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Summary Anaphylaxis in connection with the admin-
istration of vaccines occurs only very rarely. Triggers
of immunoglobulin IgE-mediated and non-IgE-medi-
ated anaphylaxis—in addition to the active ingredi-
ent itself—may be excipients contained in the vaccine
due to their special properties. Some of the excipients
in medicinal products are the same compounds used
as additives in food. Furthermore, residues from the
manufacturing process (e.g., chicken egg white, ca-
sein, antibiotics, formaldehyde) or contaminants (e.g.,
from the primary packaging material) may be poten-
tial triggers of anaphylaxis in vaccines. This review
article provides an overview of ingredients in vaccines
that pose an allergenic risk potential. The compo-
nents of COVID-19 vaccines approved and marketed
in Germany are discussed with regard to their poten-
tial for triggering anaphylaxis and possible pathophys-
iological mechanisms involved.
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Abbreviations

AmAnDa Medicinal Products and Application Data-
base

BC Brighton Collaboration

BSA Bovine serum albumin

CARPA Complement-activation related pseudoal-
lergy

CDC Center of Disease Control

DSPC Phospholipid distearoylphosphatidylcho-
line

DtaP Diphtheria-tetanus—pertussis

Prof. Dr. V. Mahler (<) - A.-C. Junker
Paul-Ehrlich-Institut,

Paul-Ehrlich-Strale 51-59, 63225 Langen, Germany
vera.mahler@pei.de

Flu Influenza

HbsAg Hepatitis B surface antigen

HPV Human papillomavirus

MHRA Medicines and Healthcare Products Regu-
latory Agency

MMR Measles, mumps, rubella

MMRV Measles, mumps, rubella, varicella

PEG Polyethylene glycol

TBE Tick-born encephalitis

Tdap Tetanus-diphteria-pertussis

VAERS Vaccine Adverse Event Reporting System

Definition of “additives” and “excipients”

Additives are natural or artificial substances with or
without nutritional value, which are used for the pro-
duction of foods and beverages [1]. Additives are
comparable to excipients for medicinal products and
are often the same compounds [1]. The term “ad-
ditives,” in contrast to “excipients” and “impurities,”
does not appear in the German Medicines Act (AMG).
Many excipients are characterized and specified in
the European Pharmacopoeia (Pharm. Eur; [2]). In
contrast to the additives allowed in food, there is no
closed list for excipients in medicinal products. New
excipients must be characterized in detail by the drug
manufacturers [3]. According to Pharm. Eur. 10.7, an
excipient (auxiliary substance) is any constituent of
a medicinal product that is not an active substance;
adjuvants, stabilizers, antimicrobial preservatives,
diluents, and antioxidants are examples of excipients
[2]. The European Medicines Agency (EMA) Guideline
on excipients in the marketing authorization appli-
cation dossier (EMEA/CHMP/QWP/396951/2006; [3])
states: “Excipients include, e.g., fillers, disintegrants,
lubricants, coloring matters, antioxidants, preserva-
tives, adjuvants, stabilizers, thickeners, emulsifiers,
solubilizers, permeation enhancers, flavoring and
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Table 1
Excipients

Gelatin

Hydrolyzed gelatin

Polygelin
Dextran
Aluminum complexes (e.g.,

aluminum hydroxide or
phosphate)

Phenoxyethanol; synonym:
2-Phenoxyethanol

Contained in vaccines against

Influenza (nasal);
Pandemic influenza (H5N1) (nasal)
Typhoid (oral)

Shingles (Herpes zoster);
Measles—mumps-rubella;
Measles—mumps-rubella—varicella;
Varicella

Rabies
Rotavirus

Diphtheria—tetanus;
Diphtheria—tetanus—pertussis;
Diphtheria—tetanus—pertussis-poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis—
Haemaophilus influenzae type B;
Diphtheria—tetanus—pertussis—hepatitis B
(recombinant)-poliomyelitis- Haemophilus
influenzae type B;

Tick-borne encephalitis (TBE);

Human papillomavirus (HPV);

Hepatitis A;

Hepatitis A-hepatitis B (recombinant);
Hepatitis A-typhus;

Hepatitis B (recombinant),

Japanese encephalitis;

Group B meningococci (recombinant);
Meningococcal serogroup C;

Anthrax;

Pneumococci

Diphtheria—tetanus;
Diphtheria—tetanus—pertussis;
Diphtheria—tetanus—poliomyelitis;
Diphtheria—tetanus—pertussis—Poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis—
Haemophilus influenzae type B;

Hepatitis A;

Hepatitis A—typhoid;

Pneumococci;

Poliomyelitis

Potentially allergenic excipients, residues, and contaminants in vaccines* (as of 8 April 2022)

Products

Fluenz Tetra 2021/2022 (AstraZeneca AB)™,
Pandemic influenza vaccine H5N1 AstraZeneca";
Typhoral L (Emergent Netherlands B.V.)"

Zostavax (MSD VACCINS; Lyon; France)';
M-M-RVAXPRO (MSD VACCINS)PS*;
ProQuad (MSD VACCINS)P-S*2; i
Varivax (Eurim-Pharm Arzneimittel GmbH)°

Rabipur (kohlpharma GmbH)?
Rotarix (GlaxoSmithKline Biologicals S.A.)Y

Td-IMMUN (AJ Vaccines A/S)%%

Td-Impfstoff Merieux (Sanofi Pasteur Europe)®Z
Td-pur (AstroPharma GmbH)®Z

Boostrix (EurimPharm Arzneimittel GmbH)3tZ

COVAXiS (Sanofi Pasteur Europe)®tZ

Infanrix (GlaxoSmithKline GmbH & Co. KG)®tZ
TdaP-IMMUN (AJ Vaccines A/S; Denmark)®tZ

Boostrix Polio (EMRAMED Arzneimittel GmbH)%tWZ
Repevax (Sanofi Pasteur Europe)®tWz

Revaxis (kohlpharma GmbH)®¥:;

Tetravac (EMRA-MED Arzneimittel GmbH)&tWZ
Infanrix-IPV + Hib (EMRA-MED Arzneimittel GmbH)®t%Z,
Pentavac (EMRA-MED Arzneimittel GmbH)%HtW2
Hexacima (Sanofi Pasteur)d/t"2

Hexyon (Sanofi Pasteur)d/twz _
Infanrix hexa (GlaxoSmithKline Biologicals S.A.) 3 tw.2:
Encepur Erwachsene (EMRA-MED Arzneimittel GmbH)f;
Encepur Kinder (Bavarian Nordic A/S)’;

FSME-IMMUN 0.5 ml Erwachsene (Pfizer Pharma GmbH)";
FSME-IMMUN 0.25 ml Junior (Pfizer Pharma GmbH)";
Cervarix (GlaxoSmithKline Biologicals S.A.)%;

Gardasil (MSD VACCINS; Lyon; France)?;

Gardasil 9 (MSD VACCINS; Lyon; France)?,;

Avaxim (Sanofi Pasteur Europe)*;

Avaxim Junior (Sanofi Pasteur; F-69007 Lyon)¥;

Havrix 720 Kinder (GlaxoSmithKline GmbH & Co. KG)¥;
Havrix 1440 (GlaxoSmithKline GmbH & Co. KG)¥;
VAQTA (kohlpharma GmbH)¥;

VAQTA Kinder (MSD Sharp & Dohme GmbH)¥;

Ambirix (GlaxoSmithKline Biological S.A.; Belgium)*";

Twinrix Erwachsene (GlaxoSmithKline Biological S.A.; Belgium)<;

