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Abstract

Background: Some cohort studies have suggested that gut microbiota composi-
tion is associated with allergic diseases in children. The microbiota of the first-pass
meconium, which forms before birth, represents the first gut microbiota that is easily
available for research and little is known about any relationship with allergic disease
development.

Objective: We investigated whether the bacterial composition of the first-pass meco-
nium is associated with the development of allergic diseases before 4 years of age.
Methods: Prospective birth cohort study. Bacterial composition of first-pass meco-
nium was analysed using bacterial 16S rRNA gene amplicon sequencing. Atopic and
allergic diseases were evaluated via online survey or telephone to age 4 years, based
on the International Study of Asthma and Allergies in Childhood questionnaire.
Results: During a 6-week period in 2014, 312 children were born at the Central
Finland Central Hospital. Meconium was collected from 212 at a mean of 8-hour age.
Outcome data at 4 years were available for 177 (83%) children, and 159 of these had
sufficient amplification of bacterial DNA in meconium. Meconium microbiota com-
position, including diversity indices and relative abundances of the main phyla and
genera, was not associated with subsequent atopic eczema, wheezing or cow's milk
allergy. Principal components analysis did not identify any clustering of the meconium
microbiomes of children with respect to wheezing or cow's milk allergy.

Conclusions: We found no evidence that gut microbiota composition of first-pass
meconium is associated with atopic manifestations to age 4 years. However, larger

studies are needed to fully exclude a relationship.
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* Meconium microbiota composition was not
associated with subsequent atopic eczema,
wheezing, or cow’s milk allergy.

Principal components analysis did not
identify any clustering of the meconium
microbiomes of children with respect to
wheezing or cow’s milk allergy.
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Main results: Key messages:

* Some cohort studies have suggested gut

microbiota composition may be associated

with allergic disease development.

In this study, bacterial composition of first-

pass meconium was not associated with

allergic disease development.

* Sample size was a limitation, so larger studies
are needed to fully exclude a relationship.

GRAPHICAL ABSTRACT

CLINICAL & EXPERIMENTAL
NIIERG Gt

Gut microbiota composition of the first stool after birth and the development of allergic diseases before 4 years of age were investigated in a
population-based cohort study of 212 infants. Atopic and allergic diseases were evaluated at 4 years of age and outcome data were available
for 177 (83%) of the children. Meconium microbiota composition, including bacterial diversity indices and relative abundances of the main
phyla and genera, was not associated with subsequent atopic eczema, wheezing or cow's milk allergy.

1 | INTRODUCTION
Early gut colonization is essential for the normal development
and regulation of immune responses.l'2 According to the environ-
mental biodiversity hypothesis, a lack of biodiversity in the living
environment leads to dysbiosis of the microbiota, impaired regu-
lation of the development of immunological tolerance and inap-
propriate inflammatory responses.®~¢ Several cohort studies have
reported an association between the human gut microbial com-
position in the 1st month of life and the subsequent risk of atopic
disorders.” 2

The microbiota of the first-pass meconium, which forms before
birth, represents the first gut microbiota that is easily available for
research. Recent studies using the culture-independent technique
of next-generation sequencing of the bacterial 16S ribosomal RNA
(rRNA) gene have shown that the first-pass meconium contains a
diverse microbiota.>?® Maternal antibiotics and environmental
biodiversity before birth have been associated with the microbial
composition of the first-pass meconium.*® Furthermore, maternal
use of antibiotics during pregnancy has been linked with anincreased
risk of childhood asthma.'” Finally, the maternal microbiota during
pregnancy has been reported to play a role in the development of
a tolerogenic immune phenotype.’® A study with 20 newborn in-
fants proposed an association between the meconium microbiota
and subsequent respiratory problems.** However, the clinical signif-
icance of the first-pass meconium microbiota for the development
of allergic diseases is largely unknown because the majority of large
high-quality cohort studies have not used the first-pass meconium in

their analyses. 1012

Key messages

e Some cohort studies have suggested that gut microbi-
ota composition may be associated with allergic disease
development.

e In this study, bacterial composition of first-pass
meconium was not associated with allergic disease
development.

e Sample size was a limitation, so larger studies are needed

to fully exclude a relationship.

