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REVIEWS

Overcoming False-Negative Patch Tests:
A Systematic Literature Review

Shayan Massoumi, BS," Zehra Rizvi, BS," Ulysses Cazares, MAS, and Howard Maibach, MD*

Abstract: Exogenous allergens, found in cosmetic products, jewelry items, antiseptics and antibacterials, plants,
and solvents, can cause clinical allergic contact dermatitis (ACD). To help identify and discern which allergen is causing
ACD, clinicians use patch tests, but they can yield false-negative results at times. Examining potential reasoning
for false negatives is particularly helpful when a patient’s history and physical examination strongly suggest ACD,
and the patch test is negative. A strong history and physical presentation suggestive of ACD warrants additional patch
testing or other methods to verify a false-negative patch test result. We conducted a literature review to compile various
reasonings and solutions for false-negative patch tests in suspected ACD patients. Utilizing EMBASE, Scopus,
PubMed, and Google Scholars, 49 articles were included by using search terms such as “False negative patch test”
or “False-negative patch test” and “allergic contact dermatitis,” or “ACD.” Common factors that led to false-negative
patch test results include low allergen concentration, inadequate percutaneous penetration, technique error, immu-
nosuppressive therapy, and ultraviolet exposure. Potential solutions include using different vehicles, concentration,
increasing reading time, repeating the patch test, intradermal testing, and repeat open application testing. If a false-
negative patch test is suspected, then intradermal testing can be administered to ensure the specificity of the patch
test result. Considering the main contributing factors and solutions to false-negative patch tests, clinicians can ac-
curately diagnose ACD and administer proper treatment plans.

Capsule Summary INTRODUCTION

® The validity of a false-negative patch test result is question-
able when a patient’s history and physical exam strongly hypersensitivity reaction evoked by contact with exoge-
suggest allergic contact dermatitis. nous allergens such as personal care products, metals, topical
* We discuss the main contributing factors to false negatives medications, plants, and occupational exposures. As a first-line
such as insufficient reading time, low allergen concentration,  diagnostic aid, patch tests allow clinicians to confirm the diagnosis

llergic contact dermatitis (ACD) is a common type IV

incorrect technique, ultraviolet exposure, and immunosup-  of ACD, but they can also result in false negatives. Therefore, the
pressive therapies.

¢ Potential solutions include using different vehicles, mini- patient’s history and physical exam strongly suggest ACD.
mizing technique errors, increasing reading time, intrader- Morisetty et al evaluated the value, pitfalls of patch testing, and
mal testing, repeat open application testing, and repeating  relevance of patch test results for ACD diagnosis and found the
the patch test to ensure the validity of the result. sensitivity of clinical relevance to be 65% and specificity to be
93%." With a sensitivity of 65%, patch tests have a risk of pro-
ducing false negatives. Addressing the occurrence of false nega-

tives, many have offered potential reasons and solutions.

validity of a false-negative patch test result is questionable when a

Given the large volume of literature addressing the limitations
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prehensive guide.

MATERIALS AND METHODS

Based on Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines, this literature review was
conducted using 4 academic databases: EMBASE, Scopus,
PubMed, and Google Scholars. Studies, case reports, and other
review articles were selected by using search terms such as “False
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negative patch test” or “False-negative patch test,” and “allergic
contact dermatitis” or “ACD.” The UCSF Dermatopharmacology
and Dermatotoxicology was hand searched. Non-English lan-
guage articles, duplicates, or articles that did not address the ob-
jective of the study and were out of scope were excluded.

After the included literature was identified, the findings of each
work were compiled in summary tables with Table 1 providing an

overview of the main factors implicated in false-negative patch test
results, and Table 2 providing solutions.

This research paper is a systematic literature review article
that summarizes existing literature and does not involve any
original human subjects research. As such, Institutional Review
Board (IRB) approval is not applicable to this study and was
waived.

