








Figure 4. Average Cosine similarity index between infant’s gut (A) and oral (B) microbiota and
their own mother’s microbial community types (red dots), and the community types observed in
unrelated mothers (Tukey boxplot).

4.3.2 The influence of different maternal microbial communities on the development
of infant gut microbiota
In our study, infants shared on average 67% of the OTUs in their gut microbiota with at
least one of the mother’s community types during 48-72 h after birth and this proportion
did not change substantially over the study period (at 6-8 weeks it was on average [SD]
57% [13%] and at 6 months 57% [16%]). Nevertheless, the proportion of OTUs in infant
gut microbiota, that were shared between the gut microbiota of individual mother-infant
pairs, was not very high (mean [SD] proportion of OTUs in infant gut microbiota that was
shared between mother-infant pairs: 32% [13%]). The proportion was comparable to the
percentage of OTUs shared with the communities colonizing mother’s oral cavity and
mammary areola (Table 8). The low rate of shared OTUs indicates that when considering
the possible transfer of microbes from a specific maternal microbial community, only a
fraction of bacteria observed in infant gut microbiota has the likelihood of being vertically
transferred. Also, it has to be taken into account that majority of the infants participating
in this study were born via C-section, which may have a profound effect on the results as
delivery mode has previously been shown to be a factor influencing the vertical
transmission of microbes (Backhed et al., 2015, Korpela et al., 2018b). This may explain
why we observed a higher percentage of OTUs shared with mother’s mammary areola
and oral microbiota as the gut microbiota of C-section infants tend to be enriched with
bacteria typically know to be of skin and mouth origin (Dominguez-Bello et al., 2010,
Backhed et al., 2015).

OTUs shared between infant gut microbiota, and their mother’s community types had
different abundance in these community types, which may be due to lower bacterial
diversity and therefore lower competition in the infant gut and an indication that the

34



fitness of bacteria reaching the infant’s gut plays a more significant role than the
quantitative contribution of microbial seeding as hypothesized by previous studies
reporting similar results (Asnicar et al., 2016, Ferretti et al., 2018). Infant gut OTUs shared
between individual mother-infant pairs (incl. different maternal community types)
mapped to a variety of taxa with on average 54% of the OTUs being allocated to taxa
typically observed in the gut microbiota (e.g. members of Enterobacteriaceae,
Clostridiales, Bacteroides, and Bifidobacterium). Approximately 39% of the OTUs mapped
to taxa typically related to skin and oral microbiota (mainly genus Streptococcus, but also
families Porphyromonadaceae, and Staphylococcaceae). These proportions were
observed at 48-72 h after birth and they did not change significantly over the study
period (73% vs 27%; and 64% vs 36%, respectively for the gut- vs oral/skin-related taxa
at 6-8 weeks and six months after birth). The variation of taxa changed over time as the
proportion of members of order Clostridiales showed an increasing trend among
gut-related taxa over the study period (at 48-72 h after birth only 18% of the OTUs
mapped to taxa often related to the gut microbiota mapped to order Clostridiales.
The proportion increased, although not significantly, to 40% and 50%, respectively at
6-8 weeks and six months after birth).

The proportion of OTUs shared between infant gut microbiota, and maternal
communities of unrelated mothers were higher than the same ratio observed between
individual mother-infant pairs regardless of the maternal community type (Table 8).
Also, most of the OTUs observed in infant gut microbiota were simultaneously present
in several of the maternal community types, either one’s own or unrelated mothers,
and this included OTUs dominating infant gut microbiota (mapped to family
Enterobacteriaceae, and genera Streptococcus and Veillonella). There were only on
average 9% of OTUs belonging to a variety of taxa that were exclusively shared with one’s
mother and not with unrelated mothers. All these observations above indicate to the
shortcoming of 16S rRNA gene sequencing in the context of this analysis because it is
unlikely that this method enables to identify taxa on the lower taxonomic level than
genus (Konstantinidis & Tiedje, 2007), meaning that different species or, even more so,
strains are left undetermined. Moreover, recent studies have shown that not all the
strains of the species simultaneously observed in the gut microbiota of infants and their
mothers are transmitted from mother to infant as only approximately 14-16.4% of
strains from the species observed in mother-infant pairs are vertically transmissible
(Asnicar et al., 2016, Ferretti et al., 2018). Thus, it is not possible to make conclusions
about which specific OTUs observed in infant gut microbiota have been vertically
transmitted from the mother and which maternal community type plays the most
significant role in this transmission. It may also be the reason why we failed to observe
the higher similarity between individual mother-infant pairs when compared to the
similarity with unrelated mothers, as we cannot rule out that these differences may be
visible when taking into account the variation observed at species or strain level.
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Table 8. The proportion of OTUs observed in infant gut microbiota that was shared with mothers’
community types; average (SD) proportion of OTUs shared between mother-infant pairs and with
the communities of unrelated mothers.

Mothers’ Percentage of OTUs shared
Infant gut microbiota community 48-72h after 6-8 weeks Six months
type birth after birth after birth
Mothers’ gut 34% [5%] 34% [19%)] 29% [11%]
Vaginal 19% [12%)] 8% [4%]! 17% [10%]*
Individual mother-infant | Breast milk 25% [11%] 14% [6%) 31% [11%)]
pairs (average % [SD]) M
ammary 34% [18%] 19% [13%] 35% [18%]
areola
Mothers’ oral 35% [12%] 28% [10%] 39% [15%]
Mothers’ gut 62% [13%)] 60% [11%] 63% [8%]
shared with ated Vaginall 42% [11%)] 27% [8%]* 41% [19%]*
ared with unrefate Breast milk 50% [11%] 31% [13%] 36% [24%]
mothers (average % y
[SD]) arz:;;"ary 54% [11%] 39% [13%] 37% [19%]
Mothers’ oral 47% [12%) 40% [15%] 48% [18%]

Y Infant gut and oral microbiota at these time points were compared to vaginal microbiota observed
in mothers before giving birth.

4.3.2.1 The similarity of bifidobacterial communities observed in different maternal
microbial communities and infant gut microbiota

When analyzing the abundance and prevalence of bifidobacterial, we observed that
infant gut microbiota was colonized with high levels of members from genus
Bifidobacterium throughout the study (Figure 3; changes in levels were not statistically
significant). The levels of bifidobacteria in infant gut microbiota did not differ significantly
from maternal community types (mean [SD] log10 of copies/ulL of DNA per mg of stool
was 3.3 [1], 0.2 [0.9], 0.2 [0.5], 0.5 [0.7] and -0.1 [0.5], respectively in mother’s gut,
vaginal, breast milk, mammary areola and oral microbiota; p — values > 0.05).

There were nine different species of Bifidobacterium observed in the gut microbiota
of infants (Figure 5), with on average [SD] of 2.8 [1.7] species of Bifidobacterium present
per infant. The highest number of Bifidobacterium species was observed in twin pairs,
with on average 4.8 [1] species identified in one pair and on average 3.5 [1.4] in another.
In maternal community types, the average number of Bifidobacterium species per
sample tended to be lower than in infant gut microbiota (1.3 [1.5]; p-value = 0.05), except
for mother’s gut microbiota that harbored on average 3.1 [1] Bifidobacterium species per
mother. The highest number of observations, where a specific bifidobacterial species
were shared between individual mother-infant pairs, was observed for infant gut and
mother’s gut microbiota, although several species were also shared with mothers’
vaginal and oral communities (Figure 5). None of the bifidobacterial species was
exclusively observed in either infant gut or mother’s community types, and all of them
were shared in at least one mother-infant pair (simultaneously with several maternal
community types) (Figure 5). Bifidobacterium dentium and B. pseudocatenulatum were
the most frequent species shared between mother-infant pairs (Figure 5). There were no
significant differences observed between infants born vaginally (n=2) vs via C-section or
infants being mostly fed with formula (n=4) vs breastmilk.
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The failure to observe differences and describe possible mother-to-infant
transmission of bifidobacteria is probably due to the low number of subjects participating
in our study, but it also may be because most of the infants were born via C-section. The
frequency of mother-to-infant transmission of members from genus Bifidobacterium in
C-section infants tends to be lower compared to vaginally born infants (Backhed et al.,
2015). Also, the strains of Bifidobacterium adolescentis, B. bifidum, B. catenulatum,
B. longum subsp. longum, and B. pseudocatenulatum are monophyletic between the gut
microbiota of mothers and their vaginally born infants, but these monophyletic strains
are not present in mothers and their C-section infants (Makino et al., 2013).
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Figure 5. The prevalence of bifidobacterial species in infant and mother’s gut and the incidence of
bifidobacterial species shared between mother-infant pairs (mother’s gut, vaginal, breast milk,
mammary areola and oral microbial community).

4.3.3 The influence of different maternal microbial communities on the development
of infant oral microbiota

In our study, infants shared on average 75.8% of the OTUs in their oral microbiota with
at least one of the mother’s community types during 48-72 h after birth and this
proportion did not change substantially over the study period (at 6-8 weeks it was on
average [SD] 71% [22%] and at 6 months 49% [30%)]). The highest proportion of OTUs
colonizing infant oral microbiota was shared with the mother’s oral microbiota
(on average [SD] 51% [11%]; Table 9). The similarity and the high numbers of shared OTUs
with mothers’ oral microbiota may be the result of the maternal habits of infant care
(e.g., frequent use of the same spoon, licking the pacifier, kissing on the mouth).
While not all mother-to-infant contacts involve direct interactions of the oral microbiota,
a similar observation was made in a recent study where the salivary microbiota of
romantically involved partners exhibited increasing similarity when partners kissed at
relatively high frequencies (Kort et al., 2014).

