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Objectives   An accurate diagnosis of (occupational) contact sensitization by patch testing is a prerequisite for 
efficient preventive management. However, previously observed seasonal fluctuations in patch-test reactions in-
dicate some influence of meteorological conditions. The present analysis aims at quantifying the possible impact 
of temperature and humidity on patch-test reactions to occupationally related allergens.
Methods   Clinical data from 61 780 patients tested with standard series allergens potentially related to occu-
pational exposure from 1993 through 2001 were collected by a contact sensitization surveillance network.The 
association between the patch-test results and meteorological data (air temperature and humidity) collected at the 
time and the approximate location of the testing was analyzed in a  multinomial logistic regression analysis. 
Results   For three allergens (a dye and two biocides), the odds of irritant or doubtful allergic reactions increased 
during cold and arid conditions. Two of them (p‑phenylenediamine and formaldehyde) also showed an associa-
tion between weak positive allergic reactions and such weather. In contrast, reactions to various adhesive, plastic, 
and rubber-related allergens were not associated with weather conditions.
Conclusions   An overall increase in skin irritation, brought on by cold and dry conditions, may instigate an 
increase in positive reactions by leading doubtful allergic reactions to be (falsely) categorized as allergic for at 
least two of the considered allergens. For the most part, however, weather conditions were not associated with 
reactions to occupational allergens. Thus the validity of patch testing does not largely seem to be compromised 
by ambient meteorological conditions.
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Occupational skin disease is one of the most common 
and costliest categories of occupationally acquired dis-
eases due to lost productivity, costs for workers’ treat-
ment and compensation, and possibly retraining. Contact 
dermatitis with an allergic or irritant etiology comprises 
a large proportion of the reported cases of occupational 
skin disease, such as 80% of the cases registered in the 
United Kingdom (1). Annual incidences ranging from 
0.5 to 1.9 per 1000 employees have been reported (2). 
Regarding the role of contact sensitization (ie, allergic 
contact dermatitis), a German population-based study 
found that 52% of the persons with occupational skin 
disease tested positive for an occupationally relevant 
allergen (3). 

Contact sensitizations usually persist for a long 
time, possibly as long as life. Given the importance of 
avoiding allergens to prevent relapses of allergic contact 
dermatitis, it can be difficult to continue working in the 
profession that led to sensitization in the first place. 
Whether for the identification of targeted secondary 
preventive measures or for an adequate assessment 
of occupational inability (4), the identification of oc-
cupational sensitizations by means of a standardized 
patch test (5) must be timely (6). However, the patch 
test has limited reproducibility as a standard diagnostic 
procedure (7), this limitation may at least partly be due 
to meteorological conditions, in view of the seasonal 
fluctuations of patch-test results previously observed 
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(8–11). In particular, the increase in skin irritability 
observed during cold or dry conditions demonstrates the 
susceptibility of the skin to environmental conditions 
(12–14). Striving to reconcile previous, partly conflict-
ing evidence and ultimately to improve patch-test stan-
dardization, we set out to examine the extent to which 
the outside air temperature and humidity at the time of 
a patch-test application may affect patch-test reactions 
to occupational allergens.

Study population and methods

A diagnostic patch test was performed on patients 
with suspected contact sensitization at 28 centers of 
the Information Network of Departments of Dermatol-
ogy [Informationsverbund Dermatologischer Kliniken 
(IVDK), www.ivdk.org] in Austria and Germany with 
standard series of the German Contact Dermatitis Re-
search Group (DKG). National or international standard 
series generally include a set of allergens recognized 
as the most important or most common. Altogether 
61 780 patients were tested with at least 1 of 10 aller-
gens frequently associated with occupational exposures 
during 1993 through 2001. The allergens examined 
included p-phenylenediamine (PPD), formaldehyde, 
methylchloroisothiazolinone–methylisothiazolinone 
(MCI–MI), thiuram mix, colophony, N-isopropyl N’-
phenyl-p-phenylenediamine (IPPD), epoxy resin of the 
BADGE type, p-tert-butylphenol formaldehyde resin 
(pTBFR), zinc diethyldithiocarbamate (ZDEC), and 
mercaptobenzothiazole (MBT); for the test concentra-
tions and vehicles see table 1. All of the received patient 
data were anonymous and included both patch-test re-
sults and information regarding important items of the 
patients’ histories. Patch tests were applied to the skin 
for 1 or 2 days. Patch-test readings were taken on the 
third day after the initial test application and classified 
on morphological grounds according to international 
guidelines (5). Of the 61 780 patients tested with the 
occupational allergens, 63% were female. The median 
(and mean) age of the patients was 46 years with an 
interquartile range of 31 to 59 years, and 21% of the 
patients had a history of atopic dermatitis. The number 
of patients tested with the individual allergens and the 
frequency of reactions are listed in table 1. Patch tests 
were applied for 48 hours to 62% of all of the patients 
and for 24 hours for the rest. Fewer patients were tested 
with MBT because it was omitted from the official 
DKG standard series during a considerable proportion of 
the study period (July 1993–June 2000), although some 
departments continued to include it in their standard al-
lergy screening panels during these years.

