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Ecological control of the gastrointestinal tract. The role of
probiotic flora

The “new” lifestyle—a threat to health?
It is increasingly evident that human diseases are most
often related to lifestyle, and should in theory be prevent-
able. The stress of modern life, our reduced physical activ-
ity, and our consumption of manipulated and processed
foods, and of chemicals—including pharmaceuticals—all
contribute to our decreasing resistance to disease. Much
evidence supports the fact that our genes, adapted during
millions of years to the lifestyle of our prehistoric ancestors,
tolerate poorly the dramatic changes in lifestyle that have
occurred, especially in food habits during the past 100
years.1 Changes in food habits in Western countries that no
doubt constitute stresses to the human body and that may
predispose to inflammatory, infectious, ulcerative, degen-
erative, and neoplastic diseases include the following: the
consumption of 100 lb refined sugar per individual per
year; the 10-fold increase in sodium consumption; the
fourfold increase in consumption of saturated fat; the dou-
bled consumption of cholesterol; a much reduced con-
sumption of vegetable fibres, and of minerals such as
potassium, magnesium, calcium, and chromium; and a
considerable reduction in consumption of n-3 fats,
membrane lipids, vitamins, and antioxidants. In severe dis-
ease, important food ingredients, such as arginine,
glutamine, taurine, nucleic acids, vitamins, and antioxi-
dants, such as glutathione, are often not supplied in large
enough quantities.
Perhaps even more important than the decrease in these

food ingredients, is the fact that prehistoric food contained
several thousand times more bacteria, mainly the so called
probiotic bacteria. Prehistoric methods of food preserva-
tion were either drying, or, more commonly, storing in
holes dug into the ground, where the food became
naturally fermented. This is how Stone Age man learned to
produce most of our still common fermented foods, such
as beer, wine, green olives, and sauerkraut. Our modern
lifestyle has dramatically reduced the availability of foods
produced by natural fermentation. After the early identifi-
cation of microbes, bacteria were regarded mainly as a
source of disease, and unwanted in commercially manufac-
tured food. Furthermore, the desire of the food industry to
prolong shelf life promoted alternative production meth-
ods such as the use of enzymes instead of live bacteria.
Combined with extensive hygiene measures practised dur-
ing delivery and in child care, children in Western societies
may have diYculty developing a satisfactory protective
indigenous gut flora. It is not known, but suspected, that
this could be connected to the increasing incidence of
allergy (and infections) seen among Western children.2–4

Lindeberg5 recently published a series of studies of an eth-
nic group in New Guinea with a dramatically diVerent diet
to that of people in the Western world. This diet contained
no processed foods like butter,margarine, lard, oils, refined
sugar, or alcohol. Instead, the group’s diet was rich in fibre,

water, vitamins, minerals, and n-3 fats such as docosahex-
aenoic acid (DHA) and eicosapentaenoic acid (EPA).
Despite the fact that about 80% of the population smokes
and has a heavy consumption of saturated fat from
coconut, cerebrocardiovascular diseases are virtually ab-
sent and the incidence of diabetes and cancer is very low.

The gastrointestinal tract—the port of infectious
diseases
The condition and function of the gastrointestinal (GI)
tract are essential to our well being. After the respiratory
tract, the GI tract constitutes the second largest body sur-
face area, described to be somewhere between 250 and 400
m2, or comparable in size to a tennis court. During a nor-
mal lifetime 60 tons of food pass through this canal, which
is important for well being, but also constitutes an
enormous threat to the integrity of the digestive tract and
the whole body. It is not surprising, therefore, that this
organ is often aVected by inflammatory diseases and
cancer. The continuous challenges to the GI surfaces
might be why most of the surface cells have a rapid turn-
over; most are replaced after three to four days in man and
sometimes earlier in animals. Furthermore, the surface is
protected by large quantities of important secretions, from
saliva in the oral cavity to colonic secretion in the large
bowel. These secretions contain factors of great im-
portance for the lubrication of the mucosa and for
functions of the GI tract but also hundreds of ingredients
of importance for intraluminal microbial defence. The
secretory functions are extremely sensitive to foreign
chemicals. About 50% of the 2000 pharmaceutical drugs
registered in Sweden have reported GI side eVects, for
example, mouth dryness, nausea, vomiting, diarrhoea, and
obstipation. It is hoped that future medicine will be more
restrictive in the use of pharmaceuticals in general, and will
use drugs with as few side eVects as possible. At present,
physicians often choose the most eVective drug without
regard to side eVects. A wise alternative could be to choose
a somewhat less eVective drug, if it has fewer or no side
eVects.

