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Abstract

Lactobacillus and bifidobacterial cultures are
increasingly used as probiotics in pharmaceuticals and
in foods. The selection of strains is performed often
for technological rather than for microecological
reasons. Detailed reports about species and strains
composition of these microorganisms in the intestinal
microflora of man are rare. Our investigations were
performed with samples originating from infants and
adults, taken from faeces and from upper sections of
the intestinal tract including mouth and stomach, and
from caecum and colon. Post mortem cases as well
as test subjects under physiological conditions were
analyzed using an automatic capsule system sampling
at defined times in different parts of the intestinal tract.
The fate of selected strains after oral intake was
studied, too. Furthermore, influences of the microflora
originating from food were considered.

The identification of autochthonous (indigenous)
and allochthonous (transient) species could be
achieved with descriptions of new species in the
genera Lactobacillus and Bifidobacterium. L. gasseri
and L. reuteri proved to be predominant
autochthonous Lactobacillus species in infants as well
as in adults. Both species were occasionally present
even in the stomach. This was also the case with an
anaerobic lactic acid bacterium, previously named
Catenabacterium catenaforme, later classified as L.
ruminis, a non-motile variant of this species.

The bifidobacterial microflora differed in
composition between infants and adults and in
different stages of the host’s life. Up to 5 species or
special strains of bifidobacteria could be present in
different, individually fixed, combinations. Species
typical for infants were B. bifidum, B. infantis, B. breve,
and B. parvulorum. Typical for adults were 4 different
variants of B. adolescentis. B. bifidum and B. longum
could often be found in both groups, but in lower
numbers. B. longum showed some oxygen tolerance
whereas B. bifidum and B. adolescentis required strict
anaerobic and fastidious conditions for cultivation.

The autochthonous Lactobacillus and
Bifidobacterium microflora in man will remain stable

life-long. With lactobacilli, however, some successions
may be caused by transient species derived from food
or from the oral cavity, thus giving the impression of
an altered microflora. Nevertheless L. gasseri, L.
reuteri, L. ruminis, and to some degree, L. salivarius,
may be present as autochthonous species all of the
time. With bifidobacteria, a decreasing tendency in
counts and in multiple composition in elderly people
exists. Furthermore, this microflora is also influenced
by consumption habits, which are probably caused by
geographical circumstances.

Introduction

The gastrointestinal microflora is a very complex
community. Within the gastrointestinal tract, different
habitats have to be recognized, e.g. mouth, stomach, small
intestine (especially lower jejunum and ileum) large
intestine (caecum, colon) and rectum. Normally, near
stability exists in these habitats. The balance is influenced
primarily by the host’s individuality. This means that
interpersonal (individual) variations exist. Each person will
have an individually fixed microflora as far as qualitative
structure and the quantities of lactobacilli and bifidobacteria
are concerned (Reuter,1963 1965a, b). This fact is of great
interest, as more than 400 species within the intestinal
microflora can be identified and may attain population levels
nearly as high as 1012/g in the colon (Mitsuoka, 1982, 1992;
Tannock, 1999a).

An indigenous microflora can be recognized, consisting
of autochthonous species (e.g. species, which are able to
colonize the mucosal surface of the gastrointestinal tract
due to special adhesion factors including compatibility with
the immunological system of the host). These
microorganisms have to be distinguished from
allochthonous species, which may be present in the
intestine, too, but which may only have a transient
character. The presence of these strains in the intestinal
tract will last for a limited time, probably only a few days
(Tannock, 1999a). Especially with lactobacilli, a strict
distinction between these two groups must be considered,
due to the fact that large amounts of lactobacilli are enriched
in fermented foods which will be transferred day by day
through the stomach and small intestine into the large
bowel. This supplementation depends on individual
consumption habits (Reuter, 1965a). Some species will not
survive stomach and duodenal passage easily, while others
will resist very well. This may be the cause of many
misinterpretations of the “normal“ indigenous Lactobacillus
microflora of man as described in the literature even in
recent times, where even L. plantarum is mentioned as an
autochthonous Lactobacillus species in the intestine (Ahrné
et al., 1998).

