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Coronavirus

FIG1 | Infection d’une cellule hdte par le SARS-CoV-2

Les principales étapes de I'entrée du virus dans une cellule hdte sont schématisées.
ECA2: enzyme de conversion de I'angiotensine 2; protéine S: protéine de surface; S-2: sous-unité S-2 de la protéine de surface.
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Vaccin mRNA de quoi on parle?
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Allergie/Anaphylaxie

Allergie

Adapté de:

Ulrich R. Mueller
Insect Sting Allergy:
Clinical Picture,
Diagnosis and
Treatment

Gustav Fischer
Stuttgart, New York, 1990



Vaccin et allergie : epidemiologie

Table. Characteristics of Reported Cases of Anaphylaxis Following
Receipt of Pfizer-BioNTech (9 943 247 Doses) and Modema (7581429
Doses) COVID-19 Vaccines—Vaccine Adverse Events Reporting System
(VAERS), US, December 14, 2020-January 18, 2021

No. (%) of cases

Pfizer-BioNTech Moderna
Characteristics (n = 47) (n=19)
Age, median (range), y 39(27-63)* 41 (24-63)
Female sex 44 (94) 19 (100)
Minutes to symptom onset, 10(<1-1140[19 h])" 10 (1-45)
median (range)
Symptom onset, min
=15 34 (76)° 16 (84)
<30 40 (89)" 17 (89)
Reported history*
Allergies or allergic reactions 36(77) 16 (84)
Prior anaphylaxis 16(34) 5(26)
Vaccine dose
First 37 17
Second 1 1
Unknown 6 1
Brighton Collaboration
case definition level®
1 21(45) 10(52)
2 23(49) 8 (43)
3 3(6) 1) —
?C“:S g';)l')lgl’_‘i;ifﬁgl’:ggge’ft‘-‘ 4.7 2.3 Reports of Anaphylaxis After Receipt of mRNA COVID-19 Vaccines
administered) in the US—-December 14, 2020-January 18, 2021

Tom . Shimabukuro MO, MPH, MBA Mattrew Lole. MPH; Jzhr R.5w MO, PhD. MPH



Vaccin et allergie : épidémiologie

Source

Not clearly adjudicated

Netherlands Pharmacovigilance Centre
UK MHRA

Danish Medicinas Agency

Ausiralian Health Department

Instituie of Public Health of Chile
Health Ministry, Mexico

Minisler of Stale for Health, Singapcre
Health minister, Poland

Health Ministry, Israal

Minister, Japan

Norwegian Medicincs Agency
Netherlands Pharmacovigilance Centre
Swissmedic and EOC reference centre
UK MHRA

Institute of Public Health of Chile
Danish Medicinas Agency

Summary

Adjudicated

Unon health Minisiry, India

UK MHRA

Danish Medicinas Agency
Ausiralian Health Department
Institute of Public Health of Chile
NCT04505722, multinational
NCTO0453039€, Russia

CDC, USA

MGRB (Boston), USA

PHAC, Canada

NCT04470427, USA
NCT04363728, multinational

UK MHRA

Institute of Public Health of Chile
Danish Medicinas Agency
Summary

Test for interaction, F < .000"

Vaccine

ChAdOx1-S
ChAcOx1-S
ChAdOx1-S
ChAJOx1-S+mRNA
CoronaVec (Sinovac)

mRNA
mRNA
mRNA
mRNA
mRNA
mRNA
mRNA
mRNA
mRNA
mRNA
mRNA

ChAdOx1-S
ChAdOx1-S
ChAdOx1-S
ChAdOx1-S+mRNA
CoronaVac (Sinovac)

J&J
Sputnik V
mRNA
mRNA
mRNA
mRNA
mRNA
mRNA
mRNA
mRNA

Cases

) = O = =N
N

]