In this population-based prospective cohort study of 212 con-
secutive newborn infants, we set out to investigate the gut micro-
bial composition of the first stool after birth and the development of

subsequent allergic diseases before 4 years of age.

2 | METHODS

2.1 | Study design and study population

Our study design was a prospective population-based cohort
study. We enrolled 212 consecutive near-term and term infants
born at the Central Finland Central Hospital, the only hospital that
provided obstetric care in Central Finland between 3 February
and 13 March 2014. All pregnant women during the study period
were invited to participate in the study. Altogether, 312 children
were born during the study period. The families of 218 newborn
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infants gave their informed consent, and the first stool sample was
received from 212 infants. No other exclusion or inclusion crite-
ria were used. The midwives collected the spontaneously evacu-
ated, first-pass meconium from the diaper of each newborn infant
and placed the material into two sample tubes. Similar diapers
and sample tubes were used throughout the study. All meconium
samples were collected from the first stool after birth. The mean
collection time was 8 h (range 0-32 h). The midwives recorded de-
tails about the pregnancies and deliveries. Throughout the study,
routine antibiotic prophylaxis during caesarean section was not
used. For this same cohort, we previously collected data on the
maternal influence on the meconium microbiota®® and the asso-
ciation of meconium microbiota with infantile colic with a survey
at 1 year19 and overweight at 3 years of age.20 Now, at 4 years of
age, we conducted an active follow-up of all participants regarding
their atopic and allergic diseases. The study plan was reviewed and
accepted by the Ethics Committee of the Central Finland Hospital
District (1E/2014). All the families provided their written informed

consent for the study.

2.2 | Collection of clinical data

Detailed maternal and perinatal background characteristics were
collected at the maternity ward at birth. The child's diet, including
the duration of breastfeeding, was recorded in a survey at 1 year
of age. When the children reached 4 years of age, all 212 families
were first contacted via a letter containing a short survey about
the children's allergies, asthma and other symptoms of atopic dis-
eases. The families then received a link to an extended web-based
survey. Families who did not complete the web-based survey
were contacted via telephone. Our web-based survey was based
on the International Study of Asthma and Allergies in Childhood
(ISAAC) questionnaire, with specific questions concerning allergies,
asthma, other symptoms of atopic diseases and background factors
(Table S1). The ISAAC questionnaire has previously been validated in

the Finnish population.?!??

2.3 | Microbiota analyses

We previously reported the collection, storage and analysis of first-
pass meconium samples collected by midwives in the delivery room
or perinatal wards.*® All the microbiota analyses were performed
blinded to the infants’ clinical symptoms, and the parents were una-
ware of the microbiota results. We have previously reported fecal
DNA extraction, amplification of the bacterial 16S rRNA genes and
bioinformatics analyses.*¢'?2% In brief, the lon Torrent sequences
were processed and analysed with QIIME 1.9.0 using state-of-the-
art procedures.?® The raw lon Torrent data of the meconium and
follow-up fecal samples were deposited in the NCBI-SRA with the
accession number -SRP069890. We have previously reported the
quality control analysis of the sample tubes, diapers, water and

extraction kits.1¢*?2° Before conducting the bioinformatics analyses
and calculating the relative abundances, the known environmental
contaminant Rhodanobacter was removed from the data set as in

previous studies of the same cohort.6:1%20

2.4 | Outcomes

The main outcome was the proportion of children with any atopic
manifestation, i.e., atopic eczema, asthma, wheezing or cow's milk
allergy. All outcomes were defined using the following questions
that we retrieved from either the web-based survey or telephone
calls. The definition of atopic eczema diagnosed by a physician was
based on responses to two questions: “Has the child ever had any
itchy eczema?” and “Has a physician diagnosed the child with atopic
eczema?” The definition of asthma was based on the response to
the question, “Has your child's asthma been diagnosed by a physi-
cian?” The definition of wheezing was based on the parent-reported
response to the question, “Has your child ever had wheezing or
whistling in the chest?” The definition of a cow's milk allergy was
determined by the question, “Has your child ever had a cow's milk
allergy diagnosed by a physician?” If this question was answered
affirmatively, we asked whether the child had skin symptoms, gas-
trointestinal symptoms or both. These data were actively collected
from families via telephone. Cow's milk allergy diagnoses were veri-
fied using the medical records of the patients treated in the hospi-
tal's outpatient clinic. Diagnoses were verified using the hospital's
medical records of seven children. Cow's milk allergy diagnoses
were made using the skin prick test (n = 1), the oral food challenge
test (n = 3), both the skin prick test and oral food challenge test
(n = 1) and gastrointestinal symptoms or skin symptoms together
with specific immunoglobulin E (IgE) antibodies (n = 2). Seven other
children were not diagnosed at the hospital's outpatient clinic; thus,
their diagnoses were not confirmed. We report the answers to the
web-based survey (n = 134) that relate to the main outcome and gut
microbiome results in supplementary file.