37



OTUs shared between individual mother-infant pairs (incl. different maternal
community types) mapped to a variety of taxa with on average 45% of the OTUs being
allocated to taxa typically observed in the oral microbiota (mainly members from genus
Streptococcus, but also Leptotrichia and Gemella). 38% of the OTUs mapped to taxa
usually related to gut and skin microbiota (e.g. members from genera Veillonella,
Prevotella, Bacteroides and Staphylococcus) at 48-72 h after birth, and the proportion
did not change significantly over the study period (50% vs 34%; and 50% vs 29%,
respectively for oral- vs gut/skin-related taxa at 6-8 weeks and six months after birth).

As with the results observed for infant gut microbiota, the proportion of OTUs shared
between infant oral microbiota and maternal communities of unrelated mothers was
higher than the same ration found between individual mother-infant pairs regardless of
the maternal community type (Table 9). Also, most of the OTUs observed in infant oral
microbiota were simultaneously present in several of the maternal community types,
either one’s own or unrelated mothers, and this included OTUs dominating infant oral
microbiota (mapped to genus Streptococcus). There were only on average 9% of infant
oral OTUs belonging to a variety of taxa that were exclusively shared with one’s mother
and not with unrelated mothers.

Table 9. The proportion of OTUs observed in infant gut microbiota that was shared with mothers’
community types; average (SD) proportion of OTUs shared between mother-infant pairs; and top
3 OTUs that were shared between these observations.

Mothers’ Percentage of OTUs shared

Infant oral microbiota community 48-72h after | 6-8 weeks | Six months
type birth after birth after birth
Mothers’ gut 20% [11%)] 16% [9%] 18% [6%]
Vaginal® 21% [11%] 11% [8%]* 16% [13%)]*

Individual mother-infant pairs | Breast milk 30% [13%)] 33% [21%)] 29% [14%)

[
(average % [SD1) x:g:ary 43% [22%)] | 38% [24%] | 33% [17%]

Mothers’ oral

50% [12%]

55% [9%]

46% [10%]

Shared with unrelated
mothers (average % [SD])

Mothers’ gut

47% [15%]

37% [8%]

45% [18%]

Vaginal® 46% [14%)] | 28% [7%]1 | 43% [17%]*
Breast milk 54% [13%)] 70% [9%] 45% [20%]
ZZ;}:”V 68% [11%] | 79% [6%] 45% [17%)

Mothers’ oral

67% [9%)]

75% [12%]

60% [14%]

Y Infant gut and oral microbiota at these time points were compared to vaginal microbiota observed

in mothers before giving birth.
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5 Conclusions

The current thesis reached to the following main conclusions:

1)

Vaginal microbiota of women of reproductive age cluster into five different
community types. Also, approximately a third of the samples (28.9%) do not cluster
in any of the five groups and are characterized by heterogeneous bacterial
communities. Candida spp., which can be detected in the vaginal microbiota of
69.9% of women, is more prevalent in this community than previously recognized.
More precisely:

The vaginal microbiota of almost all women (99%) is colonized with lactobacilli,
which is consistent with the general knowledge that normal vaginal microbiota is
dominated by members from genus Lactobacillus. Nevertheless, members of genera
suggestive of a bacterial vaginosis-like microbiota (such as members from genera
Gardnerella and Atopobium) are also relatively abundant and thus, their presence is
not always indicative of a vaginal disease or symptoms. The vaginal mycobiome is
dominated by Candida spp. (mean relative abundance 0.37). The most prevalent and
abundant OTU from genus Candida colonizing vaginal microbiota is C. albicans. The
abundance of this species among women indicates that the colonization with
C.albicans is not always related to pathology.

A group of women (28.9%) harbor heterogeneous vaginal microbiota that is
characterized by lack of dominants (taxa with relative abundance higher than 0.2),
yet the high prevalence of members from genera Atopobium, Gardnerella, and
Prevotella. These women tend to have higher microbial diversity and high vaginal
pH. Moreover, there is an association between higher microbial diversity and higher
vaginal pH and additionally with the presence of malodorous vaginal discharge.
During labor and the postpartum period, bacteria associated with heterogeneous
community type seem to be overrepresented among women as only a few women
have high levels of lactobacilli colonizing the vaginal microbiota onset of labor and
Nugent score indicating a normal vaginal microbiota during the postpartum period
(during six months after delivery), which may be related to prenatal hormonal
changes (namely estrogen) that leads to a reduction in the abundance of lactobacilli.
The gut microbiota of extremely preterm infants differs considerably from full term
infants especially during the first four weeks of life. More precisely:

Extremely preterm infants harbor gut microbiota that differs from full term infants
by having low abundance or absence of members from genera Bifidobacterium
and Bacteroides throughout the first two months of life and by being dominated by
members from family Staphylococcaceae during the first weeks of life. The high
abundance of staphylococci in the gut microbiota of extremely preterm infants
during the first month of life may be the reason why there is an increased risk of
acquiring coagulase-negative staphylococcal infections in preterm neonates.
Development of the gut microbiota in extremely preterm infants goes through rapid
compositional changes (e.g. the dominance of members from family
Staphylococcaceae is replaced by the dominance of members from family
Enterobacteriaceae) and increase in microbial diversity during the first weeks of life.
The community starts to resemble the gut microbiota of full term infants over time,
which is an indication of delayed development of the gut microbiota in extremely
preterm infants.
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Factors, such as antibiotic treatment, delivery mode and feeding regimen (formula
vs breastmilk), do not seem to have an obvious effect on the development of the gut
microbiota in extremely preterm infants. Nevertheless, the impact of these factors
may be overshadowed by the combination of other factors, such as less mature
gestational age, low birth weight, and neonatal intensive care unit stay. Microbial
diversity, however, is significantly lower in infants who are fed parenterally for a
more extended period, which may be related to the nutrition deficiency in the gut
resulting from the parenteral feeding. Also, microbial diversity is significantly higher
among infants born to mothers suffering from chorioamnionitis, which may be
related to the exposure to inflammation and potential bacterial colonizers.

The gut microbiota of full term infants has low similarity with maternal community
types during the first six months of life. At the same time, infant oral microbiota has
a high resemblance to mothers’ breast milk, mammary areola, and oral microbiota.
More precisely:

The gut and oral microbiota of full term infants do not exhibit significantly greater
similarity to their own mother’s microbial communities than to unrelated mothers.
Moreover, the proportion of shared OTUs is higher with the communities of
unrelated mothers than between individual mother-infant pairs. The biological
significance of this observation is unknown, but it may indicate to the shortcoming
of 16S rRNA gene sequencing in the context of this analysis, because it is unlikely
that this method enables to identify taxa on the lower taxonomic level than genus
and, thus, take into account variation observed at species or strain level.

None of the maternal community types stands out as a potential primary source of
bacteria to the infant gut microbiota. The highest proportion of OTUs shared
between infant gut microbiota, and his or her mother’s community types is shared
with mother’s gut microbiota (32%), but this proportion is similar with mother’s oral
and mammary areola microbiota, which indicates that when considering the
possible transfer of microbes from a specific maternal microbial community, only a
fraction of microbes has the likelihood of being vertically transferred. A relatively
high proportion of OTUs shared with mother’s oral and mammary areola microbiota
may be related to the fact that majority of the participating infants were born via
C-section as C-section infants tend to be enriched with bacteria typically know to be
of skin and mouth origin. Also, C-section birth can be attributable for the failure to
observe possible mother-to-infant transmission of members from Bifidobacterium
as the frequency of transmission of these bacteria in C-section infants tends to be
lower when compared to vaginally born infants.

The highest proportion of OTUs shared between infant oral microbiota, and his or
her mother’s community types is shared with mother’s oral microbiota (51%) which
together with high similarity indicates that constant contact between microbial
communities, probably resulting from the maternal habits of infant care, increases
their similarity.

40



References

Abrahamsson, T. R., Jakobsson, H. E., Andresson, A. F., Bjorksten, B., Engstrand, L., and
Jenmalm, M. C. (2011). Low diversity of the gut microbiota in infants with atopic eczema.
J Allergy Clin Immunol 129, 434-440.

Abrahamsson, T. R., Jakobsson, H. E., Andersson, A. F., Bjérksten, B., L. Engstrand, L., and
M. C. Jenmalm, M. C. (2014). Low gut microbiota diversity in early infancy
precedes asthma at school age. Clin Exp Allergy 44, 842—850.

Adlerberth, I. & Wold A. E. (2009). Establishment of the gut microbiota in Western
infants. Acta Paediatr 98, 229-238.

Aloisio, ., Mazzola, G., Corvaglia, L. T, Tonti, G., Faldella, G., Biavati, B., and Di Gioia, D.
(2014). Influence of intrapartum antibiotic prophylaxis against group B
Streptococcus on the early newborn gut composition and evaluation of the anti-
Streptococcus activity of Bifidobacterium strains. Appl Microbiol Biotechnol 98,
6051-6060.

Amsel, R., Totten, P. A., Spiegel, C. A., Chen, K. C. S., Eschenbach, D. A., and Holmes, K. K.
(1983). Nonspecific vaginitis: diagnostic criteria and epidemiologic associations.
Am J Med 74, 14-22.

Asnicar, F., Manara, S., Zolfo, M., Truong, D. T., Scholz, M., Armanini, F., Ferretti, P.,
Gorfer, V., Pedrotti, A., Tett, A.,, and Segata, N. (2017). Studying vertical
microbiome transmission from mothers to infants by strain-level metagenomic
profiling. mSystems 2, e00164-16.

Arboleya, S., Binetti, A., Salazar, N., Fernandez, N., Solis, G., Hernandez-Barranco, A.,
Margolles, A., de los Reyes-Gavilan, C. G., and Gueimonde, M. (2012a).
Establishment and development of intestinal microbiota in preterm neonates.
FEMS Microbiol Ecol 79, 763-772.

Arboleya, S., Ang, L., Margolles, A., Yiyuan, L., Dongya, Z., Liang, X., Solis, G., Fernandez,
N., de los Reyes-Gavilan, C. G., and Gueimonde, M. (2012b). Deep 16S rRNA
metagenomics and quantitative PCR analyses of the premature infant fecal
microbiota. Anaerobe 18, 378-380.

