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Positive nickel patch tests do not intensify positive
reactions to adjacent patch tests with dichromate

Results from a double-blind multicentre study of the German Contact
Dermatitis Research Group (Deutsche Kontaktallergie-Gruppe, DKG)*
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The possible interference of neighbouring allergic patch-test reactions is still an open question. In
this study, we investigated whether there is a distance-related mutual modification of neighbouring
allergic patch-test reactions to nickel sulfate and potassium dichromate. We used a double-blind
multicentre study design with randomized attachment of special TRUE Tests with 1, 3 and 7 cm
distance between nickel sulfate and potassium dichromate patches. 589 patients with a history of
nickel allergy (523 female, 66 male) were tested, with a mean age of 35 years. A log-linear modelling
approach was used for statistical assessment of the relation between the distance separating neigh-
bouring patch tests with nickel and dichromate and the reactions to the allergens. Non-reproducib-
ility coefficients were compared by the generalized version of Fisher’s exact test for arbitrary 2-
dimensional contingency tables. For the left side of the back, virtually no differences (pΩ0.70)
were found in the reaction patterns obtained for the 3 distances separating nickel and dichromate
patch tests. On the right side of the back, the number of reactions to dichromate patches with
only 1 cm distance from moderate/strong nickel reactions was lower than the number of positive
dichromate tests at larger distances from nickel tests (on the border of statistical significance: pΩ
0.05). Corresponding side-related results were obtained for subgroups of patients with and without
a history of atopic dermatitis. The non-reproducibility of reactions to dichromate was not signifi-
cantly related to the distance between neighbouring tests. Our data argue against a ‘‘spillover‘‘
effect of strong/moderate nickel reactions, but indicate that such reactions may, under certain
conditions, attenuate adjacent reactions to an unrelated allergen. In the case of future verification,
this will have implications for the interpretation of patch tests.
Key words: patch test technique; angry back; patch test reproducibility; spillover effect; TRUE
TestTM. C Munksgaard, 2000.
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For the correct interpretation of patch-test read-
ings it is mandatory to know about possible inter-
actions between synchronous patch test reactions.
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An increased occurrence of false-positive patch test
reactions due to many synchronous positive reac-
tions has been termed ‘‘angry back’’ (1), ‘‘excited
skin syndrome’’ (2, 3), or ‘‘stochastic resonance’’
(4). However, not all investigators agree that an
excited skin syndrome really exists (5–7).

In the case that one patch test reaction can mod-
ify another patch test reaction, this can be ex-
pected to be most pronounced in patch tests that
are situated close to one another (8–10). An en-
hancement of a weak reaction by a strong adjacent
reaction was described by several authors as



145NICKEL/DICHROMATE PATCH TEST INTERACTION

‘‘spillover‘‘ effect (11, 12). However, others found
the strength of neighbouring patch test reactions
to be unrelated to their distance (13), and it was
shown that the threshold for a positive nickel patch
test is not decreased by an adjacent strong positive
nickel reaction (14). Experimental models even re-
vealed that eczematous skin reactions could atten-
uate cell-mediated immunity (15, 16).

Therefore, it is currently an open question
whether the small distance (usually 1 cm) between
routine patch tests is sufficient to exclude inter-
ference between adjacent patch tests. To find an
answer, we have analyzed the results of synchron-
ous neighbouring patch tests with nickel sulfate
and potassium dichromate. These 2 allergens were
chosen because they are very common, chemically
defined and unrelated standard allergens that do
not cross-react. Both allergens were attached sim-
ultaneously with a separating distance of 1 cm, 3
cm or 7 cm, and the results were compared by use
of appropriate statistical models.

Patients and Methods

Study design and subjects
Our double-blind randomized multicentre study
was approved by the Ethical Committee of the
Medical Faculty of the University of Kiel, and this
approval was endorsed by the other 12 centres par-
ticipating. Patch test patients older than 17 years
with a history of nickel allergy were enrolled after
giving their informed consent. Exclusion criteria
were any kind of immunosuppressive medication,
treatment of the back with UV-light or cortico-
steroids within 4 weeks prior to testing, inflamma-
tory dermatoses of the back, any major general
disease, pregnancy, and a history of excessively
strong patch test reactions to nickel sulfate or pot-
assium dichromate (local eczematous response
with a diameter .3 cm, any generalized response).
Furthermore, a history of atopic dermatitis was
recorded.