2.5 | Statistical analyses
Before the study, we estimated the required sample size based on
the first clinical microbiota studies, which showed altered gut mi-
crobiota composition in 12 infants with infantile colic compared to
12 controls.?* Thus, we estimated that the number of infants with
subsequent atopic eczema, wheezing or cow's milk allergy would be
sufficient for reasonable statistical power with a population-based
cohort of 150-200 children. We chose bacterial genera that have
been associated with atopic eczema, allergies or wheezing for statis-
tical comparisons to avoid coincidental findings.®01%:25

We analysed the differences in bacterial diversity indices
(Chao 1 and Shannon-Weaver), the number of operational taxo-
nomic units (OTUs) and the relative abundances of major bacterial
phyla and genera with respect to later atopic eczema, wheezing
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and cow's milk allergy. In the analysis, samples with fewer than
1000 reads were considered to be samples that did not amplify
sufficiently and were coded as zero for the relative abundance
values and OTUs, i.e., the lowest possible value instead of a miss-
ing value. To compare the proportions of first-pass meconium
samples that did not amplify sufficiently, we used the standard
normal deviation (SND) test on StatsDirect.

We used a t-test to compare the mean number of sequence reads
between children with and without later atopic eczema, wheezing,
asthma and cow's milk allergy and furthermore, adjusted the analy-
sis for the mode of delivery and sampling time (hours). We used the
Mann-Whitney U test for all microbiota composition analyses with
Bonferroni correction of the crude p-values to compensate for mul-
tiple testing. The corrected p-value was calculated by multiplying the
crude p-value by the number of comparisons if the crude p-value was
below .05. We performed a principal coordinate analysis (PCoA) to de-
scribe the intestinal microbiota at birth with respect to wheezing and
cow's milk allergy. The principal coordinate analyses were performed
using QIIME2 (2019.10) and the g2-diversity plugin.?® The statistical

analyses were performed with SPSS version 24 software (SPSS, Inc.).

3 | RESULTS

3.1 | Study population

Detailed maternal and perinatal background characteristics were
collected from 212 children in the maternity ward at birth. At
the age of 4 years, follow-up data were available from 177 fami-
lies (83%); 134 families completed a detailed web-based survey
about allergic and atopic diseases throughout life and 43 families
responded to a letter survey or were interviewed via telephone
(Table 1, Figure 1). Of the 177 families with follow-up data avail-
able at 4 years of age, 140 completed the survey at 1 year of age,
including information regarding the child's diet and duration of
breastfeeding.

3.2 | Meconium samples and clinical outcomes

3.2.1 | Number of sequences

In total, 72 children had at least one atopic manifestation. In total,
50 children (8%) had atopic eczema, 4 (2%) had asthma, 26 (19%)
had later wheezing and 14 (8%) had cow's milk allergy. In total,
18 of the first-pass meconium samples (10%), with follow-up data
available (n = 177), exhibited insufficient amplification in PCR,
suggesting a very low amount of bacterial DNA was present in
the samples.

In the analysis adjusted for the mode of delivery and sampling
time after birth, children with any atopic manifestation (n = 69)—-
i.e., atopic eczema, asthma, wheezing or cow's milk allergy,—had
fewer sequence reads in the meconium samples compared to those

without any atopic manifestations (n = 67) (11,133 [SD 14,834] vs.
17,546 [SD 15,228], p = .02, 95% Cl [-11,122 to -918], respec-
tively) (Table 2). Sampling time was not recorded for six children;
thus, those samples were removed from the adjusted analysis.
There were no differences in the proportions of samples that ex-
hibited insufficient amplification in PCR in children with any atopic
disease or wheezing and in those who remained healthy in this re-
spect (Table 3).

