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Abstract The number of microorganisms that inhabit human body- normal human flora- is estimated to be 38
trillion and equal to the number of human cells. Historically , the human flora have been viewed as friendly
immigrant microbes that enhance immunity against pathogens and in general promote better health for humans. This
reviewinvestigates the origin of human flora for it may have important implications to combat opportunistic
infections. Of importance, the breast milk and tissue bacteria have been demonstrated not to be contaminants from
skin. The unique composition of the bacterial communities in breast milk being different from bacteria from other
body parts ,makes it less likely that they were translocated from gut or oral cavity, suggesting either bacteremia or
transformation from organic matter as the possible pathways of origin. The documented endogenous origin of the
bacteria in breast milk and tissue, the presence of microorganisms in several anatomically well insulated human
organs along with the data consistent with the possible endogenous origin of Malassezia and H.Pylori , two species
of the normal human flora. suggest at least some of the 38 trillion bacteria inhabiting the human body may not
be foreign immigrants .The origin of normal human floraand the precise mechanisms and pathways of origin
remains unknown yet the evidence is consistent with an endogenous origin., Further experimental validation of
these observations are necessary. A more complete understanding of the human flora may be of help for

intelligentstrategies for preventing, diagnosing and treating opportunistic infections.
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1. What is the Origin of Human Bacterial
Flora?

The number of microorganisms that inhabit the human
body-the normal human flora- is estimated to be 38 trillion
and equal to the number of human cells [1].

Historically, the human flora has been viewed as
friendly immigrants that enhance immunity against pathogens
and in general promote better health for humans. The
functions of the normal flora include digestion of substrates,
production of vitamins, stimulation of cell maturation,
stimulation of the immune system, aid in intestinal transit
and colonization resistance.

In the last decade diverse molecular observations have
revealed the existence of endogenous microorganisms in
several body parts which had previously been thought to
be sterile. For instanceit has been shown that breast milk
[2,3] breast tissue, [4], endometrium [5], uterus [6]
amniotic fluid, [6,7,8] placenta, [9,10,11] umbilical cord
blood [12], meconium [13,14] lungs [15] and semen
[16,17] and bladder [18,19,20,21,22] harbor bacterial
communities. Of significance, the composition of the
bacterial communities is unique for each habitat suggesting
that they may have different origins [23].

Surprisingly, these molecular discoveries consistent with

the possible existence of endogenous bacterial communities
in human organs have not altered the medical paradigm
that presumes the human flora resultsfrom contamination
by foreign microorganisms.

The aim of this review is to address four questions:

A. Are all or some of the 38 trillion bacteria of human
flora Immigrants?

B. How can we explain the presence of endogenous
microbes inplacenta ,,umbilical cord blood, breast
tissue, breast milk and amniotic fluid?

C. What is the origin of Mallasezia and H.Pylori
species that belong to normal flora and have
coevolved with humans?

D. Does the human tissues contain the essentials to
produce microorganisms and has organic matter
ever produced microorganisms?

The answers to the above questions may have
important implications for human health for theymay
introduce novel strategies to combat diverse opportunistic
infections.

I will first review the breast milk microbiome that has
been proven not to be contaminants from skin ,discuss the
anatomical and physical barriers in some organs that seem
to be incompatible with invasion by foreign microorganisms,
review Malassezia and H. pylori species which seem to
share the signature traits of endogenous species and finally
address the implications of these findings.
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2. The Breast Milk and Tissue
Microbiome

Recent molecular studies showed that the breast milk
bacteria are not contaminants from skin [3,4]. Additionally,
molecular studies of the breast tissue bacteria revealed that
Proteobacteria is the most abundant phylum in breast
tissue, unlike in the vagina, oral cavity, bladder, skin, and
gastrointestinal tract [2]. This finding suggests that breast
tissue may have a unique microbiota, distinct from that
found at other body sites.

Animal studies in mice suggested transport of bacteria
in maternal blood to the mammary glands involving gut
dendritic cells and macrophages [24]. It has also been
presumed that gut dendritic cells maytransport bacterial
components to the lactating breast in humans [25,26].
However, thishypotheses seems to be inconsistent with the
molecular evidence suggesting morphological dissimilarities
between gut and breast tissue bacteria.

Also, the source of bacteria in the breast tissue has been
proposed to be bacteria in oral cavity through bacteremia.
The distinct compositions of the bacterial communities in
the breast tissue and oral cavity make this hypotheses less
likely. Still, bacteremia from oral cavity is a possible
pathway however it is not a common occurrence among
healthy subjects as indicated by a study which showed it
occurred in approximately 5.5 cases per million population
per annum [27].

Another possibility may be of an endogenous origin.
Thishypotheses is consistent with the history of life on
earth and the observation that human tissues have the
essentials to produce bacteria [28,29] and supported by the
presence of bacteria in the blood of healthy subjects
confirmed by two independent studies [30,31].

