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The aim is to evaluate the effect of metabolic activity of intestinal microflora on laboratory manifestations of carbohydrate malab-
sorption syndrome in early-aged children with rotavirus infection by studying the main intestinal metabolites — short-chain fatty
acids in faeces.

Materials and methods. 60 breastfed children with rotavirus infection aged 1-24 months were examined. The total amount of
carbohydrates in faecal samples was determined using Benedict’s test, and the detection of short-chain fatty acids in faeces was
carried out using liquid chromatography in the dynamics of the disease — on the 3rd, 5th and 10th day.

Results. It was established, that the amount of reducing sugars in faeces decreased with the increasing concentration of intestinal
microflora metabolites during the entire period of rotavirus infection. In patients with <0.5 % level of carbohydrates in faeces, the total
content of short-chain fatty acids was the highest and exceeded by 2.0, 1.8 and 1.7 times the indicators of children with Benedict's test
values >0.5 % on the 3rd, 5th and 10th days of the disease, respectively (P < 0.05). Adecrease in the metabolic activity of the intes-
tinal microbiota in the above category of children occurred mainly due to a deficiency in the production of acetic and propionic acids
(P < 0.05). Inthe acute period of the disease, an imbalance in the intestinal microbiota infrastructure was noted towards a deficiency
of obligate anaerobes that was expressed in a decrease in the anaerobic index (P < 0.05). The severity of these disorders influenced
the severity of carbohydrate malabsorption: with an increase in the level of undigested sugars in faeces >0.5 %, the anaerobic index
values were 3 and 5 times lower than at a carbohydrate level 0.5 % on the 3rd and 5th days of the disease, respectively (P < 0.05).

Conclusions. It has been found that early-aged children with rotavirus infection have structural and functional disorders of the in-
testinal microflora, which influence the severity of carbohydrate malabsorption syndrome. The lower the saccharolytic activity of
intestinal bacteria, the more pronounced the manifestations of this syndrome during the entire period of the disease.

MaTtoreHeTMUHa POAb KMLIKOBOI MiKpodAOpH B CHHAPOMI MaAbabcopbLii ByraeBoAiB
y AiTel paHHbOTO BiKy 3 poTaBipyCHOO iHpeKLUiE

H. B. Bopo6ioga, 0. B. YcauoBa, A. I. KanaayLieHko

MeTa po60TK — OLiHUTY BNNMB (hEPMEHTATUBHOI aKTUBHOCTI KMLLKOBOT Mikpochriopu Ha nabopaTtopHi nposiBu CUHAPOMY Manbab-
copbuii ByrneBogiB Npy poTasipyCHiit iHPEKLT B AiTEN paHHbOrO BiKY LUMSIXOM BUBYEHHS! OCHOBHIX KULLKOBUX METaboniTiB — Ko-
POTKOMAHLIKOrOBUX 3kMpHIX kncroT (KKK) y dekanisx.

Marepianu Ta metoau. O6cTexwnm 60 giten i3 poTasipycHO iHdeKLieto Bikom 1-24 mic. Ha rpyaHOMY BUrofoByBaHHi. [1pose-
[eHO BU3HAYEHHS 3aranbHoi KinbKoCTi ByrneBoaiB y hekanisix 3a 4onomMoroto npobu beHeaumkTa Ta AETEKL0 KOPOTKONAHLIOTOBUX
XKMPHUX KUCOT Y BUNOPOXHEHHSX METOAOM PiAVHHOI XpomaTorpadii B AuHamili xsopobu — Ha 3, 5, 10 goby.

PesynkraTu. BcTaHoBMM, LU0 3i 36iMbLUEHHSM KinbKOCTi METaboniTiB KULLIKOBOI MIKpOhIOpM 3HWKYBanacs KinbKicTb HEMepeTpas-
TEHNX LIYKPIB Y BUMOPOXXHEHHSIX MPOTAIOM YCbOro Nepioay poTaBipyCHOI iHeKLi. Y navieHTis i3 piBHem ByrnesoaiB y kani <0,5 %
cymapHuii nyn KXK 6ys Hanbinblwmm, nepesuiytoumn y 2,0, 1,8 Ta 1,7 pasa nokasHuku AiTen 3i 3Ha4eHHsaMW npobu beHeaukTa
>0,5 % Ha 3, 5 Ta 10 xBopobw BignoBigHo (p < 0,05). 3HKEHHS hepMEHTATUBHOT aKTUBHOCTI KULLIKOBOI MIKpOBIOTU B OCTaHHiIi
rpyni aiTei BinbyBanocs nepeBaxHO BHACNIAOK AediLnTy NpodyKLii oLToBoi Ta nponioHoBoi kucnoT (p < 0,05). Y rocTpuin nepiog
XBOPOOY BI3Ha4MNW auchanaHc iHppacTpyKTypy KULLIKOBOI MikpobioTV — fedpilmT obniraTHX aHaepobiB, LU0 BUSBUMOCh Y 3HIKEHHI
aHaepobHoro iHgekey (p < 0,05). CTyniHb LyX NOpYLLEHb BMANBAB Ha BUPA3HICTb ManbabcopOuii ByrneBogis: Npy NiABULLEHH
piBHS HenepeTpaBneHux LykpiB y dekaniax >0,5 % cnocTepiranu y 3 Ta 5 pasiB HiK4i NOKa3HUKWN aHaepobHOro iHaekcy Ha 3 Ta
5 noBy BiANoBigHO, HiX Npu piBHI ekckpeToBaHMX LykpiB <0,5 % (p < 0,05).

