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Purpose of review

The goal of this article is to provide an updated understanding and evidence-based approach where
possible for antifungal hypersensitivity. This includes recognition of clinical phenotype, implications for
cross-reactivity and diagnostic, and management strategy for immediate and delayed hypersensitivity

reactions.

Recent findings

Antifungal hypersensitivity reactions can be classified according to their latency (immediate or delayed)
and clinical phenotype. The maijority of the cases described in the literature are delayed T-cell mediated
reactions of various severities but immediate reactions consistent with non-lmmunoglobulin E (IgE)-mediated
mast cell activation and IgE-mediated reactions have also been described. Ancillary information such as
skin testing, drug challenge and ex vivo experimental approaches can aid causality assessments and
inform antifungal class cross-reactivity, which help optimize antifungal prescribing and stewardship.

Summary

This review will update the clinician on mechanisms of drug hypersensitivity as well as providing a
structured approach to the recognition, diagnosis and management of antifungal hypersensitivity reaction.
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INTRODUCTION

Antifungals are increasingly prescribed antimicro-
bials for invasive fungal infections (IFD) especially
for the expanding immunosuppressed population
in both a hospital and a community setting [1,2].
The increase in novel immunosuppressive thera-
pies has seen a concurrent rise in the incidence of
IFD requiring antifungal therapy and subsequent
occurrence and recognition of immune and non-
immune mediated adverse events [2,3"]. Due to a
limited pipeline of new antifungal therapies, in the
case of a hypersensitivity reaction, ascertaining
causality and which class or nonclass related drugs
should be employed is imperative. This clinical
decision is often undertaken by a specialized infec-
tious disease physician or an allergy immunologist
to determine cross-reactivity patterns and manage-
ment options. The literature on antifungal hyper-
sensitivity reactions is limited and there is a need
to provide expert practical guidelines for clinicians
on the updated diagnostic and management for
these reactions.
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OVERVIEW OF ANTIFUNGAL
HYPERSENSITIVITY REACTIONS

The World Health Organization (WHO) has under-
lined the significant rise in drug-resistant antifungal
infections that leads to treatment failure, increased
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KEY POINTS

e Antifungal hypersensitivity reactions can be classified
according to their latency and their clinical phenotype,
including the immediate reactions, consistent with non-
IgE-mediated mast cell activation and IgE-mediated
reactions, and the delayed T-cell mediated reactions.

From the published literature on antifungals, we suggest
an intra-dermal range of 1/1,000 to 1/10 of the
infravenous drug formulation, but further studies
assessing the maximal nonirritating concentration

are required.

For the most severe cases of delayed drug
hypersensitivity reactions such as the Steven—Johnson
Syndrome and toxic epidermal necrolysis, we
recommend using patch test concentrations of 5% and/
or 10%.

As evidence is scarce regarding the sensitivity and
specificity of skin testing, if the assessment is
nonconclusive or negative, depending on the severity
of the initial reaction (e.g. anaphylaxis or Steven—
Johnson Syndrome and toxic epidermal necrolysis), we
recommend avoidance of the initial culprit antifungal
and its corresponding antifungal class.

For anaphylaxis and severe delayed cutaneous adverse
reactions to the azole family, this whole antifungal class
should be avoided as well as all the imidazole drugs
such as the antiprotozoal drugs (metronidazole),
antihistamines (cimetidine), PPl (lansoprazole,
omeprazole, esomeprazole), antiplatelet (ticagrelor)
and antihelminthic agents (albendazole, mebendazole).

When the criteria for desensitization are met, we
advise using an initial dose that represents
approximately 1/10,000 of the final dose and to
double the doses at each increment or step.

healthcare consumption and costs [4,5%] as well as
the need for local and international antifungal
stewardship programs [6]. Antifungals have wide-
ranging pharmacological properties that have an
impact on dosing, routes of metabolism and drug
interactions [7]. There are currently 6 primary clas-
ses of antifungals FDA approved and/or in wide-
spread clinical use: the azoles (e.g. fluconazole,
itraconazole, posaconazole, voriconazole, tiocona-
zole), the polyene antimycotic macrolides (e.g.
amphotericin B, nystatin), the echinocandins
(e.g. caspofungin, micafungin and anidulafungin),
the allylamines (e.g. terbinafine), the cytoskeleton
agents (e.g. griseofulvin) and the antimetabolites
(e.g. flucytosine).