Patch testing

Special TRUE TestTM strips were manufactured
and supplied for this study by Pharmacia & Up-
john (Hillerød, Denmark). In principle the con-
struction of these study strips was identical to that
of commercially available TRUE TestTM (17). Cor-
responding to the latter, the test fields were ar-
ranged in a line, each test field covered a square
area of 0.8 cm2, and the distance between adjacent
test areas was 1 cm. However, each study strip
comprised 6 test areas only, and only 2 of them
were provided with customary TRUE TestTM aller-
gens: 1 test area contained nickel sulfate (0.2 mg/

cm2), and 1 test area contained potassium dichro-
mate (0.023 mg/cm2), whereas the other 4 test
areas were placebo-filled. The distance between the
nickel and dichromate test areas on each study
strip was either 1, 3 or 7 cm. By observing these
distances, the allergens were placed randomly
within the strips, identifiable only by a code. Each
patient was tested synchronously with 2 randomly
chosen study strips that were attached to the left
and right side of the back for 2 days. Additional
patch tests were allowed to be performed
synchronously according to the diagnostic require-
ments of the individual patient, but a minimum
distance of 10 cm between the study strips and any
other patch tests was required by the study proto-
col. The study patch tests were read on day 2 (D2)
and day 3 (D3) according to the guidelines of the
German Contact Dermatitis Research Group (18):
negative (ª), questionable (?), weak (π), moderate
(ππ), and strong (πππ) reactions were defined as
follows: negative: no visible reaction; questionable:
erythema, no infiltration; weak: erythema, infil-
tration, slight papules possible; moderate: ery-
thema, infiltration, papules, vesicles; strong: ery-
thema, infiltration, confluent vesicles.

The readings on D3 were used for all evalu-
ations. To eliminate any possible impact of an ob-
served centre-dependent slightly divergent differen-
tiation between questionable and weak positive re-
actions, all questionable reactions were added to
the weak positive reactions for our analyses. Since
the numbers of positive reactions to dichromate
were rather low and included only a minor % of
moderate and strong positive reactions, all positive
reactions (weak, moderate and strong) to dichro-
mate were pooled for evaluations pertaining to
their distance to nickel reactions. Moderate and
strong reactions to nickel were also pooled for the
same reason. In addition, the total number of all
positive reactions – including those obtained by in-
dividual diagnostic patches – was also recorded.

Statistics

For the statistical assessment of the relation be-
tween the distance separating neighbouring patch
tests with nickel and dichromate and the test reac-
tions to the allergens, a log-linear modelling ap-
proach was used. In particular, for each side of the
back the model included terms for the distance
and the test reaction to nickel and dichromate.
Separate analyses were done for all patients and
for patients with and without a history of atopic
dermatitis.

The second-order interaction terms of these log-
linear models, involving distance and test reactions
to nickel and dichromate, indicates whether the 2-
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dimensional reaction pattern of test results for
nickel and dichromate is independent of the dis-
tance separating these patch test chambers or not.
The p-values of the corresponding likelihood ratio
test for these specific interaction terms are thus re-
ported. The significance level for statistical testing
was set at 5%.

The concordance of reactions to the same aller-
gen in the same patients can be described by the
non-reproducibility coefficient (19). Differences
between non-reproducibility coefficients for differ-
ent groups of subjects were statistically tested by
the generalized version of the Fisher exact test for
arbitrary 2-dimensional contingency tables.

Results

A total of 589 patients (523 female, 66 male) were
tested, with a mean age of 35 years (,25 years:
148; 25–39 years: 270; 40–54 years: 119; $55 years:
52). 224 patients were considered atopics according
to the criteria of Hanifin & Rajka (20).

The numbers of test strips used with 1, 3, and 7
cm distance between the test areas with nickel sul-
fate and potassium dichromate proved to be bal-
anced when all patients were considered and also
when distinct subgroups of them (with and with-
out a history of atopic dermatitis, with and with-
out known allergy to dichromate) were analysed
separately. Furthermore, virtually no differences
were found between the left and right side of the
back with regard to the frequency of tests with 1,
3, or 7 cm distance between test areas with nickel
sulfate and potassium dichromate, or with regard
to the total numbers of positive reactions to nickel
sulfate or potassium dichromate.

A total of 406 questionable/positive reactions
occurred with nickel sulfate on the left and on the
right side of the back, and a total of 191 and 195
questionable/positive reactions were seen with pot-
assium dichromate on the left and right side of the
back. The frequency of irritant reactions was negli-

Table 1. This table refers to the total study population and shows the numbers of non-irritant reactions to nickel and dichromate
on the left and right side of the back, in relation to the distance between adjacent patch tests and differentiated by the reaction
strength; due to a few irritant reactions not included in this table, the total numbers of reactions on both sides are not identical

Reactions to nickel

ª ?/π ππ/πππ

Distance (cm) Reactions to dichromate left right left right left right

ª 40 38 39 32 55 531 ?/π/ππ/πππ 18 30 16 18 27 23

ª 32 51 35 37 49 503 ?/π/ππ/πππ 22 14 15 20 26 33

ª 47 34 34 33 58 587 ?/π/ππ/πππ 21 12 10 13 36 32

gible. The reaction index (21, 22) was 0.91 for
nickel and 0.23 for dichromate.