Meteorological data in terms of the daily mean val-
ues of temperature and relative humidity were obtained 

from the Austrian Central Institute for Meteorology 
and Geodynamics (Zentralanstalt für Meteorologie und 
Geodynamic, Vienna, Austria) and the German Meteoro-
logical Service (Deutscher Wetterdienst, Offenbach and 
Freiburg, Germany). The weather stations were located 
within 30 kilometers of the dermatology departments. 
According to previous research, absolute humidity and 
vapor pressure are preferable over relative humidity for 
the analysis in terms of an observed association with 
irritant skin damage (13–15). Therefore, the values for 
absolute humidity and vapor pressure were derived from 
the temperature and relative humidity values for the 
analysis with published formulas (16, 17). Due to the 
similarity between the results of the absolute humidity 
and the vapor pressure analyses, only the results of the 
absolute humidity models are presented in this publica-
tion. The overall average temperature during the study 
period at the study locations was 9.9ºC (median 10.1ºC) 
with a range of –19.0ºC to 30.3ºC. Concerning humid-
ity, the mean absolute humidity was 7.6 g/m3 (median 
7.3 g/m3), ranging from 0.96 to 19.6 g/m3. In the colder 
6 months of the year (October through March), the 
mean temperature and absolute humidity were 4.5ºC 
and 5.66 g/m3, respectively, compared with 15.2ºC and 
9.55 g/m3, respectively, in the warmer months (April 
through September). 

Table 1. Numbers of patients tested and the resulting test reac-
tions.a (IR/? = irritant or doubtful reaction, + = weak reaction, 
++/+++ = strong reaction, PPD = p-phenylenediamine, MCI–MI 
= methylchloroisothiazolinone–methylisothiazolinone, pTBFR = 
p-tert-butylphenol formaldehyde resin, IPPD = N-isopropyl N’-
phenyl-p-phenylenediamine, MBT = mercaptobenzothiazole, ZDEC 
= zinc diethyldithiocarbamate)

Allergen a	 Test reaction

	 IR/?	 +	 ++/+++

				    N	 %	 N	 %	 N	 %

Dye

	 PPD	 1	 61132	 913	 1.5	 1605	 2.6	 1184	 1.9

Biocides

	 Formaldehyde	 1	 61217	 900	 1.5	 890	 1.5	 285	 0.5
	 MCI–MI	 0.01	 59999	 529	 0.9	 993	 1.7	 464	 0.8

Adhesives (plastic materials)

	 Colophony	 20	 61171	 639	 1.0	 1374	 2.2	 1094	 1.8
	 Epoxy resin	 1	 61204	 381	 0.6	 372	 0.6	 343	 0.6
	 pTBFR	 1	 61176	 373	 0.6	 431	 0.7	 216	 0.4

Rubber constituents

	 IPPD	 0.1	 59061	 432	 0.7	 287	 0.5	 244	 0.4
	 MBT	 2	 29885	 158	 0.5	 143	 0.5	 127	 0.4
	 Thiuram mix	 1	 61154	 504	 0.8	 958	 1.6	 652	 1.1
	 ZDEC	 1	 55982	 196	 0.4	 187	 0.3	 109	 0.2

a All of the allergens were diluted in petrolatum, except formaldehyde and 
MCI–MI, for which water was used.