3.2.2 | Atopiceczema

In the analysis adjusted for delivery mode and sampling time after
birth, the mean number of sequences in the meconium microbiota
was lower in children who were diagnosed with atopic eczema
(n = 47) compared to those who were not (n = 124), but the differ-
ence was not statistically significant (13,311 [SD 15,916] vs. 14,706
(14,896), p = .67, 95% CI [-6278 to 4028]) (Table 2).

There were no statistical differences between the gut microbi-
ota composition, including bacterial diversity indices and relative
abundances of the main phyla and genera, of the first stool after the
birth of children with physician-diagnosed atopic eczema and those
without it in the analysis corrected for multiple testing (Table 4).

3.2.3 | Asthma and wheezing

We used wheezing in the main analysis because the number of chil-
dren with physician-diagnosed asthma was low (n = 4). In total, 26
children (19%) had parent-reported wheezing before 4 years of age.

In the analysis adjusted for delivery mode and sampling time
after birth, the mean number of sequences in the first stool after
birth was lower in children with later wheezing (n = 26) compared to
those without (n = 103) (9075 [SD 12,642] vs. 15,886 [SD 15,763],
p = .05, 95% ClI [-13,149 to 19,976], respectively) (Table 2). There
were no differences between the proportions of samples that exhib-
ited insufficient amplification in PCR in children with wheezing and
those who remained healthy in this respect (Table 3).

There were no differences in gut microbiota composition be-
tween children with parent-reported wheezing and those who
remained healthy in the analysis corrected for multiple testing
(Table 4). There was no clustering in the PCoA of the meconium mi-

crobiomes of children with later wheezing (n = 26) (Figure 3A).

3.24 | Cow's milk allergy

In the analysis adjusted for multiple testing, there was no difference
in the gut microbiota composition between children with later cow's
milk allergy and those who remained healthy (Table 4, Figure 2). The
PCoA showed no differences between the meconium microbiota
of children with later cow's milk allergy and those who remained
healthy (Figure 3B)
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TABLE 1 Baseline characteristics of the whole original study population (N = 212) and those with follow-up data (n = 177)

Cow's milk All children with  Original study
Atopic eczema Wheezing® allergy® follow-up data cohort
n=>50 n=25 n=14 n=177 N=212
Gender
Boy, n (%) 29 (58) 14 (54) 10 (71) 96 (54) 114 (54)
Girl, n (%) 21 (42) 12 (46) 4(29) 81 (46) 98 (46)
Mother's education level
Comprehensive school, n (%) 2 (4.0) 0(0) 0(0) 7 (4) 14 (7)
High school, n (%) 1(2.0) 0(0) 0(0) 14 (8) 17 (8)
Vocational school, n (%) 15 (30) 12 (46) 3(21) 57 (32) 72 (34)
University of applied sciences, n (%) 19 (38) 8(31) 7 (50) 53(30) 60 (28)
University, n (%) 13 (26) 6(23) 4(29) 45 (26) 48 (23)
Mode of delivery
Vaginal, n (%) 37 (74) 17 (65) 11(79) 140 (79) 172 (81)
Caesarean section, n (%) 13 (26) 9 (35) 3(21) 37 (21) 40(19)

Gestational age in weeks (range) 39.4(36.6-42.3) 39.2(37.1-42) 39.7(36.6-42.3) 39.7(36.6-42.4) 39.6(35.4-42.4)

Number of siblings at birth

None, n (%) 19 (39) 9 (36) 8(57) 64 (37) 72 (34)

One, n (%) 13 (26) 6 (24) 3(21.5) 52 (30) 67 (32)

