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Background Fluctuating irritability of the skin induced by low ambient temperature
and humidity may compromise the reproducibility of patch testing.
Objectives To assess the impact of temperature and absolute humidity at the time
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17 November 2007 (+) and (strong) positive (++/4++) reactions, respectively, among 12 allergens

included in the German Standard Series.
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Methods Analysis of clinical data collected in the surveillance network IVDK
(http://www.ivdk.org) between January 1993 and December 2001 (n = 73 691
teting, weather patients) combined with meteorological data obtained by the national services in

. . ermany and Austria. Multinomial logistic regression analysis was used to esti-
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None declared. mate the risk associated with temperature, absolute humidity and vapour pres-

sure, respectively, adjusted for sex, age, atopic dermatitis and duration of patch
test application.

Results For low temperature and humidity, a relevant increase of IR/? reaction fre-
quency was observed in the cases of paraben mix and (chloro-) methylisothiazo-
linone. Both IR/? and + reactions were significantly increased with respect to the
allergens fragrance mix, oil of turpentine, methyldibromo glutaronitrile + phen-
oxyethanol and particularly formaldehyde, while ++/+++ reactions were hardly
affected by weather conditions.

Conclusions The observed increase of IR/? reactions may be due to epidermal bar-
rier function impairment. The impact of dry/cold weather on + reactions in
terms of possibly false-positive reactions is restricted to few allergens. In the case
of + reactions of unknown relevance, a re-test under warm conditions or verifi-
cation tests such as the repeated open application test or the provocative use test
may be recommendable.

Since its invention by Jadasson, the patch test (PT) has been
refined and standardized regarding many methodological
aspects.! However, the PT is still a diagnostic tool with limited
validity and reliability. Among the factors potentially compro-
mising the diagnostic performance of the PT, the impact of
season has been the subject of several studies — under the
hypothesis either that increased ultraviolet exposure during
summer could reduce reactivity, or that winter conditions
might diminish epidermal barrier function, leading to overall
increased irritability and PT reactivity. The latter hypothesis, in
particular, is supported both by clinical research and bioengi-
neering methods,”* and by experimental studies.”
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In accordance with this background, seasonal or monthly
fluctuation of PT results has been identified by several (but
not all) previous studies, e.g. that of Krinke and Aberer.® One
of the most detailed studies, moreover, identified particular
seasonal patterns for different allergens.” However, weather
conditions may vary considerably within a month and particu-
larly within a season. Hence, the previously used markers are
very imprecise, and it is highly desirable to use actual expos-
ure data instead. In a pilot study, the feasibility of combining
meteorological data prevailing at the day of the PT with PT
results has been demonstrated.® The present study expanded
this approach (i) by including a range of contact allergens
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potentially occurring in cosmetics, toiletries and topical medi-
cations and (ii) by exploiting the availability of standardized
meteorological data in an adequate spatial and temporal reso-
lution. The objective of the present study was to examine the
impact of meteorological conditions on different grades of PT
reactions, addressing factors potentially contributing to non-
reproducibility of the PT.

Materials and methods

Clinical data

Since 1989, an expanding network of departments of derma-
tology in Germany, Austria and Switzerland has cooperated
as the ‘Information Network of Departments of Dermatol-
ogy’ (IVDK, http://www.ivdk.org) in the field of clinical
research on contact sensitization (CS). Aims and operational
procedures have been described in detail.® In brief, the PT
results, along with a standardized set of demographic and
clinical data of all patients with suspected allergic contact
dermatitis attending one of the participating centres, are col-
lected and pooled in the Gottingen data centre in an anony-
mous format. The PT procedure follows current international
guidelines' further amended by the German Contact Derma-
titis Research Glroup,10 of which all IVDK partners are mem-
bers. For the present retrospective analysis, standard series
results from patients seen by one of the 28 Austrian and
German IVDK departments of dermatology within a 30-km
radius around a weather station maintained by the German
Meteorological Service (Deutscher Wetterdienst, DWD), Offen-
bach, or the Austrian Central Institute for Meteorology and
Geodynamics  (Zentrdlanstalt ~ fiir ~ Meteorologie und ~ Geodynamik,
ZAMG), Vienna in the years 1993-2001 were examined.

