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Background: The human repeated insult patch test (HRIPT) has a history of use in the fragrance industry as a component
of safety evaluation, exclusively to confirm the absence of skin sensitization at a defined dose.

Objective: The aim of the study was to document the accumulated experience from more than 30 years of conducting
HRIPTs.

Methods: A retrospective collation of HRIPT studies carried out to a consistent protocol was undertaken, with each study
comprising a minimum of 100 volunteers.

Conclusions: The HRIPT outcomes from 154 studies on 134 substances using 16,512 volunteers were obtained. Most
studies confirmed that at the selected induction/challenge dose, sensitization was not induced. In 0.12% of subjects
(n = 20), there was induction of allergy. However, in the last 11 years, only 3 (0.03%) of 9854 subjects became sensitized, per-
haps because of improved definition of a safe HRIPT dose from the local lymph node assay and other skin sensitization
methodologies, as well as more rigorous application of the standard protocol after publication in 2008. This experience with
HRIPTs demonstrates that de novo sensitization induction is rare and becoming rarer, but it plays an important role as an
indicator that toxicological predictions from nonhuman test methods (in vivo and in vitro methods) can be imperfect.
I n the middle of the last century, Shelanski1,2 conceived “a new
technique of human patch tests” as a means to expose the skin

sensitizing activity of substances. More or less in parallel,
Schwartz3,4 reported similar types of investigations. These works
laid the foundation of the human repeated insult patch test
(HRIPT). Neither Shelanski nor Schwartz published much more
on the HRIPT (the authors could only identify a single subsequent
publicationmademore than 45 years after the original work).5 Con-
sequently, it fell to others to develop a more consistent protocol for
the HRIPT and to establish its scientific foundation.6–11 On this ba-
sis were derived a limited number of publications detailing the
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application of the HRIPT to specific use categories of substances, nota-
bly preservatives, and of particular relevance in this present article, fra-
grances.12,13 The HRIPT used by the Research Institute for Fragrance
Materials (RIFM) is a repeated patch test that is used to confirm the
no-observed-effect level for the induction of skin sensitization in a nor-
mal human population, under exaggerated exposure conditions. Statis-
tically, when no reactions occur in 100 test subjects, then the rate of
positive reactions in a larger population is unlikely to exceed 2.9%, with
a confidence level of 95%, under identical conditions. That upper level
of 2.9% positive reactions should not be confused with an expected rate
of 2.9% in the general population, not least because the test conditions
in the HRIPT are not identical to real-life scenarios.14,15

Over several decades, the approach taken by the RIFM for the
evaluation of skin sensitization potential used the HRIPT as a final
step to confirm the absence of this activity at the dose level deter-
mined from a preceding risk assessment to be nonsensitizing.16

For this article, it is not necessary to detail the history of the devel-
opment and evolution of that risk assessment process, because that
methodology has been fully detailed elsewhere.15–18 Published at the
same time was a critical review of how to perform and interpret the
HRIPT.19,20 Nevertheless, it is also fair to note that there remains a
significant concern surrounding the ethics, effectiveness, and hu-
man safety of the HRIPT.21–23 In response to these concerns, the
RIFM has undertaken an extensive retrospective review of its
HRIPT portfolio, which is reported herein. Obviously, ethical ques-
tions associated with the HRIPT must be the remit of a properly
constituted, independent, and transparent ethical review committee
339
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TABLE 1. The HRIPT Scoring Scheme

Reaction Grade Description

0 No visible skin reaction
± Faint, minimal erythema
1 Erythema
2 Intense erythema, induration
3 Intense erythema, induration, vesicles
4 Severe reaction with erythema,

induration, vesicles, pustules
E Edema
DR Dryness
P Papule—red, solid, pinpoint elevation

HRIPT, human repeated insult patch test.
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(institutional review board). With this in mind, the primary focus
here is the risk of induction of contact allergy in those who partici-
pate in any HRIPT.