7858

N O
("L

Total Vaccinations
Administerad

3,00,000
3.2c+06
1,49,675
1,83,006
3.4e+06
44 000

1,595,000
2,50,000
8.5e+06
1,07,558
412,576
1.4e+06
9,62,046
6.3e106
2,92,534
7,07,543

6.3e+06
3.2e+06
149675
183006
3.4e+06
21895
31465
1.8e+07
64900
2.3e+06
29892
374156
6.3e+06
292534
707543

t"".

set%s 4o
t

—.¢0'T¢ ’TT”"’ o,
i

Proportion (385% CI)

10.00 (2.06 - 23.22)
9.50 (6.41 — 13.56)
40.09 (14.71 - B7.25)
103.82 (52.51 — 162.13)
14.50 (10.73 - 19.17)
113.64 (35.90 — 265.17)
25.81 (7.03 - 85.07)
20.00 (6.49 - 45.67)
3776 (33.75 - 42.13)
158.05 (92.08 - 253.05)
19.39 (8.37 - 38.21)
8.57 (4.43 - 14.97)

8.32 (3.59 - 18.39)
20.65 (17.26 — 24.53)
37.60 (18.77 — 67.28)
89 04 (68.42 — 113.92)
33.51 (17.24 - 55.14)

0.32 (0.04 — 1.14)
1.68 (0.51 — 3.69)
33471 (10.85 - 77.95)
546 (0.14 - 30.44)
3.55 (1.8 — 6.20)
0.00 (0.00 - 158 47)
31.78 (0.80 - 177.05)
3.77 (2.91 - 4.79)
245 53 (140.92 — 400.32)
2217 (15.46 - 29.23)
33.45 (0.85  186.33)
0.00 (0.00 — 98.59)
2.86 (1.69 - 4.52)
2051 (7.53 - 44.64)
35.33 (22.87 - 52.15)
7.91 (4.02 - 15.59)

Greenhawt M JACI in practive 2021



Vaccin et allergie : épidémiologie

385’926 doses —» CHUV 104’561 doses
v v

93 Allergic-like reactions 35 Allergic-like reactions
(2.4 reactions/10’000 doses) 3.3 reactions/10°000 doses




Allergie: hypersensibilite IgE, type 1
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Les bases de I'immunologie fondamentale et clinique. Abbas 2020



Allergie: hypersensibilite IgE, type 1
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Non immunologic activation

-

Opioid

Immunologic activation

Allergie: hypersensibilite IgE, type 1

Faover

Reclassifying Anaphylaxis to Neuromuscular
Blocking Agents Based on the Presumed
Patho-Mechanism: IgE-Mcdiated, Pharmacological
Adverse Reaction or “Innate Hypersensitivity”?

David Spoerd *, Haig Nigoliam !, Christeph Crametzki © ard Thearas Harr!

N A
Direct activation (i.e. h 4
RCM, vancomycine)
N Y Antigen
Pathogen =\ % SCF
D 2 IgE
A Fce Rl
“</CD88 IgG
Mast cell FcVR :
‘?ﬁ Opioid receptor Y
MHC /.
PAF receptor o TCR
PAF %‘RGPRXZ Hormone ¥V
P receptor <&
i A , °°0
NMBA, Quinolones iy
Compound 48/80 Oestrogen/ 0’0 - Teel
Androgen Degranulation

N



Allergie: hypersensibilite IgE, type 1
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Allergie au PEG

De quoi on parle?

Propylene glycol Polyethylene glycol
H O - O - H pon(oxyclie d'\éthyléne)
" H P \/\\O - _ E(I):_Ié(oxyethylene)
O H i 1n Macrogol
CHsCH(OH)CH20H. (O-CH2-CH2),—OH
PEG

e MW d’un monomere d’ethylene oxide est 44g/mol

e Taille des chaines PEG varie entre 200 to 35 000 g/mol

e Utilisé comme €paississant/gélifiant dans les cosmétiques (savon/creme/shampoing)
e Utilis€ comme additif alimentaire

e Utilisé dans les gels hydroalcooliques

e Utilis€é dans de nombreuses formulations parentérales

o Utilisé comme laxatif



Allergie au PEG

De quoi on parle?