In accordance with the published literature,
an immediate reaction will be defined in this
review as a reported reaction within 6 h after drug
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administration with less than 1 h being more con-
sistent with an Immunoglobulin E (IgE)-mediated
reaction or other immediate reaction such as an
infusion reaction. The principal immediate reac-
tions are IgE-mediated reactions such as anaphylaxis
and other less severe phenotypes include urticaria,
pruritus, flushing, erythema and angioedema. Non-
IgE-mediated infusion reactions can also occur and
are associated with hives at the site of the intrave-
nous infusion or flushing, generalized hives and
erythema that respond to slowing the infusion
and/or preinfusion administration of antihist-
amines. The delayed reactions are suspected after
a 6-h period and will be classified as Steven-Johnson
Syndrome and toxic epidermal necrolysis (SJS/TEN),
symmetrical drug-related intertriginous and flexural
exanthema (SDRIFE), fixed drug eruption (FDE),
maculopapular exanthema (MPE), acute generalized
exanthematous pustulosis (AGEP) and drug rash
with eosinophilia and systemic symptoms (DRESS).
Isolated organ toxicity and hypersensitivity reac-
tions can also occur with the most common being
drug-induced liver injury (DILI).

As with other drug classes, the cross-reactivity
patterns for antifungals relevant for immediate reac-
tions may not be the same as for delayed reactions.
As epitopes can be shared by the different azoles,
IgE-mediated reactions seem to show cross-reactiv-
ity patterns, whereas the specific antigen recogni-
tion by the toll-like receptors or other mechanisms
in type IV delayed reactions is likely drug specific
and ill defined [8™]. There is currently no clinically
reported evidence of cross-reactivity between the
different antifungal classes.

Azoles

The most common adverse drug reactions (ADR) to
the azole drug class are hepatotoxicity, skin erup-
tions and gastrointestinal symptoms [9]. Primarily
adverse events to azoles described are pharmacolog-
ically predicted and not immune-mediated. Each
individual azole carries a distinctive nonimmune
mediated side-effect profile — voriconazole (e.g. neu-
rotoxicity), fluconazole (e.g. alopecia), itraconazole
(e.g. gastrointestinal intolerance) and hypersensitiv-
ity to azoles is not well described. The azole class can
be divided in triazoles such as fluconazole, itraco-
nazole, voriconazole, posaconazole, and imidazoles,
including clotrimazole, ketoconazole, miconazole
and tioconazole.

Immune-mediated immediate reactions

Severe immediate reactions to voriconazole were
not seen with first usage of voriconazole, and urti-
caria was only reported in 13% of the cases in a large
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French series [10]. However, since this publication,
anaphylaxis (acute wheezing, facial swelling, and
pruritic urticarial rash over the trunk) was described
in an immunosuppressed (pre B-cell acute lympho-
blastic leukemia) 13-year old patient [11]. Immedi-
ate reactions to other azole drugs have also been
infrequently reported in the literature following
administration of ketoconazole [12,13], fluconazole
[14,15] and itraconazole [16]. Possible cross-reactiv-
ity patterns have been described between some of
the azoles such as immediate reactions to flucona-
zole and itraconazole [17] and ketoconazole and
miconazole [12].

Immune-mediated delayed reactions

Various nonsevere, self-controlled mild isolated
cutaneous reactions have also been described with
oral antifungals such as itraconazole [18] and flu-
conazole [19-21]. Contact dermatitis has also been
described following tioconazole solution applica-
tion [22-34] and topical miconazole [35].

