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Abstract
Clinical manifestation of food allergy is characterized by polymorphic cutaneous, respiratory and gastrointestinal syn-

dromes. Leukotrienes occupy a key place in the pathogenesis of a wide range of inflammatory diseases, including bronchial asthma, 
allergic rhinitis, atopic dermatitis, hives, allergic conjunctivitis, atherosclerotic cardio-vascular lesions system, inflammatory bowel 
disease, multiple sclerosis, cancer, etc. Better understanding of general pathophysiological mechanisms of allergic realization put 
the focus on the studying of cysteinyl leukotrienes biological effects in infants with atopic dermatitis and food-protein induced en-
terocolitis important.

Aim. To optimize the diagnosis of allergic lesions of the gastrointestinal tract in children.
Methods. The study was conducted in the allergy center and children clinic of the «Institute Pediatrics, Obstetrics and Gy-

necology named after academician O. Lukyanova of NAMS of Ukraine». Children were included from September 2017 to June 2018.
We examined 60 patients aged from 3 months to 3 years old, including 22 patients with atopic dermatitis, 18 children with 

food-protein induced enterocolitis, 8 patients with bronchial asthma in the stage of aggravation and 12 practically healthy children 
(control group). 

Medical examination have been perfomed, general IG E and specific serum IG E were defined by ImmunoCAP (Phadia, 
100), as well as concentrations of cysteinyl leukotrienes (LTB4, LTC4, LTE4) in biological liquids (serum, saliva, urine) using 
immunoenzyme method using the production sets of the “Enzolifescience” (USA) company on the analyzer-photometer Multiskan 
Plus “Labsystems”. The results of the received data were processed statistically. The probability of differences was estimated with 
Student’s t-test and Tau Kendall rank correlation test. The difference was considered significant at p<0.05. 

Results. A significant increase in the concentrations of cysteinyl leukotrienes (C4, D4, E4) in the blood, urine and saliva 
was found in infants with allergic skin diseases, gastro-intestinal and respiratory tract surveyed during manifestation the disease 
compared with the control group.

Comparison of concentrations of leukotrienes in urine and saliva of children with atopic dermatitis (AD), food-protein 
induced enterocolitis (FPIE) and asthma did not find credible. However, in the serum of patients with asthma, the concentration of 
cysteinyl leukotrienes was significantly higher (703.9±68.7) pg/ml than in children with enterocolitis induced by dietary proteins 
(509.3±57.4) pg/ml and significantly did not differ from patients with atopic dermatitis (695.2±46.3) pg/ml. 

According to the results of Kendall Tau correlation test, no significant Spearman rank correlation was found between the cysteinyl 
leukotrienes concentration in blood and urine – r=0.14 (p>0.05), blood and saliva r=0.07 (p>0.05), urine and saliva r=–0.52 (p>0.05). 

Conclusions. Increase in cysteinyl leukotrienes concentrations in serum, urine and saliva of children of early age with allergic 
skin diseases, respiratory and gastrointestinal tract was found. The absence of significant Spearman rank correlation between concen-
trations of leukotrienes in blood and urine, blood and saliva, saliva and urine shows that it is possible to select any biological fluid, saliva 
or urine, as a non-invasive way to determine the leukotriene concentrations for monitoring activity of allergic inflammation.
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1. Introduction
In the last decade the rapid growth of allergic pathologies was noted around the world, 

which the manifestation of is often happens in early childhood as reactions to food [1, 2]. Clinical 
manifestation of food allergy (FA) is characterized by polymorphic cutaneous, respiratory and 
gastrointestinal syndromes [3, 4]. 50–70 % of children are diagnosed with atopic dermatitis (AD) 
during the first years of life [5].

Gastrointestinal tract (GI) is directly involved in contact with allergens. Allergic inflamma-
tion could be develop in various areas of GI tract, so gastrointestinal form takes the second place in 
the overall structure of the clinical manifestations of the food allergy (48–67 %) [6, 7]. 

Allergic inflammation is a complex cascade reaction involving various inflammatory medi-
ators produced by inflammatory effector cells [8]. 

Along with the leading role of histamine in the development of allergic diseases, lipid me-
diators leukotrienes (LT) also take an extremely important place in early and late stages of allergic 
reactions [9, 10]. 

LT occupy a key place in the pathogenesis of a wide range of inflammatory diseases, includ-
ing bronchial asthma (BA), allergic rhinitis, atopic dermatitis, hives, allergic conjunctivitis, athero-
sclerotic cardio-vascular lesions system, inflammatory bowel disease, multiple sclerosis, cancer, 
etc. [11, 12]. 