Twinrix Kinder (GlaxoSmithKline Biological S.A.; Belgium)*";
ViATIM (Sanofi Pasteur Europe)d:

Engerix-B Erwachsene (HAEMATO PHARM GmbH)';

Fendrix (GlaxoSmithKline Biologicals S.A.)';

HBVaxPro (MSD VACCINS; Lyon; France)"

Ixiaro (Valneva Austria GmbH)®;

Bexsero (GSK Vaccines S.r.I)%;

Menjugate 10 ug (Pharma Gerke GmbH)®;

NeisVac-C (AxiCorp Pharma GmbH)?,;

Trumenba (Pfizer Limited; UK)%;

BioThrax (Emergent Sales and Marketing Germany GmbH)';
Prevenar 13 (Pfizer Limited; UK)";

Synflorix (GlaxoSmithKline Biologicals S.A.)";

Vaxneuvance (Merck Sharp & Dohme B.V.; NL)“

Td-Impfstoff Merieux (Sanofi Pasteur Europe)®Z
COVAXiS (Sanofi Pasteur Europe)®tZ

Revaxis (kohlpharma GmbH)W.Z;

Repevax (Sanofi Pasteur Europe)dtWZ

Tetravac (EMRA-MED Arzneimittel GmbH)®t%Z
Pentavac (EMRA-MED Arzneimittel GmbH)3itw.Z
Avaxim (Sanofi Pasteur Europe)*;

Avaxim Junior (Sanofi Pasteur; F-69007 Lyon)¥;
ViATIM (Sanofi Pasteur Europe)d;

Prevenar 13 (Pfizer Limited; UK)";

Synflorix (GlaxoSmithKline Biologicals S.A.)";
Imovax Polio (EURIM-PHARM Arzneimittel GmbH)";
IPV Merieux (EMRAmed Arzneimittel GmbH)™
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Table 1 (Continued)
Thiomersal Pandemic influenza (H5N1)
Polysorbate 80 COVID-19;

Diphtheria—tetanus—pertussis;
Diphtheria—tetanus—poliomyelitis;
Diphtheria—tetanus—pertussis—Poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis—
Haemophilus influenzae type B;

Ebola vaccine (recombinant);

Human papillomavirus vaccine (HPV);

Zoster (recombinant);

Hepatitis A;

Hepatitis B (recombinant);

Influenza;

Pandemic influenza (H5N1);

Meningococcal group B vaccine (recombinant);

Pneumococci;
Poliomyelitis;
Rotavirus
Polyethylene glycol (PEG) ~ Typhoid (oral)
PEG (bound to lipid COVID-19 (mRNA)
nanoparticles)
Trometamol (TRIS) Diphtheria—tetanus—pertussis—hepatitis B

(recombinant)—poliomyelitis—Haemophilus in-
fluenzae type B;
Diphtheria—tetanus—pertussis—hepatitis B (re-
combinant)—poliomyelitis—Haemaphilus influen-
zaetype B;

COVID-19 vaccine (mRNA);

Dengue fever;

Ebola Zaire;

Ebola (recombinant);

Tick-borne encephalitis (TBE);

Haemophilus type B conjugate vaccine;
Meningococcal groups A-; C-; W135 and Y-
Modified vaccinia virus Ankara

Rabies vaccine (viral vaccine; inactivated)

Residues from man-
ufacturing process

Chicken egg white; Ovalbu-
min

Contained in vaccines against

Ebola (recombinant);

Tick-borne encephalitis (TBE);
Yellow fever;

Influenza (nasal);

Influenza;

Pandemic influenza (H5N1) (nasal);
Pandemic influenza (H5N1);
Measles—mumps-—rubella;
Measles—mumps-rubella—varicella;
Modified vaccinia virus Ankara;
Rabies

Adjupanrix (GlaxoSmithKline Biologicals S.A)"

Jeovden (formerly: COVID-19 Vaccine Janssen; Janssen-Cilag International NV)P;
Nuvaxovid (NVX-CoV2373) (Novavax CZ a.s.)P;

Vaxzevria (COVID-19 Vaccine AstraZeneca) (AstraZeneca AB; Sweden)®;
Infanrix (GlaxoSmithKline GmbH & Co. KG)*%

Revaxis (kohlpharma GmbH)®%Z;

Repevax (Sanofi Pasteur Europe)®tWz .

Infanrix-IPV + Hib (EMRA-MED Arzneimittel GmbH)®itw.

Zabdeno (Janssen-Cilag International NV; Belgium)!;

Gardasil (MSD VACCINS; Lyon; France)d;

Gardasil 9 (MSD VACCINS; Lyon; France)?; )

Shingrix (GlaxoSmithKline Biologicals S.A; Belgium)';

Avaxim (Sanofi Pasteur Europe)®;

Avaxim Junior (Sanofi Pasteur; F-69007 Lyon)*:

Heplisav B (Dynavax GmbH)";

Flucelvax Tetra 2021/2022 (Segirus Netherlands B.V.)™;

Influsplit Tetra 2021/2022 (GlaxoSmithKline GmbH & Co. KG; Munich)™;
Influvac Tetra 2021/2022 (Mylan Healthcare GmbH)™;

Xanaflu Tetra 2021/2022 (Mylan Healthcare GmbH)™; Adjupanrix (GlaxoSmith-
Kline Biologicals S.A)",

Trumenba (Pfizer Limited; UK)%;

Prevenar 13 (Pfizer Limited; UK)";

Imovax Polio (EURIM-PHARM Arzneimittel GmbH)";

RotaTeq (MSD VACCINS)Y

Typhoral L (Emergent Netherlands B.V.)%

Comirnaty 30-ug concentrate for dispersion for injection (BioNTech Manufactur-
ing GmbH); (supplied in vial with violet cap)®;

Comirnaty 30-ug dispersion for injection (BioNTech Manufacturing GmbH); (sup-
plied in vial with gray cap)®;

Comirnaty 10-ug concentrate for dispersion for injection (BioNTech Manufactur-
ing GmbH); (supplied in vial with orange cap)?;

Spikevax (COVID-19 Vaccine Moderna) (Moderna Biotech Spain; S.L.)°

Pentavac (EMRA-MED Arzneimittel GmbH) 44w

Hexacima (Sanofi Pasteur)®:HtW.2

Hexyon (Sanofi Pasteur Europe)®\tw.z

Comgrnaty 30-ug dispersion for injection (BioNTech Manufacturing GmbH); (gray
cap)’;

Comirnaty 10-ug concentrate for dispersion for injection (BioNTech Manufactur-
ing GmbH); (orange cap)®;

Spikevax (COVID-19 Vaccine Moderna) (Moderna Biotech Spain; S.L.)";
Dengvaxia (Sanofi Pasteur; F-69007 Lyon)®;

Ervebo (Merck Sharp & Dohme B.V.)®

Mvabea (Janssen-Cilag International NV; Belgium)®;

Encepur Erwachsene (EMRA-MED Arzneimittel GmbH)";

Encepur Kinder (Bavarian Nordic A/S)’; )

Act-HIB (EURIM-PHARM Arzneimittel GmbH));

Nimenrix (Pfizer Limited; U.K.)%;

Imvanex (Bavarian Nordic A/S)Y;

Rabipur (kohlpharma GmbH)*

Products

Mvabea (Janssen-Cilag International NV)®;

Encepur Erwachsene (EMRA-MED Arzneimittel GmbH)f;

Encepur Kinder (Bavarian Nordic A/S)";

