÀFL�FRPSRQHQWL�OLSLGLFL��DWWL�D�IRUPDUH��LQ�FRPEL-
QD]LRQH�WUD�GL�ORUR��QDQRSDUWLFHOOH�GLVSHUVH�LQ�XQ�PH]]R�DFTXRVR�

a) $/&������ �OLSLGH� IXQ]LRQDOH� LRQL]]DELOH�� cationico��� 1RPH� FKLPLFR�� ((4-hydroxybutyl) 
azanediyl) bis (hexane-6,1-diyl) bis (2-hexyldecanoate)��1��&$6���������������0ROHFROD�
DQÀÀOLFD13��GL�RULJLQH�VLQWHWLFD��FRVWLWXLWD�GD�XQD�VWUXWWXUD�DPPLQLFD�WHU]LDULD�FRQ�XQ�JUXSSR�
LGURVVL�EXWLOLFR�H�GXH�JUXSSL�HVLOLFL�HVWHULÀFDWL�FRQ�DFLGR���HVLOGHFDQRLFR�

)LJXUD����6WUXWWXUD�PROHFRODUH�GL�$/&�����

E��$/&�������OLSLGH�IXQ]LRQDOH��QRQ�LRQLFR��polietossilato���1RPH�FKLPLFR����[(polyethylene 
glycol)-2000]-N,N-ditetradecylacetamide�� 1�� &$6� ��������������0ROHFROD� DQÀÀOLFD�� GL�
RULJLQH�VLQWHWLFD��FRVWLWXLWD�GD�XQD�GL�PLULVWLO�DPPLGH�GHOO·DFLGR�LGURVVLDFHWLFR��SROLHWRVVLOD-
WR�FRQ�������PROL�GL�RVVLGR�GL�HWLOHQH�

�)LJXUD����6WUXWWXUD�PROHFRODUH�GL�$/&�����

c) DSPC� �IRVIROLSLGH� GL� VXSSRUWR� VWUXWWXUDOH�� ´helper lipidµ��� 1RPH� FKLPLFR�� 1,2-Distea-
royl-sn-glycero-3-phosphocholine��1��&$6�����������0ROHFROD�GL� RULJLQH� VHPL�VLQWHWLFD��
DQÀÀOLFD��FRVWLWXLWD�GD�XQ�IRVIRJOLFHULGH�LQ�FXL�XQ�JUXSSR�q�OD�IRVIDWLGLOFROLQD�H�GXH�JUXSSL�
VRQR�FDWHQH�GL�DFLGR�VWHDULFR��������
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Figura 4. Struttura molecolare della DSPC

d) Colesterolo��OLSLGH�DYHQWH�IXQ]LRQL��LQ�TXHVWR�FDVR��GL�VRVWHJQR�VWUXWWXUDOH���0ROHFROD�RUJD-
QLFD�DSSDUWHQHQWH�DOOD�FODVVH�GHJOL�VWHUROL��1��&$6���������

� 4XHVWL�TXDWWUR�FRPSRQHQWL�OLSLGLFL�FRVWLWXLVFRQR�JOL�HFFLSLHQWL�IRQGDPHQWDOL�GHO�&RPLUQDW\��
SUHSRVWL�DOOD�IRUPD]LRQH�GL�QDQRIRUPH��/13V��VIHURLGDOL� 14��GHO� WLSR�GL�TXHOOH�VFKHPDWLFD-
PHQWH�UDSSUHVHQWDWH�QHOOH�ÀJXUH���H����H�GHVWLQDWH�DG� LQFDSVXODUH�� LQJOREDUH��SURWHJJHUH�H�
YHLFRODUH�LO�SULQFLSLR�DWWLYR��FRVWLWXLWR�GDOO·P51$�BNT162b2�

)LJXUD����5DSSUHVHQWD]LRQH�VFKHPDWLFD�GHOOD�VWUXWWXUD�GL�XQD�QDQRSDUWLFHOOD�GHO�9DFFLQR�&RPLUQDW\
3À]HU�%LR17HFK��GD��&+03�DVVHVVPHQW�UHSRUW�(0$�������������²����2FW�������S�������&IU��QRWD�����

)LJXUD����,�TXDWWUR�OLSLGL�FRPSRQHQWL�GHO�YDFFLQR�3À]HU�%LR17HFK�H�ORUR�IXQ]LRQDOLWj�QHOOD�SRVVLELOH�
conformazione delle nanoparticelle costituenti il carrier protettivo e di trasporto dell’mRNA 
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&RPH�GHVFULWWR�GD�(0$�QHO�VXR�VRSUDFLWDWR�Assessment report Comirnaty�GHO����IHEEUDLR�������
OH�QDQRSDUWLFHOOH�IRUPDWH�GDL�TXDWWUR�OLSLGL�VRSUDGHVFULWWL�VRQR�SDUWLFHOOH�VROLGH�� WHQXWH�LQ�VR-
VSHQVLRQH�LQ�XQ�PH]]R�DFTXRVR�H� LQ�SUHVHQ]D�GL�XQ�WDPSRQH�IRVIDWR�VDOLQR��FRVWLWXLWR�GD�
HOHWWUROLWL�LQRUJDQLFL���FKH�PDQWLHQH�LO�S+�D�YDORUL�FRPSUHVL�WUD�����H������H�GL�XQR�]XFFKHUR�
�VDFFDURVLR���FRPH�DJHQWH�FULRSURWHWWLYR�

(��D�SDJLQD������SURSULR�LQ�PHULWR�DL�GXH�LQJUHGLHQWL�OLSLGLFL�IXQ]LRQDOL��VL�OHJJH�FKH��HVVHQGR�
l’autorizzazione all’immissione in commercio subordinata a condizioni��LO�WLWRODUH�GHOO·DX-
WRUL]]D]LRQH�VWHVVD��3À]HU�%LR17HFK��GHYH�FRPSOHWDUH��HQWUR�OD�WHPSLVWLFD�VWDELOLWD��DOFXQH�DW-
WLYLWj�VSHFLÀFKH��7UD�TXHVWH��DO�ÀQH�GL�´FRQIHUPDUH�LO�SURÀOR�GL�SXUH]]D��JDUDQWLUH�XQ�FRQWUROOR�
di qualità approfondito e assicurare l’uniformità tra i vari lotti lungo tutto il ciclo di vita del 
SURGRWWR�ÀQLWR��il titolare dell’autorizzazione all’immissione in commercio deve fornire infor-
mazioni aggiuntive sul processo di sintesi e sulla strategia di controlloµ�SHU�HQWUDPEL�L�´QXR-
vi” eccipienti lipidici $/&����� e $/&�������/D�GDWD�GL�VFDGHQ]D�SUHYLVWD�GDOO·DXWRUL]]D]LRQH�
SHU�OD�FRQVHJQD�GL�WDOL�LQIRUPD]LRQL�q�HQWUR�LO�OXJOLR�������FRQ�UHOD]LRQH�LQWHUPHGLH�SUHYLVWH�SHU�
JHQQDLR������H�DSULOH�������/D�UHOD]LRQH�ÀQDOH�VXOOR�VWXGLR�FOLQLFR��´SHU�FRQIHUPDUH�O·HIÀFDFLD�
e la sicurezza di Comirnatyµ��q�LQYHFH�SUHYLVWD�H�ULFKLHVWD�HQWUR�LO�GLFHPEUH�������

)LJXUD����$VVHVVPHQW�5HSRUW�(0$�3À]HU�%LR17HFK�&RPLUQDW\�����IHEEUDLR�������SDJLQD������2%%/,*2�
63(&,),&2�',�&203/(7$5(�/(�$77,9,7­�3267�$8725,==$7,9(�3(5�/·$8725,==$=,21(�

$//·,00,66,21(�,1�&200(5&,2�68%25',1$7$�$�&21',=,21,�

7DOH�FRQGL]LRQH�REEOLJDWRULD��62��6SHFLÀF�2EOLJDWLRQ��q�ULSUHVD��tel quel,�GDO�5HSRUW���������15 
GL�$,)$� �$JHQ]LD� ,WDOLDQD� GHO� )DUPDFR�� GHQRPLQDWR� ´&ODVVLÀFD]LRQH� GL�PHGLFLQDOL� SHU� XVR�
XPDQR�DL�VHQVL�GHOO·DUW�����FRPPD���GHO�GHFUHWR�OHJJH����VHWWHPEUH������Q������FRQYHUWLWR�FRQ�
PRGLÀFD]LRQL�QHOOD�OHJJH���QRYHPEUH������Q�����µ��FRQFHUQHQWH�LO�´)DUPDFR�GL�QXRYD�UHJLVWUD-
]LRQHµ�&RPLUQDW\��&RGLFH�$7&�²�-��%;��7LWRODUH��%LR17HFK�0DQXIDFWXULQJ�*PE+���
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)LJXUD����$,)$���$XWRUL]]D]LRQH�)DUPDFR�GL�QXRYD�UHJLVWUD]LRQH�VXERUGLQDWD�D�FRQGL]LRQL��
5HS��Q�����������GHO�����������

&RPH�RUPDL�QRWR��DOOD�GDWD�GHO�SUHVHQWH�VFULWWR��LO�FRQWHQXWR�GHOOH�UHOD]LRQL�LQROWUDWH�GDO�WLWRODUH�
GHOO·DXWRUL]]D]LRQH�HQWUR�OH�GDWH�SUHYLVWH��JHQQDLR�������DSULOH�������OXJOLR�������q�VWDWR�sor�
prendentemente segretato�GD�(0$��
6RUJRQR��D�TXHVWR�ULJXDUGR��DOFXQH�LQHYLWDELOL�H�LQFDO]DQWL�GRPDQGH��le informazioni aggiuntive 
sul processo di sintesi e sulla strategia di controllo, IRUQLWH�QHOOH�UHOD]LRQL�LQWHUPHGLH��FRQWHQ-
JRQR�R�QR�OH�LQIRUPD]LRQL�SUHYLVWH�GDOOD�QRUPDWLYD�(XURSHD�LQ�PHULWR�DOOD�disciplina attinente 
alle nanoforme"�6RQR�VWDWH�FLRq�IRUQLWH�WXWWH�OH�LQIRUPD]LRQL�UHODWLYH�DOOH�caratteristiche chi�
PLFR�ÀVLFKH�H�WRVVLFRORJLFKH�GHOOH�QDQRIRUPH�GHO�SUHSDUDWR�PHGLFLQDOH�&RPLUQDW\"�(��LQ�
WDO�FDVR��SHUFKp�VHJUHWDUOH�VH�VRQR�SUHYLVWH�SHU�OHJJH�HXURSHD"�
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���,QDGHPSLHQ]H�UHJRODWRULH�H�DVVHQ]D�GL�VWXGL�WRVVLFRORJLFL
3.1 Mancata registrazione in Farmacopea
7XWWL� JOL� HFFLSLHQWL�GHO�SURGRWWR�PHGLFLQDOH�&RPLUQDW\� VRQR�noti in Farmacopea Europea, 
IDWWD�HFFH]LRQH�SHU�$/&����� e $/&�������(QWUDPEL�TXHVWL�QDQRPDWHULDOL�VRQR�FODVVLÀFDWL�
da EMA come “nuovi HFFLSLHQWLµ�LQ�TXDQWR�´mai precedentemente usati in un prodotto me�
dicinale in Europa” e QRQ�UHJLVWUDWL�Qp�LQ�)DUPDFRSHD�(8��Qp�LQ�QHVVXQ·DOWUD�)DUPDFRSHD�
di nessuno Stato, né occidentale né orientale�16

Ë�VFRQFHUWDQWH�SHQVDUH�FKH�XQ�SURGRWWR�PHGLFLQDOH�FKH�q�VWDWR�IDEEULFDWR��DXWRUL]]DWR�H�VRPPL-
QLVWUDWR�LQ�PLOLDUGL�GL�GRVL�FRQWHQJD�GHJOL�LQJUHGLHQWL�FKH�QRQ�VRQR�PDL�VWDWL�UHJLVWUDWL�LQ�)DU-
PDFRSHD��,O�VLJQLÀFDWR�H�OD�SRUWDWD�GL�XQD�WDOH�PDQLIHVWD�RPLVVLRQH�q�IDFLOPHQWH�LQWXLELOH�GDOOD�
OHWWXUD�GHOOD�GHVFUL]LRQH�GHOOR�Scopo della European Pharmacopoeia: 

“Background
/D�)DUPDFRSHD�(XURSHD� q� XQ·XQLFD� RSHUD� GL� ULIHULPHQWR� SHU� LO� controllo 
della qualità dei medicinali�QHJOL�6WDWL�ÀUPDWDUL�GHOOD�&RQYHQ]LRQH�
*OL�VWDQGDUG�XIÀFLDOL�LQ�HVVD�SXEEOLFDWL�IRUQLVFRQR�una base legale e scienti-
ÀFD�SHU�LO�FRQWUROOR�GHOOD�TXDOLWj�GXUDQWH�L�SURFHVVL�GL�VYLOXSSR��SURGX]LRQH�
e commercializzazione.
Riguardano la composizione qualitativa e quantitativa e le prove da effettua-
re sui medicinali, sulle materie prime utilizzate nella produzione di medicina-
li e sugli intermedi di sintesi. 7XWWL�L�SURGXWWRUL�GL�PHGLFLQDOL�H�R�VRVWDQ]H�SHU�
uso farmaceutico devono pertanto applicare tali norme di qualità per poter 
FRPPHUFLDOL]]DUH�L�ORUR�SURGRWWL�QHJOL�6WDWL�ÀUPDWDUL�GHOOD�&RQYHQ]LRQH.
Mission
Lo scopo della Farmacopea Europea è promuovere la salute pubblica attra-
verso la fornitura di norme comuni riconosciute per la qualità dei medici-
nali e dei loro componenti. Tali norme devono essere appropriate come base 
per l’uso sicuro dei medicinali da parte dei pazienti. Inoltre, la loro esistenza 
facilita la libera circolazione dei medicinali in Europa e oltre.
/H�PRQRJUDÀH�GHOOD�)DUPDFRSHD�(XURSHD�H�DOWUL�WHVWL�VRQR�FRQFHSLWL�SHU�
essere adeguati alle esigenze di:
- autorità di regolamentazione;
- coloro che sono impegnati nel controllo di qualità dei medicinali e dei loro 
componenti�
- fabbricanti di medicinali e dei loro singoli componenti.
/D�)DUPDFRSHD�(XURSHD� q� DPSLDPHQWH� XWLOL]]DWD� D� OLYHOOR� LQWHUQD]LRQDOH��
Poiché la globalizzazione e l’espansione del commercio internazionale pre-
sentano una crescente necessità di sviluppare standard di qualità globali per 
i medicinali, la Commissione lavora a stretto contatto con tutti gli utilizzatori 
della Farmacopea in tutto il mondo.” 17

3.2 Schede dati di sicurezza omissive e inadempienti
2OWUH� DG� HVVHUH� VRUSUHQGHQWHPHQWH� VFRQRVFLXWL� DOOD� )DUPDFRSHD�(XURSHD�� L� GXH� FRPSRQHQWL�
OLSLGLFL�$/&������H�$/&������QRQ�VRQR�ULSRUWDWL�QHSSXUH�QHOO·LQYHQWDULR�&	/������Qp�WDQWR-
PHQR�QHOO·LQYHQWDULR�GHOOH�VRVWDQ]H�UHJLVWUDWH�GHOO·(&+$� �1RQ�KDQQR�SHUWDQWR�XQ�QXPHUR�GL�
UHJLVWUD]LRQH�5($&+�H�QRQ�QH�q�QRWD�OD�FODVVLÀFD]LRQH�&/3��,Q�DOWUH�SDUROH��QRQ�QH�q�XIÀFLDO-
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PHQWH�QRWR�LO�SURÀOR�WRVVLFRORJLFR�JHQHUDOH��Qp�FRPH�VRVWDQ]H��Qp�WDQWRPHQR�FRPH�QDQRIRUPH�
GD�HVVL�JHQHUDWH�
&Lz�q�FRQIHUPDWR�DQFKH�GD�TXDQWR�GLFKLDUDWR�QHOOD�VH]�����Composizione/ Informazioni sugli 
ingredienti��GHOOD�6FKHGD�GL�'DWL�GL�6LFXUH]]D�GHO�3URGRWWR�3À]HU�%LR17HFK�&RYLG����YDFFLQH��
GDWDWD����'LFHPEUH����������GRYH��VRWWR�OD�YRFH�´&ODVVLÀFD]LRQH�VHFRQGR�LO�5HJRODPHQWR��&(��
Q�������������&/3�µ�FRPSDUH�OD�QRWD�´Nessun informazioni disponibili” [sic], e sotto la voce 
´1XPHUR�GL�5HJLVWUD]LRQH�5($&+µ��QRQ�FRPSDUH�QHVVXQ�QXPHUR�

)LJXUD����6H]LRQH���GHOOD�6FKHGD�'DWL�'L�6LFXUH]]D�GHO�3URGRWWR�3À]HU�%LR17HFK�&RYLG����YDFFLQH��
GDWDWD���������

1HO�VLWR�XIÀFLDOH�GHOO·8QLRQH�(XURSHD�´<RXU�(XURSHµ��VL�OHJJH�

“Chi produce o importa una tonnellata o più all’anno di una sostanza chimi-
ca nello SEE ha l’obbligo di registrarla nella banca dati REACH. L’acroni-
mo REACH (Registration, Evaluation, Authorisation and Restriction of Che-
micals) si riferisce al regolamento concernente la registrazione, valutazione, 
autorizzazione e restrizione delle sostanze chimiche.
,O�UHJRODPHQWR�5($&+�VL�DSSOLFD�D�WXWWH�OH�VRVWDQ]H�FKLPLFKH, sia quelle 
necessarie per i processi industriali sia quelle che utilizziamo nella nostra 
vita quotidiana, presenti ad esempio in vernici, prodotti per la pulizia, vestiti, 
mobili ed elettrodomestici. Riguarda quindi la maggior parte delle imprese 
dello Spazio Economico Europeo (SEE). Le sostanze non registrate non pos-
sono essere commercializzate o utilizzate.”��

1HOOD�UHODWLYD�6FKHGD�GL�'DWL�GL�6LFXUH]]D�GHO�IDEEULFDQWH��GRYUHEEHUR�LQROWUH�HVVHUH�LQGLFDWH�OH�
FDUDWWHULVWLFKH�GHOOH�SDUWLFHOOH�FKH�VSHFLÀFDQR�OD�QDQRIRUPD��FRPH�SUHYLVWR�H�GHVFULWWR�GDOO·$O-
OHJDWR�9,�GHO�5HJRODPHQWR�5($&+�

6H�OD�VRVWDQ]D�q�UHJLVWUDWD�H�ULJXDUGD�XQD�QDQRIRUPD��devono essere indicate le caratteristiche 
GHOOH�SDUWLFHOOH�FKH�VSHFLÀFDQR�OD�QDQRIRUPD, come descritto nell’allegato VI.
Se la sostanza non è registrata, ma la scheda di dati di sicurezza riguarda nanoforme le cui 
caratteristiche delle particelle incidono sulla sicurezza della sostanza, occorre indicare tali 
caratteristiche. ��
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)LJXUD�����1HOOD�VH]������GHOOD�6FKHGD�GL�'DWL�GL�6LFXUH]]D�GHOOD�3À]HU�%LR17HFK��GDWDWD����GLF������
YHUVLRQH����q�HVSUHVVDPHQWH�LQGLFDWD�OD�FRQÀJXUD]LRQH�LQ�nanoforma del prodotto.