Allergie PEG et aux laxatifs

2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

- 6 8
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2
|

0

FIGURE 4. Cases of anaphylaxis reported to the FDA (FAERS! implicating PEG containing bowel preparations or laxatives, by year.
FAERS, FDA Adverse Event Reporting System; FDA, US Food and Drug Administration; PEG, polyethylene glycol.

Stone et al. 2019



Allergie au PEG

De quoi on parle?

Polyethylene glycol
O H
H»{’ \4\0/
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Allergologie: outils diagnostics
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Original Article

First-Dose mRNA COVID-19 Vaccine Allergic ®
Reactions: Limited Role for Excipient Skin Testing
Anna R. Wolfson, MD™", Lacey B. Robinson, MD, MPH™", Lily Li, MD™“, Aubree E. McMahon, BA",
Amelia S. Cogan, MPH", Xiaaging Fu, MS”, Paige Wickner, MD, MPH°, Upeka Samarakoon, MS, PhD",
Rebecca R. Saff, MD, PhD"", Kimberly G. Blumenthal, MD, MSc*"“*, and Aleena Banerji, MD*"*  Basron, Mass
Post Vaccine Reaction (n = 80)
FEG Skin Test Positive* Palysorbate 80 Skin Test Positive Skin Test Negative
(n=5) (n=9) (n = 66)
P~ Toleraled Dose 2 (0= 3) Tolergled Dose 2 (n = 4) P~ Toleraled Duse 2 (n = 45)
—3 Reaction to Dose 2 (n=0) Reaction .o Dose 2 (n=3) ¢ —p Reaction to Dose 2 (n=15)3
= [Did Not Receive Dose 2 (n =2) Did Not Receive Dose 2 (n = 2) =—p [id Not Raceive Dose 2 (n = §)

A Tolerated Dose 2 (n = 52/70, 74%)



Avez-vous une allergie documentée®
au polyéthyléne-glycol (PEG, macrogol),

au polysorbate (TWEEN)
ou a la trométhamine
(TRIS, trométhamol) ?

lNon

Avez-vous fait une allergie sévére®
a un médicament injectable
ou un vaccin ou d’origine
indéterminée ?

lNon

Avez-vous fait une allergie sévére®
d’autre origine ?
(médicament oral, alimentaire,
latex, pollens, poils d'animaux,
acariens, venins d’insectes)

lNon

Avis allergologique

souhaitable

Qui

mndéterminé

ou

La substance contient-elle
du polyéthyléne-glycol
(PEG, magrocol),
au polysorbate (TWEEN)
ou a la trométhamine
(TRIS, trométhamol) ?

Qui

—} surveillance

lNon

Vaccination

30 minutes

>3000 évaluations
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PEG 2000 | Trometamol
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PRE-VACCINATION

2477 evaluations for self-reported severe allergies

v
200 evaluations in the allergy division 13 excluded
. 4
History for Drug allergy containing ane aof the following
excipient
| | l 1 |
Polysorbate® PEG® TRIS® Unclear
83 (44%) 46 (25%) 32 (17%) 39 (21%)
| | ]
Negative Vaccine Inconclusive Positive Vaccine
IDR 180 (96%) Vaccine IDR 0 IDR 7 (4%)
v v v

2-step Vaccination (178) Polysorbate IDR:

. . Not Done (0), Negative (1)

Inconclusive (1), Positive (5)

Well tolerated Positive v

177 (99.4%) &g::‘;)) 2-step Vaccination 0/7

°13 patients with history of allergy to >=2 different excipients

Stehlin et al submitted



Skin Tests Neg Skin Tests Pos
n= 180 (% or SD) n= 7 (% or SD)