GI flora are crucial to well being
The GI tract harbours a rich flora of more than 500 diVer-
ent bacterial species, some of which have important health
functions. The human body contains 10 times more
protective indigenous flora than do eucaryotic cells.6 It has
been suggested that this flora be regarded as part of the
human body. The fact that diVerent medical treatments
cause serious derangements in the structure and function
of the probiotic flora has been ignored in the past. This
includes the administration of antibiotics, cytostatics, and
irradiation, as well as failure to provide suYcient enteral
nutrients for the flora. I have previously discussed the pre-
ventive flora and its specific role in clinical
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immunonutrition.7–10 In this review I will mainly consider
the role of the flora per se in the prevention and treatment
of infections. Special emphasis will be given to the role of
probiotic bacteria as an alternative to antibiotics—that is,
microbial interference treatment (MIT).

Nosocomial infections—a remaining threat
Hospitals provide unique ecological settings for the devel-
opment of infections. Schwartz11 noted recently that in the
United States 2.1 million patients—6% of all hospital
admissions—develop nosocomial infections. The situation
is likely to be similar or worse in the European Union
states. Patients with depressed immune function are most
at risk.More than half (54%) of hospital infections occur in
patients over the age of 65, despite the fact that this group
represents only one third of hospital admissions. One half
of patients with neutropenia (48.3%)11 and one half of
transplantation patients (liver transplantation 53.7%)12

contract nosocomial infections, which are often life threat-
ening. As pointed out by Schwartz,11 the infection rate in
connection with surgery is still high; it is for example, 21%
in gastric surgery, 19% in bowel surgery, 18% in cranioto-
mies, and 11% in coronary artery bypass grafts. Further-
more, patients with severe diseases such as acute pancrea-
titis, inflammatory bowel disease, and infection with HIV
or AIDS suVer an unacceptably high rate of opportunistic
infections. In haematological malignancies, infections con-
stitute the leading cause of morbidity, and 85% of these
infections are caused by only a few families of microorgan-
isms, for example, Enterobacteriaceae, Pseudomonaceae,
and Micrococcae.13 These potentially pathogenic microor-
ganisms (PPMs) occur normally in healthy individuals as a
subflora in the GI tract, but can become dominant by
overgrowth in sick patients, especially after antibiotic treat-
ment. For example, it has been shown that the composition
of the oral microflora changes markedly during combined
antineoplastic and antimicrobial treatment leading to a
significantly increased presence of PPMs.13–15 Only admis-
sion to hospital results in a documented increase in the
carriage of Klebsiella.

Microbial interference treatment is highly desirable
Probiotic bacteria are live microorganisms belonging to the
natural flora with low or no pathogenicity, but with
functions of importance to the health and well being of the
host. Maintenance of this ecological flora is important in
preventing disease, especially infections. It is increasingly
accepted that probiotic bacteria are eVective tools for con-
trolling overgrowth of PPMs of bacterial, viral, and fungal
origin.16 Probiotic bacteria can control various enteric
pathogens such as Salmonella typhimurium,17 Shigella,18

Clostridium diYcile,19 Campylobacter jejuni,20 and Escherichia
coli.21 They may also provide important protection against
urogenital pathogens such as Gardnerella vaginalis, Bacter-
oides bivius, Candida albicans, and Chlamydia
trachomatis.22 23 Much evidence thus supports the expecta-
tion that probiotic bacteria can be eVective weapons for
preventing and treating many microbial infections.
By 1877 Pasteur and Joubert24 had already observed the

antagonistic interaction between some bacterial strains,
and by the turn of the century MetchnikoV25 had discussed
the possibility of bacterial replacement therapy. As recently
pointed out by Jack et al,26 ever since these observations
there has been a small group of scientists who have
stubbornly promoted bacteriotherapy and MIT as meth-
ods for preventing infections and some other diseases.
During the past 50 years, however, interest has been
focused on the use of chemotherapeutics and antibiotics
for these purposes: a clinical field of study which, during
almost half a century, developed with enormous speed.

There are several reasons for the renewed and more gen-
eral interest in infection control through MIT, including
the following:
(1) A recognition that antibiotic therapy has not been suc-

cessful to the extent one might have expected.
Although it has no doubt solved some medical
problems, it has also created some new ones.