Table 1 shows the total numbers of negative and
positive reactions to nickel and dichromate separ-
ately for the 3 distinct distances between the test
areas for both allergens. Because of major differ-
ences between the results obtained on the left and
right side of the back, the data are presented separ-
ately for both sides of the back. Due to these side-
dependent differences, separate statistical analyses
were mandatory for both sides. Taking the data of
all patients pertaining to the left side of the back,
no statistically significant relation (pΩ0.70) was
found between the distance separating nickel and
dichromate patch tests and the reactions obtained.
On the right side of the back, however, less ques-
tionable/positive reactions to dichromate were ob-
served with patch tests attached at 1 cm distance
from moderate/strong nickel reactions than with
dichromate patch tests at a larger distance from
the neighbouring moderate/strong nickel reaction
(23 for 1 cm distance, 33 for 3 cm distance, 32 for
7 cm distance, Table 1). This difference in the pat-
tern of test reactions to nickel and dichromate, de-
pending on the distance of test chambers, was on
the border of statistical significance when analysed
in the log-linear modelling framework, utilising the
full data in Table 1 (pΩ0.05).

Corresponding side-dependent differences were
also found when separate analyses were done for
non-atopic and atopic patients. For the latter, on
the right side of the back, the number of positive re-
actions to dichromate was in fact significantly lower
(pΩ0.012) when the distance between positive nickel
patches and dichromate patches was only 1 cm, as
compared to larger distances. For non-atopic pa-
tients, a corresponding p-value of 0.053 indicated
borderline significance. On the left side of the back,
no such relation was seen in non-atopic and atopic
patients. Due to the small number of patients with a
history of dichromate allergy, a separate analysis for
them was not appropriate.
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Table 2. This table refers to that subgroup of the study popula-
tion only that was tested with identical distances between nickel
and dichromate patches on both sides of the back; the total
number of patients is therefore lower than in Table 1; for the 3
different distances between nickel and dichromate patches, the
numbers of patients are shown separately for those who reacted
with questionable/positive (?/π/ππ/πππ) reactions to nickel
and dichromate on both sides of the back and for those who
reacted on one side only

?/π/ππ/πππ ?/π/ππ/πππ
on both sides on one side onlyDistance

(cm) nickel dichromate nickel dichromate

1 36 3 7 7
3 37 13 7 9
7 44 9 6 10

We also looked at the non-reproducibility of
nickel and dichromate reactions in patients who
had been tested with identical distances between
nickel and dichromate patch tests on both sides of
their back. Separately for the 3 distances between
the neighbouring patch tests, the non-reproducibil-
ity was calculated as described previously (19),
based on the numbers of patients with correspond-
ing questionable/positive reactions on both sides of
their back and the number of patients with a ques-
tionable/positive reaction on one side only. Due to
the study design, the sample sizes for these evalu-
ations were much lower (Table 2) than the total
number of patients tested, and the numbers of
atopic patients within these samples were not suf-
ficient for a separate analysis.

The data shown in Table 2 reveal that the non-
reproducibility of reactions to dichromate 1 cm
away from adjacent nickel patch tests was higher
(0.7) than the non-reproducibility of dichromate
reactions at a distance of 3 cm or 7 cm from the
neighbouring nickel patch test (0.41 and 0.53 re-
spectively), but this was not a statistically signifi-
cant relation (pΩ0.34). The non-reproducibility of
nickel reactions was low throughout (0.16, 0.16
and 0.12 for 1, 3 and 7 cm distance) and indepen-
dent of the distance from the neighbouring dichro-
mate patch test (pΩ0.83). Accordingly, the number
of patients with corresponding questionable/posi-
tive reactions to dichromate on both sides who had
been tested with nickel and dichromate patches
only 1 cm apart was markedly lower (nΩ3) than
the comparable numbers of patients tested with
larger distances between nickel and dichromate
patches (nΩ13 for 3 cm distance and nΩ9 for 7 cm
distance; Table 2), whereas no such differences
were seen with the nickel reactions.

