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The growing number of emergency situations and disasters 
necessitates increasing the headcount of first responders while 
making the health requirements for them more stringent. The 
measures taken to preserve health of the rescuers in the context 
of responding to emergency situations (ES) are especially 
important, since such measures ensure their maximum 
effectiveness in the line of duty. The combination of adverse 
factors rescuers are exposed to professionally substantiates 
the need for monitoring of their health [1].

Human factor (individual characteristics and capabilities, 
including those related to personality) and the level of physical 
fitness (the state of the cardiovascular and pulmonary systems) 
cause many problems in the work of the rescuers. There are 
also situations involving contact with highly toxic substances, 
e.g., in the context of disinfection in the pandemic. In 
addition to emergency response, firefighting, piloting and 
military professions are considered to be extreme. High-risk 
occupations are such that have the worker exposed to harmful 
production factors (chemical, excessive physical, biological), 
life-threatening and increasing the risk of development of 
somatic pathologies. Contributing to the psychological stress 
are the long periods of relative inactivity accompanied by 
anxiety, and the stress load associated with rescue operations, 
all of which find reflection in the rescuers' clinical and laboratory 
examination results. For example, firefighters have been shown 
to be at risk of depression and post-traumatic stress disorder [2].

Russian researchers have not paid due attention to the 
state of immune system of rescuers, which is why we analyzed 

the available data describing individuals from other countries 
whose working conditions are similar to those of the employees 
of the Russian Ministry of Emergency Situations (EMERCOM): 
police officers responding to emergencies and fires, as well as 
world-class athletes. The data on the state of their health are 
fragmentary; it is shaped by chronic stress, the influence of 
chemically active substances, increased or excessive physical 
exertion, lack of sleep, 24-hour shifts. In this connection, it was 
decided to use the data from these studies for comparison 
purposes, since understanding of the immunopathological 
mechanisms enables prevention, timely identification and 
elimination of the cause of pathology.

Respiratory pathology and cardiovascular diseases 
are the most common subjects of research targeting high-
risk occupations. Only a small number of papers cover 
dermatological pathologies in rescuers. For example, in 2016 it 
was shown that young people performing high-risk work often 
have skin disease symptoms [3]. Various types of urticaria have 
been described along with dermatitis. 

"Chronic urticaria" is a term describing a group of disorders 
characterized by itching blisters and/or angioedema persisting 
for more than 6 weeks. Worldwide, 1–3% of the population 
suffers from this disease, with women developing it twice as 
often as men [4]. Chronic urticaria can be spontaneous, without 
obvious triggers, and induced, with triggers being physical and 
chemical. The physical triggers are pressure (urticaria with 
delayed pressure), radiation (solar urticaria), friction (symptomatic 
dermographism), temperature (cold and warm urticaria) and 
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vibration (vibratory angioedema). The chemical triggers are 
water (aquagenic urticaria), sweat (cholinergic urticaria) and 
other chemical compounds (contact urticaria) [5]. The disorders 
that call for differential diagnosis are those that were historically 
considered urticaria and syndromes that include urticaria/
angioedema, such as urticaria pigmentosa (mastocytosis), 
urticaria vasculitis, bradykinin-mediated angioedema, exercise-
induced anaphylaxis and some autoinflammatory syndromes 
[4]. The symptoms of some of these disorders manifest in 
childhood, so it is unlikely that patients with such pathologies 
will choose the considered occupations in their adulthood. The 
disorders may also be divided by the causative factor, e.g., into 
pseudo-allergic and stress-induced urticaria.

There are no reliable data on the prevalence of most of 
chronic urticaria. Chronic induced urticaria affects 0.5% of the 
population, but up to 70% of patients experience systemic 
reactions, including severe anaphylaxis [5]. The literature has 
4–11.2% of the population suffering from cholinergic urticaria, 
while a third of all induced urticaria cases are cold urticaria [6].

