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The aim of the investigation was to study the prothrombin test and PIVKA-II serum levels changes in infants aged 1-6 month after
the broad-spectrum antibiotic treatment and determine the possibility of coagulation disorders correction with the help of probiotic
Bacillus clausii strains OC, NR, T, SIN spores capable to produce vitamin K,

Materials and methods. The study involved 57 convalescents after an acute respiratory infection exclusively breastfed infants
aged 1 to 6 months one week after the 7-day parenteral treatment with ceftriaxone. Among them 13 children with laboratory signs
of blood hypocoagulation (INR > 1.3) had received probiotic Bacillus clausii spores in a daily dose of 2 x 10° CFU for 10 days.
Another 13 children who had not received a probiotic made up a comparison group. Laboratory data was compared with the re-
sults of 27 healthy children of the control group. Prothrombin test parameters as a prothrombin (PT), prothrombin time (PTT),
international normalized ratio (INR) and protein induced by vitamin K absence or antagonist Il (PIVKA-II) were determined using
the hematologic analyzer COAGUCHEC XS and ELISA kit.

Results. It was found that after antibacterial treatment in infants PT was decreased and reached only 50 % of the norm. At the same
time, PTT and INR were increased up to 2-folds together with a significant PIVKA-II elevation, which is typical for vitamin K de-
ficiency. The use of probiotic treatment within 10 days has contributed to normalization of prothrombin in 11 out of 13 observed
infants versus 3 out of 13 in the comparison group (x? = 7.58 corrected by Yates, P < 0.05).

Conclusions. Cephalosporin administration for breastfed infants can lead them to latent vitamin K deficiency development,
which is manifested by high levels of PIVKA-II and signs of hypocoagulation development revealed by prothrombin test.
The Bacillus clausii probiotic spores prescription to infants after antibiotic therapy course for 10 days normalizes the plasma
prothrombin concentration while in children of the comparison group it remains lower than normal.

AHTHGiOTMKOACOLIOBaHI NOPYLUEHHA CUHTE3Y NPOTPOMOiHy Ta ix NpobioTMUHA KopeKLia
3a ponomoroto B. clausii B pitei Ha NpUPOAHOMY BUTOAOBYBaHHi

0. T. IBaHbKO, 0. B. ConsiHMK

MeTta po60T1 — BMB4MTM 3MiHM NOKa3HWKIB NPOTPOMBIHOBOIO TECTY Ta BMICT y cupoBaTtLi kposi PIVKA-I1'y rpyaHux giter nepLumnx 6
MICALIB XWUTTS Nicns NikyBaHHS aHTMOIOTMKOM LUMPOKOTO CMieKTpa Aii Ta BU3HAYUTU MOXIMBICTb KOPEKLLT NOpYLUEHb 32 AONOMOTO0
cnop npo6iotnynmx wramis OC, NR, T, SIN Bacillus clausii, o 3natHi Bupobnaty sitamin K,.

Marepianu Ta MeTogu. Y JOCRIMKEHHI B3N y4acTb itV BiKOM Big, 1 40 6 MICALIB XUTTS, Ski OTPUMYHOTb TifbKU rpyaHE BUrOAOBY-
BaHHS 3 HAPOKeHHs. Yepes 7 AHiB nicns 3aBepLUEHHs 7-4eHHOT0 Kypcy NikyBaHHS LiepTprakcoHOM 06CTexunm 57 Aiten-pexkoH-
BaneCLEHTIB NiCNsi roCTPOro PeCMipaTopHOro 3axBoproBaHHs. 3 HUX 13 aitent i3 nabopatopHumu o3Hakamu rinokoarynsuii (MHO
> 1,3) npotsrom 10 gHiB 0TpKUMyBanu NpobioThyHi lWTtamu Bacillus clausii B fo6oBii fosi 2 x 10° KYO. 13 aiteit, siki npoBioTuk He
OTPVMYBanW, BBINLLIN Y pyny NOPIBHAHHS. JTabopaTopHi NokasHUky NOpIBHIOBaNM 3 pesynstatamit 27 300poBUX AiTei KOHTPOMbHOI
rpynu. MokaaHuky NPOTPOMGIHOBOTO KoMMnekcy: NpoTpomGiH 3a Keikom (IT), npotpomBiHoBuiA Yac (MTY) i MixkHapoaHe HopMoBaHe
BigHoweHHs (MHB) — B13Ha4anu 3a fonomoroto rematonoriyHoro aHaniaatopa COAGUCHEC XS, PIVKA-II — meTogom IQA.

