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ABSTRACT

Drugs contain active pharmaceutical ingredients and excipients, compounds which enhance the pharmacokinetics, stability and
palatability of the pharmaceutical formulation. While most drug hypersensitivity reactions (DHR) are caused by active ingredi-
ents, excipients may also be involved. Excipient-related DHR are easily overlooked and may lead to repeated anaphylaxis in pa-
tients exposed to pharmaceutical formulations containing different active ingredients. We performed an extensive review of the
literature to provide practical recommendations on when to suspect and how to diagnose and manage excipient hypersensitivity.
Where literature was limited, the collective experience of the authors was taken into consideration. Excipient hypersensitivity
should be suspected in patients with a history of anaphylaxis to multiple drugs with chemically unrelated active ingredients and
specific drug classes such as oral laxatives and injectable depot steroids or progestogens. Polyethylene glycol, methylcelluloses,
gelatine, povidone and mannitol were identified as the most common culprits of DHR. DHR evaluation should include review of
the product monograph to ascertain the presence of possible culprit excipients. Specific diagnostic tests for excipients should be
performed when appropriate, including skin, in vitro and provocation testing with pure excipients and drugs with and without
the excipient as controls. We provide consensus-based excipient-specific recommendations on diagnostic testing based on best
available evidence.

Abbreviations: BAT, basophil activation test; CGMP, current good manufacturing practice; CMC, carboxymethylcellulose; DHR, drug hypersensitivity reaction; DPT,
drug provocation test; EAACI, European Academy of Allergy and Clinical Immunology; EDTA, ethylenediaminetetraacetic acid; EHR, electronic health record; EMA,
European Medicines Agency; ENDA, European Network for Drug Allergy; FDA, Food and Drug Administration; GRADE, Grading of Recommendations Assessment,
Development and Evaluation; IDT, intradermal test; IM, intramuscular; IV, intravenous; MW, molecular weight; PEG, polyethylene glycol; PS, polysorbate; PVP,
polyvinylpyrrolidone; RUO, research use only; SC, subcutaneous; sIgE, specific immunoglobulin E; SMB, sodium metabisulphite; SPT, skin prick test; ST, skin test.
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1 | Introduction

Drug hypersensitivity reactions (DHR) are frequent and asso-
ciated with significant morbidity and mortality [1-3]. They are
mostly directed against active ingredients such as 3-lactam anti-
biotics. However, in some cases, they may be caused by inactive
ingredients called excipients [4, 5].

Excipients are added to almost all drug and vaccine formula-
tions in order to enhance their physicochemical properties (e.g.,
powder homogenisation, non-adherence, water or lipid solubil-
ity, tablet compression and/or coating, stabilisation, preserva-
tion), to enhance palatability (e.g., colouring or flavouring), to
influence drug delivery (pharmacokinetics) or to enhance drug
effects (pharmacodynamics) [6].

In contrast to active ingredients, the ability of excipients to trig-
ger DHR is often overlooked. Recently, suspected allergic re-
actions to COVID-19 vaccines [7] have dramatically increased
interest in excipients as a potential cause of drug and vaccine
hypersensitivity. Nevertheless, literature on excipient hypersen-
sitivity is mainly limited to individual case reports and small
case series and the causality and pathophysiological mechanism
is not always clear, generally resulting in a low level of evidence
and lack of standardised practices regarding diagnosis and
management.

As classical ‘hidden allergens’, excipients can result in clinically
challenging situations such as multiple reactions to structur-
ally unrelated drugs, reactions to only some formulations of a
specific drug or reactions to drugs not usually associated with
allergy such as laxatives and injectable depot steroids or pro-
gestogens. From the patient's perspective, excipient hypersensi-
tivity can be life-threatening and frightening, especially when
the culprit remains unidentified [8].

This position paper aims to review the existing evidence on
those excipients most commonly reported to produce DHR, to
highlight major red flags for timely recognition and identify and
propose best practices in the diagnosis and management of ex-
cipient hypersensitivity.

2 | Methods
2.1 | Definition of Excipients

The European Medicines Agency (EMA) [4], Current
Good Manufacturing Practices [9] and U.S. Food and Drug
Administration (FDA) [10] define excipients (syn. inactive in-
gredients) as the constituents of the pharmaceutical form other
than the active ingredient [6].