TABLE 1.
False-Negative Patch Tests

Literature Summary of Possible Reasons, Considerations, and Approaches for Addressing

Consideration

for Addressing

False Negative
Author(s) Type of Study Summary of Findings Patch Test
Epstein® Comparative To detect sensitivity, it is often required to increase the allergen Low allergen

literature review
Mariani et al” Short
communication

de Groot*? Literature review

Kligman and Bioassay
Wooding'® investigation

Do and Literature review
Maibach'* and critique

Tanglertsampan Literature review

and Maibach'®

Chiang and Literature review
Maibach'®

Blickenstaff Literature review
et al*'

Law et al*® Literature review

Mutfti et al®® Systematic review

Sulzberger®* Short

communication
Daunton and Case—control

Williams3® study

Barbaud et al®®  Literature review

Hannuksela Case—control
et al*' study

concentration in the patch test. This was clearly demonstrated in the
case of neomycin sensitivity, in which the authors suggest increasing
the concentration 40 times (from 0.5% to 20%) to prevent false-
negative patch tests.

Authors provide an extensive overview on patch testing, test
concentrations, vehicles, and contact dermatitis for clinicians to
determine appropriate NID.

Use a dose of allergen concentration that will provoke a reaction in
50% of subjects, also known as the irritant dose, ID 50 as the
appropriate concentration.

Use 21-CIA

Although petrolatum is often used as the primary vehicle, trying
different vehicles can prevent false negatives.

Factors such as concentration of the allergen, contact duration,
anatomical location, frequency of application, patch test vehicle, and
surface area can affect the absorption and percutaneous penetration
of the patch test sample and potentially affect the results.

There is conflicting evidence regarding whether patch testing should
be performed while patients are on immunosuppressive therapies.
Ultimately, clinicians should consider potential interference from
immunosuppressive drugs in their interpretations of patch test
results. For more detailed information, refer to the comprehensive
guide by Mufti et al.

Proper execution of patch tests can reduce the occurrence of false-
negative patches. Important factors such as application site, patch
test execution, and variations in skin reactivity should be considered.
Repeat patch tests if there is a strong history and suggest ACD.

In conducting patch tests, clinicians can inquire about UV exposure
before administering the patch tests and possibly postpone the test
for less than 6 weeks in the case of UV exposure. There remains
room for more data to further refine our clinical practice in this
domain. For detailed information, please refer to the comprehensive
guide by Daunton and Williams.

Intradermal testing can be done to investigate immediate or delayed
hypersensitivity caused by injectable drugs. It is more useful for
patients with urticaria, angioedema, anaphylaxis, maculopapular
eruption, and baboon syndrome.

ROAT can be applied on bare skin lining the antecubital fossa for up to
a month in patients with ACD secondary to lesser-known allergens
that are not sensitive to patch testing. This gives clinicians an
additional avenue of testing fewer sensitive allergens.

concentration

How to determine the
nonirritant
concentration

Vehicles in patch tests

Inadequate percutaneous
penetration

Immunosuppressive
therapy

Technique error and
repeat patch test

Effect of UV exposure

Intradermal testing

ROAT

ACD, allergic contact dermatitis; 21-CIA, 21-day cumulative irritation assay; NID, nonirritating dose; ROAT, Repeat Open Application Test; UV, ultraviolet.
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( Identification of studies via databases and registers ]

8 .
Records identified from: screening.
§ Databases (n = 101) L gughzc:)te records removed
§ Fegwen (=19 Records removed for other
reasons (n = 2)
e Y
Records screened Records excluded
(n=89) " (n=38)

Y

Reports sought for retrieval
(n=51)

»| Reports not retrieved

Screening

Y

Reports assessed for eligibility
(n=51)

Records removed before

(n=0)

Studies included in review
(n=51)

[ included | |

Reports excluded (n = 0)

v

Figure 1. PRISMA flow chart detailing the selection process of the literature in this review.** PRISMA, Preferred Reporting ltems for

Systemic Reviews and Meta-Analyses.