Pesynkratu. BeraHoneHo, Wwo nicns aHtubakTepiansHoro nikyBaHHs MT ctaHosus 50 % sig Hopmu, MTY i MHB 36inbLuysanics
BABIYI NP1 YiManomy nigsuiieHHi koHueHTpauii PIVKA-II, wo xapaktepHe ans aediunty sitaminy K. MpuaHayeHHs npobiotuka
Cnpusno Hopmanisadii BMiCTy BiTamiH-K-3anexHoro npoteiHy kposi npoTpomBiHy B 11 i3 13 HEMOBRAT, @ y rpyni NOPIBHAHHS Taknx
Aitelt Gyno 3 i3 13 (x2 = 7,58 3a Meittcom, p < 0,05).

BucHoBku. 3actocyBaHHs LiedhanocnopuHy B AiTen nepLumx 6 MiCALIB XWUTTS, SKi OTPUMYIOTb TPYAHE BUrOAOBYBAHHS, MOXe
NPU3BOANTA [0 PO3BUTKY MPUXOBAHOMO BiTaMiH-K-gediunTy, WO NposiBASETbCA MiABULLEHHAM CUPOBATKOBUX KOHLEHTpaLin
HepocTaTHLO kapbokcunboaHoro NpoTpoMoiHy (PIVKA-II), 3HwkeHHsM BmicTy MT, nogosxeHHsm MTY i 3binbweHHsm MHB.
3acTocyBaHHs NpobioTUYHOTO Npenaparty Ha 0cHOBI crop Bacillus clausii [obosii fosi 2 x 10° KYO npotarom 10 aHiB y Aiten, siki
OTPUMYBanu MikyBaHHs LIedTprakcoHoM, HopManiaye BMICT [T y nna3mi, a B AiTew rpyni NOPIBHSHHSA BiH 3aIULLEETHCS 3HKEHVM.

AHTHOMOTHKOACCOLMUPOBAHHbIE HAapyLUEHUA CUHTE3a NPOTPOMOUHA U UX NPpo6UOTHUECKan
KOppeKuua ¢ noMoLibio B. clausii y rpyAHbIX AeTer

0. I. UBaHbKO, A. B. CoAIHUK

Llenb paboTbi — 13y4nTb 3MEHeHMs NokasaTtenern NpoTpoMBKUHOBOTO TECTa U cofepxarue B chiBopoTke kposu PIVKA-Il y rpya-
HbIX JeTeil NepBbIX 6 MECSLIEB KU3HW NOCNEe NeYeHUst aHTUOMOTIKOM LLIMPOKOTO CMeKTpa AECTBIS U ONpesenuTb BO3MOXHOCTb
KOppeKLMW HapyLLEeHWA ¢ NoMoLLbio cnop npobroTtuyeckux wrammoB OC, NR, T, SIN Bacillus clausii, cnocobHbIx BblpabaTbiBaTb
BuTaMuH K,

