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Is the normal flora an asset or a 1iability? Scientists of no less
stature than Pasteur (1) and Metchnikoff (2) have contemplated this
question since the existence of these microbial populations was first
recognized. Pasteur predicted that elimination of microbial associates
(i.e., production of germfree animals) would be incompatible with life.
Thanks to the pioneer work of Reyniers and others at the Lobund Labora-
tory, University of Notre Dame, it is now clear that the germfree state
can be maintained for successive generations in various experimental
animals (3), thus laying to rest Pasteur's hypothesis that the normal
flora is essential to life.

Metchnikoff's contention that indigenous microbes are antagonists
of the host has been more difficult to refute. To be sure, there are
animals within nature that profit handsomely from the activities of
their indigenous microbial burden. Consider cattle and other ruminants,
whose ability to use cellulose as a food source derives from the fermen-
tation activity of symbiotic organisms colonizing their gastrointestinal
tracts (4). More exotic examples of such synergistic relationships can
be found in.the ambrosia beetles and in bioluminescent fish. The former
cultivate fungi originating in their normal flora as a chief source of
food (5), whereas the latter harbor bioluminescent bacteria of the genus
Photobacteriwn in various light organs that are used to attract prey,
assist in escaping predators or as a means of communication (6)(Figure 1).
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These examples would seem to vitiate Metchnikoff's contention that the
normal flora is detrimental to higher animals, except that the rela-
tionships between ruminants, ambrosia beetles, and bioluminescent fish
and their microbial symbiotes are highly specialized relationships that
are by no means typical of those existing between the majority of higher
animals (including man) and their indigenous microorganisms.

Fortunately, considerable experimental data do exist that bear di-
rectly upon the role played by the normal flora in health and disease
in man and related mammals. In the present discussion, I will review
these data, focusing on evidence relating to the issue of whether in-
digenous microorganisms help or hinder man in his efforts to cope with
a hostile environment. Because the composition of the human normal
flora has yet to be characterized completely, I have not attempted to
delineate the individual species of microorganisms represented at vari-
ous anatomical sites. I have, nevertheless, appended a table from
Rosebury's Microorganisms Indigenous to Man (7) which can be used as a
general guide to the composition of the normal flora of man. (See
Appendix 1).

DEFINITIONS

Studies of the teleological significance of the normal flora have
involved three basic types of experiments: (a) those comparing germ-
free or gnotobiotic animals with conventional counterparts; (b) those
comparing animals whose resident microorganisms have been suppressed
by antimicrobial agents with animals possessing undisturbed normal
floras; and (c) epidemiological studies comparing the prevalence of
specific microorganisms among the normal floras of subjects affected
by a particular disease (e.g., cancer of the colon) with unaffected
controls.

To evaluate these studies, one must first understand the termin-
ology used to describe the essential ingredients of such experiments.
The following is a 1ist of pertinent terms relating to studies of the
teleological significance of the normal flora:

a. Normal flora refers to the population of microbial associates
inhabiting the internal and external surfaces of healthy con-
ventional animals. Synonymous terms include indigenous flora,
resident flora, and microbial associates. The bacterial rep-
resentatives among the microbial associates of man and other
higher animals have been studied more intensively than other
microorganisms. However, various fungi, protozoa, and other
microbes are also important constituents of the normal flora.
Although many viruses may be cultured from otherwise healthy
children, a "normal" viral flora is generally not felt to ex-
ist in man (8).
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b. Conventional animal is one colonized by a full burden of resi-
dent microorganisms normally associated with its particular
species.

c. Germ-free animal is one that is free from all demonstrable
associated forms of 1ife including bacteria, fungi, protozoa,
viruses, and other microorganisms. In practice, the germ-
free state is relative, since its definition depends upon the
stringency of the tests used to establish microbial sterility
(9). Physiologically, germ-free animals may differ markedly
from their conventional counterparts. This is particularly
ture of the gastrointestinal tract of such animals, which in
certain species has a thinner lamina propria, a larger cecum,
a more regular epithelium, a thinner mucosa, shallower crypts -
of Lieberkuh, and shorter-Tived erythrocytes than in the con-
ventional state (10). Consequently, germ-free animals are not
necessarily anatomical or physiological equivalents of conven-
tional animals sans their microbial associates. If a germ-free
animal becomes colonized by a single microbial species, it is
referred to as monoassociated; and if it becomes colonized by
the full complement of microorganisms characteristic of its
species, it is referred to as conventionalized. i

d. Gnotobiotic is a word of Greek derivation meaning known flora.
Gnotobiotic animals are either germ-free or ex-germ-free ani-
mals in which the composition of any associated microbial flora,
if present, is fully defined according to the most current me-
thodology (11).

EXOGENOUS FORCES INFLUENCING THE NORMAL FLORA

Various exogenous forces may have a pronounced effect on the deli-
cate balance between the host and its normal flora. Diet is one such
force. Restriction of carbohydrate ingestion, for example, has been
shown to cause a marked reduction in the numbers of lactobacilli and
S. mutans in the mouth (12). Synthesis of extracellular glucan from
dietary glucose is critical to the latter organism's ability to ad-
here to tooth surfaces (13), and is a matter of no small consequence
to man, owing to the pivotal role played by S. mutans in human cario-
genesis (12). The effects of dietary components on the composition of
the normal flora of other anatomical regions is largely unknown. Star-
vation has been shown to cause an imbalance in the gastrointestinal mi-
crobial ecosystem of rodents (14), which is felt to be at least parti-
ally responsible for the increased susceptibility of starved animals
to L. monocytogenes infections (15). However, neither the precise
dietary deficiency nor the specific indigenous microorganisms respon-
sible for this affect have been identified.



The importance of diet as a source of microbial colonists has be-
come increasingly apparent as clinicians have heightened their efforts
to circumvent infections in immunosuppressed patients. Ps. aeruginosa,
an important pathogen among such patients, has been shown to contamin-
ate a high percentage of fresh vegetables finding their way to hospital
kitchens (16). It has been suggested that more careful attention to
eliminating such dietary sources of Ps. aeruginosa might be one way of
reducing the high incidence of infections caused by this bacterium in
immunosuppressed patients (17).