3. Possible Origin of Diverse Bacterial
Communities in Humans

Novel findings in microbiology suggest fetus is not
sterile placenta [10,11,12], amniotic fluid [7,8,9], breast
milk [2,3], umbilical cord blood [13] are frequently
colonized with bacteria,. Diverse hypotheses have been
proposed to explain the presence of bacterial communities
in healthy fetus yet it has been firmly established that the
historical paradigm of a sterile fetus is incorrect.The
predominant proposals about the origin of commensal
bacteria in healthy fetus are the following.: Contamination
from skin, bacteremia and translocation.

In general microorganisms are passive travelers
highly sensitive to environmental influences as they
greatly depend on the flow of air, water , body fluids etc.
to contaminate new hosts. Certain physical and anatomical
barriers make it almost impossible for microorganisms
to penetrate and travel through healthy human tissues
without access to the blood stream or lymphatic system.

It has been demonstrated that bacteria are quite often
present in the placenta: of healthy subjects. in 27% of 195
investigated placentas, intracellular bacteria could be
morphologically demonstrated in the placental basal plate [10].

Aagaard and colleagues determined the microbiome of
preterm and full-term placentas and identified a unique

bacterial community [11]. The detected bacterial DNA
was mostly from nonpathogenic commensals belonging to
phyla Firmicutes, Tenericutes, Proteobacteria, Bacteroidetes
and Fusobacteria. When comparing this placental microbiome
with that of other body sites, it most closely resembled the
microbiome of the oral cavity [11]. Dissimilarity to the
microbiome of stool or the vagina made it unlikely that the
placental bacteria had been the result of contamination. It
has been hypothesized that bacteremia from the oral
bacteria maybe the source of the of bacteria In the
placenta, yet this seems unlikely considering the lack of
any evidence of illness or sepsis in healthy pregnant
women.Also, the documented rarity of bacteremia from
the oral cavity suggests the proposed oral -placental
transmission via bacteremia is less likely.In addition, the
well publicized case report of oral-placental transmission
of infection via bacteremia indicated serious infection
resulting in stillbirth and cannot be generalized to healthy
pregnancies [32].

How do we know whether uterus is or is not involved in
the bacterial communities in the placenta?

The idea that healthy uterine cavity is sterile has been
challenged yet It is unknown whether the bacteria present
in the uterus during pregnancy are natives or invaders. To
study microbiome composition and its characteristics in
the womb of pregnant women, 41 decidual tissue and 64
amniotic fluid samples were investigated by Zhu and
colleagues [6] They concluded that uterus contained
microbiome with low diversity and bacterial colonization
did occur during healthy pregnancy. They also observed
that the microbiome structure of amniotic fluid was more
diverse that of decidual tissue, which supported the
previous reports that bacteria could be hematogenously
spread from blood to amniotic cavity as suggested by
Aagaard et al. [6,11].

Moore and colleagues tested the hypothesis that the
uterus of virgin heifers and pregnant cows possessed a
resident microbiome by 16S rRNA gene sequencing of the
virgin and pregnant bovine uterus. They concluded that
the uterine microbiome is established by the time a female
reaches reproductive maturity, and that pregnancies are
established and maintained in the presence of a uterine
microbiome [33].

Traditionally , an abnormal endometrial microbiota has
been associated with implantation failure, pregnancy loss,
and other gynecological and obstetrical conditions. [5]
Recent molecular studies detected low biomass microbiomes
in endometrium previously considered sterile [5].

Noteworthy is the observation that the presence of
bacterial communities in uterus and endometrium raises
more questions about the origin of bacteria in placenta and
amniotic for the composition of bacterial communities in
these tissues seem to be different than the normal flora of
vagina. This finding indirectly supports the possibility that
their origin is either through transmission via blood and
bacteremia or some other yet unidentified pathway and
hence consistent with an endogenous origin.

The presence of bacteria in healthy female bladder
documented by molecular studies may also deserve
some attention for the higher internal pressure of bladder
versus external air pressure would make the upstream
travel of microbes in healthy subjects nearly impossible
[18,19,20,21,22]. However their origin remains unknown.
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In essence the observations summarized above suggest
multiple human tissues harbor bacteria which are not
contaminants yet their precise origin remains unknown.
Among many hypotheses of origin, bacteremia and
transformation of human tissues to microorganisms seem
to be possible yet they both lack experimental validation.

From a broader perspective of life in universe , certain
similarities between the human flora and bacteria in
extraordinarily remote locations on earth. For instanceAndean
lakes 4400 m above sea level,,completelyisolated, exposed
to extreme environmental factors are the habitat of enormous
populations of bacteria resistant to antibiotic [34]. Where
do these species come from? Are they immigrants? Or is it
possible that they are living witnesses of transformation of
living things from nonliving organic matter?

Also, Riding and Thomas observed that bacterial
colonies in the decaying organic matrix had formed
peloidal crusts from Early Cretaceous reef carbonates in
eastern Spain [35].