Physical exercise-induced urticaria

Cholinergic urticaria (CU) occurs when the body's temperature 
increases following physical exercise, a stressful situation, being 
in a stuffy room, taking a hot bath. It has characteristic clinical 
manifestations, but the exact pathogenetic mechanism is still 
not fully clear. There are four subtypes of CU distinguished: 
CU with occlusion of pores; CU with acquired generalized 
hypohidrosis; CU with sweat allergy; idiopathic CU [7].

To understand the mechanisms behind occurrence of 
CU, some authors studied the role of hypersensitivity to the 
autologous sweat antigens in the chronic CU's pathogenesis 
[8, 9]. In 2010, researchers conducted an experiment that 
allowed discovering that acetylcholine induces degranulation 
in a dose-dependent manner, which conditions disturbance 
of expression of cholinergic receptor muscarinic 3 (CHRM3). 
CHRM3 is not expressed in the area of anhidrosis, but its 
expression persists to a small extent in the hypohydrotic 
area. Histological analysis revealed an infiltrate of CD4+- and 
CD8+-T-cells around endocrine glands in the anhydrotic area. 
The authors suggested that in the hypohydrotic area of the 
skin, exercise induces release of acetylcholine, which is not 
completely captured by the receptors of sweat glands (as in 
normal sweating) and affects the neighboring mast cells (MC), 
which can produce histamine in response to acetylcholine, 
since MC in the hypohydrotic area express CHRM3 [10].

The subtypes of urticaria most commonly seen in athletes 
are acute forms caused by physical stimuli such as exercise, 
temperature, sunlight, water, or certain levels of external 
pressure. CU is the most common type of physical urticaria 
registered in athletes under 30 [11].

Unfortunately, in addition to skin rashes, a number of 
patients developed anaphylaxis and bronchial obstruction. In 
the first place, the aggravation was seen in young people who 
were actively practicing heavy physical exercise, e.g. military 
personnel [12].

Exercise-induced anaphylaxis is a specific life-threatening 
reaction that occurs very unpredictably in susceptible 
individuals with CU [13]. People whose jobs are considered 
extreme do not perform optimally against the background of 
severe hypotension, fainting, or laryngeal edema. Typically, 
such symptoms are effectively controlled with appropriate 
medications, which, however, often have side effects that are 
unacceptable in high-risk situations. The literature describes 
four cases of CU in US Air Force pilots [13].

Other authors resorted to differential diagnosing while 
examining individuals presenting dermatological and systemic 
symptoms post-exercise. In particular, they aimed to 
differentiate between CU and exercise-induced anaphylaxis. In 
both cases, the symptoms were triggered by MC degranulation 
with the release of vasoactive substances. The exercise-
induced anaphylaxis and CU were differentiated between 
relying on the urticaria morphology, anaphylaxis reproducibility, 
progression and response to passive warming. The diagnosis 
was made after a thorough history study and examination of 
the morphology of the lesions. Treatment for acute episodes of 
exercise-induced anaphylaxis included cessation of exercise, 
adrenaline and antihistamines. Further therapy required changes 
to or abstinence from exercise, prevention of co-factors and 
prophylactic use of drugs (antihistamines, MC stabilizers etc) [14].

There are recorded cases of food anaphylaxis and 
exercise-induced urticaria. This is a rare condition, which has 
postprandial exercise causing anaphylaxis. One of the reviews 
presents the definition, etiology and pathogenetic mechanisms 
underlying this disease [15]. The review reports a number 
of foods, including wheat, eggs, chicken, shrimp, shellfish, 
nuts, fruits and vegetables, that can trigger this pathology; 
it also declares that exercising after meals can stimulate the 
release of mediators (mast cell mediators) from IgE-dependent 
MC, which leads to urticaria and anaphylaxis once a certain 
exercise level threshold has been exceeded. Also, it is reported 
that high-intensity physical loads are more likely to provoke an 
attack than low-intensity and low-frequency exercise. Several 
other factors, such as physical and mental stress, fatigue, 
dry air, inadequate sleep, runny nose, wet weather and low 
temperatures, aggravate anaphylaxis. Some researchers 
have stated that intense and prolonged exercise promotes 
the conversion of Th1 lymphocytes to Th2 lymphocytes, with 
an increase in the production of Th2 cytokines. However, the 
exact pathogenesis underlying exercise-induced anaphylaxis is 
unknown. It has been suggested that exercise lowers the MC 
degranulation threshold. Another study showed that exercise 
disrupts digestion, and eating food abundant in allergens 
leads to an increase in the concentration of allergenic proteins 
in blood and to IgE-mediated sensitization of MC. Continued 
consumption of allergenic food led to MC degranulation, 
release of histamine, development of urticaria, angioedema, 
decreased blood pressure and fainting [15].

