
Henry Ford Health Henry Ford Health 

Henry Ford Health Scholarly Commons Henry Ford Health Scholarly Commons 

Dermatology Articles Dermatology 

4-1-2022 

Recognizing photoallergy, phototoxicity, and immune-mediated Recognizing photoallergy, phototoxicity, and immune-mediated 

photodermatoses photodermatoses 

Linna L. Guan 
Henry Ford Health, lguan1@hfhs.org 

Henry W. Lim 
Henry Ford Health, hlim1@hfhs.org 

Tasneem F. Mohammad 
Henry Ford Health, TMOHAMM2@hfhs.org 

Follow this and additional works at: https://scholarlycommons.henryford.com/dermatology_articles 

Recommended Citation Recommended Citation 
Guan LL, Lim HW, and Mohammad TF. Recognizing photoallergy, phototoxicity, and immune-mediated 
photodermatoses. J Allergy Clin Immunol 2022; 149(4):1206-1209. 

This Article is brought to you for free and open access by the Dermatology at Henry Ford Health Scholarly 
Commons. It has been accepted for inclusion in Dermatology Articles by an authorized administrator of Henry Ford 
Health Scholarly Commons. 

https://scholarlycommons.henryford.com/
https://scholarlycommons.henryford.com/dermatology_articles
https://scholarlycommons.henryford.com/dermatology
https://scholarlycommons.henryford.com/dermatology_articles?utm_source=scholarlycommons.henryford.com%2Fdermatology_articles%2F674&utm_medium=PDF&utm_campaign=PDFCoverPages


Paradigms and perspectives

Recognizing photoallergy, phototoxicity, and
immune-mediated photodermatoses

Linna L. Guan, MD, MS, Henry W. Lim, MD, and Tasneem F. Mohammad, MD Detroit, Mich

Key words: Photoallergy, phototoxicity, photodermatoses,
photosensitivity

The term photosensitivity broadly refers to the skin’s sensitivity
to sunlight. It often presents as a photodistributed rash, affecting
the forehead, cheeks, nape of the neck, upper chest, upper back,
and extensor arms, with sparing of the nasolabial fold, upper eye-
lids, submentum, and postauricular area.1 Although this definition
and clinical presentation are generally accepted, there is a range of
photodermatoses with different pathophysiologies. To better un-
derstand and treat these photodermatoses, it is important to clas-
sify and define them accordingly. In this article, we review the
mechanisms and etiologies of selected, more commonly encoun-
tered light-mediated skin conditions: phototoxicity, photoallergy,
and immune-mediated photodermatoses.

PHOTOTOXICITY
Phototoxicity occurs when exposure to a phototoxic agent and

light cause direct cellular injury and necrosis to the skin. When
ultraviolet radiation (UVR) comes in contact with a specific
phototoxic agent (classically a drug or its metabolites) cytotoxic
compounds such as reactive oxygen species and other inflamma-
tory mediators are generated, damaging cellular lipids, proteins,
and DNA with associated cell death.2 UVA (UVA) radiation is
most often responsible for triggering phototoxic reactions, but
UV B (UVB) radiation and visible light can also cause phototox-
icity.2 These reactions typically present as an exaggerated
sunburn-like reaction in UVR-exposed areas.2 Biopsy of affected
areas shows keratinocyte necrosis, edema, and lymphocytic and
neutrophilic infiltrates.2

Drug-induced phototoxicity does not require prior sensitization
to the offending drug. Systemic medications are more commonly
implicated than topical medications are. Classically, the resultant
rash develops within minutes to hours after exposure to light.

There can be a dose-response gradient between the amount of
drug consumed and severity of the skin reaction.3 Because anyone
can theoretically be affected, its overall incidence is high when
compared with that of true photoallergic reactions.2,3 However,
the diagnosis of a drug-induced phototoxic dermatitis can be chal-
lenging and is often reliant on previously reported data on the sus-
pected agent. In a systematic review looking at 240 eligible
studies of drug-induced phototoxicity from oral medications,
Kim et al found that most drugs implicated as a phototoxic agent
were supported by very-low-quality or low-quality evidence, us-
ing the Grading of Recommendations, Assessment, Develop-
ment, and Evaluation approach.3 In this systematic review, oral
medications with stronger evidence include vemurafenib, nonste-
roidal anti-inflammatory drugs, and antibiotics (specifically, fluo-
roquinolones and tetracycline). The most frequently reported
drugs were vemurafenib, voriconazole, doxycycline, hydrochlo-
rothiazide, amiodarone, and chlorpromazine.3 It is important to
recognize patients who are taking phototoxic drugs before admin-
istering phototherapy and obtaining a minimal erythemal dose
(MED) when appropriate. In a study of 1125 patients treated
with oral methoxsalen photochemotherapy (psoralen plus ultravi-
olet A therapy) for psoriasis, Stern et al found that patients taking
phototoxic agents did not develop increased delayed erythema
during the initial clearing phase of treatment.4 After the clearing
phase, however, those who were older than 45 years and taking a
phototoxic drug had a 2.3 times greater chance of stopping photo-
therapy than did those not taking a phototoxic drug.4 Similarly, in
a study looking at 880 patients getting narrowband UVB therapy,
Harrop et al found that patients taking phototoxic medications
were more likely to have grade 2 and grade 3 erythema episodes
than were patients not taking such medications.5