The allergens of the standard series shown in Table 1 have
been considered in this analysis focusing on cosmetic and
topical drug allergens.

Meteorological data

Meteorological data were obtained from the DWD and the
ZAMG, respectively. Both institutions maintain weather sta-
tions located throughout Germany and Austria. IVDK centres
were paired with the closest available weather station. Occa-
sionally, in larger cities like Munich or Berlin, multiple local
IVDK centres were assigned to one weather station. The
DWD calculated daily values of temperature (T) and relative
humidity (RH) by averaging measurements at the weather
station taken at three set times until March 2001, and from
24 hourly measurements thereafter. According to previous
research, absolute humidity (AH), and not RH, is preferable
for the analysis in terms of an association with irritant skin

11,12
damage.

Another past study has shown that vapour
pressure (VP) also provides an appropriate representation
Therefore, AH and VP

derived from T and RH values for the analysis with published
13,14

of  humidity.* values  were
formulae.

The 3 days preceding the PT, including the 2 days prior to
PT application and the day of application, were regarded as
most relevant. Therefore, 3-day moving averages of T, AH and
VP were calculated and matched appropriately to the dates of
PT application, similar to the study by Léffler and Happle.*
T, AH and VP were then (i) categorized according to the quar-
tiles of the corresponding distribution and (ii) combined to a
new variable with — theoretically — 16 levels, to address possi-
ble interaction between the effects of T and AH and T and VP,
respectively. As some combinations are not possible for

Table 1 Twelve allergens of the standard series and the frequency of different grades of patch test reactions to these

No. of reactions

Test conc. Percentage
Allergen (%) No. tested IR/? a4 AR /AR + to +++
A Fragrance mix 8 61 085 2811 4878 2395 11-91
A Myroxylon pereirae resin (balsam of Peru) 25 61 128 2286 3964 1491 8:92
A Oil of turpentine 10 58 051 750 967 273 214
B Methyldibromo glutaronitrile + phenoxyethanol 1 : 4 1 29 428 580 904 344 424
(e.g. Euxyl™ K 400)
B Paraben mix (a mixture of butyl-, ethyl-, methyl- and 16 49 771 1040 581 131 1-43
propylparaben in equal parts)
B Formaldehyde® 1 61 217 2811 890 285 1:92
B Chloromethylisothiazolinone/methylisothiazolinone 0-01 59 999 529 993 464 2:43
(e.g. Kathon™ CG)*
C Neomycin sulphate 20 61 178 592 1159 498 2:71
€ Benzocaine 5 61 214 440 587 381 1-58
C Propolis 10 36 503 a3 605 274 2:41
D Lanolin alcohols 30 61216 1119 1856 591 400
D Cetostearyl alcohol 20 57 228 540 511 176 1-20

All allergens in petrolatum except where otherwise indicated: *water. A, fragrance allergens sensu lato; B, biocides; C, topical agents; D, emul-
sifiers; IR/?, irritant or doubtful; +, weak positive; ++/+++, (strong) positive reactions.

© 2008 The Authors
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physical reasons, and hot and arid conditions are very rare in
our temperate climate, only 10 of the 16 combinations proved
relevant for the analysis.

Multifactorial analysis

As simple bivariate analyses of the association between mete-
orological conditions and the pattern of PT reactions might
be confounded, adjusted multifactorial analyses were add-
itionally performed. The following factors were considered as
potential confounders in all models: (i) atopic eczema (past
or current vs. none), (ii) the duration of application (24 vs.
48 h), (iii) age (<40 vs. > 40 years, according to IVDK
standards'®) and (iv) sex. Multinomial logistic regression was
used to examine the relationship between T, AH and VP,
respectively, and the PT results. PT readings at the third day
served as the dependent variable, where irritant or doubtful
(IR/?), weak positive (+) and (strong) positive (++/+++)
reaction readings were compared with negative reactions (ref-
erence group), respectively. T, AH and VP were examined in
separate models (marginally) in the four categories men-
tioned. Additionally, the 10 relevant categories of T combined
with AH, and T combined with VP, respectively, were exam-
ined in a combined exposure variable (see above) in two
separate models for each allergen. To examine a possible
interaction effect between T and AH (VP), each significant risk
estimate of a combination variable of T and AH (VP) was
compared with the two respective marginal estimates of T
and AH (VP), respectively. Large increases (or decreases in the
case of lowered risk estimates) of the risk estimates of the
combined variable over the individual factors would indicate
that the factors interact (additively or multiplicatively) to
amplify the effects of exposure.