Arboleya, S., Sdnchez, B., Milani, S., Duranti, S., Solis, G., Fernandez, N., de los Reyes-
Gavilan, C. G., Ventura, M., Margolles, A., and Gueimonde, M. (2015). Intestinal
Microbiota Development in Preterm Neonates and Effect of Perinatal
Antibiotics. J Pediatr 166, 538-544.

Arboleya, S., Martinez-Camblor, P., Solis, G., Suarez, M., Fernandez, N., de los Reyes-
Gavilan, C. G., and Gueimonde, M. (2017). Intestinal microbiota and weight-gain
in preterm neonates. Front Microbiol 8, 183.

Arike, L., Holmén-Larsson, J., and Hansson, G. C. (2017). Intestinal Muc2 mucin
O-glycosylation is affected by microbiota and regulated by differential
expression of glycosyltranferases. Glycobiology 27, 318-328.

Arumugam, M., Raes, J., Pelletier, E., Le Paslier, D., Yamada, T., Mende, D. R., Fernandes, G. R.,
Tap, J., Bruls, T., Batto, J.-M., Bertalan, M., Borruel, N., Casellas, F., Fernandez, L.,
Gautier, L., Hansen, T., Hattori, M., Hayashi, T., Kleerebezem, M., Kurokawa, K.,
Leclerc, M., Levenez, F., Manichanh, C., Nielsen, H. B., Nielsen, T., Pons, N.,
Poulain, J., Qin, J., Sicheritz-Ponten, T., Tims, S., Torrents, D., Ugarte, E.,
Zoetendal, E. G., Wang, J., Guarner, F., Pedersen, O., de Vos, W. M., Brunak, S.,
Doré, J., Weissenbach, J., Ehrlich, S. D., and Bork, P. (2011). Enterotypes of the
human gut microbiome. Nature 473, 174-180.

41



Aujoulat, F., Roudiére, L., Picaud, J.-C., Jacquot, A., Filleron, A., Neveu, D., Baum, T.-P.,
Marchandin, H., and Jumas-Bilak, E. (2014). Temporal dynamics of the very
premature infant gut dominant microbiota. BMC Microbiol 14, 325.

Avershina, E., Slangsvold, S., Simpson, M. R., Storrg, O., Johnsen, R., @ien, T., and Rudi, K.
(2017). Diversity of vaginal microbiota increases by the time of labor onset.
Sci Rep 7, 17558.

Azad, M. B., Konya, T., Maughan, H., Guttman, D. S, Field, C. J., Chari, R. S., Sears, M. R.,
Becker, A. B., Scott, J. A, and Kozyrskyj, A. L. (2013). Gut microbiota of healthy
Canadian infants: profiles by mode of delivery and infant diet at 4 months. CMA)J
185, 385-394.

Ballard, O., and Morrow, A. L. (2013). Human Milk Composition: Nutrients and Bioactive
Factors. Pediatr Clin North Am 60, 49-74.

Barcenilla, A., Pryde, S. E., Martin, J. C., Duncan S. H., Stewart C. S., Henderson, C., and
Flint, H. J. (2000). Phylogenetic relationships of butyrate-producing bacteria
from the human gut. Appl Environ Microbiol 66, 1654—1661.

Barrett, E., Kerr, C., Murphy, K., O'Sullivan, O., Ryan, C. A., Dempsey, E. M., Murphy, B.
P., O'Toole, P. W., Cotter, P. D., Fitzgerald, G. F., Ross, R. P., and Stanton, C.
(2013). The individual-specific and diverse nature of the preterm infant
microbiota. Arch Dis Child Fetal Neonatal Ed 98, F283—F283.

Bergstrom, A., Skov, T. H., Bahl, M. I., Roager, H. M., Christensen, L. B., Ejlerskov, K. T.,
Mglgaard, C., Michaelsen, K. F., and Licht, T. R. (2014). Establishment of
Intestinal Microbiota during Early Life: a Longitudinal, Explorative Study of a
Large Cohort of Danish Infants. Appl Environ Microbiol 80, 2889-2900.

Bezirtzoglou, E., Tsiotsias, A., and Welling, G. W. (2011). Microbiota profile in feces of
breast- and formula-fed newborns by using fluorescence in situ hybridization
(FISH). Anaerobe 17, 478-482.

Betran, A. P,, Ye, J., Moller, A.-B., Zhang, J., Gllmezoglu, A. M., and Torloni M. R. (2016).
The Increasing Trend in Caesarean Section Rates: Global, Regional and National
Estimates: 1990-2014. PLoS ONE 11, e0148343.

Biasucci, G., Rubini, M., Riboni, S., Morelli, L., Bessi, E., and Retetangos, C. (2010). Mode
of delivery affects the bacterial community in the newborn gut. Early Hum Dev
86, 13-15.

Bisgaard, H., Li, N., Bonnelykke, K., Chawes, B. L. C., Skov, T., Paludan-Muller, G.,
Stokholm, J., Smith, B., and Krogfelt, K. A. (2011). Reduced diversity of the
intestinal microbiota during infancy is associated with increased risk of allergic
disease at school age. J Allergy Clin Immunol 128, 646—652.

Blekhman, R., Goodrich, J. K., Huang, K., Sun, Q., Bukowski, R., Bell, J. T., Spector, T. D.,
Keinan, A., Ley, R. E., Gevers, D., and Clark, A. G. (2015). Host genetic variation
impacts microbiome composition across human body sites. Genome Biol 16, 191.

Blencowe, H., Cousens, S., Oestergaard, M. Z., Chou, D., Moller, A.-B., Narwal, R., Adler, A.,
Garcia, C. V., Rohde, S., Say, L., and Lawn, J. E. (2012). National, regional, and
worldwide estimates of preterm birth rates in the year 2010 with time trends
since 1990 for selected countries: a systematic analysis and implications. Lancet
379, 2162-2172.

Bokulich, N. A., Chung, J., Battaglia, T., Henderson, N., Jay, M., Li, H., Lieber, A., Wu, F.,
Perez-Perez, G. ., Chen, Y., Schweizer, W., Zheng, X., Contreras, M., Dominguez-
Bello, M. G., and Blaser, M. J. (2016). Antibiotics, birth mode, and diet shape
microbiome maturation during early life. Sci Transl Med 8, 343ra82.

42



Butel, M.-J., Suau, A., Campeotto, F., Magne, F., Aires, J., Ferraris, L., Kalach, N., Leroux,
B., Dupont, C. (2007). Conditions of bifidobacterial colonization in preterm
infants: a prospective analysis. ) Pediatr Gastroenterol Nutr 44, 577-582.

Backhed, F., Roswall, J., Peng, Y., Feng, Q., Jia, H., Kovatcheva-Datchary, P., Li, Y., Xia, Y.,
Xie, H., Zhong, H., Khan, M. T., Zhang, J., Li, J., Xiao, L., Al-Aama, J., Zhang, D.,
Lee, Y. S., Kotowska, D., Colding, C., Tremaroli, V., Yin, Y., Bergman, S., Xu, X.,
Madsen, L., Kristiansen, K., Dahlgren, J., and Wang, J. (2015). Dynamics and
stabilization of the human gut microbiome during the first year of life. Cell Host
Microbe 17, 690-703.

Chang, P. V., Hao, L., Offermanns, S., and Medzhitov, R. (2014). The microbial metabolite
butyrate regulates intestinal macrophage function via histone deacetylase
inhibition. PNAS 111, 2247-2252.

Chelakkot, C., Choi, Y., Kim, D-K., Park, H. T., Ghim, J., Kwon, Y., Jeon, J., Kim, M-S.,
Jee, Y-K., Gho, Y. S., Park, H-S., Kim, Y-K., and Ryu, S. H. (2018). Akkermansia
muciniphila-derived extracellular vesicles influence gut permeability through
the regulation of tight junctions. Exp Mol Med 50, e450.

Cheng, J., Ringel-Kulka, T., Heikamp-de Jong, I., Ringel, Y., Carroll, I., de Vos, W. M.,
Salojarvi, J., and Satokari, R. (2016). Discordant temporal development of
bacterial phyla and the emergence of core in the fecal microbiota of young
children. ISME J 10, 1002-1014.

Chernikova, D. A., Madan, J. C., Housman, M. L., Zain-ul-abideen, M., Lundgren, S. N.,
Morrison, H. G., Sogin, M. L., Williams, S. M., Moore, J. H., Karagas, M. R., and
Hoen, A. G. (2018). The premature infant gut microbiome during the first 6
weeks of life differs based on gestational maturity at birth. Pediatr Res 84,
71-79.

Chu, D. M., Ma, J., Prince, A. L., Antony, K. M., Seferovic, M. D., and Aagaard, K. M. (2017).
Maturation of the infant microbiome community structure and function across
multiple body sites and in relation to mode of delivery. Nat Med 23, 314-326.

Claud, E. C., Keegan, K. P., Brulc, J. M., Lu, L., Bartels, D., Glass, E., Chang, E. B., Meyer, F.,
and Antonopoulos, D. A. (2013). Bacterial community structure and functional
contributions to emergence of health or necrotizing enterocolitis in preterm
infants. Microbiome 1, 20.

Comelli, E. M., Simmering, R., Faure, M., Donnicola, D., Mansourian, R., Rochat, F.,
Corthesy-Theulaz, I., Cherbut, C. (2007). Multifaceted transcriptional regulation
of the murine intestinal mucus layer by endogenous microbiota. Genomics 91,
70-77.

Corvaglia, L., Tonti, G., Martini, S., Aceti, A., Mazzola, G., Aloisio, 1., Di Gioia, D., and
Faldella, G. (2016). Influence of intrapartum antibiotic prophylaxis for group B
Streptococcus on gut microbiota in the first month of life. JPGN 62, 304—-308.