Phototoxic reactions can also occur in response to phototoxic
agents that are applied to the skin. Therapeutically, topical
psoralen and aminolevulinic acid are used in dermatology for
their phototoxic properties in conjunction with exposure to UVA
radiation and visible light, respectively, to treat various derma-
tologic conditions. Plants containing furocoumarins (botanical
phototoxic agents) can induce a phototoxicity after topical
exposure, which is known as phytophotodermatitis. Plants from
the families Umbelliferae, Rutaceae, and Moraceae, such as
celery, bergamot orange and lime, and mulberry, respectively, are
known to have high levels of furocoumarins and are known to
cause phytophotodermatitis in combination with UVR therapy.
A thorough history taking can often be invaluable in diagnosing
this condition.1

In patients suspected of phototoxic reactions, phototesting is
the criterion standard for diagnosis, but it is not widely available.
Phototesting is performed by determining the MED by exposing
photoprotected areas to increasing increments of UVA and UVB
radiation. Reading is performed immediately (for diagnosis of
solar urticaria) and at 24 hours. Low MED values at 24 hours
would indicate drug-induced phototoxicity.1 If phototesting is not

From the Photomedicine and Photobiology Unit, Department of Dermatology, Henry

Ford Health Systems, Detroit.

Disclosure of potential conflict of interest: H. W. Lim has served as a coinvestigator for

studies sponsored by Incyte, L’Oreal, Pfizer, PCOI; served as a consultant for Pierre

Fabre, ISDIN, Ferndale, La Roche-Posay, and Beiersdorf; and served as a speaker

on general educational session for La Roche-Posay and Cantabria Labs. T. F. Moham-

mad has served as a subinvestigator for Incyte, Pfizer, Arcutis, Allergan, and Ferndale

Laboratories and served as a consultant for Guidepoint. The remaining author declares

no relevant conflicts of interest.

Received for publication November 30, 2021; revised January 27, 2022; accepted for

publication February 17, 2022.

Corresponding author: Tasneem F. Mohammad, MD, Department of Dermatology, Hen-

ry Ford Medical Center-New Center One, 3031 W Grand Blvd, Suite 800, Detroit, MI

48202. E-mail: tmohamm2@hfhs.org.

J Allergy Clin Immunol 2022;149:1206-9.

0091-6749/$36.00

� 2022 American Academy of Allergy, Asthma & Immunology

https://doi.org/10.1016/j.jaci.2022.02.013

1206

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaci.2022.02.013&domain=pdf
mailto:tmohamm2@hfhs.org
https://doi.org/10.1016/j.jaci.2022.02.013


available, challenge-rechallenge testing, during which resolution
of the cutaneous reaction occurs with withdrawal of the suspected
agent and recurrence occurs with its reintroduction, can be confir-
matory of a phototoxic reaction.

PHOTOALLERGY
Photosensitizers is a term that covers phototoxic agents and

photoallergens. Phototoxic agents (eg, psoralens) induce direct
tissue damage in the presence of the action spectrum. In

FIG 1. Schematic depicting mechanism of photoallergy.

