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¢ SPECIAL SECTION: NEW TOPICS IN FOOD ALLERGY ¢

Healthy gut microflora and allergy:

factors influencing development of the microbiota

Pirkka V Kirjavainen and Glenn R Gibson' *

In humans, microbial colonization of the intestine begins just after birth. However,
development of the normal flora is a gradual process, which is initially determined by
factors such as compozition of the maternal gut microflora, environment and possibly
also by genetic aspects. A number of variables, such as the degree of hygiene, mode of
delivery, use of. antibiotics or other medication and a need for nursing in incubators, can
all have a substantial effect on microbial colonization and development. Current
knowledge on the significance and impact of such alterations on the health of the infant
is poor. However, the essential role of the gut microflora in the development of the gut
immune system indicates that a close relationship between allergic sensitization and the
development of the intestinal microflora may occur in infancy. Intestinal micro-organisms
could down-regulate the allergic inflammation by counterbalancing type 2 T-helper cell
responses and by enhancing antigen exclusion through an immunoglobulin (Ig)A
response. The efficacy of probiotics (microbial food additions) in the management of
food allergy has been demonstrated, and these data suggest that also prebiotics, food
components that target certain indigenous gut bacteria, can possibly be used for this
purpose. In conclusion, the developmental pattern of the normal gut microbiota in
allergic infants poses an important research avenue, as the role of the gut microflora in
the mechanisms of allergy, and thereby the possible targets for efficient bacteriotherapy,
are currently undetermined. ’
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Introduction

The composition of the intestinal microflora differs
between individuals and various age groups. Thus,
predicting any physiological impact exerted by the
flora through composition determinants may be in-
conclusive. The microflora can be considered ‘healthy’
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if it is in symbiosis with the host, thus fulfilling a
role in the host nutrition and physiology. Possible
contributions by the microflora towards improved
host health and well-being include salvage of energy
from carbohydrates which pass undigested through the
upper gut, protection against- invasive and resident
pathogens, participation in vitamin synthesis (particu-
larly vitamins B and K) and the metabolic degradation,
or transformation, of xenobiotics (1). Conversely, an
aberrant function of the microflora may result in
constipation, diarrhoea, flatulence, infections, liver
damage and cancer (2).

Because a child has an immature intestinal barrier,
it is most vulnerable to allergic sensitization during
the first few months of life. The intestinal microflora
can potentiate the infant intestinal barrier by
contributing towards a nonimmunological defence (3)
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and by stimulating and directing the development of
the gut immune system (4-8). At the same time,
however, the intestinal flora is constantly changing
and is therefore very sensitive to alterations. Thus,
although no direct evidence of the role of intestinal
microbes in the mechanism of food allergy exists,
factors influencing gut microflora development are of
great interest in the context of neonatal allergic
sensitization and the potential prophylactic role of
microflora modulation, eg by fortification of a certain
" gut microflora component through the use of
probiotics and/or prebiotics.

Factors influencing the formation of gut
microflora

Endogenous factors

The gastrointestinal tract of the newborn infant is
sterile but is then rapidly colonized by a myriad of
micro-organisms originating from the mother, other
external contacts (eg nurses) and the surrounding
environment. In developed countries high hygienic
standards may restrict a full transfer of the protective
flora. Moreover, not all bacteria to which the infant is
exposed are able to colonize the intestine, as this
process is determined by a variety of indigenous
factors which may include genetic influence (9). In
general, it appears that bacterial strains of maternal
origin have a greater tendency to become firmly
established in the infant microflora than environ-
mental strains (10, 11) and that the initially colonizing
strains persist in the flora longer than those adopted
at a later stage (12). The first colonizers must be
capable of oxidative metabolizm, as the intestine of a
newborn infant has a higher redox potential than
that of an adult. Typically, the first inhabitants are
enterobacteria, streptococci and staphylococci (13,
14). Such facultative bacteria rapidly metabolize
oxygen, which lowers the redox potential thus
allowing strictly anaerobic bacteria to flourish and
predominate in the ecosystem. Anaerobic bacteria
common in early infancy include bifidobacteria,
clostridia and bacteroides.

