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FEATURES OF THE INTESTINAL MICROBIOME
FORMATION AND THE LEVEL OF INTESTINAL
INFLAMMATORY RESPONSE IN NEWBORNS

Objectives. We aim to explore the relationship
between the composition of the faecal bacterial flora and
the level of faecal calprotectin (FC) in sequential
assessments of healthy term newborns.

Methods. The study was conducted thrice during the
second, third, and fifth weeks of life. Culture method was
used to identify the composition of intestinal microbiome
indicators. FC levels were measured using an enzyme-
linked immunosorbent assay. Mixed-effects linear
modelling were applied to test for associations between
calprotectin and various clinically relevant
covariates/factors.

Results. Thirty-two infants were studied. Levels of
Bifidobacterium was for children two weeks old (mean,
standard deviation) — 8.91+£1.47 CFU/g, for three weeks old
— 8.44+1.58 CFU/g and for five weeks old — 8.09+1.49
CFU/g and Lactobacilli number for two weeks old —
7.69+1.15 CFU/g was higher than for three weeks old —
7.13£1.45 CFU/g and for five weeks old — 6.75+1.87
CFU/g. Level of FC for two weeks old was
280.6+123.68 mg/l, for three weeks old — 195.3+115.5 mg/I
and for five weeks old — 153.5+34.6 mg/l. FC decreased
with time and was higher in the presence of colonisation
with  Bifidobacterium,  Lactobacilli,  E.coli, and
Opportunistic/Conditional pathogens.

Conclusions. The number of Bifidobacterium and
Lactobacilli decreased during the neonatal period. FC also
decreased but was higher in newborns colonised with
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Bifidobacterium, Lactobacilli, E.coli, and
Opportunistic/Conditional pathogens, which apparently
reflected stabilised composition of the microbiome and
associated change in inflammatory processes.
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BIJIOBIAI KNIIEYHUKA Y HOBOHAPO/I’)KEHUX

Meta. JlochmiKeHHST B3a€EMO3B’SI3KY MK CKIIAJOM

(ekanpHOT OakrepianbHOi (UIOpH Ta pIBHEM (EKAIBLHOTO

kajprnporektuHy  (PK) y  3m0poBUX — [TOHOLIEHHX
HOBOHAPO/IKEHUX 3 TIOCITiIOBHAM TPUPa30BUM
OILIHIOBAHHSM.

Metoau. Jlocmi/ukeHHS TPOBOAWIIOCH TpWdi  Ha

JIPYromy, TPeTbOMY Ta IT'SITOMY THXKHAX JKHTTS. Bu3HaueHHs
CKJIQJTy TIOKa3HHKIB KHIIKOBOTO MIKpOOiOMY 3IiHCHIOBATIOCS
PiBHi

KyJbTYpaJIbHUM (exanpHOTO

KaJIbIIPOTCKTUHY

METOJIOM.
BU3HAYAIINCS 3a JIOIIOMOT OO0
iMyHO(epMEHTHOTO aHali3y. 3B’I3KM MIXK KaJbIIPOTEKTUHOM
Ta PI3HUMHU KITIHIYHO 3HAUUMUMH (HaKTOPaMH IMEPEBIPSIIHUCS
3a JIOTNIOMOTOI0 JIHIIHOrO MOJEIOBaHHS 31 3MilIaHUMH
eeKTamMiL.