Worthy of emphasis is “the decaying organic matter as
the origin of bacteria and peloidal crusts.

4. Malassezia and H.Pylori Species

A gradually evolving paradigm suggests microorganisms
do not always harm the fetus and this observation may
also be true for humans for often the host biology seems to
play a predominant influence in whether bacteria act as
pathogens or friendly coexisting species like Malassezia
and H.pylori species.

Among countless microorganisms that belong to the
normal human flora,, Malassezia and H.pylori species.
seem to distinguish themselves as possible candidates of
endogenous origin: they have coevolved with humans
dating back to East Africa 56,000 years ago and their
distribution around the world seems to be mediated by
pathways independent of contamination and more specifically
it does not correspond to host to host transmission
[36,37,38] In essence, clinical, epidemiological and molecular
evidence suggests they are not imported contaminants and
yet under certain conditions - which are almost always
associated with the alteration of host biology-they may
become disease inducing pathogens.

Malassezia species are not contagious,and host to
host transmission does not seem to be the predominant
pathway for infections [36]. Experimental studies indicate
that the inoculation of Malassezia species does not cause
infections without occlusion which means altering host
skin temperature and humidity [39].

Collectively these observations suggest infections and
Malassezia species may develop without contamination or
contaminants.

Malassezia yeasts have coevolved with humans
dating back to east Africa 56.000 years ago show global
distribution mimicking human migration and display
adaptable, biological properties related to their human host
[40]. Also,there is no difference in antigen titers between
healthy people with normal flora and people with tinea
versicolor [41]. These observations suggest Malassezia
species are a part of normal human physiology.

Malassezia species seem to be governed by host biology
as Cushing disease , intake of nonsteroidal anti-inflammatory

agents may produce infections [42]. The opposite is also
true as the elimination of these influences eradicate
infections [42]. These observations are consistent with the
governing influence of host biology in Tinea Versicolor
infections.

Host genetics seem to play an important role in the
development of tinea versicolor infections [43].

H. pylori species are a part of normal human
physiology and flora [37,38]. Human biology seems to
govern H. Pylori species: Cushing syndrome [43], Cushing
ulcers [44], Curling ulcers [45,46] and Zollinger Ellison
disease [47] ,histamine injections [48], NSAIDs [49] induce
peptic ulcers. These observations suggest host biology
governs H. Pylori infections associated with peptic ulcers.

Molecular evidence also support the endogenous origin
of H. pylori species:Pathways independent of contamination
-in contrast to host to host transmission- seem to be the
predominant influence in the prevalence of Infection; with
the geographical distance from East Africa corresponding
to human migration and micro evolution of greater H.
pylori virulence [37,38]. In addition host genetics independent
of the immunocompetence mediate H. pylori species consistent
with the possibility of their endogenous origin [50].

In summary diverse and converging evidence supports
the possibility I’'m an endogenous origin of Malassezia
and H. pylori species or we can say that it is impossible to
rule out the possibility of their endogenous origin.

5. Discussion

Traditionally, the ubiquity of bacteria has made it
possible to attribute all infections to contamination by
dismissing any other pathway that may lead to bacterial
growth and infections. Noteworthy is the reality that,
organic matter is as ubiquitous as bacteria and thus any
discussion about the origin of infections and microorganisms
must consider both bacteria and organic matter.

Taken individually, each piece of evidence consistent
with the hypotheses that the human bacterial flora may be
endogenous may seem inadequate, yet collectively in the
complexity of human biology it seems reasonable to
consider the possibility of an endogenous human flora. It
is also true that it is impossible to rule out the possibility
that bacteremia from the oral cavity or the gastrointestinal
tract may be the central pathway of origin of the human flora.

Interestingly, the demonstration that bacteremia may
occur in healthy subjects seem to support the two leading
hypotheses of origin of human flora: endogenous versus
gut or oral bacteria originated bacteremia.

Of importance, the breast milk and tissue bacteria have
been demonstrated not to be contaminants from skin.
Furthermore, the molecular evidence consistent with the
unique composition of the bacterial communities in breast
milk being different from bacteria from other body parts ,
argues against the proposed translocation hypotheses.

Collectively, the documented endogenous origin of the
bacteria in breast milk and tissue, along with the presence
of microorganisms in several anatomically well insulated
human organs suggest at least some of the 38 trillion
bacteria inhabiting the human body may not be foreign
immigrants although the precise mechanisms and pathways
of their origin remainunknown.
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In addition,the epidemiological clinical and molecular
data seem to support the great likelihood of Malassezia
and H.Pylori -two common species of the normal human
flora- being endogenous.

Further experimental validation of these observations
are necessary.

If indeed the origin of some of the bacterial flora is
endogenous, it is reasonable to consider the possibility

that

some opportunities infections result from human

tissues.A more complete understanding of the human flora
may be of help for intelligent strategies for preventing,
diagnosing and treating opportunistic infections.
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