Discussion

The aim of our present investigation was to ana-
lyse a possible mutual modulation of adjacent

patch tests. A positive patch test may amplify an
adjacent patch test reaction (11, 12) and a similar
process of raised reactivity caused by multiple
positive patch tests could be the basis for an
‘‘angry back’’ (1–4). In contrast to this notion, our
results do not indicate that a positive patch test
reaction increases the likelihood of another posi-
tive reaction in its close proximity. No higher num-
ber of positive dichromate reactions was obtained
with patch tests attached only 1 cm away from a
positive nickel patch test than with dichromate
patch tests at a distance of 3 cm or 7 cm from a
positive nickel reaction. This outcome argues
against a ‘‘spillover‘‘ effect and matches earlier
findings that the strength of neighbouring patch
test reactions is unrelated to the distance between
them (13), and that the threshold for a positive
nickel patch test is not decreased by an adjacent
strong positive nickel reaction (14).

These previous investigations were made, how-
ever, only with identical allergens for both neigh-
bouring patch tests (14), with unusual concen-
trations of allergen (14) or with a special ring-
shaped test chamber that was positioned concent-
rically to an Al-test chamber (13). Since our inten-
tion was to clarify whether a mutual modification
of adjacent patch test reactions is likely to occur
under routine patch test conditions, we simulated
these conditions by using 2 distinct and unrelated
allergens in common patch test concentrations.
These were applied by the TRUE TestTM system,
which is in wide use for diagnostic patch testing.
Our method can therefore be assumed to yield
more realistic information about that which is
happening in routine patch testing.

In the case that a positive patch test has an effect
on a neighbouring patch test reaction, this should
have a distance-dependent impact on the reprodu-
cibility of the reactions as well. We found that the
non-reproducibility of nickel patch tests was quite
clearly independent of their distance from neigh-
bouring patch tests with dichromate. In contrast,
the non-reproducibility of dichromate patch tests
was higher (0.7) for those patches located only 1
cm away from nickel patch tests as compared to
more distant tests (0.41 and 0.53 for 3 and 7 cm
distance). The fact that this difference was not stat-
istically significant may be explained by the small
number of patients available for this particular
analysis. Therefore, a reduced reproducibility of
dichromate patch tests that are located in close
proximity to other positive patch tests should not
be dismissed until more data with larger numbers
of patients are available.

It was a big surprise to us to find some differ-
ences between the interaction of patch tests on
both sides of the back. On the left side of the back,
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there was no relation between the distance separat-
ing adjacent patch tests and the strength of the
dichromate reactions (pΩ0.70). On the right side
of the back, however, such a relation was of bor-
derline significance (pΩ0.05), when all patients
were analysed together, and turned out to be sig-
nificant when only atopic patients were evaluated
(pΩ0.012). Although a different skin reactivity was
reported for the back and extremities (23) and for
the lower and upper back (24), no different skin
reactivity has been described for the left and right
sides of the back in recent studies (25, 26). A
strictly symmetrical application of both study test
strips was not requested by our study protocol, but
there was no evidence for a systematic bias due to
different test strip localizations on both sides of
the back that would explain our divergent results
on the left and right side of the back.

Since most of the patients had been tested with
additional allergens for individual diagnostic pur-
poses, one could speculate that such additional
tests might have had an impact on our study re-
sults, although they had to be kept at a minimum
distance of 10 cm to the study strips. A retrospec-
tive questionnaire revealed that it had been a com-
mon practice in the participating centres to start
with the attachment of diagnostic patch tests on
the left side of the back. A higher average number
of positive reactions can thus be expected to have
occurred on the left side as well. Therefore, we
compared patients with up to 4 positive reactions
to those with more than 4 positive reactions, but
the side-related differences described above oc-
curred within both of these subgroups as well. This
finding argues against a major influence of the ad-
ditional diagnostic patch tests on our study results,
and so far, we are unable to give a conclusive ex-
planation for the differences observed between
both sides of the back.

For the right side of the back, there was a
compelling tendency in our data for moderate to
strong nickel patch test reactions to reduce the
frequency of positive reactions to dichromate
patch tests attached at a distance of only 1 cm.
We would like to point out that this tendency
was not caused by our pooling of questionable
and weak positive reactions or by pooling mod-
erate and strong nickel reactions for our calcu-
lations. We also checked this relation by calcu-
lations using figures obtained by various different
modalities to merge the numbers of distinct (?,
π, ππ, πππ) reactions and found p values
even below 0.05 then (ranging between 0.002 and
0.048 for all patients). If this observation can be
verified by future studies, it would support the
possibility that eczematous skin reactions can at-
tenuate cell-mediated immunity (15,16). Such an

attenuation would be of considerable practical
importance for patch testing.

We conclude that positive nickel patch test reac-
tions will not intensify adjacent dichromate patch
test reactions, making a ‘‘spillover’’ effect an un-
likely event. Under certain conditions, some at-
tenuating effect may in fact occur instead. To cla-
rify this question is of basic importance for the
interpretation of patch tests and should be the aim
of future studies with more allergens.
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