Disease and the general debilitation that accompanies diseases of
unusual severitv or duration are another potential source of perturba-
tion of the indigenous flora. Johanson, et al (18,19) have shcwn, for
instance, that the prevalence of Gram-negative bacilli among the oro-
pharyngeal flora is low in physiologically normal subjects, even when
exposed to a hospital environment.(Table 1). However, the prevalence

of oropharyngeal Gram-negative
Table 1. Results of Single Oropharyn- bacilli rises markedly when

geal Culture Surveys i1lness supervenes, presumably
SrunslGaoan b Bt because sick epithelial cells
Cowtaiming are more easily adhered to by
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Normal subjests:
Nonhospital associated 82 - s
Hospital associated 47 2 Even in the absence of
Baisaiiss severe debilitation, certain
Psychiatry service 20 0 chronic disorders induce de-
Moderately ill 81 16
ey oA 15 tectable alterations in the

composition of microbial popu-
lations colonizing man. Patients suffer1ng from chronic alcoholism and
diabetes mellitus have been shown to have an abnorma11y high prevalence

of Gram-negative bacilli among the microorganisms colonizing their oropha-

rynges (Table 2)(20). The mechanism responsible for this association is
not known, but does not appear to be a deficiency of oropharyngeal Gram-

?os;t1ve bacteria capable of inhibiting Gram-negative bacilli (Figure 2)
21).
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Perhaps the most intriguing of all the exogenous forces causing
major disturbances in the -composition of the normal flora are the in-
fluenza viruses and other respiratory viruses. Bacterial superinfec-
tions are frequent and occasionally devastating complications of these
viral respiratory infections. Although the mechanisms responsible for
the bacterial superinfections are multifactorial (22), recent evidence
suggests that a critical factor in the relationships between the viral
and bacterial respiratory pathogens relates to the ability of the vi-
ruses to promote colonization of the oropharynx by pathogenic bacteria
(23-26) and to do so by facilitating adherence of these bacteria to
pharyngeal epithelial cells (27). There are at least four mechanisms
suggested by available experimental data that could account for the
enhanced adherence of pathogenic bacteria to virus-infected mucosal
surfaces (Figure 3).
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- Figure 3. Possible mechanisms responsible for the enhanced adherence
of pathogenic bacteria to virus-infected mucosal cells: (a) Binding of
bacteria to viral antigens themselves; (b) Binding of bacteria to virus-
induced membranous defects; (c) Binding of bacteria to Fc fragments of
fixed antiviral antibody; (d) Binding of antibody-coated bacteria to
virus-induced Fc receptors.

a. Viral antigens present on the surface of infected cells can
themselves act as binding sites for pathogenic bacteria (28).

b. Infection of cells by influenza viruses and certain other
respiratory viruses appear to cause physiochemical alterations of the
cell membrane that may favor adherence of some pathogenic bacteria (29).



c. Adherence of bacteria such as 5. aureus to virus-infected
cells might result iz vivo from the union of Fc fragments of fixed
antivirus antibodies with bacterial Fc receptors (30).

d. Adherence of antibody-coated bacteria to virus-infected cells
might also result <z vivo from the union of Fc fragments of the anti-
bacterial antibodies with virus-induced Fc receptors present on the
surface of cells infected by certain herpes viruses (31)..

Antimicrobial agents are capable of causing the most rapid and
the most radical changes in the normal flora of any exogenous fac-
tors influencing these populations. Aside from their ability to
destroy microbial associates outright, antimicrobial agents may im-
pair adherence ‘of microorganisms to epithelial cells even when pre-
sent in subinhibitory concentrations (32-34). Furthermore, as cer-
tain bacterial strains develop resistance to antimicrobial agents,
they exhibit changes in membrane proteins that appear to affect their
ability to colonize mammalian epithelial cells (35).

Occupation (36), stasis (37,38), cancer (39), and pregnancy (40),
may each also influence the composition of the normal flora. Studies
of the fecal flora of American astronauts have shown that emotional
stress (in this case relating to confinement in Skylab) influences
the composition of the indigenous biota of man (Figure 4)(41). It
has been suggested that such stress effects in travelers could in-
fluence their susceptibility to diarrheal disorders by disrupting
their gastrointestinal microbial ecosystems (42).
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Figure 4., Quantitative stool cultures obtained from three astronauts
before, during, and after confinement in the Skylab chamber. Percen-
tage of isolates, from different fecal specimens, that were B. fragilis
subsp. thetaiotaomicron.



MECHANISMS OF COLONIZATION

The mechanisms by which microorganisms colonize epithelial sur-
faces fall into one of two broad categories: those concerned with
adherence to the animal surfaces and those that enable microorgan-
isms to survive in the surface environment (38). Normal microbial
associates and pathogenic microorganisms alike must overcome a vari-
ety of obstacles encountered on animal epithelial surfaces if they
are to successfully colonize these surfaces (Table 3). The continu-
ous unidirectional flow of material through most visceral channels --

Table 3. Obstacles Encountered by Microorganisms Attempting to
Colonize the Body Surfaces of Higher Animals

1. Unidirectional flow 6. Non-specific Host Anti-
2. Mucociliary Clearance Systems microbics

3. Epithelial Cell Turnover 7. Variations in pH or Redox
4, Local:Immune Systems Potential

5. Receptor Analogues 8. Microbial Competitors

either as a result of peristaltic activity, gravitational forces, or
mucociliary clearance systems -- dictates that organisms within chan-
nels such as the gastrointestinal tract will be swept away with other
intraluminal materials if not attached to underlying epithelial sur-
faces. Adherence to epithelial cells not only prevents the expulsion
of the microorganisms, but might also stimulate their growth, since
nutrient materials and other macromolecules tend to concentrate at
solid-1iquid interfaces (43).

Adherence of bacteria (and most likely other microorganisms) to
mammalian cells is a complex process, requiring expenditure of suf-
ficient energy to overcome the electrical repulsion barrier posed by
the intimate association of two cells having similar electrical char-
ges (13). The attraction forces between cells must be strong and yet
reversible, so that when the finite lifespan of a colonized epithelial
cell has been realized, and the cell is sloughed into the intraluminal
stream of the visceral structure, adherent microorganisms can free
themselves to colonize successive generations of new epithelial cells
(Figure 5)(44)

Figure 5. Diagrammatic representation
of bacterial colonization on a mucosal
surface. Persistent colonization re-

%‘_ﬁ quires attachment of dislodged progeny.
Differences between the innate abilities
C;;Q L ) of bacterial species (black and white)
o

o 42 to attach are multiplied because of the
& & 8 % cyclical nature of the events. More
— feebly adhering organisms become elimin-

ated over time. Species unable to at-
tach (gray) are removed by the flowing
secretions.



