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The state of iron metabolism in infants with foadtpin-induced enterocolitis syndrome was deterdhare the efficacy and
safety of ferrous bisglycinate chelate for the ection of iron deficiency anemia in this group bildren were studied. 40 children aged
6 months to 3 years with a chronic food proteindo@tl enterocolitis syndrome were examined. Sigm®wfdeficiency anemia were
found in 80% of children. Administration of ferrobssglycinate chelate at a dose of 0.5 mg of elémhémn/kg/day for 1 month
contributed to the normalization of red blood calt&l iron metabolism in the organism, which testifio the high bioavailability and
effectiveness of this form of ferrous iron in choinflammatory processes in the intestine.
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OCOBJIMBOCTI JIATHOCTUKH TA KOPEKIIIi JE®ILUTY 3AJI3A
IIPU IHAIYKOBAHOMY XAPYOBUMMU BIVIKAMUW EHTEPOKOJITUYHOMY CUHAPOMI ¥
JITEU PAHHBOI'O BIKY

BusnaueHo craH 0OMiHy 3ai1i3a y [iTeld paHHBOTO BiKY 3 iHIyKOBaHHM Xap4OBUMH OLTKAMH €HTEPOKONITUIHUM CHHIPOMOM
Ta JociipkeHa e()eKTUBHICTE 1 Oe3neka 3aCTOCYyBaHHS XeJaTy OiCIIIIHATY 3aii3a Ul KOPEKIl 3ai30AeilUTHAX CTaHiB y JaHOTO
koHTHHTeHTY niteli. O6crexxeno 40 niteit BikoMm Bim 6 MmicsamiB 1o 3 pokiB 3 XpOHIYHMM IIepebiroM OLIOK iHIYKOBaHOTO
EHTepOKOIITHYHOro cuuapoMy. Y 80% niteii Oyio BUsBIEHO 03HAaKH nedinuTy 3aii3a B opraizmi. [Ipu3HadenHs xenary OicriiliHary
3amiza B 1031 0,5 Mr exemenrapHoro 3amiza/kr/no0y mporsiroM 1 Micsis CHpHsUIO HOpMaizalii MOKa3HHKIB YEpBOHOI KpOBi Ta
MeTaboIi3My 3aJ1i3a B OpraHismi, 1[0 CBiTYIJIO PO BUCOKY 0i0IOCTYIHICTH Ta e(heKTUBHICTh 3aCTOCYBaHH L€l (POPMH JBOBAJICHTHOTO
3aJ1i3a 32 YMOB XPOHIYHOTO 3aaJIbHOTO MPOLIECY B KHIICIHHKY.

Ki1r04oBi cjioBa: [iTH paHHBOTO BiKY, IHAYKOBaHHH XapuyOBHMH OLTKAMH EHTEPOKONITHYHMI CHHIAPOM, 3amizonedilmTHi
CTaHW, XeJar OicrIiniHaTy 3ami3a.

The work is a fragment of the research project Stiady the pathogenetic mechanisms of the formefiafiergic lesions in
the gastrointestinal tract in young children” (stategistration No. 0117U004534)

All over the world there is a rapid increase inpinevalence of allergic diseases, which often dabut
a young age in the form of food-related reactidhs2]. Clinical manifestations of food allergy che
observed from various organs and systems, but-B644 cases [3], gastrointestinal tract (GIT) iseffector
organ, which is in direct contact with allergense3e manifestations of food allergy have commoiufes of
pathogenesis, but are differentiated by the maimcal manifestations: delayed vomiting, the preseof
blood in the stool and chronic diarrhea. Pathogsrg@milarity is manifested in the presence of ryain
eosinophilic inflammation of certain parts of thasgointestinal tract, which leads to increasechpability of
the intestinal wall, damage to the cilia, localizgihthous ulcers and nodular lymphoid hyperplaia [

Food protein-induced enterocolitis syndrome (FPJES)ich develops as a result of cell-mediated
immune mechanisms, is common at an early age aidisally characterized by vomiting after ingestiof
causative products and diarrhea with mucus anttiodpwhich can lead to dehydration and hypotenfbn
The first symptoms of FPIES manifest at the age taf 7 months, when a formula or complementary $ood
are added to the child's diet. The most commoratausducts of FPIES are dairy products and saypditas,
but there are reports that eating solid these foadks, oats, eggs, barley, potatoes, chickengetyrpeas,
bananas, fish, mutton and corn can also cause HFJES
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The results of clinical observations indicate ahhfgequency of iron deficiency anemia in the
intestinal diseases, which occur as a result ofirag iron absorption and its loss in diarrhealdsgme. In
turn, limiting the food ingestion due to long-teetimination diets leads to alimentary supply defidy of the
child's organism with iron and other nutrients ired in iron metabolism [2, 13].