2.2 | Inclusion Criteria

Based on group experience, polyethylene glycols (PEGs) and
related substances (i.e., polysorbates [PS] and poloxamers), gel-
atine, (carboxy-)methylcellulose (CMC), povidone and manni-
tol were the excipients most commonly reported as elicitors of
DHR. In addition, literature screening identified benzyl alcohol,

ethylenediaminetetraacetic acid (EDTA), metacresol, metabi-
sulphite and (methyl-)paraben as rare culprits of excipient DHR
(Table 1 and Appendix S2). Excipients only anecdotally impli-
cated in DHR (e.g., trometamol, benzalkonium chloride) were
excluded due to paucity of evidence. Excipients exclusively im-
plicated in localised reactions after topical contact (e.g., contact
dermatitis) were excluded unless they were also reported to elicit
systemic reactions. Similarly, food additives not implicated in
DHR were excluded.

2.3 | Data Sources

In June 2024, articles in English with data on drug excipient hy-
persensitivity were identified by searching the MEDLINE da-
tabase (National Library of Medicine) through PubMed for all
available publication years. Search terms included the names
and known synonyms of the respective excipients or excipient
class combined with ‘(allergy OR anaphylaxis OR drug allergy
OR drug hypersensitivity)’. Only cases with a plausible history
of immediate or delayed systemic excipient-related DHR were
included [11]. These required (1) clinical history compatible with
DHR and (2) sensitisation to the excipient adequately demon-
strated through reproducible diagnostic testing, which was
assessed by the task force members. Additional articles were in-
cluded through screening of reference lists and upon suggestion
by task force members. The personal clinical experience with
excipient allergy of task force members was considered when
other reliable sources of evidence were lacking.

2.4 | Data Extraction and Analysis

Task force members were assigned specific excipients and
topics (2 to 5 authors per topic and 2-3 topics per author). The
relevance of identified articles was evaluated by the assigned
authors on the basis of title and abstract according to the above-
mentioned criteria (Table 2). Articles meeting inclusion criteria
and of sufficient quality were analysed in detail and recorded in
a standardised format using a predefined master table (available
as Appendix S1, including references for individual articles).
This table was also used for descriptive statistical analyses. Data
collected and summarised by individual assigned author(s) were
presented to and discussed by the entire group during regular
meetings.

2.5 | Recommendations on Diagnosis
and Management

There is a need to standardise testing and management of excipi-
ent allergy. Based on the literature search and group experience,
consensus-based recommendations on diagnosis and manage-
ment (Table 3) as well as recommended ST procedures (Table 4,
Appendix S3) were formulated. Given the exclusively retrospec-
tive dataset and small number of reported cases for most ex-
cipients, quality of evidence and strength of recommendations
were considered to be universally low and thus not scored using
the GRADE system [22]. Alternatively, authors were asked to
vote on final recommendations using a standardised form with
agreement noted in Table 3.
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(Continued)

TABLE 3

Comments

Agreement

Recommendation

Topic

100%

6.3.1.  Strict avoidance of all mannitol-containing drugs
is recommended

6.3. Management

Limited evidence suggest a risk of reactions to mannitol-

100%

Avoidance of specific mannitol-containing foods

6.3.2.

containing foods with variable patterns; In patients
without history of reactions to oral exposure, a wait-and-

is only recommended for patients with a history of

reactions to these foods

see approach or alternatively, oral food challenge can be
considered to offer more certainty, although the role of

potential augmenting factors should be taken into account

100%

6.3.3. Insight in the risk of hypersensitivity to mannitol-
containing foods

6.4. Unmet needs

Abbreviations: BAT, basophil activation test; CMC, carboxymethylcellulose; DHR, drug hypersensitivity reaction; DPT, drug provocation test; EDTA, ethylenediaminetetraacetic acid; HEC, hydroxyethylcellulose; HPC,

hydroxypropylcellulose; HPMC, hydroxypropylmethylcellulose; IDT, intradermal test; I'V, intravenous; MMR, measles-mumps-rubella vaccine; MW, molecular weight; PEG, polyethylene glycol; sIgE, specific IgE; SPT, skin prick

test; ST, skin test.

3 | Results
3.1 | General Aspects

Literature search identified the largest number of DHR cases for
PEG (N=119) and gelatine (N=103) with much fewer cases for
the remaining excipients (< 50 cases per excipient) (Table 2 and
Appendix S1).

Age and gender distributions suggest different patterns for
different excipient allergies (Figure 1, Table 2) with a female
predominance for PEG, male predominance for povidone and
methylcellulose and equal ratio for gelatine. Age distributions
also varied broadly: for gelatine from infancy to elderly; for po-
vidone from children to young adults; and for PEG and mannitol
mostly from adolescence to elderly.

Clinical manifestations were variable, with anaphylaxis oc-
curring in the majority of reported cases and fatalities rarely
reported (Figure 1). Reported delays between exposure and
symptom onset varied from 1min up to 1h. While prospective
evidence on quality-of-life is lacking, limited retrospective stud-
ies [8] as well as clinical experience suggest a major impact of ex-
cipient allergies on patients’ daily lives. The unexpected, severe
and/or recurrent nature of allergic episodes can result in signif-
icant anxiety, leading to avoidance of essential medications and
reliance on self-management strategies.