Various control mechanisms may limit proliferation
of bacteria in the gut and thus protect the host
from microbial overgrowth. These include low pH con-
ditions in the stomach generated by gastric acid and
digestive enzymes, such as lysozyme, and pancreatic
enzymes which are prevalent in the small intestine.
Adhesion of micro-organisms to epithelial cells in the
gastrointestinal tract is challenged by the washing
action of intestinal peristalsis and mucus. Bacteria
which attempt to establish must also compete with
the intestinal microflora for colonization sites and
essential nutrients and survive in the presence of
adverse metabolic end-products (such as acetic,

propionic and butyric acid), and antimicrobials (eg
peroxides, bacteriocins) that may be produced by
the indigenous flora (2). Moreover, the gut immune
system can control the development of the intestinal
microflora. For example, there is indication that
distinct B-cell populations secrete different types of
immunoglobulin (Ig)A of varying specificities, which
may be involved in controlling the composition and
volume of the normal flora. A further influence may
be mounted against pathogens entering via the M cells
of Peyer’s patches (15). In infancy, however, most of
these control mechanisms are impaired and operate
effectively only with a developing microflora.

Exogenous factors

In a conventional delivery, the first bacteria to colonize
the intestine of the infant are those present during
passage through the birth canal, ie bacteria which are
part of the mother’s vaginal and intestinal flora (16—
18). In caesarean delivery this contact is avoided, and
faecal colonization of an infant delivered in such a
manner is substantially delayed. In comparison to
vaginally delivered infants, the colonization rate of
infants born by caesarean section was seen to be
delayed by 10 days and by 1 month for lactobacillus
and bifidobacterium-like bacteria, respectively (19).
Similarly, Hall and co-workers (20) have demonstrated
that conventionally delivered infants were more likely
to acquire lactobacilli by the age of 10 days than those
delivered through caesarean section. After the age of
30 days, differences were negligible, indicating that
contact with the maternal vaginal and intestinal flora
was important to initial development of the lactobacilli
flora but that other factors were also present during
the first weeks of life (20). Some differences, however,
appeared to last longer: at 6 months of age 76% of
conventionally delivered infants and only 36% of
infants born by caesarean section were colonized with
bacteria of the Bacteroides fragilis group (19).

In modern maternity hospitals, infants are subject
to high levels of hygiene during delivery and nursing;
however, in developing countries infants are likely to
be exposed to lower levels of sterility. A reduced
hygienic environment appears to result in hastened
initial colonization with a wider spectrum and a less
stable population of enterobacterial species. In countries
with improved hygienic practices, the enterobacterial
flora is generally dominated by one or a few different
strains (21, 22). The infants in developing countries
are also commonly colonized by pathogenic species
such as salmonellae (23). Other factors associated with
modern maternity wards which can affect the devel-
opment of the intestinal microflora in early infancy
include antibiotic treatment and nursing in an
incubator, both of which delay colonization by
lactobacilli. Antibiotic treatment, in particular, delays
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formation of the anaerobic flora while isolation in an
incubator predisposes to nosocomial enterobacteria
(10, 20, 24).

The composition of infant microflora is also
substantially influenced by the feeding regime. Faecal
populations of breastfed infants are dominated by
bifidobacteria, with less than 1% of the total being
enterobacteria. Conversely, the microflora of formula-
fed infants is more diverse, with bifidobacteria,
bacteroides, clostridia and streptococci all being
prevalent (14). However, upon the introduction of
solid food to the breastfed infants, dramatic changes
in the microbiota occur with a sharp increase in
enterobacterial and enterococcal counts, as well as
colonization by bacteroides, clostridia and anaerobic
streptococci. Changes in the formula-fed infants are
more moderate (25).