In vitro studies of bacterial adherence to epithelial cells have
shown a remarkable degree of specificity of microorganisms for par-
ticular cell types. Avian lactobacilli, for example, adhere to avian
epithelial cells in such experiments, but not to the epithelial calls
of other animals (45&). Similarly, rat lactobacilli adhere preferen-
tially to rat epithelial cells (46a). Observations of this nature sug-
gest that the ability of microorganisms to adhere to epithelial cells
of a particular animal species is a critical determinant of whether
they are able to colonize that species.

Perhaps even more intriguing are the observations in similar in
vitro experiments, that bacterial adherence to epithelial cells is
also cell-specific. In fact, different epithelial cell types within
an anatomical area as confined as the human oropharynx demonstrate
striking differences in suitability for adherence by given species
(Table 4)(44). The fact that the specific microorganisms exhibiting

Table 4. AbiTity of bacteria to attach and their proportions found

indigenously?
Relauve Indigenous Proportions Exper ily Observed Adh
Tongue Buccal Tungue Buccal
Baciera Tooth Oorsum  Mucoma Tooth Dorsum Mucosa
Streptococcus salivarius low high mod. low high mod.
Streptococcus mitis high mod. high high mod. high
Streptococcus sanguis high mod. mod. high mod. mod.
Streptococcus mutans low 10 high® low low low 10 high® low low
Veulonella low high low low high low
Luctobacilli low low low low low low
Neissera low low low low low low

2Data derived Irom (71, 36, 134, 135, 209=211).
YHigh under the iniluence of dietary sucrose.

the strongest affinity for particular epithelial cell types in in
vitro adherence assays are the same microorganisms colonizing the
cell types in vivo, adds further credence to the concept that ad-
herence is a critical determinant of a microorganism's ability to
colonize epithelial surfaces. [t is noteworthy, however, that even
microorganisms with 1imited ability to directly colonize particular
host surfaces, may nevertheless do so ¢n vivo through a process of
interbacterial aggregation. Whittenberger, et al (45b),for instance,
have shown that glucosyltransferase produced by S. salivarius greatly
facilitates adhesion of Veillonella to smooth surfaces. Presumably,
a similar process of interbacterial adhesion is responsible for the
ability of Veillonella to colonize the smooth surface of teeth <n vivo.

The reason for such striking cell specificity almost certainly
relates to the attraction of species-specific microbial adhesins (ad-
hesive antigens present on the surface of microbes) to complementary
cell-specific adhesive receptors present on the surfaces of host cells



(46b). Many such adhesins and receptors have been identified. In gen-
eral, adhesins are proteinaceous antigens present as filamentous pro-
jections on the surface of bacterial cells (Figure 6). These bind to
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Figure 6. Formation of filaments and lack of fimbriae induced by
growth of Escherichia coli in subminimal inhibitory concentrations
of penicillin. Although the filaments (bottom) lacked the fimbri-
ae present on organisms grown without penicillin (zop), the forma-
tion of flagella did not appear to be affected by penicillin. (See
earlier discussion regarding the effect of subinhibitory antibiotic
concentrations on adherence).

specific receptors on the cell membrane of epithelial cells. Recep-
tors for Gram-negative bacteria have generally been identified as
carbohydrate moieties. Mannose, for example, has been shown to be
the specific receptor for such species of Enterobacteriaceae. The
receptor for S. pyogenes -- the most thoroughly studied Gram-positive
organism in this regard -- appears to reside in an albumin-like pro-
tein or glycoprotein present in the membrane of oral epithelial cells.

Host mechanisms aimed at blocking adherence of microorganisms to
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epithelial surfaces have evolved pari passu with those microbial mechan-
isms promoting adherence of microorganisms to epithelial surfaces. In
general, inhibitory host mechanisms are more active against potential
pathogens than normal microbial associates, but are obstacles to be
overcome by any microorganism attempting to colonize epithelial surfaces.
A primary function of the antibody-forming system of mucosal surfaces

is to block adherence of unwelcome microorganisms through the produc-
tion of specific secretory IgA (47). Production of epithelial receptor
analogues that combine with and neutralize bacterial adhesins is another
means by which the host may thwart adherence of certain microorganisms.
Various strains of viridans streptococci, for example, attach to human
buccal epithelial cells by selectively binding blood group reactive
glycoproteins present on the surface of these cells (48). Similar gly-
coproteins, released by the host into salivary secretions, competi-
tively inhibit binding of the viridans streptococci to epithelial cells
by occupying the bacterial glycoprotein adhesins responsible for such
binding. Lysozyme, another constituent of certain host secretions,

also appears to inhibit binding of bacteria to epithelial cells, but by
steric hindrance rather than by occupying specific adhesins on the bac-
terial surface (49).

Aside from measures directed against adherence of microorganisms to
epithelial cells, other non-specific inhibitory mechanisms are active
on epithelial surfaces that discourage microbial colonization. These
represent the primary obstacles to colonization of stagnant anatomical
areas such as the cecum of Tower animals, the large intestine, or den-
tal crevices, where adherence is not a prerequisite for surface associ-
ation. In general, nutrient deprivation does not appear to be an im-
portant mechanism for checking growth in these areas (44) except as it
relates to efforts of the host to deprive organisms of iron through the
production of various iron binding proteins (50). Various antibacterial
substances are produced by the host, which may further impair microbial
growth on some surfaces. Unconjugated bile is one such substance,
whose toxicity is probably at least partially responsible for the low
number of microorganisms present in the small intestine (51). Certain
anatomical sites, because of an unfavorable pH or oxidation-reduction
potential, are suitable for growth of some, but not other, groups of
microorganisms. In the mouth, for instance, the low oxygen tension
within the gingival crevice makes it the primary ecological niche of
obligate anaerobic microorganisms (44). If this niche is eliminated,
as it is in the edentulous patient, concentrations of anaerobic mi-
croorganisms within the oropharynx drop precipitously.

Finally, the microorganisms themselves pose a barrier to coloni-
zation. The nature and teleological significance of this competitive
barrier is considered in a later section.
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CARCINOGENESIS AND THE NORMAL FLORA

Some of the most persuasive evidence favoring Metchnikoff's con-
tention that the normal flora is a threat to the host, derives from
studies of the carcinogenic potential of the normal flora. Prime
examples of such studies are those dealing with cycasin. This gly-
coside of cycad nuts has been shown to be carcinogenic when eaten by
man or animals (52). Given parenterally to rats, it has no adverse
effects nor is it careinogenic when fed in larger amounts to germ-
free rats. Spatz, et al have shown that cycasin is carcinogenic only
when given orally to conventional animals, because the true carcino-
gen, methylazoxyimethanol, is formed only after hydrolysis of cycasin
by intestinal bacteria (53).