Reported reactions were triggered by a multitude of drugs
(Table S1) administered through a variety of routes including
parenteral (intravenous [IV], intramuscular [IM], intradermal,
subcutaneous [SC]) as well as oral, skin and mucosal exposures,
perioperative (i.e., surgical site) application and/or food inges-
tion. Virtually all excipients were capable of triggering reac-
tions through multiple exposure routes. In addition, individual
patients often experienced multiple reactions to various drugs
with different active ingredients before excipient allergy was
diagnosed. Cross-reactivity between structurally similar excip-
ients was mainly described between PEGs, PS and poloxamer;
gelatine and alpha-gal; povidone and crospovidone; and rarely
between methylcelluloses.

In most cases, diagnosis was based on skin testing (ST) includ-
ing skin prick (SPT) and intradermal tests (IDT). A lack of stan-
dardised concentrations and testing reagents was observed for
all excipients. Systemic reactions during ST were frequently
reported with PEG on both SPT and IDT, but only rarely for
others. In vitro assays such as the basophil activation test [23]
(BAT) and serum specific IgE (sIgE) measurement supported
the diagnosis in some cases. Drug provocation tests [24] (DPT)
were used in a considerable number of patients without stan-
dardised protocols.

3.2 | Specific Topics
3.2.1 | Polyethylene Glycol
PEGs are linear polymers of ethylene glycol formed through po-

lymerisation of ethylene oxide. Poloxamers and PS contain PEG
chains and share physicochemical properties with linear PEGs

[\Y]
[\S]
N
N
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FIGURE1 | Characteristics of immediate drug hypersensitivity reactions (DHR) caused by excipients. (A) Age distribution of various excipient
allergies. Horizontal bars indicate medians; (B) Sex distribution of various excipient allergies. Female-to-male ratios are indicated above the bars; (C)
Number of events of excipient-related DHR per patient for various excipient allergies. For gelatine, three patients with concomitant alpha-gal allergy
reported > 10 reactions to both drugs and foods; (D) Reported acute (A, immediately following excipient-related DHR) versus baseline (B) tryptase

values for various excipient allergies. Proportion of informative cases is indicated above the graph; (E) Proportion (see % in or below graphs) and total

no. of reported excipient-related DHR fulfilling anaphylaxis criteria for various excipient allergies. (F) Prevalence of systemic reactions occurring

during skin testing for various excipient allergies. Proportion of patients reacting during skin testing indicated in % above the graphs. CMC, car-

boxymethylcellulose; DHR, drug hypersensitivity reaction; F, female; M, male; PEG, polyethylene glycol.

[25]. PEGs are ubiquitously used in pharmaceuticals and cos-
metics. They vary in chain length indicated by the PEG num-
ber, variably expressed in molecular weight (MW; in g/mol or
Dalton) for pharmaceuticals and number of ethylene glycol sub-
units for cosmetics (Table 1) [26, 27].

While PEG-specific IgM and IgG antibodies are quite prev-
alent in the general population, PEG-sIgE are rare and risk
factors for sensitisation remain unknown [28]. Immediate-
type PEG DHR depend on the presence of PEG-sIgE capable
of binding ethylene glycol oligomers between 3 and 5 subunits
in length [16]. PEG-sIgE crosslinking depends on patient- (i.e.,
IgE affinity and titre) and PEG antigen-specific characteristics
(i.e., dose, MW, exposure route) (Figure S2), resulting in an
unpredictable and sometimes even transient allergy pheno-
type [15, 28]. Certain PEGylated compounds such as PEG cas-
tor oil [29] and PEG asparaginase [30] can cause DHR through
unknown mechanisms, apparently unrelated to IgE-mediated
PEG allergy.

The incidence and prevalence of PEG allergy are largely un-
known and likely underestimated. In Denmark, approxi-
mately 60 patients have been diagnosed with confirmed PEG
allergy (personal communication LHG and CGM) resulting
in an inferred prevalence of 10 cases per million inhabitants
[17, 31]. Pre-COVID pandemic FDA data estimate a U.S. inci-
dence of anaphylaxis to PEG-containing laxatives of five cases
per year [32].