BucHoBKku. Y fiTel paHHBOrO Biky 3 poTaBipyCHOLO iHeKLieto BinbyBatoTbCS CTPYKTYPHI Ta PYHKLIOHAMbHI NOPYLLIEHHS KULLKOBOI
Mikpochriopu, L0 BNAMBAKTL HA BUPA3HICTb CUHAPOMY Manbabcopbuii ByrneBogie. Yum Hink4a pepMeHTaTBHA aKTUBHICTb
CaxaponiTN4YHMX KULLIKOBUX BaKTepil, TMM BUPa3HiILLi NPOSIBM LibOr0 CUHAPOMY NPOTSIOM YChOro nepiofy XBopobu.

MaTtoreHeTHueckas poAb KULLIEUYHOH MUKPODAOPbI B CHHAPOME MaAbabcop6uum yraeBoAOB
y AeTell paHHero Bo3pacTa C pOTaBUPYCHOW UHQEKLNEN

H. B. BopobbéBga, E. B. Ycauésa, A. . KanaayLieHko

Llenb paboTbl — OLEHUTL BRNsHUE (DEPMEHTATUBHOM aKTUBHOCTMU KMLLEYHOM MUKPOCNOpbl Ha nabopaTopHble NPOSIBIEHUS
cvHapoMa mManbabcopbuny yrneBonoB Npyu POTaBUPYCHON MHAEKLMN y AETEN paHHEro Bo3pacta NyTEM WU3y4YeHWs! OCHOBHbIX
K/LLIEYHbIX METAbONNTOB — KOPOTKOLIENOYEUHbIX XMPHBIX kucrnoT (KXKK) B kane.
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Marepuanbi u metogbl. O6cnenosany 60 feTeil ¢ poTaBUPYCHOM MHAEKLMEN B BO3pacTe 1-24 Mec. Ha rpyAHOM BCKapMIMBaHUM.
IMpoBeneHo onpeaeneHie oBLLEro KONMYeCTBa YrNeBogoB B kase C NOMOLLb0 Npobbl BeHeaunkTa 1 AeTeKLmMs KOPOTKOLEMNOYEYHbIX
XXMPHBIX KUCIOT B Kane METOAOM XWUOKOCTHOM XpomaTtorpadou B AuHamuke 6onesnn —Ha 3, 5 v 10 cyTku.

PesynbraThbl. YCTAHOBMNEHO, YTO C YBENMYEHNEM KONMYECTBA METAOOMNTOB KULIEYHON MUKPOGIOPbI CHKANOCh KONMYECTBO
HernepeBapeHHbIX CaxapoB B UCMIPAXHEHNSIX B TEYEHWE BCEro Nepyoaa pOTaBMpyCHOI MHAEKLMK. Y NALMEHTOB C YPOBHEM YrTie-
BofoB B kane <0,5 % cymmapHbivi nyn KKK 6b1n HavebicLinm, npesbiwas 8 2,0, 1,8 1 1,7 pa3a nokasatenu AeTen o 3HaYeHNAMI
npo6bl Beneaukta >0,5 % Ha 3, 5 1 10 cyTkn GonesHn cootBeTcTBEHHO (P < 0,05). CHUXEHWE (DEPMEHTATUBHON aKTUBHOCTY
KMLLEYHON MUKPOGMOTLI B MOCREHEN rpynne AeTel NPOUCXOAMIIo NPeUMYLLECTBEHHO 3a CHET AecuLmMTa NPOAYKLNM YKCYCHOMN
1 nponnoHoBon kucnot (p < 0,05). B ocTpbii nepuog BonesHn otmedeH aucbanaHc MHAPaCcTPYKTYpbl KULLEYHON MUKPOBUOTI
B BuAe Aeduumuta obnuratHbx aHaapoboB, YTO BbIPAXKEHO B CHUXEHUN aHaspobHoro nHaekca (p < 0,05). CTeneHb aTvX Ha-
PYLLEHWA BNKsNa Ha BbipaXeHHOCTb ManbabcopbLym yrneBogoB: Npu NOBbILIEHUW YPOBHS HEMEPEBAPEHHBIX CaxapoB B karne
>0,5 % 3HayeHust aHaapobHOro nHaekca Obinn B 3 1 5 pa3 Huxe, Yem npyn ypoHe yrnesoaos <0,5 % Ha 3 n 5 cyTkm GonesHn
COOTBETCTBEHHO (p < 0,05).

BhiBoAbL. Y feTeli paHHero Bo3pacTa ¢ poTaBUpYyCHOI MHGEKLMEN OTMEYEHbI CTPYKTYPHBIE U (hyHKLIMOHATbHbIE HAPYLLIEHNS! Ku-
LLIEYHOI MUKPOITIOpbI, KOTOPbIE BIMSIKOT Ha BbIPaXEHHOCTb CUHAPOMA MarbaBcopBLm yreBofoB. YeM Hitke caxaponuTuyeckast
aKTMBHOCTb KULLEYHbIX GakTepuii, TeM Gonee BbipaxeHbl NPOSIBIIEHNS JAHHOTO CYHAPOMA B TeYEHWE BCETo neproaa BonesHu.