RESULTS

A total of 115 articles were initially screened, 24 of which were
duplicates and 39 of which were out of scope of this review, 2
articles that were non-English language, leaving us with 51 articles
that were independently reviewed by 3 individuals (Fig. 1). Factors
that led to false-negative patch test results and their potential
solutions are shown in Table 1.

DISCUSSION

We discuss the main contributing factors to false negatives such as
immunosuppressive therapies, ultraviolet (UV) exposure, and
allergen concentration. Furthermore, potential solutions include
using different vehicles, minimizing technique errors, increasing
reading time, repeat open application testing, and repeating the
patch test.

Increasing the Reading Time

A common cause of a false-negative patch test is premature
reading time. Ophaug and Schwarzenberger mention that single
readings at the time of patch removal may result in both false-
positive and false-negative reactions.” Hence, delayed readings 7
to 8 days later are valuable for detecting many of the delayed
responses. Although most true positive reactions are evident by
day 5, an additional day 7 reading may pick up additional sig-
nificant positive reactions, particularly to metals, corticosteroids,
and topical antibiotics. Chaudhry et al propose that readings after
day 7 are particularly useful for identifying reactions to metals
such as gold, cobalt, beryllium, and palladium, specific preserva-
tives such as dodecyl gallate, propolis, and neomycin.” Ameron-
gen et al suggest an additional reading on day 7 to detect new,
clinically relevant positive patch test reactions.* Retrospective data
analysis on patch test data collected between January 2008 and

Copyright © 2023 American Contact Dermatitis Society. Unauthorized reproduction of this article is prohibited.
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July 2018 showed 3.5% of positive reactions are missed if no
reading is performed past day 3. Bruze et al discuss aluminum
allergy using aluminum chloride hexahydrate (ACH) in petrola-
tum and suggest 2 reading times, one at 3 to 4 days and a second
reading at least 1 week later and posit that neglecting a secondary
delayed reading could result in missing 15% to 20% of aluminum
allergy.” Hence, we suggest a second reading time at a 7-day in-
terval to mitigate false-negatives.

Low Allergen Concentration

Another factor behind false-negative patch tests is using too low
allergen concentrations. Epstein demonstrated that testing 0.5%
neomycin patch tests resulted in false negatives. However, when
tested at 20%, the rate of incidence of false negatives decreased.®
Mariani et al also demonstrated this phenomenon in which they
reported patch testing neomycin at 0.5% result in false negative
results whereas patch testing with neomycin at 20% resulted in
positive patch test results.” Pérez-Tato et al recommend using a
higher concentration of topical timolol, a nonselective f-
adrenergic receptor blocker.® In this case, a patient with Kaposi
sarcoma was undergoing treatment with timolol and developed a
pruritic eruption on the application areas 1 year later, suggestive
of ACD.? Hence, the authors suggested using a concentration of at
least 10% pet (as opposed to the standard 0.25-1%) to avoid a
false-negative result.® Menne and Andersen discuss case studies of
patients with suspected ACD to corticosteroids and mention the
need to use higher-than-standard concentrations of corticoste-
roids in patch testing to avoid false-negative results.” Investigating
gold sodium thiosulfate (GST), Hamann et al also demonstrated
that GST 0.5% in petrolatum, which was a higher than the stan-
dard concentration of GST 0.075% in petrolatum, was still too low
for some patients and caused false-negative results.'"’ Hence, they
used GST 2.0% pet which proved to be the most informative
concentration. Similarly, Bruze et al suggest that preparation of
ACH in petrolatum should be done using ACH 10% in petrolatum
that detects substantially more aluminum allergy than ACH 2%
pet.” Hence, clinicians should consider higher concentrations of
the allergen if low concentrations are suspected of yielding false-
negative results.