Coyte, K. Z., Schluter, J., and Foster K. R. (2015). The ecology of the microbiome:
Networks, competition, and stability. Science 350, 663—666.

De Vadder, F., Kovatcheva-Datchary, P., Goncalves, D., Vinera, J., Zitoun, C., Duchampt,
A., Backhed, F., and Mithieux, G. (2014). Microbiota-generated metabolites
promote metabolic benefits via gut-brain neural circuits. Cell 156, 84-96.

DiGiulio, D. B., Callahan, B. J., McMurdie,P. J., Costello, E. K., Lyell, D. J., Robaczewska, A.,
Sun, C. L., Goltsman, D. S. A., Wong, R. J.,, Shaw, G., Stevenson, D. K., Holmes, S.
P., and Relman, D. A. (2015). Temporal and spatial variation of the human
microbiota during pregnancy. PNAS 112, 11060-11065.

43



Di Renzo, G. C., Melin, P., Berardi, A., Blennow, M., Carbonell-Estrany, X., Donzelli, G. P.,
Hakansson, S., Hod, M., Hughes, R., Kurtzer, M., Poyart, C., Shinwell, E.,
Stray-Pedersen, B., Wielgos, M., and El Helali, N. (2014). Intrapartum GBS
screening and antibiotic prophylaxis: a European consensus conference.
J Matern Fetal Neonatal Med 28, 766—782.

Dogra, S., Sakwinska, O., Soh, S.-E., Catherine Ngom-Bru, C., Wolfram M. Briick, W. M.,
Bernard Berger, B., Harald Briissow, H., Yung Seng Lee, Y. S., Fabian Yap, F.,
Yap-Seng Chong, Y.-S., Keith M. Godfrey, K. M., and Joanna D. Holbrook, J. D.
(2015). Dynamics of Infant Gut Microbiota Are Influenced by Delivery Mode and
Gestational Duration and Are Associated with Subsequent Adiposity. mBio 6,
e02419-14.

Dominguez-Bello, M. G., Costello, E. K., Contreras, M., Magris, M., Hidalgo, G., Fierer, N.,
and Knight, R. (2010). Delivery mode shapes the acquisition and structure of the
initial microbiota across multiple body habitats in newborns. PNAS 107,
11971-11975.

Dominguez-Bello, M. G., De Jesus-Laboy, K. M., Shen, N., Cox, L. M., Amir, A,,
Gonzalez, A., Bokulich, N. A., Song, S. J., Hoashi, M., Rivera-Vinas, J. I.,
Mendez, K., Knight, R., and Clemente, J. C. (2016). Partial restoration of the
microbiota of cesarean-born infants via vaginal microbial transfer. Nat Med 22,
250-253.

Donders, G. G. G. (2007). Definition and classification of abnormal vaginal flora. Best
Pract Res Cl Ob 21, 355-373.

Donders, G. G. G., Van Calsteren, K., Bellen, G., Reybrouck, R., Van den Bosch, T.,
Riphagen, I., and Van Lierdee, S. (2009). Predictive value for preterm birth of
abnormalvaginal flora, bacterial vaginosis and aerobic vaginitis during the first
trimester of pregnancy. BJOG 116, 1315-1324.

Eggesb@, M., Moen, B., Peddada, S., Baird, D., Rugtveit, J., Midtvedt, T., Bushel, P. R.,
Sekelja, M., and Rudi, K. (2011). Development of gut microbiota in infants not
exposed to medical interventions. APMIS 119, 17-35.

Fallani, M., Young, D., Scott, J., Norin, E., Amarri, S., Adam, R., Aguilera, M., Khanna, S.,
Gil, A, Edwards, C. A., and Dore, J. (2010). Intestinal microbiota of 6-week-old
infants across Europe: geographic influence beyond delivery mode, breast-
feeding, and antibiotics. JPGN 51, 77-84.

Fallani, M., Amarri, S., Uusijarvi, A., Adam, R., Khanna, S., Aguilera, M., Gil, A., Vieites, J. M.,
Norin, E., Young, D., Scott, J. A, Dore, J.,, and Edwards, C. A. (2011).
Determinants of the human infant intestinal microbiota after the introduction
of first complementary foods in infant samples from five European centres.
Microbiology 157, 1385-1392.

Farr, A., Kiss, H., Holzer, I., Husslein, P., Hagmann, and Petricevic, L. (2015). Effect of
asymptomatic vaginal colonization with Candida albicans on pregnancy
outcome. Acta Obstet Gynecol Scand 94, 989-996.

Fernandez, L., Langa, S., Martin, V., Maldonado, A., Jiménez, E., Martin, R., and
Rodriguez, J. M. (2013). The human milk microbiota: Origin and potential roles
in health and disease. Pharmacol Res 69, 1-10.

44



Ferretti, P., Pasolli, E., Tett, A., Ansicar, F., Gorfer, V., Fedi, S., Armanini, F., Truong, D. T.,
Manara, S., Zolfo, M., Beghini, F., Bertorelli, R., De Sanctis, V., Bariletti, I.,
Canto, R., Clementi, R., Cologna, M., Crifo, T., Cusumano, G., Gottardi, S.,
Innamorati, C., Mase, C., Postai, D., Savoi, D., Duranti, S., Lugli, G. A., Mancabelli, L.,
Turroni, F., Ferrario, C., Milani, C., Mangifesta, M., Anzalone, R., Viappiani, A.,
Yassour, M., Vlamakis, H., Xavier, R., Collado, C. M., Koren, O., Tateo, S., Soffiati, M.,
Pedrotti, A., Ventura, M., Huttenhower, C., Bork, P., and Segata, N. (2018).
Mother-to-infant microbial transmission from different body sites shapes the
developing infant gut microbiome. Cell Host Microbe 24, 133-145.e5.

Forsgren, M., Isolauri, E., S Salminen, S., and Rautava, S. (2017). Late preterm birth has
direct and indirect effects on infant gut microbiota development during the first
six months of life. Acta Paediatr 106, 1103—-11009.

Fouhy, F., Guinane, C. M., Hussey, S., Wall, R., Ryan, C. A, Dempsey, E. M.,
Murphy, B., Ross, R. P., Fitzgerald, G. F., Stanton, C., and Cotter, P. D. (2012).
High-throughput sequencing reveals the incomplete, short-term, recovery of
the infant gut microbiota following parenteral antibiotic treatment with
ampicillin and gentamycin. Antimicrob Agents Chemother 56, 5811-5820.

Frank, J. A, Reich, C. I., Sharma, S., Weisbaum, J. S., Wilson, B. A., and Olsen, G. J. (2008).
Critical Evaluation of Two Primers Commonly Used for Amplification of Bacterial
16S rRNA Genes. Appl Environ Microbiol 74, 2461-2470.

Fredricks, D. N., Fiedler, T. L., and Marrazzo, J. M. (2005) Molecular identification of
bacteria associated with bacterial vaginosis. N Engl J Med 353, 1899-1911.

Freitas, A. C., Bocking, A., Hill, J. E., Money, D. M., and the VOGUE Research Group.
(2018). Increased richness and diversity of the vaginal microbiota and
spontaneous preterm birth. Microbiome 6, 117.

Furusawa, Y., Obatal, Y., Fukuda, S., Endo, T. A., Nakato, G., Takahashi, D., Nakanishi, Y.,
Uetake, C., Kato, K., Kato, T., Takahashi, M., Fukuda, N. N., Murakami, S.,
Miyauchi, E., Hino, S., Atarashi, K., Onawa, S., Fujimura, Y., Lockett, T., Clarke, J.
M., Topping, D. L., Tomita, M., Hori, S., Ohara, O., Morita, T., Koseki, H.,
Kikuchi, J., Honda, K., Hase, K., and Ohno, H. (2013). Commensal microbe-
derived butyrate induces the differentiation of colonic regulatory T cells.
Nature 504, 446-450.

Gajer, P., Brotman, R. M., Bai, G., Sakamoto, J., Schiitte, U. M. E., Zhong, X., Koenig, S.S. K.,
Fu, L., Ma, Z. Zhou, X., Abdo, Z., Forney, L. J., and Ravel, J. (2012). Temporal
Dynamics of the Human Vaginal Microbiota. Sci Transl Med 4, 132ra52.

Gibson, M. K., Wang, B., Ahmadi, S., Burnham, C.-A. D., Tarr, P. |, Warner, B. B., and
Dantas, G. (2016). Developmental dynamics of the preterm infant gut
microbiota and antibiotic resistome. Nat Microbiol 1, 16024.

Goodrich, J. K., Waters, J. L., Poole, A. C., Sutter, J. L., Koren, O., Blekhman, R., Beaumont, M.,
Van Treuren, W., Knight, R., Bell, J. T., Spector, T. D, Clark, A. G., and Ley, R. E.
(2014). Human genetics shape the gut microbiome. Cell 159, 789-799.

Goodrich, J. K., Davenport, E. R., Beaumont, M., Jackson, M. A., Knight, R., Ober, C.,
Spector, T. D., Bell, J. T, Clark, A. G., and Ley, R. E. (2016). Genetic Determinants
of the Gut Microbiome in UK Twins. Cell Host Microbe 19, 731-743.

Greenwood, C., Morrow, A. L., Lagomarcino, A. J., Altaye, M., Taft, D. H., Yu, Z., Newburg,
D. S., Ward, D.V., and Schibler, K. R. (2014). Early empiric antibiotic use in
preterm infants is associated with lower bacterial diversity and higher relative
abundance of Enterobacter. J Pediatr 165, 23-29.

45



Gueimonde, M., Laitinen, K., Salminen, S., and Isolauri, E. (2007). Breast Milk: A Source
of Bifidobacteria for Infant Gut Development and Maturation? Neonatology 92,
64—66.

