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Predictive toxicology tests for the prospective identification of skin-sensitizing chemicals are well
known and have been used for many years. However, of these, only the local lymph node assay
(LLNA) has actually undergone formal independent assessment to determine the accuracy of the
predictions, particularly with respect to the likelihood of false positives and false negatives. Often,
efforts to increase the sensitivity of a test (reducing false negatives) tend to increase the number of
false positives. In this short review, these issues are discussed in particular relation to the 3 predictive
tests available in regulatory toxicology, the guinea-pig maximization test, the occluded patch test of
Buehler and the LLNA. A key perspective is that no predictive test is without limitations; having
a good appreciation of these limitations is necessary for making the best use of the information
derived from these methods.
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Any toxicological test must fulfil some basic
requirements to be of practical value in the pro-
tection of human health. Tests must be relevant to
the end-point of concern (in this case, skin sensi-
tization) and be reliable, that is, reproducibly
able to give the correct prediction when the test
is repeated, either at the same laboratory or in
different locations. The process by which this
requirement is confirmed and demonstrated for
new/in vitro tests is called ‘validation’, and this
activity has been very clearly prescribed (1, 2).
Tests for the prospective identification of chem-

icals that possess the ability to cause significant
skin sensitization have been available for more
than half a century [reviewed in Andersen and
Maibach, Botham et al., Basketter and Steiling
et al. (3–6)]. These methods have normally used
the guinea pig as the species of choice, following
on from the early studies in the past century (7).
Of the many methods described, none of which
was formally validated, ultimately only the
guinea pig maximization test (GPMT) ofMagnus-
son and Kligman (8) and the occluded patch test
of Buehler (9) have continued to be accepted. Rel-
atively recently, an alternative model using the
mouse, the local lymph node assay (LLNA), has
gained widespread acceptance following formal

validation and acceptance in the USA and in
Europe (10, 11).

For all the methods available currently, it is
necessary to have an understanding of the data
that are generated, how they can be interpreted
and the likelihood that they are correct, in other
words, to have an appreciation of the risk that the
result may be either a false positive or a false
negative. In this brief commentary, the questions
of relative test sensitivity, false positives and false
negatives in the 3 in vivo assays for the predictive
identification of skin sensitization hazard are
addressed.

Test Sensitivity

Following the earliest development of guinea-pig
methods, which were of limited sensitivity, first
Buehler (9, 12) and thenMagnusson and Kligman
(8) proposed protocols designed to offer sufficient
sensitivity to identify weaker, as well as strong,
skin sensitizers. All these assays employed dermal
routes of exposure and occlusion during the
induction phase, followed by a topical application
challenge to show whether any degree of skin sen-
sitization had been induced. The occluded patch
test reported by Buehler, however, was originally



not sufficiently well described and proved very
susceptible to technical variations which could
severely compromise the assay. This led to the
impression that the test was not particularly sen-
sitive and, in part, prompted Magnusson and
Kligman to report very thoroughly the work they
had done to establish a highly sensitive GPMT (8).
Properly conducted, the Buehler test proved ad-
equately sensitive and capable of detecting those
skin sensitizers which would require classification
according to EU regulations (13, 14).
However, in these laudable efforts to enhance

test sensitivity, little consideration was given to
the matter of specificity, in other words, the risk
of increasing the number of false positives at the
expense of reducing the numbers of false negatives
(15). Furthermore, much of this occurred at a time
when there was no requirement for validation,
independent or otherwise, of any protocol. This is
of considerable importance, however, as enhance-
ment of sensitivity at the expense of selectivity
inevitably leads to over-classification of substan-
ces and an associated lowering of the value of the
classification; a failure to identify potential sen-
sitizers in contrast can lead to a lack of risk as-
sessment and risk management implementation.
Currently, there has been no formal review of
the guinea pig tests in this respect, although the
view persists that the Buehler test offers greater
specificity, whereas the GPMT provides greater
sensitivity.
In recent years, the LLNA has been widely

adopted (16, 17). In this assay, sensitizing activity
is measured as a function of the cell proliferation
triggered in lymph nodes draining the site of epi-
cutaneous application of the test chemical. This
assay was subject to the full rigour of independent
validation, with 200þ chemicals being used to
show its sensitivity and specificity (10, 16). In this
process, the assay was shown to approach 90%
specificity and sensitivity, a view confirmed when
an expanded data set was examined (18).

False Positives

No predictive toxicology test is without limita-
tions. Incorrectly identifying a chemical with very
limited/no sensitizing activity (for humans) as posi-
tive is bound to happen. This might occur for
a variety of reasons, including inter-species differ-
ences or the fact that the end-point of the predic-
tive test is not a direct mechanistic correlate of
human biology. For the guinea pig tests of lesser
sensitivity, the false positive results were rarely
reported as a practical problem. However, for the-
highly sensitive GPMT, false positives were con-
sidered more likely to occur, eventually with