Recent concern has arisen as to the possibility that carcinogenic
nitrosamines might be produced in vivo by microbial reduction of ni-
trates and secondary amines used as food preservatives (54). This
concern has heightened with the demonstration that the intestinal
microflora is capable of catalysing the synthesis of nitrosamines at
neutral pH and that some strains of intestinal bacteria can also re-
duce nitrate to nitrite (55). Fortunately, in man, nitrate is most
1ikely absorbed prior to reaching regions of the gut heavily colonized
by such bacteria.

Various "sentinel microorganisms" have an apparent predilection
for colonizing patients with underlying malignant neoplasms. Strep-
tococcus bovis ((56), Clostridiun septicum (57), various non-typhoidal
strains of salmonella (58), and the Epstein-Barr virus (59) are examples
of such microorganisms. Production of a human choriogonadotropin-like
substance by certain tumor-associated bacteria -- some of which con-
tinue to produce the substance even after having been subcultured for
years -- suggests that exchange of genetic material between tumor cells
and tumor-associated bacteria might take place in some cases (60).
However, it is not yet known whether sentinel microorganisms are simply
"innocent bystanders" or are actively involved in the carcinogenic pro-
cess. The animal data reviewed above would suggest the latter; and
yet, studies comparing the incidence of neoplastic diseases in germ-
free and conventional animals have found malignant neoplasms to be
evenly distributed between the two groups (61,62).

NUTRITIONAL CONTRIBUTIONS OF THE NORMAL FLORA

If the normal flora does contribute to the well-being of the host,
as Pasteur hypothesized, it most 1ikely does so in one of two ways:
by satisfying certain nutritional needs of the host or by functioning
as a barrier to infection. In nature, there are numerous clear-cut
examples of symbiotic relationships between the normal flora and ani-
mal hosts, whereby critical nutritional needs of the host are satisfied
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by resident microorganisms. The ambrosia beetles, already mentioned,
are some of the more spectacular examples of such symbiotic arrange-
ments. The ruminants are a much more familiar example, but are no
less extraordinary in their ability to capitalize on the nutritional
assets of their own intestinal flora. In fact, Hungate has suggested
that "... utilization of microorganisms as food recalls the numerous
plankton feeders of the ocean, but whereas typical plankton feeders
have numerous devices for straining the organisms out of large vol-
umes of water, the ruminant grows the "plankton" continously in tre-
mendous numbers in a small volume and then harvests them. In a sense,
the ruminant can be termed a plankton feeder, but its adaptations go
much further since it utilizes not only the bodies of microorganisms,
but also some of the waste products formed during their growth " (63).

Does man derive any comparable nutritional benefits from his own
normal flora? At the present time, this question must be answered
by pointing out that there are no data to suggest that man's normal
flora or that of any closely related animals is essential to the nu-
tritional well-being of the host. Nevertheless, certain representa-
tives within the resident flora, particularly nutritionally fastidi-
ous bowel inhabitants, are capable of synthesizing vitamins in excess
of their own metabolic needs (Table 5). It is probable, though not
yet certain, that some of these vitamins are absorbed by man (7).

Table 5. Examples of Vitamins Synthesized by the Gastrointestinal
Flora of Nonruminant Animals

Vitamin Animal Reference
K Man, rat 7
Folate Man, rat, chicken, 64-67
pig, dog
B12 Man 66
Pyridoxine Man 68
Biotin Man, rat 69,70
Pantothenate Man, rat 71,72
Riboflavin Man, rat 73,74

However, the synthesizing activity of the intestinal flora of non-
ruminant species has almost invariably been shown to be supplemen-
tary or contributory rather than indispensible. Furthermore, cer-
tain vitamins may be diverted from the host by vitamin-requiring
bacteria among the resident flora, or (in the case of ascorbic acid)
as a result of decomposition of vitamins by such microbes (7). In
man, these processes are responsible for vitamin By deficiency that
?gc?sionally complicates the various intestinal overgrowth syndromes
5).
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It has been speculated that excess ammonia produced as a result of
degradation of urea by the gastrointestinal flora might be available
to the host for synthesis of nonessential amino acids and amination of
nitrogen-free analogues of essential amino acids (76,77). Mitch re-
cently analyzed urea metabolism in patients with chronic renal failure
before and during antibiotic suppression of the intestinal flora to
see if these bacteria might benefit uremic patients by providing an
internal source of nitrogen or by functioning as an alternative means
of clearing waste products (78). He found no evidence to suggest that
nitrogen derived from bacterially degraded urea was used by uremic pa-
tients for amino acid synthesis. In fact, he found that nitrogen bal-
ance was improved when the intestinal flora of the patients was sup-
pressed by antibiotics. These-findings suggest that the intestinal
flora does not contribute in a positive way to protein metabolism in
man.

In rodents, bile acid metabolism (79), cholesterol synthesis (80),
and modification of polyunsaturated fatty acids (9) have been shown to
be under the influence of intestinal flora. Whether or not such ac-
tivities are important to the hosts' nutritional needs appears to de-
pend on many factors. Their relevance to the relationship between
man and his own indigenous flora is uncertain.

THE ROLE OF THE NORMAL FLORA IN RESISTANCE TO INFECTION

Mechanisms of Pathogen Inhibition

An important principle of infectious diseases is that pathogenic
microorganisms generally have to attain certain critical population
densities on the host before they can successfully invade the host
(81). A single pathogenic microbial cell rarely, if ever, is suffi-
ciently virulent to cause disease in a susceptible host. Therefore,
pathogenic microorganisms first must establish themselves on the skin
or mucosal surfaces. of the host and then proliferate to population
sizes sufficient for invasion.

Much of the research into the role of the normal flora in resis-
tance to infection has dealth with studies of its ability to limit
the growth of pathogenic microorganisms on mucosal surfaces. Although
such experiments have yet to prove the importance of the normal flora
as a barrier to infection, they have established the existence of nu-
merous mechanisms by its members which may inhibit growth of pathogenic
microorganisms (Table 6).