(2) An increasing awareness of the fact that antibiotic
treatment deranges the protective flora, and thereby
predisposes to later infections.

(3) An increasing fear of antibiotic resistant microbial
strains, as a result of widespread overprescription and
misuse of antibiotics.

(4) A fear that industry will no longer be able to develop
eVective antibiotics at a suYcient rate to compete with
the development of microbial resistance to old antibi-
otics.

(5) A widespread public interest in ecological methods.
Despite dramatic advances in intensive care technology

and in the development of new antibiotics, the mortality
associated with Gram negative bacteraemia has continued
to remain between 20% and 40%27 and the leading causes
so far have been E coli,Klebsiella pneumoniae, other Entero-
bacteria, and Pseudomonas aeruginosa. Thus the mortality
reported today is about the same as that during the prean-
tibiotic era,28 despite more than 50 years of treatment
development. There is very little hope that further
treatment developments along the existing paradigms of
treatment will dramatically change this situation.29 There is
a great need for new treatments.

World Health Organisation recommends MIT
The World Health Organisation (WHO) recently held a
conference to discuss the increase in resistance to antibiot-
ics, which today is “a major public health problem in both
developed and developing countries throughout the
world”.30 The WHO Scientific Working Group states:
“The incidence has increased at an alarming pace in recent
years and is expected to increase at a similar or even greater
rate in the future as antimicrobial agents continue to lose
their eVectiveness”.30 In addition to being a serious threat
to human health, resistance to antimicrobial agents is “a
significant economic threat as well”.30 With this in mind the
WHO recommends global programmes to reduce the use
of antibiotics “in animals, plants and fishes, for promoting
livestock growth”30 and in human medicine, and recom-
mends increased eVorts to prevent disease “through
increasing immunisation coverage with existing vaccines,
and through the development of newer, more eVective and
safer vaccines. In addition, several older forms of therapy,
including bacterial interference, serum therapy and the use
of macrophages to kill organisms, may be worth
reconsidering”.30

Lactic acid bacteria—new research possibilities
It has been shown that lactobacilli are especially suitable
for MIT, and superb in counteracting Gram negative bac-
teria. In the past, however, excellent results have often been
diYcult to reproduce. Sanders31 recently published a criti-
cal review of the role of lactic acid bacteria as a promoter of
human health. She concludes that “this research area has
suVered from a lack of coordinated eVorts between the cli-
nicians and the microbiologists, and that diVerences in
strains, levels, model system and stringency of data
interpretation lead to apparent inconsistencies in conclu-
sions from published research”.30 I fully agree. This
explains whyMIT has never received full acceptance by the
medical community. Despite the fact that the concept of
MIT has been known for more than 100 years, it is
still regarded as being in its infancy. Despite hundreds of
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publications, only a few seem to contribute convincingly to
our knowledge of health eVects in humans, since most
studies have been uncontrolled, and therefore not repro-
ducible by other study groups or in other settings.
The vast interest in health eVects of lactic cultures is

largely lacking reliable support from solid clinical studies,
and many claimed functions are unproven. Even identifica-
tion of diVerent probiotic bacterial strains has often been
unreliable, which has made it impossible to prove the pres-
ence in the microflora of the strain administered. Repeat
studies, thought to be conducted with the same lactobacil-
lus, have probably often been performed with diVerent
bacterial strains. New taxonomic instruments oVer great
hopes that lactic acid bacteria research in the future will be
better structured.

Species specificity and mucosal adherence have
been neglected
The need for probiotic bacteria to adhere to mucosal sur-
faces in order to colonise and exert interference with other
microorganisms, as well as the importance of host specifi-
city, has in the past not received enough attention, although
these variables are likely key factors in microbial
interference. One can assume that the human mucosa will
tolerate colonisation only with bacteria with which it has
had a symbiotic coexistence, possibly during millions of
years, whereas other bacteria will be quickly rejected. As
noted by Isolauri et al,32 the ability of lactobacilli to adhere
to epithelial cells and thereby temporarily colonise the gut
is most probably of crucial importance. Barrow et al33 dem-
onstrated in 1980 that adhesion of lactobacilli to the cells of
the host organisms is species specific. It had been assumed
until recently that if a lactobacillus continued to be
excreted with faeces several days after the conclusion of its
supply, it was likely to be mucosa adhesive. This is,
however, not necessarily so. Currently the only way to
prove true mucosa adhesiveness seems to be to repeat
studies with colonoscopy assisted biopsies.34 A simpler and
less expensive alternative might be to study mucosa adher-
ence in vitro by using human epithelial cell lines such as
Caco-2 and HT-29.35 36 The extent to which in vitro results
correspond with in vivo conditions remains, however, to be
confirmed.
It has not been easy to find strains capable of colonising