Among the antifungals, fluconazole appears to
be the most common cause of FDE with approxi-
mately 30 cases reported with most being single or a
few lesions. Rarely fluconazole has been associated
with the more severe phenotype - generalized bul-
lous FDE [36,37]. Classified in the spectrum of non-
severe delayed reactions, besides diagnostic testing
with patch testing (PT) that will be discussed below,
few articles have offered other management
approaches. AGEP was also described following flu-
conazole [38,39] and itraconazole administration
[40-42]. Severe reactions have been reported with
azole drugs such as SJS and TEN following adminis-
tration of fluconazole [43,44,45%,46—49]. In these
reported cases, the patients have not received any
other medications and, for the majority, they had
no history of autoimmune, neoplastic or infectious
conditions. Indeed, when using the algorithm of
drug causality for epidermal necrolysis (ALDEN),
fluconazole was probably associated with SJS [50]
however, given the limited number of reported
cases, has not been a primary focus of severe cuta-
neous adverse reaction (SCAR) research [51]. These
severe delayed reactions occurred from several hours
to 1week following drug administration. Even if
various case reports have been described in the
literature, the management or cross-reactivity pat-
terns for these cases are not detailed.

Case reports describing nonsevere hypersensi-
tivity reactions show a possible absence of cross-
reactivity among some of the antifungal medica-
tions e.g. tolerance of itraconazole in a delayed-type
fluconazole reported reaction [19,21] but also toler-
ance of voriconazole in a delayed-type fluconazole
and itraconazole reaction [52]. However, caution
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should be used when reading the various case
reports as one could argue that these patients were
not challenged with another azole drug but were in
fact desensitized using various protocols [20] -
please refer to the subsection on ‘Drug Provocation
and Cross-Reactivity Patterns’. Also, studies have
suggested that there is a cross-reactivity between
topical tioconazole and other imidazoles [26,33,
34,53,54] as well as between topical tioconazole
and isoconazole [28]. Cross-reactivity has also been
reported between miconazole and other agents from
the imidazole family [35].

Polyene antimycotic macrolides

Although many polyene macrolide antibiotics have
been produced, two major agents with antifungal
properties are commonly used in a clinical setting:
amphotericin B and nystatin. Side effect reported
following amphotericin B use include fever, rigors,
headache, nausea, emesis, bronchospasm, nephro-
toxicity, phlebitis, hypokalemia, anemia, abnormal
renal function, and renal tubular acidosis [55].
Some of these adverse reactions are associated with
an infusion-related reaction but the differential
diagnosis of anaphylaxis needs to be considered,
as reported in the literature [56-58] — Table 1.
IgE-mediated reactions are rarely associated with
amphotericin B [59]. Liposomal formulations of
amphotericin B have been associated with comple-
ment activation-related pseudoallergy (CARPA)
[60]. CARPA can present very similarly to [gE-medi-
ated anaphylaxis however it is often present on the
first exposure, may become milder on subsequent
infusions and may resolve spontaneously.

As for the delayed reactions following the
administration of polyene antimycotic macrolides,
rare cases of severe cutaneous ADRs such as DRESS
have been described following liposomal amphoter-
icin B and cases of AGEP following the administra-
tion of nystatin have been reported [61,62]. Mild
and short-lived elevations in liver enzymes occur in
up to 20% of patients on amphotericin B however
clinically significant liver failure is rare and most
likely has a toxic rather than a primary hypersensi-
tive mechanism.

Echinocandins

In the clinical setting, 3 semi-synthetic echinocandin
derivatives with similar mechanisms of action and
spectrum of activity have been developed: caspofun-
gin, micafungin, and anidulafungin. Common reac-
tions to the echinocandin drug class include
transaminitis, electrolyte imbalances, hematologic
effects, cardiac toxicity and fever [63] but beyond a
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Antifungal hypersensitivity reactions Copaescu et al.

handful of case reports, hypersensitivity to these
agents is not well described in the literature.

Infusion-related reactions have been reported
as well as possible anaphylaxis cases [11,64]. Infu-
sion reactions may be more prevalent with caspo-
fungin than the other echinocandins. Caspofungin
has shown to significantly increase histamine con-
centration in whole blood and inhibit histamine N-
methyltransferase activity [65]. According to the
current literature available, there seems to be an
evidence of cross-reactivity between micafungin
and caspofungin, confirmed with intradermal skin
testing [64].

Delayed immune-mediated reactions are
scarcely described with no evidence of delayed mild
isolated skin reactions but there have been some
reported cases of TEN secondary to caspofungin [66].