Rotavirus infection (RVI) is the global leading cause of
diarrhea-associated morbidity and mortality among children
younger than 5 years [1,2]. It causes about 450.000 deaths
per year in children under 5 years and millions of hospi-
talizations due to the development of severe dehydrating
gastroenteritis [3].

Pathogenetic features of RVI are the study subject fora
lot of researchers at the present stage [4—7]. One of the main
pathogenetic mechanisms of rotavirus gastroenteritis is
carbohydrate malabsorption syndrome, which develops due
to decreased surface activity of enterocyte disaccharides,
dysfunction of the sodium-dependent glucose transporter
and leads to osmotic diarrhea [4]. It has been shown that
intestinal carbohydrate metabolism disorders, mainly due
to lactase deficiency, play a major role in causing and main-
taining rotavirus diarrhea from the height of the disease, and
especially at the end of the first to the beginning of the se-
cond week of gastroenteritis [5]. It is believed, that clinical
manifestations of carbohydrate malabsorption syndrome
in children can vary depending on the combined effect
of several factors: the level of lactase-phlorizin hydrolase
(LPH) activity, the amount of lactose that comes with food,
individual intestinal sensitivity and condition of the intestinal
flora [8,9]. This is also evidenced by the fact that lactose
maldigesters with the same fermentation rate in the small
intestine and the same time of intestinal transit have different
intensity of lactose malabsorption (from mild symptoms to
diarrhea) [9] and proves the influence of other factors, such
as metabolic activity of the intestinal microbiota, on the de-
velopment of this syndrome. In addition, it is known that
the osmotic type of diarrhea develops only when the amount
of carbohydrates entering the colon exceeds the ability of
the microflora to ferment them due to microbial digestion
deficiency [4]. In our opinion, the study of the intestinal
microbiota functional status, as an additional pathogenetic
factor in the development of osmotic diarrhea in children
with rotavirus gastroenteritis, is important and appropriate
because it will allow adequate correction and prescription
of pathogenetic therapy in the dynamics of the disease.

Microbiota of the lower sections of the intestinal tract is
represented by obligate and facultative anaerobes (aero-
bes), which harvest energy from incomplete oxidation
of organic compounds, resulting in the formation of final
products — short-chain fatty acids (SCFA) [7]. SCFA are
carboxylic acids with a chain length of up to 6 hydrogen

atoms. The major SCFAs formed by the gut bacteria are ac-
etate (C2), propionate (C3) and butyrate (C4) which account
for approximately 90 % of all SCFAs. The main source of
SCFAs are carbohydrates, but aminoacids valine, leucine
and isoleucine are protein breakdown products, which can
be converted to isobutyrate, isovalerate and isocapronic
acid, which make a small (5 %) contribution to the total
production of SCFA[7,10].

C2 is the main SCFA in the colon. The major part of it
is synthesized by most intestinal bacteria, both anaerobes,
such as Prevotella spp., Ruminococcus spp., Bifidobac-
terium spp., Bacteroides spp., Clostridium spp., A. mu-
ciniphila, B. hydrogenotrophica and facultative anaerobes
including Streptococcus, E. coli, Staphylococcus, Proteus
and others from uncleaved oligosaccharides by hydrolysis
of acetyl-CoA [10,11]. Although propionate-producers are
distributed across several phyla, only a few bacterial genera
are able to form propionate, and unlike acetate, the utilized
propionate pathways are more conserved and substrate
specific. Colon bacteria form C3 in three ways: succinate,
acrylate and propanediol in strictly anaerobic conditions. Its
producers are Veilonella, Propionibacterium, Bacteroides,
Fusobacterium, Clostridium, Gaffkya, etc. [7,10]. C4 produc-
tion, like C3, is more conserved and substrate specific. The
main synthetic pathway of C4 formation in the intestine is
the butyryl-CoA route, which uses such obligate-anaerobic
microorganisms, as Fusobacterium, Eubacterium, Copro-
coccus, Bacteroides, Megasphaera, Clostridium [7,10,11].

Aim

The purpose is to evaluate the effect of metabolic activity
of intestinal microflora on laboratory manifestations of
carbohydrate malabsorption syndrome in early-aged chil-
dren with rotavirus infection by studying the main intestinal
metabolites — short-chain fatty acids in faeces.

Materials and methods

The prospective study involved 60 children with rotavi-
rus gastroenteritis aged 1-24 months (63.3 % — boys,
36.7 % - girls), who were treated in the Department num-
ber 4 of the Municipal Institution “Zaporizhzhia Regional
Infectious Clinical Hospital” of the Zaporizhzhia Regional
Council. There were the criteria for inclusion in the study:
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hospitalization within the first two days from the onset of
the disease, detection of rotavirus antigen in the faeces by
immunochromatographic method (CITO TEST ROTA test
system, Pharmasco, Ukraine), no excretion of pathogenic
bacterial flora in the faeces, no congenital or chronic immu-
nocompromised pathology, being breastfed, availability of
the informed parental consent for their child participation in
aclinical trial. Children were divided into three subgroups by
age: 1-6 months — 23.3 % (14 children), 6-12 months —
30.0 % (18 children), 12-24 months —46.7 % (28 children).

Daily clinical examination, including analysis of
the intensity and dynamic changes of the disease leading
symptoms, and the standardized range of the clinical
and laboratory studies were performed for all children of
the study group. The severity of rotavirus gastroenteritis was
determined by the Vesikari scale [12]. 70.0 % of children
had a severe course of RVI, 23.3 % — moderate-severe,
6.7 % —mild course.

