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Abstract

In Fimpology, the human body is understood as the ‘“niches” or “habitats” of
evolutionary microentities, including cellular, subcellular, and molecular entities.[**! In
the recent reviews, bacteria, archaea, fungi, viruses/phages, and extracellular vesicles
were revealed to exist normally in the human body as evolutionary background entities
(EBEs) at the cellular and subcellular levels.>4 The earliest source of hominal EBEs can
be traced back to the prenatal period. Evidence and facts uncovered in studies on fetus
and neonates in the past decades support the novel concept that “fetuses are not sterile,”
which challenges the traditional dogma that the human fetal growth and development
occurs within a sterile environment. It was traditionally thought that during normal
pregnancy, the fetal respiratory tract, gastrointestinal tract, skin, vaginal tract and
amniotic fluid are all sterile, and that the birth of a fetus marks the point at which the
respiratory tract, gastrointestinal tract, skin, and vaginal tract become colonized by
external microorganisms. However, our current theories in the life sciences cannot
answer the question of “when, how, and why did host-associated microorganism
communities including fungi, bacteria, archaea, viruses, and protists occur in our
bodies?” One reason for this may be the lack of a critical unification between Darwin’s
evolution theory and Pasteur’s Germ Theory. From the fimpological perspective, the late
1970s, when the evolutionary relationship between bacteria and traditional biology was
acknowledged, marked the first time Darwin and Pasteur’s theories were combined.[!
Today, while we recognize that Lamarck, Darwin and Wallace’s evolution theories,
Mendel’s law of biological heredity, and Pasteur’s Germ Theory are all movements of the
symphony of evolution, one of the tasks we have to complete is to theoretically unite
Darwin’s evolution theories with Pasteur’s viruses, fungi, protists, and molecular prions
for the second time, for which, the UPOEE model in Fimpology was proposed in 2013.14
In this article, the following three novel concepts are proposed from the fimpological
perspective: (1) the growth and development of a fertilized egg, an embryo, and fetus is
not an automatic solo process of host eukaryotic cell lineages, but the complex
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interactions that occur at different developmental stages between host eukaryotic cell
lineages and their environmental microentities such as bacteria, fungi, viruses, and
extracellular vesicles at the cellular, subcellular, and molecular levels; (2) There are two
stages of non-host derived bacterial colonization normally experienced by human
embryos, fetuses, and infants. One is the primary or prenatal colonization, which occurs
during the embryonic or prenatal period, and the other is the secondary or postnatal
colonization, which occurs during and after birth; and (3) I hypothesize for the first time
that the human embryo and fetus may release bacteria during normal gestation, and these
host-derived bacteria may be the unrecognized non-maternal source of bacteria in the
amniotic cavity.
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1. Introduction

During the past decades, in spite of recent myriad studies using newly emerged
culture-independent molecular methods to describe the gastrointestinal microbiota of
children and adults, only a few researchers have paid their attention to the prenatal
microorganism profile in the gut of fetus.[®28] One of the most reasonable excuses for this
ignorance may be that none of the existing theories in the life sciences could be used to
elucidate the significance and mechanisms of prenatal microorganism in fetuses. For
instance, Pasteur’s germ theory revealed a pathogenic relationship between bacterial
agents and their host organisms, and what modern embryological biology has elucidated
is a solo course performed by an embryo from a host eukaryotic zygote cell as the micro-
entity at the cellular level to a fetus as the macro-entity at the macroorganism individual
level, during which nothing has to do with microorganisms from the traditionally
biological and physiological perspective.