FSME-IMMUN 0.5 ml Erwachsene (Pfizer Pharma GmbH)";
FSME-IMMUN 0.25 ml Junior (Pfizer Pharma GmbH)";

Stamaril (EMRA-MED Arzneimittel GmbH)";

Fluenz Tetra 2021/2022 (AstraZeneca AB)™,

Afluria Tetra 2021/2022 (Segirus Netherlands B.V.)™

Efluelda 2021/2022 (Sanofi Pasteur)™;

Fluad Tetra 2021/2022 (Segirus Netherlands B.V.)™;

Influsplit Tetra 2021/2022 (GlaxoSmithKline GmbH & Co. KG; Munich)™;
Influvac Tetra 2021/2022 (Mylan Healthcare GmbH)™;

Vaxigrip Tetra 2021/2022 (Sanofi Pasteur)™;

Xanaflu Tetra 2021/2022 (Mylan Healthcare GmbH)™;

Pandemic influenza vaccine H5N1 AstraZeneca (AstraZeneca AB)"™;
Adjupanrix (GlaxoSmithKline Biologicals S.A)";

Priorix (A.C.A. Miiller ADAG Pharma AG)*S*; i

Priorix-Tetra (GlaxoSmithKline GmbH & Co. KG)P5*2;

Imvanex (Bavarian Nordic A/S)";

Rabipur (kohlpharma GmbH)2
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Table 1 (Continued)

Yeast fungal proteins (pro-
duced in yeast cells)

Cow’s milk proteins; Ca-
sein; Lactalbumin

Human serum albumin
(HSA)

Bovine serum albumin
(BSA)

Porcine serum albumin
Peptone

Amphotericin B
Chlortetracycline

Neomycin

Diphtheria—tetanus—pertussis—hepatitis B
(recombinant)—poliomyelitis—Haemophilus in-
fluenzae type B;

Hepatitis A-hepatitis B (recombinant);
Hepatitis B (recombinant);

Human papillomavirus vaccine (HPV)

Cholera (oral);
Typhoid fever;
Typhoid (oral)

Ebola Zaire;

Tick-borne encephalitis (TBE);
Measles—mumps-rubella;
Rabies

Diphtheria—tetanus—pertussis-poliomyelitis;
Diphtheria—tetanus—pertussis—hepatitis B (re-
combinant)—poliomyelitis (inactivated)—Haemo-
philus influenzae type B;

Japanese encephalitis

Rabies

Tick-borne encephalitis (TBE);
Rabies

Diphtheria—tetanus—poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis—
Haemophilus influenzae type B;
Diphtheria—tetanus—pertussis—hepatitis B (re-
combinant)—poliomyelitis (inactivated)-Haemo-
philus influenzae type B;

Tick-borne encephalitis (TBE);

Hepatitis A;

Hepatitis A-hepatitis B (recombinant);
Hepatitis A-typhus;

Influenza;

Measles—mumps-rubella;
Measles—mumps—rubella—varicella;
Poliomyelitis;

Rabies;

Varicella;

Zoster

Hexacima (Sanofi Pasteur)®i1tw.z

Hexyon (Sanofi Pasteur)d}twz _

Infanrix hexa (GlaxoSmithKline Blologicals S.A)diltwz.
Vaxelis (MCM Vaccine B.V.)3itwz,

Twinrix Erwachsene (GlaxoSmithKline Biological S.A.; Belglum)k";
Twinrix Kinder (GlaxoSmithKline Biological S.A.; Belglum) oL
Ambirix (GlaxoSmithKline Biological S.A.; Belglum
Engerix-B Erwachsene (HAEMATO PHARM GmbH)';

Fendrix (GlaxoSmithKline Biological S.A.)";

HBVaxPro (MSD VACCINS; Lyon; France)"

Heplisav B (Dynavax GmbH)"

Gardasil (MSD VACCINS; Lyon; France)?;

Gardasil 9 (MSD VACCINS; Lyon; France)?

Vaxchora (Emergent Netherlands B.V.)?;

Typhim Vi (Sanofi Pasteur Europe)’;
Typhoral L (Emergent Netherlands B.V.)"

Ervebo (Merck Sharp & Dohme B.V.)®

FSME-IMMUN 0.5 ml Erwachsene (Pfizer Pharma GmbH)*
FSME-IMMUN 0.25 ml Junior (Pfizer Pharma GmbH)f
M-M-RVAXPRO (MSD VACCINS)P52

ProQuad (MSD VACCINS)P5*0

Rabipur (kohlpharma GmbH)2 i
Tollwutimpfstoff (HDC) inaktiviert (Sanofi Pasteur Europe)?

Repevax (Sanofi Pasteur Europe)®tWz
Vaxelis (MCM Vaccine B.V.)dhtw.z,
Ixiaro (Valneva Austria GmbH)°

Rabipur (kohlpharma GmbH)2

Encepur Erwachsene (EMRA-MED Arzneimittel GmbH)®
Encepur Kinder (Bavarian Nordic A/S)f
Rabipur (kohlpharma GmbH)?

Revaxis (kohlpharma GmbH)®¥:Z;

Boostrix Polio (EMRA-MED Arzneimittel GmbH)¢tWZ
Tetravac (EMRA-MED Arzneimittel GmbH)3tWZ .
Infanrix-IPV + Hib (EMRA-MED Arzneimittel GmbH)®Ht%2,
Pentavac (EMRA-MED Arzneimittel GmbH) 44w
Hexacima (Sanofi Pasteur)t%2

Hexyon (Sanofi Pasteur)d/twz A

Infanrix hexa (GIaxoSmlthKllne Biologicals S.A)diLtw.z,
Vaxelis (MCM Vaccine B.V.)3

Encepur Erwachsene (EMRA-MED Arznelmlttel GmbH)";
Encepur Kinder (Bavarian Nordic A/S)";

FSME-IMMUN 0.5 ml Erwachsene (Pfizer Pharma GmbH)";
FSME-IMMUN 0.25 ml Junior (Pfizer Pharma GmbH)";
Havrix 720 Kinder (GlaxoSmithKline GmbH & Co. KG)¥;
Havrix 1440 (GlaxoSmithKline GmbH & Co. KG)¥;

VAQTA (kohlpharma GmbH)¥;

VAQTA Kinder (MSD Sharp & Dohme GmbH)¥;

Ambirix (GlaxoSmithKline Biological S.A.; Belgium)*";
Twinrix Erwachsene (GlaxoSmithKline Biological S.A.; Belglum)k";
Twinrix Kinder (GIaxoSmlthKIme Biological S.A.; Belglum)
VIATIM (Sanofi Pasteur Europe)-:

Afluria Tetra 2021/2022 (Seqirus Netherlands B.V.)™;
Fluad Tetra 2021/2022 (Seqirus Netherlands B.V.)™;
Vaxigrip Tetra 2021/2022 (Sanofi Pasteur)™,
M-M-RVAXPRO (MSD VACCINS)PS*;

Priorix (A.C.A. Miiller ADAG Pharma AG)PS%,

Priorix-Tetra (GlaxoSmithKline GmbH & Co. KG)"SXo
ProQuad (MSD VACCINS)P:s*5;

Imovax Polio (EURIM-PHARM Arzneimittel GmbH)™;

IPV Merieux (EMRAmed Arzneimittel GmbH)¥;

Rabipur (kohlpharma GmbH)?; .
Tollwutimpfstoff (HDC) inaktiviert (Sanofi Pasteur Europe)?;
Varilrix (Eurim-Pharm Arzneimittel GmbH)°;

Varivax (Eurim-Pharm Arzneimittel GmbH)°;