The severity of carbohydrate malabsorption in the RVI
dynamics was assessed by the total level of excreted
carbohydrates in the faeces, which was determined
semi-quantitatively at the beginning of the disease (the 3rd
day), during fever (the 5th day) and convalescence (the 10th
day) using Benedict's test based on the detection of redu-
cing oligosaccharides (glucose, galactose, lactose, fructose,
maltose) [13].

Metabolic activity of intestinal microflora was studied by
determining its main metabolites — SCFA: acetate, propi-
onate and butyrate in coprofiltrates. The SCFA spectrums
were determined using the method of liquid chromatograph-
ic analysis in parallel with the determination of the total level
of carbohydrates in the faecal samples (on the 3rd, 5th and
10th day of RVI). Testing was conducted at the Training
and Laboratory Center of Zaporizhzhia State Medical
University at the Department of Physical and Colloidal
Chemistry (headed by Doctor of Pharmaceutical Sciences,
Professor Kaplaushenko A. H.). The quantification of SCFA
in faeces included two stages: coprofiltrate preparation and
chromatographic analysis. The analysis was performed
using a highly efficient liquid chromatographic system with
mass spectrometric detection (HPLC-MS), consisting of
a degasser (Agilent Technologies, Japan), a binary pump
(Agilent Technologies, Germany), an autosampler (Agilent
Technologies, Germany), a column thermostat (Agilent
Technologies, Germany), diode-array detector (Agilent
Technologies, Germany), Open LAB CDS software (Certifi-
cate of technical competence No. 33/18 dated 26.12.2018,
valid until 25.12.2023).

The quantitative measurement of the SCFA concen-
tration was carried out by comparing the peak areas of
the determined substances with the peak area of the internal
standard with a known concentration. Analytical standards
of acetic (CH,CO,H, CAS Number 64-19-7, GC area
299.8 %), propionic (CH3CO2COOH, CAS Number 79-09-
4,GCarea299.8 %)and butyric (CH,CH,CH,COOH, CAS
Number 107-92-6, GC area 299.5 %) acids (Sigma-Aldrich,
USA) were used as the etalons.

Absolute content of acetic (C2), propionic (C3) and
butyric (C4) acids were determined in faecal samples, as
these metabolites make up 90-95 % of the total quantity of
SCFAand are products of anaerobic carbohydrate fermen-
tation [11,14]. Next, the total acids pool (C2 + C3 + C4),
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the relative concentration of each acid (that is equal to
the ratio of the absolute concentration of this acid to the total
concentration of all SCFA) and the values of the anaerobic
index ((C3 + C4)/ C2) were calculated in the study. The
total concentration of SCFA(C2 + C3 + C4)inthe faeces
reflects the integrated metabolic activity of the intestinal
microbiota in relation to carbohydrates, and its increase
or decrease indicates the corresponding changes in
the amount and / or enzymatic activity of the microflora. As
an estimate of the redox balance in the lower intestine, an
anaerobic index (Al) was used, which reflects the degree
of anaerobiosis of the environment, since the producers of
the least reduced acetic acid are most facultative anaerobes
and some aerobes, while other SCFA (propionic and butyric)
are metabolites of obligate anaerobes [4,14].

The indicators of healthy children were considered
to be normal physiological concentrations of SCFA and
carbohydrates in faeces. For this purpose, a comparison
group was formed, which included 30 breastfed children,
representative by age and sex, without signs of gastroin-
testinal dysfunction, who were examined by determining
the faecal concentrations of SCFA and the level of reducing
sugars in the faeces.

For statistical processing of the obtained data, a data-
base was formed in Microsoft Excel 2010, on the basis of
which further analysis of the results was performed using
the packages of the program Statistica for Windows 13
(StatSoft Inc., No. JPZ8041382130ARCN10-J). The type of
data distribution was determined using the Shapiro-Wilk test
(null hypothesis about the normality of the distribution was
rejected at a level of P < 0.05). Because the quantitative
values had a distribution that was different from normal,
nonparametric methods were used. Descriptive statistics
were expressed as median (Me) and interquartile range
(IQR: Q25-Q75). To assess the validity of the differences
between the quantitative features in two independent
groups, the Mann-Whitney criterion was used, in several
independent groups — the Kruskal-Wallis test was per-
formed. The reliability of the difference in the dynamics
of the disease was assessed by the Wilcoxon test. The
difference at P < 0.05 was considered statistically signifi-
cant. The strength and direction of the relationship between
quantitative values were determined using the Spearman
correlation coefficient (r).

Results

In the way of evidence that carbohydrate malabsorption
syndrome is an important link in the pathogenesis of RVI,
the data obtained in the study suggest that it was diagnosed
at the onset of the disease (the 3rd day) in 83.3 % (50/60)
of children. In the dynamics of the disease, an increase in
the total level of reduced sugars in faeces was noted in all
children of the study group.

