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Background: Benzalkonium chloride (BAK), a detergent and preservative found in health care and household

products, is an established irritant, yet BAK is seldom considered to cause allergic contact dermatitis. We have, however,

observed positive patch test reactions more often than is typically reported. From 2001 through 2005 and 2006 through

2010, BAK was among the top 10 most frequent allergens in our standard series.

Objective: The aim of this study was to review the Mayo Clinic experience from 2000 to 2012 with patch testing to BAK.

Methods: An electronic patch test database was used to acquire results of patients who underwent patch testing for

BAK 0.1% aqueous after it was introduced to the standard series in 2000 until 2012. Previous reports (1998Y2000,

2001Y2005, 2006Y2010) from our institution were also reviewed.

Conclusions: Our study showed BAK to be an allergen of increasing importance. From 1998 through 2000, 2001

through 2005, and 2006 through 2010, the rate of allergic patch test results to BAK increased. More than half of the

reactions in each period studied were graded as macular erythema, with at least one third of all reactions deemed to be

relevant. Irritancy rates were consistently low.

Benzalkonium chloride (BAK) is a quaternary ammonium
cationic detergent and preservative found in health care,

household, and personal care products, including cosmetics and
ophthalmic solutions.1 Because it is an established irritant, BAK2Y5

has been used to study irritant contact dermatitis.6 Numerous
reports have also associated BAK with allergic reactions, including
contact dermatitis and conjunctivitis.7Y20 Sensitization has been
reported particularly among health care workers,12,21,22 as BAK is
used as a preoperative disinfectant and in the care of burns, cu-
taneous infections, ulcers, and wounds.1 Benzalkonium chloride is
also found in many products commonly encountered outside of
health care, and a search of SkinSAFE (formerly known as CARD,
the Contact Allergen Replacement Database) revealed that of
11,979 products listed, 2007 (17%) contain BAK or one of its cross-
reactors (eg, other quaternary ammonium compounds such as
benzethonium chloride [BEC]).23 Even with this evidence, the
potential for BAK to cause allergic contact dermatitis (ACD) re-
mains under debate,24Y27 as positive patch test results have been
postulated to be misinterpretations of irritant responses.24

Few reports highlight the significance of BAK as an allergen;
however, in our experience of patch testing with the standard
series, BAK was one of the top 10 most frequent allergens: number
9 in 2006 through 201028 and up from number 10 in 2001 through
2005.29 For this reason, we retrospectively reviewed our database
to determine the prevalence and relevance of this emerging al-
lergen. Herein, we report results of patch testing this novel allergen
from its introduction to the standard series in 2000 until 2012. We
also compared the allergenicity of BAK from our previously
published reports (1998Y2000,30 2001Y2005,29 and 2006Y201028).

METHODS

The study was approved by the Mayo Clinic Institutional Review
Board. After approval, an electronic patch test database (Sybase,
Sybase Inc) was used to acquire the results of patients tested to BAK
0.1% aqueous (aq) in the standard series, from 2000 to 2012. Data
from patients who did not approve use of their records for research
purposes were excluded. To extract information that had been
reported previously, we reviewed publications28Y30 from this institu-
tion that described BAK patch test results for the study period. All
information not previously reported came from the electronic patch
test database and included the overall rate of positive and irritant
patch test results to BAK from 2000 to 2012, the reaction strength of
positive patch test results from 2000 and 2001 through 2005, the rele-
vanceof positivepatch test results from2000, and the irritancy rate from
2000. We also compared the rate of positive and irritant reactions to
BAK from 1998 through 2000 with the rate from 2006 through 2010.

Patch testingwas performed as described previously.28Y30 Reactions
were read as negative, macular erythema, weak, strong, extreme, or
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irritant. In general, weak reactions were defined by nonvesicular
erythema, infiltration, or papules, or a combination; strong reactions
were defined as edematous, vesicular, or both; and extreme reactions
were defined as spreading, bullous, or ulcerative or a combination.
Relevancy was determined on the basis of history of contact with the
allergen in question. Designations included the following:

& Irritant
& Allergic, not relevant (no history consistent with potential for al-

lergen contact)
& Allergic, questionably relevant (existing contact with substances

that may contain the allergen)
& Allergic, formerly relevant (previous contact with likely allergen-

containing product)
& Allergic, relevant (use test or patch test of a substance containing

the allergen is positive, or allergen is confirmed in a product the
patient is using).

Positive results included those defined as weak, strong, or ex-
treme at the final patch test reading as well as those featuring
macular erythema onlyVif the result was deemed relevant after
the exclusion of irritant reactions.

Statistical Analyses

Statistical analyses were completed with SAS software, version 9.3
(SAS Institute, Inc, Cary, NC). Results were compared using a W2

test. Statistical significance was defined as P G 0.05.

RESULTS

Since 2000, BAK (0.1% aq) has been included in Mayo Clinic’s
standard series. Between 2000 and 2012, this allergen was tested on
8448 unique patients. The rate of positive patch test results to BAK
was 8.8%, and the irritant rate was 1.3%.