For the first time cysteinyl LT (Cys-LT) were isolated from leukocytes and characterized by 
conjugated trien structure. LT are revealed to be organic compounds of the highly active substances 
group, formed from arachidonic acid (AA), by chipping from the cytoplasmic membrane phospho-
lipids with the participation of the enzyme phospholipase A2. 

The transformation of free AA can be accessed in two ways: cyclo-oxigenases AK metab-
olism pathway involving the formation of prostaglandins and thromboxane A2 and lipooksigenaze 
with LT release. Free AA first turns into unstable LTA4, then at LTB4 or LTC4, where upon LTC4 
LTD4 and LTE4 transforms into LTD4 and LTE4 [13, 14]. 

Due to the presence of the aminoacid cysteine LTC4, D4 and E4 were called cysteinyl, previ-
ously called “slow reacting substance of anaphylaxis” (slow reacting substance), as their release leads 
to a slowly growing, but prolonged reduction of smooth muscles contractions in bronchi GI tract.

To date, the role of lipid mediators Cys-LT in the pathophysiology of BA was convincingly 
proved [15, 16]. Cys-LT have a greater effect on the smooth muscles of respiratory tract compared 
with the histamine and cause effects typical for BA: an increase of microvascular permeability, 
the edema formation, an attraction of eosinophils in airway and bronchial infiltration endothelial 
damage leading to broncho-obstruction [17, 18]. 

Better understanding of general pathophysiological mechanisms of allergic realization put 
the focus on the studying of Cys-LT biological effects in infants with AD and food-protein induced 
enterocolitis (FPIE) which is very important.

2. Aim of the research
To optimize the diagnosis of allergic lesions of the gastrointestinal tract in children.

3. Material and methods of the research
3. 1. Study population 
The study was conducted in the allergy center and children’s clinics of the «Institute Pedi-

atrics, Obstetrics and Gynecology named after academician O. Lukyanova of NAMS of Ukraine». 
Children were included from September 2017 to June 2018.

We examined 60 infants (from 3 months to 3 years): 22 patients with AD, 18 patients with 
food-protein induced enterocolitis (FPIE) and 12 healthy children (the control group).

Respecting the pathophysiological significance of Cys-LT in children with BA for an objec-
tive analysis, we examined Cys-LT concentrations in 8 children of similar age with BA exacerba-
tion (5 patients with persistent atopic BA and 3 children with the virus-induced BA).

Parents of all participants provided informed written consent to clinical investigations. The 
study design and the procedures were approved by ethical committee (No. 12, 4.09.2017).
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3. 2. IgE assays 
Sensibilization to determine total IgE antibodies and specific IgE antibodies to food and 

other allergens by ImmunoCAP (Phadia, 100) were done. Results equal to or exceeding 0.35 kUa/l 
were considered positive.

3. 3. Cysteinyl leukotrienes
For determination of the concentrations of Cys-LT (LTB4, LTC4, LTE4) in biological fluids 

(blood serum, saliva, urine), immunoassay method of «EnzoLifeScience» (United States) company 
and the analyzer-photometer «Multiskan Plus» Labsystems were used. 

3. 4. Statistical analysis
Mathematical analysis and statistical data processing was carried out on the basis of 

the license of the software package Statistic for Windows 6.0.RU (StatSoft, United States 
No. AXXR712D833214FAN5). The likelihood of differences was assessed using the Student’s 
t-test and Kendall Tau rank correlation analysis. P value <0.05 was considered statistically 
significant. 

4. Results
4. 1. Study population and clinical parameters 
Children were distributed by age and sex. The number of boys and girls was the same  

(50.0 % and 50.0 %, respectively). The average age of surveyed children was (16.5±2.3) months. 
According to the analysis, risk factors for FPIE and AD in infants included complications in 

obstetric history of the mother; the presence of allergies in family anamnesis, especially in moth-
ers, and early artificial feeding.

 The first 3 months of life were found as a typical age for onset of the gastrointestinal mani-
festations of food allergy. Variable clinical picture included refusal of food, intense colic, regurgita-
tion or vomiting, diarrhea with lots of glassy mucus admixture of blood, progressing in permanent 
presence of the causative food allergens. 

Clinical manifestations of AD while the first months of life were associated with cow’s milk 
formula feeding in artificially fed babies and with presence of food with high allergenic potential 
in mother’ ratio in breastfed children.