We included 119 individual cases of confirmed PEG allergy
with an average age of 45years (range 12-88) and 2:1 female-
to-male ratio (Figure 1, Table 2 and Appendix S1). Most cases
were reported after the start of the COVID-19 pandemic, high-
lighting increasing awareness in recent years (Figure S1). PEG-
related DHR encompassed a wide spectrum of severity with
mucocutaneous signs [33] present in almost all cases (Figure 2).
Fatalities potentially resulting from PEG DHR have also been
reported, although causality could not be confirmed in all these
cases [34, 35]. Most patients experienced reactions after oral
(mostly high PEG dose-containing laxatives) and intra-articular
or IM (PEG-containing depot steroid) exposure (Figure 2). In
addition, reactions after skin and mucosal contact (e.g., cosmet-
ics) and surgical site application (e.g., bone cement) have been
reported. Of note, the majority of patients experienced multiple
reactions (Figure 2) and many also reported mild symptoms
(pruritus, erythema, urticaria, angioedema) when exposed to
PEG-containing cosmetics such as soaps, creams, toothpastes
and shaving materials [16, 17, 31]. Over half of patients expe-
rienced multiple reactions and the diagnostic delay exceeded
lyear in at least one third of cases (Figure 2) [17, 31].

Any PEG can elicit DHR regardless of MW; however, over
50% of reported reactions were caused by PEGs with a MW of
3000-5000Da (Figures 2 and S2). A MW above 3000Da was
more likely to induce positive ST results (Figure 3). Of note, ST
reactivity to higher MW PEGs is often retained whereas lower
MW reactivity can be lost when retesting after longer time pe-
riods [15]. Since MW thresholds for ST positivity do not always
correlate with clinical reactivity thresholds, these should not be
used to guide avoidance strategies.

Cross-sensitisation between PEG-containing excipients was as-
sessed through ST in a subset of cases and was present in up to
35.6% (N=21/59) for PS and 46.9% (N=15/32) for poloxamers
(Figure 3). Despite this, clinical reactions to polysorbates and
poloxamers are rare and cross-sensitisation on ST appears pri-
marily linked to an overall higher level of clinical reactivity to
PEG. There have also been reports of patients exhibiting exclu-
sive PS allergy without detectable PEG sensitisation, suggesting
that different phenotypes exist, depending on sensitisation to
non-cross-reactive PS-specific epitopes [16-18].

PEG allergy should be considered especially in case of ana-
phylaxis to PEG-containing laxatives, parenteral depot ste-
roid injections and multiple reactions to seemingly unrelated
PEG-containing compounds including tablets and/or cos-
metics. Diagnosis relies primarily on ST. ST with higher MW
PEG can help confirm the diagnosis when lower MW PEGs
yield negative results [15]. Caution during ST is warranted,
particularly in patients with a history of anaphylaxis, as a
high rate of systemic reactions was reported (21.7%) for both
SPT and especially IDT (Figures 1 and 3, Table S2). A spe-
cific consensus-based ST procedure aimed at mitigating risk
while maintaining sensitivity is provided (Tables 3 and 4,
Appendix S3). Use of custom PEG-sIgE assays (e.g., ELISA,
MSD, dual cytometric bead assays) and a research-use-only
(RUO) ImmunoCAP assay have been reported but require
use of PEG-free reagents and lack sensitivity [16, 17, 28, 32].
BAT using PEGylated lipid nanoparticles was demonstrated
in three independent cohorts [16, 19-20] to have high sensi-
tivity and specificity without increased risk of false positives
in PEG-tolerant controls with recent COVID-19 infection and/
or vaccination as reported in another study [21]. PEG DPT
were used in a small number of cases and might help confirm
the diagnosis when other tests are negative or inconclusive,
though the risk of severe systemic reactions should be taken
into account.

Avoidance remains the key management strategy, requir-
ing comprehensive patient education. While specific brands
of PEG-containing medications tolerated since the initial
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FIGURE 2 | Characteristics of immediate drug hypersensitivity reactions (DHR) to PEG or related compounds. (A) Organ systems involved in
index DHR to PEG; (B) Total no. of reported PEG-related DHR per patient; (C) Distribution of culprit PEGs responsible for eliciting DHR according to
molecular weight or type; (D) Distribution of exposure routes implicated in PEG-related DHR; (E) Relationship between culprit drug type for index
DHR and total no. of reported DHR for that patient. Vertical red bars indicate the proportion of patients for each culprit drug type who experienced
only a single reaction; (F) Diagnostic delay between index event and final PEG allergy diagnosis. DHR, drug hypersensitivity reaction; NR, not re-
ported; PEG, polyethylene glycol.
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FIGURE3 |