1RQRVWDQWH�VLD�HVSUHVVDPHQWH�LQGLFDWR��QHOOD�VH]LRQH���GHOOD�VWHVVD�6FKHGD�GL�'DWL�GL�6LFXUH]]D�
GHOOD�3À]HU�%LR17HFK��FKH�LO�SURGRWWR�q�XQD�´nanoforma”�H�DSSDUWLHQH�DOOD�)DPLJOLD�&KLPLFD�
denominata “Lipid Nanoparticles containing PF-07305885 (BNT162b2) and Lipidsµ��)LJ�������
le caratteristiche del nanomateriale presente nella composizione non sono riportate in 
nessun’altra sezione della stessa scheda��LQ�FRQWUDVWR�FRQ�LO�GHWWDWR�GHO�5HJ���8(������������
FKH� SUHVFULYH� FKLDUDPHQWH� FRPH� OH� FDUDWWHULVWLFKH� GHOOH� QDQRIRUPH� GHEEDQR� HVVHUH� ULSRUWDWH�
QHOOD�VRWWRVH]LRQH�����GHOOD�6FKHGD�GL�'DWL�GL�6LFXUH]]D�

´6H]�������,QIRUPD]LRQL�VXOOH�SURSULHWj�ÀVLFKH�H�FKLPLFKH�IRQGDPHQWDOL
Ciascuna scheda di dati di sicurezza deve includere le proprietà di seguito 
PHQ]LRQDWH��6H�q�VSHFLÀFDWR�FKH�XQD�GHWHUPLQDWD�SURSULHWj�QRQ�VL�DSSOLFD�R�
se non sono disponibili informazioni su una determinata proprietà, tale circo-
stanza deve essere segnalata chiaramente, indicandone se possibile i motivi:
…
r) caratteristiche delle particelle:
si applica soltanto ai solidi.
Occorre indicare la dimensione delle particelle [diametro equivalente media-
QR��PHWRGR�GL�FDOFROR�GHO�GLDPHWUR��EDVDWR�VX�QXPHUR��VXSHUÀFLH�R�YROXPH��H�
l’intervallo di valori entro il quale tale valore mediano varia]. Si possono in-
dicare anche altre proprietà, come la distribuzione dimensionale (ad esempio 
sotto forma di intervallo di valori), la forma e il rapporto d’aspetto, lo stato 
di aggregazione e agglomerazione��OD�VXSHUÀFLH�VSHFLÀFD�H�OD�SROYHURVLWj��Se 
la sostanza è in nanoforma o se la miscela fornita contiene una nanoforma, 
tali caratteristiche devono essere indicate in questa sottosezione oppure, se 
VRQR�JLj�VSHFLÀFDWH�DOWURYH�QHOOD�VFKHGD�GL�GDWL�GL�VLFXUH]]D��YD�LQVHULWR�LQ�
questa sottosezione un riferimento a tali caratteristiche.”  ��

/D�VRWWRVH]LRQH�����GHOOD�6&+('$�',�'$7,�',�6,&85(==$�GL�3À]HU�%LR17HFK�q�ULSRUWDWD�LQ�À-
JXUD�����$OOD�YRFH�´&DUDWWHULVWLFKH�GHOOH�SDUWLFHOOHµ��VL�OHJJH� Nessuna informazione disponibile�
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Figura 11. Sezione 9.1 della Scheda di Dati di Sicurezza, datata 07 dicembre 2021, 
YHUVLRQH����GHO�9DFFLQR�&RPLUQDW\�GL�3À]HU�%LR17HFK�

3.3 Assenza di studi di cancerogenicità, genotossicità e mutagenicità
/·DQDOLVL�GHOOH�FDUDWWHULVWLFKH�GHOOH�QDQRSDUWLFHOOH��GLPHQVLRQL��DUHD�VXSHUÀFLDOH�WRWDOH��VWDWR�GL�
DJJUHJD]LRQH�R�DJJORPHUD]LRQH��,QGLFH�GL�SROLGLVSHUVLRQH��FDULFD�VXSHUÀFLDOH��HFF����FRPH�JLj�
VRSUD�GHVFULWWR�H�FRPH�HVSUHVVDPHQWH�ULEDGLWR�LQ�GLYHUVL�SXQWL�GHL�UHJRODPHQWL�VRSUD�FLWDWL��q�
HVVHQ]LDOH�DO�ÀQH�GL�GHWHUPLQDUQH�O·HYHQWXDOH�SRWHQ]LDOH�FLWRWRVVLFR��JHQRWRVVLFR��PXWDJHQLFR��
FDQFHURJHQR�
Lo stato di agglomerazione�� LQ�SDUWLFRODUH��SXz�UDSSUHVHQWDUH�GL�SHU�Vp�XQ�IDWWRUH�GL�ULVFKLR�
LPSRUWDQWH��LQ�TXDQWR�SXz�FRQGL]LRQDUH�QRQ�VROR�OD�translocazione dei nanomateriali in o at�
traverso vari organi e tessuti��PD�DQFKH�LO�grado di accumulazione DOO·LQWHUQR�GL�WDOL�WHVVXWL�
H��GL�FRQVHJXHQ]D��L�UHODWLYL�SURFHVVL�GL�HOLPLQD]LRQH�FDWDEROLFD���

&LRQRQRVWDQWH��O·(0$��QHO�VXR�UHSRUW�GHO����)HEEUDLR������VXO�YDFFLQR�&RPLUQDW\��D�SDJLQD�
55, scrive: 
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“Non sono stati forniti studi di genotossicità né cancerogenicità. I componenti della formula-
zione del vaccino sono lipidi e RNA che non dovrebbero avere un potenziale genotossico�µ�

(��D�SDJLQD�����´Secondo le linee guida, non sono stati condotti studi di genotossicità o cance-
rogenicità. Non si prevede che i componenti del vaccino (lipidi e mRNA) abbiano un poten-
ziale genotossico��4XHVWR�q�DFFHWWDELOH�SHU�LO�&+03�>&RPPLWWHH�IRU�0HGLFLQDO�3URGXFWV�IRU�
Human Use]µ����

6L�QRWL�FRPH��QHOO·HVSULPHUH�XQD�LSRWHWLFD�DVVHQ]D�GL�JHQRWRVVLFLWj�H�FDQFHURJHQLFLWj�GHL�FRP-
SRQHQWL�OLSLGLFL�GHO�YDFFLQR�&RPLUQDW\��(0$�VHPEUL�LJQRUDUH�FKH�L�GXH�novel excipients ALC-
������LRQL]]DELOH��FDWLRQLFR��H�$/&�������QRQ�LRQLFR��SROLHWRVVLODWR��QRQ�VRQR�VHPSOLFL�´OLSL-
GLµ�� �JUDVVL���PD��FRPH�GHO�UHVWR�DPSLDPHQWH�GHVFULWWR�LQ�DOWUH�VH]LRQL�GHOOR�VWHVVR�UHSRUW�GL�
(0$��VRQR�OLSLGL�IXQ]LRQDOL��IRQGDPHQWDOL�H�GHWHUPLQDQWL�DO�ÀQH�GL�UHDOL]]DUH�OD�IRUPD]LRQH��in 
situ, di LNP,�FLRq�Lipid Nanoparticles��FLRq�Nanoparticelle Lipidiche��FLRq�Nanoforme��FLRq�
1$120$7(5,$/,��(�FLRq�VRVWDQ]H�VRJJHWWH�D�WXWWH�OH�VRSUDFLWDWH�GLVSRVL]LRQL�H�QRUPDWLYH�
HXURSHH�LQ�WHPD�GL�UHJLVWUD]LRQH��YDOXWD]LRQH��DXWRUL]]D]LRQH�H�UHVWUL]LRQH�GHL�1DQRPDWHULDOL��
'LVSRVL]LRQL�H�QRUPDWLYH�LQFOXGHQWL��IUD�O·DOWUR��O·REEOLJDWRULHWj�SHU�L�IDEEULFDQWL�GL�SUHGL�
VSRUUH�$1&+(�JOL�RSSRUWXQL�WHVW�GL�JHQRWRVVLFLWj�H�FDQFHURJHQLFLWj�SUHYLVWL�DSSXQWR�SHU�
le nanoforme�

In particolare, come recita il sopracitato 5HJRODPHQWR��8(������������concernente le nano-
IRUPH�

“…La valutazione dovrebbe sempre includere una dichiarazione che pre-
cisi se la sostanza o, se del caso, le sue nanoforme rispondono o no ai 
FULWHUL�HQXQFLDWL�QHO�UHJRODPHQWR��&(��Q������������SHU�OD�FODVVLÀFD]LRQH�
QHOOD�FODVVH�GL�SHULFROR�©cancerogenicità», categorie 1A o 1B, nella classe 
GL�SHULFROR�©mutagenicità sulle cellule germinali», categorie 1A o 1B, o 
QHOOD� FODVVH� GL� SHULFROR� ©tossicità per la riproduzione», categorie 1A o 
1B…” ��
 

7UD� L�PDJJLRUL� ULVFKL� SHU� OD� VDOXWH� XPDQD� FDXVDWL� GDOOD� HFFH]LRQDOH� SHQHWUDELOLWj� H�PRELOLWj�
GHOOH�QDQRIRUPH�DOO·LQWHUQR�GHL�VLVWHPL�ELRORJLFL��YDQQR�LQIDWWL�DQQRYHUDWL�SURSULR�TXHOOL�FRUUH-
ODWL�DOOD�JHQRWRVVLFLWj�H�FDQFHURJHQLFLWj��(�L�UHODWLYL�VDJJL�LQ�YLWUR�VRQR�ULWHQXWL�XQR�VWUXPHQWR�
HVWUHPDPHQWH�LPSRUWDQWH��VH�QRQ�LQGLVSHQVDELOH��DL�ÀQL�GL�XQ·DSSURIRQGLWD�FRPSUHQVLRQH�GHL�
PHFFDQLVPL�GL� WRVVLFLWj�H�GL�XQD�adeguata valutazione dei rischi per la salute causati dai 
QDQRPDWHULDOL��VRSUDWWXWWR�D�PHGLR�OXQJR�WHUPLQH���
$OWUHWWDQWR� LQFRPSUHQVLELOPHQWH� LQDGHPSLHQWH� H� LQ� QHWWR� FRQWUDVWR� FRQ� O·RUPDL� FRQVROLGDWD�
SUDVVL�UHJRODWRULR�WRVVLFRORJLFD�DWWLQHQWH�DOOH�QDQRIRUPH��DSSDUH�TXDQWR�ULSRUWDWR�QHOOD�6H]LRQH�
��� �,QIRUPD]LRQL� WRVVLFRORJLFKH��GHOOD�6FKHGD�GL�6LFXUH]]D�GHOOD�3À]HU�%LR17HFK�� LQ� ULIHUL-
mento al prodotto Comirnaty: “Non sono state condotte indagini approfondite sulle proprietà 
tossicologiche”��
/H�XQLFKH�LQIRUPD]LRQL�WRVVLFRORJLFKH�ULSRUWDWH�VRQR�TXHOOH�UHODWLYH�DL�VLQJROL�FRPSRQHQWL��LQ-
FOXVL��DG�HVHPSLR��L�SURÀOL�WRVVLFRORJLFL�GHOOR�]XFFKHUR��saccarosio��H�GHO�FRPXQH�VDOH�GD�FXFLQD�
(cloruro di sodio���PD�HVFOXVL�TXHOOL�GHL�VXFFLWDWL�OLSLGL�QDQR�IXQ]LRQDOL�$/&������H�$/&�������
(�VHQ]D�PDL�DOFXQ�ULIHULPHQWR�DOOD�SUHVHQ]D�QHO�IRUPXODWR�GL�QDQRIRUPH�H�DL�UHODWLYL�VDJJL�WRV-
VLFRORJLFL�ULFKLHVWL�SHU�OHJJH�VXOOH�QDQRIRUPH��
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)LJXUD�����6H]������,QIRUPD]LRQL�WRVVLFRORJLFKH��GHOOD�6FKHGD�GL�'DWL�GL�6LFXUH]]D�GHOOD�3À]HU�%LR17HFK��
GDWDWD����GLF�������YHUVLRQH���

���)RUPD]LRQH�GL�VSHFLH�UHDWWLYH�GHOO·RVVLJHQR��526�
��H�WRVVLFLWj�GHOOH�QDQRSDUWLFHOOH�
Ë�LPSRUWDQWH�ULOHYDUH�LQROWUH�FKH�LO�SULQFLSDOH�FRPSRQHQWH�OLSLGLFR�QHO�IRUPXODWR�GL�3À]HU�%LR1-
7HFK��O·$/&�������HVVHQGR�FRVWLWXLWR�GD�XQ·DPPLQD�WHU]LDULD��WHQGH�FRPH�WDOH�D�SURWRQDUVL�LQ�
DPELHQWH�D�EDVVR�S+��GDQGR�FRVu�RULJLQH�DOOD�IRUPD]LRQH�GL�nanoforme cationiche��DYHQWL�FLRq�
FDULFD�VXSHUÀFLDOH�SRVLWLYD��,QIDWWL�q�SURSULR�JUD]LH�DOO·DWWUD]LRQH�FRQ�OH�SRU]LRQL�GHOO·P51$�
DYHQWL�FDULFD�HOHWWULFD�RSSRVWD�FKH�KD�OXRJR�OD�IRUPD]LRQH�GL�QDQRIRUPH�VIHURLGDOL��FRPH�TXHOOH�
LOOXVWUDWH�LQ�ÀJXUD���

&Lz�FKH�YLHQH�FODPRURVDPHQWH� LJQRUDWR�QHJOL�$VVHVVPHQW�5HSRUW�GL�(0$�H�QHOOH�6FKHGH�GL�
'DWL�GL�6LFXUH]]D�GL�3À]HU�%LR17HFK�q�FKH�

“.. dati sperimentali mostrano che gli effetti citotossici e genotossici sono 
potenziati se le nanoparticelle hanno una carica positiva...” ����� 

/H�QDQRSDUWLFHOOH�FRVWLWXLWH�GD�OLSLGL�PRQRYDOHQWL�FDWLRQLFL��GHO�WLSR�DSSXQWR�GL�$/&�������VL�
VRQR�LQIDWWL�GLPRVWUDWH�VLJQLÀFDWLYDPHQWH�SL��HIÀFLHQWL�QHOO·LQGXUUH�OD�PRUWH�GHOOH�FHOOXOH�DWWUD-
YHUVR�OD�SURGX]LRQH�GL�specie reattive dell’ossigeno (ROS, reactive oxygen species��

Ë�RUPDL�FRQIHUPDWR�GD�QXPHURVL�VWXGL�FKH�JOL�HIIHWWL�WRVVLFL��SURGRWWL�GDOOH�QDQRSDUWLFHOOH�QHL�
VLVWHPL�ELRORJLFL��VRQR�GRYXWL�SULQFLSDOPHQWH�H�VRVWDQ]LDOPHQWH�DOOD�IRUPD]LRQH�GL�526�DOO·LQ-
WHUQR�GHOOH�FHOOXOH��

,�526�VRQR�SDUWLFHOOH�FKH�FRQWHQJRQR�RVVLJHQR�� WUD�FXL� OH�SL��ULOHYDQWL�VRQR�LO�perossido di 
idrogeno��+�O�), il radicale anionico superossido (O�

-) e i radicali idrossilici���2+��
9HQJRQR� SUHYDOHQWHPHQWH� SURGRWWL� QHJOL� RUJDQHOOL� FHOOXODUL� FRPH� LO� UHWLFROR� HQGRSODVPDWLFR�
�(5���QHL�SHURVVLVRPL�H�LQ�SDUWLFRODUH�QHL�PLWRFRQGUL�
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/H� QDQRSDUWLFHOOH� FRQWHQHQWL� OLSLGL�PRQRYDOHQWL� FDWLRQLFL�� VRQR� VWDWH� DPSLDPHQWH� XWLOL]]DWH��
LQ� WHUDSLH�DQWLWXPRUDOL��SHU� OD�VRPPLQLVWUD]LRQH�GL�DFLGL�QXFOHLFL�FRPH�VL51$�H�SROLSHSWLGL��
GLUHWWDPHQWH�QHOOH�FHOOXOH�WDUJHW��'LYHUVL�VWXGL�KDQQR�SHUz�GLPRVWUDWR�FKH�L�OLSRVRPL�FDWLRQLFL�
LQGXFRQR�OD�IRUPD]LRQH�GL�526�H�WRVVLFLWj�PHGLDWD�GD�526�QHOOH�FHOOXOH�VDQH�H��FRQWHPSRUDQH-
DPHQWH��ULGXFRQR�OD�YLWDOLWj�FHOOXODUH��$G�HVHPSLR��D�VHFRQGD�GHOOD�FRQFHQWUD]LRQH�OLSLGLFD��GHO-
OD�GHQVLWj�VXSHUÀFLDOH�GHL�OLSLGL�FDWLRQLFL�H�GHOOD�GLPHQVLRQH�GHOOH�SDUWLFHOOH��OH�QDQRSDUWLFHOOH�
FRQWHQHQWL�OLSLGL�FDWLRQLFL�SRVVRQR�FRQGXUUH�DOOD�JHQHUD]LRQH�GL�526�H�DOOD�PRUWH�GHOOH�FHOOXOH�
WXPRUDOL�HSDWLFKH�HepG2�31

,Q�SUHVVRFKp� WXWWL�JOL� VWXGL� VFLHQWLÀFL� VXO� WHPD��VL� ULOHYD�FKH��QRQRVWDQWH�JOL� LQGXEEL�EHQHÀFL�
H� SURJUHVVL� FRPSLXWL� QHOO·XWLOL]]D]LRQH� GHL� QDQRPDWHULDOL� LQ� FDPSR� ELRPHGLFR�� SHUPDQJRQR�
DQFRUD�VLJQLÀFDWLYH�SUHRFFXSD]LRQL�VXL�SRWHQ]LDOL�HIIHWWL�WRVVLFRORJLFL�GHOOH�QDQRSDUWLFHOOH��VR-
SUDWWXWWR� LQ� UHOD]LRQH� DOOD� ORUR� FRPSURYDWD� WHQGHQ]D� D�JHQHUDUH�TXDQWLWj� HFFHVVLYH�GL� VSHFLH�
UHDWWLYH�GHOO·RVVLJHQR��$�FDXVD�GHO� IRUWH�SRWHQ]LDOH�GL�RVVLGD]LRQH�� O·HFFHVVR�GL�526� LQGRWWR�
GDOOH�QDQRSDUWLFHOOH�SXz�FDXVDUH�LO�GDQQHJJLDPHQWR�GHOOH�ELRPROHFROH�H�GHOOH�VWUXWWXUH�GHJOL�RU-
JDQHOOL�H�SURGXUUH�FDUERQLOD]LRQH�RVVLGDWLYD�GHOOH�SURWHLQH��SHURVVLGD]LRQH�OLSLGLFD��URWWXUD�GHO�
'1$���51$�H�GHVWUXWWXUD]LRQH�GHOOH�PHPEUDQH�FHOOXODUL��IDWWRUL�TXHVWL�FKH�SRVVRQR�LQGXUUH�XQ�
FRPSOHVVR�GL�HIIHWWL�ÀVLRSDWRORJLFL�JUDYL��TXDOL�JHQRWRVVLFLWj��QHFURVL��DSRSWRVL��LQÀDPPD]LRQL�
FLWRFKLQLFKH��ÀEURVL��PHWDSODVLD��LSHUWURÀD��FDQFHURJHQLFLWj�R�SHUVLQR�PXWDJHQHVL����

)LJXUD�����(YHQWL�FHOOXODUL�LQGRWWL�GD�1DQRSDUWLFHOOH��13�������/H�13�FRQWULEXLVFRQR�DOOD�GLVWUX]LRQH�GHOOD�
PHPEUDQD�FHOOXODUH�H�DOOD�SHURVVLGD]LRQH�OLSLGLFD������/D�PHPEUDQD�OLVRVRPLDOH�YLHQH�GLVWUXWWD�GDOOH�13�H�
SURYRFD�LO�ULODVFLR�GHO�ORUR�FRQWHQXWR������/D�PHPEUDQD�PLWRFRQGULDOH�q�GDQQHJJLDWD�GDOOH�13��SURYRFDQGR�
LO�ULODVFLR�GHO�FRQWHQXWR��/H�13�ULGXFRQR�OD�IRUPD]LRQH�GL�$73�H�DXPHQWDQR�OD�SURGX]LRQH�GL�526������
,�526�LQGRWWL�GDOOH�13�SURYRFDQR�XQD�WUDGX]LRQH�HUUDWD�GHOO·51$������/H�13�LPSHGLVFRQR�LO� OHJDPH�GHO�
W51$�DO�ULERVRPD������,�526�LQGRWWL�GDOOH�13�SURYRFDQR�OD�SROLPHUL]]D]LRQH�GHOOH�SURWHLQH�H�GHO�'1$������,�
526�LQGRWWL�GDOOH�13�SRUWDQR�D�PXWD]LRQL�GHO�'1$�����/D�PHPEUDQD�QXFOHDUH�YLHQH�GLVWUXWWD�GD�SDUWH�GHOOH�
NP, con conseguente rilascio del suo contenuto 
�<X��=���/L��4���:DQJ��-��HW�DO����5HDFWLYH�2[\JHQ�6SHFLHV�5HODWHG�1DQRSDUWLFOH�7R[LFLW\�LQ�WKH�%LRPHGLFDO�
)LHOG�²�&IU��QRWD����
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Inoltre, O·HVWUHPD�SHQHWUDELOLWj� H�PRELOLWj� GHOOH� QDQRSDUWLFHOOH� DOO·LQWHUQR� GHOO·RUJDQLVPR�
VRQR�IDWWRUL�HVVHQ]LDOL�FKH�IDYRULVFRQR�LO� ORUR�facile ingresso nella circolazione sistemica e 
deposito in organi come reni, fegato, cuore, cervello, tratto intestinale, polmoni, provocan�
done disfunzioni e alterazioni��
(VLVWRQR�RUPDL�SURYH�VFKLDFFLDQWL�FKH�OD�VRYUDSSURGX]LRQH�GL�526�q�OD�FDXVD�SULQFLSDOH�GHOOD�
ELRWRVVLFLWj�GHOOH�QDQRSDUWLFHOOH��4XHVWH��FRQFHQWUDQGRVL�SULQFLSDOPHQWH�QHL�OLVRVRPL��QHL�PLWR-
FRQGUL�H�QHO�QXFOHR�GHOOD�FHOOXOD��H�JHQHUDQGR�526�LQ�TXHL�VLWL��SRVVRQR�SURYRFDUH�FRQVHJXHQ]H�
FDWDVWURÀFKH��1XPHURVL�VWXGL�LQFRQIXWDELOPHQWH�FRQIHUPDQR�FKH�L�QXFOHRWLGL�FRPSRQHQWL�GHO�
'1$�H�GHOO·51$�FHOOXODUL�FRVWLWXLVFRQR�XQ�WDUJHW�VLJQLÀFDWLYDPHQWH�YXOQHUDELOH�DOO·DJJUHVVLR-
QH�GL�526�JHQHUDWL�GDL�QDQRPDWHULDOL���34 35 36 
1H�SRVVRQR�FRQVHJXLUH�danni genetici irreparabili��FRQ�FRQVHJXHQWH�VYLOXSSR�GL�genotossici�
Wj���������������  PXWDJHQLFLWj,��������������   FDQFHURJHQLFLWj������������� 
/·DFFXPXOR�GL�QDQRSDUWLFHOOH�QHO�FRUSR�SXz�XOWHULRUPHQWH�LQGXUUH�LQÀDPPD]LRQL�H�ULVSRVWH�LP-
PXQLWDULH��FKH�D�ORUR�YROWD�SURYRFDQR�lesioni cellulari o apoptosi��PRUWH�FHOOXODUH���disfunzio�
ni di organi vitali�H��LQÀQH��VWLPRODUH�O·LQVRUJHQ]D�GL�QXPHURVH�PDODWWLH��FRPH�l’Alzheimer, il 
Parkinson, O·LQÀDPPD]LRQH�GHO�IHJDWR e la disembrioplasia�51 

���&ULWLFLWj�FKLPLFR�ÀVLFKH�GHOOH�QDQRIRUPH�H�FRQVHJXHQWL
  rischi tossicologici
&RPH�JLj�DFFHQQDWR��OH�QDQRSDUWLFHOOH�LQVHULWH�LQ�XQ�PH]]R�GLVSHUGHQWH��TXDOH�DG�HVHPSLR�XQD�
VROX]LRQH�DFTXRVD�GHO�WLSR�GL�TXHOOD�GHO�SUHSDUDWR�&RPLUQDW\��WHQGRQR�D�IRUPDUH�GHJOL�aggrega�
ti�R�GHJOL�agglomerati di forme e dimensioni diverse��PRGLÀFDQGR�FRVu�OH�ORUR�FDUDWWHULVWLFKH�
GLPHQVLRQDOL�RULJLQDULH��H��FRQVHJXHQWHPHQWH�� WXWWL�TXHL�SDUDPHWUL�FUXFLDOL�SHU� OD�YDOXWD]LRQH�
GHO�ORUR�SURÀOR�WRVVLFRORJLFR��

Figura 14. Formazione di aggregati e agglomerati di nanoparticelle

8Q�SDUDPHWUR�IRQGDPHQWDOH�D�FXL�VLD�L�WRVVLFRORJL�FKH�LO�OHJLVODWRUH�HXURSHR�DWWULEXLVFRQR�JUDQ-
GH�ULOHYDQ]D�q�SURSULR�LO�JUDGR�GL�DJJORPHUD]LRQH��DJJUHJD]LRQH (detto Indice di polidisper-
sione��GHOOH�QDQRSDUWLFHOOH�LQ�XQ�PH]]R�DFTXRVR��
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5.1 L’Indice di polidispersione (PI) 
L’Indice di polidispersione di un nanomateriale (PI, polydispersity index�� q� XQD� PLVXUD�
GHOO·HWHURJHQHLWj�GL�GLPHQVLRQL�GL�XQ�FDPSLRQH�GL�TXHO�QDQRPDWHULDOH��7DOH�LQGLFH�q�FRPSUHVR�
WUD���H����TXDQWR�SL��q�YLFLQR�D���WDQWR�SL��OD�VRVSHQVLRQH�q�monodispersa, mentre per indici 
pari a 1 le sospensioni si considerano totalmente polidisperse��/H�RUJDQL]]D]LRQL�LQWHUQD]LRQDOL�
GL�QRUPD]LRQH��,62��KDQQR�VWDELOLWR�FKH�L�YDORUL�GL�3,��������VRQR�SURSUL�GHL�FDPSLRQL�PR-
QRGLVSHUVL��PHQWUH�YDORUL�!�����VRQR�UHODWLYL�D�GLVWULEX]LRQH�GL�SDUWLFHOOH�GL�JUDQGL�GLPHQVLRQL�
�SROLGLVSHUVH�����,Q�JHQHUDOH��XQD�VRVSHQVLRQH�SXz�FRQVLGHUDUVL�monodispersa per valori di PI 
�������mediamente polidispersa�SHU�������3,�������H�polidispersa�SHU�YDORUL�VXSHULRUL�D������
,O�3,�SXz�HVVHUH�RWWHQXWR�GD�VWUXPHQWL�FKH�XWLOL]]DQR�OD�GLIIXVLRQH�GLQDPLFD�GHOOD�OXFH��'/6��R�
PLFURJUDÀH�HOHWWURQLFKH�

)LJXUD�����0RQRGLVSHUVLRQH�H�3ROLGLVSHUVLRQH�GL�XQD�VRVSHQVLRQH�GL�QDQRPDWHULDOL

,O�IDWWR�FKH�LO�SURÀOR�WRVVLFRORJLFR�GL�XQ�FHUWR�QDQRPDWHULDOH�VLD�GLUHWWDPHQWH��VHSSXU�QRQ�HVFOX-
VLYDPHQWH��FROOHJDWR�DOO·,QGLFH�GL�SROLGLVSHUVLRQH�q�IDFLOPHQWH�FRPSUHQVLELOH�FRQVLGHUDQGR�FKH��
D�VHFRQGD�GL�TXDQWR�OH�QDQRSDUWLFHOOH�SULPDULH�VL�DJJUHJDQR�R�VL�DJJORPHUDQR��YHQJRQR�JHQH-
UDWH�QDQRSDUWLFHOOH�VHFRQGDULH�GL�GLPHQVLRQL�PDJJLRUL��FKH�SRWUHEEHUR�LQÁXHQ]DUH�LQ�PRGDOLWj�
GLYHUVH� O·HVSRVL]LRQH� H� OD� ELRGLVSRQLELOLWj� GHO� SUHSDUDWR� VWHVVR��$G� HVHPSLR�� VH� OH� SDUWLFHOOH�
SULPDULH�VL�DJJUHJDQR�R�VL�DJJORPHUDQR�IRUPDQGR�SDUWLFRODWL�SL��JURVVL�HG�HWHURJHQHL��FRQ�XQ�
3,�SL��DOWR��LO�PDWHULDOH��R�SDUWH�GHO�PDWHULDOH��SRWUHEEH�QRQ�HQWUDUH�LQ�XQD�FHOOXOD�H�R�GHSRVLWDUVL�
LQ�WHVVXWL�R�RUJDQL�QRQ�SUHYLVWL�QHO�GHVWLQR�ELRORJLFR�SULPDULR�GHO�PDWHULDOH�VWHVVR��/·HWHURJH-
QHLWj�GL�GLVWULEX]LRQH�GLPHQVLRQDOH�SXz�� LQ�DOWUH�SDUROH��GHWHUPLQDUH�XQD�QRWHYROH�YDULDELOLWj�
GHO�SRWHQ]LDOH�LPSDWWR�VLD�VXOOD�WUDVORFD]LRQH�GHL�GLYHUVL�DJJUHJDWL��VLD�VXOOD�SHQHWUD]LRQH�GHOOH�
EDUULHUH�ELRORJLFKH��TXDOL�DG�HVHPSLR�O·DWWUDYHUVDPHQWR�GHOOD�EDUULHUD�HPDWR�HQFHIDOLFD��OD�SH-
QHWUD]LRQH�QHOOH�FHOOXOH�H�QHOOH�VWUXWWXUH�VXEFHOOXODUL��VLD�VXOOD�YHLFROD]LRQH�QHL�VLVWHPL�ELRORJLFL�
GL�HYHQWXDOL�LPSXUH]]H�R�FRQWDPLQDQWL�LQJOREDWL�QHO�SDUWLFRODWR��VSHFLH�TXDORUD�WDOL�LPSXUH]]H�R�
FRQWDPLQDQWL�SUHVHQWDVVHUR�DQFK·HVVL�ULOHYDQ]D�WRVVLFRORJLFD��53

$SSDUH�D�TXHVWR�SXQWR�HYLGHQWH�FKH��VH�XQD�VRVSHQVLRQH�GL�QDQRIRUPH��GHO�WLSR�GL�TXHOOD�GHO�
SURGRWWR�PHGLFLQDOH�&RPLUQDW\��SUHVHQWDVVH��DO�PRPHQWR�GHOO·LQRFXOD]LRQH��XQ�,QGLFH�GL�SROL-
GLVSHUVLRQH�HFFHVVLYR��HV��!�������OD�VXD�HIÀFDFLD��LQWHVD�FRPH�FDSDFLWj�GL�SHQHWUDUH�DWWUDYHUVR�
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OH�PHPEUDQH�FHOOXODUL�H�VXEFHOOXODUL�H�ULODVFLDUH�O·DWWLYR�P51$��%17���E���QHO�GLVWUHWWR�HQGR-
VRPDOH��H�GD�TXL�QHO�FLWRVRO�GHOOD�FHOOXOD�RVSLWH��QH�ULVXOWHUHEEH�VRVWDQ]LDOPHQWH�LQLELWD��VH�QRQ�
FRPSOHWDPHQWH� LQÀFLDWD��$YUHPPR� GXQTXH� XQ�SURGRWWR�PHGLFLQDOH� WRWDOPHQWH� LQHIÀFDFH, 
SHUFKp�QRQ�LQ�JUDGR�GL�HVSOHWDUH�LO�FRPSLWR�LPPXQRORJLFR�GL�ULODVFLR�GHOO·P51$�FRGLÀFDQWH�
SHU�OD�SURWHLQD�6SLNH�DOO·LQWHUQR�GHOOD�FHOOXOD�RVSLWH��(��QHO�FRQWHPSR��L�QDQR�DJJUHJDWL�R�QD-
QR�DJJORPHUDWL�GL�GLPHQVLRQL�VXSHULRUL� �VSHVVR� LPSURSULDPHQWH�GHQRPLQDWL�particolati), non 
ULXVFHQGR�D�SHQHWUDUH�QHOOH�FHOOXOH��SRWUHEEHUR�VHJXLUH�SHUFRUVL�ELRORJLFL�GLYHUVL�HG�LPSUHYLVWL�R�
DGGLULWWXUD�GHSRVLWDUVL�LQ�WHVVXWL�GD�FXL�SRWUHEEHUR�HVVHUH�PHWDEROL]]DWL�R�HOLPLQDWL�FRQ�GLIÀFRO-
tà, scatenando nel contempo SRVVLELOL�UHD]LRQL�DOOHUJLFKH�R�DQDÀODWWLFKH�54

8Q·LQGDJLQH�SXEEOLFDWD�VXO�British Medical Journal,�QHO�PDU]R�������HYLGHQ]LD�FKH�WDOL�SUREOH-
mi sono rimasti irrisolti, ponendo serie preoccupazioni sulla localizzazione delle nanoparti�
celle lipidiche nell’organismo, dopo l’avvenuta inoculazione��55

Ë�DOWUHVu�FXULRVR�FRPH��QHOO·LQWHUR� UHSRUW�GHOO·(0$�GHO���� IHEEUDLR�������QRQ�VL� IDFFLD�PDL�
ULIHULPHQWR�DO�YDORUH�HIIHWWLYR�GHOO·,QGLFH�GL�SROLGLVSHUVLRQH�GHL�QDQRPDWHULDOL�OLSLGLFL�GHO�&R-
PLUQDW\��VHSSXU�VL�DVVHULVFD�FKH�´6L�q�occasionalmente [sic] notato del particolato visibile in 
ORWWL�GHO�SURGRWWR�ÀQLWR����6H�QHO�YDFFLQR�GLOXLWR�VL�RVVHUYDVVHUR�particolati��LO�ÁDFRQFLQR�GRYUj�
essere eliminato…”  56

)LJXUD�����$VVHVVPHQW�5HSRUW�(0$�3À]HU�%LR17HFK�&RPLUQDW\�����IHEEUDLR�������SDJLQD���

Ë�GRYHURVR�FKLHGHUVL��FKH�VLJQLÀFDWR�KD�O·DYYHUELR�́ occasionalmenteµ��VRSUDWWXWWR�VH�FROORFDWR�
LQ�XQ�VLIIDWWR�FRQWHVWR�IDUPDFRORJLFR��LPPXQRORJLFR��WRVVLFRORJLFR��QRUPDWLYR�H�UHJRODWRULR"�
4XDQWR�occasionalmente"�,Q�TXDOL�H�TXDQWL�ORWWL"�4XDOL�HUDQR�L�YDORUL�GHO�3,�GL�RJQL�VSHFLÀFR�
ORWWR�LQ�RJJHWWR"�$�TXDOH�VSHFLÀFD�IDVH�GHO�SURFHVVR�LQGXVWULDOH�HUDQR�FRUUHODELOL�WDOL�´RFFDVLR-
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QDOLµ�DQRPDOLH"�3HUFKp�DYYHQLYDQR�LQ�FHUWL�ORWWL�H�QRQ�LQ�DOWUL"�4XDOL�LSRWHVL�VRQR�VWDWH�IRUPX-
ODWH�DO�ÀQH�GL�IRUQLUH��QHO�SL��EUHYH�WHPSR�SRVVLELOH��XQD�VSLHJD]LRQH�WHFQLFD�SODXVLELOH�H�ORJLFD�
GHO�PDQLIHVWDUVL�GL�XQD�VLPLOH�FULWLFLWj"�4XDOL�VRQR�VWDWL�L�ULPHGL�SUHYLVWL�SHU�HYLWDUH�LO�ULSHWHUVL�
GHOO·DQRPDOLD"

4XDOFKH�SDJLQD�GRSR��O·HVWHQVRUH�GHO�UHSRUW�GL�(0$��ULFRQRVFH�FRPXQTXH�FKH��

“Poiché l’integrità dell’mRNA e la polidispersione sono CQA [Critical Quality Attributes, At-
WULEXWL�FULWLFL�GL�TXDOLWj���1G7@�SHU�O·HIÀFDFLD�GHO�SURGRWWR�PHGLFLQDOH��L�FULWHUL�GL�DFFHWWD]LRQH�
GHO�SURGRWWR�ÀQLWR�SHU�TXDQWR�FRQFHUQH�TXHVWL�SDUDPHWUL�GRYUHEEHUR�HVVHUH�ULYLVWL�PDQ�PDQR�
che saranno disponibili ulteriori dati provenienti da studi clinici in corso e in linea con la ca-
pacità del processo di fabbricazione. Tempistica: entro luglio 2021, relazioni intermedie entro 
marzo 2021.” 57

Ë�GXQTXH�SUHVXPLELOH��VHSSXU�QRQ�FRQIHUPDWR��FKH�OH�YDULD]LRQL�DQRPDOH�UHODWLYH�DOO·,QGLFH�GL�
SROLGLVSHUVLRQH�GL�DOFXQL�ORWWL�VLDQR�VWDWH�VXFFHVVLYDPHQWH�ULVROWH�H�ULSRUWDWH�DG�(0$�HQWUR�LO�
OXJOLR�������

4XDOL�VRQR�VWDWL��TXLQGL��L�YDORUL�PHGL�VWDELOL]]DWL��QRQ�VRJJHWWL�FLRq�D�YDULDELOLWj�´RFFDVLRQDOH”) 
GHO�3,�GL�RJQL�VSHFLÀFR�ORWWR�SUHVR�LQ�HVDPH"�$�TXDOH�VSHFLÀFD�IDVH�GHO�SURFHVVR�LQGXVWULDOH�HUD-
QR�FRUUHODELOL�OH�SUHFHGHQWHPHQWH�ULVFRQWUDWH�´DQRPDOLHµ�QHL�YDORUL�GL�SROLGLVSHUVLRQH"�3HUFKp�
DYYHQLYDQR�LQ�FHUWL�ORWWL�H�QRQ�LQ�DOWUL"�4XDOL�VRQR�VWDWH�OH�root causes�FKH��XQD�YROWD�LQGLYLGXDWH��
KDQQR�IRUQLWR�XQD�VSLHJD]LRQH�WHFQLFD�H�VFLHQWLÀFD�LQHTXLYRFDELOH�D�SURSRVLWR�GHO�PDQLIHVWDUVL�
GL�XQD�VLPLOH�FULWLFLWj"�4XDOL�VRQR�VWDWL�L�ULPHGL�DGRWWDWL�SHU�HYLWDUH�LO�VXR�ULSHWHUVL"�4XDOL��LQ�
GHÀQLWLYD��VRQR�VWDWH�OH�CA/PA (Corrective Actions/ Preventive Actions��DGRWWDWH�DO�ÀQH�GL�DV-
VLFXUDUH�DG�(0$��PD�VRSUDWWXWWR�DL�IXWXUL�VRJJHWWL�VRWWRSRVWL�DOO·LQRFXOD]LRQH��FKH�XQ�VLPLOH�
SUHRFFXSDQWH�IHQRPHQR�QRQ�VL�SRWHVVH�PDL�SL��YHULÀFDUH"

3XUWURSSR��WDOL�GRPDQGH��DOOD�GDWD�GHO�SUHVHQWH�VFULWWR��DWWHQGRQR�DQFRUD�GHWWDJOLDWH�HG�HVDXULHQ-
WL�ULVSRVWH��

,Q�PDQFDQ]D�GL�VXIÀFLHQWL�LQIRUPD]LRQL�H�FRQIHUPH�XIÀFLDOL��SRVVLDPR��WXWWDYLD��IRUPXODUH�DO-
FXQH�LSRWHVL��FKH��XQD�YROWD�YHULÀFDWH�QHOOH�RSSRUWXQH�VHGL�FOLQLFKH�R�PHGLFR�OHJDOL��SRWUHEEHUR�
IRUQLUH�XOWHULRUL�VSLHJD]LRQL�H�FRQIHUPH�GHÀQLWLYH�VLD�DO�ULJXDUGR�GHOO·LQVWDELOLWj�FKLPLFR�ÀVLFD�
GHO�SUHSDUDWR�&RPLUQDW\�VLD�GHL�ULVFKL�H�FRQVHJXHQ]H�GL�QDWXUD�LPPXQRORJLFD�H�WRVVLFRORJLFD�
FKH�WDOH�LQVWDELOLWj�SXz�SURYRFDUH�H�R�KD�JLj��SXUWURSSR��SURYRFDWR�

5.2 Instabilità dei sistemi colloidali e Potenziale Zeta
,O�SUHSDUDWR�PHGLFLQDOH�&RPLUQDW\�q��LQ�EXRQD�VRVWDQ]D��GHVFULYLELOH��VXO�SLDQR�FKLPLFR�À-
sico, come:

una sospensione colloidale, termodinamicamente instabile, costituita da nanoparticelle lipi-
diche e loro aggregati o agglomerati, caratterizzata da un Indice di polidispersione variabile.

,O�WHUPLQH�´FROORLGHµ�GHULYD�GDO�JUHFR�kòlla�FROOD��JOXWLQH��FRQ�LO�VXIÀVVR�DJJHWWLYDOH��oide, FKH�
LQGLFD�¶VRPLJOLDQ]D·��¶DIÀQLWj·��FLRq�VLPLOH�DOOD�FROOD��VL�SUHVHQWD�GXQTXH�FRPH�XQD�PDVVD�DPRU-
ID�FKH��GLOXLWD�LQ�DFTXD��IRUPD�XQD�GLVSHUVLRQH�FROORLGDOH�SL��ÁXLGD��H��QHO�FDVR�GL�&RPLUQDW\��
SL��DGDWWD�SHU�VRPPLQLVWUD]LRQL�SDUHQWHUDOL���
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8QD�´sospensione colloidaleµ�q�VHPSOLFHPHQWH�XQD�PLVFHOD�OH�FXL�SDUWLFHOOH�VROLGH�GLVSHUVH��LQ�
TXHVWR�FDVR�QDQRSDUWLFHOOH�OLSLGLFKH��ULPDQJRQR�VRVSHVH�LQ�XQ�PH]]R�GLVSHUGHQWH�DFTXRVR��SHU�
WHPSL�SL��R�PHQR�OXQJKL��8QD�VRVSHQVLRQH�GL�SDUWLFHOOH�GL�GLPHQVLRQL�PROWR�SLFFROH��TXDOL�DS-
SXQWR�TXHOOH�IRUPDWH�GDL�OLSLGL�GL�&RPLUQDW\��SXz�DYYLFLQDUVL�QHOO·DVSHWWR�DG�XQD�VROX]LRQH�YHUD�
H�SURSULD��,Q�JHQHUH��LO�VLVWHPD�VDUj�WDQWR�SL��VWDELOH��GXUHYROH�QHO�WHPSR��TXDQWR�SL��q�SLFFROD�OD�
JUDQGH]]D�GHOOH�SDUWLFHOOH�GLVSHUVH��TXDQWR�SL��OH�GHQVLWj�GHOOH�GXH�IDVL��GLVSHUVD�H�GLVSHUGHQWH��
VRQR�YLFLQH�WUD�GL�ORUR��H�TXDQWR�PDJJLRUH�q�OD�GHQVLWj�GHOOD�IDVH�GLVSHUGHQWH��OHJJH�GL�6WRNHV��
/D�FDSDFLWj�GHOOH�SDUWLFHOOH�GL�GDU�OXRJR�DOOD�IRUPD]LRQH�GL�DJJUHJDWL�R�DJJORPHUDWL��H�TXLQGL�
LO�ORUR�,QGLFH�GL�SROLGLVSHUVLRQH��GLSHQGH�GD�XQ�DOWUR�LPSRUWDQWH�SDUDPHWUR��FKH�LO�IDEEULFDQWH�
GL�QDQRIRUPH�q�WHQXWR�D�PLVXUDUH��UHJLVWUDUH�H�ULSRUWDUH�DOOH�DXWRULWj�UHJRODWRULH��LO�Potenziale 
Zeta��

)LJXUD����,O�3RWHQ]LDOH�=HWD�GHÀQLVFH�IRQGDPHQWDOPHQWH�OD�VWDELOLWj�GHO�FROORLGH
�KWWS���ZZZ�JDOHQRWHFK�RUJ�SRW]HWD�KWP��

,O�3RWHQ]LDOH�=HWD��R�SRWHQ]LDOH�HOHWWURFLQHWLFR��LQGLFDWR�FRPH�SRWHQ]LDOH�ƥ�IDFHQGR�ULFRUVR�DOOD�
OHWWHUD�]HWD�GHOO·DOIDEHWR�JUHFR��q�LO�SRWHQ]LDOH�JHQHUDWR�LQ�VHJXLWR�DOOD�IRUPD]LRQH�GL�XQ�GRSSLR�
VWUDWR�HOHWWULFR�LQWRUQR�DOOH�VLQJROH�SDUWLFHOOH���)LJ�������(VVR�UDSSUHVHQWD�LO�IDWWRUH�FKLDYH�SHU�OD�
GHWHUPLQD]LRQH�GHL�IHQRPHQL�HOHWWURFLQHWLFL�H�GHOOD�VWDELOLWj�GHL�VLVWHPL�FROORLGDOL�� e, di conse-
JXHQ]D��GHOOD�ELRGLVSRQLELOLWj�GL�XQ�FRPSRVWR�R�GL�XQ�IDUPDFR�YHLFRODWR�GD�QDQRIRUPH�GHVWLQDWH�
DG�DWWUDYHUVDUH�PHPEUDQH�FHOOXODUL�R�VXEFHOOXODUL��59

&RPH�EHQ�GHVFULYHYD�XQ�DUWLFROR�SXEEOLFDWR�QHO�������GDOOD�ULYLVWD�Energia ambiente e innova-
zione�GHOO·(1($��60

“Una nanoparticella posta in soluzione forma un sistema colloidale per un 
tempo più o meno lungo. Una maggiore stabilità dei sistemi colloidali, pre-
viene il fenomeno di aggregazione delle particelle in quanto si originano re-
pulsioni elettrostatiche che ne favoriscono la dispersione. Il parametro utiliz-
zato per calcolare la stabilità colloidale è il Potenziale Zeta che si riferisce 
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al potenziale generato da un doppio strato di cariche elettriche. Quando il 
potenziale è basso, le forze attrattive prevalgono sulle repulsive e quindi si 
formeranno maggiori aggregati. La conoscenza della reale concentrazione 
delle particelle�DOOD�TXDOH�LO�VLVWHPD�ELRORJLFR�q�HVSRVWR�q�importante per de-
terminare la stima del rischio per la salute e può essere espressa sia come 
numerosità particellare sia come DUHD�VXSHUÀFLDOH�WRWDOH e risente fortemente 
del grado di aggregazione delle particelle. Negli esperimenti in vitro la varia-
]LRQH�GL�WDOL�SDUDPHWUL�SXz�LQÁXLUH�VXO�maggiore o minore grado di endocitosi 
(internalizzazione delle particelle da parte delle cellule), dato importante per 
GHÀQLUH�LO�PRGR�GL�D]LRQH�GHO�QDQRPDWHULDOH�

8Q�YDORUH�HOHYDWR�GL�3RWHQ]LDOH�=HWD��DG�HV��GD����D����P9��FRQIHULVFH�PDJJLRUH�VWDELOLWj�DL�
VLVWHPL�FROORLGDOL�� LQ�TXDQWR� VL�RULJLQDQR� UHSXOVLRQL� HOHWWURVWDWLFKH�FKH� LPSHGLVFRQR� O·DJJUH-
JD]LRQH�GHOOH�SDUWLFHOOH�GLVSHUVH��4XDQGR�LO�SRWHQ]LDOH�LQYHFH�q�EDVVR��DG�HV��GD���D����P9���
OH�IRU]H�DWWUDWWLYH�SUHYDOJRQR�VX�TXHOOH�UHSXOVLYH�H�TXLQGL�ULVXOWD�SL��VHPSOLFH�LO�YHULÀFDUVL�GL�
SURFHVVL�TXDOL�O·agglomerazione�R�DGGLULWWXUD�OD�ÁRFFXOD]LRQH�61�4XHVW·XOWLPD�QRQ�q�DOWUR�FKH�
OD� IRUPD]LRQH�GL�particolato grossolano�� WDOYROWD��PD�QRQ�VHPSUH��YLVLELOH�DQFKH�DG�RFFKLR�
QXGR��Ë�TXHVWR�OR�VWDGLR�FKH�SUHDQQXQFLD�OD�coalescenza��IHQRPHQR�FKH�DYYLHQH�TXDQGR�LO�ÀOP�
FKH�FLUFRQGD�OH�SDUWLFHOOH�VL�URPSH�H�JOL�DJJUHJDWL�GL�YDULH�GLPHQVLRQL�VL�FRPELQDQR�WUD�ORUR�SHU�
IRUPDUH�XQ�DJJORPHUDWR�SL��JUDQGH��cluster���ÀQR�D�GHWHUPLQDUH�OD�´URWWXUDµ�GHOOD�GLVSHUVLRQH�
e la separazione delle fasi�

)LJXUD�����)ORFFXOD]LRQH��FRDOHVFHQ]D�H�VHSDUD]LRQH�GL�IDVL�LQ�XQ�VLVWHPD�FROORLGDOH�LQVWDELOH

Figura 19. “Rottura” della dispersione omogenea e separazione delle due fasi
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����&DXVH�GL�LQVWDELOLWj�GHL�VLVWHPL�FROORLGDOL
/H�FDXVH�FKH�SURYRFDQR�O·LQVWDELOLWj�GL�XQ�VLVWHPD�ELIDVLFR�FROORLGDOH�VRQR�PROWHSOLFL��H�YDQQR�
VHPSUH�DQDOL]]DWH�H�LQGLYLGXDWH�FDVR�SHU�FDVR�FRQ�JOL�RSSRUWXQL�VWUXPHQWL�GL�ODERUDWRULR��7UD�OH�
SL��FRPXQL��ULFRUGLDPR�SHU�HVHPSLR��UDSSRUWL�HUUDWL�WUD�OD�IDVH�GLVSHUVD�H�OD�IDVH�GLVSHUGHQWH��
VFHOWD�GHO�PHWRGR�HUUDWR�GL�ODYRUD]LRQH��WHPSHUDWXUH�GL�UDIIUHGGDPHQWR�R�ULVFDOGDPHQWR�WURS-
SR�DOWH�R�WURSSR�EDVVH��HFFHVVLYR�DVVRUELPHQWR�GL�DULD�FKH�SRWUHEEH�PRGLÀFDUH�L�UDSSRUWL�GHO�
VLVWHPD�ELIDVLFR��H��VRSUDWWXWWR��OD�presenza di elettroliti.�� 8Q�HOHWWUROLWD�q�XQD�VRVWDQ]D�FKH�
LQ�VROX]LRQH�R�DOOR�VWDWR�IXVR�VXELVFH�OD�VXGGLYLVLRQH�LQ�LRQL��SDUWLFHOOH�HOHWWULFDPHQWH�FDULFKH��
GHOOH�SURSULH�PROHFROH��/H�VRVWDQ]H�FKH�QRQ�VL�GLVVRFLDQR�LQ�SDUWLFHOOH�HOHWWULFDPHQWH�FDULFKH�
YHQJRQR�GHWWH�´QRQ�HOHWWUROLWLµ��,O�WHUPLQH�´HOHWWUROLWDµ�VL�ULIHULVFH�DOOD�FDSDFLWj�GL�FRQGXUUH�OD�
FRUUHQWH�HOHWWULFD�JUD]LH�DOO·LQWHUYHQWR�GL�LRQL��FDUDWWHULVWLFD�SHFXOLDUH�GL�TXHVWH�VSHFLH�FKLPLFKH��
,�VDOL�PLQHUDOL�LQRUJDQLFL��WLSR�LO�FORUXUR�GL�VRGLR��QH�VRQR�LO�SL��FODVVLFR�HVHPSLR��1D&O�VL�GLVVR-
FLD�LQ�LRQL�1D+ e Cl- ���Gli elettroliti��D�VHFRQGD�GHOOH�FRQFHQWUD]LRQL�LQ�JLRFR� possono drastica�
mente alterare il Potenziale Zeta�GL�XQD�GLVSHUVLRQH�FROORLGDOH��SURYRFDQGR�O·DJJUHJD]LRQH�H�
O·DJJORPHUD]LRQH�GHOOH�QDQRSDUWLFHOOH��H�OD�ORUR�VXFFHVVLYD�ÁRFFXOD]LRQH�SHU�DWWUD]LRQH�HOHWWUR-
VWDWLFD�63 In altre parole: l’aggiunta di elettroliti costituisce una delle cause più comuni della 
variazione del Potenziale Zeta e dell’Indice di polidispersione�H��FRQVHJXHQWHPHQWH��dell’in�
VWDELOLWj�GHO�FROORLGH��FRQ�WXWWH�OH�FRQVHJXHQ]H��IDFLOPHQWH�SUHYHGLELOL��FKH�TXHVWR�FRPSRUWD��
VLD�LQ�PHULWR�DOO·LQHIÀFDFLD�FKH�DL�ULVFKL�WRVVLFRORJLFL�FKH�DQGUDQQR�D�FDUDWWHUL]]DUH�LO�SUHSDUDWR�
VWHVVR��FRPH�JLj�VRSUD�GHVFULWWR�

����&RPSRVL]LRQH�GHO�SURGRWWR�PHGLFLQDOH�&RPLUQDW\
&RPLUQDW\�YLHQH�IRUQLWR��DOO·RULJLQH��FRPH�XQ�SUHSDUDWR�OLTXLGR�FRQFHQWUDWR�PXOWL�GRVH�������P/�
GL�YROXPH���FRQVHUYDWR�FRQJHODWR�WUD�����&�H�����&�LQ�XQ�ÁDFRQFLQR�GL�YHWUR�GD���P/��H�GHVWLQDWR�
DG�HVVHUH�GLOXLWR��SRFR�SULPD�GHOOD�LQRFXOD]LRQH��FRQ�XQD�VROX]LRQH�LQLHWWDELOH�GL�FORUXUR�GL�VRGLR��
,O�ÁDFRQFLQR�YLHQH�VFRQJHODWR�WHQHQGROR�LQ�IULJRULIHUR��GD���&�D���&��SHU�����RUH�R�D�WHPSHUDWXUD�
DPELHQWH��ÀQR�D����&��SHU����PLQXWL��8QD�YROWD�ULSRUWDWR�D�WHPSHUDWXUD�DPELHQWH��LO�ÁDFRQFLQR�D�
GRVL�PXOWLSOH�YLHQH�GLOXLWR�FRQ�����P/�GHOOD�VROX]LRQH�GL�VRGLR�FORUXUR�GD���PJ�P/���������'RSR�
OD�GLOXL]LRQH��RJQL�ÁDFRQFLQR�GL�&RPLUQDW\�FRQWLHQH������P/�GDL�TXDOL�q�SRVVLELOH�HVWUDUUH���GRVL�
GD�����P/�GL�YDFFLQR��2JQL�GRVH�FRQWLHQH����ƫJ�GHOO·DWWLYR��P51$�%17���E���GHVWLQDWR�D�FRGL-
ÀFDUH�SHU�OD�JOLFRSURWHLQD�VSLNH�GL�6$56�&R9����H�JOL�HFFLSLHQWL�ULSRUWDWL�LQ�WDEHOOD���64 

Ingrediente Funzione Quantità per dose
BNT162b2 Attivo ���ȝJ
ALC-0315 Lipide funzionale �����PJ
ALC-0159 Lipide funzionale �����PJ

DSPC Lipide strutturale �����PJ
Colesterolo Lipide strutturale ����PJ
Saccarosio Crioprotettivo ��PJ

Cloruro di sodio* Componente tampone pH
e soluzione diluente

�����PJ

Cloruro di potassio* Componente tampone pH �����PJ
Sodio fosfato bibasico diidrato* Componente tampone pH �����PJ
3RWDVVLR�GLLGURJHQRIRVIDWR
 Componente tampone pH �����PJ

7DEHOOD���&RPSRVL]LRQH�GL�XQD�GRVH�GHO�YDFFLQR�&RPLUQDW\�GRSR�O·DJJLXQWD�GHOOD�VROX]LRQH�
ÀVLRORJLFD�GL�FORUXUR�GL�VRGLR��
(OHWWUROLWL��
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'RSR�OD�GLOXL]LRQH��VHFRQGR�OH�LVWUX]LRQL�GL�3À]HU�%LR17HFK��L�ÁDFRQFLQL�YHQJRQR�FRQVHUYDWL�DG�
XQD�WHPSHUDWXUD�WUD���&�H����&�H�GHYRQR�HVVHUH�XWLOL]]DWL�HQWUR���RUH�GDO�PRPHQWR�GHOOD�GLOXL]LRQH�

����3UHVHQ]D�GL�HOHWWUROLWL�QHOOD�FRPSRVL]LRQH�GHO�SURGRWWR�PHGLFLQDOH�&RPLUQDW\
&RPH�VL�HYLQFH�GDOOD�WDEHOOD���H�GDOOD�ÀJXUD�����OD�IRUPXOD]LRQH�GHO�YDFFLQR�3À]HU�%LR17HFK�
&29,'���FRQWLHQH�4 elettroliti��FLRq�GHL�VDOL�LQRUJDQLFL��FRPSRQHQWL�GHO�WDPSRQH�S+��XWLOL]]DWL�
SHU�VWDELOL]]DUH�LO�S+�GHO�SUHSDUDWR�DG�XQ�YDORUH�FRPSUHVR�WUD�����H������FORUXUR�GL�VRGLR��FORUXUR�
GL�SRWDVVLR��VRGLR�IRVIDWR�ELEDVLFR�GLLGUDWR��SRWDVVLR�GLLGURJHQRIRVIDWR.