Epidemiological studies linking allergies to iroefidiency anemia have emerged in the last decade.
Immune activation in the conditions of iron defigiy anemia leads to the expansion of Th2- but hdt T
cells, which can cause class switching in B cetld prevents the proper activation of M2 but not M1
macrophages. Moreover, many allergens, in partidipacalin, may be able to indirectly bind iron by
siderophores containing catechol fragments. Lodiatiiged iron deficiency anemia can result in tH&2Tcells
generation during immune activation and thus peefarallergic sensitization.

In pediatric practice, especially in infants, ferifon drugs are more commonly used today, but
understanding the benefits of ferrous iron drugseims of therapeutic effect and duration of treatim
requires finding ferrous iron drugs with good talality and minimal irritation to the gastrointestl tract.

In this regard, the innovative form of ferrous irenferrous bisglycinate chelate, in which one
molecule of iron is connected with carboxyl groopsvo molecules of glycine by means of covalenmds
attracts an attention. Experimental studies hage/shhat the ferrous chelate compound is not hydeal in
the stomach; it is completely absorbed in the snma#istine and invariably enters the cytoplasm of
enterocytes, where the iron molecule is releasgd [1

This absorption mechanism provides a very highvaitability of bisglycinate chelate among iron
compounds — the use of iron bisglycinate chelatediise of 0.75 mg/kg/day has shown efficacy apties
hematopoietic response comparable to iron sulfagedose of 3 mg/kg/day. [7]. Higher bioavailapilif
bisglycinate chelate leads to lower iron burdenjdss/iron overload and potential side effects &itjuivalent
efficacy.

There are few references in the available liteeatum the problems of iron deficiency anemia in
allergic intestinal diseases, which determinegdlevance of this study.

The purposeof the study was to determine the state of irotab@ism in infants with food protein-
induced enterocolitis syndrome and study the efficand safety of ferrous bisglycinate chelate for t
correction of iron deficiency anemia in this grafgehildren.

Materials and methods.In the Department of Nutrition and Somatic Diseageéoung Children of
S| "Institute of Pediatrics, Obstetrics and Gynegglof the NAMS of Ukraine" we examined 40 children
aged 6 months to 3 years with chronic food protaiiced enterocolitis syndrome (FPIES). FPIES was
diagnosed on the basis of Recent International €mos Guidelines for the Diagnosis and Managenfent o
Food Protein-Induced Enterocolitis Syndrome, dgedoby a working group of the American Academy of
Allergy, Asthma and Immunology (AAAAI) in 2017. @ical data, efficacy from food elimination, and
recovery of gastrointestinal symptoms after an éwad challenge test with a causative allergen were
considered. Additional confirmation of the diagsosvere the results of endoscopic examination with
hemorrhagic colitis syndrome with targeted biop$ythe intestinal mucosa and its pathomorphological
characteristics.

To assess the state of iron metabolism in the badyematological examination of children was
performed to determine the following indicatorsmioglobin (HGB), red blood cells (RBC), hematocrit
(HCT), color index, mean corpuscular volume (MCWgean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), redbdl cell distribution width (RDW-CV), serum iron
(S, total iron-binding capacity (TIBC), transfersaturation (TS) coefficient, serum ferritin (SF)

Subsequent studies included 32 patients with igdicidncy anemia. Of these, the 1st group included
15 children with iron deficiency anemia (IDA), tBed group — 17 children with latent iron deficierftiD).

Numerous clinical studies using bisglycinate cleetet a source of iron [12] have shown that infants
and young children with iron deficiency toleratetdry supplements in doses providing about 15 @@ of
iron per day or food enrichment in doses providibgut 2 to 23 mg of iron per day. The indicatedagesof
iron bisglycinate contributed to the normalizatafrhemoglobin and ferritin levels in the blood seru

In a study involving 25 children aged 3-18 yearthweliac disease and iron deficiency, a test for
absorption of oral ferrous bisglycinate chelate pe$ormed. An increase in serum iron levels &thours at
least twice the baseline occurred in all but oriepg[11].

Based on published studies, to correct iron defagiein children of the 1st and 2nd groups, we
prescribed ferrous bisglycinate chelate (TecnoFBERBNI) with 0.5 mg of elemental iron (2 drops/lay}l
for 1 month, according to the manufacturer's recendations.

The correction effectiveness and the drug safetg wealuated on the basis of dynamic monitoring
of patients and hematological examination to deterrthe indicators of iron metabolism in the dynesof
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supervision. All children completed a full courdeTecnoFER administration. There were no casefef t
early study withdrawal.

Statistical processing was performed using thedatan Microsoft Excel software package. The
significance of the differences was assessed uSindent's t-test. The difference between the cosdpar
values was considered significant a0®5.