MATERIALS AND METHODS

Substances

All the fragrance ingredients tested were commercial quality sam-
ples identified by their Chemical Abstracts Service number.

Test Protocol

In brief, 0.3 mL (liquid) or 0.3 g (solid) of the selected concentration
of the test fragrance material is applied in a vehicle of 3:1 diethyl
phthalate/ethanol (or on 7 occasions 1:3 diethyl phthalate/ethanol)
using occlusive 25-mmHill Top Chamber patches; saline (128 stud-
ies) and/or vehicle (154 studies) control patches are applied in par-
allel. The induction patches are applied to the skin between the
scapula and spinal midline for 24 hours, followed by a 24-hour rest
period and retreatment of the same site for a total of 9 induction ap-
plications over 3 weeks. This induction phase is followed by a
2-week rest period and then the challenge phase. Challenge is made
by a single 24-hour patch to a naive test site; the site is scored 24, 48,
and 72/96 hours after application by a trained evaluator. Rechal-
lenge may be made to confirm the nature of any skin reaction. Nor-
mally, at least 100 subjects must finish the test. More than a dozen
inclusion/exclusion criteria were used to identify appropriate volun-
teers, and they are described by Politano and Api.19 The test fra-
grance material concentration depends on detailed preceding
toxicological evaluation and is always built on a weight of evidence,
but for most substances reported herein, it has depended on relative
potency information from the local lymph node assay (LLNA).17–19

The amount of fragrance material per unit area of skin is used to
quantify the dosage in these studies, as it has been previously shown
to be the most relevant metric to skin sensitization.24 The dose per
unit area can be easily calculated by dividing the amount of test
material by the size of the patch used. For instance, in a study with
α-amylcinnamaldehyde (Table 2), 0.3 mL (approximately equal to
3.0 � 105 μg) of 20% fragrance material was applied using a Hill
Top Chamber. An area of 2.54 cm2 is covered by the fragrance ma-
terial using this patch system. The dose per unit area in this study
was calculated as follows:

0:2� 3:0� 105 μg
� �

2:54 cm2
¼ 23; 622 μg=cm2:

To determine the likelihood that skin sensitization (contact allergy)
has been induced in an individual, the data set was inspected for ev-
idence that reactions to test material were greater than those to ve-
hicles, persisted/increased during the observation period, and/or
were reproducible upon rechallenge. The scoring scale used for skin
reactions is shown in Table 1. A skin reaction of at least 1E, ery-
thema combined with edema, was, in the absence of confounding ir-
ritation, taken to indicate induction of contact allergy.
Human Safety Considerations

Every study was conducted with the approval of an independent in-
stitutional review board. The test concentration selected is based on
a careful toxicological examination, such that the exposure level
should not be associated with any other adverse health effects, in-
cluding local toxicity (irritation, depigmentation, hyperpigmenta-
tion, etc), genotoxicity, or other systemic adverse reactions.
Analysis of the predicted nonsensitizing dose is based on a weight
of evidence from LLNA data and other sensitization assays, includ-
ing in silico and in vitro assays. When available, historical human
tests, such as human maximization studies, are also considered in
predicting the nonsensitizing dose. This dose may not be the highest
level that can be achieved in humans. In addition, toxicology predic-
tions inevitably contain a degree of uncertainty, so despite the low
risk, volunteers who develop skin sensitization reactions are notified
of what they are allergic to, are examined by a dermatologist, receive
follow-up care until the allergic skin reaction subsides, and are pro-
vided information on how to avoid future cases of dermatitis.19,20,24
Limitations