	 Test	 Patients 
	 concen-	 tested 
	 tration	 (N) 
	 (%)

www.ivdk.org
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Moving averages of the meteorological variables, 
including the day of the patch-test application and the 
2 days preceding the application, were calculated and 
matched appropriately to the corresponding dates of 
the patch-test application. Multinomial logistic regres-
sion was used to examine the relationship between the 
temperature and humidity with the patch-test results. 
The test readings of the individual allergens served as 
the dependent variable, the negative reactions being 
used as the reference for irritant or doubtful (“IR/?”), 
weak allergic (“+”), and strong allergic (“++/+++”) 
reactions, respectively. We divided the temperature and 
humidity values into four categories at their quartiles 
and examined the variables in separate models. All of the 
models also included the variables age, gender, atopic 
dermatitis, and duration of the patch test (1 or 2 days) 
as potential confounders. The statistical analysis was 
conducted with SAS, version 9 (Cary, NC, USA). 

Results

As an initial examination of the potential association 
between the meteorological factors and the reaction cat-
egories, the mean values and 95% confidence intervals 
(95% CI) of the temperature on the day of the patch-test 
application were calculated, stratified according to the 
resulting patch-test reaction category (figure 1). For 

PPD, formaldehyde, MCI–MI, colophony, epoxy resin, 
and thiuram mix, patch tests resulting in irritant and 
doubtful reactions had been performed under slightly 
lower mean outdoor temperatures than the tests result-
ing in weak and strong positive reactions. Moreover, 
with the exception of epoxy resin, a slight trend towards 
the temperatures peaking with strong allergic reactions 
could be noted. However, the differences in the means 
were small. No consistent pattern could be discerned for 
the remaining allergens.

The adjusted logistic regression analysis incorpo-
rated temperature and absolute humidity into separate 
models. Temperature yielded risk estimates very similar 
to those obtained when absolute humidity was used, 
and this finding is very plausible in view of the strong 
correlation between these two meteorological variables 
(the colder the air, the less its water-holding capacity). 
Hence only the results regarding absolute humidity are 
presented in table 2. PPD, MCI–MI, and particularly 
formaldehyde were the only occupational allergens dem-
onstrating fairly consistent positive associations between 
irritant and doubtful reactions and dry or cold outdoor 
weather conditions. In addition, PPD and formaldehyde 
also showed such an association between weak allergic 
reactions and weather conditions. The patch-test reac-
tions of plastic-, adhesive-, and rubber-related allergens 
were not consistently dependent on weather conditions. 
MBT did show a weak trend towards reduced odds 
of irritant or doubtful reactions with decreasing abso-
lute humidity; contrary to the aforementioned pattern, 

Figure 1. Means and 95% confidence intervals of temperatures on the day of patch test application 

stratified by resulting test reactions. The overall mean temperature observed on days of patch test 

application was 9.8ºC.

Figure 1. Means and 95% confidence intervals 
of the temperatures on the day of the patch-test 
application, stratified by the resulting test reac-
tions. The overall mean temperature observed 
on the days of the patch-test application was 
9.8ºC. (PPD = p-phenylenediamine, IR/? = ir-
ritant or doubtful reaction, + = weak reaction, 
++/+++ = strong reaction, MCI–MI = methyl-
chloroisothiazolinone–methylisothiazolinone, 
pTBFR = p-tert-butylphenol formaldehyde resin, 
IPPD = N-isopropyl N’-phenyl-p-phenylenedi-
amine, MBT = mercaptobenzothiazole, ZDEC = 
zinc diethyldithiocarbamate)



	 Scand J Work Environ Health 2008, vol 34, no 4	 319

Hegewald et al

however, only the estimate of the odds ratio of the lowest 
category was significant. 

Discussion

Ensuring the validity of diagnoses of occupational 
contact sensitization is essential, due to their important 
individual, legal, and financial consequences. While 
the standardized patch-test procedure is still the best 
available method for identifying (occupational) contact 
allergies, the biological nature of the procedure leaves 
it more or less susceptible to external factors, such as 
outdoor meteorological conditions, as shown by the 
presented analysis. Therefore, understanding if and how 
patch-test reactions can be influenced by weather condi-
tions could further improve the diagnostic performance 
of the test. A consideration of ambient conditions could, 
for instance, prompt an adjustment of the interpretation of 
reactions, re-testing, or confirmation with validation pro-
cedures such as repeated open-application testing (5). 