Allylamines

The allylamine antifungal class is composed of 2
antifungal agents - terbinafine, available in topical
and pill form and naftifine, available topically and
intravenously in some countries. The most common
hypersensitivity reaction is AGEP secondary to ter-
binafine with several reports in the literature [67-
72]. Unlike AGEP associated with antibiotics, terbi-
nafine has a long latency period up to 2 weeks versus
a 24-48 h for aminopenicillin associated AGEP. Ter-
binafine has also been associated with DILI. The
pattern of injury is often a mixed or cholestatic
pattern, presents within the first 6 weeks of therapy,
and leads to discontinuation of therapy in 0.31%.
Despite consistent case descriptions, allergy inves-
tigations and management are scarcely described —
please see ‘Skin Testing’ section below. In keeping
with the acute hepatotoxicity associated with terbi-
nafine being immunologically mediated, terbina-
fine DILI has been associated with HLA-A%33:01
and European patients and potentially HLA-
Ax33:03 in East Asian patients [73].

Cytoskeleton agents

The main agent described in this family of antifun-
gal agents is the griseofulvin. Although elevation in
transaminases can occur in up to 5% of patients,
clinically apparent liver toxicity is infrequent. Hepa-
totoxicity is a frequent adverse reaction and the
immune-mediated reactions reported secondary to
the administration of this drug are rarely reported in
the literature. For example, a case of AGEP following
griseofulvin administration was described in a case
series [74], two cases of DRESS were associated with
the use of this agent [75,76], one case of §JS and two
cases of TEN [77,78].

0951-7375 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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Antimetabolites

The main agent in this family is flucytosine. Ana-
phylaxis has been described in association with this
agent [79] however the clinical case description
could also correspond to a delayed type reaction.

MANAGEMENT OF IMMUNE-MEDIATED
REACTIONS

The management of these hypersensitivity reactions
to antifungals is based on case reports (Table 1) and
clinicians do not have clear suggested management
strategies. In our algorithm, we offer a phenotype-
specific clinical approach to causality investigations
and management (Fig. 1).

Skin testing

For the assessment of immune-mediated hypersensi-
tivity reactions, the same systematic allergy investi-
gations should be performed as suggested by
internationally recognized societies [80,81]. Skin
prick testing (SPT) and intradermal testing (IDT)
are performed on the volar aspect of the forearm
with, respectively, one drop and 0.02-0.05mL of
antibiotic reagent or normal 0.9% serum saline (neg-
ative control) [80,82]. The positive control normally
used is a SPT with histamine [83]. A positive SPT is
determined in comparison with the positive control
and/or equal or greater than a 3 mm wheal. An IDT
result is considered positive when the dermal indu-
ration and erythema at the injection site exceeded
Smm from baseline [80,84]. In terms of drug con-
centrations, expert consensus advises the use of the
highest nonirritating concentration described for
immediate reactions [85]. The dilutions are per-
formed with sterile intravenous drug formulation.

Depending on the severity of the immune-medi-
ated reaction, careful skin testing should be per-
formed initially with SPT, for anaphylaxis at a 1/10
concentration followed by 1/1, if negative. If skin
prick is negative, low concentration should be used
for IDT such as 1/1,000, followed by 1/100 if negative
and, finally, 1/10 (Fig. 1). For immediate reactions
other than anaphylaxis, pure concentration SPT can
be performed as an initial testing followed by a 2-step
IDT at 1/100 and 1/10 concentrations, if negative.
Positive skin testing was described with fluconazole
using 2 mg/ml for SPT and 0.2 mg/ml and 0.02 mg/ml
for IDT [86]. To be noted that this positive IDT testing
was performed using a dissolved tablet and the test
was negative in a nonallergic control patient. IDT for
fluconazole was also performed using a parenteral
10mg/ml and a positive IDT was noted for the undi-
luted concentration with a confirmation by a positive
oral challenge (OC) [21].

www.co-infectiousdiseases.com 9
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Hypersensitivity reactions associated with Antifungal Agents

Allylamine: Cytoskeleton
Agent:

griseofulvin (IV)