Knowledge on the subsequent health effects of the
different colonization patterns is poor. It is likely,
however, that the stable and polarized enterobacterial
microflora, characteristic of the microbial flora in
infants from developed countries, is associated with a
lower risk of pathogenic infections (11). From another
perspective such a microbiota may not provide
sufficient stimulus for the development of the gastro-
intestinal immune system as the gut is exposed to less
immunogenic, and fewer numbers of, bacterial antigens.
It also appears that at least a partial tolerance may
ultimately be formed to the bacteria belonging to the
normal flora (15, 26, 27). Therefore, changes in the
microflora which provide new challenging bacterial
antigens may sometimes be required to maintain the
ability to provoke an immune response and thus ‘train’
the immature immune system.

Development of the normal intestinal
microflora and down-regulation of allergic
inflammation

In newborn infants, the type 2 T-helper cell (Th2)
cytokines, which are essential mediators in the
formation of allergic inflammation, predominate over
Th1 cytokines. Th2 cytokines include interleukin (IL)-
4, which induces B-cell differentiation into IgE-
producing cells, and IL-5, which is important for the
activity of eosinophils. Intestinal bacteria have been
shown to counterbalance Th2 activity and to be
essential for the regulation of the IgE response (28,
29). The former appears to result in the predilection
of bacteria in general to promote differentiation of
Thil-cell lineage (30). This may be the result of a
number of factors, the most significant of which may
be a specified CpG motif, which is characteristic of
bacterial DNA. This 6-base sequence has been shown
to induce polyclonal B-cell activation and secretion of
Th1 cytokines IL-6, IL-12 and interferon (IFN)-y (31).

Other factors, such as the lipopolysaccharide (LPS)
portion of gram-negative bacteria, may also contribute
to this predilection (30, 32).

Intestinal bacteria may also alleviate allergic
inflammation by modifying antigen uptake (33),
presentation (8) and degradation (34, 35). These
modifications may then result in down-regulated IL-
4-mediated responses (34) and enhanced antigen
exclusion. For example, species common to the gut
microbiota, such as bifidobacteria and lactobacilli,
have been shown to enhance IgA production in
Peyer’s patches and potentiate IgA responses towards
potentially harmful antigens (36—40). LPS on the other
hand may enhance the IgA response mounted to
dietary antigen (8). This enhancement may alleviate
intestinal inflammation by preventing some potentially
allergenic dietary antigens from invading the intestinal
mucosa and thus provoking hypersensitivity reactions
and also by down-regulating inflammatory responses
to pathogenic bacteria by enhancing their exclusion.

Modulation of the intestinal microfiora

In the modern environment, because of hygiene
measures an infant may be exposed to a narrow
spectrum of bacteria. However, the possibility of
transfer of pathogens means that the standards of
hygiene cannot be relaxed. Instead, the development
of the gut microflora can be fortified or its impaired
function corrected by administration of microbial cell
preparations or components of microbial cells
(probiotics) (41) or by dosing with chemicals which
stimulate the growth and metabolizm of certain
indigenous gut bacteria (prebiotics) (42).

Clinical findings indicate that probiotic supplemen-
tation has great potential in the management of food
allergy (43). Both lactobacilli and bifidobacteria are
common probiotics. Their use is also supported by
data from studies performed iz vitro and in murine
models (30). Moreover, these findings attest to the
potential of using prebiotics to gain similar results. At
present, attention on prebiotic research has mainly
been directed towards the use of nondigestible oligo-
saccharides (44). In particular the feeding of fructo-
oligosaccharides (such as inulin-based materials) have
been demonstrated in a number of clinical trials to
be very efficient at stimulating bifidobacterial growth
in the large intestine (45-47). There is, however,
currently no firm clinical evidence for the benefit of
such treatment.

Conclusion

A wide spectrum of factors may promote the
formation of ‘abnormal’ microflora in infancy. Many
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of these elements are associated with modern
obstetrical practices and hygienic routines aimed at
minimizing the risk of bacterial infections in maternity
wards. There is some indication that in early infancy
an aberrant array or insufficient number of intestinal
micro-organisms may not be able to potentiate the
immature gut barrier or to counterbalance a Th2-
skewed cytokine profile, ie to reduce two major risk
factors for allergic sensitization efficiently enough to
avoid allergy. Results on the use of probiotics in the
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