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Abst rac t
Introduction: Allergic contact dermatitis (ACD) constitutes a considerable part of allergic morbidity among the 
population, although its actual prevalence is unknown as it is often not properly diagnosed.
Aim: To determine the incidence of ACD compared to other allergic dermatoses in patients from the Russian Federa-
tion and the People’s Republic of China, as well as analyse immunological parameters of ACD. 
Material and methods: The study enrolled a total of 248 patients aged 17–63 years divided into two groups repre-
senting the population of the Russian Federation (122 patients) and the People’s Republic of China (126 patients). 
The total male and female ratio in both groups was 183 (74%) to 58 (26%). 
Results: The frequency of ACD incidence among other allergic dermatoses in the group of patients from the Rus-
sian Federation was 26.2%, while that in the group of patients representing the population of the PRC amounted 
to 22.2%. In the group of patients from the Russian Federation, positive reactions to allergens were most often 
observed for thiomersal (29.8%), nickel sulfate (25.2%), and a mixture of carbamates (20.7%), and in the group of 
patients from China, for nickel sulfate (30.7%), thiomersal (26.4%), and a mixture of carbamates (23.8%). 
Conclusions: The incidence rate of ACD among patients with allergic dermatoses is about a quarter of cases in 
groups from both regions. The increased expression of defensin and IFN-g genes can be considered as a marker of 
inflammation.

Key words: allergic dermatosis, allergological parameters, epidemiology, immunological parameters.

Introduction

Allergic contact dermatitis (ACD) is an inflamma-
tory skin disease caused by a reaction of a delayed-type 
hypersensitivity (DTH) or type 4. It occurs as a result of 
a chemical or antigen contact with the skin of a sensi-
tized individual, i.e., those having immune cells T-lympho-
cytes that are specific to the substance [1, 2].

This disease occupies a significant place in the struc-
ture of allergic morbidity in the population, although its 
actual prevalence is unknown as it is often incorrectly 
diagnosed (as other eczemas). At the same time, the 
prevalence of ACD varies in different regions, as well as 
allergens being noticeably diverse in different geographi-
cal zones [3]. The ACD is more pervasive in industrialized 

countries. According to a large epidemiological study, 
27% of the representative population sample in five Eu-
ropean countries had positive reactions to at least one 
of the contact allergens included in the so-called “primer 
series” [4]. The study reports allergies to nickel, flavour-
ings, and preservatives as the most common in these 
countries. Allergic reactions to chromate and p-phenyl-
enediamine (PPD) are less frequent but typical for certain 
occupational groups [5]. In Japan and Asia, the main al-
lergens are paraphenylenediamine, lanolin, resins, and 
UV-absorbents [6, 7]; in America, those are lanolin, resins, 
metals, latex, and surfactants [8], and in Russia, those 
are latex, metals, dyes, topical drugs, and preservatives 
[9, 10]. ACD is twice as common in women as in men [11] 
and often occurs at a young age, so its prevalence at the 
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age of 12–16 years reaches 15% [12]. Among occupational 
skin diseases, ACD is the most common pathology.

At present, the frequency of this pathology increased, 
which is associated with the introduction of new chemi-
cals that constitute drugs, cosmetic products, medical 
implants, household chemicals, industrial reagents, etc.

The pathogenesis of ACD is still poorly investigated, 
but it is known that after contact with the skin, the al-
lergen penetrates the stratum corneum and is absorbed 
by Langerhans cells [13]. These cells migrate to regional 
lymph nodes, and the antigens absorbed by them come 
into contact with T-lymphocytes [14]. Antigen-specific T-
lymphocytes emerge and can invade epidermis. This pro-
cess is known as the sensitization phase of allergic contact 
dermatitis [15]. After repeated exposure to the antigen, 
a phase of detection occurs. Langerhans cells containing 
the antigen interact with antigen-specific T-lymphocytes, 
which triggers the proliferation process caused by cyto-
kines [16]. As a result, a localized inflammatory response, 
dermatitis, occurs [17]. The intensity of the inflammatory 
response depends on both the sensitization capacity of 
the allergen and the concentration of the existing aller-
gen. Some allergens may cause an intense inflammatory 
response in very small concentrations [18].

