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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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1  |  INTRODUC TION

Early gut colonization is essential for the normal development 
and regulation of immune responses.1,2 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.3– 6 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.7– 12

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.13– 16 Maternal antibiotics and environmental 
biodiversity before birth have been associated with the microbial 
composition of the first- pass meconium.16 Furthermore, maternal 
use of antibiotics during pregnancy has been linked with an increased 
risk of childhood asthma.17 Finally, the maternal microbiota during 
pregnancy has been reported to play a role in the development of 
a tolerogenic immune phenotype.18 A study with 20 newborn in-
fants proposed an association between the meconium microbiota 
and subsequent respiratory problems.14 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.10– 12

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 microbiota16 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.21,22

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.16 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.16,19,20 In brief, the Ion Torrent sequences 
were processed and analysed with QIIME 1.9.0 using state- of- the- 
art procedures.23 The raw Ion 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.16,19,20 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.16,19,20

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.24 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.8,10,11,25

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 q2- diversity plugin.26 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% CI [−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  |  Atopic eczema

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% CI [−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).

3.2.4  |  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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3.2.5  |  Other questions in the survey

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 S2– S5).

4  |  DISCUSSION

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 

TA B L E  1  Baseline characteristics of the whole original study population (N = 212) and those with follow- up data (n = 177)

Atopic eczema
n = 50

Wheezinga

n = 25

Cow's milk 
allergyb

n = 14

All children with 
follow- up data 
n = 177

Original study 
cohort
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 (%)c 17 (34) 8 (31) 5 (36) 51 (29) 61 (29)

Child's antimicrobials in neonatal ward, n (%)d 0 (0) 1 (3.8) 0 (0) 4 (2.3) 4d (1.9)

Mother's atopic eczemae, n (%) 16 (37) 6 (23) 4 (29) 26 (20) NAg

Father's atopic eczemae, n (%) 9 (21) 7 (27) 1 (7.1) 25 (19) NA

Mother's asthmae, n (%) 4 (9.3) 3 (12) 3 (21) 10 (7.5) NA

Father's asthmae, n (%) 5 (12) 2 (7.7) 3 (21) 10 (7.5) NA

Maternal smoking during pregnancye, n (%) 3 (7.0) 1 (3.8) 0 (0) 5 (3.7) NA

Parental current smokinge, n (%) 7 (17) 6 (23) 2 (15) 26 (20) NA

Mean duration of breastfeedingf 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 
months (SD)

4.6 (2.4) 4.8 (1.9) 5.3 (0.87) 3.8 (2.2) NA

aInformation 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.
bOf 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.
cFor 61 neonates exposed to antibiotics during delivery: Cefuroxime (n = 31), Benzylpenicillin (n = 28), Piperacillin/Tazobactam (n = 2).
dBenzylpenicillin and tobramycin.
eInformation 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.
gNA, Not available.
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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 

they started follow- ups at the age of 1 week or later (Table 5)
.7– 9,11,12,25,27– 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 
in children with allergic sensitization and eczema.7,8,12,27– 29 In the 

F I G U R E  1  Flowchart of the study

Mean number of raw 
bacterial sequences
(SD) p- valuea

95% CI of the 
difference

Any atopic manifestationb, n = 69 11,133 (14,834) .021 −11,122 to −918

No atopic manifestation, n = 67 17,546 (15,228)

Atopic eczema, n = 47 13,311 (15,916) .67 −6278 to 4028

No atopic eczema, n = 124 14,706 (14,896)

Wheezingc, n = 26 9075 (12,642) .051 −13,149 to 19,976

No wheezing, n = 103 15,886 (15,763)

Cow's milk allergy, n = 12 5048 (10,182) .03 −19,031 to −1242

No cow's milk allergy, n = 158 15,022 (15,302)

aThe 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.
bAny manifestation of asthma, wheezing, atopic eczema or cow's milk allergy.
cInformation about wheezing was obtained for only 134 children, whose families completed the 
online survey.

TA B L E  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

Samples without 
producta

n = 18

Samples with 
product
n = 159 p- valueb

95% CI of 
difference

Any atopic manifestationc, 
n = 72

8 (11%) 64 (89%) .59 −8.2 to 13

No atopic manifestation, n = 69 6 (8.7%) 63 (91.3%)

Atopic eczema, n = 50 7 (14%) 43 (86%) .20 −4.1 to 18

No atopic eczema, n = 127 11 (8.7%) 116 (91.3%)

Wheezingd, n = 26 3 (12%) 23 (88%) .52 −9.3 to 19

No wheezing, n = 108 11 (10%) 97 (90%)

Cow's milk allergy, n = 14 4 (29%) 10 (71%) .02 2.2 to 46

No cow's milk allergy, n = 162 14 (8.6%) 148 (91.4%)

aThis suggests low bacterial DNA concentration in the sample.
bA standard normal deviation test for comparing proportions was used for comparisons.
cAny manifestation of asthma, wheezing, atopic eczema or cow's milk allergy.
dInformation about wheezing was obtained for only 134 children, whose families completed the 
online survey.