Similar to previous studies on the seasonality of 
patch-test reactions, which report inconsistent results 
of cumulated patch-test reactions or distinct seasonal 
patterns for individually examined allergens, we ob-
served no uniform or general relation between reactions 
to the set of considered occupational allergens and 
weather conditions. Only a few allergens with weather 
dependencies were revealed, namely, the one dye com-
ponent (PPD) and the two biocides (formaldehyde and 
MCI–MI). The latter two compounds are also the only 
two allergens in the standard series tested in an aque-
ous solution. Possibly, the use of water as the vehicle, 
or the hydrophilic nature of the allergens, contributes 
to the irritancy of these two test preparations. Mostly, 
increased odds of nonallergic reactions coincided with 
colder temperatures and lower humidity, while relations 
between weak allergic reactions and weather conditions 
were less evident, and strong allergic reactions were 
unrelated to the weather.

Most of the examined occupational allergens showed 
no consistent association between the weather and 
either nonallergic or allergic patch-test reactions. This 
inconsistency applied to all of the allergens found in the 
plastic–adhesives family (ie, epoxy resin, colophony, or 
pTBFR) and the allergens used to accelerate the vulcani-
zation of rubber or incorporated into rubber products for 
durability. Although at least the rubber allergens can be 
regarded as marginal irritants (18), the way these aller-
gens irritate may fundamentally differ from the mecha-
nisms involved in weather-related irritation by patch-test 
allergens (such as formaldehyde and MCI–MI) or frank 
irritants such as sodium lauryl sulfate (SLS). Supporting 
the notion of such different modes of irritation, Agner & 

Serup (12) demonstrated that reactions to SLS, a model 
irritant that injures the skin’s barrier function, fluctuate 
seasonally, while reactions to the irritant nonanonic acid 
(which has little effect on barrier function) showed no 
seasonal pattern. 

Table 2. Odds ratios (OR) and 95% confidence intervals (95% 
CI) for the test-patch reaction (IR/?, + or ++/++) of potentially oc-
cupational contact allergens according to categories of absolute 
humidity. (PPD = p-phenylenediamine, IR/? = irritant or doubtful 
reaction, + = weak reaction, ++/+++ = strong reaction, MCI/MI = 
methylchloroisothiazolinone–methylisothiazolinone, pTBFR = p-
tert-butylphenol formaldehyde resin, IPPD = N-isopropyl N’-phe-
nyl-p-phenylenediamine, MBT = mercaptobenzothiazole, ZDEC = 
zinc diethyldithiocarbamate)

	 Absolute humidity (g/m3), reference >10

	 ≤5	 6–7	 8–10

	 OR	 95% CI	 OR	 95% CI	 OR	 95% CI

PPD						    

	 IR/?	 1.28	 1.05–1.57	 1.33	 1.10–1.61	 1.08	 0.89–1.32
	 +	 1.11	 0.95–1.29	 1.28	 1.10–1.48	 1.22	 1.05–1.40
	 ++/+++	 0.96	 0.80–1.14	 1.15	 0.98–1.36	 1.04	 0.88–1.22

Formaldehyde						    

	 IR/?	 1.69	 1.36–2.09	 1.70	 1.38–2.10	 1.48	 1.20–1.82
	 +	 1.69	 1.37–2.08	 1.50	 1.22–1.84	 1.33	 1.08–1.64
	 ++/+++	 1.37	 0.96–1.96	 1.38	 0.97–1.95	 1.12	 0.78–1.60

MCI/MI						    

	 IR/?	 1.45	 1.12–1.88	 1.33	 1.03–1.72	 1.05	 0.81–1.37
	 +	 1.20	 0.98–1.45	 1.21	 1.01–1.46	 1.15	 0.95–1.38
	 ++/+++	 1.11	 0.83–1.47	 1.23	 0.94–1.61	 1.17	 0.89–1.53

Colophony						    

	 IR/?	 0.88	 0.70–1.11	 0.92	 0.74–1.14	 0.75	 0.60–0.94
	 +	 1.04	 0.89–1.22	 0.98	 0.84–1.15	 1.03	 0.89–1.20
	 ++/+++	 0.92	 0.76–1.11	 1.08	 0.91–1.29	 1.10	 0.93–1.31

Epoxy resin						    

	 IR/?	 1.06	 0.78–1.43	 0.91	 0.67–1.22	 1.15	 0.87–1.52
	 +	 0.93	 0.69–1.27	 1.05	 0.79–1.39	 0.93	 0.69–1.24
	 ++/+++	 0.86	 0.63–1.17	 0.89	 0.66–1.20	 0.84	 0.62–1.13

pTBFR						    

	 IR/?	 0.98	 0.73–1.33	 0.86	 0.64–1.16	 0.99	 0.75–1.32
	 +	 0.97	 0.73–1.30	 1.20	 0.91–1.56	 0.99	 0.75–1.30
	 ++/+++	 1.27	 0.86–1.88	 0.87	 0.58–1.31	 1.07	 0.73–1.57