Pe3ysabTaTu. Byno obcTexxeHo TpUIATH IBOE HEMOBIISIT
Ha JIpyroMy, TPETbOMY Ta II'SITOMY TWXKHSX OKUTTS.
BcranoBneno  KinmbkicTh  OidimoOakrepiit it miTed
JBOTIDKHEBOTO BIKy (CepelmHe, CTaHAApTHE BiIXWICHHS) —
8,91+1,47 KYO/r, ans TputwkHeBoro Biky — 8,44+1,58
KYO/r ta gns w’stutmwkaeBoro Biky — 8,09+1,49 KVO/r.
KinbkicTh nakTo0akTepiil Ui MalIOKIiB Ha JPYyroMy THXKHI
KHUTTS cTaHoBmWIa — 7,69+1,15 KYO/r i Oynia OUIbII00, HIXK Y
HEMOBJISIT Ha Tperbomy — 7,13£1,45 KYO/r i m’stomy
TIKHAX — 6,75£1,87 KYO/r. Piserp ®K y miteit Ha qpyromy
TIDKHI KHUTTA BiKy ctaHoBuB 280,6+123,68 mr/m, y y Bimi
TPBOX THXHIB — 195,3£115,5 Mr/n i y I’ ATHTH>KHEBOMY Billi
— 153,5+34,6 mr/n. Y nonansimomy piserb OK 3HIKYBaBCS i
OyB BHMIIMM 3a HAsABHOCTI KoJIOHi3amii OidimoOakrepismu,
nmakrobakTtepismu, E.coli Ta  yMOBHO-TIAaTOTEHHUMH
MIKpOOpraHi3MaMH.

BucHoBku. Y Tmepiofy HOBOHApPOMKEHOCTI KIUTBKICTH
6icdinobakrepiii i makTobakTepii 3menmTyBanacs. Piserr K
TaKOXK 3HU3UBCS aje OyB BUIIMM Yy HOBOHApPOMKEHHX 3
KOJIOHI3aLi€10 CJIN30BOI 000JIOHKH KHUIIKiBHUKA
6i¢inoOakTepisiMy, JTAKTOOAKTEPISIMH, KUIIKOBOIO ITAIIMYKOIO
Ta YMOBHO-TIATOTEHHUMH MiKpOOpraHizMaMH, 1110, OYEBUITHO,
BizoOpaskayio craburi3amnito ckiiaay MiKpoOioMy Ta HOB’s3aHy

3 UM 3MiHy Ipy 3al1aJIbHUX IpoLecax.
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ABBREVIATIONS
FC - Faecal calprotectin
CFU - Colony-Forming Unit

INTRODUCTION / BCTYII

It is now recognized that the neonatal microbiome
influences children’s health and development in the
long-term [1]. This consists not only in the formation of
intestinal functions, but also in modulating work of
other organ systems. The emergence and changes in the
composition and functionality of the microbiome are the
result of variables such as mode of birth, lactation,
gestational age and the use of certain medications,
including antibiotics [2, 3, 4, 5,]. The formation of the
microbiome also leads to the development of
inflammatory reactions, with the appearance of a
number of intestinal metabolites. Inflammatory
intestinal markers include a large group of
heterogeneous substances that can be produced by the
mucous membrane in response to the inflammatory
process and are one of the methods for assessing the
activity of certain diseases [6]. These markers include
faecal calprotectin, which is currently considered a
reliable method for assessing inflammatory processes
and intestinal diseases in various age groups [7, 8]. It is
used to differentiate necrotizing enterocolitis from other
intestinal disease in newborns [9].

The state of the microbiome and FC levels in
newborns had been studied by many authors. FC values
in newborns of first days of life are characterized by
higher values than in children of older age groups, with
their subsequent decrease [3, 10]. Features of
microbiome dynamics show its connection with FC
[11]. The influence of FC on the qualitative and
quantitative composition of the microbiome was noted -
an increased in the dynamics of Bifidobacterium [12,
13] and a decreased in Proteobacteria [12],
Staphylococcus [11] and Enterococcus [11]. In addition,
gestational age [2, 4, 14], birth by cesarean section [2, 4,
14], male gender [3], low birth weight [3], postnatal age
[2, 3], breastfeeding [3, 4, 14], antibiotic prescription [2,
3,4, 5], and low 5'-Apgar score [3].

At the same time, some studies were conducted
primarily in newborns of the first days of life, while
other studies, although long-term, had long time
intervals that could complicate the interpretation of the
data [3, 11]. Not enough studies have been carried out in

children in the dynamics of the neonatal period, towards
its end [3].

Thus, the aim of the study was to describe FC levels
in a cohort of healthy full-term newborns over time
during the first month of life and the beginning of the
second month of life, and to relate FC levels to the
developing microbiome, nutrition, and time after birth.

