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Classification

• Gell and Coombs still holds true, but has been 
resolved further in recent years
• I-IV based on pathophysiology, clinical phenotype 

and rapidity of symptom onset



Allergy Classification
Gell–Coombs 
classification

Mechanism Timing Typical clinical features

I ‘Immediate’ or IgE-
mediated mast cell 
degranulation

Minutes to hours Anaphylaxis
Urticaria, angioedema

II Complement-
dependent cytolysis 
(IgG/IgM)

Variable Hemolytic anaemia
Thrombocytopenia
Interstitial nephritis

III Immune complex 
damage

1 to 3 weeks after  
exposure

Serum sickness
Drug fever
Some cutaneous eruptions 
Vasculitis

IV ‘Delayed’ or cellular 
hypersensitivity

2 to 14 days or 
longer

Contact dermatitis
Morbilliform eruptions
SJS/TEN
DRESS
AGEP

Adapted from Middleton’s Allergy



Immediate hypersensitivity

• Typical clinical features:
• Angioedema
• Urticaria
• Asthma/bronchospasm
• Allergic rhinoconjunctivitis
• Nausea, vomiting, diarrhoea
• Hypotension
• Anaphylaxis

• Typically <1-2hrs after exposure to trigger
• IV drugs, venoms typically within minutes
• EXCEPT a-gal allergy (3-6hrs after consuming red meat or 

meat products)
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proteolytic activity of some allergens [26] was reported to 
result in cytokine secretion by epithelial cells and priming of 
the immune response into a type 2 direction [27] and cleav-
age of lymphocyte surface receptors [28-30]. Furthermore, 
specific allergen binding to immune cell surface receptors, 
such as C-type lectins [31, 32] and molecular mimicry of 
signaling molecules [33] may be involved in the mechanisms 
of allergic sensitization. However, also nutrition and hygiene 
have been described as potential risk factors [34]. Fig. (1) 
depicts the concept of allergic sensitization, involving, 
among the factors outlined above, dose and route of admini-
stration as determining factors leading to a class switch in 
antibody production by B cells from allergen-specific IgM to 
IgE. In the acute phase, i.e. during the allergic effector func-
tion, allergens bind to IgE antibodies on mast cells and baso-
phils, which release vasoactive mediators into the tissue or 
the circulatory system. 

We now turn to the question whether, in this multifacto-
rial disease type, engineered nanomaterials may be a factor 
that initiates or supports the development of disease. Certain 
properties of nanomaterials including size, surface charge, 
hydrophobicity/hydrophilicity, and surface functionalization 
due to particle coating may influence their compatibility with 
the human immune system [35]. And indeed, engineered 
nanomaterials have been reported in a number of studies to 
interact with cells of the innate immune system including 
neutrophils, monocytes, dendritic cells, macrophages, mast 
cells, basophils, and eosinophils, but also with lymphocytes, 
as has been reviewed recently [36]. 

3. ALLERGIES AGAINST NANOPARTICLES – DO 
THEY EXIST? 

Immediate type allergies depend on IgE antibody-
mediated reactions. Most antigens recognized by antibodies 

are proteins, but antibodies against other entities, like carbo-
hydrates [37, 38] or nucleic acids [39] are frequently ob-
served. Antibodies can moreover recognize synthetic sub-
stances, like polyethylene glycol (PEG), which is used to 
improve the solubility and half-life of protein drugs in the 
human body, and naturally occurring anti-PEG antibodies 
were reported in >20% healthy donors [40]. It should there-
fore be possible that antibodies recognize nanomaterials, and 
indeed, a number of studies have reported antibodies that 
specifically recognize even inorganic nanoparticles [41-43]. 
However, these studies, as detailed in a very recent review 
by Ilinskaya and Dobrovolskaia [44], mostly needed to mod-
ify the nanoparticles in some way to achieve antigenicity. 
The surface of pristine nanoparticles often gives them char-
acteristics like those of small-molecular haptens, i.e., they 
cannot undergo processing and presentation by antigen-
presenting cells, which is not effective for inducing B cell 
responses. This problem can be overcome, but it is clear that 
nanoparticles are not readily inducing antibody responses, so 
to our knowledge nanoparticles do not act as allergens. To 
date no IgE-type antibodies have been described to directly 
recognize nanomaterials. It has been reported that Ni-
containing nanoparticles can induce Nickel allergy, but as 
mentioned in Table 1, allergy against Ni is not an immediate-
type allergy and it involves no IgE-type antibodies. Besides, 
exposure to Ni, e.g. via jeans buttons or fashion jewelry, 
incurs a risk for developing Ni allergy. This hypersensitivity 
is due to release of Ni++ ions, which directly interfere at the 
interface between the antigen-presenting cell and the T cell, 
a process that became known as the “pharmacological inter-
action (PI) concept” [45, 46]. There is no indication about 
special effects of nanomaterials [47]. 