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

 13652222, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cea.14117 by U

niversity O
f O

ulu, W
iley O

nline L
ibrary on [30/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



690  |    KIELENNIVA Et AL.

TA
B

LE
 4

 
C

om
po

si
tio

n 
of

 g
ut

 m
ic

ro
bi

om
e 

in
 th

e 
fir

st
 s

to
ol

 a
ft

er
 b

irt
h 

in
 c

hi
ld

re
n 

w
ith

 a
to

pi
c 

m
an

ife
st

at
io

ns
 a

nd
 th

os
e 

w
ho

 re
m

ai
ne

d 
he

al
th

y

A
to

pi
c 

ec
ze

m
a

n 
=

 5
0 

(2
8%

)

N
o 

at
op

ic
 

ec
ze

m
a

n 
=

 1
27

 (7
2%

)
Co

rr
ec

te
d 

p-
 va

lu
ea

W
he

ez
in

g
n 

=
 2

6
N

o 
w

he
ez

in
g

n 
=

 1
08

Co
rr

ec
te

d 
p-

 va
lu

ea

Co
w

's 
m

ilk
 

al
le

rg
y,

n 
=

 1
4

N
o 

co
w

's 
m

ilk
 a

lle
rg

y,
 

n 
=

 1
62

Co
rr

ec
te

d
p-

 va
lu

ea

Ba
ct

er
ia

l d
iv

er
si

ty
 in

di
ce

s

Sh
an

no
n 

di
ve

rs
ity

 in
de

x 
(S

D
)

5.
7 

(1
.5

)
5.

5 
(1

.6
9)

.4
9

5.
8 

(1
.3

)
5.

6 
(1

.6
)

.7
5

5.
9 

(1
.4

)
5.

5 
(1

.6
)

.4
2

C
ha

o1
 (S

D
)

33
0 

(2
21

)
32

4 
(2

21
)

.7
3

32
2 

(2
11

)
32

0 
(2

21
)

.7
0

32
9 

(2
06

)
32

5 
(2

22
)

.7
4

O
TU

sb  (S
D

)
17

8 
(1

29
)

18
1 

(1
26

)
.9

3
17

6 
(1

23
)

20
3 

(1
17

)
.9

5
15

3 
(1

37
)

18
2 

(1
26

)
.4

5

Ph
yl

a

Fi
rm

ic
ut

es
, m

ea
n 

%
c  (S

D
)

35
 (3

0)
44

 (3
3)

.1
4

34
 (3

0)
43

 (3
3)

.2
7

23
 (2

8)
43

 (3
2)

.2
4a

Pr
ot

eo
ba

ct
er

ia
, m

ea
n 

%
 (S

D
)

31
 (3

4)
29

 (3
4)

.7
0

36
 (3

5)
27

 (3
4)

.3
5

38
 (4

2)
29

 (3
3)

.7
7

Ba
ct

er
oi

de
te

s,
 m

ea
n 

%
 (S

D
)

15
 (2

0)
15

 (2
2)

.8
1

13
 (2

0)
16

 (2
2)

.9
0

9.
9 

(2
0)

15
 (2

2)
.2

5

A
ct

in
ob

ac
te

ria
, m

ea
n 

%
 (S

D
)

1.
0 

(3
.7

)
0.

71
 (1

.8
)

.5
7

1.
1 

(2
.2

)
0.

6 
(1

.5
)

.1
2

0.
63

 (1
.8

)
0.

80
 (2

.5
)

.5
2

G
en

er
a 

an
d 

sp
ec

ie
s

Ba
ct

er
oi

de
s s

pp
., 

m
ea

n 
%

 (S
D

)
12

 (1
8)

13
 (2

0)
.8

3
11

 (1
9)

13
 (2

0)
.9

0
8.

6 
(1

7)
13

 (2
0)

.2
9

St
ap

hy
lo

co
cc

us
 s

pp
., 

m
ea

n 
%

 (S
D

)
12

 (2
5)

13
 (2

5)
.6

3
16

 (2
7)

13
 (2

4)
.5

9
2.

4 
(5

.4
)

14
 (2

5)
.7

0a

St
re

pt
oc

oc
cu

s s
pp

., 
m

ea
n 

%
 (S

D
)

4.
0 

(9
.3

)
5.

1 
(9

.4
)

.4
5

6.
2 

(8
.4

)
4.

6 
(8

.7
)

.5
8

3.
3 

(4
.8

)
5.