Usually, the inflammatory process is localized in ar-
eas of skin that are more susceptible to allergens, that is, 
on the hands, forearms, face, and neck.

Sometimes the inflammatory process goes beyond 
the area of sensitizing agents capturing adjacent areas 
of the skin, or often disguised as other common derma-
toses like toxicodermatosis, atopic dermatitis (AD), ec-
zema, psoriasis, etc.

The diagnostics of ACD are often complicated since 
the process of sensitization to a certain antigen can con-
tinue over a very long time like months and sometimes 
years. No clinical manifestations are noted in this phase. 
The symptoms of ACD are often not only masked but also 
complement the clinical picture of other dermatoses, mak-
ing the identification of the disease even more difficult.

The diagnosis of allergic contact dermatitis is usually 
established by a combination of anamnesis, physical exami-
nation, a clinical picture, and a positive patch-test. If further 
evaluation is required, a skin biopsy of the affected area 
is performed, which usually demonstrates spongiosis [19].

Although many of the etiological factors causing ACD are 
known, the determination of the connection between the in-
flammatory process and a specific allergen can be difficult. 
Therefore, special allergy tests are still of high relevance.

Aim

The purpose of this study was to establish the frequen-
cy of ACD incidence among other allergic dermatoses in 
groups of patients from the Russian Federation and the 
PRC, as well as analyse immunological parameters in pa-
tients with ACD and associated allergic dermatoses. 

Material and methods

A total of 248 patients in two groups representing the 
population of Moscow in the Russian Federation and the 
population of China were included in the research. The first 
group consisted of 122 patients, and the second group en-
rolled 126 patients with allergic dermatosis. The age of pa-
tients in both groups ranged from 17 to 63 years. The first 
group consisted of 88 (72%) men and 34 (28%) women, 
the second group consisted of 95 (75%) men and 31 (25%) 
women. The total male to female ratio in both groups was 
183 (74%) to 58 (26%) people, respectively.

During clinical examination, complaints of patients 
were recorded, anamnesis data on the course of skin dis-
ease were assessed, factors leading to exacerbation of 
dermatosis were determined, and concomitant diseases 
were assessed. Skin assessment was performed to evalu-
ate the nature of lesions.

For diagnostics and differentiation of allergic contact 
dermatitis, all patients had patch tests done using appli-
cation – allergic test systems “AllerTest” (Nycomed Den-
mark A/S), which included 24 most commonly occurring 
chemical carriers. The test system was used according to 
the manufacturer’s instructions. The plate was located in 
the upper left part of the back at a distance of about 5 cm 
from the middle line. Allergen No. 1 should be located in 
the upper left corner and the plate should not be attached 
to the edge of the shoulder blade. Each allergen must be in 
close contact with the skin. The location of the two place 
marks on the plate should be highlighted on the skin with 
a medical marker. The same steps were performed for 
plate No. 2. The test plate was positioned on the upper 
right side of the patient’s back so that allergen number No. 
13 was located in the upper left corner. The patient should 
wear the AllerTest for 48 h, avoiding ingress of moisture 
(water, sweat) in the area of the plates. The interpretation 
of the results was based on the recommendations of the 
International Contact Dermatitis Research Group.

All patients were tested for scarification. On the back 
of the forearm, the place for the skin sample was treated 
with 70% ethyl alcohol. Afterward, marks were highlight-
ed on the skin at a distance of 4–5 cm from each other. 
Surface scratches of 0.5 cm in length were made with the 
help of disposable lancets. At the same time, sampling 
with histamine and physiological solution (positive and 
negative control) was performed similarly. In case of no 
response to histamine, the test was considered as nega-
tive even at available allergic pathology. Test results were 
estimated after 15–20 min. Testing was carried out with 
allergens of house dust, mites of house dust, feather pil-
low, pet hair, and pollen allergens.