While the current literature does not suggest that nano-
materials themselves can be allergens, compounds attached 
to nanoparticles certainly can be so. Since nanomaterials 

 

Fig. (1). Schematic representation of the allergic sensitization and effector function. APC, antigen-presenting cell; TSLP, thymic stromal 
lymphopoietin; IL-4, interleukin 4; MHC, major histocompatibility complex; TCR, T cell receptor; CD4+, cluster of differentiation 4-
positive; Th2, T-helper 2 cell. 

Himley et al. 2016
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Non-Immediate hypersensitivity

• Type IV – cellular hypersensitivity
• “Sensitisation” occurs down several different 

pathways:
• Via typical DC/T-cell interaction for large peptides
• Hapten, prohapten, P-I concept pathway for small 

otherwise non-immunogenic peptides



Hapten:
Small non-reactive molecules can covalently bind to 
extracellular, membrane or intracellular proteins Drug-
protein complex can then be presented by HLA 
complex to T cells

Eg beta-lactams

Prohapten:
Drug metabolites become 
chemically reactive and bind to 
proteins

Eg Co-trimoxazole

P-I complex:
Drugs directly interacting with HLA or T cell 
receptors (reversible binding) in a similar 
way to receptor-ligand interaction. 
May account for reaction on first exposure 
to drug
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T cells react with the drug in two different ways. ‘Immunologically’, namely by 
‘recognizing’ a hapten- modified peptide with their T cell receptor (TCR) in the frame 
of MHC molecules. This corresponds to a classical immune response and is highly 
relevant for contact dermatitis, and is due to haptens covalently bound to proteins 
and peptides. Alternatively, T cells may be stimulated ‘pharmacologically’ –  the drug 
itself binds either directly to certain regions of the TCR, which results, together with 
MHC interaction, in a stimulation of this T cell with the particular T cell receptor, or 
the drug may modify MHC peptide complexes directly, making them immunogenic 
for T cells.

Antibody (I–III) and T cell-orchestrated
hypersensitivity reactions (IVa–d)

Type I Type II Type III Type IVa Type IVb Type IVc Type IVd

Immune
reactant

IgE IgG IgG IFN! , TNF"
(TH1 cells)

IL-5, IL-4/IL-13
(TH2 cells)

Perforin/
granzymeB

(CTL)

CXCL-8, IL-17
GM-CSF
(T cells)

Antigen Soluble antigen
Cell- or matrix-

associated
antigen

Soluble antigen

Antigen
presented by
cells or direct 

T cell stimulation

Antigen
presented by
cells or direct 

T cell stimulation

Cell-associated
antigen or direct
T cell stimulation

Soluble antigen
presented by
cells or direct 

T cell stimulation

E#ector Mast cell
activation

FcR+ cells
(phagocytes,

NK cells)

FcR+ cells
complement

Macrophage
activation

Eosinophils T cells Neutrophils

Blood
vessel

Immune complex

T H2

Ag

Platelets IFN-!
T H1

H

IL-4
IL-5

Eotaxin
CTL

PMNCXCL8
GM-CSF

Eosino-
phil

Example of
hypersen- 
sitivity
reaction

Allergic rhinitis,
asthma, systemic

anaphylaxis

Hemolytic
anemia,

thrombocytopenia
(e.g. penicillin)

