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Summary Background. Photopatch tests are used to diagnose photoallergic contact dermatitis
and identify the causal agents. The frequencies of positive results and associated allergens
vary by country; therefore, it is necessary to know the information specific to each
country.
Objective. To establish the frequency of positive photopatch test results, and their rele-
vance, in patients with suspected photoallergic contact dermatitis in a national derma-
tology centre located in Bogota, Colombia.
Materials and methods. One hundred patients investigated for possible photoallergic
contact dermatitis were enrolled in the study. They were photopatch tested with a selected
group of allergens, and occluded for 48 hours; the duplicate right-hand panel was irradi-
ated with 5 J/cm2 ultraviolet (UV)A. The readings were performed on D2, D4, and D6, in
accordance with the guidelines of the ICDRG, and the relevance was evaluated with the
COADEX system.
Results. There were a total of 20 photopatch reactions in 15 patients, 95% of which
were caused by UV filters, most frequently benzophenone-3 (55%). Eight of the positive
reactions (53.3%) appeared on D6.
Conclusions. UV filters continue to be the most common causes of photoallergic contact
dermatitis in our patients. Readings up to D6 (96 hr after irradiation) are important to
identify delayed positive reactions.

Key words: allergen; allergic contact dermatitis; photoallergic contact dermatitis;
photopatch test.

Photoallergic contact dermatitis is an eczematous erup-
tion on sun-exposed skin that occurs as a result of a
type IV delayed hypersensitivity reaction when an exoge-
nous photoallergen applied on the skin is exposed to
the appropriate radiation, usually ultraviolet (UV)A
radiation (1–3). Photopatch testing is the tool used for
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diagnosing photoallergic contact dermatitis and identify-
ing the causal agents (2, 4, 5).

Photopatch testing methodology varies between differ-
ent centres and countries, although several attempts have
been made to achieve standardization (3, 6–8). The con-
sensus on standardization reached in Europe in 2004 (9)
resulted in a protocol for photopatch testing that is cur-
rently used worldwide. However, several controversies still
exist, mainly regarding allergen occlusion time (24 versus
48 hr) (10) and the need to perform the readings not only
at 2 days but also at 4 days after irradiation (11).

The photopatch test allergens vary according to the
chemical composition of the products available to the
public. Therefore, the allergens tested must be updated
periodically (2, 12, 13). In 2012, a series of allergens
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Table 1. Allergens used for photopatch testing

Allergen Concentration (%) in petrolatum CAS no.

Butyl methoxydibenzoylmethane 10 70356-09-1
4-Methylbenzylidene camphor 10 36861-47-9/38102-62-4
Ethylhexyl dimethyl PABA 10 21245-02-3
Benzophenone-3 10 131-57-7
Ethylhexyl methoxycinnamate 10 5466-77-3
Benzophenone-10 10 1641-17-4
Phenylbenzimidazole sulfonic acid 10 27503-81-7
Benzophenone-4 2 4065-45-6
Octocrylene 10 6197-30-4
Ethylhexyl salicylate 5 118-60-5
Ethylhexyl triazone 10 88122-99-0
Isoamyl-p-methoxycinnamate 10 71617-10-2
bis-Ethylhexyloxyphenol methoxyphenyl triazine 10 187393-00-6
Methylene bis-benzotriazolyl tetramethylbutylphenol (Tinosorb® M) 10 103597-45-1
Sesquiterpene lactone mixa 0.1 –
Triclosan 2 3380-34-5
Fragrance mix Ib 8 –
3,4′,5-Tribromosalicylanilide 10 87-10-5
Ketoprofen 1 22071-15-14
4-tert-Butyl-3-methoxy-2,6-dinitrotoluene (musk ambrette) 5 83-66-9

aSesquiterpene lactone mix: alantolactone 0.033% (CAS no. 546-43-0); dehydrocostus lactone 0.033% (CAS no. 477-43-0); and costunolide
0.033% (CAS no. 553-21-9).
bFragrance mix I: cinnamyl alcohol 1% (CAS no. 104-54-1); cinnamal 1% (CAS no. 104-55-2); hydroxycitronellal 1% (CAS no. 107-75-5);
amyl cinnamal 1% (CAS no. 122-40-7); geraniol 1% (CAS no. 106-24-1); eugenol 1% (CAS no. 97-53-0); isoeugenol 1% (CAS no. 97-54-1);
and Evernia prunastri extract 1% (CAS no. 90028-68-5).

were recommended for photopatch tests in Europe, which
excluded several substances that are no longer in use
or considered to be relevant to the European population
(14); however these allergens could be in use in other
countries.