Some reports in the literature ignore the differences
of the intestinal microflora between infants on one hand,
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and adults and elderly people on the other. In these age
groups, lactobacilli and bifidobacterial populations are
substantially different in structure and quantities. While
lactobacilli are changing only quantitatively, probably after
they have randomly colonized immediately after birth, the
development of the bifidobacteria microflora is influenced
by nutritional factors also (e.g. in-breast fed or formula-fed
infants) or by the age of an individual.

In general, microbiological analyses of the human
small intestine are difficult due to sampling problems. Many
methods were tested dating from the distant past (1922-
1925) up to recent times (1960-1970) (Lerche and Reuter,
1962; Reuter, 1975). The main problem seemed to be
obtaining specimens correlating with the physiological
status of the intestinal tract. Trials have been carried out
during abdominal surgery procedures or in post mortem
cases for a long time. This way of sampling does not appear
to be quite realistic in general, however. Prior to surgery,
the ingestion of food has been interrupted for some days,
and in this fasting period, the intestine was cleaned up,
emptied, or even pre-treated with antibiotics or other
pharmaceuticals. In post mortem cases, the effect of clinical
pre-treatment or the time elapsing between death and
dissection may have caused alterations of the microflora.
Better results were achieved with the application of
transient capsules in different modifications, obtaining
samples during passage through the intestinal tract by
different mechanisms. Sampling with intubation and
aspiration methods were other methods employed.
Drainage sampling after ileostomy was sometimes used.
Disadvantages exist with every method. Intubation methods
may have been accompanied by an irritating effect causing
changes in the physiology of the intestine, and
consequently, in the microecology. Automatic capsules not
connected with an intubation system sometimes produced
problems such as recovery from the faeces at variable
times after intake. Ileostomy-aspirates could have been
influenced by oxygen and bowel motility factors.

The microecological balance in the different habitats
of the intestine can have been disturbed considerably,
however, depending on internal (intrinsic) and external
(extrinsic) influences. Functional disturbances such as
alterations of gastric acidity or bile secretion can influence
the microflora fundamentally as well as the administration
of pharmaceuticals with antimicrobial efficacy. Occasionally,
usually suppressed components of the indigenous
microflora can allow potential pathogens or toxinogenic
strains to colonize and to multiply thus causing diarrhoea,
flatulence, or different variations of colitis (haemorrhagic,
pseudomembranous etc.)

One way to re-establish the ecological balance of a
disturbed habitat in the intestinal or urogenital tract, is to
apply components of the indigenous microflora by oral
intake or rectal or vaginal instillation. These procedures
have been applied for a very long time, but became more
common again in the last decades of the past century as
probiotic cultures were propagated for that purpose world-
wide (Reuter, 1997; Tannock, 1999a).

The selection of suitable species or strains as probiotic
cultures, however, is a very critical step (Bonaparte and
Reuter, 1997). The descriptions of strains used by

producers of probiotic cultures are often incomplete or even
false. The choice of strains has often been done at random
from culture plates. Occasionally, the selection of probiotic
strains was determined preponderantly by technological
reasons (e.g. viability, productivity, viability of the cultures)
even if used in a pharmaceutical preparation (Reuter, 1969;
Reuter et al., 2001). Probiotic cultures are often named as
L. acidophilus, neglecting the fact that this term
characterizes a group presently comprised of six separate
species with few of them being relevant to human
autochthonous microflora (Fujisawa et al., 1996). L.
fermentum was often reported, not recognising that this
species must be differentiated from other phenotypically
similar ones such as L. reuteri, L. oris, and L. vaginalis. L.
fermentum has its natural habitats in food, especially in
dairy products, while the others are autochthonous species
in humans. Bifidobacterium bifidum has been often cited
as a component of probiotic food, disregarding the fact
that this species requires the most strict anaerobic
conditions for growth of all bifidobacteria of humans.
Maintenance of viability of this species is not possible for
the required shelf life in probiotic foods (Reuter, 1990). B.
longum has been preferred because of its less demanding
requirements for anaerobic conditions in foods and in
pharmaceuticals (Dreher et al., 1991), taking into account
that in many cases the species which was actually used,
belonged to the related species B. animalis because of its
higher tolerance to acidic conditions. Furthermore, a false
declaration of strains of this last species was propagated
by creating a new species taxon, B. lactis, which must be
considered non-valid (Cai et al., 2000). The choice of strains
as probiotic cultures should therefore be made more
thoroughly with bifidobacteria than with lactobacilli.