the human intestinal mucosa, when attempted over short
time periods such as a few days.37–40 Much evidence
supports the observations by Chanviere et al 35 that only few
of the lactobacillus strains usually used commercially are
mucosa adhesive on Caco-2 and HT-29 cells and also in
vivo in humans. For example, common commercial dairy
strains such as L bulgaricus and L acidophilus are not adhe-
sive to Caco-2 cells nor in vivo in humans. Also the bifido-
bacterial strains tried so far are either not adhesive or only
slightly adhesive.35 Recently, however, a special Lactobacil-
lus strain called LA1 has been shown to possess the ability
to adhere to human enterocytes such as Caco-2 cells in
culture,41 which was further demonstrated by electron
microscopy. So far, however, few clinical eVects have been
shown using this L acidophilus strain.
The demonstration by Elo et al 42 that Lactobacillus strain

GG has consistent adhesive properties that are independ-
ent of freeze drying was a significant step forward. This
finding explains earlier observations by Goldin et al 43 that
Lactobacillus strain GG persists in 87% of faeces after four
days and in 33% after seven days. Ling et al 44 found Lacto-
bacillus strain GG in 28% of faeces as late as two weeks
after the supply of the strain had been discontinued. Adler-
berth et al36 using the HT-29 cell line, showed recently that
several strains of L plantarum display strong, sometimes
unique adhesiveness. Interestingly, these strains adhere to

mannose containing glycoproteins, which has previously
been demonstrated for enterobacteria such as E coli,
Enterobacter, Salmonella, and Shigella, as well as Vibrio chol-
erae. These findings seem to parallel earlier findings
obtained through studies of biopsy specimens obtained
with repeat endoscopy.34 Until now, however, intestinal
mucosal adhesiveness had not been convincingly shown for
any lactobacilli clinically tried in humans other than L
rhamnosus, strain GG and strain 271, L plantarum strains
299 and 299V, and recently L acidophilus strain LA1. It is
promising that evidence of strong clinical eVects is fast
accumulating for most of these lactobacillus strains.
Even non-adhesive lactobacilli, during their passage

through the GI tract, may have some short lived, but not
always reproducible eVects. Halpern et al 45 did not observe
any beneficial influence of daily consumption of 450 g of
yoghurt on lipid metabolism, including serum cholesterol,
but did observe a significant and potentially beneficial
increase in serum calcium concentrations and a most
interesting increase in production of ã-interferon by
isolated T cells. Increases in ã-interferon are associated
with improved immune defence and are most likely lacto-
bacillus induced. However, stronger metabolic and antimi-
crobial eVects can be expected from adhesive species spe-
cific bacteria such as L plantarum and L rhamnosus species.
It is interesting that the same bacteria when used in func-
tional food products appear to have significantly longer
shelf lives than other lactobacilli including L acidophilus.46

Lactobacillus rhamnosus—a clinically promising
lactobacillus
L rhamnosus strain GG (ATCC 53103) is by far the most
thouroughly explored of all lactic acid bacteria so far cor-
rectly taxonomically identified. It has been clinically tried
and is extensively regarded as being suitable for MIT. The
strain was originally identified as L acidophilus and later
named L casei GG, but has recently been identified as L
rhamnosus.46 Lactobacillus strain GG has been found to
decrease faecel â-glucuronidase, nitroreductase, and hy-
drolase activities46 and has also been suggested to have
cancer preventive eVects. It was recently shown eVectively
to shorten acute rotavirus diarrhoea in a group of 42 well
nourished children, given two doses of 1010 lactobacilli
every day for five days.47 48 Furthermore,Lactobacillus strain
GG has proven to be eVective in preventing and treating
diarrhoea in premature infants,49 newborns,50 children,51

and travellers.43 52 It has also been reported to be eVective
against severe intestinal infections such as Clostridium
diYcile.53 54 Strain GG is an ingredient in dairy products,
and has been available in the Finnish market since 1990; it
is also being introduced into Sweden and other countries.
In Finland about one million kilograms of strain GG con-
taining milk and yoghurts are consumed per one million
inhabitants per year.55 Strain GG has been shown to be safe
when administered to humans.56

Another L rhamnosus strain presently being explored in
Sweden is L rhamnosus 271. Although this strain has not
demonstrated, when compared with L plantarum, the same
great ability to adhere to human mucosa cells in vitro,36 it
has been recovered in large amounts in faeces of healthy
volunteers consuming the bacteria, and found in large
amounts in faeces seven days after its administration has
ceased.57 Furthermore, this L rhamnosus strain is made
available commercially in milk and yoghurt.