MATERIALS AND METHODS

A total of thirty-two newborns with a mean age of
9.9+1.7 days were recruited with parental consent
between August 2021 and December 2021. All
participants were born in hospital. After birth, the babies
were healthy, without concomitant pathology. The
babies were discharged from hospital at an average of 3
days after birth. All babies remained at home for the
duration of the study. The clinical characteristics were
retrospectively reviewed from medical records.

To study the composition of the intestinal
microflora, stool samples were collected three times in
the second, third, and fifth weeks of life, respectively,
and the culture method was used [2]. The same times
were used to determine FC levels. The stool samples
were examined using an enzyme-linked immunosorbent
assay semi-automatic enzyme immunoassay analyzer
IMark (Bio-Rad Laboratories Inc., Hercules, California,
USA) to determine the level of FC in mg/l. The feces
were collected at home by the parents in a disposable
container with an airtight lid with a date and time stamp.

Initial statistical analyses were conducted using
SPSS version 28.0 (IBM, NY, US). The continuous
variables were presented as mean values + standard
deviation (M+SD).

Further analyses were undertaken in and R v4.3.2.
The relationship between organism-level CFUs over
time were assessed via linear mixed-effects modelling
(LMM), including delivery method, gender, birthweight
and feeding as fixed effects and patient ID as a random
effect. Similarly, changes in FC concentration over time
were associated with clinical factors during the
neonatal period using LMMs. LMM models included
patient as a random effect and the 4 microbiome
indicators queried (Bifidobacterium, Lactobacilli, E.
coli, Opportunistic/Conditional pathogenic microflora)
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as fixed effects, alongside birthweight, time (weeks),
delivery method, gender and feeding method as
additional fixed effects. LMMs were fit using the
Ime4 (v1.1.35.1) and ImerTest (v3.1.3) R packages,
with option REML=TRUE. For all statistical models,
the significance threshold was defined as either p<0.05
as-is or divided by the number of tests performed, as
per the Bonferroni method for multiple testing
adjustment. All code pertaining to these analyses can

Table 1 — The general indexes of the newborns

be accessed from the GitHub repository
https://github.com/CBFELivUni/neonatalintestinal feca
IBacterialnflammation.qit.

The project was approved by the Commission on
Bioethics Meeting of the Educational and Scientific
Medical Institute of Sumy State University.

RESULTS

General characteristics of the studied groups of
newborns are presented in Table 1.

Indexes Values
Birthweight, grams, mean + SD 32184467
Length at birth, centimeters, mean + SD 51+2.6
Abdominal circumference, centimeters, mean + SD 33+1.7
Gestation age, weeks, mean + SD 38.6+1.3
Apgar 1, mean +SD 8.0+0.5
Apgar 2, mean +SD 8.9+0.4
Boys, absolute value/% 19/59%
Girls, absolute value/% 13/41%
Mother’s age, years, mean + SD 29.7+6.11
Feeding by breastmilk, absolute value/% 20/62.5%
Feeding by formula, absolute value/% 8/25%
Feeding by breastmilk and formula, absolute value/% 4/12.5%
Father’s age, years, mean + SD 31.5+4.83
Child’s age of analysis, days, mean = SD 9.9+1.7
Number of pregnancies, mean = SD 2.0£1.5
Parity, mean + SD 1.7£1.0
Healthy women, absolute value/% 19/60.8%
Women with chronic pathology, absolute value/% 13/39.2%

Thirty-two full-term infants were studied, the
number of boys outnumbered girls: 19 boys (59.4%)
and 13 girls (40.6%). 5 (15.6%) of participants were
born by Cesaerian section. Average values of
gestational age were 38.6+1.3 weeks, weight was
3220+467 g, length was 51.2+2.6 cm. The mean values
of the Apgar assessment at the 1st minute of life were
8.0+0.5 units, and 5 minutes were 8.9+0.4. Twenty
children (62.5%) were fed by breastmilk, 8 children
(25%) were feeding by formula and 4 (12.5%) children
were fed by both breastmilk and formula.