The selection of strains out of the L. casei group is a
special field of probiotic research (Tannock et al., 2000).
Since L. casei and L. rhamnosus strains are transient
organisms in the intestine, their use is justified mainly by
technological reasons. Further interpretations are given in
a recent paper (Reuter et al., 2001). A recent report upon
adhesion properties of novel probiotic strains was published
by Oweland et al. (2001).

I. Composition of the Microflora of the Human Small
Intestine and the Fate of Cultures after Oral Intake

To provide representative sampling, different series of
investigations both from post mortem cases and from
samples obtained with an automatic capsule system from
children 10-14 years of age as well as from adults mainly
in the 20-40 years age group, were performed. Samples
from faeces were investigated in parallel as far as possible
(Lerche and Reuter, 1961, 1962; Reuter, 1961, 1963,
1965b, 1975; Hirtzmann and Reuter, 1963; Hirtzmann,
1965).

The selection of post mortem cases was made directly
by the investigator. Non-physiological influences could be
minimized due to the selection of cases of sudden death
caused by heart attack or traffic accidents . Samples were
taken by excision of ligated parts from the intestine
containing ingesta, from the upper jejunum, the upper and
the lower ileum, the caecum, and the descending colon



Lactobacillus and Bifidobacterium   45

(Lerche and Reuter, 1962). Microbiological analyses were
performed no later than 2 hours after sampling.

The automatic capsule used was about 2.4 cm in
length and 0.85 cm in diameter, with a weight of 4.1 g.
Most test persons, including children, were able to
incorporate the capsule without difficulties. Each capsule
opened and closed at defined times for about half an hour
during the passage through the intestinal tract. The
capsule’s location in the intestinal tract during the opening
stage was checked by clinical radiographs at the end of
the opening phase. The functionality of the capsules
concerning mechanisms and tightness was tested by
Hirtzmann using dyes and disinfection solutions(1963,
1965) before and after their application.

The bacteriological analyses included a quantitative
cultivation procedure with ten-fold dilution steps after
homogenization of the samples, the application of a set of
polyvalent media, supplemented blood agar, and various
selective media (Reuter, 1961; Reuter, 1963, 1985). The
aerobic as well as anaerobic microflora was analyzed, with
species and biotype identification from multiple subcultures.
The lactobacilli and bifidobacteria, and other important
groups or species, could be identified by classical methods
according to the state of knowledge at that time (Lerche
and Reuter, 1961, 1962; Reuter, 1963, 1964). The
quantitative identification of Bacteroides-species and of
veillonellae in correlation to bifidobacteria was possible,
too. “coryneforms“ isolated at that time should be regarded
as identical to peptococcaceae nowadays (Mitsuoka,
1982). The lower range of cultivation was about log10 6.0/
g for bifidobacteria and lactobacilli, with selective plates
even two log cycles lower.