Zostavax (MSD VACCINS; Lyon; France)'
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Table 1
Gentamycin

(Continued)

Kanamycin
Polymyxin

Streptomycin

Formaldehyde

Diphtheria—tetanus—pertussis—poliomyelitis;
Ebola (recombinant);

Tick-borne encephalitis (TBE);

Influenza (nasal);

Influenza;

Pandemic influenza (H5N1) (nasal);
Pandemic influenza (H5N1);

Modified vaccinia virus Ankara

Influenza

Diphtheria—tetanus—poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis—
Haemophilus influenzae type B;
Diphtheria—tetanus—pertussis—hepatitis B
(recombinant)—poliomyelitis—Haemophilus in-
fluenzae type B;

Influenza;

Poliomyelitis

Diphtheria—tetanus—poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis—
Haemophilus influenzae type B;
Diphtheria—tetanus—pertussis—hepatitis B
(recombinant)-poliomyelitis—Haemophilus in-
fluenzae type B;

Influenza;

Poliomyelitis

Diphtheria—tetanus;
Diphtheria—tetanus—pertussis;
Diphtheria—tetanus—poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis—
Haemaophilus influenzae type B;
Diphtheria—tetanus—pertussis—hepatitis B
(recombinant)-poliomyelitis—Haemophilus in-
fluenzae type B;

Tick-borne encephalitis (TBE);

Haemaophilus influenzae type B;

Hepatitis A;

Hepatitis B (recombinant);

Influenza;

Pandemic influenza (H5N1);

Japanese encephalitis;

Anthrax;

Poliomyelitis;

Typhoid

Repevax (Sanofi Pasteur Europe)®t23.

Mvabea (Janssen-Cilag International NV; Belgium)®;

Encepur Erwachsene (EMRAMED Arzneimittel GmbH)";

Encepur Kinder (Bavarian Nordic A/S)";

FSME-IMMUN 0.5 ml Erwachsene (Pfizer Pharma GmbH)",
FSME-IMMUN 0.25 ml Junior (Pfizer Pharma GmbH)";

Fluenz Tetra 2021/2022 (AstraZeneca AB)™; Influsplit Tetra 2021/2022 (Glaxo-
SmithKline GmbH & Co. KG; Munich)™;

Influvac Tetra 2021/2022 (Mylan Healthcare GmbH)™;

Xanaflu Tetra 2021/2022 (Mylan Healthcare GmbH)™;

Pandemic influenza vaccine H5N1 AstraZeneca (AstraZeneca AB)"™;
Adjupanrix (GlaxoSmithKline Biologicals S.A)";

Imvanex (Bavarian Nordic A/S)"

Fluad Tetra 2021/2022 (Segirus Netherlands B.V.)™

Revaxis (kohlpharma GmbH)W.Z;

Boostrix Polio (EMRA-MED Arzneimittel GmbH)¢tWZ
Repevax (Sanofi Pasteur Europe)dtWZ

Tetravac (EMRA-MED Arzneimittel GmbH)3t%Z .
Infanrix-IPV + Hib (EMRA-MED Arzneimittel GmbH)®Ht%2,
Pentavac (EMRA-MED Arzneimittel GmbH)%HtW2
Hexacima (Sanofi Pasteur)t%2

Hexyon (Sanofi Pasteur)d/twz A
Infanrix hexa (GlaxoSmithKline Biologicals S.A.)%!tw.
Vaxelis (MCM Vaccine B.V.)3i1twz

Afluria Tetra 2021/2022 (Seqirus Netherlands B.V.)™;
Imovax Polio (EURIM-PHARM Arzneimittel GmbH)";
IPV Merieux (EMRAmed Arzneimittel GmbH)

Revaxis (kohlpharma GmbH)®%:Z;

Repevax (Sanofi Pasteur Europe)®tWz

Tetravac (EMRA-MED Arzneimittel GmbH)%t%Z
Pentavac (EMRA-MED Arzneimittel GmbH)%HtW2
Hexacima (Sanofi Pasteur)t%2

Hexyon (Sanofi Pasteur)tHtwz

Vaxelis (MCM Vaccine B.V.)3itwz

Imovax Polio (EURIM-PHARM Arzneimittel GmbH)";
IPV Merieux (EMRAmed Arzneimittel GmbH)™

Td-Impfstoff Merieux (Sanofi Pasteur Europe)®Z

Td-pur (Astro-Pharma GmbH)®Z;

COVAXiS (Sanofi Pasteur Europe)®tZ

TdaP-IMMUN (AJ Vaccines A/S; Denmark)®tZ

Revaxis (kohlpharma GmbH)®¥:Z;

Repevax (Sanofi Pasteur Europe)dtWZ

Tetravac (EMRA-MED Arzneimittel GmbH)dvt_'W'Z;

Pentavac (EMRA-MED Arzneimittel GmbH)%HtW2
Hexacima (Sanofi Pasteur)d/twz:

Hexyon (Sanofi Pasteur)d/!twz _

Infanrix hexa (GlaxoSmithKline Biologicals S.A.)tw.
Vaxelis (MCM Vaccine B.V.)3i1twz,

Encepur Erwachsene (EMRA-MED Arzneimittel GmbH)f;
Encepur Kinder (Bavarian Nordic A/S)’;

FSME-IMMUN 0.5 ml Erwachsene (Pfizer Pharma GmbH)",
FSME-IMMUN 0.25 ml Junior (Pfizer Pharma GmbH) i
Act-HIB (EURIM-PHARM Arzneimittel GmbH)';

Avaxim (Sanofi Pasteur Europe)¥;

Avaxim Junior (Sanofi Pasteur; F-69007 Lyon)*:

VAQTA (kohlpharma GmbH)¥;

VAQTA Kinder (MSD Sharp & Dohme GmbH)¥;

HBVaxPro (MSD VACCINS; Lyon; France)"

Efluelda 2021/2022 (Sanofi Pasteur)™;

Fluad Tetra 2021/2022 (Seqirus Netherlands B.V.)™;
Influsplit Tetra 2021/2022 (GlaxoSmithKline GmbH & Co. KG; Munich)™;
Influvac Tetra 2021/2022 (Mylan Healthcare GmbH)™;
Vaxigrip Tetra 2021/2022 (Sanofi Pasteur)™;

Xanaflu Tetra 2021/2022 (Mylan Healthcare GmbH)™; Adjupanrix (GlaxoSmith-
Kline Biologicals S.A)";

Ixiaro (Valneva Austria GmbH)®;

BioThrax (Emergent Sales and Marketing Germany GmbH)";
Imovax Polio (EURIM-PHARM Arzneimittel GmbH)";

IPV Merieux (EMRAmed Arzneimittel GmbH)";

Typhim Vi (Sanofi Pasteur Europe)"
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Table 1 (Continued)

Glutaraldehyde Diphtheria—tetanus—pertussis;
Diphtheria—tetanus—pertussis—poliomyelitis;
Diphtheria—tetanus—pertussis—poliomyelitis—
Haemophilus influenzae type B;
Diphtheria—tetanus—pertussis—hepatitis B
(recombinant)—poliomyelitis—Haemophilus in-
fluenzae type B

Potentially contained in vaccines
against

Hepatitis A

Contamination

Natural rubber latex

COVAXiS (Sanofi Pasteur Europe)®tZ

Repevax (Sanofi Pasteur Europe)®tWz

Tetravac (EMRA-MED Arzneimittel GmbH)%tWZ
Pentavac (EMRA-MED Arzneimittel GmbH) 4%
Hexacima (Sanofi Pasteur)t%2

Hexyon (Sanofi Pasteur)tHtwz

Vaxelis (MCM Vaccine B.V.)d:tw.2

Product

VAQTA (kohlpharma GmbH)*

*For manufacturer’s detailed information (company, city, country) please visit: https://www.pei.de/EN/medicinal- products/vaccines-human/vaccines-human-

node.html.