Haque, M. M., Merchant, M., Kumar, P. N., Dutta, A., and Mande, S. S. (2017). First-
trimester vaginal microbiome diversity: A potential indicator of preterm delivery
risk. Sci Rep 7, 16145.

Harmsen, H. J. M., Wildeboer—Veloo, A. C. M., Raangs, G. C., Wagendorp, A. A, Klijn, N.,
Bindels, J. G., and Welling, G. W. (2000). Analysis of intestinal flora development
in breast-fed and formula-fed infants by using molecular identification and
detection methods. J Pediatr Gastroenterol Nutr 30, 61-67.

Hsieh, C-Y., Osaka, T., Moriyama, E., Date, Y., Kikuchi, J., and Tsuneda, S. (2015).
Strengthening of the intestinal epithelial tight junction by Bifidobacterium
bifidum. Physiol Rep 3, e12327.

Holzer, I., Farr, A., Kiss, H., Hagmann, M., and Petricevic, L. (2017). The colonization with
Candida species is more harmful in the second trimester of pregnancy. Arch
Gynecol Obstet 295, 891-895.

Hunt K. M., Foster J. A., Forney L. J., Schutte U. M. E., Beck D. L., Abdo, Z., Fox, L. K.,
Williams, J. E., McGuire, M. K., and McGuire, M. A. (2011) Characterization of
the Diversity and Temporal Stability of Bacterial Communities in Human Milk.
PLoS ONE 6, €21313.

Ismail, I. H., Oppedisano, F., Joseph, S. J., Boyle, R. J., Licciardi, P. V., Robins-Browne, R. M.,
and Tang, M. L. K. (2012). Reduced gut microbial diversity in early life is
associated with later development of eczema but not atopy in high-risk infants.
Pediatr Allergy Immunol 23, 674—681.

Jakobsson, H. E., Abrahamsson, T. R., Jenmalm, M. C., Harris, K., Quince, C., Jernberg, C.,
Bjorkstén, B., Engstrand, L., and Andersson, A. F. (2014). Decreased gut
microbiota diversity, delayed Bacteroidetes colonisation and reduced Thil
responses in infants delivered by Caesarean section. Gut 0, 1-8.

Jakobsson, H. E., Rodriguez-Pifeiro, A. M., Schiitte, A., Ermund, A., Boysen, P., Bemark, M.,
Sommer, F., Backhed, F., Hansson, G. C., and Johansson, M. E. V. (2015).
The composition of the gut microbiota shapes the colon mucus barrier. EMBO
Rep 16, 164-177.

Jacquot, A., Neveu, D., Aujoulat, F., Mercier, G., Marchandin, H., Jumas-Bilak, E., and
Picaud, J.-C. (2010). Dynamics and clinical evolution of bacterial gut microflora
in extremely premature patients. J pediatr 158, 390-396.

Jost, T., Lacroix, C., Braegger, C. P., Rochat, F., and Chassard, C. (2014). Vertical mother—
neonate transfer of maternal gut bacteria via breastfeeding. Environ Microbiol
16, 2891-2904.

Klaassens, E. S., Boesten, R. J., Haarman, M., Knol, J., Schuren, F. H., Vaughan, E. E., and
de Vos, W. M. (2009). Mixed-species genomic microarray analysis of fecal
samples reveals differential transcriptional responses of bifidobacteria in
breast- and formula-fed infants. Appl Environ Microbiol 75, 2668—2676.

Koenig, J. E., Spor, A., Scalfone, N., Fricker, A. D., Stombaugh, J., Knight, R., Angenent, L. T.,
and Ley, R. E. (2011). Succession of microbial consortia in the developing infant
gut microbiome. Proc Natl Acad Sci U S A, 108, 4578—85.

Konstantinidis, K. T. & Tiedje, J. M. (2007). Prokaryotic taxonomy and phylogeny in the
genomic era: advancements and challenges ahead. Curr Opin Microbiol. 10,
504-509.

46



Korpela, K., Blakstad, E. W., Moltu, S. J., Stremmen, K., Nakstad, B., Rgnnestad, A. E.,
Brazkke, K., Iversen, P. O., Drevon, C. A., and de Vos, W. (2018a). Intestinal
microbiota development and gestational age in preterm neonates. Sci Rep 8,
2453,

Korpela, K., Costea, P., Coelho, L. P., Kandels-Lewis, S., Willemsen, G., Boomsma, D. 1.,
Segata, N., and Bork, P. (2018b). Selective maternal seeding and environment
shape the human gut microbiome. Genome Res 28, 561-568.

Kort, R., Caspers, M., van de Graaf, A., van Egmond, W., Keijser, B., Roeselers, G. (2014).
Shaping the oral microbiota through intimate kissing. Microbiome 2, 41.

Kuppala, V. S., Meinzen-Derr, J., Morrow, A. L., and Schibler, K. R. (2011). Prolonged Initial
Empirical Antibiotic Treatment is Associated with Adverse Outcomes in
Premature Infants. J Pediatr 159, 720-725.

La Rosa, P. S., Warner, B. B, Zhou, Y., Weinstock, G. M., Sodergren, E., Hall-Moore, C. M.,
Stevens, H. J., Bennett, W. E., Shaikh, N., Linneman, L. A,, Hoffmann, J. A,
Hamvas, A., Deych, E., Shands, B. A., Shannon, W. D., and Tarr, P. |. (2014).
Patterned progression of bacterial populations in the premature infant gut.
PNAS 111, 12522-12527.

LaTuga, M. S,, Ellis, J. C., Cotton, C. M., Goldberg, R. N., Wynn, J. L., Jackson, R. B., and
Seed, P. C. (2011). Beyond bacteria: a study of the enteric microbial consortium
in extremely low birth weight infants. PLoS ONE 6, e27858.

Leitich, H., Bodner-Adler, B., Brunbauer, M., Kaider, A., Egarter, C., and Husslein, P.
(2003). Bacterial vaginosis as a risk factor for preterm delivery: a meta-analysis.
Am J Obstet Gynecol 189, 139-147.

Leitich, H., and Kiss H. (2007). Asymptomatic bacterial vaginosis and intermediate flora
as risk factors for adverse pregnancy outcome. Best Pract Res Clin Obstet
Gynaecol 21, 375-390.

Li, M., Wang, B., Zhang, M., Rantalainen, M., Wang, S., Zhou, H., Zhang, Y., Shen, J., Pang,
X., Zhang, M., Wei, H., Chen, Y., Lu, H., Zuo, J., Su, M., Qiu, Y., Jia, W., Xiao, C.,
Smith, L. M., Yang, S., Holmes, E., Tang, H., Zhao, G., Nicholson, J. K., Li, L., and
Zhao, L. (2008).Symbiotic gut microbes modulate human metabolic
phenotypes. PNAS 105, 2117-2122.

Liu, L., Johnson, H. L., Cousens, S., Perin, J., Scott, S., Lawn, J. E., Rudan, |., Campbell, H.,
Cibulskis, R., Li, M., Mathers, C., and Black, R. E. (2012). Global, regional, and
national causes of child mortality: an updated systematic analysis for 2010 with
time trends since 2000. Lancet 379, 2151-2161.

Lloyd-Price, J., Mahurkar, A., Rahnavard, G., Crabtree, J., Orvis, J., Hall, A. B., Brady, A.,
Creasy, H. H., McCracken, C., Giglio, M. G., McDonald, D., Franzosa, E. A., Knight,
R., White, 0., and Huttenhower, C. (2017). Strains, functions, and dynamics in
the expanded Human Microbiome Project. Nature 550, 61-66.

Louis, P., Young, P., Holtrop, G., and Flint, H. J. (2010). Diversity of human colonic
butyrate-producing bacteria revealed by analysis of the butyryl-CoA:acetate
CoA-transferase gene. Environ Microbiol 12, 304-314.

Louis, P., and Flint, H. J. (2017). Formation of propionate and butyrate by the human
colonic microbiota. Environ microbiol 19, 29-41.

Maclintyre, D. A., Chandiramani, M., Lee, Y. S., Kindinger, L., Smith, A., Angelopoulos, N.,
Lehne, B., Arulkumaran, S., Brown, R., Teoh, T. G., Holmes, E., Nicoholson, J. K.,
Marchesi, J. R., and Bennett, P. R. (2015). The vaginal microbiome during
pregnancy and the postpartum period in a European population. Sci Rep 5, 8988.

47



Madan, J. C,, Salari, R. C., Saxena, D., Davidson, L., O'Toole, G. A., Moore, J. H., Sogin, M. L.,
Foster, J. A., Edwards, W. H., Palumbo, P., and Hibberd, P. H. (2012). Gut
microbial colonisation in premature neonates predicts neonatal sepsis. Arch Dis
Child Fetal Neonatal Ed 97, F456—F462.

Magnusdéttir, S., Ravcheev, D., de Crécy-Lagard, V., and Thiele, I. (2015). Systematic
genome assessment of B-vitamin biosynthesis suggests co-operation among gut
microbes. Front Genet 6, 148.

Mai, V., Torrazza, R. M., Ukhanova, M., Wang, X., Sun, Y., Li, N., Shuster, J., Sharma, R.,
Hudak, M. L., and Neu, J. (2013). Distortions in development of intestinal
microbiota associated with late onset sepsis in preterm infants. PLoS ONE 8,
e52876.

Makino, H., Kushiro, A., Ishikawa, E., Muylaert, D., Kubota, H., Sakai, T., Qishi, K.,
Martin, R., Ben-Amor, K., Oozeer, R., Knol, J.,, and Tanaka, R. (2011).
Transmission of intestinal Bifidobacterium longum subsp. longum strains from
mother to infant, determined by Multilocus Sequencing Typing and Amplified
Fragment Length Polymorphism. Appl Environ Microbiol 77, 6788—6793.