AD was characterized by chronic recurrent course with a predominance of erythema-
tous-squvamous moderate and severe forms (dryness, peeling, erythema, excoriations) and was 
accompanied by pronounced itching. The average severity of AD was evaluated as (75.35±3.20) 
according to SCORAD score. 

The average total IgE in children was identified and made (136.9±43.6) kUA/l in infants 
with FPIE and (198.08±85.6) kUA/l (norm<45 kUA/l) in a group of children with AD. Among food 
allergens in children with FPIE sensibilization was found to cow’s milk proteins in 12 (66.7 %),  
egg protein in 10 (55.5 %), wheat allergen in 7 (38.8 %) and soy protein for 3 (16.6 %) children.

Also sensibilization to house dust mites in 2 (11.1 %) children and epidermal sensibilization 
(cat and dogs dander) in 7 (38.8 %) babies were found.

Children with AD were revealed to have sensibilization to food allergens to cow’s milk 
proteins in 10 subjects (45.4 %), to egg protein in 12 (54.5 %) and to wheat flour allergens in  
5 (22.7 %) persons.

Often polyvalent sensibilization (for more than two allergens) in infants, requires a individ-
ual approach to eliminating diet and prevention of «Atopic March». 

The paraclinical data analysis identified changes in blood as hypochromic anemia and eo-
sinophilia in 12 (30.0 %) children, with average eosinofils level (8.4±1.6 %) in both groups.

Parameters of the inflammatory process were determined in studied concentration of  
Cys-LT (C4, D4, E4) formed as a result of lipo-oxigenic pathway of arachidonic acid metabolism.

Analysis of the received results revealed a significant increase in the concentrations of  
Cys-LT (C4, D4, E4) in blood, urine, saliva of children of early age with AD, FPIE and BA sur-
veyed during of the disease manifestation, compared with the control group (Table 1). 
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Table 1
Concentration of Cys-LT (LTB4, LTC4, LTE4) in biological fluid (blood, urine, saliva) of participants,  
pg/ml (М±m)

Biological fluids
Data in studied groups (n=60)

Control group (n=12) BA (n=8) FPIE (n=18) AD (n=22)

Blood, pg/ml (90.6±16.8) (703.9 ±68.7)*^ (509.3 ±57.4)*^ (695.2±46.3)* ^

Urine, pg/ml (78.2±24.7) (424.0 ±115.6)* (338.5±14.5)* (308.2±34.2)*

Saliva, pg/ml (55.5±26.2) (461.3 ±107.0)* (239.7±19.3)* (265.3±25.2)*

Note: * – Significant difference with control (р<0.05); ^ – significant difference in BA, FPIE, AD groups (р<0.05)

 
Comparison of concentrations of Cys-LT in urine and saliva of children with FPIE, BA and 

AD did not show significant difference. Serum concentration of Cys-LT in patients with asthma 
was significantly higher (703.9±68.7) pg/ml than in children with the FPIE (509.3±57.4) pg/ml and 
reliably did not differ from that of patients with AD (695.2±46.3) pg/ml.

Children with FPIE had serum Cys-LT concentration (509.3±57.4) pg/mL was significantly 
higher than in saliva (239.7±19.3) pg/ml and urine (338.5±14.5) pg/ml, and Cys-LT content in the 
urine was higher than in saliva. Similar characteristics were identified for children with AD where 
concentrations of Cys-LT in the blood (695.2±46.3) pg/mL were significantly higher than in saliva 
(265.3±25.2) pg/ml and urine (308.2±34.2) pg/ml, but Cys-LT concentration in urine and saliva 
were not significantly different.

Kendall Tau rank correlation analysis was provided to determine the relationship between 
Cys-LT concentration in the blood, urine and saliva of surveyed children. According to the results, 
correlation analysis revealed no significant Spearman rank correlation between concentrations of 
Cys-LT in blood and urine – r=0.14 (p>0.05), blood and saliva r=0.07 (p>0.05), urine and saliva 
r=–0.52 (р>0.05).

Results may suggest the possibility of choosing any biological fluid, saliva or urine in par-
ticular, as non-invasive method to determine the concentrations of Cys-LT and to monitor allergic 
inflammation activity. 

 Implementation of the biological effects of Cys-LT includes interaction with specific recep-
tors-Cys-and Cys-LT1 LT2, so blocking synthesis and reception LT and, consequently, reduce their 
physiological effects by consumption of antihistamines and glucocorticosteroids is not justified. In 
this regard, use of drugs selectively blocking the Cys-LT receptors seems to be pathophysiologi-
cally justified.