Specific manufacturing methods (recombinant; mRNA) and routes of administration (oral; nasal) in parentheses. Vaccine against:

Cholera

bCOVID-19

Dengue fever

9Diphtheria

Ebola

ick-borne encephalitis (TBE)
9Human papillomavirus (HPV)
"Yellow fever

'Shingles (zoster)
JHaemophilus influenzae type B
KHepatitis A

'Hepatitis B

MInfluenza

"Pandemic influenza (H5N1)
0Japanese encephalitis
PMeasles

9Meningococcus

"Anthrax

SMumps

'Pertussis

UYPneumococci

VSmallpox

WPoliomyelitis

*Rubella

YRotavirus

“Tetanus

“Rabies

“Typhoid

%Chickenpox (varicella)

aromatic substances etc., as well as the constituents
of the outer covering of the medicinal products, e.g.,
gelatin capsules.” All excipients must be listed in the
Summary of Product Characteristics (SmPC) and the
package leaflet of medicinal products for human use
[3-5]. This also applies to natural rubber latex in
the container of a medicinal product [5]. Residues
that are of special relevance (e.g., ovalbumin in egg-
derived vaccines) should be specified [6].

The availability, ingredients, and manufacturing
processes of licensed vaccines, which have been sum-
marized in various reviews [7, 8], vary in different
countries and may also change over time. The con-
tents of this review refer to the vaccines currently on
the German market (Table 1), the content of the re-
spective SmPCs, and the public part of the Medicinal
Products and Application Database (Arzneimittel- und
Antrags-Datenbank [AmAnDa]; https://portal.dimdi.
de/amguifree/termsofuse.xhtml). The data were com-
piled and prepared with the utmost care and to the
best of our knowledge; however, the authors do not
assume any liability for the timeliness, correctness,

completeness, or accuracy of the data. A list of
vaccines approved in Germany and their respective
ingredients can be found on the homepage of the
Paul-Ehrlich-Institut and the current SmPCs linked
there (https://www.pei.de/EN/medicinal-products/
vaccines-human/vaccines-human-node.html; last
accessed 4/3/2022).

Anaphylaxis to vaccines

The occurrence of an anaphylactic reaction cannot be
excluded in principle after vaccination, but it repre-
sents a very rare event (one to ten cases per 1 million
vaccinations); this applies equally to the vaccines in
pre-pandemic use [8-11] and to the COVID-19 vac-
cines [12, 13]. The still widely cited 11.1 cases of ana-
phylaxis per 1 million first doses of Comirnaty admin-
istered, observed at the start of the vaccination cam-
paign in the United States [14], had already declined
to 4.7 cases per 1 million doses of vaccine adminis-
tered by the second week of the vaccination campaign
[12]. Over- and under-reporting must be considered
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in spontaneous reporting registries. The frequency of
confirmed anaphylaxis cases (Brighton Collaboration
[BC] level 1-3 [15]) reported in Germany in connection
with the administration of COVID-19 vaccines in the
spontaneous reporting register in relation to the num-
ber of vaccine doses administered between 27 Decem-
ber 2020 and 31 December 2021 [13] was for Comir-
naty (BioNTech/Pfizer) approximately 2.0 per 1 mil-
lion doses, for Spikevax (MODERNA) approximately
0.8 per 1 million doses, for Vaxzevria (AstraZeneca)
approximately 3.5 per 1 million doses, and for Jcovden
(formerly: COVID-19 vaccine Janssen) approximately
1.1 per 1 million doses. However, no direct compar-
ison is possible due to confounders in spontaneous
reporting registers.

In addition to immunoglobulin (Ig)E-mediated
anaphylaxis, non-IgE-mediated anaphylaxis (formerly
referred to as “anaphylactoid reactions”) may occur.
These may be due to direct release of certain messen-
ger substances without the presence of IgE antibodies
[9]. Accidental injection into a blood vessel (in-
travascular administration) may also be considered
as a cause. Anaphylactoid reactions after vaccina-
tion are very rare [9]. In contrast to IgE-mediated
anaphylactic reactions, they can also occur during
a first vaccination (without previous contact with the
allergen [9]).

Both anaphylactic and anaphylactoid reactions
must be distinguished from functional circulatory
disturbances in response to the injection (so-called
vasovagal reactions). It can be assumed that the
frequency of such reactions corresponds to that of
collapse states after other injections [9].

Triggers of anaphylaxis to vaccines (before
COVID-19)

Potential triggers of IgE-mediated reactions in differ-
ent vaccines include:

e The vaccine antigens themselves (e.g., pertussis
toxin, tetanus toxin)

e Excipients (e.g., gelatin derivatives, dextran)

e Residues (traces from the manufacturing process,
e.g., chicken egg protein, antibiotics, formaldehyde,
yeast proteins, cow milk proteins, serum proteins)

e Contamination due to vial stopper of multi-dose
containers (e.g., natural rubber latex stopper)

Excipients with a known allergenic risk potential

Gelatin and polygeline

Gelatin is a type I allergen found in many foods.
Gelatin is/was added to both live and inactivated vac-
cines as a stabilizing agent [8, 9]. It has previously
caused systemic allergic reactions as a component
of some acellular pertussis vaccines, with one third
of patients exhibiting IgE antibodies to gelatin [9].
Gelatin is currently contained only in a few vaccines
(see Table 1).

The gelatin derivative polygeline (a polymer of de-
graded gelatin with urea bridges) has been used as
a stabilizer in various vaccines (e.g., rabies, MMR, and
varicella vaccines; [9]) and is currently only present in
the rabies vaccine Rabipur®. Polygeline can also cause
type I allergies [9]. It is known from infusion solutions
for use in blood loss (which contain polygeline in large
quantities, such as Haemaccel®) that polygeline can
also cause direct histamine release; in a few patients
(about 1%), this results in pseudoallergic reactions,
mainly manifesting as skin reactions [9].

A polygeline-containing TBE vaccine for children
was withdrawn from the market in 1998 due to ana-
phylactic reactions following its administration. Sub-
sequently, the vaccine was developed polygeline-
free and reintroduced to the market in this form in
2001. A comparative review of adverse reaction for
this vaccine before and after the stabilizer polygeline
was removed clearly showed that the reporting rate
of anaphylactic reactions per vaccination thereafter
returned to normal background levels for vaccina-
tions [9]. In addition, IgE antibodies to gelatin were
found in 12 of 14 children with allergic reactions to
the polygeline-containing vaccine [9].

Dextran

Dextran is occasionally used in vaccines as a nutrient
medium or stabilizer. During the national MMR vac-
cination campaign in Brazil in 2004, the rate of hyper-
sensitivity reactions after MMR vaccination was unex-
pectedly high [16]. Dextran was identified as a likely
cause of these hypersensitivity reactions [16]. The
only vaccine in Germany currently containing dextran
is the rotavirus vaccine (live, attenuated) Rotarix®.