Two or more, n (%) 17 (34) 10 (40) 3(21.5) 59 (34) 70 (33)
Mean birth weight in grams (SD) 3525(538) 3369 (596) 3443 (597) 3561 (517) 3553 (494)
Maternal antibiotics during pregnancy, n (%) 11 (22) 7 (27) 3(21) 36 (20) 37 (18)
Antibiotics during delivery, n (%)° 17 (34) 8(31) 5(36) 51(29) 61 (29)
Child's antimicrobials in neonatal ward, n (%)° 0(0) 1(3.8) 0(0) 4(2.3) 4d (1.9)
Mother's atopic eczema®, n (%) 16 (37) 6(23) 4(29) 26 (20) NA&
Father's atopic eczema®, n (%) 9 (21) 7 (27) 1(7.1) 25 (19) NA
Mother's asthma®, n (%) 4(9.3) 3(12) 3(21) 10 (7.5) NA
Father's asthma®, n (%) 5(12) 2(7.7) 3(21) 10 (7.5) NA
Maternal smoking during pregnancy®, n (%) 3(7.0) 1(3.8) 0(0) 5(3.7) NA
Parental current smoking®, n (%) 7 (17) 6(23) 2 (15) 26 (20) NA
Mean duration of breastfeeding’ in months (SD) 10.5 (3.3) 10.6 (2.9) 11.2(1.2) 9.2(3.7) NA
Mean duration of exclusive breastfeedingf in 6(2.4) 4.8 (1.9) 5.3(0.87) 3.8(2.2) NA

months (SD)

dInformation about wheezing was obtained for only 134 children, whose families completed the online survey. The information about atopic eczema
and cow's milk allergy was obtained from all of the 177 children.

POf the 14 children with cow's milk allergy, four had gastrointestinal symptoms, two had dermatological symptoms and eight had both
gastrointestinal and dermatological symptoms. Cow's milk allergy was diagnosed by a physician.

‘For 61 neonates exposed to antibiotics during delivery: Cefuroxime (n = 31), Benzylpenicillin (n = 28), Piperacillin/Tazobactam (n = 2).
9Benzylpenicillin and tobramycin.

®Information about a parent's atopic eczema, asthma and smoking was obtained for only 134 children, whose families completed the online survey.
finformation about breastfeeding was collected via clinical survey when the children were 1 year of age and was available for 140 of the families who
had also completed the survey at 4 years of age. Exclusive breastfeeding was defined as the situation in which the child was fed neither solid foods
nor formula.

ENA, Not available.

3.2.5 | Other questions in the survey 4 | DISCUSSION

Data obtained from the full survey are reported in Tables S1-S5. As
the main outcomes were not statistically significant in the analyses,
further statistical analyses were not performed for other outcomes
received from the full web-based survey (Tables $2-S5).

In this prospective cohort study of 212 consecutive newborn in-
fants, the gut microbiota composition of the first-pass meconium
was not associated with later atopic manifestations in children.
The exact timing of the first bacterial contact may require further
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FIGURE 1 Flowchart of the study

TABLE 2 Association of sequence
reads in the meconium samples with any
later atopic manifestation, atopic eczema,
wheezing and cow's milk allergy - analysis
adjusted for mode of delivery and
sampling time

TABLE 3 Association of amplification
products in the meconium samples any
later atopic manifestation, atopic eczema,
wheezing and cow's milk allergy

investigation, since infants with later atopic manifestation appeared
to have fewer raw bacterial sequences in the first stool.

Earlier paediatric cohorts have evaluated the development of
allergic diseases and gut microbiota. However, unlike our study,
they did not use the first-pass meconium for their analyses, and

N=212

First-pass meconium sample obtained ’

Wi LEYM

Follow-up data obtained at 4 years of age

N=177

e 134 web-based questionnaire

e 43 telephone contact

Any atopic manifestation®, n = 69
No atopic manifestation, n = 67
Atopic eczema, n =47

No atopic eczema, n = 124
Wheezing®, n = 26

No wheezing, n = 103

Cow's milk allergy, n = 12

No cow's milk allergy, n = 158

f 16 Contact information not available
5 Refused to participate
114 Couldn't be reached

Mean number of raw
bacterial sequences

(SD)
11,133 (14,834)
17,546 (15,228)
13,311 (15,916)
14,706 (14,896)
9075 (12,642)
15,886 (15,763)
5048 (10,182)
15,022 (15,302)

p-value®

.021

.67

.051

.03

95% Cl of the

difference

-11,122 to -918

-6278 to 4028

-13,149 t0 19,976

-19,031 to -1242

®The analysis was adjusted for mode of delivery and sampling time of the meconium samples after
birth. The sampling time was recorded for only 171 of the children.