As a result of the study, the relationship between
the severity of carbohydrate malabsorption and the meta-
bolic activity of the intestinal microflora was revealed from
the first days of RVI. Thus, on the 3rd day of RVI, a moderate
inverse correlation between the total level of carbohydrates
and the total SCFA concentration in the faeces was estab-
lished (r = -0.44, P < 0.05). That is, with the increase in
the amount of the intestinal microflora metabolites, which
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Table 1. Comparative characteristics of the faecal concentration of SCFA on the 3rd day of RVI depending on the total amount of carbohydrates in
the faeces (n = 60), Me [Q25; Q75]

Metabolites of intestinal microflora | The level of carbohydrates in the faeces P Healthy children
on the 3rd day of RVI <05 % (n = 29) 0.6-1.0 % (n = 12) >1.0 % (n = 19) Kruskal-Wallis | (n = 30)

Total pool of SCFA, umoll 497.64 [256.88; 928402 226,16 [112.13;356.01]'2  278.43[207.60;333.24]'2 P > 0.05 978.60 [681.83; 1286.05]
Concentration Acetic 451.86[350.68; 907.76  218.92[104.89; 348.32]'2  273.38[203.57;316.28]'2 P > 0.05 861.17 [606.26; 993.61]
of each SCFA, ymoll  propionic  14.62 [4.66; 109.88]'2 7.23[0.00; 14.93]'2 4.37[0.00; 17.97]'2 P <0.05 97.49 [74.73; 183.85]
Butyric 0.0 [0.00; 6.67] 0.00 [0.00; 0.15] 0.00 [0.00; 0.001 P > 0.05 32.99 [14.43; 53.21]
Anaerobic index 0.06 [0.01; 0.17] 2 0.02 [0.00; 0.05]"2 0.02 [0.00; 0.07]'2 P > 0.05 0.20[0.11; 0.34]

P < 0.05 the difference is significant compared with children with carbohydrate level in the faeces <0.5 % according to the Mann-Whitney criterion; 2 P < 0.01 compared with healthy
children.
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Fig. 1. Comparative characteristics of acetic acid concentrations in children depending on the total
level of carbohydrates in the faeces on the 3rd day of RVI (n = 60).

P <0.05 the difference is significant compared to children with the carbohydrate level in the faeces
<0.5 % according to the Mann-Whitney criterion; % P < 0.01 compared to healthy children.
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Fig. 2. Comparative characteristics of propionic acid concentrations in children depending on
the total level of carbohydrates in the faeces on the 3rd day of RVI (n = 60).

%P < 0.05 -the difference is significant according to the Kruskal-Wallis criterion; % P < 0.05 —
compared to children with the carbohydrate level in the faeces <0.5 % according to the Mann-
Whitney criterion;*: P < 0.01 — compared to healthy children.

is an indicator of its overall enzymatic ability, the amount
of undigested sugars in the faeces decreased. A similar
dependence was observed with the concentrations of
acetic (r = -0.41, P < 0.05) and propionic (r = -0.38,
P < 0.05) acids.

To demonstrate these relationships clearly, we analyzed
the total level of SCFA, as well as the absolute and relative
concentrations of each acid and the value of the Al in pa-
tients depending on Benedict's test values on the 3rd day of
RVI (Table 1). It was found that in patients with a minimum
level of undigested sugars in the faeces —<0.5 %, the total
pool of SCFA was the largest — 497.64 [256.88; 928.40]
pmol/l, exceeding 2.2 and 1.8 times the values of children
with faecal carbohydrate levels of 0.6-1.0 % and >1.0 %

(P < 0.05), respectively, however, not reaching healthy
children indicators (P < 0.01).

Absolute concentrations of the main metabolites of
saccharolytic microflora, namely acetic and propionic
acids, in this category of children were also significantly
higher than those in patients of the second and third sub-
groups (P < 0.05), amounting to 451.86 [350.68; 907.76]
umol/l and 14.62 [4.66; 109.88] umol/l, respectively. That
is, compared to patients with minimal malabsorption of
oligosaccharides, the decrease in the metabolic activity
of the intestinal microbiota in patients with moderate
(0.6-1.0 %)and high (>1.0 %) level of undigested sugars
in the faeces, was mainly due to deficiency of C2 and C3
production in the first days of RVI. Thus, at this time of
the disease, C2 concentrations in children with Benedict’s
test>0.5 % (second and third subgroups) were 2 and 1.5
times lower, respectively, than those in the first subgroup
(P < 0.05)and as much as 4.3 and 3.5 times, respectively,
lower than normal for this age (P < 0.01) (Fig. 1), reflec-
ting a significant quantitative and functional deficiency of
saccharolytic intestinal bacteria — producers of C2, both
strict anaerobes (Prevotella spp., Ruminococcus spp.,
Bifidobacterium spp., Bacteroides spp., Clostridium spp.,
A. muciniphila, B. hydrogenotrophica) and facultative
anaerobes (Streptococcus spp., E. coli, Staphylococcus
spp., Proteus spp., etc.) in these patients.

Fig. 2 shows that the concentration of C3 also de-
creased with increasing excretion of oligosaccharides
in the faeces (P < 0.05 in groups according to the Krus-
kal-Wallis test). In children with medium (0.6-1.0 %) and
high (>1.0 %) levels of faecal sugars, the amount of C3
was twice and three times lower, respectively, than that
in patients with minimal carbohydrate excretion (P < 0.05)
and was only 1/13 and 1/22, respectively, of the level in
healthy children (P < 0.01). All of this indicated a parti-
cularly pronounced insufficiency of obligate C3-producing
anaerobes (Veilonella, Propionibacterium, Bacteroides,
Fusobacterium, Clostridium, Gaffkya) of the epithelial layer
within the intestinal mucosa in patients with high levels of
excreted sugars, and emphasized their important role in
the intestinal carbohydrate metabolism.