TABLE I. List of common photoallergens by class of medications

Class of medication Systemic agents Topical agents

Antibiotics Dapsone, doxycycline, isoniazid, quinolones, tetracycline Bithionol, chlorhexidine, dibromosalicylanilide, fenticlor,

hexachlorophene, tetrachlorosalicylanilide

Other anti-infective

agents

Efavirenz, griseofulvin Acyclovir, bromochlorosalicylanilide, buclosamide,

thiobischlorophenol

Psychotropic drugs Amitriptyline, chlordiazepoxide, chlorpromazine,

clomipramine, citalopram, flupentixol, fluphenazine,

fluvoxamine, perazine, paroxetine, perphenazine,

sertraline, thioridazine, trifluoperazine

Cardiovascular drugs Amiodarone, captopril, diltiazem, enalapril, fenofibrate,

hydrochlorothiazide, methyldopa, ramipril, quinidine,

simvastatin, valsartan

Chemotherapeutic

agents

Tegafur, vandetanib

NSAIDs Aceclofenac, benzydamine, celecoxib, diclofenac,

ketoprofen, piroxicam, suprofen, tiaprofenic acid

Benzydamine, diclofenac, ketoprofen, piroxicam

UV filters Avobenzone, cinnamates, dibenzoylmethanes, mexenone, ecamsule,

octocrylene, oxybenzone, PABA, salicylates, sulisobenzone

Others Quinine, sulfonamides, sulfonylureas Chlorpromazine, dibucaine, fenofibrate, hydrocortisone,

sulfonamides

Data from Lim et al,1 Bylaite et al,7 Greenspoon et al,8 and Onoue et al.9

NSAID, Nonsteroidal anti-inflammatory drug; PABA, p-aminobenzoic acid.
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contrast, photoallergens undergo activation by UV therapy,
typically UVA therapy, and covalently bond with endogenous
proteins in a process called haptenization.2 Once haptenization
occurs, these photoallergens are subsequently processed by
Langerhans cells in the epidermis, resulting in increased pro-
duction of IL-1b and increased production of TNF-a by
epidermal keratinocytes, promoting the migration of Langer-
hans cells expressing MHC II–photoallergen complexes to the
lymph nodes. In the lymph nodes, these Langerhans cells pre-
sent their MHC II–photoallergen complexes to naive T cells to
produce mature photoallergen-specific memory T cells.2 This
results in the development of a cell-mediated response
following subsequent exposures (Fig 1). The mechanism of pho-
toallergy parallels that of allergic contact dermatitis, but with
the requirement of light-induced activation. Therefore, photoal-
lergy classically presents as an eczematous eruption on photo-
exposed skin. Nonetheless, phototoxicity and photoallergy can

often be clinically difficult to distinguish. Biopsy of the
involved skin demonstrates acute spongiotic dermatitis with su-
perficial perivascular lymphocytic inflammation.2

Given the more selective conditions required to produce a
photoallergic reaction, photoallergy is far less common than
phototoxicity. Because sensitization is necessary, photoal-
lergy does not occur after the first exposure. Subsequent
exposures typically induce a delayed response occurring from
hours to several days after exposure.2 Both topical and sys-
temic agents have been implicated in photoallergy. Topically,
nonsteroidal anti-inflammatory drugs and sunscreens have
been the main causes of photoallergic contact dermatitis
since the 1980s.6 The most common photoallergen in sun-
screens is oxybenzone. Systemically, the implicated classes
of medications include antibiotics, cardiovascular drugs,
nonsteroidal anti-inflammatory drugs, and psychotropic drugs
(Table I).1,7-9

TABLE II. Immune-mediated photodermatoses and additional features
Immune-

mediated

photodermatosis Population affected

Time of onset after

sun exposure Clinical features Histologic features Phototesting Proposed pathophysiology

PMLE/JSE Children and adults;

female predominance

Minutes to hours,

rarely days after

exposure

The most common

photodermatosis, most

commonly presenting in spring

and summer, with

immunologic tolerance

(hardening) as the season

progresses; presents as papules,

plaques, and vesicles in sun-

exposed skin; JSE is a clinical

variant found in children that

predominantly affects the ears

Spongiosis, focal edema, with

occasional vesiculation and

prominent lymphocytic

infiltrate with occasional

eosinophils and neutrophils

Tends to demonstrate

normal MED

Reduced level of

photoimmunosuppression

leading to enhanced

immune response to

neoantigens in the skin

caused by sun exposure,

resulting in a delayed type

IV hypersensitivity

reaction

Hydroa

vacciniforme

Children; male

predominance

Hours to a few days

after exposure

Summer months; discrete

erythematous macules that

evolve into vesicles and

umbilicated papules with crusts

and pits and heals with

varioliform scarring

Intraepidermal multilocular

vesicles with hemorrhage and

inflammation; epidermal

and dermal necrosis and

mononuclear cell infiltrate can

be seen in late lesions

Often demonstrates

decreased MED for

UVA

Pathophysiology is unknown

but thought to be

associated EBV infection

Actinic prurigo Children; with female

predominance,

primarily affecting

indigenous tribes of

North, Central, and

South America

Persistent and

chronic;