In a recent paper, Rodriguez and colleagues stressed that “the dogma that the fetus
resides in a sterile environment is being challenged by recent findings...increasing
evidence on early microbial contact suggest that human intestinal microbiota is seeded
before birth.”**1 Gritz and Bhandari wrote that “colonization of mucosa in the digestive,
respiratory, urogenital tracts, as well as the skin begins at, or perhaps even before, the
time of birth when a newborn is exposed to a mother’s microbiota.” [20] |ndeed, some
anatomic sites of the human body were once believed to be sterile and this notion was
also supported by results of traditional, culture-dependent studies. For example, the
normal lungs were once believed to be germ-free.[?*%1 Moreover, the hypothesis that the
human amniotic cavity is sterile has been generally accepted for more than a century.[24-26]
Although studies sometimes revealed bacterial coexistence in amniotic fluids, placentas,
and fetal membranes, these results were usually accounted for from the pathological
perspective or the consequence of their external transmission during pregnancy.l?’-3
Therefore, in the NIH-initiated Human Microbiome Project (HMP), the lung and the
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amniotic cavity were not included in the list of initial sites for investigation.[*%-4
However, in recent years, bacterial communities in the lungs of healthy individuals and
the amniotic cavity, including amniotic fluid, placenta, and fetal membranes of normal
pregnancy, have been uncovered by culture-independent approaches.[*2344-49 Funkhouser
and Bordenstein argued straightforwardly that “we can no longer ignore the fact that
exposure to microbes in the womb is likely and may even be a universal part of human
pregnancy, serving as the first inoculation of beneficial microbes before birth.”?4l Most
recently, Rodriguez and colleagues further asked, “we need to be able to not only
understand ‘who is there’, but also be able to determine ‘what they are doing’ and how
these functions interact with the host.” ¥ Indeed, while challenging the old doctrine, we
have to confront the following newly arisen questions, such as what is the bacterial
composition community in the embryo, fetus, and amnion fluid during normal pregnancy?
Where do these bacteria come from? When do they appear earliest? What are their roles
in normal pregnancy? And what discriminates between non-pathogenic and pathogenic
bacteria in fetus and amnion fluid? Clearly, some of the above questions belong to the
descriptive study, for which, to date, only a few pieces have been found due to ethical
and technical limitations. Undeniably, the whole profile of bacterial composition and its
dynamics in normal the embryo, fetus, and amnion fluid during ten months of gestation
are still two of those unsolved, attractive puzzles. On the other hand, some questions need
a theoretical exploration ahead because their answers cannot be found within the frame of
our existing theoretical systems of the life sciences.’% In this article, | try to propose
some novel hypotheses as a theoretical examination for the future development while
questioning whether the human fetus in the uterus is sterile or not.

2. The traditional notion: a human fetus normally develops in
utero, a sterile environment

Recently, Funkhouser and Bordenstein revealed that it was French pediatrician Henry
Tissier who first declared that “human infants develop within a sterile environment and
acquire their initial bacterial inoculum while traveling through the maternal birth canal”
in 1900, 2451 which, however, should be attributed to the development of the idea of
“germ-free” animals proposed first by Pasteur in 1885.1° Moreover, the founders of
bacteriology including Pasteur and Fernbach, also believed that inner plant tissues were
sterile, since then, this opinion has been accepted by many researchers, although bacteria
were often observed within fruits, seeds, and plant shoot tissues, which usually were
attributed to contamination from external environment.53%° Indeed, Tissier’s assumption
has taken root deeply in the life sciences, and even in recent years, it is often cited or
restated by many authors in their articles. This traditional notion was not only a
theoretical hypothesis that existed for more than a century, but also supported by most
laboratory studies, which indicated that traditional bacterial cultural methods did reveal
that amniotic fluid was normally “sterile.” However, in the last decade of the 20™ century,
especially after the application of culture-independent molecular approaches in medical
microbiology, the presumptive sterility of normal fetuses has being challenged by
accumulating novel findings.[41920.26.56]
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3. The sources of bacteria, viruses, and extracellular vesicles in
the amniotic cavity

Most recently, bacteria, viruses, and extracellular vesicles as evolutionary background
entities at the cellular and subcellular levels in the human amniotic cavity have been
reviewed,[ in which, it has been indicated that evolutionary background entities (EBES),
including microorganisms, normally exist in fetal blood, the fetal gastrointestinal tract,
amniotic fluid, and even chorioamnion.[3857-651 |f \we accept the notion that bacterial
colonization in the fetal gut occurred before birth via ingesting bacteria in amniotic fluid,
the following questions will arise and to be answered imperatively: When, where, and
how do bacteria in amniotic fluid come from? What is their composition? Is bacterial
community in amniotic fluid stable or dynamic? What determines their role to be
physiological or pathogenic? Is it true that bacterial colonization occurs in the whole fetal
skin and mucous membrane exposed to amniotic fluid? Or, do bacteria appear not only in
the fetal gut, but also present in the fetal respiratory tract, genital tract and circulatory
system during gestation? What is the ecological significance of a “germ-harboring” fetus?
Can we extend the recognition of a “germ-harboring” human fetus to the “germ-free”
nonhuman animals? If so, how do we account for the un-revealed evolutionary
significance? And how do we bridge the huge gap between “germ-free” non-human
animal and a “germ-harboring” fetus?