L plantarum—a regulator of GI function?
L plantarum is a member of the facultative heterofermenta-
tive group of lactobacilli. Many diVerent L plantarum
strains have been isolated from traditional habitats of
lactobacilli, such as plants, vegetables, fish, meat, and other
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fermented foods. L plantarum produces acetate in addition
to lactate under anaerobic conditions. It also possesses
pathways for converting malate, tartrate, and citrate to lac-
tate or acetate,58 and can deaminate arginine to ornithine,
and serine to pyruvate.59 Pyruvate is converted to both
L-(+) and D-(–) lactate. L plantarum often contains
plasmids, which might carry important fermentation
enzymes.60 It has the unique ability to tolerate low pH,
which makes it the dominant species at the last step of
natural fermentation.61 This is why L plantarum is the
dominant species in a range of fermented foods, including
sour dough, sauerkraut, green olives, natural wines and
beers, and many Third World staple foods, such as African
ogi. During anaerobic storage of foods, such as meat, L
plantarum becomes the dominant flora, and is entitely
dependent on the availability of glucose and arginine for its
growth.62 Our ancestors consumed large amounts of L
plantarum; this practice was rather abruptly discontinued,
at least in the Western world, with the introduction of
modern processed food.
The most unique feature of L plantarum is its ability to

catabolise arginine, and generate nitric oxide. L plantarum
is unable to degrade any amino acids other than tyrosine
and arginine, but has six diVerent pathways to degrade
arginine,63 and nitric oxide is produced in all of them. This
function is interrupted or at least depressed by antibiotic
treatment. Administration of antibiotics such as neomycin,
bacitracin, and polymyxin B is known to lead to reduced
activity of intraluminal enzymes such as lysine, ornithine,
and arginine decarboxylases.64 During anaerobic storage of
foods such as meat, lactobacillus becomes the dominant
flora, and these microorganisms are entirely dependent on
the availability of glucose and arginine for their growth.64

Arginine is most likely one of, if not the most important
NO donor for the GI tract. Moncada and his group65 sug-
gested in 1992 that NO released by constitutive enzymes
exerts a protective influence and that NO released by
inducible enzymes is destructive to the GI tract. Normally,
NO released in the GI tract by constitutive enzymes is
involved in a series of important GI functions such as bac-
teriostasis, mucus secretion, regulation of motility and of
splanchnic circulation,66 and in stimulation of GI immune
functions. Acidified nitrate in the stomach functions as an
NO donor, and most likely will eVectively control Candida
albicans, E coli, Shigella, Salmonella, Helicobacter pylori,
amoebae, and parasites.66 67 Nitric oxide is likely to have
similar functions at the level of both the small and large
intestine. It occurs via the arginine/NO function, and it
might be that the disease controlling function of L
plantarum occurs over the arginine/NO pathway. Recent
data suggest that L plantarum, at least the human specific L
plantarum strains 299 and 299V, has a unique adhesiveness
to the mucosa,36 and thereby builds an important biologi-
cal shield to prevent overgrowth by PPMs and resulting
microbial translocation. It seems logical to anticipate that
the mechanism of this action is, at least to some extent, via
the arginine/NO function.
Large amounts of endotoxin produced in the lumen of

the GI tract have no serious eVects on the body: to be
damaging, endotoxins must be delivered at the mucosal
surface.68 By preventing E coli from adhering to the
mucosa, L plantarum eVectively prevents endotoxins from
being delivered into the body. In support of this theory are
obervations in animals with induced peritonitis (caecal
ligation and puncture) that antibiotics (gentamicin) can
reduce the serum endotoxin titre, but that only a supply of
lactobacillus totally prevents endotoxin from appearing in
serum (Nobaek et al, unpublished observations). Because
of the short half life of NO, it can be assumed that it will be

eVective only if produced at the level of the mucosa by
mucosa adhesive bacteria such as L plantarum.
A supply of mucosa colonising L plantarum 299 and