Age (mean) 62.6 (+/-16.3) 62.7 (+/-11.7)
Female 140 (78%) 6 (85%)
Prior anaphylaxis 145/175 (83%) 6 (85%)
IDR with mRNA-1273 95/180 (53%) 7 (100%)
IDR with BNT162b2 mRNA 85 (47 %) 7 (100%)
History of allergy with drugs containing:

Polyethylene glycol 43 (24 %) 3 (43%)
Polysorbate 81 (45%) 2 (29%)
Trométamol 30 (17%) 2 (29%)
Not defined 39 (22%) 0

Stehlin et al submitted



POST-VACCINATION

385’926 doses

CHUV 104’561 doses

v

v

93 Allergic-like reactions
(2.4 reactions/10’°000 doses)

35 Allergic-like reactions
3.3 reactions/10’000 doses

|

6 excluded

v

87 Allergic-like reactions#

Negative Vaccine || Inconclusive Vaccine || Positive Vaccine
IDR 65 (76%) IDR 12 (14%) IDR 9 (10%)
¥ v v

Polysorbate IDR:
Not Done (27), Negative (35)
inconclusive (3), Positive (0)

Polysorbate IDR:
Not Done (0), Negative (11)
Inconclusive (6), Positive (4)

2-step Vaccination (58)

2-step Vaccination (1/21)

¥ v v
Well tolerated Positive 3 Positive 1 (100%) (Urticaria)
55 (95%) (5%) (Asthma)

# 1 patient excluded because of dermographism

Stehlin et al submitted



Skin Tests Neg Skin Tests Pos* p value
Total of patients 65 21
Age (mean +/-5D)) 51.2(+/-15.1) 40.8 (+/-15.2) <0.01
Female 57 (88%) 20 (95%) ns
BNT-162b2 (%) 43 (66%) 3 (14%) <0.01
Prior allergy sharing additives with vaccines 2 (3%) 1 (5%) ns
Prior anaphylaxis 27 (41.5%) 7 (33%) ns
Prior allergy (any) 60 (92%) 12 (57%) <0.01
Normal Basal Tryptase 50/51 (98%) 19/19 (100%) ns
Symptoms ns
Cutaneous 53 (82%) 17(81%)
Respiratory 22 (33%) 6 (29%)
Digestive 7 (11%) 1(5%)
Cardiovascular 2 (3%) 1 (5%)
Treatment ns
AntiH1, Steroids anly 50 (77%) 17 (81%)
Autaresolutive 12 (19%) 4 (19%)
Epinephrine 3 (5%) 0
Timing ns
Timing<30 min 42 (65%) 11 (52%)
Timing 30-60min 2 (3%) 0
Timing>60min 21 (32%) 10 (48%)
Anaphylaxis EAACI criteria 16 (25%) 2 (10%) ns
Brighton Scale ns
| 5 (8%) 2 (10%)
I 9 (14%) 0
I 1(2%) 0
No criteria 50 (77%) 19 (91%)
Ring and Messmer Severity Scale ns
I 40 (62%) 13 (62%)
Il 18 (28%) 8 (38%)
(I 7 (11%) 0
\Y 0 0 Ste

hlin et al submitted



% CD63 (IL-3)

% CDB3 (no IL-3)

100 -

- *® Neg(n=14) c
J  Pos (n=24)

Ctir alg 1 01 001 1 01 001 10 2 04
BNT-162b2 (%) mMRNA-1273 (%) Polysorbate
80 (pg/ml)
0

— 0 ® Neg (n=14)
I ) 0O Pos (n=24)

