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Background. Study of the intestinal microbiota in children with allergic diseases during the first 1000 days of life is necessary for pathogenetic correction validation of intestinal dysbiosis during the "window of opportunity" period. Several studies on intestinal microbiota in children during the first 1000 days of life have been conducted in Russia, but not among children with allergies. Objective. The aim of the study is to examine the intestinal microbiota composition in children under two years of age with food allergies. Methods. The study included full-term children aged 6–24 months with food allergy who were followed up on outpatient basis. The taxonomic composition of intestinal microbiota was analyzed via 16S rRNA sequencing. Biological material was collected at home. The taxonomic profile of intestinal microbiota is presented as the relative abundance of taxa, calculated as the proportion (in %) of reads assigned to each taxon out of the total number of reads. Results. The taxonomic composition of intestinal microbiota was studied in 60 children: 37 of them were of the first year of life (6–12 months) and 23 were of the second year of life (13–24 months). Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria were revealed in both age groups, while children aged 13–24 months additionally had Verrucomicrobia. Ruminococcaceae family (p=0.006), unclassified type of Lachnospiraceae family (p<0.001), and Gemmiger(p=0.007) were revealed more frequently in children aged 13–24 months, whereas Veillonella (p=0.007) was revealed less frequently. Opportunistic microorganisms of Veillonella parvula (p=0.017), Erysipelatoclostridium ramosum, and Intestinibacter bartlettii were revealed in children aged 6–12 months, while the proportion of Faecalibacterium prausnitzii was higher (p=0.049) in children of the second year of life. Children of the second year of life showed lower degree of sensitization to cow's milk proteins, while sensitization level to chicken egg proteins remained unchanged. Conclusion. Children of the second year of life with food allergy have higher abundance of commensal microbes was observed in the absence of pathobionts. This result suggests the compensatory tolerance development in children with food allergy early in childhood.
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Table 1. Characteristics of children with food allergies from different age groups
	Indicators
	Children, 6–12 months (n = 37)
	Children 13–24 months (n = 23)
	d/h
(Cohen)
	p

	Gender (female), abs. (%)
	17 (46)
	12 (52)
	0,12
	0,818

	Birth weight, g
	3520 (3250; 3750)
	3650 (2720; 3990)
	0,20
	0,760

	Gestation period, weeks
	39 (38; 40)
	39 (38; 40)
	0,04
	0,995

	Family history of allergy*, n (%)
	27 (73)
	21 (91)
	0,49
	0,324

	Presence of brothers/sisters in the family, abs. (%)
	15 (40)
	10 (43)
	0,06
	0,897

	Antibacterial therapy during perinatal period, abs. (%)
	12 (32)
	14 (61)
	0,58
	0,232

	Cesarean section, abs. (%)
	9 (24)
	12 (52)
	0,58
	0,232

	Latched on first day, abs. (%)
	30 (81)
	22 (96)
	0,50
	0,334

	Feeding type, abs. (%)
· natural
· complementary
· mixed
	
11 (30)
3 (8)
23 (62)
	
9 (39)
1 (4)
13 (57)
	
0,110
(df = 2)
	
0,818
(df = 2)

	Complementary foods administration age, months
	5 (4,5; 6)
	5 (5; 6)
	0,20
	0,760

	IgE sensitization to food allergens**, abs. (%)
	19 (51)
	8 (35)
	0,34
	0,646


Note. <*> — allergic disease in first-line relatives (parents and sibs); <**> — determined by solid phase immunofluorescence "Allergochip ALEX2." p-values were calculated adjusted for multiple Benjamini-Hochberg comparisons.

Table 2. IgE sensitization of children aged 6-12 and 13-24 months with food allergies
	Indicators
	Children, 6–12 months (n = 19)
	Children 13–24 months (n = 8)
	d/h
(Cohen)
	р

	Total number of identified allergens, abs.
	28
	39
	–
	–

	Sensitization to egg white, abs. (%)
Sensitization to cow's milk protein, abs. (%)
Sensitization to peanuts, abs. (%)
Sensitization to soy, abs. (%)
	11 (58)
5 (26)
2 (10)
2 (10)
	5 (62)
1 (12)
2 (25)
1 (12)

	0,07
0,36
0,40
0,06
	1,000
0,9495
0,9495
1,000

	Polyvalent allergy, abs. (%)
	8 (42)
	7 (87)
	1,01
	0,258

	Moderate/high sensitization to food allergens*, abs. (%)
	15 (79)
	5 (62)
	0,41
	0,9495


Note. <*> — content (kilo-units/liter) of allergen-specific IgE in serum ≥1kU/L. IgE sensitization was established with sIgE>0.3 kU/L. Allergy to two or more allergens was considered polyvalent when IgE sensitization was revealed.