0f the direct mechanisms by which indigenous microorganisms sup-
press potential pathogens, bacteriocin production is the one best
characterized. Production of these high molecular weight proteina-
ceous antibiotics by resident viridans streptococci is felt to repre-
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Table 6. Mechanisms by Which Indigenous Microorganisms Inhibit
Potential Pathogens. (Adapted from Savage, ref. 42)

Direct Effects:

Bacteriocin production Depletion of essential nu-
Production of toxic metabolic trients
end-products Suppression of adherence
Induction of Tow oxidation- Inhibition of translocation
reduction potential Degradation of toxins

Indirect Effects:

Enhancement of antibody pro- Augmentation of interferon
duction production
Phagocyte stimulation Bile acid deconjugation
Stimulation of clearance
mechanisms

sent an important barrier to colonization of the oropharynx by patho-
genic bacteria such as S. pnewmoniae (82), S. pyogenes (83-85), and
Gram-negative bacilli (86,87). It is also likely that bacteriocin
production is the principal means by which indigenous bacteria of the
bowel and Tower genitourinary tract suppress potential pathogens at-
tempting to colonize these two anatomic sites. That this mechanism
is responsible for suppressing pathogenic microorganisms on integue-
mental surfaces is suggested by studies demonstrating a reduced inci-
dence of secondary infections in patients with eczematous or varicose
ulcerations that are colonized by antibiotic-producing bacteria (88).

In the intestine, production of toxic short-chain fatty acids by
the indigenous flora might be an important means by which pathogenic
microorganisms are discouraged from colonizing intestinal ecosystems
(89). There are probably many other metabolic end products of the
indigenous flora that are either directly toxic to potential pathogens
or inhibit growth of pathogenic microorganisms indirectly by Towering
local oxidation-reduction potentials (42). Although depletion of es-
sential nutrients might occur as a result of such metabolic processes,
the few in vitro studies examining this mechanism have not found it to
be important in suppressing potential pathogens (90).

The all too frequent development of candidiasis as a consequence
of suppression of the resident flora by broad-spectrum antibiotics
suggests that inhibitory mechanisms of the normal flora are active
against fungal, as well as bacterial, pathogens. In fact, competitive
bacteria within the normal flora appear to be more important than the
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immune system of experimental animals in resistance to acute candidi-
asis (Figure 7)(91). Streptococcus mitis and Lactobacillus actidophilus
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and other Hp0z-generating resident bacteria have been found te inhi-
bit fungi and certain viruses <n vitro when combined with peroxidase
and a halide (92). However, the role of this inhibitory system in
controlling either fungal diseases such as candidiasis or viral in-
fections remains uncertain.

Some of the most innovative studies of microbial inhibitory me-
chanisms have considered the effect of resident microbes on adherence
of pathogens to epithelial surfaces. In germ-free mice, for example,
twice as many cells of Candida albicans have been shown to adhere to
oral epithelial cells as in conventional animals (93). Kuramitsu and
Paul have recently shown that adherence of 4dctinomyces viscosus (an
etiological agent in root surface caries and periodontal bone loss)
to hydroxyapatite is suppressed by various bacterial species found
among the normal flora of the human oropharynx (94). In one instance,
adherence of 4. viscosus appeared to be impaired because its attach-
ment sites partially overlapped those of the indigenous microorganism
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(5. sanguis), whereas in another case, inhibition of adherence ap-
peared to be mediated through the effect of a bacteriocin (produced
by S. mutans).

Electron micrographs of colonic mucosal surfaces suggest that ster-
ic hindrance might also be a means by which adherence of microbial
"newcomers" is prevented (Figure 8)(38). Such micrographs reveal a

Figure$  Microorganisms associated with stratified squamous epithelium of stomachs of
aduit CD-1 mice. Note end-on attachment of bacteria to epithelium (SEM, x3800). Mic-
rograph courtesy of D. Savage: reproduced from lafect. Immun. 10, 242 (1974) by copyright
permission of the Rockefeller University Press. New York.

carpet of indigenous microorganisms so complete that it is difficult
to conceive of a means by which potential pathogens might find access
to the underlying mucosal surface, short of burrowing through this
carpet. This form of competition, if important, would obviously be
less evident in more sparsely populated surfaces such as the skin or
small bowel mucosa.

Numerous studies in conventional mice have demonstrated reduced
translocation (i.e., passage of bacteria from the gastrointestinal
tract through the epithelial mucosa, the lamina propria and into me-
senteric lymph nodes) of indigenous and autochthonous microorganisms
in the presence of a viable normal flora (Figure 9)(95). By comparison,
in germ-free mice the mechanisms limiting translocation are either ab-
sent or greatly reduced. Although the specific mechanisms involved



have not been identified. It has been
speculated that the indigenous flora
inhibits translocation by reducing mi-
crobial population densities within
the bowel Tumen, and this in turn is
accomplished through stimulation of
peristalsis.

Degradation of bacterial toxins is

a means by which the normal flora might

1imit disease caused by certain toxin-
producing microorganisms (96). Such
degradation is believed to be respon-
sible for the lower potency of enter-
ally administered botulinus toxin
(compared to parenterally administered
toxin).

Aside from their ability to inhi-
bit potential pathogens directly
through the mechanisms discussed
above, indigenous microorganisms
might obtain the same result indi-
rectly by stimulating host immune
or clearance systems. Comparison of
germ-free and conventional animals
reveals a variety of immunological
deficiencies in animals lacking indi-
genous microbial associates (Table 7).
Conventional animals have been shown
to have higher levels of natural an-
tibodies (97) and more responsive mi-
crophages (Figure 10)(98) than their
germ-free counterparts. Tippestad
and Midtvedt have also reported that
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DAYS FOLLOWING INOCULATION WITH CZCAL CONTENTS

F16. & Reduction in the cecal population levels of
E. coli C25 by bacterial antagonism inhibits trans-
location of viable E. coli C25 to the mesenteric lymph
nodes of gnotobiotic mice. Germfree mice were mon-
oassociated with E. coli C25 for | week before inoc-
ulation with the cecal contents from SPF mice. The
data were obtained from these mice at various days
after inoculation with the cecal contents from SPF
mice. The solid lines represent gnotobiotic mice mon-
oassociated with E. coli C25 throughout the entire
test period. The dashed lines represent gnotobiotic
mice monoassociated with E. coli C25 for | week
followed by inoculation with the cecal contents from
SPF mice. The solid circles represent the mean num-
bers of viable E. coli C25 per gram of cecum. The
open circles represent the incidence of translocation
of viable E. coli C25 to the mesenteric lvmph nodes
determined by the percentage of mice exhibiting via-
ble E. coli C25 in their mesenteric lymph nodes.

