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Infantile wheeze and maternal gut microbes — is there

This editorial discusses the findings of the paper in this issue by N. E. Lange et al. [14], pp. 901-908.
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The human gut is estimated to harbour 700-1000 bac-
terial species numbering 10'* cells. These bacteria live
in a symbiotic balance with the host and a healthy gut
microflora is a prerequisite for a normal homeostasis of
the human. Commensal bacteria in the intestinal tract
have metabolic activities, protect the host from patho-
gen invasion and are required for intestinal epithelial
development and for the maturation of a fully compe-
tent immune system. They are also involved in the
development of oral tolerance to ingested foods. Dis-
ruption of this balance might give rise to gastrointesti-
nal diseases, such as inflammatory bowel disease and
atopic diseases.

Initially the gastrointestinal tract of a fetus is sterile.
Moreover, diversity of bacteria in meconium is very
low compared with a mature type of gut microbiota.
The maturation of the immune system requires com-
mensal microbes and no oral tolerance develops in
germ-free environments [1]. Immature fetal immune
system in the germ-free milieu of uterus is character-
ized by dominance of T helper cell type 2 signals and
weakness of T helper cell type 1 signals. The T helper
2-skewed immunity is pivotal in protecting normal
pregnancy, however, pronounced T helper type 2
responsiveness at birth predisposes for the development
of atopy [2]. Maturing of the neonatal immune system
towards non-allergy and to a fully developed T helper 1
type defence against viruses and bacteria is strongly
stimulated by commensal bacteria that are in a complex
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continuous cross-talk between with the host immune
system.

Vaginally born infants acquire microbes resembling
those found in their mother’s vagina. In contrast, a
neonate born by caesarean section is not exposed to
vaginal microbes and is first colonized by Clostridium
species or bacteria that are typically located on the
skin, such as Staphylococci. Later and less frequent col-
onization of Bifidobacteria, Bacteroides and E. coli has
been observed in children born by caesarean section
[3]. Therefore, exposure to vaginal and to perineal bac-
teria seems to be important in the early colonization of
an infant gastrointestinal tract. Furthermore, host
genetics and a plethora of environmental factors, such
as environmental microbial diversity, diet and exposure
to antibiotics may affect both maternal and infantile
gastrointestinal microbiota.

Diversity of the gut microbiota may, more than
absence or presence of certain species, be crucial to the
maturing of competent immunity. In today’s Western-
ized world, where the allergy epidemic is evident, gut
flora has changed and become poorer. The newborn gut
is rapidly colonized by Staphylococci instead of the tra-
ditional fecal enterobacteria, which are acquired later
[4]. This is in contrast to communities where greater
environmental microbial diversity prevails. For exam-
ple, Pakistani infants have a high turnover of E. coli
strains and the strains found in mothers persist in their
infants’ flora [5]. Changing bacterial strains offer a
stronger stimulus for the developing immunity and
forms the basis for the modified “hygiene hypothesis”,
where the imbalanced intestinal microbiome is linked
with allergies and autoimmune diseases. Other than rel-
ative lack of certain bacterial species, such as Bifidobac-
teria and Bacteroides, low diversity of gut microbiota
has been observed in neonates who will later develop
atopic eczema [6]. In a combined albeit heterogeneous
cohort from Gothenburg, London and Rome, no associ-
ation was found between early intestinal colonization
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of any particular commensal bacteria and development
of atopic eczema or sensitization to foods [3]. However,
in this same cohort, reduced diversity in early fecal
microbiota was found in infants who later developed
atopic eczema [7].

Interventional studies on probiotics have shed light
on the importance of early gut colonization on the
development of atopic diseases and resistance to respi-
ratory infections. Short-term prenatal administration of
probiotics to pregnant mothers has modulated the colo-
nization of neonatal gastrointestinal tract with benefi-
cial Bifidobacteria. However, such intervention has
failed to have any effect on the diversity of the infant
gut microbiota during the first week of life [8]. When
probiotics were given to pregnant mothers and to their
newborn children during the first 6 months of life, the
same probiotic species grew in the stools of the supple-
mented infants during the intervention. However, later
in the follow-up, after stopping the supplementation,
there was no difference in the quality or quantity
Lactobacilli and Bifidobacteria between supplemented
and non-supplemented children. Although manipulating
gut microflora seem not to result in persistent coloniza-
tion [9], early innate immune responses in the gut asso-
ciate with the emergence of atopy [10]. In high-risk
populations, giving probiotics both to mothers before
delivery and to their neonates immediately after birth
has reduced the incidence of atopic eczema [9, 11].
Interestingly, the late colonization of caesarean-
delivered infants by Bifidobacteria can be corrected by
probiotic and prebiotic supplementation leading to
fewer IgE-associated allergy later in childhood [12].
Although probiotics have given us the opportunity to
study in a randomized setting the effect of commensal
bacteria on shaping the newborn immune system, not
all studies on probiotics have shown an effect. We
have learned that timing of the bacterial exposure
may be critical since giving probiotics only to mothers
[13] or only to newborn infants has failed to have any
allergy preventive effect. In light of our current
knowledge of the importance of gut microbial diver-
sity, it seems likely that a stronger and broader bacte-
rial supplementation, possibly with a constantly
changing bacterial stimulus could be more effective
than with just one strain.

In this issue, Lange et al. present their study on the
influence of maternal intestinal flora during late preg-
nancy on infantile wheeze and eczema [14]. They cul-
tured maternal fecal samples and used questionnaires at
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