Tuberculin
reaction,
contact

dermatitis 
(with IVc)

Chronic asthma,
chronic allergic

rhinitis
Maculopapular

exanthema with
eosinophilia

Contact
dermatitis

Maculopapular
and bullous
exanthema

hepatitis

Chemokines,
cytokines,
cytotoxins

Cytokines,
in$ammatory

mediators

Cytokines,
in$ammatory

mediators 

Serum sickness,
Arthus reaction

AGEP
Behçet disease

Fig. 1. Revised Gell and Coombs classification of drug reactions. Drugs can elicit all types of immune 
reactions. The effector function may rely mainly on antibody- mediated effector functions (type I– III) 
or more T cell/cytokine- dependent functions (type IVa– d). AGEP = Acute generalized exanthema-
tous pustulosis; PMN = polymorphonuclear leukocyte; CTL = cytotoxic T lymphocytes; GM- CSF = 
granulocyte- macrophage colony- stimulating factor.

Type IV
• Maculopapular 

exanthema, and 
delayed urticaria most 
common

• SCAR potentially life-
threatening with high 
morbidity/mortality
• SJS/TEN
• DRESS
• AGEP

Hausmann et al 2012



Diagnosis of allergy

• Essentially clinical diagnosis
• Suggestive clinical features + likely trigger

• Anaphylaxis defn:
• “A serious, life-threatening, generalized or systemic 

hypersensitivity reaction” (WAO)

• Serum tryptase clinically useful if considering 
anaphylaxis or severe immediate hypersensitivity
• Consider FBC – neutrophilia common



Tryptase

• Marker of mast cell turnover, or activation
• Most abundant preformed mediator in mast cells

• Present in very small amounts in basophils

• Mast cells contain α and β tryptase:
• α tryptase constitutively released (increased in systemic 

mastocytosis)
• β released with mast cell activation (anaphylaxis)
• Assay measures both α and β, therefore important to take peak 

sample (1-4 hrs after onset of event), and baseline (>24hrs after) 
and compare.

• Persistent elevation with level >20ug/L is minor criteria for 
systemic mastocytosis

Beck et al. Biomarkers in Human Anaphylaxis

FIGURE 1 | Time kinetics of mast cell tryptase (MCT) during an anaphylactic reaction, from a baseline concentration (pre-reaction), MCT is rapidly released from mast

cells and peaks !1–2 h post allergen exposure. T1/2 is !2 h. Concentrations return to base line within 24 h after complete resolution of symptoms and signs

of anaphylaxis.

within the half-life (<2 h) alongside a baseline measurement as
described in the previous section. We validated the international
consensus equation (15, 16) on mast cell activation (peak MCT
>1.2 " baseline tryptase + 2 µg/L) in the context of peri-
operative anaphylaxis and showed a high specificity and PPV for
IgE mediated reactions (17).

An ideal laboratory test should have a high (>95%) specificity
and PPV to confirm the condition, and a high (>95%) sensitivity
and high NPV, to exclude and screen for a condition, respectively.
This is di!cult to achieve and the threshold is usually set
depending on the purpose of performing the test, the clinical
setting and patient population involved. Altering the cut o"
usually has a divergent e"ect on sensitivity and specificity.
Therefore, increasing the cut-o" for an acute MCTmeasurement
or a percentage change in MCT, to enhance specificity will
reduce sensitivity (12–14). Ideally, this should be performed by
the respective laboratories o"ering the test, based on their local
population and the process can be quite onerous and challenging
for conditions such as anaphylaxis, since a large sample size
will be required alongside controls for constructing receiver
operating characteristic (ROC) curves to generate sensitivity,
specificity, PPV and NPV.

PRACTICAL CONSIDERATIONS RELATING
TO MCT REQUESTS IN
CLINICAL PRACTICE

In specialist allergy practice, a diagnosis of anaphylaxis is based
on clinical criteria as defined by the WAO in conjunction with
an acute MCT, preferably with a baseline measurement (1, 2).