Between 2001 and 2003, we conducted a study aimed
at identifying the allergens responsible for photoaller-
gic contact dermatitis in our population. We identified
benzophenone-3 as the main cause of photoallergic
contact dermatitis (15). Some photoallergens, such as
musk ambrette and halogenated salicylanilides, were
not included in the previous study, and new products
with photosensitizing potential have been introduced
to the market over time; this study evaluated the ability
of a newly adapted photopatch test series to identify
the causal agents of photoallergic contact dermatitis in
suspected cases in our population.

Patients and Methods

A prospective, descriptive, cross-sectional study was con-
ducted with 112 consecutive patients who visited the
Centro Dermatologico Federico Lleras Acosta (Colombian
National Institute of Dermatology) between June 2011
and June 2013. The inclusion criteria were as follows:
dermatitis affecting mainly light-exposed skin, a history
of a sunscreen skin reaction, or a topical non-steroidal

anti-inflammatory drug (NSAID) skin reaction. Patients
with a clinical diagnosis of porphyria, solar urticaria or
systemic lupus erythematosus were excluded from the
testing procedure, as were pregnant woman (identified
by clinical history), and patients who received systemic
steroid treatments or immunosuppressive drugs in the
month before the test or who applied topical steroids on
their backs in the 8 days prior to the test. One hundred
patients agreed to participate in the study, and all of them
signed an informed consent form.

The average age of the participants was 49 years
(13–88 years), with a standard deviation of 16.5 years;
63 patients were women and 37 were men. Eighty
patients had a history of exposed-site dermatitis, and 20
had a history of sunscreen skin reaction; none reported
allergy to NSAIDs.

Photopatch tests were performed on this group of
patients, with the allergens shown in Table 1. Although
fragrance mix I and sesquiterpene lactone mix are com-
mon contact allergens, we included them in the series
because these substances can cause airborne contact
dermatitis and simulate photoallergic contact dermati-
tis. The allergens were obtained from Chemotechnique
Diagnostics (Vellinge, Sweden), except for musk ambrette,
which was provided by Brial Allergen GmbH (Greven,
Germany).
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Photopatch tests were performed according to the
European consensus methodology (9). On D0, the aller-
gens were applied in duplicate to healthy skin in the
paravertebral zone on the back of each patient in Finn
Chambers®, and were covered with opaque tape. The
skin with the allergens was covered up to D2, when the
patches were removed. The left-hand allergen panel was
covered with a UV radiation-opaque material, and the
right-hand panel was irradiated with 5 J/cm2 UVA light
in a Daavlin phototherapy unit 305–350 calibrated
with an IL-1700 research radiometer and a UVB sensor
(International Light Technologies Inc., Peabody, MA,
USA) with an irradiance of 9.2 J/cm2, which provided
a 320–400-nm spectrum. Two trained dermatologists
read the tests on D2, D4 (48 hr after irradiation), and
D6 (96 hr after irradiation). Reactions were evaluated
in accordance with ICDRG recommendations. Reactions
classified as photoallergic were positive only in the irra-
diated panel. Those that were positive in both panels
were considered to be allergic contact reactions. If the
reading of the irradiated panel was greater than that
of the non-irradiated panel, the reaction was classified
as photoexacerbation; in the opposite case, the reaction
was classified as photoinhibition. Irritant reactions were
those with a decrescendo pattern, present in one or both
panels. The relevance of the results was evaluated with
the COADEX system, in which C corresponds to current
relevance, O to old or past relevance, A to an active sen-
sitization reaction, D to doubtful or unknown relevance,
E to a history of exposure not resulting in an allergic
reaction, and X to a cross-reaction with other allergen
(11). All patients were advised to contact the clinic if they
noticed any skin reaction after D6.

All of the procedures performed throughout the course
of this study were previously approved by the institutional
ethical committee, and followed all of the Helsinki Decla-
ration recommendations.

In the analysis of the results, quantitative measures
of central tendency and dispersion were used, and, for
qualitative variables, proportions were used.

Results

Forty-one patients showed photopatch or patch reactions
to one or more allergens; 23 (56%) were women and 18
(44%) were men. The average age was 47.6 years. Five
patients (4 women and 1 man) showed both photopatch
and patch test reactions to different allergens.