Other allergenic excipients that may be present in
vaccines

o Aluminum complexes, e.g., aluminum hydroxide or
phosphate; currently included as adjuvants in nu-
merous vaccines (see Table 1)

o Phenoxyethanol; contained as a preservative in var-
ious vaccines (see Table 1)

o Thiomersal; preservative; currently used in Ger-
many exclusively as an ingredient in the multi-dose
container of Adjupanrix®, a pandemic influenza
vaccine (H5N1; split virion, inactivated, adjuvanted)
and in immunostimulants against bacterial urinary
tract infections (Strovac®, Booster-Strovac® and
Perison®)

These three excipients mentioned are known contact
allergens that can very rarely cause (also generalized)
contact dermatitis in connection with vaccinations.
They do not have any anaphylactogenic potential.

A specific investigation of patients with known con-
tact allergy to thiomersal showed that intramuscular
vaccination with a thiomersal-containing vaccine did
not cause contact allergic reactions in the majority of
them [9].
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Residues in drugs with an allergenic risk potential

Hen’s egg and chicken protein

In the pre-COVID-19 era, a known hen’s egg allergy
represented a regularly occurring reason for seek-
ing allergology consultation prior to vaccinations.
Most vaccines, for example, single vaccines against
hepatitis A and B and combination vaccines for
basic immunization of infants and young children
(against diphtheria, pertussis, tetanus, hepatitis B,
polio, Haemophilus influenzae type B), do not contain
chicken protein and are therefore not problematic for
individuals with hen’s egg allergy. Vaccines against
MMR (measles, mumps, rubella)), MMRV (measles,
mumps, rubella, varicella [chickenpox]), yellow fever,
tick-born encephalitis (TBE), and influenza (flu) may
contain traces of chicken protein. According to the
European Pharmacopoeia [2], an upper limit of 1pg
ovalbumin per vaccine dose must not be exceeded,
with the exception of yellow fever vaccines, where an
upper limit of 5pg ovalbumin per vaccine dose must
not be exceeded [2].

A distinction must be made between vaccines
in which the virus is grown on chicken embryos
(influenza, yellow fever) and vaccines in which the
virus is grown on chicken fibroblasts (MMR, rabies,
TBE). The latter contain at most very small, barely
detectable traces of egg protein with no allergenic
potency [17]. International studies show that even
children with a known history of hen’s egg allergy can
be vaccinated against measles, mumps, and rubella
without any problems or risk [17]. Hen’s egg allergy
is no longer mentioned as a contraindication in in-
ternational and national guidelines [17]. Exclusively
children with clinically very severe egg protein allergy
(e.g., anaphylactic shock after consumption of minute
amounts of hen’s egg protein) should be vaccinated
under special protective measures and subsequent
observation (in hospital if necessary [17]). For MMR
vaccines and rabies vaccine Rabipur®, hen’s egg pro-
tein allergy is mentioned under special warnings and
precautions for use. In the SmPCs for TBE vaccines,
the information on egg protein allergy varies product-
specifically between warning and contraindication.
This is due to the fact that pharmaceutical companies
have the discretion to provide more extensive con-
traindications or warnings in the SmPC in order to
ensure that their products are used safely than would
be necessary according to medical guidelines. Under
the terms of medical law, the content of the product-
specific SmPC applies in each case.

For influenza and yellow fever vaccines, hen’s egg
and chicken protein allergy is listed as a contraindi-
cation in the product information. However, a large
number of clinical studies indicate that serious aller-
gic reactions to influenza vaccination are rare even in
persons with hen’s egg allergy, or do not occur more
frequently than in individuals without hen’s egg al-
lergy [18, 19]. Even in influenza vaccines prepared

using chicken eggs, the egg protein content is usu-
ally below the dose that usually causes reactions [20].
Individuals who react with mild symptoms upon the
consumption of hen’s egg protein can be vaccinated
with all licensed influenza vaccines [21]. According
to the recommendation of the Center of Disease Con-
trol (CDC) in the United States, no special surveillance
measures are required [22]. Clinically severe allergies
(e.g., anaphylaxis) to hen’s egg white are rare [21]. In
individuals with a physician-diagnosed severe allergy
to egg protein, the indication for vaccination with
chicken egg-based influenza vaccines should be re-
strictive [20]. These individuals should be vaccinated
in a medical setting where clinical monitoring after
vaccination and treatment of any anaphylactic reac-
tion that may occur are possible [21, 22]. In Germany,
a chicken egg protein-free influenza vaccine from cell
cultures (Flucelvax Tetra®) is available as an alterna-
tive.

The situation is different for yellow fever vaccina-
tion, which has egg protein concentrations that can
lead to symptoms in approximately 5% of egg allergic
patients [20]. In cases of hen’s egg allergy, the in-
dication should be reserved and only given in cases
of extreme necessity [20]. Yellow fever vaccine is ad-
ministered only in designated vaccination centers by
vaccination specialists. If an indication exists despite
chicken egg allergy, vaccination should be given under
special supervision in day-care, clinical, or outpatient
facilities with the possibility of emergency interven-
tion [20].

A comprehensive written explanation regarding
risks and side effects and the contraindication out-
lined in the SmPC and written patient’s consent is
required in the case of chicken egg protein allergy
(“off-label use”).

Antibiotics

The antibiotics used today in vaccine production
(neomycin, polymyxin B, kanamycin, gentamicin,
chlortetracycline, framycetin, streptomycin residues
from stock cultures) are those that are not preferen-
tially used clinically in Germany [9]. As a component
in vaccines (see Table 1), they therefore represent
a rather low allergenic risk, although type I allergies
have been described against many of these sub-
stances, so that caution is certainly advisable if such
sensitization is actually present [9]. Known allergies
in the past medical history to antibiotics contained
in vaccines are listed in the majority of the SmPCs
of vaccines under section 4.3 (Contraindications), for
a few vaccines under section 4.4 (Special warnings
and precautions for use), which must be taken into
account in the informed patient consent. Where
deemed appropriate, switching to a vaccine without
this ingredient or vaccination under special clinical
monitoring conditions is feasible [9]. Penicillin and
streptomycin are not used at any stage of manufacture
and are not added to the final product; however, stock
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cultures prepared with media containing penicillin or
streptomycin may be used in justified and approved
cases for manufacture according to the European
Pharmacopoeia (Monograph 0153—“Vaccines for hu-
man use” [2]). Vaccines on the market in Germany
do not contain penicillin and cephalosporin antibi-
otics. Persons with corresponding type I allergies to
beta-lactam antibiotics can therefore be vaccinated
without concern [9].

Type IV allergy to neomycin or structurally similar
aminoglycoside antibiotics (framycetin, kanamycin,
streptomycin) is not considered a contraindication to
vaccination with a neomycin-containing vaccine [9].

Formaldehyde and glutaraldehyde

Formaldehyde and, less frequently, glutaraldehyde
(see Table 1) are used in the production of some viral
and bacterial vaccines to inactivate the source ma-
terials (bacterial toxins, viruses; [9]). The European
Pharmacopoeia (Monograph 0153—“Vaccines for hu-
man use”) limits the residual content of formaldehyde
in vaccines to 0.2 g/1, which corresponds to a concen-
tration of 0.02% [2].

Individuals with specific IgE antibodies to formalde-
hyde (or to adducts of formaldehyde and endogenous
proteins) have been described in the literature [9].
Clinical reactions, such as hives and even anaphylac-
tic reactions, have been described in connection with
dental products or the use of disinfectant solutions
[9]. However, most reactions tend to be anaphylac-
toid (non-IgE-mediated, pseudoallergic) in nature,
and formaldehyde is not considered a clinically sig-
nificant type I sensitizer overall. An IgE-mediated
anaphylactic reaction to vaccination in the presence
of proven type I allergy to formaldehyde has not been
reported [8, 9].