Allergen composition and concentration are significantly im-
portant when testing fragrances. De Groot divides the composi-
tion of fragrances into volatile materials that actually create the
odor and fixatives that prevent the volatiles from evaporating too
quickly. Fixatives could be fragrances too or odorless complete-
ly."! Scented products contain varying amounts of concentrations
of the fragrant volatile and the fixatives. For reference, de Groot
offers a table listing the approximate concentrations of perfume in
cosmetic and household products."" When testing fragrances as
potential allergens, clinicians should consider the patient’s history
of exposure to the fragrance causing the allergen, the concentra-
tion, and the composition of the allergen, and differentiate if it is
the volatile fragrance or the fixative causing ACD.

How to Determine Appropriate Concentration

Determining the appropriate concentration of allergen is critical
before administering patch tests. De Groot provides an extensive
overview and handbook on patch testing, test concentrations,
vehicles, and contact dermatitis for clinicians to determine ap-
propriate nonirritating dose (NID).12 In addition, Kligman and
Wooding suggest a simple method in determining appropriate
allergen concentration by extrapolating the dose of concentration
that will provoke a reaction in 50% of subjects, also known as the
irritant dose, ID 50. Knowing the ID 50 of concentrations allows
clinicians to roughly estimate the appropriate allergen concen-
tration.'” The third method in determining the NID is the 21-day
cumulative irritation assay (21-CIA) in which the allergen is ap-
plied under occlusion for 21 days and estimated to determine
nonirritating concentration. This method, summarized by Do and
Maibach, provides another means for clinicians to determine the
dose of concentration that would mount a true allergic reaction in
a patch test.'* Ideally, determining the nonirritating concentra-
tion would be done with volunteers who have never been exposed
to the allergen. However, data on patch testing of a NID in pre-
viously not exposed patients is scarce, and this highlights the
challenges of determining NID. Bjornberg studied the effect of
benzalkonium chloride and found that most normal volunteers
tested negative, but few volunteers developed blisters.'> For
readers interested in the complexity of defining a NID, refer to the
study by Bjornberg as a cornucopia of data on complexities of
determining a nonirritant concentration.'”

Vehicles in Patch Tests

The correct selection of vehicles for patch testing is crucial in the
evaluation of suspected allergens since vehicles can influence
factors such as bioavailability of the chemicals, percutaneous ab-
sorption, and interaction with allergens.'® For long, petrolatum
has served as the number 1 option as the vehicle of patch testing
and the search for a more optimal option continues since im-
proved vehicles might significantly increase optimization, reli-
ability, and patch tests reproducibility.'® Highlighting the
importance of using different vehicles in patch tests, Perret and
Happle describe a case in which an adult patient had suspected
ACD to miconazole-containing cream.'” When initially tested
with miconazole 2% petrolatum, the patch test result was negative,
but it was positive when retested with miconazole 2% MEK
(methyl ethyl ketone).'” Chiang and Maibach summarize current
knowledge on the role of vehicles in percutaneous penetration and
patch testing. Their findings stress the importance of carefully
tailoring the vehicles used in patch tests, and how trying different
emollients can prevent false-negative results.'® Furthermore,
Shaw performed repeat open application tests (ROATs) with
over-the-counter hydrocortisone formulations and showed a
marked difference in response between cream and ointment
formulations. Shaw suggests that this demonstrates not only the
biologic nonequivalence but also the effect of vehicles on ACD.
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Malten provides more details on alternative vehicles and to ex-
temporaneously prepare patch test allergens of value to phar-
macists and patch testers.'” Obtaining allergens in separate
vehicles could be cumbersome, but increasing knowledge on ve-
hicles and percutaneous penetration can improve diagnostics used