)LJXUD�����9DFFLQR�3À]HU�%LR17HFK�&29,'���²�'RFXPHQWR�´6XPPDU\�%DVLV�IRU�5HJXODWRU\�$FWLRQµ���
)'$������������KWWSV���ZZZ�IGD�JRY�PHGLD��������GRZQORDG

6L�QRWL�FRPH��QHOOD�FRPSRVL]LRQH�ÀQDOH�GL�&RPLUQDW\��TXHOOD�FLRq�GRSR�O·DYYHQXWD�GLOXL]LRQH�
FRQ�XQD�VROX]LRQH�GL�FORUXUR�GL�VRGLR�DOOR�������OD�SURSRU]LRQH�TXDQWLWDWLYD��LQ�SHVR��WUD�O·DP-
PRQWDUH�WRWDOH�GHJOL�HOHWWUROLWL�SUHVHQWL�H�TXHOOR�GHL�GXH�OLSLGL�IXQ]LRQDOL�ULVXOWD�HVVHUH���������
3HU�GRVH�GL�YDFFLQR�LQRFXODWR��DEELDPR�LQIDWWL��

�����PJ�GL�HOHWWUROLWL�FRQWUR�VROR������PJ�GL�$/&��������$/&�������8QD�TXDQWLWj�FLRq�FKH�
ULVXOWD�HVVHUH�SL��GL���YROWH�OD�TXDQWLWj�GHL�GXH�OLSLGL�IXQ]LRQDOL�SUHSRVWL�DOOD�IRUPD]LRQH�GL�
QDQRSDUWLFHOOH�LQ�VRVSHQVLRQH�

,O�UDSSRUWR�LQ�SHVR�WUD�LO�OLSLGH�$/&�������FDWLRQLFR��H�O·P51$��DQLRQLFR��ULVXOWD�HVVHUH�������
3Xz�XQD�VLPLOH�VRVSHQVLRQH�FROORLGDOH�HVVHUH�FRQVLGHUDWD�VWDELOH"�
9DOXWDQGR�GLOLJHQWHPHQWH�TXDQWR�VRSUD�HVSRVWR�LQ�PHULWR�DO�3RWHQ]LDOH�=HWD�H�DOO·,QGLFH�GL�SR-
OLGLVSHUVLRQH��OD�ULVSRVWD�SXz�HVVHUH��LQHYLWDELOPHQWH��VROR�QHJDWLYD��XQD�FRVu�HOHYDWD�FRQFHQWUD-
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]LRQH�UHODWLYD�GL�HOHWWUROLWL��LQ�XQD�VRVSHQVLRQH�FROORLGDOH�FRVu�SUHFDULD��non può che ridurre 
drasticamente il Potenziale Zeta delle particelle disperse��FRQ�FRQVHJXHQWL�SUHYHGLELOL�IHQR-
meni di DJJUHJD]LRQH��DJJORPHUD]LRQH�H��LQÀQH��ÁRFFXOD]LRQH�
'HO�UHVWR��HVDPLQDQGR�OD�VWHVVD�*XLGD�DOOD�GLOXL]LRQH�H�VRPPLQLVWUD]LRQH�GHO�YDFFLQR�&RPLUQD-
W\��VL�HYLQFH�FKH�VLD�LO�IDEEULFDQWH�FKH�JOL�HQWL�SUHSRVWL�DOO·DXWRUL]]D]LRQH�HUDQR�EHQ�FRQVDSHYROL�
GHL� ULVFKL� DWWLQHQWL� DOOD� VXD� LQVWDELOLWj� H� DOOD� HYLGHQWH�SRVVLELOLWj�GL� IRUPD]LRQH�GL�SDUWLFRODWL�
JURVVRODQL�in situ��SRFR�SULPD�GHOOD�VRPPLQLVWUD]LRQH�

1HOOH�LVWUX]LRQL�SHU�OD�GLOXL]LRQH�VL�OHJJH�LQIDWWL��65 

• &DSRYROJHUH delicatamente la dispersione diluita per 10 volte. Non agitare.

• Il vaccino diluito deve apparire come una dispersione di colore biancastro, 
priva di particelle visibili. In presenza di particelle o in caso di alterazione 
del colore, non utilizzare il vaccino diluito. (Fig. 21)

)LJXUD�����)DVH�GL�GLOXL]LRQH���PHVFRODPHQWR�GHOOD�VRVSHQVLRQH�GL�QDQRSDUWLFHOOH�OLSLGLFKH�&RPLUQDW\

7UDODVFLDQGR�O·XVR�LPSURSULR��QHO�WHVWR�GHVWLQDWR�DJOL�RSHUDWRUL�YDFFLQDWRUL��GHO�WHUPLQH�´SDU-
WLFHOOHµ�� DQ]LFKp�TXHOOR�SL�� DSSURSULDWR�GL� ´ÁRFFXODWRµ�R� ´ÁRFFXODWLµ�� QRQ� FL� VL� SXz� WXWWDYLD�
HVLPHUH�GDO�SRUVL�DOFXQH�GRPDQGH�LPSRUWDQWL�QHOOD�YDOXWD]LRQH�GHL�ULVFKL�VSHFLÀFL�LQHUHQWL�DOO·L-
VSH]LRQH�GHOOD�ÀDOD��GRSR�O·DYYHQXWD�IDVH�GL�GLOXL]LRQH��

- 4XDO�q�LO�YDORUH�GHO�3RWHQ]LDOH�=HWD�GHOOD�VRVSHQVLRQH�GL�QDQRSDUWLFHOOH�GRSR�OD�GLOXL]LRQH�
FRQ�OD�VROX]LRQH�HOHWWUROLWLFD�GL�FORUXUR�GL�VRGLR"
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- 4XDO�q�OD�GLIIHUHQ]D�WUD�LO�YDORUH�GHO�3RWHQ]LDOH�=HWD�GRSR�OD�GLOXL]LRQH�H�TXHOOR�GHOOD�VRVSHQ-
VLRQH�FRQFHQWUDWD��SULPD�GHOOD�GLOXL]LRQH�"

- 4XDO�q�LO�YDORUH�GHO�3RWHQ]LDOH�=HWD�GHOOD�VRVSHQVLRQH�GLOXLWD��LQ�FRQGL]LRQL�ÀVLRORJLFKH��S+�
���������P0�GL�&D++��D����&��FLRq�DOOD�WHPSHUDWXUD�FXL�YLHQH�VRWWRSRVWD�SRFKL�LVWDQWL�GRSR�
O·DYYHQXWD�LQRFXOD]LRQH�LQWUDPXVFRODUH"

- 4XDQWR�DFFXUDWD�GRYUHEEH�HVVHUH�O·LVSH]LRQH�GHOOD�ÀDOD��GRSR�OD�GLOXL]LRQH��DO�ÀQH�GL�ULGXUUH�
DO�PLQLPR�JOL�HUURUL��FDVXDOL�H�VLVWHPDWLFL��GL�YDOXWD]LRQH�GHOOD�SUHVHQ]D�R�PHQR�GL�DJJUHJDWL�
R�DJJORPHUDWL�R�ÁRFFXODWL"�

- 4XDQWR�QXPHURVH�H�´YLVLELOLµ�GHYRQR�HVVHUH�OH�´SDUWLFHOOHµ�DO�ÀQH�GL�LQQHVFDUH�QHOO·RVVHUYD-
WRUH�O·DWWR�GHFLVLRQDOH�GL�VFDUWR�GHOOD�ÀDOD�QRQ�FRQIRUPH"

- 4XDQWR�´GHOLFDWDPHQWHµ�GRYUHEEH�HVVHUH�´FDSRYROWDµ��QRQ�DJLWDWD��OD�ÀDOD"
- 4XDOL�YDORUL�GL�3RWHQ]LDOH�=HWD�VL�RWWHQJRQR�LQ�FDVR�GL�VFDUVD�R�HFFHVVLYD�DJLWD]LRQH�GHOOD�
ÀDOD"

- 4XDOL�VDUHEEHUR�JOL�HYHQWXDOL�ULVFKL�DWWLQHQWL�DG�XQ�HUURUH��XPDQDPHQWH�FRPSUHQVLELOH�H�PR-
WLYDWR�GD�VWDQFKH]]D�R�WHQVLRQH�QHUYRVD�R�GLVDWWHQ]LRQH�GHO�PHGLFR�YDFFLQDWRUH��QHO�QXPHUR�
GL�FDSRYROJLPHQWL�GHOOD�ÀDOD"� ,Q�DOWUH�SDUROH�� VH� L�FDSRYROJLPHQWL�� LQYHFH�FKH����� IRVVHUR�
���RSSXUH�����RSSXUH����TXDOH�VDUHEEH�LO�ULVFKLR��LQ�TXHVWL�FDVL��GL�RWWHQHUH�XQD�LQVXIÀFLHQWH�
RPRJHQHLWj��H�TXLQGL�XQD�PDJJLRU�LQVWDELOLWj��GHOOD�VRVSHQVLRQH�GLOXLWD"

- &KL�YHULÀFD�H�FRQWUROOD�LO�YDOXWDWRUH�GHOOD�IDVH�GL�GLOXL]LRQH��FDSRYROJLPHQWR��LVSH]LRQH�YLVL-
YD��DSSURYD]LRQH�GHOOH�ÀDOH�FRQIRUPL�R�VFDUWR�GL�TXHOOH�QRQ�FRQIRUPL"

- 4XDQWH�ÀDOH��VWDWLVWLFDPHQWH��VRQR�VWDWH�ULOHYDWH�QRQ�FRQIRUPL"�,�ULOLHYL�VWDWLVWLFL�VRQR�VLJQLÀ-
FDWLYDPHQWH�FRQJUXL�WUD�L�YDUL�RSHUDWRUL�YDFFLQDWRUL�H�OH�GLIIHUHQWL�DUHH�GL�YDFFLQD]LRQH"

4XHVWL�VRQR��RYYLDPHQWH��VROR�DOFXQL�GHJOL�LQWHUURJDWLYL�SL��ULOHYDQWL�FKH�HPHUJRQR�GD�VHPSOLFL�
PD�GRYHURVH�YDOXWD]LRQL�H�FRQVLGHUD]LRQL�DWWLQHQWL�D�SDUDPHWUL�IRQGDPHQWDOL��FRPH�O·,QGLFH�GL�
SROLGLVSHUVLRQH�H�LO�3RWHQ]LDOH�=HWD��H��FRQVHJXHQWHPHQWH��DO�JUDGR�GL�VWDELOLWj�GHOOH�VRVSHQVLRQL�
FROORLGDOL��6RQR��SHUz��LQWHUURJDWLYL�FKH�HVLJRQR�GHOOH�ULVSRVWH�DFFXUDWH�H�VROOHFLWH��FRQVLGHUDQGR�
VRSUDWWXWWR�OH�JUDYL�FRQVHJXHQ]H�FKH�HYHQWXDOL�HUURUL��RPLVVLRQL�R�QHJOLJHQ]H�QHOOD�IDVH�GL�GLOXL-
]LRQH�SRWUHEEHUR�FRPSRUWDUH��VRWWR�LO�SURÀOR�VWDWLVWLFR�HSLGHPLRORJLFR��FOLQLFR�H�PHGLFR�OHJDOH��
SHU�OD�VDOXWH�GL�FKL�VL�VRWWRSRQHVVH�DOO·LQRFXOD]LRQH�LQWUDPXVFRODUH�GL�XQD�VRVSHQVLRQH�OLTXLGD�
GL�QDQRSDUWLFHOOH�HFFHVVLYDPHQWH�SROLGLVSHUVD��R�DGGLULWWXUD�LQVWDELOH��R�DGGLULWWXUD�SURVVLPD�DOOD�
ÁRFFXOD]LRQH�R�DOOD�FRDOHVFHQ]D��

����6FRPSDUVD�GHJOL�HOHWWUROLWL�QHOOD�FRPSRVL]LRQH�GHO�QXRYR�SURGRWWR�PHGLFLQDOH�&RPLUQDW\�́ 7ULVµ
,O����RWWREUH�������O·(0$�DQQXQFLD��VXO�VXR�VLWR�ZHE�66�FKH�´Il comitato per i medicinali umani 
(CHMP) dell’EMA ha approvato altri due siti industriali per la produzione di Comirnaty, il 
YDFFLQR�&29,'����VYLOXSSDWR�GD�%LR17HFK�H�3À]HU��8Q�VLWR��VLWXDWR�D�0RQ]D��,WDOLD��q�JHVWLWR�
GD�3DWKHRQ�,WDOLD�6�S�$��/·DOWUR�DG�$QDJQL��VHPSUH�LQ�,WDOLD��q�JHVWLWR�GD�&DWDOHQW�$QDJQL�6�5�/��
(QWUDPEL�L�VLWL�SURGXUUDQQR�LO�SURGRWWR�ÀQLWR��4XHVWL�VLWL�SURGXUUDQQR�ÀQR�D����PLOLRQL�GL�GRVL�
aggiuntive per rifornire l’UE nel 2021�µ

(��VRUSUHQGHQWHPHQWH��QHOOD�VWHVVD�SDJLQD��DQQXQFLD�DQFKH�FKH�
“…Il CHMP ha approvato XQD�IRUPXOD]LRQH�SURQWD�DOO·XVR�GL�&RPLUQDW\. 
Questa formulazione non richiede diluizione prima della somministrazio-
ne�� VDUj� GLVSRQLELOH� LQ� FRQIH]LRQL� GD� ��� ÁDFRQFLQL� ���� GRVL�� H� SXz� HVVHUH�
conservata a 2-8°C per un massimo di 10 settimane. L’attuale formulazione 
FRQFHQWUDWD�ULFKLHGH�OD�GLOXL]LRQH�SULPD�GHOOD�VRPPLQLVWUD]LRQH��q�GLVSRQL-
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ELOH�LQ�XQD�FRQIH]LRQH�GD�����ÁDFRQFLQL��������GRVL��H�SXz�HVVHUH�FRQVHUYDWD�
a 2-8°C per un massimo di un mese). Queste differenze forniranno migliori 
opzioni di stoccaggio, trasporto e logistica per la distribuzione e la sommini-
strazione del vaccino. La nuova formulazione sarà disponibile in un lancio 
graduale a partire dall’inizio del 2022.” 

6HFRQGR�LO�VLQJRODUH�DQQXQFLR��OD�nuova formulazione Comirnaty, pronta per l’inoculazio�
QH��QRQ�QHFHVVLWD�SL��GL�GLOXL]LRQH�H�GHL�FRQVHJXHQWL���� �delicati��FDSRYROJLPHQWL�SULPD�
della somministrazione, FRQ�HYLGHQWL�YDQWDJJL�GL�“stoccaggio, trasporto e logistica”� Essa vie-
QH�YDOXWDWD�HG�DXWRUL]]DWD�DOOH�VWHVVH�FRQGL]LRQL�GHOOD�SUHFHGHQWH��QHO�QXRYR�$VVHVVPHQW�UHSRUW�
GHOO·(0$��GDWDWR����RWWREUH�������LQWLWRODWR�´CHMP assessment report on group of an exten-
sion of marketing authorisation and variationsµ��LQ�FRQIRUPLWj�FRQ�LO�5HJ���&(��1������������67 
FRQ�OD�SUHPHVVD�FKH�VL�WUDWWD�GL�XQ�´Assessment report as adopted by the CHMP with all infor-
PDWLRQ�RI�D�FRPPHUFLDOO\�FRQÀGHQWLDO�QDWXUH�GHOHWHGµ [ “Relazione di valutazione adottata dal 
CHMP con tutte le informazioni di natura commerciale riservata soppresse” - ndt]” �� 
(��D�SDJLQD����GHO�UHSRUW��YLHQH�ULYHODWD�OD�QXRYD�IRUPXOD]LRQH��)LJXUD������H��FRQ�HVVD��DOFXQL�
GHWWDJOL�FKH� WHQGRQR�D�FRPSURYDUH��VLD�VXO�SLDQR�FKLPLFR�ÀVLFR�FKH�VX�TXHOOR� WRVVLFRORJLFR��
TXDQWR�VRSUD�HVSRVWR�LQ�PHULWR�DOOD�PDQLIHVWD�LQVWDELOLWj�H�SRWHQ]LDOH�SHULFRORVLWj�GHOOD�SUHFH-
GHQWH�FRPSRVL]LRQH�

,QIDWWL��QHOOD�QXRYD�IRUPXOD]LRQH�GL�&RPLUQDW\��GHQRPLQDWD�´7ULV�6XFURVH�ÀQLVKHG�3URGXFWµ, 
FRQWHQHQWH�OR�VWHVVR�DWWLYR��P51$�FKLPLFDPHQWH�PRGLÀFDWR�D�OLYHOOR�GHL�QXFOHRVLGL���JOL�VWHVVL�
OLSLGL�IXQ]LRQDOL�H�JOL�VWHVVL�HFFLSLHQWL�GL�VXSSRUWR��DOOH�VWHVVH�FRQFHQWUD]LRQL���sono scomparsi 
tutti gli elettroliti FKH�HUDQR�SUHVHQWL�QHOOD�SUHFHGHQWH�IRUPXOD]LRQH�´HOHWWUROLWLFDµ, denominata 
per l’occasione “3%6�6XFURVH�ÀQLVKHG�SURGXFWµ (dove PBS sta per Phosphate-buffered saline, 
7DPSRQH�)RVIDWR�6DOLQR��

)LJXUD�����1XRYD�FRPSRVL]LRQH��GHQRPLQDWD�7ULV�6XFURVH�)LQLVKHG�3URGXFW���GHO�YDFFLQR�3À]HU�
%LR17HFK�&RPLUQDW\��VHQ]D�HOHWWUROLWL��SURQWD�DOO·XVR��QRQ�ULFKLHGH�SL��OD�IDVH�GL�GLOXL]LRQH�H�´GHOLFDWRµ�

mescolamento prima della somministrazione.
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4XHVWD�VRUSUHQGHQWH��DQFRUFKp�HORTXHQWH�H�ULYHODWULFH��PDQRYUD�GL�´HSXUD]LRQH�HOHWWUROLWLFDµ�VL�
PDQLIHVWD��LQ�PRGR�DQFRU�SL��HFODWDQWH��UDIIURQWDQGR�OH�UHODWLYH�VH]LRQL������GHOOH�VFKHGH�GL�GDWL�
GL�VLFXUH]]D�GL�&RPLUQDW\�3%6�6XFURVH��FLRq�´O·Elettrolitico”��H�&RPLUQDW\�7ULV�6XFURVH��´LO�
Non-elettrolitico”���

)LJXUD�����9DFFLQR�3À]HU�%LR17HFK�&RPLUQDW\�3%6�6XFURVH���´(OHWWUROLWLFRµ�
6&+('$�',�'$7,�',�6,&85(==$�VH]������²������������

)LJXUD�����9DFFLQR�3À]HU�%LR17HFK�&RPLUQDW\�75,6�6XFURVH���´121�HOHWWUROLWLFRµ�
6&+('$�',�'$7,�',�6,&85(==$�VH]������²�����������
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6RWWR�O·DVSHWWR�WHFQLFR��QHOOD�QXRYD�IRUPXOD]LRQH��´SURQWD�DOO·XVRµ��LO�SUHFHGHQWH�WDPSRQH�S+�
IRVIDWR�VDOLQR��HOHWWUROLWLFR��LQRUJDQLFR��q�VWDWR�HOLPLQDWR�H�VRVWLWXLWR�FRQ�LO�FRPXQLVVLPR�WDP-
pone denominato “7ULV�EXIIHUµ��WDPSRQH�7ULV���DPSLDPHQWH�XWLOL]]DWR�LQ�ELRORJLD�SHU�SUHSDUDUH�
VROX]LRQL�WDPSRQH��VSHFLDOPHQWH�SHU�VROX]LRQL�GL�DFLGL�QXFOHLFL���LQ�UDQJH�GL�S+�FRPSUHVL�WUD���H�
���6L�WUDWWD�GL�XQ�WDPSRQH�RUJDQLFR��121�FRQWHQHQWH��FLRq��HOHWWUROLWL�LQRUJDQLFL���FKH�VWDELOL]]D�
LO�S+�GHO�SURGRWWR�&RPLUQDW\�7ULV�6XFURVH�DG�XQ�YDORUH�ÀVLRORJLFR�GL������FKLPLFDPHQWH�FRVWL-
WXLWR�GD�tris(idrossimetil) amminometano��QRWR�DQFKH�FRQ�LO�QRPH�GL�trometamina o trometamo-
lo��H�GDO�VXR�FORULGUDWR��Ë�LQWHUHVVDQWH�QRWDUH�FKH��VFRPSDUHQGR�LO�WDPSRQH�HOHWWUROLWLFR�H�FRP-
SDUHQGR�LO�QXRYR�WDPSRQH�RUJDQLFR�D�EDVH�GL�WURPHWDPROR�H�WURPHWDPROR�FORULGUDWR��O·LQWHUD�
IRUPXOD]LRQH�GHO�QXRYR�SUHSDUDWR�3À]HU�%LR17HFK�GHQRPLQDWD�´7ULV�6XFURVHµ�GLYHQWD��VH�QRQ�
LGHQWLFD��TXDQWRPHQR�DVVDL�VLPLOH�D�TXHOOD�GHO�YDFFLQR�Spikevax�GL�0RGHUQD��TXHVW·XOWLPR�DX-
WRUL]]DWR�GD�(0$�LQ�GDWD���JHQQDLR�������$VVHVVPHQW�UHSRUW����PDU]R������69), comprendente 
FLRq��XQ�DWWLYR�P51$�FKLPLFDPHQWH�PRGLÀFDWR�D�OLYHOOR�GHL�QXFOHRVLGL���XQ�OLSLGH�IXQ]LRQDOH�
FDWLRQLFR���XQ�OLSLGH�SROLHWRVVLODWR���XQ�OLSLGH�neutrale��'63&����FROHVWHUROR���XQ�WDPSRQH�S+�
non-elettrolitico�7ULV��

)LJXUD�����(0$�$VVHVVPHQW�5HSRUW����PDU]R�������SDJ������
&RPSRVL]LRQH�GHO�9DFFLQR�&RYLG����GL�0RGHUQD�

)LJXUD�����/LSLGL�XWLOL]]DWL�QHO�YDFFLQR�D�P51$�GL�3À]HU�%LR17HFK�H�QHO�YDFFLQR�D�P51$�GL�0RGHUQD��
'D��5XPLDQD�7HQFKRY�HW�DO����/LSLG�1DQRSDUWLFOHV�)URP�/LSRVRPHV�WR�P51$�9DFFLQH�'HOLYHU\��D�

/DQGVFDSH�RI�5HVHDUFK�'LYHUVLW\�DQG�$GYDQFHPHQW��&IU��QRWD����
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&RPH�GLFKLDUDWR�GDOOD�VWHVVD�(0$��D�SDJLQD����GHOO·$VVHVVPHQW�UHSRUW�GHO����RWWREUH������VXO�
QXRYR�&RPLUQDW\�7ULV�6XFURVH�GL�3À]HU�%LR17HFK�

“... LO�SURGRWWR�ÀQLWR�7ULV�6XFURVH�q�VWDWR�VYLOXSSDWR�SHU�IRUQLUH�XQ�YDFFLQR�
con XQ�SURÀOR�GL�VWDELOLWj�PLJOLRUDWR e una maggiore facilità d’uso nei siti 
di somministrazione.” 

'L�TXDQWR�LO�´SURÀOR�GL�VWDELOLWjµ�q�VWDWR�´PLJOLRUDWRµ��ULVSHWWR�D�TXHOOR�GHOOD�SUHFHGHQWH�YHUVLR-
QH"�4XDO�q�LO�GHOWD�GL�YDULD]LRQH�WUD�O·,QGLFH�GL�SROLGLVSHUVLRQH�GHOOH�QDQRSDUWLFHOOH�OLSLGLFKH�GHO�
YDFFLQR�7ULV�6XFURVH�QRQ�HOHWWUROLWLFR,�ULVSHWWR�D�TXHOOR�GHO�YDFFLQR�3%6�6XFURVH�HOHWWUROLWLFR"�
4XDO�q� OD�GLIIHUHQ]D�WUD� LO�3RWHQ]LDOH�=HWD�GHOOH�QDQRSDUWLFHOOH� OLSLGLFKH�GHO�YDFFLQR�7ULV�6X-
FURVH�QRQ�HOHWWUROLWLFR�SURQWR�SHU�O·XVR��ULVSHWWR�D�TXHOOR�GHO�YDFFLQR�3%6�6XFURVH�HOHWWUROLWLFR�
GLOXLWR�H�FDSRYROWR����YROWH�SULPD�GHOOD�VRPPLQLVWUD]LRQH?�4XDO�q�LO�YDORUH�GHO�3RWHQ]LDOH�=HWD�
GHOOD�QXRYD�IRUPXOD]LRQH�7ULV�6XFURVH��LQ�FRQGL]LRQL�ÀVLRORJLFKH��S+����������P0�GL�&D����H�
D����&��FLRq�DOOD�WHPSHUDWXUD�FXL�YLHQH�VRWWRSRVWD�SRFKL�LVWDQWL�GRSR�O·DYYHQXWD�LQRFXOD]LRQH�
LQWUDPXVFRODUH"

/H�ULVSRVWH�D�WDOL�TXHVLWL��PROWR�SUREDELOPHQWH��QRQ�DUULYHUDQQR�PDL��IRUVH�SHUFKp�ULWHQXWH�´«�
informazioni di natura commerciale riservataµ�H�TXLQGL�GD�VRSSULPHUH��PD��FLRQRQRVWDQWH��UL-
PDQH�H�ULPDUUj�VHPSUH�LQVRSSULPLELOH�OD�ORJLFD�FRQVWDWD]LRQH�FKH�LO�YDFFLQR�RULJLQDOH�&RPLU-
QDW\�3%6�6XFURVH��LQLHWWDWR�LQ�PLOLDUGL�GL�GRVL��q�VWDWR�PRGLÀFDWR��ROWUH�FKH�SHU�XQD�PDJJLRUH�
IDFLOLWj�G·XVR��DQFKH��LQ�SULPLV��SHU�´migliorarne la stabilitàµ��Ë�TXHVWD��ÀQDOPHQWH��OD�SULPD�
HYLGHQWH�DPPLVVLRQH��DQFRUFKp�SDU]LDOH�H�SDOXGDWD�GD�JLXVWLÀFD]LRQL�GL�RUGLQH�´ORJLVWLFRµ��FKH�
OD�SUHFHGHQWH�YHUVLRQH�HOHWWUROLWLFD�3%6�6XFURVH�121�HUD�VXIÀFLHQWHPHQWH�VWDELOH e pre�
VHQWDYD��GL�FRQVHJXHQ]D��PDJJLRUL�ULVFKL�WRVVLFRORJLFL�ULVSHWWR�DOOD�YHUVLRQH�QRQ�HOHWWUROLWL�
FD�7ULV��6XFURVH�VXFFHVVLYDPHQWH�HODERUDWD�GD�3À]HU�%LR17HFK�H�SURQWDPHQWH�DXWRUL]]DWD�GD�
(0$�

&LRQRQRVWDQWH��q�DVVDL�VLQJRODUH�FKH�OD�QXRYD�YHUVLRQH�QRQ�HOHWWUROLWLFD�Tris/Sucrose�YHQJD�SUH-
VHQWDWD�QHO�ZHE�´VRORµ�FRPH�XQ�PHUR�VYLOXSSR��upgrade��IDUPDFR�WHFQRORJLFR�H�XQD�PLUDELOH�
VROX]LRQH�D�RQHURVL�SUREOHPL�GL�´VWRFFDJJLR��WUDVSRUWR�H�ORJLVWLFDµ��VHQ]D�IDU�FHQQR�DOFXQR�DL�
ULVFKL�GL�QDWXUD�WRVVLFRORJLFD�H�SHULFROL�SHU�OD�VDOXWH�SXEEOLFD�FKH�OD�SUHFHGHQWH�IRUPXOD]LRQH�
SUHVHQWDYD��
/D�YHUVLRQH�HOHWWUROLWLFD��LQVWDELOH�H�GD�GLOXLUH�SULPD�GHOO·LQRFXOD]LRQH��ULPDQH�VRUSUHQGHQWH-
PHQWH�LQ�FRPPHUFLR��VHPSOLFHPHQWH�FRQWUDGGLVWLQWD�GD�XQ�tappo viola (diluizione necessaria, 
per soggetti di età pari o superiore a 12 anni���DFFDQWR�DOOD�´QXRYDµ�FRQ�tappo grigio (diluizio-
ne NON necessaria,�DQFK·HVVD�per soggetti di età pari o superiore a 12 anni���70

1HOOD�UHODWLYD�WDEHOOD�ULSRUWDWD�VXO�VLWR�GL�$,)$��)LJXUD������OD�YHUVLRQH�FRQ�WDSSR�JULJLR��TXHOOD�
FLRq�QRQ�HOHWWUROLWLFD��q�VLJQLÀFDWLYDPHQWH�FRQWUDGGLVWLQWD�GD�XQ�´
µ�FKH�FRQGXFH�DOOD�QRWD��´La 
fornitura disponibile della formulazione da “Non diluire” per soggetti di età pari o superiore 
a 12 anni si basa sugli accordi contrattuali dei singoli paesiµ��4XDOL�SDHVL�"�(�O·,WDOLD�"�4XDOL�
DFFRUGL�FRQWUDWWXDOL"�$QFKH�TXHVWL�DFFRUGL�FRQWUDWWXDOL�segretati�"

(QWUDPEH�OH�YHUVLRQL�ULVXOWDQR�FRPXQTXH�DXWRUL]]DWH�DOO·LPPLVVLRQH�LQ�FRPPHUFLR�LQ�(XURSD��
VHPSUH�FRQ�OD�IRUPXOD�´DXWRUL]]D]LRQH�VXERUGLQDWD�D�FRQGL]LRQLµ
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)LJXUD�����(VWUDWWR�GD�´*XLGD�DOOH�IRUPXOD]LRQL�GL�&20,51$7<�YDFFLQR�D�P51$�²�%LR17HFK�	�3À]HUµ�
�&IU��QRWD�����

����,QVWDELOLWj�H�SRWHQ]LDOH�WRVVLFRORJLFR�GHOOD�IRUPXOD]LRQH�3%6�6XFURVH�
   conferme e riscontri
$OOD�OXFH�GHL�GDWL�WHFQLFL�VRSUD�HVSRVWL��q�RUPDL�GHO�WXWWR�HYLGHQWH�FKH�O·LQVWDELOLWj�GHO�VLVWHPD�
FROORLGDOH�GL�QDQRPDWHULDOL�OLSLGLFL��H�LO�FRQVHJXHQWH�PDJJLRU�ULVFKLR�WRVVLFRORJLFR��GHOOD�SUL-
PD�YHUVLRQH�GL�&RPLUQDW\�VLD�VRVWDQ]LDOPHQWH�GRYXWD�DOOD�SUHVHQ]D��LQ�TXHOOD�IRUPXOD]LRQH��GL�
fattori destabilizzanti��TXDOL��DSSXQWR��L�FRPSRVWL�LQRUJDQLFL�HOHWWUROLWLFL�LQ�HFFHVVR��FRVWLWXLWL�
principalmente dai componenti del WDPSRQH�S+ PBS�XWLOL]]DWR�GD�3À]HU�%LR17HFK��/HJJLD-
PR��D�TXHVWR�SURSRVLWR��XQD�GHÀQL]LRQH�FKLDULÀFDWULFH�GHO�FRQFHWWR�GL�´VWDELOLWjµ��LQ�UHOD]LRQH�D�
FRPSRVL]LRQL�D�EDVH�GL�QDQRSDUWLFHOOH��QHO�EUHYHWWR�GL�0RGHUQD�86������������%��́ Compounds 
and compositions for intracellular delivery of therapeutic agents” 71: 

“Stabilità”, “stabilizzato” e “stabile” nel contesto della presente informati-
va si riferisce alla UHVLVWHQ]D�GHOOH�FRPSRVL]LRQL�GL�QDQRSDUWLFHOOH�H�R�GHOOH�
composizioni farmaceutiche qui divulgate D� FDPELDPHQWL� FKLPLFL� R�ÀVLFL 
(quali ad esempio, degradazione, variazione delle dimensioni delle particel-
le, aggregazione��PRGLÀFD�GHOOD� WHFQLFD�GL� LQFDSVXODPHQWR��HFF��� LQ�GHWHU-
minate condizioni di fabbricazione, preparazione, trasporto, stoccaggio e/o 
uso, ad esempio quando viene applicato uno stress come la forza di taglio, 
stress da congelamento/scongelamento, ecc.”

$�TXHVWR�SURSRVLWR��SHUz��ULVXOWD�DQFRU�SL��HVSOLFLWR�HG�DWWHQGLELOH�TXDQWR�ULSRUWDWR�QHO�brevetto 
GHOOD�VWHVVD�%LR17HFK��FR�WLWRODUH��LQVLHPH�D�3À]HU��GHO�YDFFLQR�&RPLUQDW\��86������������
B2 “51$�)RUPXODWLRQ�IRU�,PPXQRWHUDS\” GHO����QRYHPEUH����������ULJXDUGDQWH�SURSULR�OH�
IRUPXOD]LRQL�GL�51$�LQFDSVXODWR�LQ�QDQRSDUWLFHOOH�OLSLGLFKH�FDWLRQLFKH��GHO�WLSR�FLRq�GL�TXHOOH�
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XVDWH� QHO�&RPLUQDW\��� H� GHQRPLQDWH�� LQ� TXHVWR� FRQWHVWR�� ´lipoplexesµ��1HOOD� GHVFUL]LRQH� GHO�
EUHYHWWR��VL� VSLHJD�� IUD� O·DOWUR��FRPH� OH�QDQRSDUWLFHOOH�FDWLRQLFKH�FRQWHQHQWL�51$�VL� IRUPLQR�
VRSUDWWXWWR�JUD]LH�D�GHWHUPLQDWL�UDSSRUWL�GL�PDVVD�FDULFD�WUD�L�OLSLGL�FDWLRQLFL�����H�OH�FRPSRQHQWL�
DQLRQLFKH�����GHOO·�51$��H�FRPH�WDOL�UDSSRUWL�JLRFKLQR�XQ�UXROR�IRQGDPHQWDOH�DQFKH�SHU�TXDQWR�
ULJXDUGD�LO�SDVVDJJLR�GHOOH�QDQRSDUWLFHOOH�FRQWHQHQWL�51$�DWWUDYHUVR�OD�PHPEUDQD�FHOOXODUH�H�LO�
FRQVHJXHQWH�WUDVIHULPHQWR�GHOO·51$�DOO·LQWHUQR�GHOOD�FHOOXOD�SHU�PRGLÀFDUQH�OH�FDUDWWHULVWLFKH�
IXQ]LRQDOL��trasfezione):

´/D�PDJJLRU�SDUWH�GHOOH�PHPEUDQH�QDWXUDOL�VRQR�FDULFDWH�QHJDWLYDPHQWH��
e quindi l’interazione elettrostatica attrattiva tra le nanoparticelle lipidiche 
FDULFDWH�SRVLWLYDPHQWH�H�OD�ELRPHPEUDQD�FDULFDWD�QHJDWLYDPHQWH�SXz�VYRO-
gere un ruolo importante nel collegamento alla cellula e nell’assorbimento 
delle nanoparticelle lipidiche. Valori del rapporto carica positiva/carica ne-
gativa che sono considerati ottimali per la trasfezione sono compresi tra 2 
H����&RQ�XQD�PLQRUH�FDULFD�SRVLWLYD�LQ�HFFHVVR��O·HIÀFDFLD�GHOOD�WUDVIH]LRQH�
scende drasticamente, andando praticamente a zero. 6IRUWXQDWDPHQWH��SHUz��
per liposomi e nanoparticelle lipidiche caricati positivamente è stata segna-
ODWD�XQ·HOHYDWD�WRVVLFLWj��FKH�SXz�HVVHUH�XQ�SUREOHPD�SHU�O·DSSOLFD]LRQH�GL�
tali preparati come prodotti farmaceutici.”