Photoallergic contact dermatitis reactions

Fifteen of the 100 patients, 9 (60%) women and 6 (40%)
men, with a mean age of 48 years, showed positive

Table 2. Allergens responsible for photoallergic contact reactions
and their relevance (COADEX system)

Allergen in petrolatum Frequency % C D O

Benzophenone-3 (10%) 11 55 3 7 1
Ethylhexyl methoxycinnamate (10%) 2 10 1 1 0
Butyl methoxydibenzoylmethane (10%) 1 5 1 0 0
Benzophenone-10 (10%) 1 5 0 1 0
Benzophenone-4 (2%) 1 5 0 1 0
Ethylhexyl salicylate (5%) 1 5 0 1 0
Isoamyl-p-methoxycinnamate (10%) 1 5 1 0 0
Tinosorb® M (10%) 1 5 1 0 0
3,4′,5-Tribromosalicylanilide (10%) 1 5 1 0 0
Total 20 100 8 11 1

C, current; D, doubtful/unknown; O, old.

Table 3. Positive photopatch test reactions (PPTRs) on D4/D6 and
on D6 only

Allergen in petrolatum
Positive PPTR

registered on D4

Positive PPTR
registered on

D6 only

Benzophenone-3 (10%) 5 6
Ethylhexyl methoxycinnamate (10%) 2 0
Butyl methoxydibenzoylmethane (10%) 1 0
Benzophenone-10 (10%) 1 0
Benzophenone-4 (2%) 0 1
Ethylhexyl salicylate (5%) 0 1
Isoamyl-p-methoxycinnamate (10%) 1 0
Tinosorb® M (10%) 1 0
3,4′,5-Tribromosalicylanilide (10%) 1 0
Total 12 8

photopatch test reactions to one or more photoallergens,
giving a total of 20 photoallergic contact dermatitis
reactions. Nineteen (95%) of the photoallergic contact
reactions were caused by UV filters, with benzophenone-3
being responsible for 11 (55%) reactions (Table 2).

Of the 15 patients with positive photopatch test
reactions, 11 (73%) sought treatment for suspected
photoallergic contact dermatitis and 4 (26.7%) for
sunscreen-induced skin reactions. Eight patients showed
positive reactions on D6 that were not previously seen on
D4 (Table 3). Regarding reaction relevance, the COADEX
system classified eight reactions (40%) as current reac-
tions, 11 (55%) as doubtful/unknown reactions, and one
as being of old relevance (Table 2).

Allergic contact dermatitis reactions

Thirty-two patients (18 women and 14 men; mean age
47 years) showed positive reactions to one or more of
the antigens on irradiated and non-irradiated skin (aller-
gic contact reactions). There were a total of 47 allergic
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contact dermatitis reactions. Of the allergens responsi-
ble for these reactions, the most frequent was fragrance
mix I (31.91%), followed by, methylene bis-benzotriazolyl
tetramethylbutylphenol (Tinosorb® M) (14.9%; Table 4).
However, when UV filters were considered as a group,
those affected constituted up to 53% of the total posi-
tive allergic contact reactions, seven (26.9%) of which
were attributable to Tinosorb® M. Twenty-four reactions
were classified as current reactions (51%), 20 as doubt-
ful/unknown reactions (32.5%), and three as old reac-
tions (6.4%; Table 4).

There were five photoinhibition reactions in 4
(4%) patients, and four photoexacerbation reac-
tions in 3 (3%) patients. Five irritant reactions were
found in 4 (4%) patients, to the following allergens:
ethylhexyl methoxycinnamate, ethylhexyl salicylate,
3,4′,5-tribromosalicylanilide, and musk ambrette.

Discussion

Photopatch testing is a valuable diagnostic tool for
identifying the causal agents of photoallergic contact
dermatitis and to search for allergens that can simulate
this dermatosis (1, 5). This study found that the majority
of patients seeking treatment for photoallergic contact
dermatitis were women, as has been previously reported
(13, 15–17). This effect can be explained by the greater
tendency for women to consult specialists for skin prob-
lems, and the fact that women are more likely to use
sunscreens and cosmetics that contain UV filters (1, 18,
17). There was no significant difference between the pro-
portions of men and women who showed photoallergic
contact reactions in the photopatch tests (p>0.05); this
contrasts with previous studies, which have reported a
higher proportion for men (17, 19).There was agreement
with previous reports regarding the mean age of patients
who present with suspected photoallergic contact
dermatitis (12, 18, 20, 21).