The HRIPT is only used by the RIFM to confirm a no-effect level,
which is established through rigorous preclinical investigation. For
this reason, the HRIPT described here is limited in discovering a
threshold of a material that induces skin sensitization. The statistical
limitationmay arise because of the number of subjects. According to
previous analysis, the sensitization rates of less than 1.0% are not
likely to be detected when the test is conducted with a group of ap-
proximately 100 subjects.14,20 It should also be noted that the test is
conducted under the exaggerated exposure scenario that is unlike
the real-life situation. Although this exaggerated test condition
may increase the sensitivity of the test in detecting the possible skin
sensitization reaction, it also means that HRIPT cannot be used to
precisely predict skin sensitization potency of a material.20,21 Other
limitations include the challenge in gathering a volunteer popula-
tion with diversity in terms of age, sex, and ethnicity.20 It can also
be difficult to ensure compliance of all participating subjects to the
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test protocol throughout the whole study. It is important to bear in
mind that a number of subjects may drop out during the course of
the test.20

Study Curation

The RIFM has a long history of conducting human studies as part of
the assessment of skin-sensitizing activity. For this publication, only
those HRIPTs conforming to the fully defined published protocol,
which has now been used as a matter of routine for the last 30 years,
were selected. The HRIPT studies conducted by the RIFM were col-
lected from the RIFM Database in December 2019 (https://
rifmdatabase.rifm.org/). The study reports were manually examined
to assess whether they conform to the currently published protocol.
The studies compiled include both shared and exclusive panels of
subjects. Of 345 HRIPTs, a little fewer than half met the criteria of
fully conforming to the published protocol. Reasons that an HRIPT
did not conform included failure to have at least 90 participants to
complete the study, use of a nonstandard vehicle, or noninclusion
of control patches. It was also required that a given fragrance mate-
rial is not tested along with other fragrance materials on the same
group of subjects. It is important to note that among the 345
HRIPTs, some were done on 50 subjects, and a second study was
undertaken later to produce a combined study total of at least more
than 90 participants.
RESULTS

The RIFM records contained 154 HRIPTs fulfilling the quality
criteria (see hereinabove), conducted on the 134 fragrance sub-
stances. These are reported in Table 2. Note that column 3 details
the number of subjects who completed the study; a greater number
would have been enrolled, but approximately 10% on average fail to
complete any study. Dermal responses to fragrance material oc-
curred in 27 (18%) of the 154 studies during the induction and/or
challenge phases; vehicle reactions occurred in 14 (9.1%) of the
154; reactions to saline occurred in 12 (9.4%) of 128. Only in 4 sub-
jects were there reactions to both vehicle and saline, such that 22
(14%) of 154 showed a degree of skin response. Finally, in 10 of
the 154 studies, subjects who reacted to test materials also reacted
to vehicle and/or saline. Thus, there is considerable overlap and
nonspecificity, associated withminor skin reactions to a 24-hour oc-
clusive patch application (all of which resolves rapidly), which has to
be filtered out of detailed analysis of the data set in terms of potential
allergic responses.

Overall, 20 of 16,512 volunteers in 9 studies exhibited de novo
skin sensitization induction. What follows is a brief commentary
on substances where there was evidence of sensitization reaction.
Presensitization, nonspecific reactions, and intermittent skin reac-
tions during the induction that were not confirmed at the challenge
phase were not considered as evidence of de novo skin sensitization
induction. They are referred to in their order of first appearance in
Table 2, except where substances have been grouped.

https://rifmdatabase.rifm.org/
https://rifmdatabase.rifm.org/
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2,6,6-Trimethylcyclohexa-1,3-dienyl methanal was negative at a
lower dose of 29 μg/cm2. At the higher concentration of 59 μg/
cm2, it gave 4 grade 1E reactions during induction, including 1
at the first induction, indicating a preexisting contact allergy to
this material. Two grade 1E reactions were observed at the chal-
lenge, and a single subject had the same reaction to vehicle dur-
ing induction. In 1 subject, the pattern of reactions, appearing
during the later induction steps and repeated at the challenge,
persisting to the 72-/96-hour time point, indicated contact al-
lergy had been induced.