IPPD						    

	 IR/?	 1.03	 0.77–1.37	 1.07	 0.82–1.41	 1.09	 0.84–1.43
	 +	 1.11	 0.78–1.59	 1.16	 0.83–1.63	 1.12	 0.80–1.57
	 ++/+++	 1.13	 0.78–1.64	 0.85	 0.58–1.24	 1.08	 0.76–1.54

MBT						    

	 IR/?	 0.55	 0.33–0.93	 0.78	 0.50–1.21	 0.99	 0.67–1.48
	 +	 1.17	 0.71–1.92	 0.98	 0.60–1.60	 1.13	 0.71–1.80
	 ++/+++	 0.71	 0.41–1.23	 0.77	 0.47–1.27	 1.01	 0.64–1.60

Thiuram mix						    

	 IR/?	 1.04	 0.80–1.36	 0.95	 0.73–1.23	 1.17	 0.91–1.49
	 +	 1.04	 0.86–1.26	 1.07	 0.88–1.28	 1.05	 0.87–1.26
	 ++/+++	 0.86	 0.68–1.09	 1.00	 0.80–1.24	 1.04	 0.84–1.29

ZDEC						    

	 IR/?	 1.04	 0.66–1.64	 1.21	 0.79–1.84	 1.44	 0.97–2.16
	 +	 1.22	 0.78–1.91	 1.27	 0.83–1.95	 1.20	 0.79–1.84
	 ++/+++	 0.93	 0.53–1.62	 1.03	 0.61–1.72	 0.80	 0.47–1.38

Potential  
occupational  
contact  
allergen
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The fact that mostly irritant reactions are related to 
weather further supports the notion that winter conditions 
may be making the skin susceptible to irritant or doubt-
ful patch-test reactions, in line with previous evidence 
(12–14). The increase in weak allergic reactions partly 
paralleling the increase in irritant or doubtful reactions 
could indicate an amplified morphological appearance 
of the latter reactions, which led to a morphological 
categorization of “weak positive” (false positive). 

One strength of this study was the level of accuracy 
achieved for the exposure data. Never before have actual 
meteorological data, rather than its surrogates, season, 
or the month of the year, been combined with patch-test 
data, except in our own previous pilot study (11). Obvi-
ously, it could still be argued that the averaged ambient 
(outdoor) values may not exactly represent a person’s 
exposure. However, it would probably not be feasible 
to ascertain exposure on an individual level. Neverthe-
less, several factors redeem the use of the outdoor me-
teorological measurements, (i) air conditioning was not 
very common in Austria and Germany during the study 
period, (ii) indoor absolute humidity is thus correlated 
with outdoor values even in winter (19), and (iii) there 
is evidence that skin locations typically covered with 
clothing (at least in winter) are nevertheless susceptible 
to temperature, humidity, and seasonal variation (12). 
Ultraviolet exposure, which could potentially have sup-
pressed patch-test reactions, was not thought to have 
greatly influenced the results, as testing patients with 
recent ultraviolet exposure goes against international 
patch-testing guidelines (5) and a thorough Belgian 
study found no evidence of a correlation between ul-
traviolet intensity prior to patch testing and subsequent 
reactions (20). 

In conclusion, due to the potential repercussion of 
invalid patch-test readings, particularly in the (medi-
colegal) context of occupational contact dermatitis, an 
improved understanding of the relationship between 
patch-test reactions and meteorological conditions helps 
ensure that this diagnostic method is as accurate as pos-
sible. Reassuringly, patch tests to most occupational 
allergens, especially allergens found in resins and ad-
hesives, and those used in rubber are not significantly 
influenced by outdoor conditions around the time of the 
testing. In contrast, irritant or doubtful and weak posi-
tive patch-test reactions to a few occupationally related 
allergens are associated with meteorological conditions, 
namely, PPD, formaldehyde and MCI–MI. While the 
increased occurrence of irritant or doubtful reactions 
is no concern, as they are normally not regarded as al-
lergic, the potential of “weak positive” patch-test reac-
tions to be false positive is a greater concern. In cases of 
uncertainty, retesting and confirmatory tests (5) can be 
used to validate initial results obtained during extreme 
winter conditions.
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