More than 30% of the positive allergic contact
reactions appeared between D2 and D4 after allergen
application during patch testing. In the cases with pho-
toallergic contact reactions, allergen formation occurs
after exposure to UV radiation, which justifies the exten-
sion of photopatch test readings through D6 (96 hr after
irradiation) to avoid missing delayed reactions (10). A
study in the United Kingdom identified 32 photoallergic
contact reactions, but, when readings were extended to
D5 and D6, 22 additional positive reactions were found
that had not been evident at D4 (18). Pollock et al. found
that late readings up to D7 did not confer any advantage
(22). Our study showed that 53.3% of the positive pho-
toallergic contact reactions occurred on D6. These results

highlight the importance of more extended readings in
photopatch testing.

Whether allergens should be occluded for 24 or 48 hr
for photopatch testing is controversial. Generally, photo-
biology clinics occlude for 24 hr, and contact dermatitis
clinics for 48 hr. One investigation suggested that 48 hr
of occlusion may increase the sensitivity of the test (10).
In the multicentre European study (17), 13.8% of the
subjects with 24 hr of occlusion had positive photoaller-
gic contact reactions, whereas 30.2% of the patients with
48 hr of occlusion had positive photoallergic contact reac-
tions. However, this study was not designed to investigate
this issue, and the two study groups were not comparable.
Thus, it will be necessary to further investigate this issue.

The frequency of patients with positive photopatch
test reactions between the different publications has been
highly variable, with positive frequencies as low as 2.3%
(23) and as high as 45.5% (21). This range can be
explained by the differences in the populations studied,
the patient selection process, and the allergens used (12,
13, 18). UV filters caused the highest frequency of pho-
toallergic contact dermatitis reactions in this study (95%).
This finding agrees with the majority of the published lit-
erature (12, 15, 18, 19, 21, 24, 25). In several European
countries, the most common causes of these reactions are
the NSAIDs, particularly ketoprofen (8, 13, 17, 26), and
the UV filter octocrylene (17, 16). This finding was not
corroborated in our photopatch study; only 2 patients had
a non-relevant positive allergic contact reaction to keto-
profen, and no patients reacted to octocrylene. None of the
patients included in the study recalled having used top-
ical NSAIDs. Although these medicaments are available
in Colombia, perhaps they are not used frequently in our
population; we did not find any study regarding the use of
topical NSAIDs in our country.

Of the UV filters, benzophenone-3 caused the largest
proportion of photoallergic contact dermatitis reactions
in our study, as has also been reported worldwide (7, 19,
20, 23–25). Benzophenone-3 was followed by ethylhexyl
methoxycinnamate, which had lower reported percent-
ages of positive reactions (between 3% and 4%) in other
studies (18, 27–29).

The previous 2001–2003 study conducted at our
institution found a higher frequency of patients show-
ing positive photopatch test reactions (31.7%) than the
present study (15%). This difference is probably a result
of the fact that benzophenone-3, which is responsible for
the majority of these reactions, has been removed from
many of the sunscreens in Colombia, which are the main
sources of this product.

In this study, only 1 patient showed a photoaller-
gic contact reaction to 3,4′,5-tribromosalicylanilide, a
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Table 4. Allergens responsible for allergic contact dermatitis reactions and their relevance

Allergen in petrolatum Frequency % C D O

Fragrance mix I (8%) 15 31.9 5 9 1
Tinosorb® M (10%) 7 14.9 6 1 0
Benzophenone-3 (10%) 4 8.5 3 1 0
Ethylhexyl methoxycinnamate (10%) 4 8.5 2 2 0
Ethylhexyl dimethyl PABA (10%) 3 6.4 3 0 0
4-Methylbenzylidene camphor (10%) 2 4.3 2 0 0
Benzophenone-10 (10%) 2 4.3 0 2 0
Ethylhexyl salicylate (5%) 2 4.3 1 1 0
Ketoprofen (1%) 2 4.3 0 2 0
Musk ambrette (5%) 2 4.3 1 1 0
Butyl methoxydibenzoylmethane (10%) 1 2.1 1 0 0
Isoamyl-p-methoxycinnamate (10%) 1 2.1 0 0 1
Sesquiterpene lactone mix (0.1%) 1 2.1 0 0 1
Triclosan (2%) 1 2.1 0 1 0
Total 47 100 24 20 3

C, current; D, doubtful/unknown; O, old.

halogenated salicylanilide that is an antibacterial prod-
uct used in soaps; it was the source of many cases of
photoallergic contact dermatitis in the past, and was
removed from the market in Europe (14). It may still
be present in products available in Colombia; thus, we
suggest including it in the set of allergens for photopatch
testing in our country.