Results

A total of 73 691 patients was patch tested in the study per-
iod in the centres included. The proportion of females was
63:1%; 40:7% were aged 40 years or less. Past or current
atopic eczema was noted in 17:5%. The PT was applied for
24 h in 38% and for 48 h in the remainder. The frequency
of PT reactions is shown in Table 1. Evidently, the fragrance
mix is the leading allergen, while positive reactions to ceto-
stearyl alcohol, benzocaine, formaldehyde and the paraben
mix were relatively rare, ranging between 1% and 2%. The
mixture of methyldibromo glutaronitrile and phenoxyethanol
1:4 (MDBGN + PE) at a 1% test concentration was
included in the German Standard Series only in January
1997, and propolis in June 1999, explaining the lower
number of patients tested with these allergens. During the
study period, the seasonal variation of meteorological vari-
ables typical for a temperate climate was observed. In the
northern (southern) part of the study region, the median
summer (April-September) T was 15:0 °C (159 °C) and the
median winter (October-March) T was 46 °C (45 °C).
Median RH was 73% (71%) in summer and 83% (83%) in
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winter, with overall variability largely similar between North
and South.

As a first step of assessing the relationship between meteo-
rological factors and PT reactions, a bivariate analysis of the
proportion of IR/?, + and ++/+++ reactions in the four clas-
ses of AH is presented (Fig. 1). Corresponding analyses with T
and VP, respectively, yielded very similar results and are thus
not presented here. The analyses show that in the cases of
some allergens (e.g. fragrance mix, formaldehyde, paraben
mix), reactions, particularly of the IR/? type, display a distinct
association with AH, while other allergens such as lanolin alco-
hols, propolis and benzocaine were not associated with the
weather conditions.

The 12 allergens were analysed in five separate multinomial
logistic regression analyses each as described above; results in
full detail are presented in Hegewald.'® In this paper, the pre-
sentation is restricted to marginal model results for AH, as VP
and T, respectively, yielded very similar results. Table 2 shows
the results of the marginal model in terms of risk estimates
for the most extreme (dry) exposure category. No significant
effect of weather conditions on any type of PT reaction was
noted for benzocaine, propolis, lanolin alcohols and cetostea-
ryl alcohol. Neomycin sulphate exhibited a peculiar pattern in
that risk was reduced in drier/colder weather, compared with
more humid/warmer conditions. In all other seven allergens,
a more or less marked increase mainly of IR/?, less often of +
reactions, was found. Only in the case of the fragrance mix
were ++/+++ reactions also significantly over-represented in
the two coldest and driest categories, respectively. The analysis
of interaction did not yield evidence of a general, consistent
interaction effect between T and AH (VP).

Discussion

For the first time, a detailed analysis of the pattern of associa-
tion between meteorological conditions, namely, T, AH and
VP, and different grades of PT reactions to a set of important
allergens has been performed. Apparently, PT results are
relatively stable across the weather conditions of the central
European climate for most allergens, at least in terms of
morphologically positive (presumably allergic) results in the
range of + to +++ reactions. In this context, a very limited
increase in risk of up to 20% (odds ratio < 1-20) should
probably be regarded as nonrelevant, even if significant, as
with fragrance mix. Focusing on significant and relevant asso-
ciations gives reassurance that PT results can be regarded as
fairly reliable in this respect.