Results of the study and their discussiorExamination of children with FPIES revealed in mafst
them (32 children, 80.0%) clinical and laboratagns of iron deficiency, including 15 patients WilbA (11
children — mild IDA, 4 children — moderate IDA). Abst half of the children with FPIES (17 patients —
42.5%) had no signs of anemia, but an in-depth teagacal examination revealed LID.

All children with IDA (group 1) had hemoglobin ldsebelow 110 g/l (mean 102.7+0.66 g/l), low
hematocrit (29.7+0.25%), and color index (0.82+D.0¢1 group 2, 6 (35.3%) patients had hemoglobitmiwi
the age limit. A tendency to decrease hemoglob®RH- 110-115 g/l) was found in 11 (64.7%) childien
this group. The mean hemoglobin index in Group 8 ®5.6+1.1 g/l. In some children of the 2nd graup,
decrease in hematocrit and color index below tifieremce values was also found (in 8 and 11 patients
respectively).

In the clinical blood test, almost half of the pats of Group 1 (7 children-46.7 %) had a reduedd r
blood cell count (the mean index was 3.93+0.07 ¥/11Gn 9 (60.0%) children changes in red blood cell
indices were detected, which indicated the hypaoolrmature of anemia (decrease in MCV, MCH, MCHC
below reference values and increase in RDW-CValllchildren of Group 2, the number of red blootisce
MCV, MCHC and RDW-CV were within normal limits, waiMCH (mean corpuscular hemoglobin) in a
third of children was below the reference valuadiciating iron deficiency in the body.

Analysis of iron metabolism in the examined chitdvéth FPIES showed the following.

TS coefficient, which is considered a sensitivekaaof iron deficiency, was lower than the refegenc
values in most children of both 1st and 2nd groilyg mean value was 18.4+0.2% and 19.610.16,
respectively. %.

Decreases in serum iron below the reference vakers found in most children with FPIES,
including 12 children in group 1 and 13 childrengioup 2. The mean serum iron level in the groups w
approximately the same (group 1 — 5.3htol/l, group 2 — 5.9+0.6mol/l, p>0.05).

It is noteworthy that such an indicator of iron afeilism as the total iron binding capacity in the
majority (87.5%) of children with FPIES was withiflme normal range. Only in 4 patients of the 1st 2mdi
groups increase in the total iron-binding capaaifs revealed. As is known, iron deficiency condii@re
characterized by an increased level of total inmalihg capacity, while cytokine-induced anemia lofanic
diseases is characterized by a decrease in tlas.ind

Ferritin levels, which according to current clidigarotocols are considered a marker of iron
deficiency, were within normal limits (up to 200/md) in the vast majority of children. Decreasedifi
levels (less than 20 ng/ml) were found in 3 chitdoégroup 1. Most likely, this result can be exmdal by the
features of iron deficiency in conditions of chioimiflammation of the intestine.

The presence of clinical signs of iron deficierloyy iron content in the diets of children with food
protein-induced enterocolitis syndrome, was théstfas the iron supplements prescription. The tesofl the
examination of children with IDA and LID in the dgmics of ferrous bisglycinate chelate administratice
presented in the table 1.

According to the analysis of the results of thegtin children of the 1st group who received fago
bisglycinate chelate to correct anemia, the dynastiowed a significant increase in hemoglobin, heecng
serum iron and transferrin saturation, as welhagendency to increase the color index and naratadh of
red blood cell indices, which indicated a gooddbeutic effect and increased iron reserves inadg.bAfter
treatment with ferrous bisglycinate chelate in nedstdren of group 1, the hemoglobin level increbse
>110 g/l, hematocrit tg 35.0%. Only 4 children of the 1st group had latmyesigns of mild anemia.

Table 1

Red blood cells and iron metabolism indices in cldten with iron deficiency in the dynamics
of treatment with ferrous bisglycinate chelate, M+m

IDA, n=15 LID,n=17
Index Before administration After administration Befodmanistration After administration
HGB, g/l 102.7+0.66 114.3+0.59* 115.6+1.1 123.6#1.3
RBC, x 1071 3.93+0.07 4.21+0.06 4.68+0.08 4.87+0.06
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HCT, % 29.7+0.25 36.8+0.18* 31.5+0.24 37.1+0.16*
Color index 0.82+0.01 0.87+0.02 0.85+0.01 0.93+0.01
MCV, fl 76.5+0.81 85.7+0.86 80.1+0.74 88.5+0.9
MCH, pg 24.8+0.27 27.9+0.3 23.240.24 28.8+0.21*
MCHC, g/l 273.2%3.0 296.4+2.5 326.2+2.8 321.8+3.1
RDW-CV, % 15.2+0.21 14.7+0.31 14.5+0.17 14.7+0.13
SI, umol/l 5.3+0.6 9.2+1.0* 5.9+0.5 13.3+0.11*
TIBC, umol/l 72.6+0.08 77.0+0.06 82.3+0.9 75.2+0.08
TS coefficient, % 18.4+0.2 26.9+0.24* 19.6+0.16 28.21*
SF, ng/mL 105.1+2.6 112.0+1.4 96.7+1.7 103.8+1.5

Note: — significant difference between the indioethe dynamics of administratiop<(0.05).