There are some conditions that modulate the onset of 
anaphylaxis as concomitant or potentiating factors that trigger 
it even when the allergen is consumed in small doses. The most 
frequently described factors of this kind are physical exercise, 
alcohol, certain foods, nonsteroidal anti-inflammatory drugs 
(NSAIDs) and concomitant infectious diseases [16].

One study describes skin tests with food allergens, which 
suggests the assumption the disease has an IgE-mediated 
mechanism underlying it. However, regardless of the food 
taken, some patients were recorded to experience anaphylaxis 
intensified with additional exercise [17].

Another study reports registering various clinical symptoms 
in the course of examination of patients with chronic exercise-
induced urticaria [18]. Some patients developed only a 
periorbital angioedema; others had giant urticaria, wheezing and 
hypotension; yet another group of patients exhibited clear signs 
of CU. Those with cutaneous or subcutaneous manifestations 
only had normal plasma histamine levels. The complement 
component levels (C3, C4) remained normal, regardless of the 
form of urticaria considered. The elevated plasma histamine 
levels were detected only against the background of systemic 
symptoms (hypotension etc) manifesting simultaneously [18].



48

REVIEW    IMMUNOLOGY

EXTREME MEDICINE   1, 23, 2021   MES.FMBA.PRESS| |

In another study, some CU and anaphylaxis patients 
showed signs of activation of the alternative complement 
pathway, while other patients had CU at the outset and then 
saw it developing into angioedema and vascular collapse. 
Plasma histamine levels were elevated during anaphylaxis, but 
there was no evidence of complement activation [19].

Authors of study [20] have described the physical 
manifestations of two states closely resembling each other. The 
first is CU, that is, chronic urticaria caused by increased body 
temperature. The second is exercise-induced anaphylaxis. 
Anaphylaxis can be idiopathic, following a specific trigger (food, 
medication, or insect bite), or exercise-induced. Cholinergic 
urticaria is caused by exercise, increased body temperature, 
strong emotions, hot or spicy food, hot water shower. The 
disease is characterized by generalized erythema, urticaria 
(a blister of 2–4 mm surrounded by erythema) and pruritus. 
Many patients report tingling, pruritus, or burning of the skin 
before blistering. As the reaction progresses, the macula 
may coalesce to form large areas of erythema that become 
increasingly difficult to recognize as urticaria. The lesions can 
appear anywhere on the body, but usually they first manifest on 
the torso and the neck and then spread distally to the face and 
the limbs. In rare cases, the progression of urticaria includes 
systemic symptoms, such as hypotension, angioedema, and 
bronchospasm. Urticaria appears 6 minutes into a session of 
physical activity. The symptoms increase within 12–25 minutes. 
The pathogenesis was associated with elevated serum 
histamine levels during the attack. There was described a 
group of patients with type I allergy to their own sweat. Twenty 
patients underwent autologous sweat testing and showed an 
immediate cutaneous reaction. A subset of patients with CU 
symptoms had allergic urticaria, which manifested only with 
perspiration. Exercise-induced urticaria and anaphylaxis began 
45 minutes into an exercise session. The major symptoms other 
than urticaria included bronchospasm, laryngospasm, and/or 
vascular collapse. Some other symptoms were sudden fatigue, 
feeling of fever, hot flushes, sudden pruritus, gastrointestinal 
upset, squeezed throat, voice changes, troubled breathing. 
In contrast to a CU situation, the size of the blister reached 
10–15 mm. In the absence of control, urticaria, bronchospasm, 
and airway edema progressed to vascular collapse. The 
pathogenesis was conditioned by the sudden release of 
basophil and MC mediators, which was confirmed by the 
increased serum tryptase level. With time, patients developed 
exercise tolerance, i.e. the frequency of manifestations has 
decreased. It is explained by the fact that, over time, physical 
exercising lightens the leukocyte inflammatory response, slows 
the release of pro-inflammatory cytokines and dampens the 
regulation of expression of toll-like receptors 4 on the surface 
of immune cells. These are the mechanisms that reduced the 
systemic immune response to exercise [20].