For the study of immunological parameters in the 
skin, a biopsy material from the area of positive reaction 
in the place of AllerTest plate marks was used. Samples 
were taken from 20 patients (10 from each geographical 
group) with diagnosed ACD. Besides, a biopsy material 
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was taken from 20 healthy volunteers (10 from each geo-
graphical location) for comparison. The biopsy was per-
formed applying anaesthesia with 2 ml of 1% lidocaine 
solution. The material was taken with a 3 mm diameter 
punch-scalpel, without suturing. After the procedure, 
an aseptic bandage was employed. The biopsy material 
was tested by real-time polymerase chain reaction (PCR) 
method with subsequent evaluation of parameters in-
terleukin-4 (IL-4), interferon-g (IFN-g), and b-defensins of 
types 1, 103, 4, and 104 and estimation of the level of 
fluorescent signal in each amplification cycle.

Statistical analysis

For statistical processing of PCR results, 2-∆∆ST meth-
od was used, which allowed determining the quantitative 
index of change in gene expression in the skin of ACD pa-
tients compared to the skin of healthy people. The results 
were processed in statistical program Statistics 6.0.

Results

In the group of patients representing the population 
of the city of Moscow, the Russian Federation, diagno-
sis of ACD was established in 32 (26.2%) patients, 23 
(18.9%) patients were diagnosed with atopic dermatitis 
(AD), and the remaining 67 (54.9%) patients had other 
allergic dermatoses such as eczema verum, psoriasis, 
seborrheic dermatitis, rosacea, varicose eczema, acne 
vulgaris, lichen planus, perioral dermatitis, and large 
plaque parapsoriasis. In the group of patients represent-
ing the population of the city of Beijing, China, the ACD 
was diagnosed in 28 (22.2%) patients, atopic dermatitis 

was found in 25 (19.8%) patients, and the remaining 73 
(57.9%) patients had other allergic dermatoses (Figure 1).

All patients in both groups had a local rash, which 
manifested in the form of hyperaemia foci of various se-
verity degrees, swelling, weak or moderate infiltration, 
lichenification, and elements filled with serous content 
(spotted, small papule, and vesicular) located not only 
in the place of skin contact with an allergen but also in 
skin areas remote from the triggers. In the affected area, 
small cracks, haemorrhagic crusts, fine-plate desquama-
tion were observed. Patients complained of itching of 
weak and moderate intensity, sometimes burning in the 
affected area.

Anamnestic data of the investigated patients in both 
groups revealed that they had previously received tradi-
tional therapeutic treatment with antihistamines, vita-
min preparations, and enterosorbents. External agents 
such as topical glucocorticosteroids (TGCS), softening 
and moisturizing salves/creams, and therapeutic cos-
metics were used. The cases of secondary infection were 
treated with topical antibacterial drugs. Nevertheless, 
only short remissions could be achieved as a result of 
applied treatment.

The anamnestic data allowed identifying triggers 
contributing to the development of the pathology recur-
rence. These were, in particular, contact with an aller-
gen – in 114 (46%) patients, psycho-emotional stress – in 
32 (13%) patients, allergen contact in combination with 
psycho-emotional stress – in 18 (7%). And, according to 
the data on both groups, no exacerbations were identi-
fied in 84 (34%) patients. Out of 132 patients, in which 
the causative agent for the pathology exacerbation was 

Figure 1. ACD incidence rate among allergic dermatoses in groups of patients from the Russian Federation (A) and the 
People’s Republic of China (B)
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determined as contact with an allergen, 82 (62%) people 
had such contact in household conditions (cosmetics, 
household chemicals, metal jewellery, rubber articles), 
and 50 (38%) people – in production (rubbers, epoxy 
resin, etc.).

The localization of the inflammatory process in pa-
tients diagnosed with ACD was as follows: skin of the 
torso (39.4%), forearms (35.7%), hands (36.8%), shin 
bones (22.4%), face (27.3%), feet (8.4%), and neck (7.3%). 
For the patients diagnosed with AD, inflammation was 
recorded on the skin of hands (73.5%), forearms (40.4%), 
torso (31.4%), face (12.6%), shins (11.3%), neck (14.8%), 
and feet (6.1%). In patients with other allergic derma-
toses, the localization of inflammatory processes corre-
sponded to the clinical manifestations typical for these 
pathologies (true eczema on the skin of hands; psoriasis 
on hands, soles, and scalp; rosacea and perioral derma-
titis on the face skin; seborrheic dermatitis on the skin 
of the face, shoulder belt, chest, interscapular region; 
varicose eczema on the skin of the lower leg and feet; 
skin itching on the skin of the neck, chest, back, abdo-
men, shoulders, forearms, hands, thighs, lower legs, and 
feet; lichen planus on the skin of shoulders, forearms, 
and lower leg; large plaque parapsoriasis on the skin of 
the back and side surfaces of the neck). The pathologi-
cal process was chronic in all patients with alternating 
periods of exacerbation and remission.