In contrast, IR/? reactions are observed more frequently
under dry and cold conditions among several allergens. Appar-
ently, an impaired epidermal barrier function under these

> renders the skin more vulnerable to the

ambient conditions
(very) slight irritating effect many allergens may exert under
PT conditions. Formaldehyde exhibits the strongest associa-
tion, and chloromethylisothiazolinone/methylisothiazolinone
(MCI/MI) also shows a marked increase in risk of IR/? reac-

tions in dry and/or cold conditions. This could indicate that

Journal Compilation © 2008 British Association of Dermatologists @ British Journal of Dermatology 2008




4 Weather and patch test reactivity, W. Uter et al.

IR/? + . ++/+++ IR/? + ++H +++
Fragrance mix MPR
m—II © 1}: < II < I © - I o
2 T T . 1§ ] i3 «,_I KEe II«—IIII
DS e B B B B B B B B R B S s m e B B Y N R R R R
1 2 3 4 1 2 3 4 1.2 3 4 1 2 3 4 1.2 3 4 1 2 3 4
Oil of turpentine MDBGN + PE
* 1
X - III ~ II - N—III ® II - - :{III
Cr T T T T F T T T T T T T T T B e e e e NS B B R e s s e
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Paraben mix Formaldehyde
4 ¥ iy III
0\0 o III - III - - — I - I -
TET T 23z 5
B e e e e e IS B B s e s s s Cr T T T TP T T T T T T T T 11
1.2 3 4 1.2 3 4 1.2 3 4 1.2 3 4 1.2 3 4 1.2 3 4
MCI/MI Neomycin sulphate
RS = i3y | EEEE| e I e e o &
D e e R LA B R s e s s s Cr T T T T F T T T T T T T T T
1.2 3 4 1.2 3 4 1.2 3 4 1.2 3 4 1.2 3 4 1.2 3 4
Benzocaine Propolis
o _ 1 = _ _ IIII N _
SN e = S [ R o S 3 e 2
C Tt TT T T T T T T T T T T T Cr T T T T T T T T T T T T
1 2 3 4 1 2 3 4 1.2 3 4 1 2 3 4 1.2 3 4 1 2 3 4
Lanolin alcohols Cetostearyl alcohol
S “'IIII"' IIIIN- 335 -EIFFT -l FTEITE "
T w5
A e S B s B B R B B m s Cr T T T T T T T T T T T T 11
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Index Index

Fig 1. Distribution of irritant or doubtful (IR/?), weak positive (+) and (strong) positive (++/+++) reactions to 12 allergens with 95%

confidence intervals in the classes of absolute humidity: 1, < 5 g m™>

;2,>5t07¢g m>3,>7t 10 g m>; 4, > 10 g m™3. MCI/MI,

chloromethylisothiazolinone/methylisothiazolinone; MPR, Myroxylon pereirae resin; MDBGN + PE, methyldibromo glutaronitrile + phenoxyethanol.

water-based allergen preparations are more seasonally depen-
dent than petrolatum-based test materials or, conversely, that
petrolatum as PT vehicle partly counteracts'’ the impairment
of the epidermal barrier function caused by dry/cold ambient

conditions.

Interestingly, lanolin alcohols, well known to cause nonspe-
cific, i.e. irritant, reactions, did not exhibit weather-dependent
variation of any of the reaction classes (IR/?, +, ++/+++).
Presumably, the mechanism of irritation by lanolin alcohol
and related substances is (i) different from that of other

© 2008 The Authors
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Table 2 Odds ratios (ORs) and 95% confidence intervals (CIs) of patch test reactions (vs. no reaction) from marginal models with the driest of

four categories of 3-day moving averages of absolute humidity (£ 5 g m™) vs. the most humid (> 10 g m™°)

IR/? 4 Ae/ARER

OR 95% CI OR 95% CI OR 95% CI
Fragrance mix 131 1-17-1-47 1-15 1-05-1-25 1-15 1-:01-1-30
Myroxylon pereirae resin 1-17 1-03-1-34 1-07 0-97-1-18 094 0-80-1-10
Oil of turpentine 142 114=1-77 163 1-34-1-99 0-96 0-67—1:37
MDBGN + PE 1-43 1-09-1-86 1-29 1-05-1-58 096 0-69-1-34
Paraben mix 147 1-22-1-77 1-16 0-91-1-48 0-93 0-54—1-61
Formaldehyde 1-69 1-36-2-09 1:69 1-37-2-08 1-37 0-96-1-96
MCI/MI 1-45 1-12-1-88 1-20 0-98—1-45 111 0-83—1-47
Neomycin sulphate 0-83 0-65-1-07 092 0-77-1-08 092 0-70-1-22
Benzocaine 1-05 0:79-1-40 093 0-64-1-08 091 0-66—1-24
Propolis 1-17 0-88—1-54 1-18 0-93-1-50 1-05 0-73—1-49
Lanolin alcohols 117 0-98-1-40 1-04 091-1-20 096 076122
Cetostearyl alcohol 1-15 0-89-1-48 0-91 0-70-1-19 1-05 0-67—1-67

Models were adjusted for sex, atopic dermatitis, duration of application and age. Significant risk estimates are shown in bold.