Results of 9 Post Mortem Cases Selected from 30 in
Total (Series 1)

In 14 of 30 cases examined at autopsy, the small intestine
was overgrown by gram-negative bacteria or by
enterococci. These cases were mainly based on septic and
severe chronic diseases or on elderly people suffering from
different dysfunctions. These were not considered further
for judging the lactobacillus and bifidobacterial microflora
of the small intestine. Of the remaining 16 cases, 9 showed
a remarkable Lactobacillus microflora in the small intestine.
These cases consisted of middle-aged adults who were
sudden or accidental death victims, without preceeding
long-term illnesses. Dissection was performed within 2 days
of death. The microbiological results of these cases
therefore were considered as a plausible interpretation of
the microecological situation in the upper intestine before
death (Table 1). In cases where ingesta was present, the
j e j u n u m  contained lactobacilli in considerable counts.
The median value was log10 7.7/g. Predominant strains
belonged to the species L. acidophilus and L. fermenti,
according to the existing taxonomic system of that time.
Their classification must be seen nowadays as
corresponding to the new species L. gasseri (= L.
acidophilus, biotype I, formerly) and L. reuteri (= L. fermenti,
biotype II b, formerly). L. salivarius appeared less
frequently. Enterobacteria, micrococci, enterococci, yeasts
and fungi occurred occasionally. E. coli and Bacteroides
strains might have been detected through their retrograde
spread from the ileum after death. The presence of an
additional strain of enterobacteria might have been caused
by a transient strain.

The i l e u m  contained enterococci more frequently,
and bifidobacteria in single cases. Lactobacilli showed a
similar distribution as in the jejunum. In the large intestine
(caecum/descending colon) enterococci and E. coli were
present on a regular basis, accompanied by the
autochthonous lactobacilli: L. gasseri, L. reuteri, and L.
salivarius. Although in different frequency, some transient
lactobacilli (L. casei, L. plantarum, L. buchneri) were
present in all parts of the small intestine.

Results with the Automatic Capsule in Children, Aged
6-12 Years (Series 2)

The intestinal microflora of 24 hospitalized children, 9 of
which were considered as physically healthy, yet most of
them being mentally retarded, was analyzed. Data were
reported by Hirtzmann and Reuter (1963). Repeated
sampling followed from 10 children selected out of this
group. In total, 47 tests were evaluated. On thirty eight
occassions, the capsule opened in the ileum, and 9 times
in the caecum. In most cases the passage time through
the intestinal tract took between 2 and 3 days (Table 2).

In i l e a l  samples, lactobacilli were the most frequent
microorganisms, followed by E. coli, enterococci,
bifidobacteria, and aerobic bacilli. An anaerobic lactic acid
bacterium could be recognized and was determined
according to the existing taxonomic system of Bergey’s
Manual (1957) as Catenabacterium catenaforme. This

Table 1. Microecology (log10/g) in different habitats of the intestine of 9
adults. Samples obtained from selected cadavers (≤ 2 days p.m., n = positive
samples) (according to Lerche and Reuter, 1962; Reuter, 1975)



46   Reuter

nonmotile variant, whereas strains from the rumen of cattle
principally showed motility. Micrococci, yeasts and fungi
occurred sporadically as well as bacteroides and
coryneforms (nowadays peptococcaceae) in the distal
ileum. Quantitatively, the bifidobacteria and lactobacilli
showed the highest median values followed by those of
“catenabacteria” and enterococci. The counts of E. coli
were low, and bacilli showed the lowest quantities. The
variation in appearance and in counts of yeasts and fungi
might have been caused by prior oral intake.

Samples from the c a e c u m  qualitatively showed the
predominance of bifidobacteria, and bacteroides species,
followed by E. coli, lactobacilli and enterococci. The counts
of bacilli were reduced, veillonellae occurred sometimes.
The median values of counts of bifidobacteria and
enterococci were markedly increased compared with those
of the ileum. Bacteroides populations were predominant.
A selected group of 5 children tested continuously (5 and
7 times) over a period of 3 to 5 weeks yielded information
about the personal characteristics of the microflora in the
small intestine of each individual. Definite strains of
lactobacilli or bifidobacteria appeared regularly in one or
the other child, and, in addition, nearly in equal quantities
during the entire investigation period. In 3 children, bacilli
could be isolated from the ileum on a regular basis; in the
other two not at all. Also frequency and quantities of
enterococci appeared to be related to the individual host.
In two children the “catenabacteria” were an obligatory
part of the individual microflora. The opportunistic
occurrence of other strains, such as some other
Lactobacillus species, micrococci, yeasts and fungi may
have been caused by oral intake with food just prior to
sampling. The results have been reported in detail
previously (Reuter, 1965a, 1975).