A sample for acute MCT should be obtained within the half-
life (!2 h) of tryptase. However, a very early sampling time
(<30min), may potentially generate a false negative result since it
may not coincide with a peak rise.Whilst there is no international
consensus regarding a specific time point within this narrow time
window for obtaining an acute sample, the British guidelines1

recommend 2 sampling times (first as soon as possible and
second with 1–2 h but no later than 4 h after onset of symptoms)
to overcome false negative results. It is conceivable that 2 timed
samples as per British guidelines may be challenging to comply
with in a busy emergency department.

Studies undertaken by our group indicate a better uptake of
national guidelines in the context of peri-operative anaphylaxis
than in the emergency room. A recent UK wide National
Audit Project 6 (NAP6) conducted by The Royal College of
Anesthetists found that three timed samples were requested
in 67% of cases, but only 45% met the BSACI guidelines for
“immediate” sampling (<30min) with 76% complying with
sampling within the first hour (18). It is envisaged that the NAP6
has raised awareness amongst UK anesthetists regarding serial
MCT measurements and accurate documentation of signs and
symptoms in all cases of suspected peri-operative anaphylaxis.

We and others have reported that MCT measurements are
not requested in a significant proportion of patients presenting
to the emergency room with anaphylaxis, with compliance as
low as 31–33% in retrospective studies rising only to 69% in a
prospective study (13, 19, 20). Another challenging variable with
respect to MCT measurement is that patients may not arrive in
the emergency room within 2 h from the onset of the reaction,
particularly in cases where symptoms worsen over a few hours
(13, 21). A prospective study by Korosec et al. of patients with

Frontiers in Immunology | www.frontiersin.org 3 April 2019 | Volume 10 | Article 494

Beck et al, Front 
Immunol 2019



Tryptase

• Serum tryptase level has sensitivity of ~70% and therefore 
normal level does not rule out anaphylaxis
• Most clinically useful change is 20% +2ug/L from the 

baseline level.
• Limited utility for food triggered anaphylaxis

• Basophils in gut have less tryptase
• Sensitive to handling – specimen must be tested 

immediately or frozen down.
• Tryptase testing batched in lab, therefore results may take 

up to a week or more.

• Remember - diagnosis of anaphylaxis is CLINICAL and 
therefore do not rely on tryptase testing.



Other useful investigations

• FBC
• Neutrophilia common in immediate hypersensitivity
• Peripheral eosinophilia in DRESS and some other SCAR

• LFT, UEC
• Abnormalities in DRESS, AGEP

• Laryngoscopy
• Useful acutely in those with less typical symptoms of 

throat swelling

• Histology if rash



Identification of trigger



Testing options

• Immediate hypersensitivity
• Serum specific IgE (RAST)
• Skin testing

• Skin prick / intradermal
• Basophil activation test
• Challenge

• Delayed hypersensitivity
• Skin testing

• Delayed read SPT / IDT
• Patch testing

• Lymphocyte transformation test
• HLA testing
• Challenge



Immediate hypersensitivity



Serum specific IgE testing (sIgE)

• Fluoroenzymeimmunoassay (FEIA)
• Measures Immunoglobulin E targeting specific 

allergens
• Typically peptides

• Only a marker of sensitization, not clinical allergy
• Provides no indication of mast cell reactivity to tested 

allergen
• Common for atopic individuals to have detectable sIgE

to a variety of inhaled allergens regardless of symptoms.
• Critical to interpret in clinical context



Serum specific IgE testing (sIgE)
• Indications:

• Urticaria, angioedema, anaphylaxis with suggestive trigger
• Suspected food allergy
• Immediate drug reaction

• Only limited number of drugs available:
• Penicillins
• Cefaclor
• NMBA
• Latex, chlorhexidine

• Likely allergic asthma or allergic rhinitis:
• Perennial – HDM, Cat, Dog 
• Seasonal – Rye, Bermuda, Tree

• Skin test contraindicated (bad asthma, eczema or antihistamines) or unavailable

• Can do mixes or single allergen – single allergen superior (better sensitivity and provides more 
useful information) especially if considering food allergy

• Native, component and recombinant sIgE available
• May assist in differentiating cross reactive sIgE (e.g. hymenoptera allergy, peanut allergens)
• Useful in tracking development of tolerance to some allergens 