Makino, H., Kushiro, A., Ishikawa, E., Kubota, H., Gawad, A., Sakai, T., Oishi, K.,
Martin, R., Ben-Amor, K., Knol, J., and Tanaka, R. (2013). Mother-to-infant
transmission of intestinal bifidobacterial strains has an impact on the early
development of vaginally delivered infant’s microbiota. PLoS ONE 8, e78331.

March of Dimes, PMNCH, Save the Children, WHO. Born Too Soon: The Global Action
Report on Preterm Birth. Eds Howson, C.P., Kinney, M. V., and Lawn, J. E. World
Health Organization. Geneva, 2012.

Marcobal, A., Barboza, M., Froehlich, J. W., Block, D. E., German, J. B., Lebrilla, C. B., and
Mills, D. A. (2010). Consumption of Human Milk Oligosaccharides by Gut-
Related Microbes. J Agric Food Chem 58, 5334-5340.

Mazzola, M., Murphy, K., Ross, R. P., Di Gioia, D., Biavati, B., Corvaglia, L. T., Faldella, G.,
and Stanton, C. (2016). Early gut microbiota perturbations following
intrapartum antibiotic prophylaxis to prevent broup B streptococcal disease.
PLoS ONE 11, e0157527.

Mikamo, H., Sato, Y., Hayasaki, Y., Hua, Y. X., and Tamaya, T. (2000). Vaginal microflora
in healthy women with Gardnerella vaginalis. J Infect Chemother 6, 173-177.

Milani, C., Turroni, F., Duranti, S., Lugli, G. A., Mancabelli, L., Ferrario, C., van Sinderen,
D., and Ventura. M. (2016). Genomics of the genus Bifidobacterium reveals
species-specific adaptation to the glycan-rich gut environment. Appl Environ
Microbiol 82, 980-991.

Moles, L., Gdmez, M., Heilig, H., Bustos, G., Fuentes, S., de Vos, W., Fernandez, L.,
Rodriguez, J. M., and Jiménez, E. (2013). Bacterial diversity in meconium of
preterm neonates and evolution of their fecal microbiota during the first month
of life. PLoS ONE 8, e66986.

Morrow, A. L., Lagomarcino, A. J., Schibler, K. R., Taft, D. H., Yu, Z., Wang, B., Altaye, M.,
Wagner, M., Gevers, D., Ward, D. V., Kennedy, M. A., Huttenhower, C., and
Newburg, D. S. (2013). Early microbial and metabolomic signatures predict later
onset of necrotizing enterocolitis in preterm infants. Microbiome 1, 13.

Nagpal, R., Kurakawa, T., Tsuji, H., Takahashi, T., Kawashima, K., Nagata, S., Nomoto, K.,
and Yamashiro, Y. (2017). Evolution of gut Bifidobacterium population in
healthy Japanese infants over the first three years of life: a quantitative
assessment. Sci Rep 7, 10097.

48



Nicholson, J. K., Holmes, E., Kinross, J., Burcelin, R., Gibson, G., Jia, W., and Pettersson, S.
(2012). Host-gut microbiota metabolic interactions. Science 336, 1262.

Olszak, T., An, D., Zeissig, S., Vera, M. P., Richter, J., Franke, A., Glickman, J. N.,
Siebert, R., Baron, R. M., Kasper, D. L., and Blumberg, R. S. (2012). Microbial
exposure during early life has persistent effects on natural killer T cell function.
Science 336, 489-493.

PAHO/ WHO. (2001). Guiding principles for Complementary Feeding of the Breastfed
Child.

Palmer, C., Bik, E. M., DiGiulio, D. B., Relman, D. A., and Brown, P. O. (2007). Development
of the human infant intestinal microbiota. PLoS Biol, 5:e177.

Penders, J., Thijs, C., Vink, C., Stelma, F. F., Snijders, B., Kummeling, I., van den Brandt, P. A.,
and Stobberingh, E. E. (2006). Factors influencing the composition of the
intestinal microbiota in early infancy. Pediatrics 118, 511-521.

Petricevic, L., Domig, K. J., Nierscher, F. J., Sandhofer, M. J., Fidesser, M., Krondorfer, I.,
Husslein, P., Kneifel, W., and Kiss, H. (2014). Characterisation of the vaginal
Lactobacillus microbiota associated with preterm delivery. Sci Rep 4, 5136.

Porta, A., Hsia, Y., Doerholt, K., Spyridis, N., Bielicki, J., Menson, E., Tsolia, M., Esposito, S.,
Wong, I. C. K., and Sharland, M. (2012). Comparing neonatal and paediatric
antibiotic prescribing between hospitals: a new algorithm to help international
benchmarking. J Antimicrob Chemother 67, 1278-1286.

Ravel, J., Gajer, P., Abdo, Z., Schneider, G. M., Koenig, S. S., McCulle, S. L., Karlebach, S.,
Gorle, R., Russell, J., Tacket, C. O., Brotman, R. M., Davis, C. C., Ault, K,
Peralta, L., Forney, L. J. (2011). Vaginal microbiome of reproductive-age women.
Proc Natl Acad Sci USA 108, 4680-4687.

Reichardt, N., Duncan, S. H., Young, P., Belenguer, A., McWilliam Leitch, C., Scott, K. S.,
Flint, H. J., and Louis, P. (2014). Phylogenetic distribution of three pathways for
propionate production within the human gut microbiota. ISME J 8, 1323-1335.

Rinne, M. M., Gueimonde, M., Kalliomaki, M., Hoppu, U., Salminen, S. J., and Isolauri, E.
(2005). Similar bifidogenic effects of prebiotic-supplemented partially
hydrolyzed infant formula and breastfeeding on infant gut microbiota. FEMS
Immunol Med Microbiol 43, 59-65.

Roberts, C. L., Algert, C. S., Rickard, K. L., and Morris, J. M. (2015). Treatment of vaginal
candidiasis for the prevention of preterm birth: a systematic review and meta-
analysis. Syst Rev 4, 31.

Roediger, W. E. W. (1982). Utilization of nutrients by isolated epithelial cells of the rat
colon. Gastroenterol 83, 424-429.

Rogier, E. W., Frantz, A. L., Bruno, M. E. C., Wedlund, L., Cohen, D. A., Stromberg, A. J.,
and Kaetzel, C. S. (2014). Secretory antibodies in breast milk promote long-term
intestinal homeostasis by regulating the gut microbiota and host gene
expression. PNAS 111, 3074-3079.

Romero, R., Hassan, S. S., Gajer, P., Tarca, A. L., Fadrosh, D. W., Nikita, L., Galuppi, M.,
Lamont, R. F., Chaemsaithong, P., Miranda, J., Chaiworapongsa, T., and Ravel, J.
(2014a). The composition and stability of the vaginal microbiota of normal pregnant
women is different from that of non-pregnant women. Microbiome 2, 4.

Romero, R., Hassan, S. S., Gajer, P., Tarca, A. L., Fadrosh, D. W., Bieda, J., Chaemsaithong, P.,
Miranda, J., Chaiworapongsa, T., and Ravel, J. (2014b). The vaginal microbiota
of pregnant women who subsequently have spontaneous preterm labor and
delivery and those with a normal delivery at term. Microbiome 2, 18.

49



Schluter, J., and Foster, K. R. (2012). The evolution of mutualism in gut microbiota via
host epithelial selection. PLoS Biol 10, e1001424.

Schrag, S. J., Farley, M. M., Petit, S., Reingold, A., Weston, E. J., Pondo, T., Hudson Jain,
J., and Lynfield, R. (2016). Epidemiology of invasive early-onset neonatal sepsis,
2005 to 2014. Pediatrics 138, €20162013.

Schwiertz, A., Gruhl, B., Lobnitz, M., Michel, P., Radke, M., Blaut, M. (2003). Development
of the intestinal bacterial composition in hospitalized preterm infants in
comparison with breast-fed, full-term infants. Pediatr Res 54, 393-399.

Sender, R., Fuchs, S., and Milo, R. (2016). Revised Estimates for the Number of Human
and Bacteria Cells in the Body. PLoS Biol 14, e1002533.

Singh, N., Thangaraju, M., Prasad, P. D., Martin, P. M., Lambert, N. A., Boettger, T.,
Offermanns, S., and Ganapathy, V. (2010). Blockade of dendritic cell
development by bacterial fermentation products butyrate and propionate
through a transporter (Slc5a8)-dependent inhibition of histone deacetylases.
J Biol Chem 285, 27601-27608.

Sleator, R. D. (2010). The human superorganism — Of microbes and men. Med Hypotheses
74,214-215.

Sobel, J. D. (2000). Practice guidelines for the treatment of fungal infections. For the
Mycoses Study Group. Infectious Diseases Society of America. Clin Infect Dis 30,
652.

Soeorg, H., Huik, K., Parm, U., limoja, M.-L., Metelskaja, N., Metsvaht, T., Lutsar, I. (2013).
Genetic relatedness of coagulase-negative staphylococci from gastrointestinal
tract and blood of preterm neonates with late-onset sepsis. Pediatr Infect Dis J
32,389-393.

Srinivasan, S., Hoffman, N. G., Morgan, M. T., Matsen, F. A., Fiedler, T. L., Hall, R. W.,
Ross, F. J., McCoy, C. O., Bumgarner. R,, Marrazzo, J. M., and Fredricks, D. N.
(2012). Bacterial communities in women with bacterial vaginosis: high
resolution phylogenetic analyses reveal relationships of microbiota to clinical
criteria. PLoS ONE 7, e37818.

Stam, J., van Stuijvenberg, M., Gruber, C., Mosca, F., Arslanoglu, S., Chirico, G.,
Braegger, C. P., Riedler, J., Boehm, G., and Sauer, P. J. J. (2012). Antibiotic use in
infants in the first year of life in five European countries. Acta Paediatr 101,
929-934.

Stewart, C. J.,, Marrs, E. C. L., Magorrian, S., Nelson, A., Lanyon, C., Perry, J. D,
Embleton, N. D., Cummings, S. P., and Berrington, J. E. (2012). The preterm gut
microbiota: changes associated with necrotizing enterocolitis and infection.
Acta Paediatr 101, 1121-1127.