The average levels of FC for neonates at two weeks
was 280.6+123.7 mg/l (N=32), which decreased to

195.3£115.5 mg/l (N=32), and further decreased to
153.5£34.6 mg/l, (N=32) by five weeks (data not
shown). Notably, a significant difference was detectable
between 2 and 3 weeks, but not 3 and 5 weeks
(P=0.782). This can likely be explained by observation
at the patient-level, whereby while a majority of
neonates show decreases between 2 and 3 weeks,
between 3 and 5 weeks FC levels don’t uniformly
decrease but instead converge to a common value, with
many patients showing increased as well as decreased
FC (data not shown).

The results of feces analyses parameters in the
groups are presented in Table 2.
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Table 2 — Values of feces analyses

Indexes 2 weeks 3 weeks 5 weeks p value
Intestinal microbiome:

Bifidobacterium, CFU/g, mean + SD 8.91+1.47 8.44+1.58 8.09+1.49 0.0042
Lactobacilli, CFU/g, mean + SD 7.69+1.15 7.13+£1.45 6.75+1.87 0.00066
Total number of E.coli, CFU/g, mean + SD 6.31+1.49 6.78+1.31 6.47+1.19

E.coli with weak enzymatic ability, CFU/g, mean + SD | 4.33+0.58 3.5+0.71 3.3340.58

Opportunistic pathogens, CFU/g, mean + SD 4.72+1.28 4.41+1.04 4.28+1.17

Level of fecal calprotectin, mg/l, mean + SD 280.6 £123.7 | 195.3+115.5 | 153.5+34.6 0.000068

Human intestinal microflora is a complex of
microbial species that normally inhabit bowel. The most
common bacteria isolated were Bifidobacterium. At the
same time, levels of Bifidobacterium were detectable for
children aged two weeks (8.91+1.7 CFU/g, N=32) for
children aged three weeks (8.44+1.58 CFU/g, N=32) and
for children aged five weeks (8.09+1.49 CFU/g, N=32), a
significant change over time (p=0.004, f=-0.2, 95% ClI
[-0.40, -0.065]) (Figure 1). The second parameter was
Lactobacilli number for neonates aged two weeks
(7.69£1.15 CFU/g) was increased than for neonates aged
three weeks (7.13£1.45 CFU/g) and neonates aged five

weeks — 6.75+ 1.87 (CFU/g), which was similarly
significant over time (p=0.0007, p=-0.23, 95% CI [-0.37,
-0.027]) (Figure 1). Total number of E. coli for newborns
aged two weeks was 6.31£1.49 CFU/g), for newborns
aged three weeks (6.78+1.31 CFU/g) and for newborns
aged five weeks (6.47+1.19 CFU/g), at the same time,
there was no significant difference between them (Figure
1). Levels of opportunistic pathogens for babies aged two
weeks was (4.72+1.28 CFU/g), for babies aged three
weeks (4.41£1.04 CFU/g) and for babies aged five weeks
(4.28+1.17 CFU/g), which was similarly non-significant

(p=0.11)
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Figure 1 — CFUs for Bifidobacteria and Lactobacteria show significant decreases in neonatal faeces. (A) CFUs
were enumerated from stool samples for 4 groupings of faecal bacteria, Bifidobacteria, Lactobacteria, Total E. coli
count and opportunistic pathogens. Samples were taken at 2, 3 and 5 weeks post-birth. Dots represent individual
measurements. (B) Linear mixed-effects models (LMMs) were fit regressing weeks, gender, delivery method, feeding
method and birthweight as fixed effects and patient as random effects onto CFUs for each grouping of bacteria, fitting
one LMM per organism. Dot-and-whisker plots show coefficient estimates as well as confidence intervals and
significance (*), adjusted for multiple testing by Bonferonni’s method for multiple testing correction (p<0.0125). Red
and blue dot-and-whiskers represent negative and positive coefficient estimates, respectively. Text in square brackets
indicates the level of the relevant categorical variable that is being tested against baseline
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The associations between faecal calprotectin levels
and neonatal characteristics and microbiome indicators
over the follow-up period was determined using an
LMM (Figure 2).