Table 3. Taxonomic composition of intestinal microbiota (Firmicutes type) in children aged 6-12 and 13-24 months with food allergies
	Taxonomy
	6–12 months (n = 37)
	13–24 months (n = 23)
	p

	Firmicutes
	60,51
	66,21
	0,432

	Clostridia
	39,50
	50,83
	0,227

	Clostridiales
	39,50
	50,83
	0,252

	Ruminococcaceae
	2,86
	10,70
	
0,006

	Faecalibacterium
	0,70
	7,26
	0,064

	Faecalibacterium_prausnitzii
	0,70
	7,26
	0,049

	Gemmiger
	0,00
	0,65
	0,007

	Gemmiger_formicilis
	0,00
	0,65
	0,012

	Ruminococcus
	0,00
	0,34
	0,124

	Flavonifractor
	0,55
	0,35
	0,296

	Flavonifractor_plautii
	0,55
	0,35
	0,285

	Lachnospiraceae
	23,71
	32,32
	0,403

	Faecalicatena
	0,00
	0,12
	0,269

	Faecalicatena_fissicatena
	0,00
	0,07
	0,243

	Lachnoclostridium
	0,24
	0,59
	0,659

	Lachnoclostridium_sp,_YL32
	0,24
	0,47
	0,988

	Lacrimispora
	0,60
	0,94
	0,269

	Lacrimispora_saccharolytica
	0,60
	0,94
	0,243

	Faecalimonas
	0,00
	0,20
	0,334

	Faecalimonas_umbilicata
	0,00
	0,20
	0,309

	Enterocloster
	2,97
	2,77
	0,646

	Enterocloster_bolteae
	2,97
	2,77
	0,570

	Fusicatenibacter
	0,00
	0,62
	0,067

	Fusicatenibacter_saccharivorans
	0,00
	0,62
	0,058

	Anaerobutyricum
	0,00
	0,19
	0,124

	Anaerobutyricum_hallii
	0,00
	0,19
	0,132

	Lachnospira
	0,00
	1,02
	0,149

	Lachnospira_eligens
	0,00
	1,02
	0,108

	Roseburia
	0,00
	1,43
	0,124

	Roseburia_intestinalis
	0,00
	0,22
	0,284

	Roseburia_hominis
	0,00
	0,40
	0,045

	Anaerostipes
	0,00
	0,57
	0,235

	Anaerostipes_hadrus
	0,00
	0,53
	0,152

	Mediterraneibacter
	1,71
	1,32
	0,659

	Ruminococcus_gnavus
	0,66
	0,94
	0,570

	Blautia
	2,05
	1,85
	0,659

	Blautia_sp,_SC05B48
	0,30
	0,56
	0,305

	Blautia_luti
	0,48
	0,44
	0,988

	Blautia_wexlerae
	0,08
	0,13
	0,746

	Dorea
	0,00
	0,23
	0,124

	Dorea_longicatena
	0,00
	0,17
	0,163

	NA
	0,00
	2,56
	<0,001

	Lachnospiraceae_bacterium_GAM79
	0,00
	0,72
	0,012

	Oscillospiraceae
	0,00
	0,38
	0,168

	Dysosmobacter
	0,00
	0,30
	0,124

	Dysosmobacter_welbionis
	0,00
	0,30
	0,132

	Peptostreptococcaceae
	0,57
	0,14
	0,074

	Intestinibacter
	0,15
	0,00
	0,124

	Intestinibacter_bartlettii
	0,15
	0,00
	0,102

	Clostridiaceae
	2,37
	2,69
	0,403

	Hungatella
	1,10
	1,09
	0,659

	Hungatella_hathewayi
	1,10
	1,09
	0,720

	Clostridium
	0,37
	1,03
	0,235

	NA
	0,21
	0,46
	0,403

	Monoglobus
	0,00
	0,13
	0,659

	Monoglobus_pectinilyticus
	0,00
	0,13
	0,658

	Bacilli
	1,51
	2,64
	0,556

	Lactobacillales
	1,51
	2,64
	0,618

	Streptococcaceae
	0,65
	0,56
	0,878

	Streptococcus
	0,46
	0,38
	0,867

	Lactobacillaceae
	0,21
	0,52
	0,211

	Lactobacillus
	0,19
	0,52
	0,124

	Lactobacillus_rogosae
	0,00
	0,30
	0,079

	Negativicutes
	4,53
	2,76
	0,177

	Veillonellales
	2,85
	1,48
	0,252

	Veillonellaceae
	2,85
	1,48
	0,211

	Veillonella
	2,39
	0,24
	0,007

	Veillonella_dispar
	0,26
	0,00
	0,200

	Veillonella_parvula
	0,69
	0,07
	0,017

	Dialister
	0,00
	0,07
	0,160

	Erysipelotrichia
	0,80
	0,53
	0,372

	Erysipelotrichales
	0,80
	0,53
	0,394

	Erysipelotrichaceae
	0,80
	0,53
	0,403

	Erysipelatoclostridium
	0,29
	0,00
	0,064

	Erysipelatoclostridium_ramosum
	0,27
	0,00
	0,058

	NA
	0,08
	0,17
	0,733


Note. Here and in Tables 4-7: NA (Not Available) — unidentified microorganisms family/genus. Taxonomic composition is ordered in the sequence type → class → order → family → genus → species. The description of intestinal microbiota is presented with the relative abundance was calculated as the proportion (%) of reads assigned to each taxon of the total number of reads; p-value was calculated adjusted for multiple Benjamini-Hochberg comparisons