Antimetabolite:
flucytosine (PO)

terbinafine (PO),
naftifine (IV)

A

Polyene . ..
mid lAZDI"iS . . antimycotic CaESCh(:Ifll?rfa::]derl“/)
- imidazoles (clotrimazole, macrolides: 'Pf 8! )
ketoconazole (PO), amphoteicin B micafungin (IYI)\’/)
miconazole), 1V), nystatin (PO - B
- triazoles (fluconazole (IV, V), ny: (PO)
PO), itraconazole (PO), |
voriconazole (IV, PO),
posaconazole (IV, PO),
isavuconazole (IV, PO)
[ Immediate type reaction* ] <——>[ Delayed type reaction ] [

Delayed type reaction ]

Skin testing (SPT and IDT) can be considered for IV drug formulations only

D W I O ..

SPT 1:10 (1:100)

If negative

IDT 1:1,000 if SJS/TEN - PT (5%, 10%) only

If negative if non-SJS/TEN*** - PT, SPT 1:10, IDT 1:100
IDT 1:100 and IDT 1:10

If negative (Reading after 48-72 hours)
IDT 1:10

If POSITIVE, avoid initial culprit antifungal and consider challenge with alternative same

class antifungal (confirmed by negative skin testing),

1If NEGATIVE, avoid ALL anti-fungal drugs from the same class.

. Other immediate
[ Anaphylaxis type reaction** ] [ SJS/TEN Non-SJS/TEN***
SPT1:10
If negative
SPT1:1 SPT1:1 PT (FDE)
If negative If negative SPT1:1
IDT 1:1,000 IDT 1:100 PT (5%, 10%) IDT 1:100
If negative If negative only and IDT 1:10
IDT 1:100 IDT 1:10 (Reading after
If negative 48-72hours)
IDT 1:10
- e | l l
: Desensitization :
........ 1I

If POSITIVE, avoid implicated azole drug.
If anaphylaxis and SJS/TEN, avoid ALL azoles (including imidazole drugs #).
If non-anaphylaxis immediate type reaction, consider challenge to alternatives
azoles from the same class ONLY if skin testing negative.
If non-SJS/TEN reaction, consider challenge to alternatives azoles from a different
azole class ONLY if skin testing negative.

If NEGATIVE, depending on the severity of the initial reaction, avoid initial culprit
antifungal, immediate class (e.g. triazole or imidazole) and all azoles (for
anaphylaxis and SJS/TEN reactions).

FIGURE 1. Management of hypersensitivity reactions

associated with antifungal agents. AGEP, acute generalized

exanthematous pustulosis; DRESS, drug rash with eosinophilia and systemic symptoms; FDE, fixed drug eruption; IDT,
intradermal testing; MPE, maculopapular exanthema; PT, patch testing; SDRIFE, symmetrical drug-related intertriginous and
flexural exanthema; SJS, Steven—Johnson syndrome; SPT, skin prick testing; TEN, toxic epidermal necrolysis. * Immediate
reaction is defined as a reported reaction within 1 h after drug administration. ** The other immediate type reactions include
urticaria, pruritus, flushing, erythema and angioedema. *** The non-SJS/TEN category includes FDE, MPE, AGEP, DRESS,
SDRIFE. # Besides the antifungal imidazoles/triazoles, other imidazole-based drugs are the antiprotozoal drugs
(metronidazole), antihistamines (cimetidine), PPl (lansoprazole, omeprazole, esomeprazole), antiplatelet (ticagrelor) and

antihelmintic agents (albendazole, mebendazole).

Positive skin testing was also described with
voriconazole using 5mg/ml in a pediatric anaphy-
laxis case [11]. Positive IDT was also described (1 cm
induration and 4.5 cm erythema) for caspofungin at
the 0.05 mg/ml concentration in a patient that pre-
sented anaphylaxis following micafungin infusion
[64]. Delayed positive SPT with undiluted concen-
trations was described in 3 cases of nystatin associ-
ated AGEP [61]. Finally, in a case of generalized
pruritus, red macules and wheals following the 3™
dose of griseofulvin, the 1:10 IDT was positive 10 min
after the procedure — 1.5cm measured wheal with
pseudopodia [87]. There are no publications concern-
ing the maximal nonirritating concentrations of

10 www.co-infectiousdiseases.com

these products and, for the majority of the cases,
no controls were tested.