Table 7. Relative Immunological Deficiencies Observed in Germ-Free
Animals
Deficiency Ref. No.
Low levels of natural antibodies 97
Hyporesponsive macrophages 98
Hypresponsive neutrophils 99
Underdeveloped lymphoid tissues 102,103
Subnormal interferon production 104
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accumulation of neutrophils in casein-induced exudates is diminished

in germ-free as compared to conventional rats (99). However, other
investigators have failed to substantiate these observations (98).
Conventional mice but not germ-free counterparts exhibit increases in
serum colony stimulating factor following lethal irradiation, imply-
ing that the normal flora might be one of the determinants of serum
colony stimulating factor levels (100). Germ-free animals occasionally
exhibit lower total white blood cell counts than conventional controls
(101) and have comparatively underdeveloped lymphoid tissue and smaller
lymph nodes early in 1ife (102,103). Populations of wandering cells
within the Tamina propria of the intestinal mucosa have also been re-
ported to be diminished in germ-free animals (103). Nevertheless,

the differences reported between germ-free and conventional animals
have generally been minor; where differences in immune function have
been identified, they have been quantitative rather than qualitative,
and are rapidly eliminated with exposure of the germ-free animal to
conventional microbial associates (11). ;

Interferon production in response to various interferon inducers
has been shown to be diminished in germ-free as compared to conven-
tional mice (Figure 11)(104). These observations illustrate a mechanism
by which indigenous microorganisms might enhance resistance to viral
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pathogens. Unfortunately, appropriate studies have not yet been
undertaken to delineate the effect of the normal flora on resistance
to viral infections (105).

Since many bacteria are destroyed iz vitro by deconjugated bile
acids, deconjugation of bile acids has been proposed to be an indirect
means by which the normal gastrointestinal flora contributes to resis-
tance to intestinal pathogens (42). Some intestinal pathogens, however,
resist the toxic effects of bile acids, and other (sensitive) pathogens
avoid exposure to the acids by colonizing areas of the upper small in-
testine where concentrations of deconjugated bile acids are low.

Finally, the normal flora may heighten host clearance mechanisms
at least to the extent that it appears to stimulate intestinal peris-
talsis (42). In this regard, it is likely that indigenous microorgan-
isms 1imit the capacity of intestinal pathogens to establish themselves
by facilitating the expulsion of such pathogens from the gastrointestinal
tract.

If the resident flora does have a function in defense against infec-
tion, it is unlikely that a single species is responsible for the inhi-
bitory effect of the flora on potential pathogens. Rather, synergistic
relationships between members of the normal flora appear to be critical
in the process of suppression of potential pathogens. ODucluzeau and
associates have verified the importance of such synergistic relation-
ships in experiments with Shigella fFlezmeri (106). They showed that
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when associated with an aerobic Gram-negative bacillus (E. coli K-12),
two extremely oxygen-sensitive strains of Clostridiwm spp. obtained
from the digestive tracts of conventional mice, constitute a barrier
against infection of gnotobiotic mice by Shigella flexneri. The bar-
rier effect was not apparent unless both the strict anaerobe and the
facultative aerobe colonized the gastrointestinal tract of experimen-
tal animals simultaneously. Furthermore, the effect was largely pre-
ventive since the barrier provided by these strains was most effective
when it existed prior to challenge with S. flezmeri. Ducluzeau, et al
hypothesize that the bacterial antagonism observed in their experiments
was related to production in vivo of inhibitors by Clostridium spp. that
is, in turn, stimulated by Z. colz K-12.

Synergism between the immunological response of the host and direct
inhibitory effects of indigenous microorganisms may be important in in-
hibiting certain pathogens. For example, Wells and Balish have reported
that although germ-free rats produce splenic plaque-forming cells in re-
sponse to challenge with sheep erythrocytes, immune potentiation of the
response by P. acnes is not observed unless rats are first exposed to a
conventional resident flora (107). Similarly, Shedlofsky and Freter
have observed enhanced resistance of germ-free mice to Vibrio cholzrae
following immunization if these animals are simultaneously colonized by
microorganisms from the intestinal flora of conventional animals (108).

In vivo Data Indicative of a Positive Role

Indigenous microorganisms of the oropharynx have been scrutinized
more carefully than any of man's resident microorganisms for evidence
that the normal flora functions as a barrier to infection. In vitro
observations have established that various strains of viridans strepto-
cocci inhabiting the oropharynx suppress growth of such diversified res-
plratory pathogens as Streptococcus pyo enes (83-85), Streptococcus prneu-
moniae (82), Neisseria meningitidis ? Staphylococcus aursus (83), My-
cobacterium tuberculosis (109), Legwnella pneumophila (110), and Gram-
negative bacilli (86-87). More importantly, numerous investigators have
shown that elimination of inhibiting oropharyngeal bacteria Zn vivo is
rapidly followed by the emergence of many of these same pathogens in the
oropharynx.

Sprunt has reported that antibiotic-induced suppression of the normal
oropharyngeal flora of man produces an ecological vacuum that is rapidly
filled by resistant Gram-negative bacilli (Figure 12)(86). If, however,
inhibitory bacteria within the resident oropharyngeal flora are resistant
to the antibiotic administered, colonization of the oropharynx by Gram-
negative bacilli does not occur (87). These observations, in conjunction
with ones showing that children who become colonized by S. pyogenes pos-
sess fewer bacteria capable of inhibiting 5. pyogenes among their resi-
dent oropharyngeal flora than children who do not become colonized by this
pathogen (85), provide strong epidemiological evidence that the normal



flora acts as a barrier to coloni-
zation of the oropharynx by patho-
genic bacteria. Unfortunately,
careful microbiological assays
performed on persons colonized by
Gram-negative bacilli and non-
colonized controls -- neither of
which were receiving antimicrobial
drug therapy at the time of exam-
ination -- have failed to demon-
strate quantitative differences
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in oropharyngeal inhibitory bac-
teria (21). Thus, additional

data are needed to clarify the
relevance of in vitro observations
of inhibition of pathogens by re-
sident microbes to the capacity of
the host to resist colonization by
these pathogens in vivo.

glllphl Hemolytic Sireptococei
I-Gml Negative Bacilii
E-AII Other Orqamisms
Fic.12  Organisms cultured from posterior

pharynx of Patient L. D. before, during, and after
therapy with antibiotics noted.