PAny manifestation of asthma, wheezing, atopic eczema or cow's milk allergy.

‘Information about wheezing was obtained for only 134 children, whose families completed the

online survey.

Any atopic manifestation®,
n=72

No atopic manifestation, n = 69
Atopic eczema, n = 50

No atopic eczema, n = 127
Wheezingd, n=26

No wheezing, n = 108

Cow's milk allergy, n = 14

No cow's milk allergy, n = 162

Samples without
product?®
n=18

8 (11%)

6(8.7%)
7 (14%)
11 (8.7%)
3(12%)
11 (10%)
4 (29%)
14 (8.6%)

Samples with

product 95% Cl of
n =159 p-value® difference
64 (89%) .59 -8.2t0 13
63(91.3%)
43 (86%) 20 -4.1to0 18
116 (91.3%)
23 (88%) .52 -9.3to 19
97 (90%)
10 (71%) .02 2.2to 46
148 (91.4%)

*This suggests low bacterial DNA concentration in the sample.

PA standard normal deviation test for comparing proportions was used for comparisons.

“Any manifestation of asthma, wheezing, atopic eczema or cow's milk allergy.

YInformation about wheezing was obtained for only 134 children, whose families completed the

online survey.

in children with allergic sensitization and eczema.

they started follow-ups at the age of 1 week or later (Table 5)
J791112.25.27-29 These studies reported differences in the coloni-
zation process of the gut by staphylococci, enterococci, bifidobac-

teria and Clostridium difficile, as well as reduced bacterial diversity

7,8,12,27-29 In the
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FIGURE 2 Number of OTUs, Chaol diversity index, and relative abundances of the phyla Bacteroidetes and Firmicutes and the genera
Lactobacillus and Staphylococcus in children with and without cow’s milk allergies

COPSAC cohort study of 648 children, a higher relative abundance
of Veillonella and a lower relative abundance of Roseburia, Alistipes
and Flavonifractor in the intestinal microbiota at 1 year of age were
associated with an increased risk of asthma at 5 years of age.'°
Another study investigating the role of early bacterial flora and

later allergic sensitization showed that lower bacterial diversity in

the gut microbiota at the ages of 1 month and 1 year was associ-
ated with allergic sensitization assessed via serum IgE levels, skin
prick tests and allergic rhinitis.* In a Consortium of Food Allergy
(CoFAR) observational study of food allergies, of 226 children with
a cow's milk protein allergy, the children whose milk allergy was
resolved by 8 years of age had Clostridia and Firmicutes enriched in



692 KIELENNIVA .
| WiLEY ok

(A) Bray_Curtis D|ss|m||ar|ty FIGURE 3 Principal co-ordinate
analysis (PCoA) of meconium microbiota
0691 @ Negative ° and A) wheezing, p = .055 and B) cow’s
® Positive ‘ milk allergy, p = .31

PC2 (Variance explained 16.1%)

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
PC1 (Variance explained 37.4%)

(B) Bray-Curtis Dissimilarity
064 @ Negative
® Positive ‘.
2o
°
0.4 1 (] °
([ ]

PN °
3
- 0.2
=
©
Q
o)
[J]
0.0
o
S
2
(o]
4

—0.2 1

-0.4 1

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
PC1 (Variance explained 37.4%)



693

WILEY

KIELENNIVA ET AL.

Je3A T e J423s1|big pue snazodoujwny ‘sadisify

‘D1INQas0y ‘Winlia3apqopijig ‘winiia3apqlp2an4 Y3m

A|aA11e33U pue pj[auo|(IaA YIM paieldosse AjgA1Isod sem
SJe3A G Je BWIYISE ‘SISYJOW JIJBWLISE 0] UIOC UIpP|Iyd U]