Formaldehyde is of far greater importance as a con-
tact allergen, but the prevalence of formaldehyde
contact allergy has declined remarkably since the
1980s due to the substantial decrease in industrial
applications, surface disinfection, and cosmetics [9].
Although formaldehyde is present as a residual only in
small quantities in vaccine preparations, the occur-
rence of generalized formaldehyde-specific contact
dermatitis has been reported casuistically after ad-
ministration of a formaldehyde-containing influenza
vaccine [23]. Glutaraldehyde is also known as a con-
tact allergen (e.g., when used as a surface disinfec-
tant), but a manifestation of contact allergy due to
glutaraldehyde residues in vaccines has not been
published to date, as far as the authors are aware.

Human albumin

Cases of a generalized allergic reaction or even shock
symptoms have not yet been reported in connection
with human serum albumin (HSA) in vaccines (see
Table 1). HSA-containing Ebola vaccine Ervebo@® is
currently not marketed in Germany.

Administration of larger amounts of human albu-
min in the form of infusions can lead to type III re-
actions according to Coombs and Gell classification
(reactions due to immune complexes of antigen and
antibodies), which, however, are rather unlikely to oc-
cur with the small amounts of albumin in vaccines
[91.

Bovine serum albumin

Bovine serum albumin (BSA) may be present in trace
amounts as a residual component from manufactur-
ing in the vaccines Repevax®, Vaxelis®, and Ixiaro®
available in Germany (see Table 1). IgE-mediated re-
actions against BSA have been associated with a case
series of immediate-type reactions against various
vaccines containing bovine/porcine adjuvants in Sri
Lanka [24]. Anaphylaxis with detection of BSA-spe-
cific IgE antibodies has been reported casuistically in
association with the use of BSA-containing cell cul-
ture media in artificial insemination [25, 26], as well
as tumor vaccination with human peptide-pulsed
dendritic cells [27].

Cow’s milk proteins (casein or alpha-lactalbumin)

Milk proteins can be used as growth media in diph-
theria-tetanus—pertussis (DTaP and Tdap) vaccines [8,
28]. Bovine casein has been detected in nanogram
amounts in these vaccines [28]. A case series of eight
children with severe cow’s milk allergy who reacted
with anaphylaxis to the booster dose of DTaP or Tdap
vaccine has been reported, and casein contained in
the vaccines has been discussed as a potential trigger
[28, 29]. The methods used in this report have been
controversial [28, 29]. According to an EAACI position
paper, vaccination with DTaP and Tdap vaccines does
not contribute to the pathogenesis of allergic diseases,
and atopy is not a contraindication for the use of these
vaccines [30].

Casein is mentioned as an ingredient in only a few
of the vaccines marketed in Germany (see Table 1):
Hydrolyzed casein is listed as an excipient in the
SmPC of cholera vaccine Vaxchora® (effervescent
powder and powder for the preparation of an oral
suspension) and represents a contraindication in the
case of allergy. The typhoid vaccines Typhim Vi® and
Typhoral L® may contain traces of casein from the
manufacturing process; an existing casein hypersen-
sitivity is listed as a warning in the SmPC.

Yeast proteins (Saccharomyces cerevisiae)

Many vaccines contain antigens generated in cell lines
[8]. Hepatitis B vaccines (including combination vac-
cines containing the hepatitis B surface antigen [Hb-
sAg]) and some vaccines (Gardasil/Silgard, Gardasil 9)
against human papillomavirus (HPV) contain recom-
binant antigens expressed in Baker’s yeast (Saccha-
romyces cerevisiae). Purification removes most of the
cellular material, but it is not possible to remove all
traces [8]. Between 1990 and 2004, only 15 reports of
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probable or possible anaphylaxis following vaccina-
tion of individuals with a history of yeast allergy were
identified [8]. Eleven of these cases occurred after ad-
ministration of a hepatitis B vaccine containing trace
amounts of yeast proteins. Because these individuals
were not tested for yeast allergy, it cannot be con-
firmed that a type I allergy to yeast proteins caused
these adverse reactions, but the data suggest that the
recombinant hepatitis B vaccine carries a minimal risk
of allergic reactions in yeast-sensitive individuals [8].

According to a pharmacovigilance report from
the United States, 107 adverse events had been re-
ported in the Vaccine Adverse Event Reporting System
(VAERS) there in individuals with a history of yeast
allergy; of these, probable or possible anaphylaxis oc-
curred in 11 recipients of hepatitis B vaccine [30]. By
contrast, another study found no anaphylaxis events
in a large cohort of women who had a positive skin
test for yeast extract after HPV vaccination [31]. In an-
other study investigating cases of anaphylxis following
the quadrivalent human papillomavirus vaccination
in Australia, all tested individuals had negative re-
actions to skin-prick testing for baker’s yeast, and to
skin-prick testing and intradermal testing for Gardasil,
Cervarix and polysorbate 80 [32].

In the case of the aforementioned vaccines, yeast
cells are mentioned in the technical information
as the expression systems of the active substances;
residues of yeast proteins are not listed.

Anaphylaxis to COVID-19 vaccines

mRNA-COVID-19 vaccines are based on a new man-
ufacturing technique that has not yet been used in
other vaccines. They contain novel, partially PEGy-
lated lipid nanoparticles in which polyethylene glycol
is present in covalent bound form. COVID-19 vector
vaccines are also a relatively new manufacturing tech-
nique that has only been used in a few vaccines before
(e.g., against Ebola and dengue fever). Table 2 pro-
vides an overview of the ingredients of the five COVID-
19 vaccines currently licensed in Germany. Different
vaccine components are potential triggers of anaphy-
laxis, whereby there may be different (IgE-mediated
or non-IgE-mediated) underlying pathophysiological
mechanisms.

The following ingredients may constitute potential
triggers of anaphylaxis:

e Polyethylene glycol (PEG in PEGylated lipid nano-
particles)
— PEG-specific IgE has been described in the con-
text of other drugs [33-37];
— Anaphylactic reactions to PEG in drugs are known
(38, 39].
e Phospholipid (DSPC)
— Specific IgE and positive prick tests for phospho-
lipids have been described [40].

o Trometamol (Tris): isolated cases of IgE-reactions
have been published [41].

o Particles: “CARPA” (complement-activation re-
lated pseudo allergy). Pseudoallergic hypersen-
sitivity reactions after intravenous administration
of colloidal drugs have been reported in connec-
tion with various drugs (contrast media, liposomal
drugs, nanoparticles; [42-44]).

o Individual lipids (cholesterol,
[DSPC]):

— Non-PEGylated lipids can also trigger non-IgE-
mediated mast cell degranulation [45].

o Polysorbate 80 (Tween): isolated cases of IgE- and
non-IgE-mediated reactions have been described
[37, 46].

phospholipid

Which mechanisms play a role in the individual case
may vary. While IgE directed against PEG has been
plausibly described in individual cases [47], this
does not seem to be the etiopathogenetically rele-
vant mechanism in the majority of cases. Arguing
against an IgE-mediated mechanism is the fact that
the majority of anaphylactic reactions occurred at the
first administration [13], the majority of cases with
previous anaphylaxis to an mRNA-COVID-19 vaccine
tolerated re-administration of an mRNA-COVID-19
vaccine under surveillance [48], and in a well-studied
case series of 22 individuals with allergic reactions
to an mRNA-COVID-19 vaccine, no PEG-specific or
polysorbate 80-specific IgE was detectable, but PEG-
specific IgG was detectable, suggesting a non-IgE-
mediated mechanism such as CARPA [49].