Kligman himself describing the problem and
potential solutions (15). One of the first described
GPMT false positive results reported was sulpha-
nilic acid (19). This chemical was correctly identi-
fied as non-sensitizing in the LLNA, but this
assay reported the classic irritant sodium lauryl
sulfate as a false positive (20). The characteriza-
tion of false positivity in each of these cases rested
heavily on human experience, demonstrating that
despite extensive skin exposure, neither of these
chemicals had been found to sensitize humans. Of
potential importance in this respect may be the
requirement within the GPMT for exposure to
test chemical intradermally in combination with
a powerful adjuvant.
An additional issue that is worth mentioning

here is that the term ‘false positive’ is often mis-
applied in respect of materials which, although
actually sensitizers, are widely regarded as insuffi-
ciently sensitizing to merit concern (e.g. regulatory
classification) but which in testing are found to be
sufficiently positive to classify. An example here
could be isopropyl myristate, regarded as a false
positive in the LLNA (21) but nevertheless asso-
ciated with occasional clear evidence of being
a human contact allergen and thus, strictly speak-
ing, not a true non-sensitizer (22). A contrasting,
but comparable, issue arises with false negatives
(see below).

False Negatives

In this situation, substances that in reality should
be recorded as skin sensitizers fail to cause a (suf-
ficient) response in the test system. To a great
extent, this was the driving force behind the devel-
opment of the GPMT. Thus, false negatives may
be less common in this method, but they still exist,
an obvious example being the paraben family of
preservatives, which are well described human
sensitizers; although, a key question is whether
they are really of sufficient sensitizing power to
merit formal classification (23). Paraben is also
negative in other predictive assays; it contrasts
with isopropyl myristate (see above), which is
a similarly weak sensitizer, but which emerges as
a clear, if very weak, sensitizer in the LLNA (21).
Often, apparent false negatives may be the result
of poor quality test conduct, e.g. with methyldi-
bromoglutaronitrile (MDGN) (23). Early pub-
lished studies in the guinea pig indicated that
this substance was not a significant skin sensitizer
(24, 25). Subsequently, human clinical data contra-
dicted these observations, suggesting that MDGN
was capable of inducing skin sensitization. Overall,
the picture has been of a substance which clearly
possessed significant skin sensitization potential.
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Most notable was the work ofWilkinson et al. who
collated data over a 10-year period for many Euro-
pean clinics and demonstrated a sharp rise in the
frequency of positive patch test reactions to
MDGN (26). Many of the cases of sensitization
to MDGN have been demonstrated to be associ-
ated with normal cosmetic and occupational use of
this preservative (27, 28). Even the short-term
exposure associated with repeated use of liquid
soaps preserved with MDGN is a significant cause
of MDGN allergic dermatitis (29). This preserva-
tive was subsequently shown to be a strong sensi-
tizer in the LLNA (21, 30). Such divergent results
may arise simply as a consequence of the many
technical challenges of conducting the guinea pig
test methods, where factors such as the efficacy of
fur removal and quality of patch occlusion can
have a dramatic impact on test outcome (5). The
issue of technical variations impacting the outcome
of guinea pig tests was clearly identified many
years ago (4, 5) and led to the introduction of the
requirement for weak to moderately sensitizing
positive controls in an updated OECD guideline
for skin sensitization (31) and the newer guideline
for the LLNA (32). It is our view that these are
essential for the demonstration of proper test per-
formance, but where a laboratory has appropriate
experience, they need not be conducted in parallel
with each study (33). Published evidence shows
that the response to positive controls in the LLNA
is highly reproducible (34).

Guidance on Test Interpretation

It is not intended to provide extensive details/case
studies here on how to interpret studies. However,
there is considerable information in the literature
to which the reader is referred. In the specific case
of the 2 guinea pig tests, then weak reactions
occurring at challenge may well be best assessed
by the conduct of a rechallenge (under identical
conditions) 2 weeks later on the alternate flank
(15, 35). The guiding principle here is that true
sensitization is generally reproducible, whereas
non-specific reactions such as skin irritancy are
not. More general guidance on the identification
of false positives and negatives in both guinea pig
and mouse assays has been published (20). Specif-
ically for the LLNA, attention has also been
drawn to the importance of considering historical
vehicle control data (36). Further examples and
considerations have most recently been presented
in relation to EU classification considerations,
remembering there that the aim is to distinguish
substances which should be regarded as skin sen-
sitizers from substances which are either non-
sensitizers or are not sufficiently sensitizing to

merit formal classification (30). Ultimately, the
interpretation of test data will always have to be
undertaken on a case-by-case basis.

Conclusions/Future Directions

If properly conducted, the current portfolio of
predictive skin sensitization methods, and notably
the well-validated LLNA, provide a reliable
screen for contact allergens. Informed deployment
of positive controls and of information from his-
torical vehicle control data in the LLNA or of
rechallenge data in guinea-pig tests are a valuable
aid to data interpretation. In addition, the LLNA
also provides valuable information on potency, so
that risk assessment/management can be properly
implemented on a sound evidential basis (21,
37–41). Obtaining equivalent information using
a combination of in silico and/or in vitro proce-
dures presents substantial challenges (42).
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yldibromoglutaronitrile in rinse-off products causes allergic
contact dermatitis: an experimental study. Br J Dermatol
2004: 150: 90–95.

29. ZachariaeC,Rastogi S,DevantierC,MennéT, Johansen JD.
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