Faecal concentrations of C4 in children in the first days
of RVI were very low — 0.00 [0.00; 0.58] umol/l, against
32.99[14.43; 53.21] umol/l in healthy children (P < 0.01). It
indicated a significant inhibition of activity of its producers —
obligate anaerobes, such as Fusobacterium, Eubacterium,
Coprococcus, Bacteroides, Megasphaera, Clostridium,
Peptococcus in children with RVI in the early stages of
the disease. A significant difference between the amount
of C4 in children groups with different levels of undigested
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sugars in the stool was not found, there was only a tendency
to increase with a decrease in Benedict’s test (P = 0.064
in groups according to the Kruskal-Wallis test). Thus, C4 in
the faeces was not detected at all in 75 % of patients with
the highest values of excreted sugars (>1.0 %) (Table 1).

Along with a decrease in the metabolic activity of
saccharolytic intestinal bacteria, children of the study
group showed a violation of the large intestine microbiota
composition from the first days of RVI. Structural imbalance
of the intestinal microflora was expressed in a statistically
significant decrease in the relative concentrations of C3 and
C4 (metabolites of anaerobic bacteria populations) and an
increase in the proportion of C2 in the total pool of SCFA,
and, accordingly, a decrease in Al compared to the healthy
children. The degree of intestinal microecological imbalance
in the form of its anaerobiosis decrease was comparable to
the change in the amount of undigested sugars excreted
in the faeces (Fig. 3).

During the height of the disease (on the 5th day), there
was a deepening of the difference in the intestinal micro-
biota metabolic activity in children with different values of
undigested sugars in the stool. Because none of the studied
parameters in children with carbohydrate levels >0.5 % at
this time of the disease did not differ statistically, they were
combined into one group (n = 32). Exactly in this group
of patients, there was a sharp depletion of the total pool of
SCFA — 311.56 [160.16; 549.66] umol/l, against 978.60
[681.83; 1286.05] pmol/l in the healthy children (P < 0.01),
which reflected a sharp decrease in the fermentation of
oligosaccharides by intestinal bacteria (Table 2). There
was no statistically significant increase in C2 level relative
to the first days of RVI in this group of children (P > 0.05
by the Wilcoxon test). C3 concentrations remained almost
at the initial level (P > 0.05) and were very low — 6.65
[0.15; 10.45] umol/l (P < 0.01 relative to the normal values).
C4 in the minimum amount was detected only in 12.5 %
(4) of patients.

In children with low carbohydrate excretion (<0.5 %),
almost 2 times higher total amount of SCFAwas observed —
569.42 [380.00; 813.86] umol/l, than that in children of
the previous group (P < 0.05) in the height of the disease. It
increased in this period mainly due to an increase in the C3
concentration, which was 8 times higher than the level of C3
in children with a more pronounced violation of carbohydrate
metabolism (>0.5 %) (P < 0.01).

Analysis of the structural imbalance of the intestinal
environment during the peak of RVI showed that all children
had a decrease in Al (P < 0.01 compared with the healthy
children), due to an increase in the proportion of C2 and
a decrease in the relative concentrations of C3 and C4,
which reflected the persistence of functional and quantitative
deficiency of anaerobic bacteria. However, in the group of
children with a low level of excreted sugars in the faeces
(£0.5 %) in the dynamics (on the 5th day) of the disease,
the proportion of C2 decreased slightly (relative to the first
days of RVI), reaching the upper normal limit, and amounted
t091.8 %, while the relative concentration of C3 increased
to 7.7 %, reaching the lower normal limit for this age (Fig. 4).
Alin them rose in dynamics to 0.085 [0.029; 0.230], being 5
times higher than that in children with severe carbohydrate
malabsorption (P < 0.01), however, remaining more than 2
times lower than Al in the healthy children.
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Table 2. Comparative characteristics of the faecal concentration of SCFA on the fifth
day of RVI depending on the total amount of carbohydrates in the faeces (n = 60),
Me [Q25; Q75]

Metabolites of intestinal The level of carbohydrates in the faeces | Healthy children
microflora on the 5th day of RVI [ <g 5 o, (n = 28) >0.5 % (n = 32) (n = 30)

Total pool of SCFA, 569.42 311.56 978.60
pmol/l [380.00; 813.86]'*  [160.16; 549.66] [681.83; 1286.05]
Concentration of Acetic 442.05 306.89 861.17
each SCFA, pmol/l [291.35; 750.82]'°  [153.36; 543.98] [606.26; 993.61]
Propionic ~ 53.97 6.65 97.49
[6.22; 97.952° [0.15; 10.45] [74.73; 183.85]
Butyric 1.33 0.00 32.99
[0.00; 15.87]%° [0.00; 0.00P° [14.43; 53.21]
Anaerobic index 0.085 0.017 0.200
[0.029; 0.230]23 [0.000; 0.041]* [0.110; 0.340]

% P < 0.05 compared to the children with carbohydrate level in the faeces >0.5 % according to
the Mann-Whitney criterion; % P < 0.01 compared to the children with carbohydrate level in the faeces
>0.5 %; * P <0.01 compared to the healthy children.