)LJXUH������%UHYHWWR�%LR17HFK�86������������%��´51$�)RUPXODWLRQ�IRU�,PPXQRWHUDS\µ������1RY��������
�VH]LRQH�´%DFNJURXQG�RI�WKH�LQYHQWLRQµ�
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/H�UDJLRQL�SHU�FXL�L�WDPSRQL�S+�GHO�WLSR�3%6��QRQ�YDQQR�DVVROXWDPHQWH�EHQH�LQ�SUHSDUDWL�D�EDVH�
GL� QDQRSDUWLFHOOH� FDWLRQLFKH� LQJOREDQWL�51$� Vono spiegate�PROWR� FKLDUDPHQWH� QHOOD� VH]LRQH�
GHO�VXFFLWDWR�EUHYHWWR�LQWLWRODWD�´Effects of Buffers/ Ions on Particle Sizes and PI of RNA Lipo-
plexesµ�>(IIHWWL�GHL�WDPSRQL���FRPSRVWL�LRQLFL�VXOOH�GLPHQVLRQL�H�,QGLFH�GL�SROLGLVSHUVLRQH�GHOOH�
QDQRSDUWLFHOOH�OLSLGLFKH�FRQWHQHQWL�51$��QGW@�

´/·XVR�GHO� WDPSRQH�S+�� VSHVVR�QHFHVVDULR�SHU� OH�DSSOLFD]LRQL� IDUPDFHX-
tiche, e la presenza di composti ionici, sono fattori che possono portare 
all’aggregazione delle nanoparticelle lipidiche e sono dunque da ritenersi 
inadatti per applicazioni parenterali.
…
,Q�SUHVHQ]D�GHO�WDPSRQH�S+�GHQRPLQDWR�3%6��OR�VWHVVR�HIIHWWR�q�DQFRU�SL��
evidente. Le nanoparticelle lipidiche con un rapporto di carica positiva o 
neutra formano particelle più grandi (parzialmente stabilizzate dalle cari-
che positive).
…
,Q�FRQGL]LRQL�ÀVLRORJLFKH� �FLRq�D�S+����������P0�&D++��� q� LPSHUDWLYR�DVVL-
curarsi che ci sia un rapporto di carica prevalentemente negativa, a causa 
GHOO·LQVWDELOLWj�GHOOH�QDQRSDUWLFHOOH�OLSLGLFKH�QHXWUH�R�FDULFDWH�SRVLWLYDPHQWH�µ

)LJXUD������%UHYHWWR�%LR17HFK�86������������%��´51$�)RUPXODWLRQ�IRU�,PPXQRWHUDS\µ������1RY�������
�6H]LRQH�´([DPSOHVµ�
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,Q�DOWUH�SDUROH�� VXOOD�EDVH�GL�TXDQWR�VFLHQWLÀFDPHQWH�GRFXPHQWDWR�H� ULSRUWDWR� LQ�XQ�EUHYHWWR�
della stessa %LR17HFK��DSSUHQGLDPR�FKH�XQ�VLVWHPD�FROORLGDOH�GL�QDQRSDUWLFHOOH�OLSLGLFKH�FD-
WLRQLFKH�LQJOREDQWL�P51$�
1. NON GRYUHEEH�FRQWHQHUH�QHOOD�SURSULD�IRUPXOD]LRQH�un tampone ionico come il PBS, al 

ÀQH�GL�SUHYHQLUH�IHQRPHQL�GL�DJJUHJD]LRQH��DJJORPHUD]LRQH��ÁRFFXOD]LRQH�GHOOH�QDQRSDUWL-
FHOOH�OLSLGLFKH��FRQ�WXWWH�OH�FRQVHJXHQ]H�GL�RUGLQH�WRVVLFRORJLFR�VRSUD�GHVFULWWH�

2. NON�GRYUHEEH�FRQWHQHUH�QHOOD�SURSULD�IRUPXOD]LRQH�composti ionici��FRPH�DG�HV��FORUXUR�GL�
VRGLR���DO�ÀQH�GL�SUHYHQLUH�IHQRPHQL�GL�DJJUHJD]LRQH��DJJORPHUD]LRQH��ÁRFFXOD]LRQH�GHOOH�
QDQRSDUWLFHOOH�OLSLGLFKH��FRQ�WXWWH�OH�FRQVHJXHQ]H�GL�RUGLQH�WRVVLFRORJLFR�VRSUD�GHVFULWWH�

��� NON�GRYUHEEH�HVVHUH�iniettato per via parenterale��D�FDXVD�GHOOD�VXD�LQVWDELOLWj�TXDQGR�YLH-
ne a trovarsi nelle FRQGL]LRQL�ÀVLRORJLFKH�GHO�GLVWUHWWR�H[WUDFHOOXODUH��S+����������P0�&D++)

7XWWH�H�WUH�TXHVWH�FRQGL]LRQL�VRQR�VRUSUHQGHQWHPHQWH�H�ÁDJUDQWHPHQWH�GLVDWWHVH��VH�QRQ�DGGLULW-
WXUD�LQVSLHJDELOPHQWH�LJQRUDWH��VLD�GD�3À]HU�%LR17HFK�VLD�GDJOL�HQWL�FHUWLÀFDWRUL��VLD�QHO�PHULWR�
GHOOD�IRUPXOD]LRQH�VLD�LQ�TXHOOR�GHOOD�GHVWLQD]LRQH�G·XVR�GHO�SUHSDUDWR�&RPLUQDW\�3%6�6XFURVH�

,Q�XOWLPD�DQDOLVL��LO�SUHSDUDWR�PHGLFLQDOH�&RPLUQDW\�3%6�6XFURVH�GL�3À]HU�%LR17HFK��DXWRUL]-
]DWR�GD�(0$�QHO�������SUHVHQWD�GHOOH�JUDYL�H�SDOHVL�QRQ�FRQIRUPLWj�GL�RUGLQH�FKLPLFR�ÀVLFR�H�
WRVVLFRORJLFR��1RQ�FRQIRUPLWj��FXULRVDPHQWH�H�SDUDGRVVDOPHQWH�� LQ�DSSDUHQWH�FRQWUDVWR�
persino con le precedenti accurate indicazioni e precauzioni segnalate dalla stessa BioN�
7HFK�LQ�XQ�VXR�EUHYHWWR�GHO������
6XOOD�EDVH�GL�WDOL�FRQIHUPH�H�ULVFRQWUL��SRVVLDPR�GXQTXH�LSRWL]]DUH�FKH�O·DJJLXQWD�GL�XQD�FRVu�
LPSRUWDQWH�TXRWD�GL�FRPSRVWL�LRQLFL�HOHWWUROLWLFL�DO�JLj�SUHFDULR�HTXLOLEULR�GL�XQ�VLVWHPD�FROORLGD-
OH�GL�QDQRSDUWLFHOOH�FDWLRQLFKH��QRWRULDPHQWH�VHQVLELOL�DOOH�FDULFKH�LRQLFKH��DEELD�LQHYLWDELOPHQ-
WH�FRQGL]LRQDWR�OD�VWDELOLWj��FRQVHUYDELOLWj��IXQ]LRQDOLWj�H�FRQVHJXHQWH�SRWHQ]LDOH�WRVVLFRORJLFR�
GHO�SURGRWWR�ÀQLWR�&RPLUQDW\�3%6�6XFURVH��FDXVDQGR�LQ�SDUWLFRODUH��LPSUHYHGLELOL�DOWHUD]LRQL�
GHOO·,QGLFH�GL�SROLGLVSHUVLRQH�H�GHO�3RWHQ]LDOH�=�GHL�QDQRPDWHULDOL�LPSLHJDWL��SRVVLELOH�FRQVH-
JXHQWH�IRUPD]LRQH�GL�DJJUHJDWL��DJJORPHUDWL��ÁRFFXODWL��FRDOHVFHQ]H��JUDGL�GLYHUVL�GL�SHQHWUD-
ELOLWj�H�PRELOLWj�GHJOL�DJJUHJDWL�QDQROLSLGLFL�GL�GLYHUVH�GLPHQVLRQL��GRSR�O·LQRFXOD]LRQH��LQ�VLWL�
ELRORJLFL�LPSUHYLVWL�H�LPSUHYHGLELOL��FRQ�IRUPD]LRQH�LUUHJRODUH�GL�526�LQ�WDOL�VLWL��FRQVHJXHQWH�
HWHURJHQHLWj�GL�HIIHWWL�DYYHUVL�(randomization)��SRWHQ]LDOPHQWH�YDULDELOL�GD�ORWWR�D�ORWWR��GD�ÀDOD�
D�ÀDOD��GD�YDFFLQDWRUH�D�YDFFLQDWRUH��GD�YDFFLQDWR�D�YDFFLQDWR��LQ�XQD�VRUWD�GL�LQHOXWWDELOH��LQ-
FRQWUROODELOH�H�LQGHFLIUDELOH�URXOHWWH�UXVVD�

6. Conclusioni
Il vaccino Comirnaty Covid-19 mRNA BNT162b2��QHOOD�VXD�YHUVLRQH�H�FRPSRVL]LRQH�RULJLQDOH��
denominata PBS/Sucrose��SUHVHQWD�QXPHURVH�FULWLFLWj�H�QRQ�FRQIRUPLWj��HVDPLQDWH�QHO�GHWWDJOLR�
QHO�SUHVHQWH�VWXGLR�H�TXL�DSSUHVVR�VLQWHWLFDPHQWH�HOHQFDWH�

�� ,�GXH�HFFLSLHQWL�IXQ]LRQDOL�SUHSRVWL�DOOD�IRUPD]LRQH�GL�QDQRSDUWLFHOOH�OLSL-
GLFKH��$/&������H�$/&�������QRQ�VRQR�UHJLVWUDWL�LQ�QHVVXQD�)DUPDFRSHD��
Qp�ULHQWUDQR�WUD�OH�VRVWDQ]H�HVDPLQDWH�H�FODVVLÀFDWH�LQ�FRQIRUPLWj�DO�5HJROD-
PHQWR��&(��&/3�Q������������UHODWLYR�DOOD�FODVVLÀFD]LRQH��DOO·HWLFKHWWDWXUD�
H�DOO·LPEDOODJJLR�GHOOH�VRVWDQ]H�H�GHOOH�PLVFHOH�LQ�(XURSD��

�� 7DOL� HFFLSLHQWL� QRQ�FRPSDLRQR�QHSSXUH�QHOO·LQYHQWDULR�GHOOH� VRVWDQ]H� UH-
JLVWUDWH� LQ� FRQIRUPLWj� DO� 5HJRODPHQWR� �&(��5($&+� Q�� ���������� FRQ-
FHUQHQWH� OD� UHJLVWUD]LRQH�� OD�YDOXWD]LRQH�� O·DXWRUL]]D]LRQH�H� OD� UHVWUL]LRQH�
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GHOOH�VRVWDQ]H�FKLPLFKH�LQ�(XURSD��1RQ�VH�QH�FRQRVFH�SHUWDQWR�LO�SURÀOR�
WRVVLFRORJLFR�in primis�

- 1RQ�VRQR�VWDWH�HVSOHWDWH� WXWWH� OH�SURFHGXUH�GL�DQDOLVL�FKLPLFR�ÀVLFD�H� WHVW�
WRVVLFRORJLFL�SUHYLVWL�SHU� OH�QDQRIRUPH�GL�GHWWH�VRVWDQ]H�� LQ�FRQWUDVWR�FRQ�
TXDQWR�GHWWDWR�GDO�5HJRODPHQWR��8(������������FKH�PRGLÀFD�LO�UHJRODPHQ-
WR��&(��Q������������GHO�3DUODPHQWR�HXURSHR�H�GHO�&RQVLJOLR�FRQFHUQHQWH�OD�
UHJLVWUD]LRQH��OD�YDOXWD]LRQH��O·DXWRUL]]D]LRQH�H�OD�UHVWUL]LRQH�GHOOH�VRVWDQ]H�
FKLPLFKH��5($&+���SHU�ULFRPSUHQGHUYL�OH�QDQRIRUPH�GHOOH�VRVWDQ]H�

�� 1RQ� VRQR� VWDWL� HIIHWWXDWL�� FRQ� LO� FRQVHQVR� GHOO·HQWH� FHUWLÀFDWRUH�� VWXGL� GL�
FDQFHURJHQLFLWj��JHQRWRVVLFLWj�H�PXWDJHQLFLWj�GHO�SUHSDUDWR��QRQRVWDQWH�VLD�
VWDWR�RUPDL�FRQIHUPDWR�GD�QXPHURVL�VWXGL�VFLHQWLÀFL�FKH�OH�Specie Reattive 
dell’Ossigeno��526���JHQHUDWH�GDOOH�QDQRSDUWLFHOOH��SRVVRQR�DYHUH�XQ�DOWR�
SRWHQ]LDOH�FDQFHURJHQR��JHQRWRVVLFR�H�PXWDJHQR�

�� /H�6FKHGH�GL�'DWL�GL�6LFXUH]]D�GHO�SUHSDUDWR�&RPLUQDW\�QRQ�ULSRUWDQR�OH�LQ-
IRUPD]LRQL�UHODWLYH�DOOH�FDUDWWHULVWLFKH�GHOOH�QDQRIRUPH�SUHVHQWL�QHOOD�FRP-
SRVL]LRQH�GHO�SUHSDUDWR�VWHVVR��LQ�FRQWUDVWR�FRQ�TXDQWR�SUHYLVWR�GDO�VXFFLWD-
WR�5HJRODPHQWR��8(������������H�GDO�5HJRODPHQWR��8(�����������

�� 1RQ�VRQR�QRWL�O·,QGLFH�GL�SROLGLVSHUVLRQH�H�LO�3RWHQ]LDOH�=HWD�GHOOH�QDQR-
SDUWLFHOOH�SUHVHQWL�QHO�SUHSDUDWR��&Lz�FRPSRUWD�XQ·DVVROXWD�LQFHUWH]]D�QHOOD�
GHWHUPLQD]LRQH�GHOOD�VWDELOLWj�FKLPLFR�ÀVLFD�GHOOH�QDQRSDUWLFHOOH�H�GHL�ORUR�
DJJUHJDWL��FRQ�FRQVHJXHQWH�LPSUHYHGLELOLWj�LQHUHQWH�VLD�DOOD�SRWHQ]LDOH�HI-
ÀFDFLD�GHO�YDFFLQR�FKH�DO�JUDGR�GL�SHQHWUDELOLWj�H�PRELOLWj�GHOOH�QDQRSDUWL-
FHOOH�DOO·LQWHUQR�GHOO·RUJDQLVPR�XPDQR��QRQFKp�LO�ORUR�HYHQWXDOH�LQJUHVVR�
QHOOD�FLUFROD]LRQH�VLVWHPLFD�H�GHSRVLWR�LQ�RUJDQL�FRPH�UHQL��IHJDWR��FXRUH��
FHUYHOOR��SROPRQL�

�� /D�SUHVHQ]D�GL�HOHWWUROLWL�QHO�SUHSDUDWR�RULJLQDOH��DUWDWDPHQWH�HOLPLQDWL�QHOOD�
VXFFHVVLYD�YHUVLRQH�&RPLUQDW\�7ULV�6XFURVHµ��LQGXFH�DQFRU�SL��D�SUHVXPHUH�
FKH�LO�SURGRWWR�GHQRPLQDWR�´&RPLUQDW\�3%6�6XFURVHµ�SRVVD�GDU�OXRJR�DOOD�
IRUPD]LRQH�GL�DJJUHJDWL�H�DJJORPHUDWL��SULPD��GXUDQWH�R�GRSR�OD�SURFHGXUD�
GL�LQRFXOD]LRQH��H�FKH�SHUWDQWR�SRVVD�HVVHUH�VLD�LQHIÀFDFH��LQ�TXDQWR�QRQ�LQ�
JUDGR�GL�YHLFRODUH�O·P51$�FRGLÀFDQWH�SHU�OD�SURWHLQD�6SLNH�DWWUDYHUVR�OH�
PHPEUDQH�GHOOD�FHOOXOD�RVSLWH��VLD�SHULFRORVR��LQ�TXDQWR�DQGUHEEH�D�GHSRVL-
WDUVL�LQ�WHVVXWL�R�RUJDQL�QRQ�SUHYLVWL�QHO�VXR�GHVWLQR�ELRORJLFR�SULPDULR�

,Q�FRQFOXVLRQH��VL�ULWLHQH�XUJHQWH�HG�LQGLVSHQVDELOH�XQR�VWXGLR�DFFXUDWR�H�VXO�OXQJR�WHUPLQH��GD�
VYROJHUVL�QHOOH�RSSRUWXQH�VHGL�LVWLWX]LRQDOL��FOLQLFKH�R�PHGLFR�OHJDOL��VRSUDWWXWWR�LQ�UHOD]LRQH�DG�
HYHQWXDOL�QHVVL�GL�FDXVDOLWj�R�FRQ�FDXVDOLWj�WUD�TXDQWR�TXL�HVSRVWR�H�O·DPSLD�HWHURJHQHLWj�SDWR-
ORJLFD�GHJOL�HYHQWL�DYYHUVL�JUDYL�R�OHWDOL�UHJLVWUDWL�GRSR�OH�YDFFLQD]LRQL��DO�ÀQH�GL�DGRWWDUH�WXWWH�
OH�RSSRUWXQH�H�XUJHQWL�D]LRQL�FRUUHWWLYH�H�SUHYHQWLYH�D�WXWHOD�GHOOD�VDOXWH�SXEEOLFD��FRPSUHVD�
TXHOOD�GL�VRVSHQGHUH�TXDQWR�SULPD��VH�GHO�FDVR�H�LQ�FRQIRUPLWj�FRQ�LO�SULQFLSLR�GL�SUHFDX]LRQH��
OH�YDFFLQD]LRQL�FRQ�LO�SUHSDUDWR�&RPLUQDW\�3%6��6XFURVH�GL�3À]HU�%LR17HFK

Durante l’esperimento lo scienziato responsabile deve essere pronto a inter-
romperlo in qualunque momento se indotto a credere che la continuazione 
dell’esperimento comporterebbe probabilmente lesioni, invalidità o morte 
per il soggetto umano. �&RGLFH�GL�1RULPEHUJD���$UWLFROR����
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��� (0$������)HEUXDU\��������(0$�������������&RUU�����&RPPLWWHH�IRU�0HGLFLQDO�3URGXFWV�IRU�+XPDQ�8VH�
�&+03��$VVHVVPHQW�UHSRUW�&RPLUQDW\���&RPPRQ�QDPH��&29,'����P51$�YDFFLQH��QXFOHRVLGH�PRGLÀHG����
3URFHGXUH�1R��(0($�+�&�������������

 KWWSV���ZZZ�HPD�HXURSD�HX�HQ�GRFXPHQWV�DVVHVVPHQW�UHSRUW�FRPLUQDW\�HSDU�SXEOLF�DVVHVVPHQW�UHSRUWBHQ�SGI�
SS���������������

��� KWWSV���HFKD�HXURSD�HX�LW�UHJXODWLRQV�QDQRPDWHULDOV�

��� ��QDQRPHWUR� ���PLOLDUGHVLPR�GL�PHWUR� ���PLOLRQHVLPR�GL�PLOOLPHWUR��XQD�GLPHQVLRQH�FLRq�LQIHULRUH�GL�GHFL-
QH�GL�PLJOLDLD�GL�YROWH�DOOR�VSHVVRUH�GL�XQ�FDSHOOR�XPDQR�

��� ,ELG��RS��FLW��QRWD��

��� 5$&&20$1'$=,21(� GHOOD� &RPPLVVLRQH� GHO� ��� RWWREUH� ����� VXOOD� GHÀQL]LRQH� GL� QDQRPDWHULDOH�
����������8(����KWWSV���HXU�OH[�HXURSD�HX�OHJDO�FRQWHQW�,7�7;7�"XUL &(/(;��$�����+�����

��� 5(*2/$0(172��&(��Q������������GHO�3DUODPHQWR�(XURSHR�H�GHO�&RQVLJOLR�GHO����GLFHPEUH������FRQFHU-
QHQWH�OD�UHJLVWUD]LRQH��OD�YDOXWD]LRQH��O·DXWRUL]]D]LRQH�H�OD�UHVWUL]LRQH�GHOOH�VRVWDQ]H�FKLPLFKH��5($&+�

��� 5(*2/$0(172��&(��1������������GHO�3DUODPHQWR�(XURSHR�H�GHO�&RQVLJOLR�GHO����GLFHPEUH������UHODWLYR�
DOOD�FODVVLÀFD]LRQH��DOO·HWLFKHWWDWXUD�H�DOO·LPEDOODJJLR�GHOOH�VRVWDQ]H�H�GHOOH�PLVFHOH

��� 5(*2/$0(172��8(������������GHOOD�&RPPLVVLRQH�GHO���GLFHPEUH������FKH�PRGLÀFD� LO� UHJRODPHQWR�
�&(��Q������������GHO�3DUODPHQWR�(XURSHR�H�GHO�&RQVLJOLR�FRQFHUQHQWH�OD�UHJLVWUD]LRQH��OD�YDOXWD]LRQH��O·DX-
WRUL]]D]LRQH�H�OD�UHVWUL]LRQH�GHOOH�VRVWDQ]H�FKLPLFKH��5($&+��SHU�TXDQWR�ULJXDUGD�JOL�DOOHJDWL�,��,,,��9,��9,,��
9,,,��,;��;��;,�H�;,,�SHU�ULFRPSUHQGHUYL�OH�QDQRIRUPH�GHOOH�VRVWDQ]H���*D]]HWWD�XIÀFLDOH�GHOO·8QLRQH�HXURSHD�
/����

��� ,ELG��S���

���� ,ELG��SS��������

���� 35(6,'(1=$�'(/�&216,*/,2�'(,�0,1,675,� ��&RPLWDWR�1D]LRQDOH�SHU� OD�%LRHWLFD� ��1DQRVFLHQ]H�H�
1DQRWHFQRORJLH��VHGXWD�3OHQDULD�GHO���JLXJQR�������S�������

� KWWSV���ELRHWLFD�JRYHUQR�LW�PHGLD������S��B����BQDQRVFLHQ]HBQDQRWHFQRORJLHBLW�SGI�

���� (0$��RS��FLW��QRWD����S����

���� 8QD�PROHFROD�q�GHWWD�DQÀÀOLFD��DQFKH�DPÀÀOLFD�R�DQÀSDWLFD��TXDQGR�FRQWLHQH�VLD�XQ�JUXSSR�LGURÀOR��DPDQWH�
GHOO·DFTXD��SRODUH��VLD�XQR�OLSRÀOR��DPDQWH�GHO�JUDVVR��QRQ�SRODUH��

���� 5XPLDQD�7HQFKRY��5REHUW�%LUG��$OOLVRQ�(��&XUW]H��DQG�4LRQJTLRQJ�=KRX���/LSLG�1DQRSDUWLFOHV�)URP�/LSRVR-
PHV�WR�P51$�9DFFLQH�'HOLYHU\��D�/DQGVFDSH�RI�5HVHDUFK�'LYHUVLW\�DQG�$GYDQFHPHQW��$&6�1DQR���������
�������������������KWWSV���GRL�RUJ���������DFVQDQR��F������

���� KWWSV���ZZZ�DLID�JRY�LW�GRFXPHQWV���������������'(7(50,1$B��������B&20,15$7<�SGI�

���� (0$��RS��FLW��QRWD����S����

���� &RXQFLO�RI�(XURSH��(XURSHDQ�3KDUPDFRSRHLD
� KWWSV���ZZZ�HGTP�HX�HQ�(XURSHDQ�3KDUPDFRSRHLD�%DFNJURXQG�0LVVLRQ

���� /·LQYHQWDULR�&	/�q�XQD�EDQFD�GDWL�JHVWLWD�GDOO·(&+$�FKH�FRQWLHQH�LQIRUPD]LRQL�VXOOD�FODVVLÀFD]LRQH�H�O·H-
WLFKHWWDWXUD�GHOOH�VRVWDQ]H� LPPHVVH�VXO�PHUFDWR�HXURSHR��4XHVWD�EDQFD�GDWL�FRPSUHQGH� LQIRUPD]LRQL�VXOOH�
VRVWDQ]H�QRWLÀFDWH�H� UHJLVWUDWH��PD�DQFKH� O·HOHQFR�GHOOH�FODVVLÀFD]LRQL�H�GHOOH�HWLFKHWWDWXUH�DUPRQL]]DWH�DL�
VHQVL�GHOO·DOOHJDWR�9,�GHO�UHJRODPHQWR�&/3�
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���� /D�EDQFD�GDWL�GHOO·LQYHQWDULR�&	/��KWWSV���HFKD�HXURSD�HX�LW�LQIRUPDWLRQ�RQ�FKHPLFDOV�FO�LQYHQWRU\�GDWDEDVH�

���� ,QIRUPD]LRQL�VXOOH�VRVWDQ]H�FKLPLFKH��KWWSV���HFKD�HXURSD�HX�LW�LQIRUPDWLRQ�RQ�FKHPLFDOV�

���� KWWSV���VDIHW\GDWDVKHHWV�SÀ]HU�FRP�

���� <RXU�(XURSH�
 KWWSV���HXURSD�HX�\RXUHXURSH�EXVLQHVV�SURGXFW�UHTXLUHPHQWV�FKHPLFDOV�UHJLVWHULQJ�FKHPLFDOV�UHDFK�LQGH[BLW�KWP 

���� 5(*2/$0(172� �8(�� ��������� GHOOD�&RPPLVVLRQH� GHO� ��� JLXJQR� ����� FKH�PRGLÀFD� O·DOOHJDWR� ,,� GHO�
UHJRODPHQWR��&(��Q������������GHO�3DUODPHQWR�HXURSHR�H�GHO�&RQVLJOLR�FRQFHUQHQWH�OD�UHJLVWUD]LRQH��OD�YDOX-
WD]LRQH��O·DXWRUL]]D]LRQH�H�OD�UHVWUL]LRQH�GHOOH�VRVWDQ]H�FKLPLFKH��5($&+�

���� ,ELGHP

���� $ULH�%UXLQLQN��-LQJ�:DQJ��3HWHU�:LFN���(IIHFW�RI�SDUWLFOH�DJJORPHUDWLRQ�LQ�QDQRWR[LFRORJ\��3XEOLVKHG�RQOLQH��
���-DQXDU\��������6SULQJHU�9HUODJ�%HUOLQ�+HLGHOEHUJ�����

� KWWSV���OLQN�VSULQJHU�FRP�DUWLFOH���������V�����������������

���� (0$��RS��FLW��QRWD����S��������

���� 5HJRODPHQWR��8(�������������FIU��QRWD����S���

���� )ODYLD�%DURQH��,VDEHOOD�'H�$QJHOLV��&ULVWLQD�$QGUHROL�H�&KLDUD�/DXUD�%DWWLVWHOOL��,VWLWXWR�6XSHULRUH�GL�6DQLWj��
&DWHULQD�$UFDQJHOL�H�*LRUJLR�/HWHU��0HWRGL�LQ�YLWUR�H�LQ�VLOLFR�SHU�OD�YDOXWD]LRQH�GHO�SRWHQ]LDOH�WRVVLFRORJLFR�
GHL�QDQRPDWHULDOL��(1($����������(QHUJLD��DPELHQWH�H�LQQRYD]LRQH��'2,����������($,��������

���� ,ELGHP

���� (��)U|KOLFK���������7KH�UROH�RI�VXUIDFH�FKDUJH�LQ�FHOOXODU�XSWDNH�DQG�F\WRWR[LFLW\�RI�PHGLFDO�QDQRSDUWLFOHV��,QW�
-�1DQRPHGLFLQH���������²����

���� &KXO�+R�<XQ��&KXQ�6LN�%DH��DQG�7DHKR�$KQ���&DUJR�)UHH�1DQRSDUWLFOHV�&RQWDLQLQJ�&DWLRQLF�/LSLGV�,QGXFH�
5HDFWLYH�2[\JHQ�6SHFLHV�DQG�&HOO�'HDWK�LQ�+HS*��&HOOV���%LRO��3KDUP��%XOO����������²������������������
7KH�3KDUPDFHXWLFDO�6RFLHW\�RI�-DSDQ

���� <X��=���/L��4���:DQJ��-��HW�DO����5HDFWLYH�2[\JHQ�6SHFLHV�5HODWHG�1DQRSDUWLFOH�7R[LFLW\�LQ�WKH�%LRPHGLFDO�
)LHOG���1DQRVFDOH�5HV�/HWW�����������������KWWSV���GRL�RUJ���������V������������������

���� ,ELGHP��S���

���� ,POD\�-$��6��/���������'1$�GDPDJH�DQG�R[\JHQ�UDGLFDO�WR[LFLW\��6FLHQFH�����������²����

���� 0DNL�+60� �������0XW7� SURWHLQ� VSHFLÀFDOO\� K\GURO\VHV� D� SRWHQW�PXWDJHQLF� IRU�'1$� V\QWKHVLV�� 1DWXUH��
�������²���

���� 'HPSOH�%��+DUULVRQ�/��������5HSDLU�RI�R[LGDWLYH�GDPDJH�WR�'1$��HQ]\PRORJ\�DQG�ELRORJ\��$QQX�5HY�%LR-
FKHP�������²���

���� 6LQJK�1��0DQVKLDQ�%��-HQNLQV�*-��*ULIÀWKV�60��:LOOLDPV�30��0DIIHLV�7*��:ULJKW�&-��'RDN�6+��������1D-
QR*HQRWR[LFRORJ\��WKH�'1$�GDPDJLQJ�SRWHQWLDO�RI�HQJLQHHUHG�QDQRPDWHULDOV��%LRPDWHULDOV���������²����

���� &KRPSRRVRU�$��6DKD�.��*KRVK�36��0DFDUWK\�'-��0LUDQGD�25��=KX�=-��$UFDUR�.)��5RWHOOR�90��������7KH�
UROH�RI�VXUIDFH�IXQFWLRQDOLW\�RQ�DFXWH�F\WRWR[LFLW\��526�JHQHUDWLRQ�DQG�'1$�GDPDJH�E\�FDWLRQLF�JROG�QDQR-
SDUWLFOHV��6PDOO���������²����

���� 3URTXLQ�+��5RGUtJXH]�,EDUUD�&��0RRQHQ�&��8UUXWLD�2UWHJD�,0��%ULHGp�--��GH�.RN�70��YDQ�/RYHUHQ�+��&KL-
ULQR�<,��������7LWDQLXP�GLR[LGH�IRRG�DGGLWLYH��(�����LQGXFHV�526�IRUPDWLRQ�DQG�JHQRWR[LFLW\��FRQWULEXWLRQ�
RI�PLFUR�DQG�QDQR�VL]HG�IUDFWLRQV��0XWDJHQHVLV�������²���
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���� .DQJ�6-��.LP�%0��/HH�<-��&KXQJ�+:��������7LWDQLXP�GLR[LGH�QDQRSDUWLFOHV�WULJJHU�S���PHGLDWHG�GDPDJH�
respRQVH�LQ�SHULSKHUDO�EORRG�O\PSKRF\WHV��(QYLURQ�0RO�0XWDJHQ�������²���

���� 'L�%XFFKLDQLFR�6��)DEEUL]L�05��&LULOOR�6��8EROGL�&��*LOOLODQG�'��9DOVDPL�-RQHV�(��0LJOLRUH�/�������
� $QHXSORLGRJHQLF�HIIHFWV�DQG�'1$�R[LGDWLRQ�LQGXFHG�LQ�YLWUR�E\�GLIIHUHQWO\�VL]HG�JROG�QDQRSDUWLFOHV��,QW�-
� 1DQRPHGLFLQH�������²����

���� 'XIRXU�(.��.XPDUDYHO�7��1RK\QHN�*-��.LUNODQG�'��7RXWDLQ�+��������&ODVWRJHQLFLW\��SKRWR�FODVWRJHQLFLW\�RU�
SVHXGR�SKRWR�FODVWRJHQLFLW\��JHQRWR[LF�HIIHFWV�RI�]LQF�R[LGH�LQ�WKH�GDUN��LQ�SUH�LUUDGLDWHG�RU�VLPXOWDQHRXVO\�
LUUDGLDWHG�&KLQHVH�KDPVWHU�RYDU\�FHOOV��0XWDW�5HV���������²���

���� /HYLQH�$6��6XQ�/��7DQ�5��*DR�<��<DQJ�/��&KHQ�+��7HQJ�<��/DQ�/��������7KH�R[LGDWLYH�'1$�GDPDJH�UHVSRQ-
VH��D�UHYLHZ�RI�UHVHDUFK�XQGHUWDNHQ�ZLWK�7VLQJKXD�DQG�;LDQJ\D�VWXGHQWV�DW�WKH�8QLYHUVLW\�RI�3LWWVEXUJK��6FL�
&KLQD�/LIH�6FL��������²����

���� -HQD�15��������'1$�GDPDJH�E\�UHDFWLYH�VSHFLHV��PHFKDQLVPV��PXWDWLRQ�DQG�UHSDLU��-�%LRVFL�������²���

���� .LUVFK�9ROGHUV�0��9DQKDXZDHUW�$��'H�%RHFN�0��,OVH�'��������,PSRUWDQFH�RI�GHWHFWLQJ�QXPHULFDO�YHUVXV�
VWUXFWXUDO�FKURPRVRPH�DEHUUDWLRQV��0XWDW�5HV��������²���

���� 0DWHXFD�5��/RPEDHUW�1��$ND�39��'HFRUGLHU�,��.LUVFK�9ROGHUV�0��������&KURPRVRPDO�FKDQJHV��LQGXFWLRQ��
GHWHFWLRQ�PHWKRGV�DQG�DSSOLFDELOLW\�LQ�KXPDQ�ELRPRQLWRULQJ��%LRFKLPLH���������²����

���� 1HO�$��;LD�7��0DGOHU�/��/L�1��������7R[LF�SRWHQWLDO�RI�PDWHULDOV�DW�WKH�QDQROHYHO��6FLHQFH���������²���

���� 5XV\Q�,��$VDNXUD�6��3DFKNRZVNL�%��%UDGIRUG�%8��'HQLVVHQNR�0)��3HWHUV�-0��+ROODQG�60��5HGG\�-.��&XQ-
QLQJKDP�0/��6ZHQEHUJ�-$��������([SUHVVLRQ�RI�EDVH�H[FLVLRQ�'1$�UHSDLU�JHQHV�LV�D�VHQVLWLYH�ELRPDUNHU�
IRU�LQ�YLYR�GHWHFWLRQ�RI�FKHPLFDO�LQGXFHG�FKURQLF�R[LGDWLYH�VWUHVV��LGHQWLÀFDWLRQ�RI�WKH�PROHFXODU�VRXUFH�RI�
UDGLFDOV�UHVSRQVLEOH�IRU�'1$�GDPDJH�E\�SHUR[LVRPH�SUROLIHUDWRUV��&DQFHU�5HV��������²�����

���� 7UHW\DNRYD�1<��*URHKOHU�$��-L�6��������'1$�SURWHLQ�FURVV�OLQNV��IRUPDWLRQ��VWUXFWXUDO�LGHQWLWLHV��DQG�ELROR-
JLFDO�RXWFRPHV��$FF�&KHP�5HV��������²����

���� /LRX�*<��6WRU]�3��������5HDFWLYH�R[\JHQ�VSHFLHV�LQ�FDQFHU��)UHH�5DGLF�5HV�������²���

���� <X��=���/L��4���:DQJ��-��HW�DO����RS��FLW��QRWD�����S���

���� ,62�������������3DUWLFOH�VL]H�DQDO\VLV�³�'\QDPLF�OLJKW�VFDWWHULQJ��'/6�

���� 2(&'���*XLGDQFH�0DQXDO�IRU�WKH�7HVWLQJ�RI�0DQXIDFWXUHG�1DQRPDWHULDOV��2(&'·V�6SRQVRUVKLS�3URJUDP-
PH��(19�-0�0212���������5(9�ÀUVW�UHYLVLRQ�²����-XQ�������SS�����²���

���� 6��0RHLQ�0RJKLPL�$OOHUJLF�5HDFWLRQV� DQG�$QDSK\OD[LV� WR�/13�%DVHG�&29,'����9DFFLQHV�� 3HUVSHFWLYH_�
YROXPH�����LVVXH����SS�����������0DUFK�����������'2,��KWWSV���GRL�RUJ���������M�\PWKH�������������

���� 7KH�(0$�&RYLG����GDWD�OHDN��DQG�ZKDW�LW�WHOOV�XV�DERXW�P51$�LQVWDELOLW\��%0-����������Q�����GRL�
� KWWSV���GRL�RUJ���������EPM�Q�����3XEOLVKHG����0DUFK������

���� (0$��RS��FLW��QRWD����S����

���� ,ELG��S����

���� KWWS���ZZZ�JDOHQRWHFK�RUJ�SRW]HWD�KWP�

���� 2(&'�RS��FLW��QRWD�����SS��������

���� )ODYLD�%DURQH�HW�DO���RS��FLW��QRWD���
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���� 2(&'�RS��FLW��QRWD�����S����

���� *LRYDQQL�'·$JRVWLQLV��(OLR�0LJQLQL���0DQXDOH�GHO�&RVPHWRORJR�²�7HFQLFKH�1XRYH��VHFRQGD�HGL]LRQH��������
S�����

���� 7KDUZDW�)��7DGURV������)ORFFXODWLRQ�RI�FROORLGDO�GLVSHUVLRQV��9ROXPH���%DVLF�3ULQFLSOHV�RI�,QWHUIDFH�6FLHQFH�
DQG�&ROORLG�6WDELOLW\���%HUOLQ��%RVWRQ��'H�*UX\WHU��������SS����������

� KWWSV���GRL�RUJ���������������������������

���� )'$�6XPPDU\�%DVLV�IRU�5HJXODWRU\�$FWLRQ�����������²�&29,'����9DFFLQH�P51$�&RPLUQDW\�²�S���
� KWWSV���ZZZ�IGD�JRY�PHGLD��������GRZQORDG�

���� (0$�²�3URGXFW�,QIRUPDWLRQ�&RPLUQDW\���$OOHJDWR�,���5LDVVXQWR�'HOOH�&DUDWWHULVWLFKH�'HO�3URGRWWR�²�S����
KWWSV���ZZZ�HPD�HXURSD�HX�HQ�GRFXPHQWV�SURGXFW�LQIRUPDWLRQ�FRPLUQDW\�HSDU�SURGXFW�LQIRUPDWLRQBLW�SGI�

66) KWWSV���ZZZ�HPD�HXURSD�HX�HQ�QHZV�QHZ�PDQXIDFWXULQJ�VLWHV�QHZ�IRUPXODWLRQ�DSSURYHG�FRYLG����YDFFLQH�ELRQWHFK�SÀ]HU�

���� 5HJRODPHQWR� �&(�� Q�� ���������� GHOOD�&RPPLVVLRQH�� GHO� ��� QRYHPEUH� ����� �� FRQFHUQHQWH� O·HVDPH� GHOOH�
YDULD]LRQL�GHL� WHUPLQL�GHOOH�DXWRUL]]D]LRQL�DOO·LPPLVVLRQH� LQ�FRPPHUFLR�GL�PHGLFLQDOL�SHU�XVR�XPDQR�H�GL�
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