exacerbated in

the summer

months

Associated with

HLADRB1*0407; presents

with flat, shiny, and polygonal

papules coalescing into

lichenified plaques on sun-

exposed face and extremities;

associated with cheilitis,

conjunctivitis, and

photophobia; leonine facies

can develop in chronic and

severe disease

Nonspecific; hyperkeratosis,

spongiosis, with significant

perivascular lymphocytic

infiltrate and papillary dermal

edema

May be positive for

UVA or normal

Autoantigens exposed by UV

radiation resulting in

delayed type IV

hypersensitivity reaction

in genetically susceptible

individuals

Solar urticaria Adults; rarely in

children

Within minutes of

sun exposure

Presents as urticarial papules and

plaques that resolve <24 hours

after withdrawal of sun

exposure; can be associated

with angioedema and

constitutional symptoms such

as headache, dizziness, nausea,

and wheezing

Similar to urticaria, with mild

dermal edema with sparse

perivascular infiltrate with

neutrophils, lymphocytes, and

eosinophils

Positive for immediate

urticarial plaques

with UVB, UVA, and

visible light

IgE-mediated, immediate

type I hypersensitivity

reaction to endogenous

photoallergen

CAD Adults aged >50 years;

male predominance;

in United States, it is

more common in

FST types IV and V

Persistent and

chronic with

flaring in

summertime

Can be associated with contact

allergy or photocontact allergy

to Compositae oleoresins

(airborne plant allergen);

presents as confluent

eczematous and lichenified

plaques on sun-exposed scalp,

face, neck, trunk, and

extremities, often with sparing

of skin creases and sun-

protected skin; consider HIV

infection in younger

individuals with CAD

Nonspecific spongiosis and

acanthosis of the epidermis,

with lymphohistiocytic

infiltrate; papillary dermal

fibrosis in chronic cases

Can demonstrate

decreased MED for

UVA, UVB, and/or

visible light

Similar to PMLE, with

reduced level of

photoimmunosuppression

leading to enhanced

immune response to

neoantigens in the skin

caused by sun exposure,

resulting in a delayed type

IV hypersensitivity

reaction

Data from Lim et al1 and Bylaite et al.7

CAD, Chronic actinic dermatitis; FST, Fitzpatrick skin type.
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Photopatch testing can identify patient-specific photoallergens.
On day 1, determination of the MED to UVB and UVA therapy is
performed, and the suspected photoallergens are placed in
duplicate onto a patient’s back, after which the sites are covered.
On day 2, reading of the MEDs is done. On the same day, 1 set of
photoallergens will then be exposed to UVA radiation. The UVA
radiation dose used is 10 J/cm2, or for those with decreased a
MED to UVA radiation, 50% of the MED for UVA. The sites
will then be covered again, and reading is done on day 3.1,2,6

A positive read on nonirradiated skin suggests an allergic contact
dermatitis in response to that specific allergen, whereas a positive
read on irradiated skin together with a negative read on nonirradi-
ated skin suggests a photoallergic process.2 Although photopatch
testing can be an invaluable tool in identifying photoallergens, it
is not widely available and the testing process is not standardized.
In a survey of American Contact Dermatitis Society members,
less than 50% of the 112 respondents performed photopatch
testing.6 Additionally, among those who did perform photopatch
testing, duration of patch placement, determination of the MED
before photopatch testing, use of UV light (dose and UVA vs
UVB), and the specific photopatch series used varied greatly, sug-
gesting a further need for improved guidelines for phototesting.6

IMMUNE-MEDIATED PHOTODERMATOSES
Immune-mediated photodermatoses are a group of disorders

caused by altered skin immunity when the skin is exposed to
sunlight. Clinically, they have diverse presentations but tend to
worsen in the spring or summer owing to the increased intensity of
sunlight.1,7 Immune-mediated photodermatoses include poly-
morphous light eruption (PMLE)/juvenile spring eruption, hy-
droa vacciniforme, actinic prurigo, solar urticaria, and chronic
actinic dermatitis.