3.1 The proposed source and routes of bacterial access to the uterus in
the existing literature

In fact, although we cannot answer the whole bunch of questions above right now,
there is still much indirect information or data that could be used to elucidate this novel
recognition. In this section, | will focus the question “where do bacteria, viruses, and
extracellular vesicles in amniotic fluid come from?” Although the researchers who
believed that “human amniotic fluid is normally sterile” accounted for the coexistence of
bacteria in human amniotic fluid mainly from the pathological perspective, they cannot
explain why some pregnant women do not develop a clinical intra-amniotic infection
despite the coexistence of bacteria in amniotic fluid.l® The following three major routes
were proposed in the existing literature for pathogenic bacterial accessing to the uterus
[661: (1) Bacterial ascending into the uterus from the lower tract, which is believed to be
the most common route of uterine bacterial infection. For instance, the coexistence of E.
coli in amniotic fluid has been considered to be the consequence of E. coli entering the
uterus from the lower genital tract through an ascending route.[”-7% Although Rezeberga
and colleagues believed that a barrier constituted by “a long and closed cervix, thick
cervical mucus, intact fetal membranes, and a competent maternal immune system” can
play a role against the intrauterine migration of normal and pathogenic cervicovaginal
flora in healthy women,['*72 the barrier’s efficiency is physiologically dynamic or
unstable, as revealed in the studies on sperm transport.[”*7¢ (2) Bacterial descending into
the uterus from the peritoneal cavity. As early as 1982, when twelve healthy women
underwent laparoscopic tubal sterilization, Spence and colleagues using culture methods
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found that anaerobic bacteria were isolated from the peritoneal cavity of three women.[””]
Friberg and colleagues observed the coexistence of spermatozoa and Chlamydia
trachomatis in the peritoneal cavity of patients with salpingitis.l’® Experimental studies
have revealed that during the sexual intercourse, the peristaltic contractions of the female
genital tract help not only sperm, but also seminal and vaginal bacteria move through the
cervix into the uterus,l’®® which means that the female upper reproductive tract is
routinely exposed to vaginal microorganisms and subsequently some bacteria even enter
the peritoneal cavity through the fallopian tubes; (3) Hematogenous transmission. In fact,
the pathogenic association between maternal sourced bacteria and pregnancy was already
observed before, in which two routes of maternal bacterial hematogenous transmission
were proposed. The first route is the bacterial hematogenous transmission from the
maternal oral cavity to the amniotic cavity via maternal circulation.3881821 As early as the
early 1980s, Kornman and colleagues reported that oral bacterial species in the
subgingival space of women were found to reach the amniotic fluid via the bloodstream,
particularly in the presence of gingivitis or peridontitis during pregnancy.® Dasanayake
and colleagues also argued that oral bacteria can enter the uterine environment through
the bloodstream and may influence the delivery process.l® Some normal oral bacterial
inhabitants including Acinetobacter spp., Peptostreptoccus spp., and Leptotrichia spp.
were isolated from intrauterine samples, [ and some bacterial species in the genera of
Fusobacterium, Bergeyella, Eikenella, and Capnocytophaga found in the amniotic cavity
were not found in the maternal urogenital tract, but in the oral cavity;[*8%2 therefore,
maternal periodontal disease was suggested to associate with preterm labor. This
bacterial hematogenous transmission route has been proved in a mice model.[t28588] |
order to check where the bacteria in amniotic fluid come from, Jimenez and colleagues
divided pregnant mice into two groups: one group was orally inoculated with a
genetically labeled Enterococcus faecium, and the other group was not given bacterial
oral administration. (8 And they found that labeled Enterococcus faecium was detected
in meconium. B8 And the second route is bacterial hematogenous transmission from the
maternal gut to the amniotic cavity via maternal circulation. Rautava and colleagues
showed that probiotic Bifidobacterium lactis and Lactobacillus rhamnosus GG migrated
from the maternal gut into amniotic fluid, placenta, and the fetal intestine.BY Rescigno
and colleagues found that dendritic cells can penetrate the gut epithelium to directly take
up bacteria from the gut lumen.1 Once being inside or attached to dendritic cells or
other lymphocyte types, bacteria could spread to other locations via the bloodstream due
to the circulation of lymphocytes within the mucosal-associated lymphoid tissue
system.%8 Jimenez and colleagues explained that bacteria can have a transient spread
from the digestive tract to extradigestive locations such as amniotic fluid, and therefore,
they were swallowed by fetal mice and appeared in meconium. 5886l