Marepuanbi n meTogbl. B uccnenosaHum y4acTBOBanu aetu B Bo3pacre o1 1 00 6 MECSLIEB XM3HU, HAXOAALLMECS HA UCKIHOYNTENb-
HO rpy4HOM BCKapMnMBaHUM C MOMEHTa POXKAEHNUA. ‘-Iepea 7 oHel nocne OKOHYaHWs 7-AHEBHOMO Kypca ne4veHna Ll,erTpVIaKCOHOM
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obcrnenosany 57 AeTeli-pekoHBaneCLIEHTOB NOCTe OCTPOro pecnpaTopHoro 3abonesaHus. M3 Hux 13 feteit ¢ nabopaTopHbIMu
npuaHakamm runokoarynsuum (MHO > 1,3) B Tevenne 10 gHeit nonyyanu npobuotiyeckue cnopbl Bacillus clausii B cyTouHoi
nose 2 x 10°KOE. Ewwe 13 aeteit, kotopble NpobUOTMK He noryyani, COCTaBuUIM rpynmny cpaBHeHus!. labopaTopHble nokasarenu
CpaBHWBaNY C pesynstatamu 27 300POBbIX ieTeil KOHTPOMBHO rpynMbl. [okasaTeny npoTpOMEMHOBOTO KOMMMEKCa: MPOTPOMOUH
no Kawky (I1T), npotpom6uHoBoe Bpemst (IMTB) 1 MexayHapogHoe HopMupoBaHHoe oTkroHeHue (MHO) — onpenensinv ¢ noMoLLbio
rematonornyeckoro aHanuaatopa COAGUCHEC XS, a PIVKA-II — metogom VDA,

Pesynbrarthl. YCTaHOBMEHO, 4TO Nocne aHTubakTepuansHoro nederuns MT coctasun 50 % ot Hopwmel, MTB 1 MHO yBenuuunmucs
B 2 pasa npu 3Ha4nTenbHOM MoBbileHUN koHueHTpauun PIVKA-II, yto xapaktepHo ans aeduumta Butammnda K. HasHaueHve
npobroThka cnocobCTBOBANO HOpManu3aLuy CoaepaHns BUTaMMH-K-3aBUCMMOro npoTenHa Kposw npotpombuHa y 11 n3 13
MnafieHLIeB, B TO BPEMS Kak B rpynne CpaBHEHNs Takux aeTeit 6bino 3 13 13 (x? =7,58 no Metcy, p < 0,05).

BbiBoapbl. MpymeHeHre LetanocnoprHa y AeTe NepBbix 6 MECALIEB XWU3HW, NOMyYaloLLMX rpyAHOE BCKapMIIMBaHWE, MOXET
BECTW K PasBUTUIO CKPbITOrO BUTaMUH-K-AedunumTa, KOTOpbIN NPOSBMSETCSA MOBbILLEHNEM CbIBOPOTOYHBIX KOHLEHTpaLmi
HepocTaTouHo kapbokcunuposaHHoro npotpomonHa (PIVKA-IL), cHuxeHnem copepxanus MT, yanuHennem MTB v yBenu-
yeHnem MHO. lMpumeHeHne npo6roTMYeckoro npenapara Ha ocHose crop Bacillus clausii B cyTouHol gose 2 x 10° KOE
B TeveHvie 10 AHen y AeTeln, NOMyYUBLLUMX fedeHne LedTpuakcoHOM, HopMmanuayeT cogepxanus MNT B nna3ve, a y aeten

rpynnbl CpaBHEHNA OH OCTaETCA CHUXXEHHbBIM.