0f the studies available, those concerned with the gastrointestinal
tract have provided some of the most compelling evidence of the impor-
tance of the resident flora as a defense against infection. In numer-
ous i<n vitro experiments, resident microorganisms of the gastrointestinal
tract have been shown to inhibit growth of important pathogens such as
Vibrio choleraz, salmonella, and shigella (89,108, 111, 112). Further-
more, suppression of these same resident bacteria (by antibiotics) re-
duces substantially the resistance of experimental animals (and to a
lesser extent, man) to invasion by intestinal pathogens (89). In addi-
tion to suppressing growth of intestinal pathogens, the resident micro-
flora of the bowel appears to protect the host by degrading bacterial
toxins (96), a function that almost certainly accounts for the increased
resistance of conventional animals to Clostridiwn botulinwn as compared -
to germ-free controls (Table 8)(113).

Table 8. Resistance to intestinal botulinum infection wnen germ-free adult

mice are conventionalized by exposure to normal mice for different periods.

LD-. in intesune*

Days” No. tested
0 7 300-9.900
3 6 N’
6 3 Nil
9 4 Nil"
12 3 Nil

" Days in room with normal mice before receiving
spore challenge.

* Three days after intragastric dose of 10" spores.

* One with 300 LD-. remaining six with 1,000 LDx,
or more.

“Three homogenates tested with 1:25 to 1:625 di-
lutions.

* Two homogenates tested with 1:25 dilution.
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Saigh and others have demonstrated in vitro antagonism of Veisseria
gonorrheae by various microbial species contained within the resident
flora of the human endocervix (90,114). Lactobacilli, Candida albicans,
staphylococci, corynebacteria, streptococci, various nonpathogenic Neis-
serta spp., and a variety of aerobic Gram-negative bacilli and strict
anaerobes all inhibit <n vitro growth of N. gonorrheae. However, only
inhibitory lactobacilli have been shown epidemiologically to exert a
protective effect against infection by N. gonorrheae. The failure of
Saigh, et al to establish an association between the presence of other
inhibitory species among the resident cervical flora and resistance to
infection by ¥. gonorrheae again raises questions about the relevance
of these kinds of Zn vitro observations to the resistance of the host
in vivo.

Investigations of the resident flora of the skin have produced re-
sults that closely parallel those of the normal residents of other body
surfaces. Patients with eczematous or varicose ulcerations that are
colonized by antibiotic-producing bacteria have been reported to have
fewer secondary infections of these ulcers than patients deficient in
antibiotic-producing bacteria (88). Thus, the resident flora of in-
teguemental surfaces appears to be a barrier to infection, but only in
certain cases.

A number of investigators have observed diminished delayed-type hy-
persensitivity reactions in germ-free animals and have therefore main-
tained that indigenous microorganisms play a role in resistance against
intracellular pathogens (115). This conclusion is supported by inves-
tigations demonstrating increased susceptibility of germ-free animals
to infections caused by Listeria monocytogenes (116), M. tuberculosis
(98), and Nocardia asteroides (117). However, the conclusion is not
supported by observations that viral infections in germ-free animals
genera11y produce diseases that are indistinguishable from those pro-
duced in conventional controls (118).

In vivo Data Indicative of a Negative Role

For every investigation demonstrating a protective effect of the
resident flora against infection, at least one other has demonstrated
an antagonistic effect on host resistance. The latter reports do not.
necessarily invalidate the former, but rather emphasize the complexity
of the relationship between the host and its indigenous microbial bur-
den.

A number of experimental observations suggest that the normal flora
is a liability rather than an asset in infections in which the host im-
mune response plays an important part in the pathogenic process. Lym-
phocytic choriomeningitis is a case in point. In the mouse, neural
damage during lymphocytic choriomeningitis results from activation of
the host animal's own immune response rather than by a direct (virus-
induced) cytopathic effect (119). Germ-free mice suffer less than
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half the mortality of conventional mice when infected by lymphocytic
choriomeningitis virus and appear to enjoy this increased resistance

to the infection because of a decreased cellular immune response (120).
Recovery from hepatitis of adult mice rendered susceptible to the
hepatitis virus by treatment with cortisone or X-irradiation may be
accelerated in germ-free animals for similar reasons (121).

Resistance to the lethal effects of bacterial lipopolysaccharide
has long been recognized to be higher in germ-free experimental ani-
mals than_in controls (11,122,123). Kiyono, et al have recently shown
that germ-free animals exhibit greater mitogenic and immunologic re-
sponses to lipopolysaccharide <n vitro and are more refractory to lipo-
polysaccharide than are conventional animals (124). In contrast to the
findings with lymphocytic choriomeningitis, these observations suggest
that, under certain circumstances, indigenous microorganisms induce im-
munological tolerance to bacterial toxins and theoretically might con-
comitantly decrease resistance to infection by pathogens producing
these toxins.

In rare cases indigenous microorganisms appear to assist patho-
genic microorganisms in their efforts to penetrate the host or to
avoid destruction during therapeutic intervention (22). Entamoechba
histolytica is a prime example of a pathogenic microorganism that
depends on the resident flora to establish itself within the host.
Germ-free animals are highly resistant to this pathogen, which nor-
mally exists as a commensal in the large intestine of its host, where
it feeds on resident bacteria and superficial mucosal cells. Rarely,
E. histolytica becomes highly invasive, attacking the colonic wall,
liver, and other organs of its host. Observations in experimental
animals suggest that these rare episodes of enhanced pathogenicity
cog]? result from virulence factors obtained from intestinal bacteria
(125).

In the case of pathogenic shigella, Zn vitro observations suggest
that, whereas the normal flora antagonizes the growth of shigella, it
may simultaneously augment the capacity of pathogenic shigella to ad-
here to intestinal epithelial cells (126). However, in view of the
reported antagonism of shigella by the normal flora in vivo (127), the
in vitro observations of enhanced adherence are probably less important
to the host than those concerned with growth inhibition.

Transmission of drug-resistant factors (R factors) affords another
means by which resident microorganisms occasionally enhance the patho-
genicity of invasive microorganisms. As a result of such transfer of
R factors, pathogenic microorganisms may then enjoy increased resist-
ance to one or more antibiotics normally used to terminate the infec-
tions they produce.