Another work reports exercise-induced anaphylaxis 
accompanied by anaphylactic symptoms (cutaneous, 
respiratory, gastrointestinal and cardiovascular) after physical 
activity. Cofactors were identified in about a third of all such 
cases: food, temperature (warm or cold), drugs (especially 
NSAIDs). The researchers postulated some pathophysiological 
mechanisms, such as changes in gastrointestinal mucosa 
permeability (including growth thereof), changes in the level 
of tissue transglutaminase that enables IgE cross-linking, 
increased production of cytokines, blood redistribution during 
exercise that leads to alteration of the MC degranulation 
process, changes in acid-base balance and sensitization 
to wheat omega-5-gliadin (O5G) [21]. In 2020, the studies 
investigating O5G allergy were published. Patients with 

idiopathic urticaria and anaphylaxis were diagnosed to be 
sensitive to O5G. In both groups, the most common cofactor 
were physical exercises, followed by alcohol and NSAIDs [22].

Cold urticaria

Cold urticaria is of no less interest. In the overall population, 
the prevalence of cold urticaria is 0.05% [23]. The key 
pathophysiological mechanism behind the onset of chronic 
induced urticaria is the activation of skin MC. It is assumed 
that the factor triggering the said activation in chronic induced 
urticaria cases is the formation of autoantigens under the 
influence of physical factors [24]. Early studies of cold urticaria 
showed local release of histamine following cold stimulation [25].

Cold urticaria is characterized by blisters and angioedema 
developing after exposure to cold. According to a retrospective 
analysis, the mean temperature threshold of cold urticaria 
patients was 13.7 ± 6.0 °C (4–26 °C) [26]. Anaphylaxis may 
develop when swimming in water. The list of atypical cold 
urticarias includes atypical acquired cold urticaria, delayed 
cold urticaria, cold dermographism, cold cholinergic urticaria, 
systemic atypical cold urticaria. The distinction is made between 
primary and secondary cold urticaria. The possible causes of 
secondary cold urticaria are systemic diseases, monoclonal 
(IgG) or mixed (IgG/IgM, IgG/IgA) cryoglobulinemia, viral and/or 
bacterial infections, parasitic invasions, vasculitis [27].
 
Pseudoallergen-induced urticaria

There is a relationship between chronic urticaria and 
pseudoallergens. Pseudoallergens are low molecular weight 
compounds that can bind to the X2 receptor bound to 
G-protein on the MC membrane and lower the threshold for 
other factors to fully activate the MC mediator release capacity. 
The small size of these molecules renders direct IgE binding 
impossible, and there is no evidence that they act as haptens. 
However, it was established that the level of intestinal mucosa 
permeability increases under the influence of pseudoallergens 
and, consequently, diets limiting the intake thereof [28].

 
Stress-induced urticaria

Nociceptor neurons use many of the same molecular threat 
recognition pathways as immune cells. Responding to 
danger, peripheral nervous system cooperates directly with 
immune system to form an integrated defense mechanism. In 
combination with the high rate of neuronal transduction, the 
dense network of nerves in sensory and autonomic fibers of 
peripheral tissues enables rapid local and systemic neurogenic 
modulation of the immunity. Peripheral neurons also play an 
important role in immune dysfunction in cases of autoimmune 
and allergic diseases [29].