Skin test outcomes in patients with allergy to PEG or related compounds. (A) Reported results of skin prick tests with PEGs of various

molecular weights, related compounds, culprit products and drugs containing the same active ingredients as the culprit product without PEG; (B)
Reported results of intradermal tests with PEGs of various molecular weights, related compounds and culprit products. (C) Observed cross-reactivity
on skin testing between PEGs, polysorbates and poloxamers; (D) Prevalence of systemic reactions during skin testing, stratified according to outcome

of the skin test readout. IDT, intradermal test; PEG, polyethylene glycol; SPT, skin prick test; SR, systemic reaction.

index reaction can be continued, newly prescribed and over-
the-counter medications should always be checked for PEG
content and avoided if possible (Table 3). Pharmacist advice
should be obtained in case of doubt. Due to the omnipresent
nature of PEGs in everyday life, strict avoidance is challeng-
ing and an adrenaline autoinjector should be considered es-
pecially in patients with severe and/or multiple reactions. It
is unknown whether PEG allergy is amenable to rapid drug
desensitisation [36].

3.2.2 | Gelatine

Gelatine is a mixture of polypeptides (average MW 15-300kDa)
resulting from partial hydrolysis of animal collagen, mostly pig-
or cattle-derived for drugs or fish-derived in food. Historically, it
was first used as a plasma expander and afterwards as a gelling
agent in food, beverages and drugs (capsules, suppositories and
vaccines) (Table 1).

We identified 103 cases with a median age of 19years (range
12months to 85years) and 1:1 female-to-male ratio (Table 2,
Figures 1 and 4 and Appendix S1). Reported culprits include
IV plasma expanders (N=40), vaccines (N=34, mainly MMR
and varicella vaccines), directly applied surgical glues (N=14)
and eye lenses, suppositories, erythropoietin, various drugs in
oral gel form, gummy bears and marshmallows (N < 3 for each
category) (Table S1). Multiple patients with index reactions to
parenteral gelatins also experienced reactions upon gelatine
exposure in food. Most cases occurred following parenteral
exposure (IV, vaccination), followed by topical and rarely oral
exposure. Over 90% of reactions were moderate to severe and 2
fatalities were reported [37, 38]. Time to onset was between one
and 45 min with 40% reacting within 5min (Figure 4). SPT and/
or IDT were performed in 52 patients with a variety of agents in-
cluding dissolved gelatine and were positive in 48/52 (sensitivity
92%; Table 2). Gelatine sIgE was positive in 48/55 cases (sensi-
tivity 87%, range 0.78—> 100 kU/L). Alpha-gal sIgE was positive
in 8/10 cases (80%). Of note, one case of paediatric anaphylaxis
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FIGURE4 | Characteristics of immediate drug hypersensitivity reactions (DHR) to gelatines and methylcelluloses. (A) Organ systems involved in
index DHR to gelatines; (B) Distribution of exposure routes implicated in gelatine-related DHR; (C) Distribution of delay between gelatine exposure
and reaction onset in minutes; (D) Outcome of gelatine and alpha-gal specific IgE assays in patients with gelatine-related DHR; (E) Organ systems
involved in index DHR to methylcelluloses; (F) Distribution of exposure routes implicated in methylcellulose-related DHR. DHR, drug hypersensi-

tivity reaction; NR, not reported.

caused by gummy tablets containing fish collagen was identi-
fied, confirmed by positive SPT with the tablets and oral chal-
lenge with fish gelatine [39].

Gelatine hypersensitivity should be considered in perioperative,
vaccine-related and idiopathic anaphylaxis and specific food-
related reactions (mammalian meat, gelatine-based sweets).
Testing should include SPT and IDT with a non-irritant IV gela-
tine preparation and sIgE measurement to gelatine and alpha-gal

using commercially available assays (Table 3). Isolated gelatine
allergy without alpha-gal sensitisation has been described; how-
ever, its frequency is unknown (unreported case LHG and [40]).

All gelatine-containing drugs, vaccines, IV fluids and surgical
products should be strictly avoided and a warning card should
be provided to all patients. If there were reactions to foods in
the past, avoidance is advised. If no alpha-gal sensitisation
is observed and no food-related reactions were observed, a
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wait-and-see approach regarding gelatine-containing foods is
possible. Alternatively, an oral food challenge can be provided to
offer more certainty. Conversely, parenteral exposure to gelatine
(including gelatine-based vaccines) should be avoided in alpha-
gal allergic individuals (Table 3) [41, 42].

3.2.3 | Methylcellulose

Methylcelluloses are water-soluble organic derivatives of the
polysaccharide cellulose, used as thickening agents, stabilisers,
suspending agents or binders, in film coated tablets, ophthalmic
drops, oral suspensions, injectable drugs and foods (Table 1).