Birth weight had a negative weak non-significant
(Figure 2). Age in weeks also had a moderately strong
negative relationship with faecal calprotectin levels,
and was significant (p=0.000068, B=-0.29, 99% CI
[-0.43, -0.15]) (Figure 2). The sex of the child had no
detectable effect on the value of faecal calprotectin,
neither did the delivery method (Figure 2). Artificial
and/or mixed feeding increased the likelihood of an
increased calprotectin value, but only slightly and non-

significantly (p= 0.29, p=0.18, 99% CI [-0.17,0.55])
(Figure 2). A study of the relationship between the
abundance of intestinal microorganisms and the value
of fecal calprotectin showed a positive relationship.
This was small but significant for all microorganisms
tested (p<0.05), except for Lactobacilli, which was
non-significant (p= 0.05) (Figure 2). Estimated
coefficients for these relationships were fairly
consistent, differing only slightly in a range of 0.18-
0.22 units, with similar standard errors (0.010, 0.091,
0.083, 0.078 for Bifidobacteria, Lactobacteria, Total
E. coli and opportunistic pathogens, respectively)
(Figure 2).

Birthweight; 0.11
Weeks! 029"
Gender [m]; 0.03
Delivery [cs]+ 0.01
Feeding [Formula] 0.19
E. colit 0.21*
Opp. Pathogens 0.19
Lactobacteria- 0.18
Bifidobacteria1 0.22
= 0.5 0 05 i
Estimates

Figure 2 — Bacteria show significant associations with calprotectin. A linear mixed-effects model (LMM) was fit for
all samples, using weeks, birthweight, delivery method, feeding method, gender and all 4 bacterial groupings as fixed
effects and patient ID as a random effect. Dot-and-whisker plots show coefficient estimates, alongside confidence
intervals and an indicator of significance (*) (p<0.05). Red and blue dot-and-whiskers indicate negative and positive
coefficient estimates, respectively. Text in square brackets indicate the level of the categorical factor that is being tested

from baseline

DISCUSSION

This is one of the first reports of the relationship
between the composition of the early intestinal microflora
and the level of intestinal inflammatory response by
determining and comparing the composition of the
intestinal microflora and the level of FC in the neonatal
period of healthy term newborns. Careful follow-up
generated complete time series from 32 neonates
allowing detailed analysis of the longitudinal interactions
between important variables. We believe this is the
largest complete time series reported to date that
describes the relationship between faecal colonisation,
FC, and time in healthy newborns.

In common with hospitalized neonates, the level of
FC is higher in neonates living at home aged two weeks
compared with three and five weeks of life, which may
be due to the formation of the gastrointestinal tract which

includes a wide range of changes during the first few
weeks of life. This trend is re-capitulated in this study,
with a significant net decrease between day 2 and 3, with
a subsequent convergence to a decreased value by day 5,
relative to day 2. In hospitalized neonates FC levels
tended to decrease with increasing age [2, 15]. FC
concentrations showed a negative trend in the first 4
weeks of life (P=0.004) [3], from the neonatal period to 3
months (r=-0.490, p < 0.001) [16], from the neonatal
period to 6-11 months of life (r = —0.603, P<0.01) [17].
Scientists suggest that increased secretion of FC may be
involved in the innate immune system and thus may be
beneficial for intestinal development in the first weeks of
life, so an increase in FC may be a physiological process
[2, 17]. A decrease in FC with age may indicate a
maturation process, including decreased intestinal
permeability, in the intestinal mucosa [16]. At the same
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time, evidence was obtained that there is a positive
correlation between FC and age (p=0.0004) [15], (r=0.45
p=0.0002) [16].