Human skin MC are closely associated with sensory nerve 
endings that release neuropeptides following antidromic 
stimulation by physical or chemical factors and stress. 
Recently, it has been again proposed to focus on the role of 
substance P (SP) in the development of chronic urticaria [30]. 
SP is involved in the activation and degranulation of MC. In 
turn, MC mediators, histamine and tryptase, can activate 
sensory nerves, supporting the interaction between MC and 
sensory fibers in MC-induced skin inflammation. Current data 
has the biological activity of SP manifesting not only through 
the Neurokinin-1 receptor (NK-1), but also through the Mass-
related G-protein coupled receptor member X2, or MRGPRX2, 
with the subsequent activation of MC. MRGPRX2 was found 
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to be activated in the skin of severe chronic urticaria patients 
[31]. It has been noted that persisting stress and infectious 
processes in chronic urticaria patients can activate MC through 
activation of several neuropeptides and antimicrobial host 
defense proteins acting through MRGPRX2 [28].

Many authors confirm the involvement of SP in the 
pathogenesis of urticaria, since SP can cause pruritus and 
angioedema, degranulation of MC and basophils, and act as a 
MC sensitizer, i.e. increasing their sensitivity to various triggers 
[32]. Recent studies of urticaria patients have shown them to 
have significantly higher SP circulation levels, clearly dependent 
on the disease severity [33]. They also had a higher number 
of circulating SP-positive basophils [34]. SP has been shown to 
induce degranulation in basophils obtained from the chronic urticaria 
patients. Besides, SP may be involved in pseudo-allergic reactions 
and act as a histamine-releasing factor in patients with urticaria.

As early as in 2004, it was shown that cytosolic Ca2+ 

concentration triggers release of neuropeptides from the 
sensory nerve [35]. Cutaneous sensory nerves express MRGPR 
in addition to tension regulated Ca channels, the activation of 
which increases the concentration of cytosolic Ca2+. MRGPR 
are involved in histamine-independent pruritus pathways. Their 
activation on MC causes severe itching, which subsequently 
leads to the destruction of skin cells and progression of the 
inflammatory process therein [36].

In addition, cationic channels expressed on sensory nerve 
endings include some transient receptor potential (TRP) 
channels that are involved in the release of neuropeptides. 
Triggering them results in the Ca2+ influx and the release of 
neuropeptides, such as SP and calcitonin gene-related peptide 
(CGRP), followed by neurogenic inflammation. TRP-mediated 
Ca2+ influx in the skin can regulate the proinflammatory cytokine 
gene expression by influencing the immune cells in addition to 
the neuropeptide release. TRPV1 is also found in skin cells 
that function as pain sensors for chemical stimuli, including 
keratinocytes, MC, dendritic cells, sebocytes, dermal blood 
vessels, hair follicles, and sweat glands [27]. In endothelial and 
smooth muscle cells, TRPV1-mediated Ca2+ influx induces 
vasodilation by releasing nitric oxide (NO). At the same time, 
TRPA1 is a non-selective Ca2+ channel that responds to cold 
sensations (< 17 °C), unlike TRPV1. TRPA1 is localized in about 
60–75% of sensory C-fibers, which are also TRPV1-positive. 
Topical application of cinnamaldehyde (TRPA1 agonist) in 
human skin aggravates itching significantly, suggesting that 
TRPA1 plays a central part in the mechanism of pruritus [37]. 
The studies have investigated the role of TRPA1 in chronic 
skin inflammation. It is believed that TRP channels, especially 
TRPA1, act as a "gatekeeper" that mediates the transition of 
cytokine skin inflammation into the sensory nerve activation [38].