Serum specific IgE testing (sIgE)

• Limitations
• Drug allergy:

• Only a restricted number of drugs available for sIgE in routine 
diagnostic testing
• Penicillin (Pen V, Pen G, amox, amp)
• Cephalosporins (cefaclor only)
• Chlorhexidine
• Latex
• Neuromuscular blocking agents

• Poor sensitivity for drug allergy
• Caution if low positive sIgE and very high total IgE

• ? False positive
• Unclear what level of IgE cut-off should be used for this

• >1000-2000 kU/L



Skin testing
• Skin prick / Intradermal 
• Small amount of allergen introduced in the epidermis (SPT) or superficial dermis 

(IDT) to interact with specific IgE bound to local mast cells
• SPT - Prick skin with small lancet through droplet of allergen solution

• can also do ‘prick-prick’ test for fresh food

• IDT – small amount (0.02-0.05ml) of allergen solution (typically drug) injected 
• Mediators are released leading to a “wheal and flare” reaction
• Low risk

• Caution required:
• Incident reaction severe
• Poorly controlled asthma

• Must be done by skilled operators and interpreted correctly
• Indication:

• SPT: Food, drug, venom, vaccine allergy, 
• IDT: Drug, venom, vaccine allergy

• Sensitivity and specificity are high when done correctly



Skin prick testing

• Correlation of wheal size and RISK of reactivity on 
challenge, but data mainly in children:
• 95% PPV of reaction on challenge:

• Peanut SPT >=8mm or sIgE of 34 kUA/L 
• Egg SPT >=4mm or sIgE of 1.7kUA/L 
• Sesame SPT >=8mm

• Unclear if this holds true in adults

• No correlation with SEVERITY of reaction



Basophil activation test

• Research only
• In vitro assay
• Patient’s PBMC collected, and incubated with 

allergen
• Flow cytometry to determine degree of cellular 

activation
• Time-critical, logistically very difficult to set up in 

routine diagnostic laboratory.
• Requires experience operators
• Can be used for food, inhaled allergens, 



Challenge

• Gold standard for determining allergy
• Graded doses of presumed allergen given at intervals

• Patient observed
• Ideally interval should be slightly longer than incident 

response to allow a reaction to be noted prior to 
administering next dose.
• Highest risk of all investigations for immediate 

hypersensitivity
• Food, drugs most commonly assessed.
• Ideally undertake skin testing prior to challenge if 

possible.



Delayed hypersensitivity testing



Patch Testing

• Contact dermatitis
• Can be performed with a vast array of different 

compounds or series, e.g.True Test
• Compounds mixed with paraffin and applied to the 

skin in a small metal chamber.  
• Site is observed for a reaction on Day 3 and Day 7
• Typically performed by Dermatology
• Sensitivity varies depending on compound, 

indication and time since incident reaction



Lymphocyte transformation test

• In vitro test
• Research only
• Drug hypersensitivity
• Can measure T-cell proliferation, activation or 

cytokine excretion in response to stimulus 
(incubation with suspect drugs)



Challenge

• ?????
• Generally severe reactions are considered absolute 

contraindications.
• May be considered in some drug reactions, 

especially those with absolute need for the 
medication, e.g. TB

• Not a path we typically advised for delayed 
hypersensitivity reactions.



HLA testing

• Certain HLA (MCH) demonstrated to carry greatly increased risk of 
reaction to certain drugs
• SJS/TEN
• DILI
• Exanthema

• Strong relationship with ethnicity
• Typically HLA Class 1 alleles (interact with CD8+ cytotoxic T-cells) 

• Thought to be associated with SCAR development through P-I concept 
interaction, therefore no prior exposure needed)

• HLA-B*57:01 – Abacavir
• HLA-B*57:01 – flucloxacillin DILI
• HLA-B*15:02 – CBZ 
• HLA-B*58:02 – Allopurinol
• Identification doesn’t confirm reaction, only increased risk.



• Thank you

• katherine.nicholls@mh.org.au if any questions!

mailto:katherine.nicholls@mh.org.au