: ' i : 1 ' )
Cr algE 1 01 001 1 01 001 10 2 04
BNT-162b2 (%) mRNA-1273 (%) Polysorbate
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% CD203
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Ctr alg 1 01001 1 01 001 10 2 04
BNT-162b2 {°/o) mRNA-1273 (°/o) Polysorbate
80 (rg/ml)
Intradermal skin test results
Positive BAT (n=24) Negative Inconclusive Positive Tested
mRNA-1273 0.01% 0% 10(42%)  14{58%) 24
BNT-162b2 0.01% 1(5%) 9(43%)  11(52%) 21
Polysorbate 80 0.1%  10(42%) 6(25%)  8(33%) 24
Negative BAT (n=9) Negative Inconclusive Positive Tested
mRNA-1273 0.01% 100% 0% 0% 9
BNT-162b2 0.01% 100% 0% 0% 8
Polysorbate 80 0.1% (8)78% (2)22% 0% 9

Stehlin et al submitted



Figure 3
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Allergie au PEG

IgG ou IgE
Anti-PEG IgE in anaphylaxis associated
with polyethylene glycol
Zhao-Hua Zhou, PhD? Cosby A. Stone, Jr., MD, MPH",
Baruch Jakubovic, MD®, Elizabeth J. Phillips, MD",
Gordon Sussman, MD®, JuMe Park, MS®,

Uyen Hoang, MS?®, Susan L. Kirshner, PhD?,
Robert Levin, MD®, and Steven Kozlowski, MD*

Anticorps anti-PEG (IgG IgM and IgE) dans 1721 sera
* 5% to 9% positif pour anti-PEG IgG

* 3% to 6% positif pour anti-PEG IgM

* 0.1% positif pour anti-PEG IgE

Anticorps pré-existants: une explication pour les reactions
anaphylactiques apres la premiere exposition a un
médicament



Anti-PEG IgE in anaphylaxis associated
with polyethylene glycol

[ ]
Zhao-Hua Zhou, PhD?, Cosby A. Stone, Jr., MD, MPH",
e rg Ie a u Baruch Jakubovic, MD®, Elizabeth J. Phillips, MD",

Gordon Sussman, MD, JuMe Park, MS?,

Uyen Hoang, MS®, Susan L. Kirshner, PhD?,

IgG Ou Ig E Robert Levin, MDF, and Steven Kozlowski, MD*

R LR R e

TABLE I. Anti-PEG IgE and anti-PEG IgG in sera from cases and controls of PEG-associated anaphylaxis

Anti-PEG IgE Anti-PEG IgG

Lab ID Clinic Positivity (Max MFI) Titration Inhibition Positivity (Max MFI) Titration Inhibition
PEGI Case |+ (4,835) >512 100% b+ (154,969) >16,384 100%
PLEG2 Case — (1,076) >32 100% ++ (109,079) >8,192 100%
PEG3 Control +/— (293) =>4 ND + (39,826) =2,048 100%
PEG4 Control — (—86) ND — (130) 1 ND
PEGS Control - (0) ND — (4,603) =1 ND
PEG6 Casc ++ (493) =90 100% +++ (40,419) =10,000 100%
PEG7 Case ++ (291) =100 100% +++ (78,647) >10,000 100%
PEGS Case ++ (1,800) =90 100% + (29,494) 2,500 100%
PEGY Casc — (4,038) =30 100% ++ (160,690) =6,000 100%

MFI, Medhan fluorescence intensily; N, not done.
Nore: Number of “"+" was assigned on the basis of titer; for IgLi, a uter >301s +, >90 is +—, and >-512 18 +—+; for [20, a dater >2.000 15 +, >6.000 18 ++, and >10,000
18 +++. Max MI is the maximum difference in target and control beads. Titer is the dilution where target-control bead MI'l becomes flat.
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Pediatrics induction protocol

Premedication

Anti-histamine

12 hours before
2 hours before

Total

5-step induction protocol

mMRNA-1273 BNT-162b2
1ug (0.5ml) 0.3pg (0.5ml)
10pg (0.2ml) 3pg (0.15ml)
20ug (0.4ml)  ©T  6pg (0.3ml)
30ug (0.6ml) 9upg (0.45ml)
40pg (0.8ml) 12ug (0.6ml)
101ug 30.3ug