299V leads to a significant decrease in Gram negative
anaerobes, Enterobacteriaceae, and also of sulphite reducing
clostridia.69 These bacteria have shown a strong ability to
counteract sepsis of gut origin and multiple organ failure
but also infections such as Clostridium diYcile. Several
reviews have been published on this topic.7–10

Nutrition influences PPM adherence and virulence
Bacterial adherence is an important prerequisite for
colonisation by pathogenic microorganisms and virulence
manifestations.70 Pathogenic bacteria form a close associ-
ation with the intestinal mucosa, which is the first step of
bacterial infection41 and initation of infectious and
sometimes also other diseases. As an example, the
intestinal pathogenicity of Enterobacteriaceae seems to be
directly related to the ability of this family to adhere to the
intestinal mucosa.71 For endotoxin to reach its cellular tar-
get, it must be concentrated close to the surface, an event
that occurs only when bacteria adhere. Ingestion of as
much as 150 mg E coli lipopolysaccharide does not seem to
induce adverse systemic eVects.72 Bacterial adherence is
prevented by mucosal IgA responses.73 During stress, par-
ticularly enteral starvation, bacterial adherence seems to
increase,74 maybe as an adaptive response of the bacteria.
Thus Gram negative bacteria, which colonise critically ill
patients, express a higher ability to adhere75 than do those
that colonise other patients. Spitz et al76 recently noted that
of all the factors influencing adherence and virulence, a
shortage of nutrients seems to evoke the most dramatic
response. At the same time as luminal nutrient deprivation
stresses the luminal bacteria and increases their adhesive-
ness, it also decreases mucosal IgA production.77 Enteral
starvation occurs within a day of use of parenteral nutrition
or chemically defined, so called astronaut diets, which are
absorbed in the proximal small bowel, thus leaving too lit-
tle substrate for the colonic microflora. Alverdy et al
estimate that about a 10-fold increase in bacterial
permeability is necessary for a decrease in mucosal adher-
ence to be observed.74 With the relation between enteral
nutrition and virulence of PPMs in mind, it is not surpris-
ing that a 76% reduction in sepsis rate was observed when
patients with abdominal trauma were fed enterally
compared with parenterally.78 During the past few years
great success has been achieved in postsurgical and
post-trauma care by feeding these patients enterally.79 Evi-
dence is also accumulating that the sepsis rate can be fur-
ther reduced by adding special immunostimulatory
nutrients such as arginine, glutamine, taurine, omega fats,
and vitamin E to the formula.80–85 I am convinced that an
ecoimmunostimulatory enteral nutrition formula should
also contain specific fibre or substrate for the bacteria, sur-
factants, and probiotic bacteria such as L plantarum 299
and L rhamnosus.6–10

Stress is known to aVect the composition of the intestinal
preventive flora.86 87 Infants fed on artifical infant formulas
have, in contrast to breastfed ones, a very low degree of
colonisation with lactobacilli and bifidobacteria 88 but high
counts in enterococci, coliforms, and clostridia.88–90 This
may relate to excessive hygiene measures during delivery in
Western countries, which prevent transfer of anaerobic
microflora from mother to infant.91 92 It is also known that
cosmonauts on return to Earth have lost their lactobacillus
flora, especially L plantarum, which is partly replaced by a
higher intestinal content of PPMs, changes attributed to
stress and poor eating.93 It is likely that many people on
earth have a similar lifestyle and could benefit from regular
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supplements of lactobacilli of human origin, such as those
mentioned above.

Enterococcus faecium—a new threat
Although the microbial pattern in nosocomial infections
has been stable during at least the past 100 years, dramatic
changes have occured during the past 10. The prevalence
of the lactic acid bacterium Enterococcus, a nosocomial
pathogen, has increased and now these bacteria are second
only to E coli.94 During 1992–1994 enterococci made up
41/108 (30.6%) of all surgical intensive care bacteraemia
episodes at Johns Hopkins institutions in Baltimore,96 with
a mortality of 39%. Enterococcus faecium in particular, but
also E faecalis, have become increasingly resistant to agents
traditionally useful in the treatment of infectious
diseases.11 94 96–103 Although in the Johns Hopkins study
100% of the E faecalis was vancomycin sensitive, 71.4% of
E faecium was found to be vancomycin resistant.94

Vancomycin resistant E faecium strains are rapidly
emerging worldwide and have the prospect of being a large
threat to humans, similar to HIV. Antibiotics are no longer
a realistic alternative. Against a background such as this
MIT should be considered and tried.
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