for allergic contact dermatitis (ACD).*®

Inadequate Percutaneous Penetration of Patch
Test Sample

Following exposure to a potential allergen, percutaneous pene-
tration can cause a local reaction or widespread effects from the
systemic circulation. In addition, factors such as concentration of
the allergen, contact duration, anatomical location, frequency of
application, patch test vehicle, and surface area can affect the
absorption and percutaneous penetration of the patch test sample
and potentially affect the results.”’ Bormann et al found that the
head, neck, and genitalia contamination resulted in greatest ab-
sorption, whereas trunk, back, and thighs resulted in less ab-
sorption.”” This regional variability allows for clinicians to choose
anatomical sites that will yield more accurate patch test results. In
addition, Law et al summarize current knowledge on in vivo per-
cutaneous penetration, as relates to patch testing.23 They summa-
rize 20 clinically relevant factors, such as vehicle, formulation, skin
application sites, metabolic biotransformation, and cutaneous
metabolism, which may affect percutaneous penetration.”> The
importance of percutaneous penetration can be elucidated when
dealing with new allergens. When a new allergen is discovered, the
allergen is dealt with empirically, and hence, it is difficult to find the
right concentration for a patch test. However, obtaining percuta-
neous penetration data might aid in determining an appropriate
patch test concentration and vehicle for new allergens.

Immunosuppressive Therapy

A debatable yet potential confounding factor affecting patch test
results is immunosuppressive therapies. As elucidated by Ophaug
and Schwarzenberger, ACD is a complex immunological response
that involves many factors including Thl, Th2, Thl7, and
Th22.%*%° As a result, any factor that interferes with these agents
specifically, or normal immune response as a whole, has a strong
potential to cause false-negative reactions. As elucidated by many
examples provided by Ophaug and Schwarzenberger, many
studies dating back to 1952 explored the effect of systemic corti-
costeroids; however, there is much of discrepancy in the reported
results.>** > Ophaug and Schwarzenberger mention that the
North American Contact Dermatitis Group (NACDG) states that
ideally patch testing should be performed prior or after comple-
tion of corticosteroid therapy.

However, patch testing can be performed on patients receiving
immunosuppressive therapy. In their systematic review of patch
testing during immunosuppressive therapy, Mufti et al found
that generally most dermatitis patients maintained positive
patch test results when on drugs such as, dupilumab, cyclo-

sporine, and low-dose prednisone (<10 mg/day), and tumor
necrosis factor o inhibitors, ustekinumab, and methotrexate.
Considering immunosuppressive drugs, they hypothesize that a
false negative patch test result could be the result of the medi-
cation suppressing ACD associated with the allergen being
tested.”® Ultimately, clinicians should consider potential inter-
ference from immunosuppressive drugs in their interpretations
of patch test results.

Technique Error and Repeating the Test

Medical professionals can reduce the occurrence of false-negative
patch tests by minimizing technique errors and properly adminis-
tering the patch test. Important factors such as application site, patch
test execution, and variations in skin reactivity should be considered.
Sulzberger extensively discusses the proper technique in applying the
patch test.>* In addition, Erikstam et al elucidate that volatile sub-
stances such as acrylates and fragrance have strong evaporation ten-
dencies which can lead to a false-negative patch test result.*®
Following evaporation, volatile substances lose allergenicity over time.
Therefore, medical professionals can minimize false-negative patch
tests by considering the unstable components of the allergen. Mini-
mizing technique errors, such as using old test preparations, can also
reduce the possibility of a false-negative patch test result. Erikstam
et al report a patient had a false-negative patch test result because an
old preparation of triglycidyl isocyanurate from 1988 was used.”
Therefore, if a false-negative reaction is highly suspected, a retest may
be performed using fresh substances with known stability.> To cor-
rectly determine the stability of a patch test, clinicians can refer to the
guide provided by Joy et al that thoroughly provides recommenda-
tions about storage conditions and longevity of different allergens.*®