According to the results of applying skin samples 
in the group of patients from the Russian Federation, 
positive results were most often observed for thiomer-
sal (in 29.8% of cases), nickel sulfate (25.2%), a mixture 
of carbamates (20.7%), a mixture of thiuram derivatives 
(16.8%), and potassium dichromate (14.7%). Positive 
reactions were noticed to rosin, chlorine methylisothia-
zolinone, mercaptobenzothiazole, p-phenylenediamine, 
formaldehyde in 10.6% of cases each, to a mixture of 
flavouring substances and mercaptans in 8.3% of cases 
each, to quaternium-15 in 6.7% of cases, to lanolin, ethyl-
enediamine dihydrochloride, and cobalt chloride in 5.8% 
of cases each, to black rubber blend in 4.4% of cases, to 
epoxy, Peru balsam oil, p-butylphenol formaldehyde, and 
parabens in 2.7% of cases each, and neomycin sulfate in 
1.2% of cases.

In the group of patients from China, positive reac-
tions to allergens were recorded for nickel sulfate (in 
30.7% of cases), thiomersal (26.4%), a mixture of carba-
mates (23.8%), a mixture of thiuram derivatives (16.8%), 
p-phenylenediamine (18.3%), potassium dichromate 
(12.1%), mercaptobenzothiazole and formaldehyde (11.3% 
each), rosin and chlorine methylisothiazolinone (9.4% 
each), a mixture of aromatizing substances and quater-
nium-15 (8.7% each), a mixture of mercaptans (7.8%), 
lanolin (6.2%), ethylenediamine dihydrochloride and 
cobalt chloride (5.8%), a mixture of black rubber (5.6%), 
parabens (3.2%), epoxy, balsam of Peru, and p-tert-butyl 
phenol formaldehyde (2.4% each), and neomycin sulfate 
(0.9%) (Figure 2).

Thus, in the group of patients from the Russian Fed-
eration, the greatest number of positive reactions was 
noted for thiomersal, while that in patients from China 
was for nickel sulfate. Besides, in the first group, mark-
edly more positive samples were noted for potassium 
chromate, rosin, chlorine methylisothiazolinone, while 
in the second group – for a mixture of carbamates, p-
phenylenediamine, quarternium-15, and a mixture of 
black rubbers.

The results of the application tests revealed that 
among all investigated patients, sensitization to one aller-
gen was observed in 91 (36.7% of cases) patients, to two 
or three allergens was observed in 104 (41.9%) patients, 
and to more than four allergens – in 38 (15.3%) patients. 
Negative samples were recorded in 15 (6%) patients.

A comparison of positive skin samples for allergens in 
ACD and AD patients (averaged data from both groups) is 
presented in Figure 3. Positive thiomersal samples were 
recorded with the highest frequency in patients with 
both pathologies (ACD in 40.5% of cases, AD in 39.2% 
of cases). Positive reactions to allergens for thiomersal 
derivatives (25.6% of cases), nickel sulfate (22.6%), rosin 
(21.2), a mixture of carbamates (14.8%), quarternium-15 
(14.6%), a mixture of mercaptans (13.6%), and a mixture 
of aromatic elements (12.4%) were recorded with the 
highest frequency in patients with ACD.

In AD patients, positive reactions to allergens were 
most often recorded for nickel sulfate (31.8% of cases), 
chloromethylisothiazolinone (24.6%), a mixture of carba-
mates (16%), a mixture of flavouring substances (15.6%), 

Figure 2. Comparison of positive reactions to allergens in 
patients with allergic dermatoses from the Russian Federa-
tion and the PRC
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ethylenediamine (15.4%), formaldehyde, potassium di-
chromate (15% each), a mixture of thiuram derivatives, 
a mixture of mercaptans (14%), and lanolin (13.4%).