Known allergies to excipients and COVID-19
vaccination

On the first day of the vaccination campaign con-
ducted in the United Kingdom with the mRNA-based
vaccine Comirnaty from BioNTech/Pfizer, which was
already being used there with a time-limited emer-
gency use approval before the EMA rolling review was
completed, the first two cases of a severe allergic re-
action were reported. Such reactions were not known
from the pivotal studies involving more than 40,000
participants. Based on the individual history of these
two cases, the UK Medicines and Healthcare Prod-
ucts Regulatory Agency (MHRA) issued as guidance on
9 December 2020, “Any person with a history of ana-
phylaxis to a vaccine, medicine or food should not re-
ceive the Pfizer/BioNTech vaccine.” This opinion was
withdrawn without restriction by the agency as early
as 30 December 2020, after review of additional data
(50].

Hypersensitivity to the active ingredient or any
of the other ingredients of COVID-19 vaccine listed
in Section 6.1 (“List of excipients”) of the respective
SmPC (Table 2) is a contraindication to administra-
tion.
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Table 2 Ingredients of COVID-19 vaccines (as of 8 April 2022)

Trade name,
Company,
Vaccine type

Comirnaty 30 microgram/dose BNT162b2
concentrate for dispersion =Tozinameran
for injection (12 years and

older)—purple cap,

BioNTech-Pfizer,

mRNA (embedded in lipid nanoparti-

cles)

Active ingredient

BNT162b2
=Tozinameran

Comirnaty 30ug/dose
dispersion for injection

(12 years and older) “ready-
to-use”-formulation—gray cap
BioNTech-Pfizer,

mRNA (embedded in lipid nanoparti-
cles)

BNT162b2
=Tozinameran

Comirnaty 10ug/dose con-
centrate for dispersion for
injection (children 5-11
years)—orange cap,
BioNTech-Pfizer,

mRNA (embedded in lipid nanoparti-
cles)

Spikevax (formerly: COVID-19 mRNA-1273
Vaccine Moderna) dispersion

for injection,

Moderna,

mRNA (embedded in SM-102 lipid

nanoparticles)

Vaxzevria (formerly: COVID-19 AZD1222
Vaccine AstraZeneca) suspen-

sion for injection,

AstraZeneca,

Vector vaccine: Chimpanzee Aden-

ovirus encoding the SARS-CoV-2 Spike

glycoprotein (ChAdOx1-S)?

Excipients

((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyl decanoate)
(ALC-0315)

2-[(polyethylene glycol)-2000]-N,N-ditetradecylacetamide (ALC-0159)
1,2-Distearoyl-sn-glycero-3-phosphocholine (DSPC)

Cholesterol

Potassium chloride

Potassium dihydrogen phosphate

Sodium chloride

Disodium phosphate dihydrate Sucrose

Water for injections

Sodium hydroxide (for pH adjustment)

Hydrochloric acid (for pH adjustment)

((4-Hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyl decanoate)
(ALC-0315)

2-[(polyethylene glycol)-2000]-N,N-ditetradecylacetamide (ALC-0159)
1,2-Distearoyl-sn-glycero-3-phosphocholine (DSPC)

Cholesterol

Trometamol

Trometamol hydrochloride

Sucrose

Water for injections

((4-Hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyl decanoate)
(ALC-0315)

2-[(polyethylene glycol)-2000]-N,N-ditetradecylacetamide (ALC-0159)
1,2-Distearoyl-sn-glycero-3-phosphocholine (DSPC)

Cholesterol

Trometamol

Trometamol hydrochloride

Sucrose

Water for injections

Lipid SM-102¢

Cholesterol

1,2-Distearoyl-sn-glycero-3-phosphocholine (DSPC)

1,2-Dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000
(PEG2000 DMG)

Trometamol

Trometamol hydrochloride
Acetic acid

Sodium acetate trihydrate
Sucrose

Water for injections

L-Histidine

L-histidine hydrochloride monohydrate
Magnesium chloride hexahydrate
Polysorbate-80

Ethanol

Sucrose

Sodium chloride

Disodium edetate dihydrate

Water for injections
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Table 2 (Continued)

Trade name,
Company,
Vaccine type

Jcovden (formerly: COVID-19 Ad26.COV2.S
Vaccine Janssen) suspension

for injection,

Janssen-Cilag,

Vector vaccine: adenovirus type 26

encoding the SARS-CoV-2 spike

glycoprotein® (Ad26.COV2-S)

Active ingredient

Nuvaxovid dispersion for injec- NVX-CoV2373
tion,

Novavax,

protein-based vaccine, virus-

like particles (spike protein)

Excipients

2-hydroxypropyl-B-cyclodextrin (HBCD)
Citric acid monohydrate

Ethanol

Hydrochloric acid
Polysorbate-80

Sodium chloride

Sodium hydroxide

Trisodium citrate dihydrate

Water for injections

Disodium hydrogen phosphate 7 H20
Sodium dihydrogen phosphate 1 H20
Sodium chloride

Polysorbate 80

One dose (0.5 ml) contains 5ug of
the SARS-CoV-2 spike protein® and is
adjuvanted with Matrix-M. Adjuvant
Matrix-M contains per 0.5 ml dose:
Fraction-A (42.5ug) and Fraction-C
(7.5ug) of Quillaja saponaria Molina
extract

Sodium hydroxide (to adjust the pH value)
Hydrochloric acid (to adjust the pH value)
Water for injections

Adjuvant (Matrix-M):

Cholesterol

Phosphatidylcholine (including all-rac-a-tocopherol)
Potassium dihydrogen phosphate

Potassium chloride

Disodium hydrogen phosphate 2 H20

Sodium chloride

Water for injections

Ingredients potentially involved in inducing anaphylaxis are in bold

@Produced in genetically modified human embryonic kidney (HEK) 293 cells and by recombinant DNA technology
bProduced in the PER.C6 TetR cell line (genetically modified human primary embryonic retinoblasts) and by recombinant DNA technology
Produced by recombinant DNA technology using a baculovirus expression system in an insect cell line derived from Sf9 cells of the Spodoptera frugiperda

species

9Synonym: heptadecan-9-yl-8-{(2-hydroxyethyl)[6-0x0-6-(undecyloxy)hexylJaminojoctanoate (IUPAC)

By contrast, other known allergies do not repre-
sent a contraindication, including allergies to drugs,
antibiotics, and chicken protein [51]. The approach
to pre-existing allergies and COVID-19 vaccination
has been summarized in a consensus flow chart [51],
which is also published on the homepages of PEI,
DGAKI, and AEDA.

Despite the very rare incidence of anaphylactic re-
actions following COVID-19 vaccination, consistent
15-min monitoring of all vaccinees—with and with-
out a history of allergy—is required.

The occurrence of delayed local reactions, includ-
ing delayed skin reactions, has been reported in
some cases after vaccination with both Spikevax and
Comirnaty, and occasionally after vaccination with
Vaxzevria, the AstraZeneca COVID-19 vaccine. In the
United States and Canada, this reaction is referred to
as “COVID arm.” The exact mechanism is not known,
but the time interval from vaccination and the course
suggests a delayed cutaneous hypersensitivity reac-
tion (type IV) associated with the endogenous im-
mune response [52]. It subsides spontaneously after
a few days. The reaction does not constitute a reason

to suspend or delay the second vaccination dose in
affected individuals [52].

Notes

The authors state that the contents and positions
expressed in this review article reflect the personal
expert opinion of the authors and should not be in-
terpreted or quoted as if they had been commissioned
by or reflected the position of the competent national
higher federal authority, the European Medicines
Agency, or any of their committees or working groups.
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