Effect of UV Exposure

UV light exposure also proves to be somewhat controversial in its
nature relative to patch testing. Although the immunosuppres-
sive effect of UV radiation on the skin is well established, only 2
studies have specifically examined the impact of UV light on
patch test results in humans. Sjovall and Christensen performed
patch testing on nickel hypersensitivity before and after a course
of Ultraviolet-B (UVB) phototherapy.>*” Positive patch test
reactions were significantly decreased in frequency and intensity
on both UVB exposed and nonexposed skin. In another retro-
spective case study, Daunton and Williams found no significant
difference when they compared rates of positive patch test re-
actions between a small cohort of patients who had received
phototherapy in the preceding 6 weeks and controls who had
not.*® Thus, they concluded that cutaneous immunosuppression
induced by UV exposure seems to fully resolve in less than 6
weeks.”® Acknowledging the conflicting nature of UV studies,
Ophaug and Schwarzenberger suggest phototherapy and tan-
ning should be considered when performing patch tests. Fur-
thermore, even its interpretation should be carefully
considered.” In conducting patch tests, clinicians can inquire
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about UV exposure before administering the patch tests and
possibly postpone the test for less than 6 weeks in the case of UV
exposure. There remains room for more data to further refine
our clinical practice in this domain.

Intradermal Testing

Barbaud et al provide an up-to-date guide on skin tests used for
cutaneous adverse drug reactions.” They suggest performing at
least ten control tests to ensure the specificity of the patch test
result. Intradermal testing can be done to investigate immediate or
delayed hypersensitivity caused by injectable drugs. Their findings
suggest that intradermal testing is more useful for patients with
urticaria, angioedema, anaphylaxis, maculopapular eruption, and
baboon syndrome.*” Herbst et al emphasize the importance of not
injecting too deeply when administering the intradermal test be-
cause it can result in a false-negative result.** While appreciating
the patch test’s sensitivity in detecting metal allergy, they discuss
the potential difficulties in its interpretation and suggest using
intradermal testing as a confirmatory test.*

Repeat Open Application Test

Repeat open application test can be applied on bare skin lining
the antecubital fossa for up to a month in patients with ACD
secondary to lesser-known allergens that are not sensitive to
patch testing. Hannuksela and Salo performed ROATSs on pa-
tients with questionable patch test results and found that 44% of
them had positive ROAT results.*' In their experiment, the
authors applied 0.1 mL of potential allergens, such as emulsifi-
ers, antimicrobial agents, polyethylene glycols, corticosteroids,
wood alcohols, and coal tar, to flexor aspect of the forearm near
the cubital fossa 86 patients in 2 separated intervals.*' Signs of
dermatitis typically appeared on the fourth day after application
of ROAT so the optimal chosen period for ROAT interpretation
was concluded to be 7 days.*" It is worth noting that Goldminz
et al found that ROAT was helpful in diagnosing ACD in
most allergens except for formaldehyde and fragrance-related
allergens.*

Limitations

There are important limitations to this systematic review. Mostly,
we reviewed the literature for adult patients with suspected ACD,
but we did not consider articles for the pediatric population.
Furthermore, in considering the higher concentration of the al-
lergen being tested, we did not examine the potential effect of a
false-positive patch test result. We also did not eliminate the
possibility of irritants causing nonspecific irritation. As a result, to
ensure the validity of a positive patch test, clinicians should
conduct a literature review and minimize the possibility of a si-
multaneous nonspecific erythematous reaction and ACD. In ad-
dition, non-English articles were excluded, hence, limiting the
scope of this review.

CONCLUSION

Because patch testing is considered a gold standard diagnostic tool
for ACD, it is important to minimize false-negative results, espe-
cially when a patient’s history and physical exam provide strong
proof for ACD. By mitigating false-negative patch test results, cli-
nicians can accurately pinpoint which allergen is causing ACD and
accordingly formulate appropriate treatment plans for patients.
Here, we found immunosuppressive therapy, UV exposure, and
allergen concentration as contributing factors to false-negative
patch tests. Furthermore, using different vehicles, minimizing
technique errors, increasing reading time, and repeating open ap-
plication testing and the patch test are solutions to overcome and
prevent false-negative patch tests. Future studies should incorporate
surveys indicating a clinician’s confidence in ACD diagnosis from a
patient’s history and physical examination if a false-negative result
is obtained. Additionally, further studies can examine the potential
reasonings and solutions to false-negative tests in the pediatric
population and compare them to the adult population.
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