120 %

2
100% 94.31,2 97.7°
83.4

80 %
60 %
40 %

20 % 13.3
3.3 53"2 0.02 1.82 0.02
<05 % >0.5%

The level of carbohydrates in the feceson the 3rd day of RVI, %

The relative concentration of SCFA
in feces,%

0%
Healthy children

m Acetate @ Propionate @ butyrate
Fig. 3. Comparative characteristics of relative concentrations of SCFAn children with RVI (n = 60)

on the third day of illness depending on the concentration of carbohydrates in the faeces.

P <0.05 the difference is significant compared to the children with carbohydrate level in the faeces
>0.5 % according to the Mann-Whitney criterion; % P < 0.01 compared to the healthy children.
120 %

100 % 91812 96.12

83.4
80%
60%
40%
20% 133
7.7"2 2
oo 33 0.52 28 02
0

Healthy children <0.5% >0.5 %

The relative concentration of SCFA
in feces,%

The level of carbohydrates in the feceson the 5th day of RVI, %

m Acetate @ Propionate o Buthyrate

Fig. 4. Comparative characteristics of relative concentrations of SCFAn children with RVI (n = 60)
on the 5th day of illness depending on the concentration of carbohydrates in the faeces.

P <0.01 the difference is significant compared to the children with carbohydrate level in the faeces
>0.5 % according to the Mann-Whitney criterion; % P < 0.01 compared with the healthy children.

Analysis of the quantitative composition of intestinal
metabolites in patients in the convalescent period of RVI
showed a slight increase in the metabolic activity of sac-
charolytic bacteria relative to the acute period of RVl in all
patients, however, with a persisting statistically significant
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difference in the total pool of SCFA between the groups
with the level of excreted sugars in the faeces <0.5 % and
>0.5 % - 660.35 [391.71; 769.93] umol/l against 397.43
[314.75; 968.51] pmolll, respectively (P < 0.05). It should
be noted that in both groups, these indicators remained
significantly lower than those in the healthy children (P <
0.01) reflecting the continuous disorders of colon metabolic
status, even in the late stages of the disease. Absolute
concentrations of C2 and C3 were still statistically different
in the groups, amounting to 586.47 [364.59; 749.00] umol/l
and 46.11 [17.13; 133.24] ymol/l, respectively, in patients
with a residual sugar level in the faeces <0.5 %, which was
1.5 and 2 times higher, respectively, than that in children
with faecal sugar levels >0.5 % (P < 0.05).

It was noted that the concentration of C3 in patients
with severe carbohydrate malabsorption increased slight-
ly, amounting to 23.36 [7.91; 41.63] ymol/l, compared to
the previous values only on the 10th day of RVI, which
indicated a very slow recovery of functional and quantitative
deficiency of its producers —obligate anaerobes (Veilonella,
Propionibacterium, Bacteroides, Fusobacterium, Clostri-
dium, etc.) in this children category. Dynamic changes in
the amount of C4 even in the convalescent period of the dis-
ease were not observed in both subgroups. They remained
minimal and did not differ statistically — 0.00 [0.00; 3.61]
pmol/l and 0.31 [0.00; 1.86] umol/l in the first and second
subgroups, respectively (P > 0.05).

It was found that on the 10th day of RVI, the difference
in relative concentrations of all SCFA and Al in children with
different values of Benedict’s test was diminished. Thus,
Al was almost the same in patients of the first and second
subgroups, amounting to 0.093 [0.023; 0.250] and 0.087
[0.010; 0.130], respectively, remaining more than twice
lower than the age norm (P < 0.01). That is, in the late
stages of RVI, the severity of oligosaccharide malabsorption
depended largely on the decrease in the metabolic status
of the intestinal microflora.

Discussion

It is known that undigested lactose in the small intestine
is hydrolyzed by B-galactosidase of colon bacteria to ga-
lactose and glucose. 80.6 % of faecal bacteria synthesize
the enzyme B-galactosidase that indicates its high activity in
the colon. Galactose is metabolized to glucose by the Leloir
pathway with further fermentation to SCFA, CO,, H, and
CH, [9]. The osmotic load in the colon is increased about
eightfold by fermentation of lactose to SCFA [8]. However, it
is believed that SCFA are rapidly absorbed through the co-
lon mucous membrane (their absorption rate is 6.1-12.6
p mol/cm? x g), only 2—4 % of volatile acids is excreted in
the feces [9,15,16]. From the literature review, published
by B. Misselwitz, M. Butter et al., it is known, that osmotic
diarrhea occurs only in case of insufficient fermentation of
undigested lactose or its metabolites (glucose, galactose)
by intestinal microflora or inefficient removal of terminal
carbohydrate metabolites (SCFA) due to low absorption
capacity of the colon. A higher enzymatic capacity of
the colon microbiota relative to lactose and monosaccha-
rides may reduce the intensity of malabsorption syndrome
manifestations with normal absorption of volatile acids [8].
This statement is supported by the study results [4]: in

RVI children with normal levels of residual carbohydrates
in the faeces (0.25 + 0.06 %), the total concentration of
SCFAobserved in the acute period of the disease was twice
as high as the normal value, as a result of a sharp rise in
sugar fermentation by intestinal bacteria. In all children with
complete fermentation of sugars, normalization of stool
occurred before the 5th day of illness.