Much attention has been paid to the connection between 
urticaria and a high prevalence of depression, anxiety, and 
poor sleep quality. A TatTS study confirmed higher levels of 
depression and anxiety in individuals with chronic urticaria [19]. 
It was shown that urticaria has a negative effect on the quality 
of life and working efficiency [36].

The expression of the serotonin transporter protein (SERT) 
in the skin of chronic spontaneous urticaria patients was studied 
for association with depression and anxiety. The research 
uncovered the role played by SERT in the pathophysiological 
processes of inflammatory skin diseases. Chronic urticaria 
patients had higher SERT expression levels than patients from 
the control group [39]. There is mounting evidence that ongoing 
stress prolongs and worsens the course of chronic urticaria.

ACTH and its releasing factor were shown to activate 
basophils in chronic urticaria patients [40].  It was established 

that NLRP-3 inflammation grows against the background 
of depression and stress, which proves a link between 
psychological factors and exacerbation of urticaria as a result 
of emotional stress [41].

Another study [42] demonstrated that stress and severity of 
the disease condition the growth of level of C-reactive protein, 
interleukin 18 and the significant drop of the level of basal 
cortisol. Thus, chronic stress can contribute to the formation of 
a vicious circle in the urticaria pathogenesis [42].

In this connection, it should be noted that stress, leading 
to the release of sensory nerve neuropeptides, can alter the 
behavior of Langerhans cells in the dermis and the immune 
system of the skin, directing the immune response towards 
certain T-helper cells. In particular, CGRP stimulates Th17 cells, 
promoting inflammation by recruiting T cells and neutrophils [43].

Neuropeptides such as CGRP and VIP can activate 
dendritic cells to direct Th2-type immune response and 
suppress the Th1-type response by stimulating the production 
of certain cytokines and decreasing or increasing the migration 
of dendritic cells to the local lymph nodes [44, 45].

Considering that signaling molecules released from the 
peripheral sensory nerve fibers regulate not only the lumen 
of small blood vessels but also chemotaxis of the immune 
cells, their return to original state, maturation and activation, it 
becomes clear that neuroimmune interactions are much more 
complex [29].

Features of immune inflammation in rescuers 
and firefighters

The intensity of work of professional rescuers and the duration of 
their employment contribute to the development of dysfunctions 
of organs and systems. According to the somatic pathology 
laboratory diagnosing guidelines for rescuers and firefighters, 
common for immunological indicators are the increase in the 
relative and absolute number of cells with CD25, HLAII, CD95 
markers, the IL1β spontaneous production level, an increase 
of the absolute number of lymphocytes, T-cells and T-helpers, 
a shift of the immune response towards Th2. Spontaneous 
production of TNF, IL1β is higher than the reference values, 
which contributes to the formation of chronic inflammation in 
the absence of an infectious agent. Progressive increase in 
the ultimate level of immunoglobulin E, which depends on the 
duration of active service, shows that rescuers grow sensitive 
to the inhaled and contact allergens [1].

Studying systemic inflammation in firefighters, researchers 
revealed that blood serum concentrations of IL8, VEGF 
and TNFα are significantly higher after participating in fire 
extinguishing than during rest periods [46]. After exposure to 
smoke, the levels of circulating cytokines were higher than usual, 
which stimulated bone marrow [47] and initiated a systemic 
inflammatory response to smoke inhalation. IL8, being a potent 
bone marrow stimulant, promoted the migration of neutrophils 
into the lung tissue [48], which intensified and prolonged 
neutrophilic inflammation in the bronchi and maintained 
systemic inflammation related to smoke inhalation. 

Conclusion

This literature review presents the available data on the 
mechanisms of occurrence of chronic urticaria, which are most 
common in high-risk occupations. The formation of chronic 
inflammation in the absence of an infectious agent is beyond 
doubt, and the search for informative biomarkers continues. 
There is no doubt about the role of SP in the development of 
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inflammatory process. However, further research is required 
to clarify its significance. Understanding the pathogenetic 

mechanisms of immune inflammation will improve the diagnosing 
of these conditions and optimize the related prevention measures.
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