There were no photoallergic contact reactions to the
sesquiterpene lactone mix, fragrance mix I, triclosan,
ketoprofen, or musk ambrette. However, some of these
substances generated allergic contact dermatitis reac-
tions, especially fragrance mix I. Reactions to fragrance
mix I could clinically present as photoallergic contact der-
matitis, but they are actually allergic contact reactions
(airborne contact dermatitis) (30). The frequency of posi-
tive contact allergic reactions in photopatch tests has var-
ied greatly between publications (12, 17, 19). Fragrances
and UV filters are the main allergens responsible for these
reactions (12, 13, 18, 19), as was also observed in this
study. In other recent publications, Tinosorb® M was the
principal causative agent of contact allergic reactions in
photopatch test studies (17, 31). This finding was corrob-
orated in our study, which found 14.8% contact allergic
reactions to Tinosorb® M. This is probably because this
UV filter is a component in many commercial sunscreens
available in Colombia. Decyl glucoside is a non-ionic sur-
factant present in Tinosorb® M, as a stabilizer, and is
responsible for the contact allergic reactions caused by
this UV filter (31–34). Some authors recommend patch
testing decyl glucoside in parallel with the photopatch test
series (14). However, it was not included in the present
study, because it was not yet known to be a recommended
parallel test substance when our study was designed.

We identified two doubtful/unknown allergic contact
reactions to ketoprofen, although this allergen is a
common cause of photoallergic contact dermatitis,
especially in Europe (8, 13, 17); it is also responsible for
some cases of allergic contact dermatitis (35–37). Several
patients with contact allergy or photocontact allergy to
ketoprofen had also allergic contact reactions to other
allergens, including fragrance mix I, particularly to one
of its components, cinnamyl alcohol (26, 35, 36). There
is cross-sensitization between ketoprofen and cinnamyl
alcohol, probably because of their common molecular
characteristics (36, 38). One of our patients with an
allergic contact reaction to ketoprofen also showed an
allergic contact reaction to fragrance mix I, but he was
not patch tested with cinnamyl alcohol to confirm this
cross-reaction.

A search of the current literature showed no reports
of photopatch test studies in Latin American countries.
In Colombia, these tests have been exclusively performed
by our centre, the Centro Dermatologico Federico Lleras
Acosta.

Determining the relevance of photopatch test read-
ings is not straightforward. Although systems such
as COADEX have been designed, patients often do not
remember what products they applied or cannot have
them on hand at the clinic to verify the chemical com-
positions. In this study, the relevance of the positive
photopatch test reactions was doubtful/unknown in
55% of the cases. Several patients who had reactions to
UV filters insisted that they had not used sunscreens. It
is important to remember that some UV filters, such as
benzophenone-3, are also found in cosmetics and hygiene
products, and that the excipients in sunscreens, such as
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fragrances, formaldehyde releasers, preservatives, and
lanolin alcohol, can cause allergic contact dermatitis
(39–41). In the previously mentioned multicentre Euro-
pean study, 44.3% of the photopatch test reactions were
classified as current and 32% as doubtful/unknown,
with the same COADEX system being used to determine
relevance (17). In our study, 40% were current reactions
and 55% were doubtful/unknown reactions. Few other
studies have assessed this aspect, and evaluation systems
vary (12, 27), thus preventing the comparison of results
between studies.

In conclusion, UV filters, particularly benzophenone-
3, remain the most frequent causes of photoallergic con-
tact dermatitis in our patients. According to these results,
photopatch test series in our population should include
halogenated salicylanilides and UV filters. Parallel patch
tests with specific antigens allow additional interpre-
tation. Many UV filters, such as Tinosorb® M which is
present in most new sunscreens, may also cause allergic

contact dermatitis, owing to the emulsifying agent, decyl
glucoside. Therefore, it is important to perform a parallel
patch test with decyl glucoside. It is also useful to perform
a parallel patch test with fragrance mix I to differentiate
airborne contact dermatitis from photoallergic contact
dermatitis. As shown by the number of delayed reactions
found in this study, this highlights the importance of
taking readings until D6.

More studies are needed to identify other allergens
responsible for photoallergic contact dermatitis in our
population, given the low frequency of positive reactions
among the allergens tested.
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