Table 4. Taxonomic composition of intestinal microbiota (Actinobacteria type) in children aged 6-12 and 13-24 months with food allergies 
	[bookmark: _Hlk228463779]Taxonomy
	6–12 months (n = 37)
	13–24 months (n = 23)
	p

	Actinobacteria
	6,96
	1,97
	0,062

	Actinobacteria
	6,96
	1,97
	0,112

	Bifidobacteriales
	6,96
	1,97
	0,124

	Bifidobacteriaceae
	6,96
	1,97
	0,078

	Bifidobacterium
	6,96
	1,97
	0,069

	Bifidobacterium_longum
	0,88
	0,54
	0,285

	Bifidobacterium_pseudocatenulatum
	0,06
	0,00
	0,608



[bookmark: _Hlk228874238]Table 5. Taxonomic composition of intestinal microbiota (Proteobacteria type) in children aged 6-12 and 13-24 months with food allergies
	Taxonomy
	6–12 months (n = 37)
	13–24 months (n = 23)
	p

	Proteobacteria
	9,80
	8,38
	0,371

	Gammaproteobacteria
	9,60
	7,52
	0,372

	Pasteurellales
	0,06
	0,00
	0,952

	Pasteurellaceae
	0,06
	0,00
	0,976

	Haemophilus
	0,06
	0,00
	0,952

	Enterobacterales
	8,91
	6,67
	0,394

	Enterobacteriaceae
	8,91
	6,67
	0,403

	Klebsiella
	0,44
	0,00
	0,269

	Escherichia
	3,69
	3,05
	0,394

	Escherichia_coli
	3,69
	3,05
	0,333

	Betaproteobacteria
	0,40
	0,51
	0,556

	Burkholderiales
	0,40
	0,51
	0,618

	Sutterellaceae
	0,37
	0,51
	0,734

	Sutterella
	0,05
	0,00
	0,659



Table 6. Taxonomic composition of intestinal microbiota (Bacteroidetes type) in children aged 6-12 and 13-24 months with food allergies
	Taxonomy
	6–12 months (n = 37)
	13–24 months (n = 23)
	p

	Bacteroidetes
	14,08
	20,84
	0,371

	Bacteroidia
	14,08
	20,84
	0,372

	Bacteroidales
	14,08
	20,84
	0,394

	Tannerellaceae
	0,00
	0,21
	0,413

	Parabacteroides
	0,00
	0,21
	0,438

	Bacteroidaceae
	2,74
	6,05
	0,403

	Bacteroides
	2,74
	6,05
	0,413

	Bacteroides_ovatus
	0,00
	0,50
	0,333

	Bacteroides_uniformis
	0,00
	0,53
	0,285

	Prevotellaceae
	0,13
	0,16
	0,976

	Prevotella
	0,04
	0,00
	0,399

	Phocaeicola_dorei
	0,00
	0,17
	0,988

	Phocaeicola_vulgatus
	0,00
	0,97
	0,285

	NA
	1,79
	5,65
	0,376

	Phocaeicola
	1,79
	5,65
	0,269



Table 7. Taxonomic composition of intestinal microbiota (Verrucomicrobia type) in children aged 6-12 and 13-24 months with food allergies
	Taxonomy
	6–12 months (n = 37)
	13–24 months (n = 23)
	p

	Verrucomicrobia
Verrucomicrobiae
Verrucomicrobiales
Akkermansiaceae
Akkermansia
Akkermansia_muciniphila
	0,00
0,00
0,00
0,00
0,00
0,00
	0,16
0,16
0,16
0,16
0,16
0,16
	0,091
0,164
0,183
0,168
0,124
0,120





RESEARCH LIMITATIONS
The limited sample size of patients on the first and second years of life does not allow obtained conclusions extrapolation on entire population of young children with food allergy. Our study lacked a control group of healthy children, since children could only be enrolled according to their admission to healthcare facility. The compared groups differed in frequency of allergy among first-degree relatives, frequency of antibiotic therapy during the perinatal period, as well as frequency of birth by cesarean section. All these factors could have influenced the characteristics of the intestinal microbiota; therefore, the differences in microbiota composition we identified may have been attributable not only to patient age but also to the aforementioned factors. Due to the limited number of molecular genetic test kits and their shelf-life constraints, longitudinal follow-up of children was not conducted. We did not evaluate the role of gender, heredity, perinatal history, or feeding practices on intestinal microbiota composition. Thus, th limitation of the method used to study intestinal microbiota composition is the application of univariate analysis considering only patient age.
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