We identified 44 published cases with immediate DHR to car-
boxymethylcellulose (CMC) and one to hydroxypropylmeth-
ylcellulose (HPMC) [43] (Tables 1 and 2 and Appendix S1).
Median age was 53 years (range 14-80years), and 59% were male
(Table 2, Figures 1 and 4). Reactions occurred within minutes,
except three cases occurring within 1 h. Skin symptoms, mostly
pruritus and urticaria, were most common and 76% of cases ful-
filled criteria for anaphylaxis (Figure 4, Appendix S1). A single
reaction to injectable depot steroids containing CMC was seen
in more than half of the cases, and most remaining cases were
triggered by eyedrops, urethral/local anaesthetic gels, cosmetic
fillers or barium enemas (Table S1). Seven patients (15.5%) had
more than one reaction. The majority of patients showed toler-
ance of oral CMC intake and only three patients reported reac-
tions to CMC in foods such as ice cream [44], hot chocolate [45]
and an ice lolly [46]. All reported cases were immediate reactions
and tested positive on ST pointing to an IgE-mediated mecha-
nism (Table 2). Cross-sensitisation to other methylcelluloses was
rarely investigated and only one case of cross-reactivity between
CMC, HPMC and hydroxyethylcellulose was described [47]. No
cases of hypersensitivity to hydroxypropylcellulose have been
described and data on crossreactivity between methylcelluloses
and hydroxypropylcellulose is lacking.

A positive ST to the culprit drug containing CMC and, if avail-
able, pure CMC, with a negative test to an alternative with simi-
lar ingredients except for CMC, confirms the suspicion (Tables 3
and 4). Pure CMC may be positive in SPT, but more often on
IDT. There is limited experience with in vitro tests and assays
for CMC-sIgE that are not commercially available though pos-
itive BAT and dot blot have been described. Oral provocation
tests with CMC or CMC-containing preparations are usually not
required as patients have often tolerated oral CMC exposure in
foods or medications prior to allergy investigation, but they can
be performed to confirm or disprove oral tolerance. Avoidance
of all parenteral (e.g., depot steroids) and topical CMC exposure
(e.g., eyedrops, gels) is advised in CMC-allergic patients. Since
most patients tolerate oral intake, strict avoidance via the oral
route is likely not required in those without a history of reac-
tions after oral/food exposure; however, risk factors for reacting
on oral exposure have not been elucidated (Table 3).

3.2.4 | Povidone

Povidone and crospovidone are synthetic polymers derived
from N-vinylpyrrolidone used in drug tablets and capsules as

film-forming, solubilising or suspending agents, tablet and cap-
sule binders and disintegrants (Table 1). Povidone is frequently
used in surgical skin disinfectant, wound antiseptic (povidone-
iodine) and in ophthalmic lubricant solutions. Furthermore,
(cros)povidone is used in cosmetics and as a food additive
(E1201, E1202).

Sixteen case reports on povidone allergy were identified (Table 2
and Appendix S1). Age range was 4-59years and 11/16 were
men. Almost all patients suffered severe reactions with ana-
phylaxis in 15 cases (93.8%) (Figure 1). Seven (43.8%) experi-
enced multiple anaphylactic episodes and two (12.5%) reported
previous local/mild allergic reactions to topical products. The
time interval between the first reaction and correct diagnosis
varied from months to many years. A wide variety of povidone-
containing drugs were reported as culprits through various ex-
posure routes including a wide variety of povidone-containing
oral drug formulations, topical agents (e.g., eyedrops, antiseptics
for skin or mucosal membranes) and injectable drugs (IV, intra-
articular) (Table S1).

Diagnosis is based on exposure history combined with ST with
the culprit drug, pure povidone (available as powder dissolved
in sterile water or in commercial eyedrop solutions) and if
possible, a negative control drug with the same active ingredi-
ent without povidone (Tables 3 and 4). A low risk of systemic
reactions during ST has been reported (N=1/16; Figure 1,
Table S2) [48]. Povidone-positive patients should also be tested
for crospovidone sensitisation as cross-reactivity has been de-
scribed (N=1/2 tested) [49, 50]. In ST negative cases, a titrated
oral challenge may be performed. BAT and sIgE assays have
been used in some reports although standardised in vitro
assays are not commercially available. Patients with proven
povidone allergy should avoid all (cros)povidone-containing
pharmaceuticals (Table 3). There is insufficient evidence of a
risk of food-related reactions in povidone-allergic patients, al-
though data is lacking.

3.2.5 | Mannitol

Mannitol is a polyol or sugar alcohol used as diluent, bulk-
ing agent and artificial sweetener. It is also naturally present
in algae and mushrooms. Mannitol is absorbed through the
gastrointestinal tract and expelled almost unchanged in urine.
Due to its osmotic properties, it is also used as a tonicity agent
in certain injectable drugs (e.g., some forms of paracetamol)
and as treatment for raised intracranial or intraocular pres-
sure (Table 1).