From 1998 through 2000, BAK had a positive patch test rate of
5.5%30 and an irritancy rate of 1.5% (1324 patients tested). From
2001 through 2005, the allergenicity rate was 8.3%, and the irritancy
rate was 1.6% (3854 patients tested).29 From 2006 through 2010,
BAK had a positive patch test rate of 8.8% and an irritancy rate of
0.7% (3115 patients tested).28

We compared data from 2006 through 2010 with data from 2001
through 2005 and did not find a significant difference in the rate of
allergenicity to BAK.28However, there was a significant increase (PG
0.05) in the rate of allergic patch test results from 1998 through 2000
(5.5%) and 2001 through 2005 (8.3%).29 The difference between the
rate of allergenicity from 1998 through 2000 (5.5%) and 2006
through 2010 (8.8%) was also statistically significant (P = 0.005).

In 2000, the reaction strength was graded as macular erythema
in 55.6% of reactions, as weak in 38.9%, as strong in 2.8%, and as
extreme in 2.8%. From 2001 through 2005, 55.7% of positive tests
were graded as macular erythema, 40.9% as weak, 3.1% as strong,
and 0.3% as extreme. From 2006 through 2010, 57.9% of positive
reactions to BAKwere graded as macular erythema, 36.4% as weak,
5.0% as strong, and 0.8% as extreme.28

Of the allergic reactions from 2000, 33.3% were categorized as
relevant, 58.3% as questionably relevant, 2.8% as not relevant, and
5.6% as unknown. From 2001 through 2005, 39.0% of positive
reactions to BAK were categorized as relevant, 56.0% as ques-
tionably relevant, 1.6% as formerly relevant, and 1.9% as not
relevant.29 During 2006 through 2010, 34.1% were classified as
relevant, 62.5% as questionably relevant, 1.1% as formerly relevant,
and 1.5% as not relevant.28

DISCUSSION

Our findings revealed an increasingly high rate of positive reactions
to BAK. The rate of allergenicity was 5.5% from 1998 through 2000,
8.3% from 2001 through 2005, and 8.8% from2006 through 2010. In
each period, reactions were most commonly graded as macular er-
ythema, and the irritancy rates were low. For each period, approx-
imately one third of the reactions were categorized as relevant. From
2000 to 2012, the overall rate of BAK allergenicity was 8.8%, and the
overall rate of irritancy was 1.3%. This experience shows that BAK,
an established irritant, is also an important allergen and, thus, is a
useful addition to the standard series.

The determination of relevance was a limitation of the study.
Categorizing relevance is a decision based in part on clinical judg-
ment, which may differ among physicians. In addition, given that
many patients evaluated at our institution are not local and schedule
follow-up with their home physicians, relevance was often deter-
mined at the final patch test reading, rather than after the patient had
avoided the suspected allergen.

The potential allergenicity of BAK is an important topic for
discussion, given its use in many household and health care set-
tings.1 Nearly 20% of products listed in SkinSAFE (accessible for
patients or providers through Web or smartphone applications)
contain BAK or a cross-reactor.23

Cosmetics are a considerable source of contact dermatitis. A re-
cent study of pooled data from patients patch tested for suspected
contact dermatitis revealed a 9.8% rate of positive reactions to cos-
metics.31 Preservatives such as BAK and fragrances have been
reported among the top 2 most common categories of substances in
cosmetics that cause allergic reactions in patients with contact der-
matitis due to cosmetics.32,33Therefore, BAKhas been recommended
for consideration in patch testing of patients with suspected cosmetic
contact dermatitis.31,34

Benzalkonium chloride is found in a variety of products other than
cosmetics that also cause ACD, including antifungal solutions,17 anti-
septic bath oil,19 detergents,16,20 ethanol,14 medicated adhesive tape,12

ophthalmic solutions,13 plaster ofParis,9,15 and topical cream.18Patients
with allergic conjunctivitis from BAK-containing ophthalmic prepa-
rations have also had positive patch test reactions to BAK.7Y10 Table 1
summarizes thefindingsof several studies at other institutions25Y27,35Y37

that reported results of patch testing with BAK; many of those studies
found it to be a potential, if infrequent, allergen. The authors of 1 of
these studies also noted that when patients who had positive patch test
results avoided BAK, their clinical signs and symptoms improved.35
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Comparison of these studies reveals the potential for influence of
the vehicle onpatch test results. Inpatientswith suspectedpreservative
or disinfectant exposure, very low rates (0.09%Y0.75%) of positive
reactions to BAK occurred when the patients were tested with 0.1%
petrolatum (pet).27 Higher positive reaction rates occurred in patients
tested with BAK 0.1% aq: 1.6% in a study examining patients with
contact dermatitis36 and 12.1% in another study of patients with po-
tential contact dermatitis to cosmetics.26 However, in a report com-
paring various concentrations and vehicles of BAK, a greater number
of positive reactionswas foundwith the use of 0.15% aq and 0.15%pet
rather than solely 0.1% aq, although this may be secondary to the
increase in concentration.25 Further investigation regarding the opti-
mal vehicle to minimize irritancy but capture allergenicity is needed.