In the application allergy testing of patients with oth-
er allergic dermatoses, a positive reaction was observed 
in all patients with varicose eczema, 82.3% of patients 
with eczema verum, 53% of patients with seborrheic 
dermatitis, 72% of patients with perioral dermatitis, and 
83.2% of patients with psoriasis. At the same time, posi-
tive reactions to the following allergens have been estab-
lished: (a) varicose eczema – lanolin, neomycin sulfate, 
Peru balsam oil, parabens, formaldehyde, chloromethyl-
isothiazolinone, and a mixture of mercaptans; (b) eczema 
verum – epoxy, chloromethylisothiazolinone, potassium 
dichromate, and a mixture of carbamates and thiuram 
derivatives; (c) seborrheic dermatitis – p-phenylene-
diamine; (d) perioral dermatitis – nickel sulfate, cobalt 
chloride; (e) psoriasis – a mixture of carbamates, formal-
dehyde, and thiomersal. In general, application tests re-
vealed positive samples in 92.6% of all patients surveyed.

Scarification allergy tests revealed the sensitization 
of any allergen in all AD patients. In patients with ACD, 
positive reactions were noted in 32.4% of cases. Positive 
reactions to domestic allergens (82.3% of cases), pollen 
allergens (68.6% of cases), epidermal allergens (65.4% 
of cases) prevailed in AD patients. Positive reactions to 
domestic allergens in 26.7% of cases, pollen allergens 
in 24.3% of cases, epidermal allergens in 18.8% of cases 
were recorded in patients with ACD.

A real-time PCR study of immunological parameters of 
the skin showed an increase in expression levels of defen-
sins DEFB1, DEFB103, DEFB4, and IFN-g in patients with 
ACD in comparison with healthy controls. No differences 
in the expression level of IL-4 and DEFB104 were noticed.

In patients with ACD, the increase in skin expression 
of the DEFB-4 gene was the highest. In 20% of patients, 
expression increased on average 12,000 times compared 
to healthy controls. The expression of the DEFB-103 gene 
was also significantly higher compared to healthy controls. 
The maximum level of expression was recorded in 34.8% 
of patients in the study sample (expression increased  
40 times on average). The level of DEFB gene-1 expression 
on the skin of patients slightly exceeded its level in healthy 
controls. In 27% of patients, a more than 100-fold increase 
of IFN-g-gene expression on the skin was noted. In other 
cases, the gene expression was increased up to 30 times 
in comparison with healthy controls.

Discussion

As mentioned above, the real prevalence of ACD among 
allergic dermatoses is difficult to determine because this 
pathology is often pronounced as other types of similar dis-
eases and can occur against their background/in relation 
to them. Thus, a study included also patients in whom the 
initial diagnosis was corrected during research. For exam-
ple, patients with a preliminary diagnosis of eczema verum 
had a final diagnosis of ACD caused by contact with sub-
stances contained in epoxy glue. Those with a preliminary 
diagnosis of varicose eczema eventually had ACD caused 
by contact with substances contained in cosmetic and ex-
ternal medicines. A pre-diagnosed seborrheic dermatitis re-
sulted in ACD caused by contact with p-phenylenediamine 
contained in hair dye, and for preliminary diagnosis of 
perioral dermatitis, an ACD caused by contact with nickel 
sulfate contained in piercing items was recorded. In gen-
eral, the studies performed showed that the incidence of 
ACD among other allergic dermatoses is very significant in 
both groups of patients examined. In the group of patients 
from the Russian Federation, that was close to the indica-
tors obtained through a large epidemiological study in five 
European countries [4] accounting for 26.2% and 27% of al-
lergic dermatoses, respectively. In the group of patients from 
China, this indicator was slightly lower (22.2%). 