MDBGN + PE, methyldibromo glutaronitrile + phenoxyethanol; MCL/MI, chloromethylisothiazolinone/methylisothiazolinone; IR/?, irritant

or doubtful; +, weak positive; ++/+++, (strong) positive reactions.

allergens or model irritants and (ii) not subject to meteorolog-
ical influences.

Weather-dependent variation of IR/? reactions thus appears
plausible, but is not a grave concern. In contrast, weather-
dependent variation of + reactions must be regarded as critical
for the reliability of the PT, as these are normally interpreted
as indicative of CS and thus have grave individual implica-
tions. Misclassification must indeed be suspected, because it is
not conceivable that true weather-dependent variation of the
individual CS elicitation threshold should exist, and just
regarding a few allergens. In this context, the slight, but very
consistent, elevation of the risk not only of +, but also of
++/+++ PT reactions to the fragrance mix under dry/cold
conditions could be due to the additive sorbitan sesquioleate.
This emulsifying agent may enhance penetration, and subse-
quent reactions of any degree, especially under atmospheric
conditions inducing subtle barrier impairment.

The fact that the increase of + reactions largely parallels
the increase of IR/? reactions strongly points to the possibility
that at least some of the + reactions are also irritant (false-
positive). However, without employing verification tests such
as the repeated open application test (ROAT) or the provoca-
tive use test (PUT)' it is not possible to decide whether false-
positive reactions increase during dry/cold conditions, or
whether false-negative reactions occur more frequently under
warm/humid conditions.

Regarding the meteorological data, some exposure misclas-
sification due to geographical mismatch may have happened.
However, its effect is probably not severe, considering that
variation over time is much more marked than spatial varia-
tion. While most people spend a large part of their daily life
indoors, and not outdoors, especially in winter, previous stud-
ies have shown that the weather does affect skin regions nor-
mally covered by clothes, such as the upper arm.” Moreover,

© 2008 The Authors

winter outdoor air, which is typically cold, and has a moder-
ate to high RH but a low AH, will impact the indoor environ-
ment of people, lessening the indoor AH (and, in fact, the
indoor RH). Indeed, a fairly strong correlation between out-
door and indoor AH has been found, the latter being inversely
correlated to the air exchange rate of the building.'® As expos-
ure misclassification is most likely nondifferential, i.e. not
related to the outcome, we would expect it to bias all risk
estimates towards the null (unity), but not to distort the rela-
tive effect of the weather conditions on the different PT out-
come classes.

Comparing marginal risk estimates of T, AH and VP, only
minute differences were found. This is not surprising, given
the strong correlation between the factors. Hence, it does not
really matter which factor is considered, and future analyses
might as well concentrate on the observation of one factor —
keeping in mind that this will also more or less represent the
other exposure factors.

In conclusion, for most of the allergens analysed here, PT
performance is relatively stable across temperate central Euro-
pean weather conditions. However, some allergens, including
MDBGN + PE, MCI/MI, formaldehyde and oil of turpentine,
possibly lead to false-positive reactions under cold/dry condi-
tions and should thus probably be re-tested under warm con-
ditions. Alternatively, verification tests such as the ROAT or
PUT should be performed, particularly in cases of + reactions
of unknown relevance. The increase of IR/? reactions to sev-
eral allergens is in line with other evidence on the impairment
of epidermal barrier function under winter weather condi-
tions. Hence, when patch testing allergens with largely
unknown inherent irritating potential, and especially patients’
own materials such as (adequately diluted) shampoos, cutting
fluids, etc., a possibly lowered threshold for irritation must be
considered when interpreting the PT reactions.
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