The clinicians are advised to discuss with their
local pharmacist the composition, the solubility, the
absorption and the irritation/toxic potential of the
antifungal used for intra-dermal testing. As the major-
ity of the intravenous antifungals have not been
previously used in comprehensive studies describing
the adequate concentrations to be administered, it is
prudent to use tolerant controls or healthy controls
to eliminate false positive results. A recommended
IDT range from the published literature is 1/1,000
to 1/10 but further studies assessing the maximal
nonirritating concentration are required.
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Patch testing

For severe delayed immune-mediated reactions such
as SJS/TEN, skin testing should be delayed to
6 months after the resolution of the skin reaction
[88] and PT is the investigation that carries the
lowest risk of disease re-activation. For non SJS/
TEN reactions, negative PT can be followed by
intra-dermal testing at 1/100 with delayed reading
after 48-72h and at 1/10 concentration if negative.

PT concentrations usually employed vary from
1% to 30% depending on the drug used and whether
it is the trade product of the drug or reagent grade
product that has been sourced [89]. The individual
properties of the drug in relation to water solubility
are also important. Specifically, for fluconazole, PT
with 10% concentrations was positive in 3 cases of
FDE [90-92] - concentration indicated in 2/3 cases
[36]. Miconazole contact dermatitis was confirmed
by positive PT in one case [35].

Positive PT was described for tioconazole 1%
and 28% in a case of contact dermatitis [22,24-
26,28-34,53,54]. Tioconazole along with undecy-
lenic acid can be found in some antifungal nail
solution and positive PT to undecylenic acid 1%,
2% and 4% have been reported [93].

For AGEP associated with itraconazole, PT was
performed in one patient with a false negative result
as the patient was subsequently challenged and
presented pustule formation 2h after one dose of
33.3mg of oral itraconazole [41]. Another report of
negative PT using a 100 mg itraconazole capsule was
also described in the literature [42].

When nystatin was considered the culprit agent
in AGEP cases, positive PT was described with undi-
luted nystatin preparation in 4 cases and in 1 case
with nystatin 10% in petrolatum [61,62]. In one of
these studies, the authors indicated that they had
performed nystatin undiluted PT in 13 consecutive
controls [61]. For terbinafine-related AGEP, PT con-
centrations described with terbinafine tablets
(250mg) and 1% cream showed negative results
[70,72] and for the only positive PT, the patch
concentration was not specified [69]. Considering
the current lack in the literature, the recommenda-
tion is to use PT concentrations of 5% and/or 10%
for the most severe cases (Fig. 1) [8"].

Ex vivo testing

Lymphocyte transformation test (LTT), an ex vivo
diagnostic method for delayed hypersensitivity
reactions that measures the average proliferation
of drug-exposed blood cultures based on the prolif-
eration of negative control cultures and using a
radioactive thymidine (H-thymidine) uptake [89],
was used for 2 cases terbinafine-related AGEP [70]

0951-7375 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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with only one confirmed positive test [70]. Similar,
dose-dependent T-cell proliferative response was
demonstrated in a case of AGEP associated with
itraconazole when compared to 5 healthy subjects
[42]. Since LTT can be associated with false positive
and negative results it is important for there to be
external validation.

Drug provocation and cross-reactivity
patterns

Drug challenge or provocation is the gold standard
for drug allergy assessment. This includes OC as well
as intravenous challenges depending on the avail-
ability of the antifungal agent. Negative skin testing
should be followed by a drug challenge to validate
results. In the outpatient clinic setting, this is typi-
cally an OC. In a case of ketoconazole generalized
urticaria and angioedema, hypersensitivity was con-
firmed with an OC following negative skin testing
[13].