Anaphylaxis to mannitol is rare [51, 52], albeit potentially un-
derestimated and was initially attributed to hyperosmolarity-
induced direct mast cell degranulation [53]. We identified 4
likely cases of IgE-mediated mannitol allergy after oral [54, 55]
(in cisapride or paracetamol) or IV (in paracetamol) exposure
(Table 2, Figure 1 and Appendix S1) [55, 56]. Mannitol allergy
was confirmed through a positive ST with the culprit product
and a positive ST with pure mannitol (N=3/4) or a negative ST
with an alternative mannitol-free drug containing the same
active ingredient as the culprit (N=1/4). Notably, two patients
who experienced anaphylaxis to IV paracetamol tolerated oral
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paracetamol but had a food allergy to mushrooms [56]. There is
no known cross-reactivity with other polyols used as artificial
sweeteners in light products and as drug excipients (i.e., erythri-
tol, sorbitol, xylitol, maltitol, lactitol) [55].

Avoidance of mannitol-containing oral and parenteral drugs is
mandatory. Food avoidance is only advised in patients with a
history of food-related reactions, although oral challenge testing
might be performed to ascertain clinical reactivity to mannitol-
containing foods (Table 3).

3.2.6 | Other Excipients Involved in Immediate Drug
Hypersensitivity

In this section, immediate DHR reportedly caused by other ex-
cipients including benzyl alcohol, ethylenediaminetetraacetic
acid (EDTA), metacresol and (methyl)parabens are summarised
(Table S3). Quality of evidence in these cases was deemed insuf-
ficient to ascertain unequivocal causal relationships or formu-
late concrete recommendations.

« Immediate DHR to benzyl alcohol was reported in three
cases after exposure to injectable vitamin B12 preparations
or corticosteroids [57-59].

« EDTA was identified as the culprit in a case of acute urti-
caria and angioedema minutes after exposure to radiocon-
trast media and local anaesthesia [60]. There is insufficient
evidence of cross-reactivity between EDTA and ethylenedi-
amine [61].

« Metacresol, found in all available insulin formulations, was
reported as the cause of acute urticaria with local injection
site erythema in a single paediatric patient [62]. Although
rare, metacresol should always be considered in the differ-
ential diagnosis of immediate DHR to insulin.

o (Methyl)paraben was reported in three cases as
an inducer of immediate skin or respiratory symptoms
[63-65].

3.2.7 | Delayed Hypersensitivity to Systemically
Administered Excipients

Certain drug excipients are also reported to cause delayed-type
DHR following systemic exposure (Table S4). Diagnosis relies on
excipient ST through patch tests and/or IDT with delayed reading
(contingent upon availability of sterile and nonirritant formula-
tions). Negative ST results for the active ingredient without the
excipient can help confirm the diagnosis. In selected cases, prov-
ocation tests may be considered. In vitro tests such as lymphocyte
transformation tests (LTT) are not validated.

« Sulphites such as sodium metabisulphite (SMB) can cause de-
layed systemic reactions including maculopapular exanthema
and localised or generalised eczematous rashes [66-71]. While
SMB sensitisation is frequent and observed in 2.7% of patch-
tested individuals [72], systemic symptoms upon SMB expo-
sure are reported in only 4.8% of patch test-positive cases [73].
A history of contact dermatitis to SMB does not predispose
towards systemic immediate reactions [74].

« Benzyl alcohol in antiseptics or cosmetics can cause con-
tact dermatitis upon topical exposure with sensitisation ob-
served in 0.3% of patch-tested patients [75]. It is also used as
an antimicrobial preservative in injectable drugs and may
trigger injection site reactions as well as local and systemic
dermatitis upon systemic exposure [76-80]. A single case of
delayed urticaria to benzyl alcohol has been reported [81].

« CMC has a low sensitisation rate in patch testing with only
0.8% of at-risk patients with chronic leg ulcers showing pos-
itive reactions [82]. Oral medications with CMC have been
reported to trigger delayed systemic reactions [83].

« Parabens are a known cause of contact dermatitis with
sensitisation estimated at 1.0% of patch-tested patients
[84]. Parabens are commonly linked to allergic contact der-
matitis to cosmetics and topical medications but may also
cause delayed systemic DHR after exposure to paraben-
containing local anaesthetics and mucolytics [84, 85].

« Reactions to metacresol are rarely documented, with no exact
incidence data [86-88]. Metacresol may cause delayed injec-
tion site reactions, especially in insulin formulations [86-88].