30minutes intervals

Percentage
1%

10%

20%

30%

40%

101%

Stehlin et al submitted



Age Sex Cohort Timingof  Anaphylaxis BNT-162b2 mABNA-1273 Polysorbate B/
the reaction EAACI criteria mRNA IDR IDR IDR C
75 F post >60min No inconclusive inconclusive negative
22 F post >60min No positive positive positive
41 F post <30 min No positive positive positive
37 F post >60min No ND inconclusive positive
46 F post >B60min No inconclusive inconclusive negative
53 F post <30 min No ND positive inconclusive
36 F post <30 min No inconclusive positive negative
52 F post >60min No inconclusive inconclusive negative
52 F post <30 min Yes positive positive negative
39 F post <30 min No ND positive positive
66 F pre - - positive positive inconclusive
45 F pre - - negative negative negative
66 F pre - - positive positive negative
68 F pre - - positive positive positive

Stehlin et al submitted



AT BNT-162b2

BAT BNT-162b2 BAT BNT-162b2

BAT mRNA-1273 BAT mRNA-1273 BAT mRNA-1273

>D63/IL-3 (%) CD63 (%) CD203c¢ (%)  CD63/IL-3 (%) CD63 (%) CD203c (%)
4 3.4 3,6 5.8 8 38,1
47,7 21,3 57,9 17,8 44,6 68,8
ND ND ND ND ND ND
0,4 0,8 15,1 0,1 2 28,3
60,5 39,3 79,7 48,3 23,4 54,2
14,3 6,3 25,1 10,7 7.8 20,1
60,5 39,3 79,7 48,3 23,4 54,2
11,5 9,1 10,4 41,2 40,2 37
33,6 34,6 55,5 24,4 29,4 47,3
26,4 14,3 40,2 18 27,7 60
16,6 2,8 37,2 19,1 8 54,7
ND ND ND ND ND ND
53 1,2 3,6 5,1 55 36,8
0,5 0,4 4,4 1,3 2,2 12,8

Stehlin et al submitted



73 Vaccine used IT Reaction during IT
| Completed
mRNA-1273 Yes -
MRNA-1273 Yes -
mRNA-1273 Yes -
mRNA-1273 Yes -
MRNA-1273 Yes -
mRNA-1273 Yes -
mRNA-1273 Yes Local urticaria
MRNA-1273 Yes -
mRNA-1273 Yes -
mRNA-1273 Yes -
BNT-162b2 mRNA Yes -
BNT-162b2 mRNA Yes mild asthmatic
exacerbation
BNT-162b2 mRNA Yes mild asthmatic
exacerbation
BNT-162b2 mRNA Yes -

Stehlin et al submitted



Allergic-like reaction
to the vaccine

Known allergy to polyethylene
alycol and/or polysorbate
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Conclusions

 Patients with negative skin tests for the anti-SARS-Cov2 vaccines BNT162b2 from Pfizer-
BioNTech or mRNA-1273 from Moderna can be safely vaccinated using a two-step
vaccination protocol (10%-90%).

A high correlation between positive skin tests and positive BATs for mRNA vaccines.

* A high rate of positive skin tests for polysorbate-80 in vaccine sensitized patients
suggesting a cross-reactivity that is mediated by Polyethylene glycol (PEG). Yet, skin
tests with PEG-2000 (at the concentration we used in this study) were not useful for the
evaluation of vaccine hypersensitivity.

* A selective inhibition of CD63/CD203c upregulation with ibrutinib suggesting an IgE-
dependent mechanism for mRNA vaccine sensitization.

e Several cases of acute asthmatic exacerbation despite negative skin tests.

 VVaccine-sensitized individuals may receive the vaccine with a five-step vaccination
protocol.

* The severity of the allergic reaction does not predict vaccine sensitization. In fact, we
found a high rate of vaccine-sensitized patients who were vaccinated with the
MRNA-1273 from Moderna. To our opinion, the mechanisms and potential clinical
consequences should be urgently studied.
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