Practitioners of clinical medicine need no reminder of the poten-
tial of indigenous microorganisms -- no matter how innocuous =-- for
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becoming true pathogens under appropriate conditions. In fact, when
the normal immune functions of higher animals are compromised either
by disease or experimental design, the indigenous microorganisms of
these animals frequently turn on their hosts with a fury that belies
any attempt to attribute a beneficial role to the normal flora. Aside
from being the major source of "opportunistic" infections in the im-
muno-suppressed host, there is considerable evidence that resident
microorganisms are also the etiologic agents responsible for graft
versus host disease following bone marrow transplantation (118), and
the runting syndrome associated with neonatal thymectomy (128). Per-
haps even more important are the observations that suppression of the
normal flora by antibiotics or maintenance of the germ-free state
substantially reduces the incidence of these complications in suscep-
tible subjects. .

Finally, indigenous microorganisms, while having no apparent en-
hancing or inhibitory effect on certain infections may, nevertheless,
aggravate these infections by acting as secondary invaders (22). A
classic example of this phenomenon is the superinfection of acute in-
fluenzal pneumonia by strains of S. pnewmoniae originating from the
ranks of the indigenous microbes of the oropharynx. Secondary inva-
sion of the blood stream by normal residents of the Targe intestine
during. acute shigellosis (129) and overwhelming strongyloidiasis (130)
are additional examples of the capacity of the indigenous flora for
complicating rather than alleviating infections caused by exogenous
pathogens.

Attempts to Build a Better Normal Flora

In a cleverly written note to The Annals of Internal Medicine,
Rees recently described the hypothetical case of a Gene Splice, Inc.
technician who enjoyed remarkable freedom from illness as a result
of becoming coionized by an interferon-producing bacteria with which
he had been working (131). According to the tale, he then loses his
heightened resistance to infection when a court-ordered tonsillectomy
terminated his carrier state.

Actually, numerous investigators have sought to increase resist-
ance in just such a way -- that is, by supplementing the normal flora
with nonpathogenic bacteria that are more effect inhibitors of these
pathogens. The most extensive efforts in this regard have been de-
voted to attempts to control epidemic staphylococcal infections.

These studies have demonstrated that interference between strains of
Staphylococcus aureus can be exploited to curtail epidemis of staphylo-
coccal disease in nurseries and to interrupt cycles of a recurrent
furunculus in older persons (132). In these studies the "nonpatho-
genic" 502A strain of Staphylococcus aureus has been the primary re-
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placement agent used to prevent colonization by more virulent strains

of staphylococci. Unfortunately, nonpathogenicity has been a relative,
rather than an absolute characteristic of this bacterium, as illustrated
by reported instances of disease caused by S. aureus 502A (133).

Investigators in South Africa have also attempted to eliminate car-
riage of multiply resistant pneumococci by inducing nasopharyngeal
colonization by Streptococcus faecalis (134). In spite of the fact
that this bacterium produced inhibition of the multipiy resistant or-
ganism <n vitro, it did not eradicate carriage of the pneumococcus.
Priority of colonization has been a crucial factor in that when two
competing organisms vie for a particular ecological niche, the one
reaching the niche first will generally prevail (135). The failure of
investigators to terminate an established carrier state in patients
colonized by resistant pneumococci may have been related to these ex-
perimental observations.

In addition to these attempts to increase the effectiveness of the
normal flora as a barrier to infection by introducing new inhibitory
microorganisms into its ranks, some investigators have sought to mani-
pulate the normal flora through a process of "selective decontamination"
(136,137). According to this process, antimicrobial agents that sup-
press aerobic microrganisms while leaving the obligate anaerobic flora
undisturbed are administered to neutropenic patients. This is done with
the knowledge that obligate anaerobes rarely cause infections in granu-
locytopenic patients, and, in fact, might constitute a limited barrier
to colonization by aerobic bacteria that are responsible for the majority
of infections seen in these patients. Such attempts to capitalize on
the "colonization resistance" of the anaerobic constituents of the nor-
mal flora, while minimizing the invasive potential of the aerobic con-
stituents have already met with some success in clinical trials in
leukemia patients receiving chemotherapy (138-140). However, the ulti-
mate question of whether selective decontamination enhances survival in
such patients has not been resolved.

Conclusions

Those 1ike Pasteur, who would regard the normal flora as essential
to the well-being of higher animals have only to compare the 1ife spans
of germ-free animals with conventional controls. In general, they are
comparable, and when differences have been demonstrated, germ-free ani-
mals have been shown to enjoy greater longevity than their conventional
counterparts (11). Man, however, does not live in a germ-free environ-
ment. Rather, he lives in a world heavily populated by microorganisms
of almost incomprehensible diversity. That the comparatively noninva-
sive microbial agents normally populating his skin and mucosal surfaces
provide a degree of protection against colonization and/or invasion by
pathogenic microorganisms has been convincingly demonstrated in studies
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of the effects of antibiotic suppression of the normal flora on resis-
tance to infections caused by Candida albicans, shigella, salmonella,
and cholera. That these same microbial benefactors can destroy, as
well as protect their natural host, either through their own efforts
or in concert with exogenous pathogens, is just as convincingly demon-
strated by the plethora of opportunistic infections occurring among
patients with impaired immunological defenses. Thus, indigenous mi-
croorganisms cannot be viewed in absolute terms as to their capacity
to benefit or menace the host. Each member of the normal resident
flora is capable of helping or harming the host under appropriate cir-
cumstances.

Cover: Line drawing of M. japonicus, one of the luminous fishes.
Light organs (solid black areas) located on the ventral
surface of the lower jaw are actually aggregate collections
of bioluminescent bacteria belonging to the genus Photobac-
terium. Light emitted by these bacterial symbionts is thought
to benefit the fish by serving as a means of intraspecies com-
municaticn or by illuminating the surroundings.
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Pityrosporum ovale 1007
P. orbriculars L.L
Dermatophytes 41
G. Protozoa:
Entamaeda gingiralis + -73.6
Znt, coli 8,0-32.1°
Zndolimaz nana 9.3-16.0
Dientamacda fragilis 9.2-8.9
lodamaeba bltachlii 1.6-8.0
Trichomonas tenaz + 4.0-33.3
T. hominis 9.3-4.1 A
T. saginalis + [9.9-24.9
(iardia lamblia 2.9-14.7
1742 3
Chilomastiz mesnidi 0.4-46.1
Enteromonas hominis 0.1-3.2
Retortomanas intestinaiia 0.1-1.3

* Children,
* After the second weck,

» C. stellatusden,

* Espcciaily seaip and nasal (olde; also other akin arvas,

* Values in this columa aro {or North America and weatern
Luropa; sce Chap, 8.