If the pretest probability and clinical require-
ments are high, skin testing should be performed to
the implicated antifungal and any potentially cross-
reactive drugs. If the skin testing is positive in the
setting of a systemic reaction, this warrants avoid-
ance of the implicated and cross-reactive drugs. In
non-severe immediate and delayed type reactions
to azoles, we recommend challenge to alternative
azoles previously negative on skin testing. If anaphy-
laxis was the reported initial reaction and the benefit
of treatment is high, desensitization should be con-
sidered. If SJS/TEN were the initial reported reactions,
the whole antifungal class should be avoided and,
for the reactions to azoles, all the imidazole drugs.
Besides the antifungal imidazoles/triazoles, other
imidazole-based drugs are the antiprotozoal drugs
(metronidazole), antihistamines (cimetidine), Pro-
ton pump inhibitors (PPI) (lansoprazole, omepra-
zole, esomeprazole), antiplatelet (ticagrelor) and
antihelminthic agents (albendazole, mebendazole)
[94]. As evidence is scarce regarding the sensitivity
and specificity of skin testing, if the assessment is
nonconclusive or negative, depending on the sever-
ity of the initial reaction, we recommend avoidance
of the initial culprit antifungal and the antifungal
class and, for anaphylaxis and SJS/TEN and other
severe cutaneous reactions to azoles, all the imidaz-
ole drugs, as discussed.

Desensitization

When substitution with alternative antifungal
medications is not an option and the initial
reported reaction is an immediate reaction (other
than an infusion reaction) or a delayed reaction

www.co-infectiousdiseases.com 11
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limited to mild-moderate rash alone (i.e. not sys-
temic reaction or organ involvement) successful
desensitization has been described with various
agents such as azole — oral itraconazole [18], oral
fluconazole [15,17,19,86], oral voriconazole [95],
intravenous voriconazole [11] and polyene antimy-
cotic macrolides — intravenous liposomal ampho-
tericin B [56-58].

There is currently no consensus in the literature
regarding a recommended desensitization protocol
for antifungals. As immediate reactions to flucona-
zole are more frequently reported, one suggested
protocol consists of 13-steps increasing oral doses,
from 0.02mg - 1% of the total dose [86]. A similar
intravenous protocol was described for micafungin
immediate reaction in a pediatric case and described
12-steps from 0.003 mg for a total cumulative dose
of 150mg [96]. To our knowledge, there are no
published protocols for the fluconazole intravenous
formulation. The other protocols published
(Table 1) were all considered safe and successful
and our recommendation would be to follow the
recent desensitization guidelines in the ‘Practical
Guidance for the Evaluation and Management of
Drug Hypersensitivity’ that indicate that an initial
dose should represent approximately 1/10,000 of
the final dose and that doses should double at each
increment or step [8*].

For the delayed nonsevere reactions, the dura-
tion of the desensitization varies from 1-day proto-
cols [18,86] to multiple days protocols (up to
15days) [17,19]. In this prolonged desensitization
protocol, the initial dose of less than 1/1,000 mg was
doubled daily and despite a mild cutaneous reac-
tion, the fluconazole daily treatment was continued
successfully for a 4 months period [19]. The use of a
desensitization protocol for delayed hypersensitiv-
ity reactions is a debatable approach and besides
published successful cases where the allergy status
might not be assessed prior desensitization, there are
no global recommandations.

CONCLUSION

Antifungal drugs are infrequently associated with
drug hypersensitivity reactions. Although mild
immediate reactions or mild to moderate delayed
rash may not be a contraindication to future drug
challenge, severe cutaneous reactions such as SJS/
TEN, DRESS, AGEP, SDRIFE, multifocal bullous FDE
and DILI have been described. Although experience
with in vivo and ex vivo diagnosis is limited, skin and
PT and laboratory assays have been employed with
some success to aid in diagnosis and causality assess-
ment. Although there is no inter-class cross-reactiv-
ity for antifungals, the presence of potential cross-

12 www.co-infectiousdiseases.com

reactivity within class members such as the azoles is
a possibility and, in the setting of SCAR, it is prudent
to avoid the entire class. Currently, this remains an
area reliant on expert opinion rather than a strong
evidence base. Larger retrospective cohorts and pro-
spective data will help clarify mechanisms and man-
agement of antifungal hypersensitivity.
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