In addition, the presence of intestinal microbiota
structural and functional changes [16] and their role in
increasing the severity of RVI clinical manifestations,
intestinal microbiota are noted in a number of modern
literature sources studying the intestinal microbiocinosis
state in children with rotavirus gastroenteritis [4,7,17].
However, significant differences in the results of SCFA
detection have been identified by some researchers.
Thus, L. LI, D. Huang showed a lowering of only the level
of lactic acid (Bifidobacterium and Lactobacillus meta-
bolites) in infants with RVI in the absence of changes in
total pool of SCFA and C2—C4 concentrations [16]. Other
researchers emphasized a significant decrease in the total
amount of volatile acids and absolute concentrations of
each of them (C2-C5) in the acute period of RVI [7,17],
demonstrating a sharp decrease in anaerobic metabolism
of oligosaccharides as a result of impaired intestinal micro-
biocinosis. Meskina E. R. has proved, that the deficiency
of microflora metabolic activity in the acute period of RVI
is associated with impaired carbohydrate metabolism in
the large intestine in children: with increasing content of
excreted sugars, concentrations of acetic and propionic
acids decreased, the main products of bacterial fermen-
tation of carbohydrates (r = -0.34/0.35, P < 0.01) [4].
However, we have not found any information in the scien-
tific works about the influence of the intestinal microflora
structural and functional state on the manifestations of
carbohydrate malabsorption syndrome in the dynamics
of RVl in children.

The results of our study have confirmed the previous
data and proved that dysbiotic changes in the intestine
develop in all patients in the early stages of RVI, which is
expressed in a decrease in absolute concentrations of all
saccharolytic microflora metabolites: C2-C4 and a signifi-
cant decrease in Al. Our results are confirmed by modern
literature data about low Shannon’s and Simpson’s indices
in young children with RVI, which characterize the species
diversity of the intestinal microbiota [16]. The degree of
the intestinal microflora metabolic and structural disorders
is correlated with an increase in the amount of undigested
sugars in the faeces, which, according to the literature [4,5],
is the pathogenetic basis for the osmotic diarrhea develop-
mentin RVI. The lowest values of SCFA and Al concentra-
tions in patients with significant (>0.5 %) faecal levels of
residual carbohydrates indicate a pronounced violation of
the oligosaccharide fermentation by bacteria and structural
changes in the intestinal environment. A significant reduction
in the C3 and C4 profiles in this group of children during
the entire period of the disease (up to the 10th day) with
increased C2 relative concentration may indicate long-term
inhibition of C3 and C4 producers — obligate anaerobes
and rise in the proportion of aerobic (optional-anaerobic)
opportunistic bacteria in the microbiocynosis.

It was shown in the study [4], that only children with
a past history (recently suffered from acute intestinal in-
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fections and acute respiratory viral infections) of RVI had
anincrease in residual sugar in the stool (1.1 + 0.08 %,
P < 0.001)in the midst of a sharp decrease in saccharo-
Iytic intestinal microbiota function, which was expressed
in the deficiency of the SCFA general pool, while in
children without premorbid conditions, the microflora
responded to disaccharide deficiency by hyperreactivity
and completely metabolized undigested carbohydrates.
We have observed the development of carbohydrate
malabsorption syndrome associated with structural and
metabolic imbalance of intestinal microflora of varying
severity in all children of the study group (however, as in
the previous study, the degree of increase in the faecal
residual sugar was inversely correlated with the total num-
ber of saccharolytic microflora metabolites in the acute
period of RVI). Such differences can be explained by a
larger sample of the study group by age (0-14 years)
in the study [4], because it is known that children older
than 1 year have less lactose load (due to diet), higher
metabolic capacity and diversity of intestinal microbiota,
than infants [18].

Conclusions

1. There is a decrease in the intestinal microbiota
saccharolytic activity and structural imbalance in ear-
ly-aged children with RVI during the entire period of
the disease (from the 3rd to and including the 10th day),
which is expressed in a decrease in the total amount of
SCFA, absolute concentrations of C2, C3 and C4 — major
metabolites of saccharolytic bacteria, and a decrease in
the Al (P < 0.01).

2. The severity of carbohydrate malabsorption syn-
drome is correlated with the degree of violation of oligo-
saccharide fermentation by intestinal bacteria from the first
days of RVI and up to the convalescence period: the level
of undigested sugars in the faeces >0.5 % is associated
with 2.0, 1.8 and 1.7 times lower total concentrations of
SCFA on the 3rd, 5th and 10th days of illness (P < 0.05),
respectively, due to primarily decrease in acetic and propi-
onic acids, in comparison to children with low indicators of
Benedict's test —<0.5 % (P < 0.05).

3. The degree of intestinal anaerobiosis reduction influ-
ences the severity of the intestinal carbohydrate metabolism
disorders in the early stages of RVI and in the height of
the disease: increased level of undigested sugars in the fae-
ces >0.5 % is associated with 3 and 5 times lower values
of Al on the 3rd and 5th days, respectively, than in minimal
sugar excretion (£0.5 % in the faeces) (P < 0.05) and
more than 10 times lower Al in comparison to the healthy
children (P < 0.01).

4. The rise in the total amount of reducing sugars in
the stool reflects not only the severity of violation of the oli-
gosaccharide fermentation and absorption by the small
intestinal enterocytes, but also the ability of intestinal
microbiota to metabolize them.

Prospects for further research are to study the ef-
fect of functional and structural disorders of the intestinal
microbiota on the clinical manifestations of carbohydrate
malabsorption syndrome in early-aged children with RVI,
as well as to study the degree of these disorders depending
on age and premorbid conditions.
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