The authors of a review article24 concluded that BAK is most
properly categorized as a skin irritant with rare allergenicity. After
reviewing case reports of allergic contact sensitivity to BAK, they
suggested that themisinterpretation ofpatch test results could lead to
a higher frequency of false-positive results and, accordingly, to a
higher frequency of skin allergy diagnoses. Such conclusions are
supported by studies that calculate 2measures to assess the quality of
substances tested as allergens: positivity ratio (PR) and reaction
index (RI).39Y41 The PR is found by dividing the number of a sub-
stance’s weak (+) reactions by the total number (+, ++, or +++) of
positive reactions.40 A high PR correlates with substances producing
many weak reactions that may represent false positives.41 The RI is
calculated by subtracting a substance’s questionable and irritant
reactions from the total number of allergic reactions and dividing by
the sum of all reactions.40 Higher indices therefore indicate a greater
number of true allergic reactions.41 When the North American
Contact Dermatitis Group examined patch test results from 1994 to
2006, they found that BAK0.1%aqhad a highPR (75.2%) and lowRI
(0.02) and thus met their criteria for a ‘‘problematic preparation,’’
defined as onewith aPRhigher than 55%and anRI less thanor equal
to 0.46. Benzalkonium chloride was subsequently removed from the
North American Contact Dermatitis Group standard series.

Nevertheless, BAK has been reported as a frequent sensitizer for
those persons working in health care,21,22,42 which is not surprising
given that it is found in products used to disinfect the skin and
surgical instruments.1,3 In one study that sought to determine the
most frequent allergens causing ACD among health care workers,
those working in health care had a 7.5% rate of relevant reaction to
BAK, whereas nonYhealth care workers had a rate of relevant
reaction of 2.3%.22 Among the 31 health care workers identified as
having occupationally related ACD, BAK was a relevant occupa-
tional allergen in 9.7%.22,43 In a report that described sources of
occupationally related dermatoses in nurses, sensitization to BAK
0.1% was present in 23.8% of 223 nurses studied.21 Another study
found BAK sensitization to be slightly more frequent in female
health care workers (2.0%) than in a control group (1.6%).42

The allergenicity of BAK is also important because of its po-
tential to cross-react with other structurally related compounds.1,5

Benzethonium chloride and BAK are both quaternary ammonium
salts with shared absorption and penetration properties, which can

lead to a potential for cross-reaction.25 A report of allergic reactions
to feminine hygiene sprays included 2 patients who had allergic
contact reactions to BEC; these 2 patients also had positive patch
test results to BAK.44 In a study that focused on differentiating
allergic and irritant quaternary ammoniumpatch test reactions, 1 of
8 patients with the potential for ACD due to BAK (but no BEC
exposure) had a cross-reaction between BAK and BEC.35 Of 8 pa-
tients with reactions to BEC in another study, 6 also had coreactions
to BAK.25 Such findings have led some authors25 to propose BEC
testing when there is suspicion for sensitivity to BEC or BAK.

Given the higher rate of positive patch test reactions among pa-
tients working in health care professions, BAK should be considered
in the evaluation of occupational contact dermatitis. Aside from
routine patch testing, there are several additional steps to inform
diagnosis of occupational contact dermatitis, including the provoc-
ative use test, the repeat open application test, and serial dilutions of
the substance in question.45 These tests assist in confirming results
and informingdetermination of relevance. In one study, 3 nurseswith
positive reactions to BAKwere willing to undergo further testing, but
only 1 had a positive use test result.46 The other patients’ positive
reactions to BAKwere not designated allergic. Importantly, the nurse
with a positive use test result improvedwith avoidance of BAK. These
results emphasize the importance of further investigation in deter-
mining whether a reaction is relevant. Repeat open application test
has also been used to judge relevancy when patch testing BAK.37

The concentration of BAK that is often tested is 0.1% aq or
pet.10,18,21,22,26,27,36,42,47 However, concentration strength can
cause irritant reactions,16 which has led to recommendations for
using a lower concentration of BAK, for example, 0.01%5 or 0.05%26

in ACD testing. If tested in studies as an irritant or nonsensitizer,
concentrations are often higher. Several studies of irritant contact
dermatitis have used BAK 0.5%,48Y50 although concentrations in
other reports on irritants in patients with eczema ranged from 0.1%
to 2%.51,52 When used as an irritant or nonsensitizer in sensitization
studies, concentrations range from0.2% for in vitro human epidermis
testing53 to 2% for murine lymph node testing.54 It is therefore not
surprising that in a predictive test for irritancy, BAK 7.5% and 10%
were found to be irritating during a human 4-hour patch test.55

In summary, the allergenicity of BAK 0.1% aq is increasing.
Because of its growing importance as an allergen, BAK is a valuable
addition to the standard series. The optimal concentrations for
patch testing remain to be determined by future studies.
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