Determination of iron metabolism in children of gpo2 in the dynamics of the ferrous bisglycinate
chelate administration showed a significant in@ei@asserum iron levels and transferrin saturation12
(70.6%) children of the 2nd group after a 1-mortdlrse of treatment, these indices increased t@dlee
normal values. The obtained results indicate highvailability of this form of ferrous iron even der the
conditions of malabsorption and maldigestion iargic inflammation in the intestine.

In children who had iron deficiency after 1 morttieatment with ferrous bisglycinate chelate was
continued.

Clinical observation of children treated with farscisglycinate chelate showed a decrease in sfgns
iron deficiency — in most children there is a daseein fatigue, irritability, increased physicatiaty,
improved appetite and sleep, restoration of noskialand mucous membrane colours.

All children tolerated ferrous bisglycinate chelatell. There were no cases of occurrence or
exacerbation of dyspeptic symptoms (hausea, vami@bdominal pain, and diarrhea), allergic rash in
response to the drug.

Therefore, the signs of latent iron deficiency andmia found in patients with food protein-induced
enterocolitis syndrome confirm the widespread @i ideficiency in allergic diseases. In particulae, British
study of children with atopic eczema, the Koreamdtof iron content in young children with atopic
dermatitis [1, 8, 9]. Most likely, the relationshigetween atopic diseases and anemia is multifatton
allergic intestinal lesions, the alimentary facpays a significant role: long-term elimination tdieand
exclusion from the diet of important foods inevijaleads to a deficiency of alimentary supply ahirand
other nutrients involved in iron metabolism. In gogases, iron losses in excess of physiologicaldein
hemorrhagic colitis syndrome) are also importanttHe development of iron deficiency.

Given the pronounced negative impact of iron deficy, especially at an early age, the modern view
of the problem of iron deficiency in young childreguires the timely diagnosis and active treatroémiot
only IDA but also latent iron deficiency. Given tlaificulty of LID detection, in-depth hematologica
examination (determination of iron metabolism) bfldren at risk for the development of iron defiaig,
including chronic intestinal diseases, is necesJagatment of iron deficiency conditions involvéist of all,

a fairly long-term consumption of iron supplememtsn supplements used in pediatric practice masteh
high bioavailability and good absorption, provideapid therapeutic effect, have sufficient safetgt aase of
dosing, minimal toxicity and irritation to the ddii intestines, have a liquid release form (liggiaup, drops).
High bioavailability of the chelated form of iromtonly provides a rapid therapeutic effect wheadusut
also allows being limited to significantly lower-43times) doses of oral iron in the treatment ohir
deficiency, which is important to prevent overburdé the child's body with iron. An important fegduof the
ferrous bisglycinate metabolism is a double medmarf absorption (binding to DMT-1 receptors, which
located on the villi of the duodenum, and PEPT<epéors, which are localized throughout the digesti
tract). This mechanism of absorption ensures ferfauisglycinate effectiveness in children with chcon
diseases of the upper intestine, which are accaegbay damage to enterocytes and malabsorptionayrad
[10, 11]. The absence of ferrous bisglycinate hlydie in the stomach and the absorption of thisnfarf
ferrous iron in unchanged form by enterocytes @sstite absence of free iron molecules that haw@@and
irritating effect on the gastrointestinal mucoshisTleads to a high level of safety and minimizessible
adverse reactions from the gastrointestinal trédwtnwvusing ferrous bisglycinate chelate, which hasnb
confirmed by clinical studies [12].
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According to the study results, in 80% of childmeith a chronic form of food protein-induced
enterocolitis syndrome were revealed signs of deficiency in the body, including 42.5% — laterdnir
deficiency, which confirms the need for an in-defpimatological examination (to determine the inslick
iron metabolism) of this contingent of childrendrder to timely identify and correct iron deficignio the
early stages.

The most informative indicators of iron deficienicyallergic intestinal lesions in children are the
transferrin saturation coefficient and serum ivels.

Administration of ferrous bisglycinate chelate ati@se of 0.5 mg of elemental iron/kg/day for 1
month contributed to the normalization of red blaatlls and iron metabolism in the organism. In eage
there were no adverse reactions from the gaststimi tract or allergic reactions, which allow tos
recommend it for the iron deficiency correctiorallergic intestinal diseases in young children. frbatment
course duration is determined individually depegdin the dynamics of hematological parameters.
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