3.3 | Special Considerations

3.3.1 | Risk of Reactions to Food-Derived Excipients
in Drugs

« Gelatine, carmine red [89], mannitol and CMC [44-46]
have been associated with immediate hypersensitivity reac-
tions to both food and drugs containing these substances as
excipients.

« The evidence for avoiding retinoids or other drugs that con-
tain peanut or soy oil in patients allergic to these foods is un-
clear and more studies are needed to clarify this issue [90].

« For various excipients, previous concerns of allergenicity have
been invalidated [91, 92]. Examples include lactose in various
tablets (although anecdotal contamination of milk protein
with lactose in an inhaler was reported [93]), egg in influenza
vaccine [94] (with minor exceptions in recommendations [95])
and soybean oil or egg lecithin in propofol [96-98].

« The evidence on corn starch as an excipient causing allergy
was considered insufficient by the Group.

3.3.2 | COVID-19 Vaccine Reactions
and Excipient Allergy

PEG 2000 and PS80 are used as excipients in all current mRNA-
and vector-based SARS-CoV-2 vaccines, respectively [99]. Several
anaphylaxis cases were reported early on with excipients assumed
to be likely culprits [100]. This resulted in a vaccination ban for
(potential) excipient allergic subjects by regulatory agencies [99].
Initial estimates of SARS-CoV-2 vaccine-related anaphylaxis in-
cidence were later adjusted to approximate the rate reported for
previous vaccines (from 11 down to 5 per million doses) [101-103].
Reporting and ascertainment bias of passive surveillance data,
as well as insufficient recognition of anaphylaxis mimickers
such as immunisation stress-related responses [104], inducible
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laryngeal obstructions [105], nocebo effects [18, 106] and non-
allergic urticarial eruptions [107], were likely explanations for
this overestimation. Almost all first-dose reactors could be safely
revaccinated [108-111] and evidence for an underlying PEG al-
lergy remains ultra-rare. Moreover, convincing cases of vaccine-
related anaphylaxis in patients with preexisting IgE-mediated
PEG/PS allergy are scant (Table S5). Conversely, tolerance of
many PEG allergic patients to vaccines was rapidly demonstrated
through alternative-excipient vaccination [112-116], graded
same-excipient vaccination [16, 111, 117-118] and even single-
dose same-excipient administration in a substantial number of
PEG allergic patients (Table S5). It should be noted that a risk of
anaphylaxis to vaccines cannot be completely ruled in PEG al-
lergic individuals due to the variable thresholds of clinical reac-
tivity [119] and potential transient nature of PEG allergy [15, 16].
Nevertheless, current evidence strongly argues against PEG and/
or PS80 allergy as relevant causes of SARS-CoV2 vaccination-
induced anaphylaxis [120, 121]. Of note, these observations also
indicate that tolerance to PEG or PS80-containing vaccines does
not rule out PEG and/or PS80 allergy.

4 | Conclusions

Hypersensitivity to drug excipients is an underrecognized yet clin-
ically significant issue that complicates diagnosis and manage-
ment of drug-related DHR. Traditionally, the focus has been on
active ingredients, but increasing evidence shows that excipients—
mostly well-tolerated and often assumed to be inert—can trigger
severe and often repeated allergic reactions through a variety of
exposures. This paper highlights key excipients implicated in im-
mediate and delayed DHR, including polyethylene glycol (PEG),
polysorbates, gelatine, methylcellulose, povidone, mannitol and
preservatives like benzyl alcohol, metabisulphite and parabens.

Evidence largely stems from case reports, series and observational
studies, and despite its generally low level, reveals a substantial
clinical impact. Table 3 provides consensus-based recommenda-
tions on diagnosis and management of excipient DHR.

Patients with DHR to multiple (chemically unrelated) drugs,
administered through different routes or unexplained despite
extensive workup should prompt consideration of a hidden aller-
gen such as an excipient. A thorough patient history and review
of the product monograph to identify the presence of potentially
allergenic excipients are crucial for timely recognition and pre-
vention of repeat DHR. Current diagnostic approaches primarily
use ST including SPT and IDT, supplemented by in vitro assays
like BAT and sIgE measurement when available. A lack of
standardised ST protocols and validated diagnostic algorithms
hinders precise diagnosis. Potential cross-reactivity with struc-
turally similar compounds as well as inconsistent naming and
labelling conventions add to the complexity of excipient allergy.

Clinicians must remain vigilant [122], utilising all avail-
able product information to help avoid inadvertent exposure.
Increased awareness, enforcement of standardised naming and
labelling conventions, further refinement and validation of di-
agnostic methods and a better understanding of sensitisation
pathways and cross-reactivity patterns will be essential to en-
hance patient safety in the future (see unmet needs in Table 3).
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