4-Hydroxy-2,5-dimethyl-3(2H)-furanone gave grade 1E reac-
tions in 2 subjects, 1 only during the later stages of induction and
1 upon induction and challenge. The absence of a response at
the challenge phase in 1 subject who reacted during induction is
inconsistent with allergy. The other subject with low-level reac-
tions during the later induction stages exhibited a grade 1E reac-
tion during the 48-hour challenge reading, which subsided to
grade 1 at the later readings. However, the positive response was
confirmed during the rechallenge, confirming the induction of
contact allergy.

6-Methyl-3,5-heptadien-2-one produced minimal responses in
several subjects during the induction phase; at challenge, 3 individ-
uals presented grade 1E responses at all later readings, and
two-thirds showed a response at the ninth induction and at rechal-
lenge, thereby confirming the induction of contact allergy. In an ad-
dition of 2 subjects, low-grade erythema reactions in the absence of
edema arose at the challenge, in 1 case being preceded by a slight re-
action at the ninth induction.

Benzaldehyde at 590 μg/cm2 was negative, but at 10 times the
concentration, reactions occurred, some clear evidence of the in-
duction of contact allergy. Minor nonspecific irritation reactions
occurred during the induction. However, in 12 subjects, grade
1E and occasional 2E reactions occurred at the challenge, often af-
ter dermal responses during the latest stages of induction. Skin re-
actions in 6 of 12 subjects subsided on the last challenge reading.
Rechallenge was deemed unnecessary as the sensitization re-
sponse was clear; 6 of 104 subjects were sensitized to 5900 μg/cm2

of benzaldehyde.
Benzyl alcohol was tested at 3 concentrations. At 3543 μg/cm2, it

was negative, whereas at 5905 and 8858 μg/cm2, the picture was less
clear. At the mid concentration, almost no irritation was apparent,
but 2 subjects showed grade 1E or 2E responses at the first induction
patch, indicating that they may be allergic to benzyl alcohol. Both
subjects had no further induction patches; they reacted more
strongly at challenge, confirming that they already had contact al-
lergy. No other subject showed evidence of the induction of contact
allergy. At the highest dose, 1 subject exhibited a grade 3 reaction
during the fourth induction. The induction was continued at a dif-
ferent site, but a grade 2E reaction was observed. Because of the
strong reactions, the rest of the induction patches were omitted. This
subject showed reactions at challenge, which were confirmed at re-
challenge, leading to the conclusion that 1 of 110 developed allergy
to 8858 μg/cm2 of benzyl alcohol.
L-Carvone was evaluated at 18,896 and 2675 μg/cm2. It gave rise
to significant evidence of minor skin irritation during the induction,
with 1 in 3 subjects at 18,896 μg/cm2 experiencing multiple re-
sponses. In 12 subjects, the reactions were sufficient to dictate that
challenge patching was not appropriate. This does not indicate
sensitization induction because many had very early induction
phase skin reactions, and other subjects who had experienced
similar induction reactions were negative at challenge. Ultimately,
4 subjects experienced reactions consistent with the induction of
contact allergy. When L-carvone was tested at a lower dose,
2675 μg/cm2, 1 subject exhibited a 1E reaction in response to 1
of the 9 induction patchings. At challenge, no subject exhibited
skin reactions, confirming that contact allergy was not induced
at this lower dose.

p-Methoxybenzaldehyde was negative at 2363 and 3543 μg/cm2,
but at 4724 μg/cm2, several subjects exhibited grade 1E reactions
during induction. However, scattered ± reactions indicated a slight ir-
ritant response to test material. One subject had a grade 2E reaction to
the final induction treatment. At challenge, several minor responses
were seen; a sole subject displayed a pattern of late-developing re-
sponse during induction, also seen at challenge, and thus consistent
with induction of contact allergy. However, the reaction could not
be reproduced at rechallenge, questioning whether it was a
true-positive response. The subject with a grade 2 response at
the final induction stage had only ± reactions at challenge, which,
given the many scattered irritant responses seen throughout the
study, is unlikely to be sensitization. Taking a conservative view,
a single subject may have been sensitized in this study, but it re-
mains doubtful. A study at a higher concentration, 6496 μg/cm2,
was carried out. There were very few reactions during induction
(or challenge) indicative of irritation. One subject presented a
grade 1 response at all challenge readings, and at the same time,
the induction site displayed the same degree of reaction. Another
subject exhibited grade 1E reactions during the 72- and 96-hour
readings. This induction of contact allergy was confirmed by a
positive rechallenge.