These disorders can affect patients of all ages and all skin types,
although age and racial differences can be appreciated in the
distribution of photodermatoses.10 PMLE is the most common
photodermatosis in both adults and children.10 In a large retro-
spective chart review study involving 4 academic institutes, Ha-
mel et al found that PMLE was more common in Black
patients, whereas photoallergic contact dermatitis, phototoxic
drug eruptions, phytophotodermatitis, porphyrias, and solar urti-
caria were more commonly found in White patients.10

To differentiate between various immune-mediated photo-
dermatoses, a thorough patient history, including the age of
onset, seasonality, onset and duration of episodes, and family
history of similar findings, along with a detailed skin examination
and when appropriate, skin biopsies and additional testing, can be

invaluable in determining the diagnosis.1,7 Phototesting by irradi-
ating uninvolved skin with increasing doses of UVA,UVB, and/or
visible monochromatic or broad-spectrum radiation can help di-
agnose chronic actinic dermatitis and solar urticaria, but the re-
sults can often be normal in PMLE.1 Additional information
regarding the features of each individual immune-mediated pho-
todermatosis can be found in Table II.

CONCLUSION
Phototoxicity, photoallergy, and immune-mediated photoder-

matoses can all cause photosensitivity. There is clinical overlap
between these conditions; therefore, a thorough patient history,
family history, and medication list should be obtained, and a
physical examination looking closely at morphology and distri-
bution of skin findings should be performed.1 Phototesting, pho-
topatch testing, and biopsy can also be helpful. Photoprotection
with a broad-spectrum, tinted UV filter with a high sun protection
factor is the mainstay of treatment. In cases of phototoxicity and
photoallergy, removal of exposure to the precipitating agent
should be done if possible. It is important to recognize these dis-
orders, refer the patient for pertinent diagnostic testing, and treat
the disorder appropriately for better patient outcomes.

REFERENCES

1. Lim HW, Hawk JLM, Cheryl F. Photodermatologic disorders. In: Dermatology. 4th

ed. Philadelphia, PA: Elsevier; 2018.

2. Hinton AN, Goldminz AM. Feeling the burn: phototoxicity and photoallergy. Der-

matol Clin 2020;38:165-75.

3. Kim WB, Shelley AJ, Novice K, Joo J, Lim HW, Glassman SJ. Drug-induced

phototoxicity: a systematic review. J Am Acad Dermatol 2018;79:1069-75.

4. Stern RS, Kleinerman RA, Parrish JA, Fitzpatrick TB, Bleich HL. Phototoxic re-

actions to photoactive drugs in patients treated with PUVA. Arch Dermatol

1980;116:1269-71.

5. Harrop G, Dawe RS, Ibbotson S. Are photosensitizing medications associated with

increased risk of important erythemal reactions during ultraviolet B phototherapy?

Br J Dermatol 2018;179:1184-5.

6. Kim T, Taylor JS, Maibach HI, Chen JK, Honari G. Photopatch testing among

members of the American Contact Dermatitis Society. Dermatitis 2020;31:59-67.

7. Bylaite M, Grigaitiene J, Lapinskaite GS. Photodermatoses: classification, evalua-

tion and management. Br J Dermatol 2009;161(suppl 3):61-8.

8. Greenspoon J, Ahluwalia R, Juma N, Rosen CF. Allergic and photoallergic contact

dermatitis: a 10-year experience. Dermatitis 2013;24:29-32.

9. Onoue S, Seto Y, Sato H, Nishida H, Hirota M, Ashikaga T, et al. Chemical photo-

allergy: photobiochemical mechanisms, classification, and risk assessments.

J Dermatol Sci 2017;85:4-11.

10. Hamel R, Mohammad TF, Chahine A, Joselow A, Vick G, Radosta S, et al. Com-

parison of racial distribution of photodermatoses in USA academic dermatology

clinics: a multicenter retrospective analysis of 1080 patients over a 10-year period.

Photodermatol Photoimmunol Photomed 2020;36:233-40.

J ALLERGY CLIN IMMUNOL

VOLUME 149, NUMBER 4

GUAN, LIM, AND MOHAMMAD 1209

http://refhub.elsevier.com/S0091-6749(22)00231-7/sref1
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref1
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref2
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref2
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref3
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref3
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref4
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref4
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref4
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref5
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref5
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref5
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref7
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref7
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref8
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref8
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref9
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref9
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref10
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref10
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref10
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref11
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref11
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref11
http://refhub.elsevier.com/S0091-6749(22)00231-7/sref11

	Recognizing photoallergy, phototoxicity, and immune-mediated photodermatoses
	Recommended Citation

	Recognizing photoallergy, phototoxicity, and immune-mediated photodermatoses
	Phototoxicity
	Photoallergy
	Immune-mediated photodermatoses
	Conclusion
	References