Introduction

Antibiotics are able to cause a variety of side effects. There
are well-known cases of diarrhea (ICD-10 A7) associated
with a change in the ratio of microbial organisms inhabiting
the intestine with an uncontrolled increase in a number of
microbes capable to exhibit aggressive properties. It is
quite obvious that some intestinal symbiotics (Bacteroides,
Enterobactericae and several other), that participate in B
group, PP, etc., vitamins synthesis in colon can also be
suffered from antibiotic depressive influences. The role
of colonic microbiota in providing children and adults with
vitamins K, (menaquinones) is essential. The fact is that
the cycle of vitamin K in newborns and infants of the first
6 months of life is characterized by instability which in its
extreme clinical manifestation may be manifested by early or
late neonatal hemorrhagic disease associated with vitamin
K deficiency (ICD-10 P-53). In common situations the latent
vitamin K deficiency is related to some ontogenetic “expe-
diency” that counteracts the risk of pregnancy-associated
disseminated intravascular coagulation, low fetal vitamin K
supply, the absence of significant depot due to insufficient
transport through placenta and extremely small amounts
of the vitamin in breast milk unable to provide the child
physiological needs. Vitamin K deficient complications
treatment after delivery overcomes by vitamin K, (phyllo-
quinone) intramuscular bolus administration in an amount
of 1 mg which corresponds to 40 daily doses for infant [1].
Children who are fed with modern milk formulas get enough
vitamins including vitamin K because of feeding fortification
in accordance with age-related needs of children. However
infants, who are exclusively breastfed after 8 days of life, fall
into the risk of hypovitaminosis K again after fast elimination
of the phylloquinone given to a newborn immediately after
the birth as a bolus. At the same time, cases of the late
hemorrhagic disease in healthy infants are relatively rare.
At the age of 1 month the laboratory signs of vitamin K
deficiency spontaneously disappear what can be explained
by the colonic microbiota activity and its vitamin K-producing
component [2]. During the following months despite the vi-
tamin K deficiency in food persistence in the absence of
additional vitamin supplementation the metabolic cycle of
vitamin K is maintained only by intestinal microorganisms.

Many diseases can disrupt labile balance of vitamin
K supplementation in infants. Liver and intestinal disea-
ses including colonic microbiota disturbances can cause
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significant impact on vitamin K synthesis, absorption and
biotransformation. An unique feature of vitamin K cycle is a
very rapid development of hypovitaminosis which commonly
clinically manifests as bleeding. For example, the use of
vitamin K antagonist warfarin can lead to blood hypoco-
agulation as early as the 2-3 day after administration [3].

The role of vitamin K in humans is being intensively
studied. The concept of “vitamin K” combines a number of
biochemical derivatives (vitamers) of 2-methyl-1, 4-naph-
thoquinone, which have approximately the same function.
All of them are co-factors for the y-glutamyl carboxylase
enzyme which is essential for a number of plasma proteins,
bone tissue, blood vessels and myocardium carboxylation
by the way of replacement the carboxyl radical (Gla residue)
instead of the glutamine radical (Glu residue). The classic
human vitamin K-dependent protein is a prothrombin. This
is one of the most important serum clotting factors (factor
I) which in its posttranscriptional modification needs a car-
boxylation with the participation of vitamin K. The approved
biochemical sign used for vitamin K deficiency evaluation
is a high plasma concentration of the Glu residues of
prothrombin or the PIVKA-II (protein induced by vitamin K
absence or undercarboxylated prothrombin) [4]. In lack of
the functionally mature Gla residue of prothrombin the signs
of vitamin K-deficient hypocoagulation develop: the level
of prothrombin decreases and so called prothrombin time
and bleeding time get slower. Although there are some
information that the commonly used prothrombin test may
be dependant on a treatment with antibiotics [5], the me-
chanisms and clinical importance of this phenomenon have
not been enough studied.

The aim

The aim of the investigation was to study the prothrombin
test and PIVKA-Il serum levels changes in infants aged 1-6
month after the broad-spectrum antibiotic treatment and
determine the possibility of coagulation disorders correction
with the help of probiotic Bacillus clausii strains OC, NR, T,
SIN spores capable to produce vitamin K.