p-t-Butyl-α-methylhydrocinnamic aldehyde applications led
to evidence of minor irritant reactions, matched in intensity,
exceeded in number by those to the vehicle control in 1 subject,
and thus attributed to nonspecific rather than allergenic effects.
Sensitization effects were seen in 2 other subjects, who showed
reactions to the fragrance material without exhibiting reactions
to vehicle or saline.
DISCUSSION

In the material reported herein, the outcomes of the 154 studies in-
volving 16,512 human volunteers are detailed. As expected from the
conservative approach to the prediction of the no expected sensiti-
zation induction level (NESIL), most HRIPTs conducted (76%)
did not lead to any type of dermal reaction, whether irritant or aller-
gic. Allergy induction was evidenced in 20 subjects (0.12% of those
tested out of 16,512 total subjects) across 9 of the 154 studies. In
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other words, in fewer than 6% of HRIPTs was there any evidence of
the induction of allergy. The reactions were seen with 8 (6.0%) of the
134 substances. Furthermore, with the introduction of the LLNA
and a more standardized approach, both to risk assessment and to
the procedure of the HRIPT over the last decade, the proportion of
those in whom sensitization was induced fell significantly, from 17/
6658 to 3/9854 (P < 0.001; Fisher exact test, 2-sided), by a factor of
more than 4, to 0.03%. Subjects who exhibited skin reactions were ad-
vised (and fully funded) to follow up with a dermatologist. There is a
mechanism for a long-term follow-up with the volunteers who
reacted, and none of the subjects subsequently reported any adverse
effects from their daily use of consumer products.

At the heart of this article is the essential debate concerning the
balance of the procedure of a human skin sensitization test, the
wider interests of human safety, and matters of ethics in toxicolog-
ical risk assessment. Implicit in a commentary by one of the authors
of this article, some years ago, was the principle that an HRIPT
could not be considered ethical if the study did not have scientific
credibility.21 TheHRIPTs carried out by RIFM are often given the ep-
ithet “confirmatory,” but it is essential to be clear that the expected
negative outcome is not certain. The analysis carried out before the
initiation of an HRIPT focuses on the definition of a NESIL.17,25

However, to ensure that prediction is accurate, the human test is also
performed, because there is evidence that albeit infrequently, the po-
tency of a skin sensitizer differs between mice and humans.26 Thus,
this usage passes the essential criterion that it has scientific merit.
Given that there is no appropriate method that can accurately replace
human testing at this time, HRIPTs remain necessary for minimizing
the risk of skin sensitization for a larger normal human population.
However, in doing so, it puts the panelists involved at (low) risk of
the induction of sensitization. It is for this reason that some commen-
tators regard the implementation of the test to be unethical.22 Al-
though it might be argued that the question of ethics should be left
to a properly constituted and wholly independent ethical review com-
mittee, it is entirely reasonable to ask, “What is the level of risk to
which HRIPT panelists are exposed?” That main purpose to quantify
the level of risk is complete—it is very low.

This comprehensive retrospective analysis confirms the underly-
ing rationale for the management of a human study in which an in
vitro/in vivo prediction of a NESIL remains imperfect. It substanti-
ates earlier conclusions from a smaller data set.27 Although this con-
tinues to be the status quo, the only alternative to the application of
an additional uncertainty factor to all NESIL predictions, the great
majority of which are adequately accurate, is to carry out a human
confirmatory study. Furthermore, to distinguish this type of study
from the general product testing that is undertaken in the HRIPT,
we propose in the future to refer to the study via the acronym CNIH
(confirmation of no induction in humans).
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