Stewart, C. J., Marrs, E. C. L., Nelson, A., Lanyon, C., Perry, J. D., Embleton, N. D.,
Cummings, S. P., and Berrington, J. E. (2013). Development of the preterm gut
microbiome in twins at risk of necrotising enterocolitis and sepsis. PLoS ONE 8,
e73465.

Stewart, C. J., Embleton, N. D., Clements, E., Luna P. N., Smith, D. P., Fofanova, T.,
Nelson, A., Taylor, G., Orr, C. H., Petrosino, J. F., Berrington, J. E., and
Cummings, S. P. (2017a). Cesarean or vaginal birth does not impact the
longitudinal development of the gut microbiome in a cohort of exclusively
preterm infants. Front microbiol 8, 1008.

50



Stewart, C. J., Embleton, N. D., Marrs, E. C. L., Smith, D. P., Fofanova, T., Nelson, A.,
Skeath, T., Perry, J. D., Petrosino, J. F., Berrington, J. E., and Cummings, S. P.
(2017b). Longitudinal development of the gut microbiome and metabolome in
preterm neonates with late onset sepsis and healthy controls. Microbiome 5,
75.

Tanaka, S., Kobayashi, T., Songjinda, P., Tateyama, A., Tsubouchi, M., Kiyohara, C.,
Shirakawa, T., Sonomoto, K., and Nakayama, J. (2009). Influence of antibiotic
exposure in the early postnatal period on the development of intestinal
microbiota. FEMS Immunol Med Microbiol 56, 80—87.

The Human Microbiome Project Consortium. (2012). Structure, function and diversity of
the healthy human microbiome. Nature 486, 207-214.

Trosvik, P., Stenseth, N. C., and Rudi, K. (2010). Convergent temporal dynamics of the
human infant gut microbiota. ISME J 4, 151-158.

Turroni, F., Peano, C., Pass, D. A., Foroni, E., Severgnini, M., Claesson, M. J., Kerr, C.,
Hourihane, J., Murray, D., Fuligni, F., Gueimonde, M., Margolles, A., De Bellis,
G., O'Toole, P. W., van Sinderen, D., Marchesi, J. R., and Ventura, M. (2012).
Diversity of bifidobacteria within the infant gut microbiota. PLoS One 7, e36957.

Urbaniak, C., Angelini, M., Gloor, G. B., and Reid, G. (2016). Human milk microbiota
profiles in relation to birthing method, gestation and infant gender. Microbiome
4, 1.

Victora, C. G., Bahl, R., Barros, A.J. D., Franga, G. V. A., Horton, S., Krasevec, J., Murch, S.,
Sankar, M. J., Walker, N., and Rollins, N. C. (2016). Breastfeeding in the 21st
century: epidemiology, mechanisms, and lifelong effect. Lancet 387, 475—-490.

Wang, Y., Hoenig, J. D., Malin, K. J., Qamar, S., Petrof, E. O., Sun, J., Antonopoulos, D. A.,
Chang, E. B., and Claud, E. C. (2009). 16S rRNA gene-based analysis of fecal
microbiota from preterm infants with and without necrotizing enterocolitis.
ISME J 3, 944-954,

Ward, R. E., Nizeonuevo, M., Mills, D. A., Lebrilla, C. B., and German, J. B. (2007). In vitro
fermentability of human milk oligosaccharides by several strains of
bifidobacteria. Mol Nutr Food Res 51, 1398—-1405.

Ward, D. V., Scholz, M., Zolfo, M., Taft, D. H., Schibler, K. R., Tett, A., Segata, N., and
Morrow, A. L. (2016). Metagenomic sequencing with strain-level resolution
implicates uropathogenic E. coli in necrotizing enterocolitis and mortality in
preterm infants. Cell Rep 14, 2912-2924.

World Health Organization. (2013). Pocket book of hospital care for children: guidelines
for the management of common childhood illnesses, 2nd ed.

World Health Organization. (2015). WHO recommendations for the prevention and
treatment of maternal peripartum infections.

Yassour, M., Vatanen, T., Siljander, H., Himaldinen, A.-M., Harkénen, T., Ryhanen, S. J.,
Franzosa, E. A., Vlamakis, H., Huttenhower, C., Gevers, D., Lander, E. S.,
Knip, M., and Xavier R. J. (2016). Natural history of the infant gut microbiome
and impact of antibiotic treatment on bacterial strain diversity and stability.
Sci Transl Med 343, 343ra81.

Yatsunenko, T., Rey, F. E., Manary, M. J., Trehan, |., Dominguez-Bello, M. G., Contreras, M.,
Magris, M., Hidalgo, G., Baldassano, R. N., Anokhin, A. P., Heath, A. C,
Warner, B., Reeder, J., Kuczynski, J., Caporaso, J. J., Lozupone, C. A,, Lauber, C,,
Clemente, J. C., Knights, D., Knight, R., and Gordon, J. I. (2012). Human gut
microbiome viewed across age and geography. Nature 486, 222-227.

51



Zhou, X., Brown, C. G., Abdo, Z., Davis, C. C., Hansmann, M. A., Joyce, P., Foster, J. A.,
Forney, L. J. (2007). Difference in the composition of vaginal microbial
communities found in healthy caucasian and black women. ISME 1, 121-133.

Zhou, X., Hansmann, M. A,, Davis, C. C., Suzuki, H., Brown, C. J., Schiitte, U., Pierson, J. D.,
Forney, L. J. (2010). The vaginal bacterial communities of Japanese women
resemble those of women in other racial groups. FEMS Immunol Med Microbiol
58, 169-181.

Zozaya-Hinchliffe, M., Lillis, R., Martin, D. H., Ferris, M. J. (2010). Quantitative PCR
assessments of bacterial species in women with and without bacterial vaginosis.
J Clin Microbiol 48, 1812-1819.

Zwittink, R. D., van Zoeren-Grobben, D., Martin, R., van Lingen, R. A., Groot Jebbink, L. J. M.,
Boeren, S., Renes, I. B., van Elburg, R. M., Belzer, C, and Knol, J. (2017).
Metaproteomics reveals functional differences in intestinal microbiota
development of preterm infants. Mol Cell Proteomics 16, 1610-1620.

Zwittink, R. D., Renes, I. B., van Lingen, R. A., van Zoeren-Grobben, D., Konstanti, P.,
Norbruis, O. F., Martin, R., Groot Jebbink, L. J. M., Knol, J., and Belzer, C. (2018).
Association between duration of intravenous antibiotic administration and
early-life microbiota development in late-preterm infants. Eur J Clin Microbiol
Infect Dis 37, 475-483.

52



Acknowledgements

I would like to thank my supervisors, Dr Epp Sepp and professor Madis Metsis for giving
me the chance to carry out research in the interesting field of human microbiome
studies. | am grateful to both of you for the guidance, support and enormous work you
have done with the thesis. | am thankful to Dr Epp Sepp notably for being there for me
throughout my PhD studies providing help and advice whenever needed, and to
professor Madis Metsis especially for innovative ideas and unique perspective.

The publications used as the basis of the present thesis were a result of a wonderful
collaboration with several researchers to whom | am grateful for their contribution.
I would like to thank Dr Jaak Simm for all the extensive help with data analysis and
biostatistics. Thanks to you | am truly fascinated by the endless possibilities of R Project
for Statistical Computing. | would like to thank professor Andres Salumets for excellent
guidance and advice. You helped to coordinate and deliver two of the publications.
I would also like to thank Dr Lea Tummeleht, professor Irja Lutsar, Dr Jelena Stiepetova,
Dr Anu Aaspdllu and Mrs Triin Lillsaar for their significant contribution in making this
research possible.

The research projects described in the present thesis were supported and carried out
under several private and academic institutions that made this work possible:

e Centre for Biology of Integrated Systems, Tallinn University of Technology;

e Competence Centre on Reproductive Medicine and Biology Ltd. and Competence
Centre on Health Technologies Ltd.;

e Department of Microbiology, Institute of Biomedicine and Translational Medicine,
University of Tartu.

This work has been partially supported by “TUT Institutional Development Program for

2016-2022” Graduate School in Biomedicine and Biotechnology receiving funding from

the European Regional Development Fund under program ASTRA 2014-2020.4.01.16-

0032 in Estonia.

I would like to thank all the amazing colleagues with whom | had the possibility to
work together. The scientific environment we created in the Centre for Biology and
Integrated Systems in Tallinn University of Technology and BiotaP LLC that was
systematic, collaborative, and forward-looking was truly unique. | would also like to
thank all the amazing colleagues from the Department of Microbiology in University of
Tartu for their help, advice, and support.

Last but not least, | would like to thank my family and friends for their tireless support.
| would specifically like to thank my partner Indrek for all the love and support.

53



Abstract
The Effect of Maternal Microbial Communities and Preterm
Birth on the Development of Infant Gut Microbiota

The composition of the gut microbiota develops during the first years of an infant’s life,
with colonization beginning immediately after birth and the development lasting
approximately three years. There are several factors that influence the development of
the gut microbiota. These factors include mode of delivery, feeding regimen, antibiotic
treatment and preterm birth. Although the role of these factors in the development of
the gut microbiota has been studied relatively extensively, the results have been
contradictory and thus the knowledge about the effect different factors have on this
process is still inconclusive. Relatively little is also known about the mother-to-infant
transmission of microbes, which has been hypothesized to be an essential source of
microbes especially in case of vaginal birth. Studies focusing on mother-to-infant
transmission of microbes, especially using large-scale molecular methods, have only
lately been carried out and thus the knowledge is scarce.