Materials and methods

The study involved 84 children aged 1 to 6 month. There
were 50 (59.5 %) boys and 34 (40.5 %) girls. All children
were born at the 38—40-th week of gestation after vaginal
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Table 1. Prothrombin test and PIVKA-II values in infants received antibiotic treatment
in comparison with healthy children (M + m)

Children groups
Treated with antibiotic
Healthy (control)

P

n INR(un) |PTT(sec) |PT (%)
31 260£080 538:10.1 38158
27 114:013 249:51  858%95  269:47

PIVKAI (Au/ml)
129.6 +33.1

<0.050 <0.001 <0.001 <0.001

INR: the international normalized ratio; PTT: prothrombin time; PT: prothrombin;
PIVKA-II: protein induced by vitamin K absence; P: the probability of statistical error.

Table 2. Prothrombin complex values in dynamics of a 10-day length observation in
infants who have received Bacillus clausii probiotic spores and in the control group

Treatment with
Bacillus clausii

Control
P

At the start

INR (un.) |PTT (sec) | PT (%) INR (un.) |PTT (sec) | PT (%)
Mim Mim Mim Mim Mim Mim

13 269065 324+77 333+46 1.05+0.03 125+04 93740

Children groups

At the finish

13 3.08x0.71 369+£85 339+6.1 1.19+£0.04 142+04 75041
>0.500 >0.500 >0.900 <0.010 <0.010 <0.005

INR: the international normalized ratio; PTT: prothrombin time; PT: prothrombin;
P: the probability of statistical error.

%

100 +

%
100

Prothrombin (normal limits 80—-120 %)

33.1+4.6

5 10
Days of observations

Bacillus clausii 2 x 10 E9 CFU/day

1

Prothrombin (normal limits 80-120 %)

15

33.8%6.1

5 10
Days of observations

Fig. 1. Plasma prothrombin (%) concentrations in infants in dynamics of 10-day length probiotic
therapy (1) and in control (2).
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delivery without birth trauma and scored 7-10 points accor-
ding to Apgar scale. Infants were exclusively breastfed
from the moment of the birth. Among them 40 (48 %)
children received an intramuscular injection of 1 mg vitamin
K, for hemorrhagic disease of newborns early prevention
in accordance with the current recommendations. Other 43

(53 %) children did not receive vitamin K, due to various
reasons among which most often there were the parents’
refusals because of some fears if the child could be trau-
matized with an “extra” injection. The main part of the study
was based on observations of 57 convalescents after an
acute respiratory infection (non-severe community-ac-
quired pneumonia) or acute otitis media one week after
the 7-day length parenteral treatment with ceftriaxone at
a daily dose of 50-80 mg/kg. Clinical observations were
carried out in the Department of Neonatal Pathology and
Early Childhood Diseases in the Pediatric Hospital Ne 5,
Zaporizhzhia.

The hematology analyzer COAGUCHEC XS (Germa-
ny) examined the capillary blood for the traditional param-
eters of the prothrombin complex. There were the plasma
prothrombin (PT) as a percentage of the “ideal” level in
the reference plasma (normal values within 80-120 %),
prothrombin time (PTT) (usual limits 11-18 sec.) and
international normalized ratio (INR) (0.9-1.3). The INR
is a derivative parameter of the PTT in form of patient
prothrombin time ratio to normal plasma prothrombin
time in power of mathematical corrective units by which a
laboratory standardization of the prothrombin time can be
made.

Concentrations of PIVKA-Il were studied in the venous
blood serum. The enzyme-linked immunoassay for PIVKA-II
determination was carried out with the diagnostic ANTIBODY
RESEARCH PIVKA-Il ELISAKIt (USA) and the SirioS SEACa
/RADIM analyzer (China) in the Central Research Laboratory
of Zaporizhzhia State Medical University.