One of the important factors that influences FC levels
is the intestinal microbiome [18]. Colonisation of the
sterile intestine by microorganisms causes an
inflammatory response, which is reflected by an increase
in FC levels [19]. Our data show a relationship with the
number of microorganisms and FC levels. The values of
Bifidobacterium, Lactobacilli, and E. coli were high at
the 2 week of life visit, after which a decrease in their
level was observed, which was accompanied by a
decrease in FC levels. According to this model, the
relationship between FC and microbiome indicators was
significant with values of 0.18 to 0.22 units. Some
authors have obtained similar results. Bifidobacterium is
associated with a significant decrease in FC levels in
some studies (p=0,039) [21], but no correlation was also
found in the work of other scientists (r=+0,11, p=0,19)
[2]. Lactobacillus counts tended to be positively
correlated with FC (r=+0.17, p=0.06) [2]. The number of
E. coli had a negative correlation with FC (p = 0.039)
[21] or evidence of no association was obtained
(r=+0.12, p=0.15) [2]. Other studies have found no
correlation between intestinal microbiome colonisation
and FC levels [20, 21] in VLBW and healthy babies. It
can be suggested that intestinal bacteria and specific
individual components of the commensal microbiota may
have different abilities to stimulate transepithelial
granulocyte migration or induce the release of FC into the
intestinal lumen [16]. Thus, stress caused by childbirth,
adaptation to extrauterine life and the process of
colonisation of the intestine by bacteria may be the cause
of higher levels of FC in infants compared to older age
groups. Also, these results may be associated with the
immunomodulatory function of FC, which may be
involved in immune formation early in life, which may be
a prerequisite for proper immune tolerance to gut
microbial composition in later life [21].

Using a regression model showed a negative
correlation between FC levels and birth weight,
significant at 3 weeks of life, as well as a negative
correlation with male gender and a positive correlation
with formula feeding. Some studies showed a negative
significant association between birth weight and FC
levels (=—0.144, p=0.097) [3], (p=0.042) [15], but other
studies have found no association between birth weight
and FC levels (r=0.047, p=0.356) [17], (p=0.351) [22].
Some previous studies have shown that FC correlates
with birth weight and thus may reflect the intrauterine
environment, intestinal immaturity and hypoxic-ischemic
damage to the intestinal mucosa [3].

Researchers had reported no association between
gender and FC levels (p=0.536) [17], (p=0.087) [16] but

other studies have observed negative associations of FC
levels with male gender (p= 0.008) [3] or female gender
in preterm infants (p=0.003) [22]. It has been suggested
that prematurity and female gender may contribute to the
later development of intestinal pathology or necrotizing
enterocolitis with a subsequent increase in FC levels [22].

Previous studies showed a negative significant
relationship in children receiving formula/mixed feeding
with FC (p = 0.026) [3] levels. Some studies had reported
that the average concentration of FC was significantly
higher in breastfed than in formula-fed children
(p<0.001) [16, 23], or there was no relationship between
feeding and FC levels at all [17]. Some findings suggest
that higher FC levels in exclusively breastfed infants
compared to formula-fed infants <6 months old may be
consistent with breast milk promoting intestinal mucosal
growth and decreased intestinal permeability [16].

The limitations of the study include the small size of
the sample and the use of culture rather than more
specific methods. We report genus rather than species.
There are no reference ranges for FC in neonates. One
methodological limitation of this analysis is that the
abundances of organisms correlate with each-other,
meaning there may be some issues in terms of collinearity
between their measurements, which may make it difficult
to discern which organism is truly causative with respect
to FC level. Nevertheless, such associative analysis is of
merit and the robust methodology provides similar results
to previous work and can be applied in a difficult field
setting.

Future research could use this methodology to
characterize a cohort of neonates for exposure to
colonisation and a marker of intestinal inflammation
shortly after birth. We provide baseline values of point
estimates and the extent of variation in our setting. The
cohort could be followed-up to capture long-term
outcomes in order to explore relationships between
colonisation, neonatal FC, and atopic diseases. It would
be interesting to study the time course of colonisation and
inflammation among in babies affected by perinatal
asphyxia.

CONCLUSIONS

There was a change in the quantitative composition of
the intestinal microflora in healthy newborns living at
home, with reducing levels of decreased level of
Bifidobacterium, Lactobacilli and E. coli during the
interval from two to five weeks of life. FC also decreased
during the study period, although the reduction in FC was
less marked in the presence of colonisation of the
preponderant bacteria. These results reflect the
stabilisation of the composition of the intestinal
microflora and the associated change in the level of the
inflammatory process. It is feasible to study time course
of multiple variables in healthy newborns.
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