The treatment of patients with contact dermatitis 
is based on the reduction of an inflammatory response, 
which is triggered by a hypersensitivity reaction of type 4.  
Allergen detection and removal is the most effective 
treatment [20, 21]. However, it is difficult to detect sensi-
tization to a certain allergen because this process takes 
a certain, sometimes rather long time and it is difficult 
to identify in contact with which substances the patient 
was in this period. And, allergens provoking ACD, are 
usually macromolecules (haptens), which and can trigger 
a sensitization process even at micro doses [13].
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Figure 3. Comparison of positive samples for allergens 
in patients with ACD and AD (averaged data from both 
groups)
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The timely diagnosis of ACD and the discovery of the 
provoking allergen is extremely important as the pathol-
ogy worsens over time, taking on more severe forms. 
It is advisable to perform a comprehensive clinical and 
allergic examination, including patch testing as part of 
diagnostic workup. Patch testing is the gold standard in 
the diagnosis of allergic dermatoses [14] and can help to 
identify the allergen and avoid its effects in the future.

This study showed that among allergic dermatosis 
cases, the most positive sampling in patients from the 
Russian Federation and the second number in patients 
from the PRC was for thiomersal. This allergen was the 
leader in the number of positive reactions to allergens 
in patients with ACD and AD, as well as in patients with 
psoriasis. It is used as a preservative in vaccines, immu-
noglobulin preparations, antidotes, ophthalmologic, and 
nasal preparations, as well as in tattoo ink [22]. The use 
of thiomersal as a preservative for vaccines has been 
contested, but now a scientific consensus insists on no 
conclusive evidence to support these concerns [23]. Nev-
ertheless, research has shown high allergenicity of the 
substance in the progression of ACD and AD. 

Patients with allergic dermatosis from China had 
the largest number of positive reactions to nickel sul-
fate, while patients from Russia had the second largest 
number of positive reactions to nickel sulfate after thi-
omersal. This allergen occupied one of the dominant po-
sitions in AD patients by the number of positive samples 
and, a little less, in ACD patients. Nickel compounds are 
among the major contact allergens worldwide, and their 
use in consumer products has been restricted in the Eu-
ropean Union (EU) since 1994. However, nickel sensiti-
zation remains high [24] since a significant number of 
people are still exposed to nickel in their working envi-
ronment. Nickel alloys are also used in the manufacture 
of jewellery, and another source of exposure to nickel is 
cell phones [25].

High frequency of positive reactions is noted for car-
bamates (urethanes) as polyurethanes are widely used in 
the production of polyurethane rubbers, adhesives, var-
nishes, and fibres; thiuram derivatives find application as 
an accelerator and stabilizer in the rubber industry and 
as a fungicide for the dry dressing of seeds, and potas-
sium dichromate is used in the production of colouring 
and tanning of leather.

Noteworthy is a significant number of positive samples 
for some compounds used in the manufacture of cosmet-
ics such as p-phenylenediamine, chloromethylisothiazoli-
none, formaldehyde, and a mixture of flavouring agents.

The prevalence of contact allergy is increasing world-
wide. This is due to the constantly expanding range of 
chemicals used in the production of consumer goods. 
Also, significant risks of developing this pathology in con-
tact with industrial allergens still exist. This leads to high 
expenses for health care systems and the economy, as 
well as to deterioration in the quality of life of patients. 

Thus, research on allergic contact dermatosis remains of 
high relevance.

Conclusions

The incidence rate of ACD among patients with diag-
nosed allergic dermatosis was significant in the groups from 
both regions, and amounted to a quarter of cases, namely, 
26.2% for the group of patients from the Russian Federa-
tion, and 22.2% for the group of patients from the PRC.

Mechanisms of contact hypersensitivity contribute 
to the development of various dermatoses. In general, 
tests for allergic dermatosis were positive in 92.6% of all 
patients examined.

Positive reactions to allergens in both groups were 
most frequently observed for thiomersal, nickel sulfate, 
a mixture of carbamates, a mixture of thiuram deriva-
tives, and potassium dichromate. 

A significant increase in the expression of DEFB-103 
and DEFB-4 genes confirms the presence of defensins 
in the inflammation progression in ACD. The increase in 
expression of IFN-g gene testifies to its participation in 
delayed-type hypersensitivity in the pathogenesis of ACD. 
Increased expression of defensin and IFN-g genes may be 
considered as a marker of inflammation.
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