The obtained clinical and laboratory data allowed to
compare the cohort of 31 children grouping in accordance
to antibacterial treatment impact and the control cohort of 27
healthy children. The hypothesis whether the probiotic the-
rapy with Bacillus clausii be capable to restore low plasma
prothrombin in breastfed infants after antibiotic therapy was
figured out in controlled study of two reference groups. All
of them were children grouped according to elevated INR
> 1.3 criterion. However, they were free from any evident
signs of bleeding. In addition, children did not demonstrate
diarrhea, jaundice, hypoproteinemia, AST/ALT elevation. By
fixed randomization 13 patients were assigned for 10-day
length probiotic therapy in a daily dose of 2 x 10° colonies
formed units (CFU) OC, NR, T, SIN strains spores of Bacillus
clausii which vegetative microorganisms are capable to pro-
duce menaquinones [6,7]. Another 13 infants corresponding
to the age, sex, feeding type and laboratory values were
not given probiotics. They made up a comparison group.
Simultaneously all children received a standard therapy with
mucolytic and vitamin D3.

Statistical processing was carried out using certified
programs Statistica 6.0 (StatSoft, USA) (license No.
31415426535897).

Results and discussion

As it is shown in Table 1, the parameters of vitamin
K-dependent procoagulant plasma proteins in breastfed
infants depend significantly on the fact of cephalosporin
administration.

As it follows from the data in Table 1, healthy in-
fants aged 1-6 month achieved almost normal levels
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of prothrombin test comparable to those in adults with
the exception of PTT slight prolongation. Although breast
milk feeding formally unable to provide sufficient intake
of vitamin K with food, healthy children shown an accept-
able levels of serum Gla prothrombin (PIVKA-II) which
indicates the absence of significant vitamin K-deficiency.
It means that in healthy children the intestinal microbiota
can provide them with vitamin K. In turn, the microbiota is
susceptible to the damage associated with antibacterial
therapy exposure. In response to the ceftriaxone admin-
istration infants had laboratory signs of hypocoagulation
sufficient enough for late hemorrhagic disease of newborns
development. Thus the level of PT after the antibacterial
course was only 50% of the norm, PTT and INR were
increased more than 2 times with substantially increased
PIVKA-II serum concentrations typical for vitamin K
deficiency.

These changes should be explained by an antibio-
tic-associated impact on menaquinone synthesizing colonic
microflora. In accordance with the background of the study,
an attempt of colon microbiota therapeutic correction by
the administration of Bacillus clausii probiotic strain, which
vegetative forms are capable to produce menaquinones
in the human large intestine, was studied. The results are
shown in Table 2.

As it follows from Table 2, the prothrombin complex
values in both of the clinical and control groups are cha-
racterized by a tendency toward their normalization after
the antibacterial therapy discontinuing. It is explained by
the intestinal microbiome ability to quantitive and qualitive
self-repairing and accordingly to improvement in the availa-
bility to provide children with menaquinones. Simultaneous
administration of the Bacillus clausii probiotic has promoted
more complete prothrombin normalization. As it is shown in
the Fig. 1, the full values of this vitamin K-dependent protein
restoration in 10 days of probiotic therapy was noted in 11
out of 13 infants, while among the children of the control
group there were only 3 such infants out of 13 (x? = 7.58,
corrected by Yates, P < 0.05).

Conclusions

1. Parenteral cephalosporin administration in breastfed
infants aged 1-6 month can lead to a latent vitamin K-de-
ficient state development, which is manifested by a signi-
ficant PIVKA-Il serum concentrations increasing, plasma
prothrombin decreasing and prolongation of prothrombin
time with elevation of international normalized ratio.

2. The use in infants the probiotic spores of Bacillus
clausii in a daily dose of 2 x 10° CFU for 10 days after
antibiotic treatment restores the plasma prothrombin
levels.

The prospects of further research. It would be
expedient to recommend the probiotic spores of Bacillus
clausii administration to infants especially who is breast-
fed immediately during the antibiotic therapy. A probiotic
preparation, which can positively influence on the intestinal
microbiota state increasing the vitamin K, supplementa-
tion, should be investigated in comparison with vitamin K,
enteral administration in their ability to improve the plas-
ma coagulation capacity in infants receiving exclusively
breast milk.
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