5. Discussion 
Nowadays recent study of lipid mediators (cysteinyl leukotrienes) participation in the patho-

physiology of allergic inflammation with skin and gastrointestinal tract clinical manifestation in 
infants is relevant regarding the possibility of their possible pharmacological correction.

There is evidence of an increase in LT production in the pathogenesis of AD [19]. The levels 
of urinary LTE4 and serum eosinophilic cationic protein (ECP) in children with AD are higher 
than in children without allergic diseases; there was a significant correlation between LTE4 in 
urine and ECP in serum and the SCORAD index [19]. CysLT levels were also investigated during 
biopsy of the esophageal mucosa in children with eosinophilic esophagitis and in normal children. 
CysLT levels in patients with eosinophilic esophagitis are similar to those in the control and do not 
depend on the severity of inflammation. Although this is contrary to the use of Cys-LT antagonists 
in the treatment of eosinophilic esophagitis [20].

The obtained data about high concentrations of Cys-LT in various biological substances 
(blood, urine, saliva) is an objective criteria of eosinophils participation in the development of 
clinical symptoms of AD and FPIE and may enhance understanding of pathogenic opportunities in 
influence the course of allergic inflammation in infants with gastrointestinal tract and skin allergy.
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Cys-LT concentration measured in biological fluids (blood, urine, saliva) is suggested to be 
an effective and non-invasive method to control an allergic process activity. 

A significant increase in the cysteinyl leukotrienes concentration in various biological fluids 
indicates the prospect of studying the effectiveness of cisteinyl leukotrienes receptor inhibitors for 
treatment of children with AD and the FPIE.

Obtained results confirm the importance of lipid mediators (leukotrienes, cysteinyl) 
in the pathophysiology of atopic dermatitis and food-protein induced enterocolitis in infants. 
A promising direction for further research is to study the effectiveness of leukotriene cyste-
inyl receptors blockers (antileukotriene drugs) in infants with allergic skin and gastrointes- 
tinal tract.

6. Conclusions 
1. We discovered high concentration of cysteinyl leukotrienes (LTB4, LTC4, LTE4) in bi-

ological fluids (blood serum, urine, saliva) in infants with atopic dermatitis, and food-protein in-
duced enterocolitis compared to the contrоl group. 

2. The absence of significant rank correlation between concentrations of leukotrienes in 
blood and urine, blood and saliva, saliva and urine shows the possiblity to select any biological 
fluid, saliva or urine in particular, as a non-invasive method for determination of the cysteinyl leu-
kotrienes concentrations for monitoring of allergic inflammation activity. 
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Abstract
Currently, there are single data on the relationship between TLR-2 polymorphisms (Arg753Gln) and TLR-4 (Asp299Gly) poly-

morphisms and susceptibility to brucellosis. Therefore, the aim of the study was to determine the frequency of TLR-2 (Arg753Gln) 
and TLR-4 (Asp299Gly) polymorphisms in patients with acute brucellosis with cardiovascular lesions in the Republic of Azerbaijan. 

Materials and methods: 178 patients with a brucellosis clinic were examined. According to the criteria for inclusion in the 
study, only 120 people fully met all the criteria, which made up the main group. The control group consisted of 30 healthy individuals. 
TLR-2 (Arg753Gln) and TLR-4 (Asp299Gly) polymorphisms were also determined for all patients in both groups. In order to assess 
the state of the cardiovascular system, an electrocardiogram was recorded, blood pressure was measured, and an ultrasound scan of the 
heart was performed for all patients. 

Results: it was found that 93 patients (77.50±3.13 %) with acute brucellosis had some or other signs of impairment in the work 
of the cardiovascular system, identified clinically or as a result of functional examination. Among carriers of the Asp/Gly genotype of 
the TLR-4 gene, an increased risk of brucellosis with CVS diseases was determined (χ2=30.19; p<0.0001; OR=24.29; 95 % CI [5.45 – 
108.37]), while the carriage of the homozygous genotype Asp/Asp, by contrast, had a protective effect on the development of brucellosis 
(OR=0.06, 95 % CI [0.02 – 0.20]). Among the carriers of the Arg/Gln genotype and the Gln/Gln genotype of the TLR-2 gene, a signifi-
cantly increased risk of brucellosis with CVS diseases was determined (χ2=5.68; p=0.02; OR=3.10; 95 % CI [0.99–9.67]) and (OR=2.48; 
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