3.2 The hypothesis from the fimpological perspective for the
unrecognized source of bacteria in the amniotic cavity

Generally, maternal bacteria have been recognized as the only bacterial source
accounting for bacterial appearance in the amniotic cavity during pregnancy. However,
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considering the fact that some bacterial species and some subcellular entities including
viruses and extracellular vesicles have been found normally in human semen,®6:88-%01 |
argue that theoretically, the possibility of seminal bacteria as the second bacterial source
entering the amniotic cavity via sexual intercourse cannot be excluded. Moreover, from
the fimpological perspective, | hypothesize for the first time that embryo and fetus are an
unrecognized source of bacteria in the amniotic cavity. These two non-maternal bacterial
sources for bacteria in the amniotic cavity will be discussed in other articles later.

3.3 The source of viruses in the amniotic cavity

Traditionally, viruses appeared in the amniotic cavity were considered to be the
consequence of viral invasion.®] The pathological consequences of amniotic fluid viral
invasion, such as preterm birth,[8492-%1 stillbirth, 951 and birth defects have been
recognized for a long time in clinical medicine.l'®! However, since 1978 when Nelson,
Leong and Levy revealed that normal human placentas contained retrovirus-like particles
and RNA-directed DNA polymerase activity,'°Y diverse viruses or viral nucleic acids
have been reported being detected in the amniotic fluid of normal pregnancy of
humans.P21%2-107 The hematogenous transplacental path and the ascending trans-cervix
path from the lower genital tract were believed to be the major two routes for the entrance
of maternal viruses into the amniotic cavity.[®%9-%.1%1 |n addition, the seminal source is
the second viral source for viral appearance in the amniotic cavity.[7:108.109]

3.4 The source of extracellular vesicles in the amniotic cavity

Extracellular vesicles are constituted by various types of membrane-enclosed
microentities, including ectosomes, exosomes, microvesicles, and apoptotic bodies,*10-11%]
In fimpology, extracellular vesicles, together with eukaryotic viruses and prokaryotic
phages, have been classified as microentities at the subcellular level. These microentities
are the evolutionary background entities (EBEs) of prokaryotic and eukaryotic
cells.[+250.116] Stydies have revealed that extracellular vesicles have also been detected in
the amniotic fluids of humans and other mammal species,[#117-1221 and the source of these
extracellular vesicles in amniotic fluids is believed to be the maternal body and the fetal
themselves.[4118120122] Eor example, maternal endometrial epithelial cells have been
found to release exosomes/microvesicles, 231 and some extracellular vesicles in amniotic
fluids have been found to carry a marker of extracellular vesicles released from fetal renal
epithelial cells called “CD247.1118120.1221 Moreover, the evidence of secreting exosomes
has been found in in vitro-produced embryos, as observed under a transmission electron
microscope.[*1?412] Considering the fact that extracellular vesicles can also be released
by prokaryotic cells such as Gram-negative and Gram-positive bacteria %261 and that
bacteria exist normally in the amniotic cavity, ™ theoretically, | argue that prokaryotic
bacteria may be another source of extracellular vesicles in amniotic fluids. Similar to the
circumstance of extracellular vesicles in the healthy human respiratory tract,[ it may be a
challenge to distinguish the extracellular vesicles in the amniotic cavity released by
bacteria from those released by maternal and fetal eukaryotic cells, especially considering

Copyright © 2015-2023 by Cory H. E. R. & C. Inc. All Rights Reserved


http://www.fimpology.com/

The Journal of Theoretical Fimpology Volume 3, Issue 2: e-20050615-3-2-16 September 30, 2015 www.fimpology.com

the co-existence of prokaryotic and eukaryotic cells in the healthy human amniotic
cavity.[*!