UIq 1934 SyIuoW Z ISy Sulnp ajiaiip
' pUE S13Ua959]0pD WNLI23oDGOpPIIg ‘S2193ds 1]|10eq030€|

a3e Jo
1E9A T pue yjuow T YoM T

93e Jo syjuow g

3upuanbas
auasd YNYJ ST

Apnis 3404od y1liq JVSd0D
ay3 Suneddiied (069 = N) syueju|

93e Jo siedA g

Apnis 110y0d 3A1309dsold

0870C
‘e 39 WioY0Is

£2600T

Ule3432 Y}M PazZIUO|0d US}JO0 SS3| 91aM ASI3||e Y3IM Sjuesu| pue yjuow T ‘¥29M T ¥Dd awij-|eay |13UN pamoj|o4 (/7 = N) Sueju| Apnjs 310402 aA13d3dsold ‘|e 32 uai8ols
ewazda dldoje uaje| Jo XSkl Jaysiy Apmis 310yoD yuig VIVON 21£00T
UM P3aJeID0SSE SEM 3121JJIp "D PUE /02" YHM UOI}eZIUO|0D) 98e Jo yuow T ¥Dd awil-|eay ay31 Sunedniuied (£G4 = N) siueju| Apnjs 110402 dA1393dso.d ‘|e 12 SJ9pudd
28e JO oM T 3e ANSIDAIP Supuanbas saseas|p 21349 |e 62¢10C
|e1qoJadiw JoamMo| pey a3e Jo JedA T Je ewazdd Y}IM Sjueu| o3e JoXoaM T  2uad YNY4 S9T 10 )S14 Y31y yum (86 = N) sueju| Apnis 110402 aAI3dadsoud ‘|e 3o [lews|
JesA T
1€ 52p104232Dg JOMO| pUE Syjuow 9 je sndd020jAydels
pue syjuow ¢ je e|pli3so|d Jo sjunod Jay3iy pey 93e Jo sieaA g
eaA T 1 B14910BqOPIJIq PUB YJUuoW T Je 122020493Ud a3e Jo syjuow ZT |12UN PaMO[|0J (07 = U) USPaMS 121002

U}IM pazIUO|0d U340 SSI| 9JaM S3I813||e YHM uaJp|iyd) pue 9 ‘¢ ‘T pue sAep 9 03 G ainyn) pUE (g = U) BIUO}ST Ul SJUBJU| Apn3s 310402 aA1309ds0ud ‘|e 39 uisylolg
ewaz29 21doje Jo ewYISe YIIM Jou INg siIulyJ 21813 |e 24n3|nd pue
pue uol1ezi}isuas 21343||e JO ¥SId 3y} Y}IM pajeldosse a3e Jo Supuanbas saseasip 2I349|e 117102
AJ9SJ9AUI SBM SUUOW ZT pue T Je A}ISIDAIP [elajoeg Syjuow g pue yuow T auaS WYNY4 SOT 40 SU Y3y yum (TTH = N) ua4pjiyd Apnis 310402 aA1309ds0ud ‘le 39 pJeessig
93e JO SJedA G |13un pamo||oy
Apnis (Q1IHD) uawdojaasq
BWIYISE 1938| YIM UIP|IYD Ul SYJUOW ¢ Je biy1oy Supuanbas Jeuipn}iSuoT Jueju| AyyeaH szGT0T
pUe WNLI21oDqIDI2ab ‘DJ[2UO|[I3 ‘DildSouydp] paseasda@ 986 Jo JedA T pue syjuow ¢  auas yYNYJ S9T uelpeue) ay3 ul (4T€ = N) Sueju| Apnis 310402 aA1309dsoud ‘[e 39 elaLY
dnous |el1ayoeq 98e Jo syjuow ZT pue 9 23e Jo syjuow 8T SWOY pue uopuo £00T
Jejnoijied Aue y3im palerdosse Jou Sem ewazda d1doly ‘Z pue sAep gz pue 4T ‘/ ‘¢ ainyn) |I3UN PaMO||04 (£Z€ = N) SIUeju| ‘810093109 Ul S340402 Ypiq € ‘|e 39 Ynaqua|py
Yjuow T pue >oom | 93e Jo syjuow g1 3upuanbas 98e JO SuedA / /10T e
18 AJISISAIP |el19]0Ee( JOMO| PeY BWYISE YHM UdJp[IyD pue yjuow T YoaM T  9ua8 YNYJ SOT |I3UN PaMo||o4 (/7 = N) Siuesu| Apnis 110402 9A1399dso.d 1e uossweyeiqy
BWSZ23 Y}IM SJuBjUl Ul SYuow gT
1€ B119]198( 09101 JOMO| PUB Yjuow T Je saplolajobg a8e Jo syjuow g1 Supuanbas (0Z = u) S|043u02 pue (0Z = u) oCT0T 39
pue s33apl0J4a3oeg JOMO| ‘AJSISAIP |elI910e( JOMOT pue yjuow T ‘YoM T  aua8 YNY4 ST  ewazdd pajeldosse-35| Yy3m sjuesu| Apnis 310402 aA1309dsoud uossweyeiqy
s3|nsaJ juesyiusig uo1329]|02 a|dwes |e2a4 pasn poyia|n uonendod Apnis usisap Apmis loyiny