Table 2. Microecology (log10/g) in the ileum and caecum of 24 children
aged 6-12 years. Samples obtained by automatic capsule method (according
to Hirtzmann and Reuter, 1963; Reuter, 1965a, b).

Table 3. Microorganisms other than lactic acid bacteria from the small intestine and caecum of healthy adults under non- restricted diet. Samples obtained by
the automatic capsule method (n = number of positive samples, brackets = total number of samples).

species seemed to be a regular component of the
indigenous microflora. It was later classified as L. ruminis
(Sharpe, 1974; Sharpe and Dellaglio, 1977), but as a
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f a e c e s  showed a nearly corresponding situation. Typical
components were Bacteroides, “coryneforms“ and
veillonellae with a regular appearance of bifidobacteria and
E. coli. Enterococci and “catenabacteria” were more
numerous in the colon than in the faeces. That was also
the case with lactobacilli (Reuter, 1965b).

The individual character of the microflora of each
subject became obvious again during this series. Yeasts
could be repeatedly detected in certain individuals in
different parts of the intestinal tract. This was the case with
bacilli and klebsiella strains in single cases, too. Some
people had only lactobacilli in the small intestine, as did
others combined with E. coli (Table 3).

The distribution of lactobacilli divided into
autochthonous and transient species was reported in detail
(Table 4). The species L. fermentum and L. acidophilus
with its special biotypes, which are now classified as L.
reuteri and L. gasseri respectively, and in some cases L.
salivarius, could be identified as autochthonous .This was
also the case with “catenabacteria”. Some individuals
showed only L. reuteri regularly, others only
“catenabacteria”. In some persons, the same strain was
detected throughout the gut, from the stomach down to
the faecal sample.

Transient lactobacilli were mainly isolated in the faeces,
a few in the ileum, and very few in the jejunum and stomach.
This indicated that these bacteria will pass the small
intestine quickly and multiply in the colon for a limited time.
The most frequently isolated transient strains were L.
plantarum followed by L. casei, L. buchneri and L. brevis,

Table 4. Lactobacillus species from the intestine of healthy adults under nont- restricted diet. Samples obtained by the automatic capsule method and from
faeces in parallel.

Results with the Automatic Capsule in 23 adults (Series
3)

The subjects were healthy, 20 to 57 years old, and engaged
in the production process of a company. Stool specimens
were investigated simultaneously with the contents of the
capsules shed in the faeces. The transfer of the capsule
through the intestinal tract of adults was markedly slower
than that in children, although the latter had been
hospitalized. Due to this fact, the capsules remained in
the stomach during their opening phases in numerous
cases. Twenty one out of 45 stomach samples showed a
microbiological content even after a transfer of the capsules
through the intestine for 2-4 days (Reuter, 1965b). They
contained lactobacilli and “catenabacteria” in about 20%
of the cases, followed by bacilli and enterococci.
Micrococci, yeasts and fungi occurred in five samples, and
enterobacteria in two. Considering median values, the
lactobacilli were present in relatively high quantities, bacilli
the lowest.

Samples from the j e j u n u m  contained predominantly
enterococci, qualitatively as well as quantitatively, followed
by lactobacilli, yeasts and fungi. E. coli occurred in five
cases. I leal samples frequently contained lactobacilli, E.
coli and enterococci. The median value was highest with
E. coli. bifidobacteria, “catenabacteria”, yeasts and fungi,
bacilli, and other enterobacteria occurred in about 20 to
25% of the cases. Bacteroides strains occurred three times
and micrococci and clostridia two times each.

Samples from the c a e c u m , c o l o n  and from the
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