Therefore, amniotic fluid, which is normally the important aquatic environment of the
fetus, is no longer a previously assumed simple fluid containing only some bio-active
molecules, but a complex aquatic medium carrying various cellular, subcellular, and
molecular entities. This complex medium constitutes a special “window” for observing
and understanding mysterious embryonic and fetal growth and development. Indeed, we
cannot always interpret the co-existence of bacteria, viruses, and extracellular vesicles in
amniotic fluid from a pathological perspective and must confront the fact that they appear
during normal pregnancy, from a fertilized single cell to a multicellular fetus. In fact, the
role of bacteria in the normal embryonic development of invertebrate animals has been
studied in the past decades, 2412719 pyt such study in vertebrate animals, especially
mammals, has not attracted much attention. One reason for this lack of attention may be
that we are theoretically fettered by the hypotheses of Pasteur’s “germ-free animal” and
Tissier’s “germ-free human fetus.” 2425521

4. Gnotobiotic nonhuman animal and plant models

Undoubtedly, the most serious impact of the novel concept—*“fetus isn’t sterile”, as
recently pointed out by Reid and colleagues—is that it contradicts the theoretical base of
gnotobiotics.®3Y  Based on the assumption that the growth and development of a
fertilized cell might be a sterile course in a sterile environment, gnotobiotic or germ-free
nonhuman animal and plant models have been developed gradually over the past decades.

Gnotobiotic animal models, or “germ-free” animal models, are those animals that are
maintained after birth “either free from external microbial contaminants or live in
association with known elements of the flora.”®? Since the 1950s, gnotobiotic animal
models have been established in many nonhuman animal species [*3? such as mice, 331381
pigs, (1301401441 |ambs, 1451471 salmonid fish,[*481 zebrafish, 14913 sea bass,[**! and
Atlantic cod.™!- These gnotobiotic animal models, or “germ-free” animal models have
been widely used in life science studies over the past decades.[t3°143.146.152-161] | aqdition,
gnotobiotic plant models have also been established in several plant species such as
canola, tomato, radish, wheat, and potato.l*6216% The importance of bacterial colonization
in the postnatal growth, development, and lifespan of animals has been revealed in the
gnotobiotic animal models. For example, Rawls and colleagues showed that Zebrafish
raised axenically suffered severe deterioration in gut development in terms of enterocytic
structure and function, and displayed early lethality.[**® Brummel and colleagues showed
that the lifespan of Drosophila was enhanced after secondary colonization by exogenous
bacteria.['%4l In fact, gnotobiotics or “germ-free” in nonhuman animal models, is based on
two prerequisites: (1) those animals were “germ-free” before birth, and (2) they were
maintained “germ-free” after birth. The second prerequisite was an extension of the first
one, which was also the theoretical base of all published papers on gnotobiotics for
accounting for their results. However, today the first theoretical prerequisite of
gnotobiotics is challenged for the following reasons: (1) “germ-free” animal models were
initially defined using traditional bacterial culture methods, not culture-independent
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approaches, and (2) Reid and colleagues revealed that “to our knowledge, there are no
studies on the bacterial load of germ-free derived animals at their fetal stage.””(*3!]

In fimpology, there are two stages of non-host derived bacterial colonization
experienced normally by animal embryos, fetuses, and infants. One is primary or prenatal
colonization, which occurs during the embryonic or prenatal period and is mainly source
from the mother. The other is secondary or postnatal colonization, which occurs during
and after birth and is sourced from both the mother and the non-maternal environment.

If the above two prerequisites of gnotobiotics were to change as follows: (1) those
animals experienced primary colonization by maternal-derived microorganisms before
birth, and (2) they were kept away from secondary colonization by external
microorganisms, including bacteria, archaea, fungi, and protists, after birth, the
interactions between prokaryotic and eukaryotic cells within “germ-free” animal models
would be much more complicated than previously understood. Therefore, a new
challenge for researchers is how to control and rule out the influence of primary
colonization while deciphering the results of postnatal colonization experiments. Germ-
free animals will continue to be used as a unique laboratory tool for in vivo studies on
secondary colonization of microorganisms in the future.