Bwaz29 21doje 4o ewyise ‘S91349||e 19]e| UM B1OIqOJDIW [eul}SIUl AlJES JO UOIIRIDOSSE 3Y3 IN0ge Sa1pn3s 9AI309dsold snojAald swos wouy s3ulpul{ ¢ 379V.L



ﬂWl LEY

KIELENNIVA ET AL.

their intestinal microbiota at 3-16 months of age.*° In animal mod-
els, perinatal antibiotic exposure has been associated with altered
microbiota and later responses to aIIergens.31 In this study of first-
pass meconium microbiota, gut microbiota composition was not
associated with later atopic eczema, wheezing or cow's milk allergy
in children. The lower number of reads in the first stool samples
appeared to be associated with later allergic diseases in the present
study, which may reflect slower bacterial colonization of the infant
gut. This finding requires further investigation.

The first stool after birth, i.e., the first-pass meconium, is the
first easily available sample for gut microbiota research in infants.
Several recent studies have reported diverse microbiota in the
first-pass meconium, both in vaginally delivered children and in
those born via caesarean section, suggesting that the presence of
bacterial DNA in the gut may start in utero or very early in the
perinatal period.*®**¢ |n our study, newborn infants with later al-
lergic diseases often had less bacterial DNA in the first stool after
birth than those who remained healthy. This finding suggests that
the dynamics of very early gut colonization may play a role in the
subsequent risk of allergic diseases. In animal models, the maternal
microbiota may drive the postnatal innate immune development
of offspring.3?% Interestingly, the administration of the probiotic
Lactobacillus rhamnosus has been shown to successfully reduce
atopic eczema in children when mothers receive probiotic prod-
ucts during pregnancy.®* Thus, maternal diet, living environment
and gut microbiota may be important factors in the development
of the infant's immune system.35 Accordingly, our study empha-
sizes the need for future studies on the role of microbial contacts
during the fetal and perinatal periods in the pathogenesis of aller-
gic diseases.

The strength of our study was its excellent design. In this pro-
spective population-based cohort study, the response rate was high
at 4 years of age. To our knowledge, this is the first study to investi-
gate the associations between allergic diseases and the gut microbi-
ota composition of the first stool. The earlier reported associations
observed between gut colonization and allergic diseases have been
reported in cohorts with first samples collected between the ages of
1 week and 1 month.

The present study has some limitations. We were unable to
verify cow's milk allergy diagnoses using medical records for all
patients, and there could be significant variations in how the di-
agnoses were made. Furthermore, the prevalence of cow's milk
allergy was relatively high (8%) in this study compared to ear-
lier studies that reported that the incidence of challenge-proven
cow's milk allergy is 0.54%.%¢ This may reflect the variation in the
diagnostic criteria, even though all diagnoses were made by phy-
sicians in the present study. In an unselected study population,
the number of subjects with a specific disease is low. Due to the
limited sample size, we did not analyse the impact of maternal mi-
crobiota, the living environment during pregnancy or other peri-
natal factors on the outcomes in this study. Finally, the limited

amount of DNA in the first stool after birth makes microbiota

analysis challenging. The genus Rhodanobacter was recognized as
a contaminant and removed from the data set before the bioin-
formatics analyses.

In this population-based cohort study, the gut microbiota com-
position of the first-pass meconium was not associated with later
atopic manifestations in children. Infants with later atopic manifes-
tations appeared to have a limited amount of bacterial DNA in the
first stool after birth, based on the low number of raw bacterial se-
quences in the samples compared to those who remained healthy.
The exact timing of the first bacterial contact may require further
investigation in the pathogenesis of allergic diseases.
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