The aim of the present thesis was to study the composition of vaginal microbiota in
reproductive-age women, to characterize the development pattern of the gut microbiota
in extremely preterm infants, and to analyze the development of infant gut microbiota
by identifying the similarities gut and oral microbiota of full term infants have with
different maternal microbial communities (intestinal, vaginal, oral, breast milk, and
mammary areola). For this reason, 16S rRNA sequencing was used to profile the vaginal
microbiota of 494 reproductive age women, the gut microbiota of altogether 59 infants
(9 were full term and 50 preterm), the oral microbiota of nine infants (all full term), and
the microbiota of variety of body sites of seven mothers.

When analyzing the composition of vaginal microbiota in women of reproductive age,
five different vaginal community types can be detected among women. In addition,
approximately a third of the vaginal microbial profiles of women do not cluster in any of
the five groups and are characterized by heterogeneous bacterial communities.
A heterogeneous vaginal microbiota is characterized by lack of dominants, yet high
prevalence of members from genera Atopobium, Gardnerella, and Prevotella. These
women also tend to have high vaginal microbial diversity and high vaginal pH which have
been also linked with a diseased state. Nevertheless, during labor and postpartum
period, bacteria associated with heterogeneous vaginal community type seem to be
overrepresented among women, which may be related to prenatal hormonal changes
(namely estrogen) that lead to reduction in the abundance of lactobacilli. Additionally,
Candida spp., which can be detected in the vaginal microbiota of approximately 70% of
women, is more prevalent in this community than previously recognized.

The gut microbiota of extremely preterm infants differs considerably from full term
infants especially during the first four weeks of life. Development of the gut microbiota
in extremely preterm infants goes through rapid compositional changes (e.g. the
dominance of members from family Staphylococcaceae is replaced by the dominance of
members from Enterobacteriaceae) and increase in microbial diversity between first
week and first month of life. The community starts to resemble the gut microbiota of full
term infants over time, which indicates to a delayed development of the gut microbiota
in extremely preterm infants. High abundance of staphylococci in the gut microbiota of
extremely preterm infants during the first month of life may be the reason why there is
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an increased risk of acquiring coagulase-negative staphylococcal infections in preterm
neonates.

The results also showed that the gut microbiota of full term infants has low similarity
with maternal community types during the first six months of life. None of the maternal
community types stand out as a potential major source of bacteria to the infant gut
microbiota as only approximately a third of the bacteria colonizing the infant gut is
shared with specific mother’s community types (more precisely with mother’s gut, oral
and mammary areola microbiota). Thus, when considering the possible transfer of
microbes from a specific maternal microbial community, only a fraction of microbes has
the likelihood of being vertically transferred. Relatively high proportion of bacteria
shared with mother’s oral and mammary areola microbiota may be related to the fact
that majority of the participating infants were born via C-section and the gut microbiota
of C-section infants tend to be enriched with bacteria typically know to be of skin and
mouth origin. Infant oral microbiota, on the other hand, has high similarity with several
of the mother’s community types (breast milk, mammary areola, and oral microbiota)
and over half of the bacteria colonizing infant oral microbiota are shared with mother’s
oral microbiota (51%), which indicates that constant contact between microbial
communities, in this case probably resulting from the maternal habits of infant care,
increases their similarity.
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Liihikokkuvote
Ema mikroobikoosluste ja enneaegse siinni moju imiku
seedetrakti mikrobioota kujunemisele

Seedetrakti mikrobioota kujunemine algab vahetult parast lapse siindi ja kestab umbes
kolm esimest eluaastat. Seda protsessi mdjutavad mitmed erinevad tegurid, millest
olulisimad on slinniviis, dieet, antibakteriaalne ravi ja enneaegsus. Kuigi nende tegurite
moju seedetrakti mikrobioota kujunemisele on uuritud suhteliselt palju, on tulemused
olnud vasturddkivad ja seetSttu on arusaam nende tegurite rollist seedetrakti
mikrobioota kujunemisprotsessis endiselt puudulik. Lisaks on senimaani ainult vdhesel
madral uuritud mikroobide tlekandumist emalt lapsele, mida peetakse Giheks peamiseks
mikroobiallikaks seedetrakti mikrobioota kujunemisprotsessis, eriti vaginaalse stinniviisi
puhul. Selle protsessi uurimisele on hakatud rohkem keskenduma alles viimasel ajal ja
see kehtib eriti uuringute kohta, kus on kasutatud molekulaarseid metoodikaid, mis
pdhinevad nukleiinhappe analiilisidel. Sellest tulenevalt saab teadmisi mikroobide
ilekande kohta praegu veel pidada ebapiisavaks.

Kaesoleva dissertatsiooni eesmargiks oli uurida reproduktiiveas naiste vaginaalset
mikrobioobikooslust, analliiisida seedetrakti mikrobioota kujunemist siligavalt
enneaegsetel imikutel ja hinnata ajaliste imikute soole ning suu mikrobioota sarnasust
ema erinevate kehapiirkondade mikrobiootaga (suu, sool, rinnapiim, nahk rinnanibu
imber, tupp). Kokku uuriti vaginaalse mikrobioota kooslust 494-| reproduktiiveas naisel,
seedetrakti mikrobioota kooslust 59 imikul (neist Uheksa olid ajalised ja 50 sligavalt
enneaegsed), suu mikrobiootat Uheksal ajalisel imikul ja erinevate kehapiirkondade
mikrobioota kooslust seitsmel emal. Uuringu Idbiviimisel kasutati 16S rRNA
sekveneerimise meetodit.

Anallitsides reproduktiiveas naiste tupe mikrobiootat, selgus, et reproduktiiveas
naiste vaginaalne mikrobioota jaguneb valdavalt viieks erinevaks koosluse tiubiks.
Sellele lisaks esineb umbes kolmandikul naistest vaginaalne mikrobioota, mida
iseloomustab heterogeenne kooslus ja mis ei kuulu mitte Gihtegi viiest eelpool mainitud
koosluse tilbist. Heterogeenset vaginaalset mikrobiootat iseloomustab dominantsete
liikide puudumine ja perekondade Atopobium, Gardnerella ja Prevotella suur
esinemissagedus. Heterogeenne vaginaalne mikrobioota on sageli ka suure bakteriaalse
mitmekesisusega ja nendel naistel on sageli kdrge vaginaalne pH, mida on varasemalt
seostatud ka vaginaalse keskkonna haigusliku seisundiga. Siiski on varasemad uuringud
naidanud, et heterogeense vaginaalse mikrobioota esinemissagedus suureneb stinnituse
ajal ja vahetult péarast sinnitust. See voib olla seotud prenataalse perioodi
hormonaalsete muutustega (peamiselt 6strogeeni taseme muutustega), mis pShjustab
laktobatsillide arvukuse languse ning sellest tulenevalt heterogeense koosluse
valjakujunemise. Lisaks vaginaalse mikrobioota bakteriaalse komponendi kirjeldamisele
tuvastasime 70%-| naistest vaginaalse mikrobioota koosluses ka seene perekonna
Candida spp. esinemise, mida esineb meie uuringu pdhjal suuremal hulgal tervetel naistel
kui varasemalt arvatud.

Slgavalt enneaegsete imikute seedetrakti mikrobioota erineb esimesel neljal
elunadalal markimisvaarselt ajaliste imikute seedetrakti mikrobiootast ning sellel
perioodil toimuvad stigavalt enneaegsete imikute seedetrakti mikrobioota kujunemise
raames jarsud koosluse muutused (nt stafiilokokkide domineerimine asendub
sugukonna Enterobacteriaceae esindajate domineerimisega), millega kaasneb ka
bakteriaalse mitmekesisuse suurenemine. Muudatuste tulemusena hakkab kooslus
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jarjest enam sarnanema ajaliste laste seedetrakti mikrobiootaga, mis viitab, et sligavalt
enneaegsete imikute seedetrakti mikrobioota kujunemine toimub vorreldes ajaliste
imikutega toenaoliselt hilinemisega. Staftilokokkide suur arvukus elu esimestel nddalatel
vOib olla pdhjuseks, miks siigavalt enneaegsete imikute puhul on suurenenud risk
haigestuda koagulaas-negatiivsete stafiilokokkide pdhjustatud infektsioonidesse.

Meie uuringu tulemused naitasid samuti, et ajaliste imikute seedetrakti mikrobioota
ei sarnane esimesel elupoolaastal ema erinevate kehapiirkondade mikroobikooslustega.
Ema seedetrakti, vaginaalse, rinnapiima, rinnanibu Umbritseva naha ja suu
mikroobikooslused ei tduse esile kui potentsiaalsed mikroobide allikad imku seedetrakti
mikrobioota kujunemise protsessis ja ainult umbes kolmandik imiku seedetrakti
koloniseerivatest bakteritest on tuvastatavad ka ema seedetrakti, suu voi rinnanibu
Umbritseva naha mikrobioota kooslustes (teiste ema koosluste puhul veelgi vahem). See
viitab sellele, et ainult vaike osa imikute seedetraktis esinevatest mikroobidest on saanud
emalt vertikaalselt Ule kanduda. Suhteliselt suur bakterite osakaal, mis on jagatud imiku
seedetrakti ja ema suu ning rinnanibu Umbritseva naha mikrobioota vahel, véib olla
seotud nende imikute siunniviisiga (enamik neist siindis keisrilGikega). Varasemad
uuringud on naidanud, et keisrilGikega stindinud imikute seedetrakti mikrobiootas on
arvukalt baktereid, mis kuuluvad suu ja naha mikroobikooslusesse. Erinevalt seedetrakti
mikrobiootast on imiku suu mikrobioota esimesel kuuel elukuul vdga sarnane ema
rinnapiima, rinnanibu imbritseva naha ja suu mikrobiootaga Ule poole imiku suud
koloniseerivatest bakteritest on jagatud ema suu mikrobioota kooslusega. See néitab
suure tdendosusega, et pidev kokkupuude (antud juhul imiku eest hoolitsemise aegne
kontakt) kahe erineva koosluse vahel suurendab nende koosluste sarnasust.
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