0 
(9

.7
)

.6
0

En
te

ro
co

cc
us

 s
pp

., 
m

ea
n 

%
 (S

D
)

2.
3 

(1
4)

5.
6 

(2
1)

.1
1

0.
38

 (0
.8

5)
5.

3 
(2

1)
.5

6
0.

08
 (0

.2
0)

5.
1 

(2
0)

.2
8

La
ct

ob
ac

ill
us

 s
pp

., 
m

ea
n 

%
 (S

D
)

2.
9 

(1
3)

4.
1 

(1
3)

.5
1

1.
2 

(2
.9

)
4.

3 
(1

4)
.2

7
7.

4 
(2

4)
3.

5 
(1

1)
.4

6

Fa
ec

al
ib

ac
te

riu
m

 s
pp

., 
m

ea
n 

%
 (S

D
)

1.
2 

(2
.3

)
1.

3 
(2

.3
)

.7
2

0.
89

 (2
.0

)
1.

3 
(2

.3
)

.5
9

0.
90

 (2
.2

)
1.

3 
(2

.3
)

.6
8

Cl
os

tr
id

iu
m

 s
pp

., 
m

ea
n 

%
 (S

D
)

0.
13

 (0
.8

6)
1.

4 
(1

0)
.5

2
0.

00
3 

(0
.0

2)
1.

6 
(1

1.
3)

.5
9

0%
 (0

)
1.

1 
(9

.3
)

.3
9

Pr
ev

ot
el

la
 s

pp
., 

m
ea

n 
%

 (S
D

)
0.

28
 (1

.2
)

0.
09

 (0
.2

8)
.3

2
0.

02
 (0

.0
5)

0.
15

 (0
.8

2)
.2

6
0.

03
 (0

.0
8)

0.
15

 (0
.7

2)
.5

6

Ve
ill

on
el

la
 s

pp
., 

m
ea

n 
%

 (S
D

)
0.

09
 (0

.2
5)

0.
10

 (0
.2

2)
.8

4
0.

06
 (0

.2
1)

0.
10

 (0
.2

5)
.2

4
0.

06
 (0

.1
6)

0.
10

 (0
.2

3)
.4

5

Bi
fid

ob
ac

te
riu

m
 s

pp
., 

m
ea

n 
%

 (S
D

)
0.

00
3 

(0
.0

2)
0.

00
2 

(0
.0

2)
.8

5
0.

01
 (0

.0
3)

0.
00

2 
(0

.0
2)

.3
5

N
/A

0.
00

3 
(0

.0
2)

1.
0

Ba
ct

er
oi

de
s f

ra
gi

lis
, m

ea
n 

%
 (S

D
)

2.
2 

(3
.5

)
3.

3 
(9

.5
)

.7
8

1.
9 

(3
.6

)
3.

6 
(1

0)
.6

7
1.

6 
(3

.2
)

3.
1 

(8
.6

)
.4

1

Fa
ec

al
ib

ac
te

riu
m

 p
ra

us
ni

tz
ii,

 m
ea

n 
%

 (S
D

)
0.

87
 (1

.7
)

0.
84

 (1
.5

)
.8

0
0.

62
%

 (1
.4

)
0.

87
%

 (1
.5

)
1.

0
0.

67
%

 (1
.6

)
0.

86
%

 (1
.6

)
.7

3

Es
ch

er
ic

hi
a 

co
li,

 m
ea

n 
%

 (S
D

)
0%

 (0
)

0.
40

 (4
.4

)
.5

6
0%

 (0
)

0.
01

%
 (0

.0
8)

.6
4

0%
 (0

)
0.

31
 (3

.9
)

1.
0

a Bo
nf

er
ro

ni
 c

or
re

ct
io

n 
w

as
 u

se
d 

if 
cr

ud
e 

p-
 va

lu
e 

w
as

 <
.0

5.
b O

TU
: o

pe
ra

tio
na

l t
ax

on
om

ic
 u

ni
t.

c M
ea

n 
re

la
tiv

e 
ab

un
da

nc
e.

 13652222, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cea.14117 by U

niversity O
f O

ulu, W
iley O

nline L
ibrary on [30/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  691KIELENNIVA Et AL.

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.10 
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.11 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 

F I G U R E  2  Number of OTUs, Chao1 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
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F I G U R E  3  Principal co- ordinate 
analysis (PCoA) of meconium microbiota 
and A) wheezing, p = .055 and B) cow’s 
milk allergy, p = .31
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their intestinal microbiota at 3– 16 months of age.30 In animal mod-
els, perinatal antibiotic exposure has been associated with altered 
microbiota and later responses to allergens.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.13,14,16 In 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.32,33 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.34 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%.36 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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