5. The critical questions to be answered since Leeuwenhoek’s
time

As early as the 17" century, microbial cells in the human body first attracted the
Netherlander Antoni van Leeuwenhoek’s (1632-1723) attention when he examined
scrapings of his tongue and teeth under lenses he made and discovered the normal
existence of bacterial microorganisms within his oral cavity. Leeuwenhoek became the
earliest man to reveal that there are naturally occurring bacteria in the human body that
are invisible to the naked eye. However, the mysterious role of microorganisms in our
bodies wasn’t uncovered until the middle of the 19" century when the French chemist
and biologist Louis Pasteur (1822-1895) published his Germ Theory. Pasteur believed
that fermentation, putrefaction, and infection were all caused by microbes or bacilli, and
furthermore, different bacilli seemed to cause different diseases. Therefore, the first role
of microorganisms in our bodies wasn labeled “pathogens,” and this pathogenic role of
bacteria was observed not only in diseases of humans but also in those of nonhuman
animals and plants. Since the advent of the great Germ Theory, humans have launched an
anti-bacteria “war” along the path pointed by Pasteur’s Germ Theory. Although several
hundred bacteria had been identified by the beginning of the 20™" century, there were still
many severe infections, such as smallpox, rabies, and measles, for which no bacterial
cause could be found. Meanwhile, when the knowledge of pathogenic agents expanded
into the submicroscopic level, the concept of virus, a subcellular bioactive entity, was
proposed, and its image was finally described after the invention of the electron
microscope by Germans Ernst Ruska and Max Knoll in the1930s. Viral diseases and
relevant pathogenic viruses were also gradually recognized and illustrated
morphologically.
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Since then, humans’ enthusiasm for digging and fighting pathogenic microorganisms,
including bacteria and viruses, has never waned. However, while we celebrate one
victory after another in fighting microorganism pathogens, several important questions
that have been ignored unintentionally since Leeuwenhoek’s time are “what are the roles
of microorganisms in our healthy bodies?”” Or in other words, “why do bacteria exist in
our healthy bodies?” “Do bacteria play roles in the human not only pathologically, but
also physiologically?” Indeed, answering these questions is becoming more and more
imperative today. Moreover, considering that an adult human body is formed from a
fertilized eukaryotic egg created by the combination of a female oocyte and a male
spermatozoon, we have to answer when and how the huge microorganism community,
including fungi, bacteria, archaea, viruses, and protists, is formed in our bodies, and
furthermore, such questions also apply to nonhuman animals and plants. Is the
appearance of microorganisms in the human body a unique phenomenon that only occurs
in humans? If not, can we trace its existence back in nonhuman animals and plants
according to the Darwinian Tree of Life? And if the outcome is what we expected, what
role do host-associated microorganisms play in biological evolution?

6. Darwin and Pasteur: two different contributors in helping
our understanding of the symphony of evolution

Darwin and Pasteur are undoubtedly two giants in the history of science. Both of them
had many similarities and differences. For example, they were born in the same century,
and Pasteur was only 13 years younger than Darwin. When Darwin and Wallace jointly
announced their grand theory in 1858, Pasteur was 36 years old. Nither of them had an
educational background in medicine. Darwin’s father had hoped Darwin to become a
doctor at first; but Darwin couldn’t tolerate the agonizing screams of surgical patients
operated on without anesthesia. By the first surgery in England was carried out under an
anesthetic ether in 1846, Darwin was already 37 years old. Pasteur studied science during
his undergraduate and postgraduate studies and obtained a doctorate in physics and
chemistry in 1847.[217] Moreover, they made their unique contributions to the life
sciences. In fact, what both Darwin and Pasteur studied were essentially two different
forms of life: macroorganisms such as humans, nonhuman animals, and plants, and
bacterial microorganisms. Darwin created the evolution theory, which for the first time
theoretically uncovered the evolutionary nexus between human beings and other
nonhuman animals. Pasteur proposed his Germ Theory, which for the first time revealed
that diseases were caused by bacteria and there is a pathogenic connection between
bacterial microorganisms and diseases of humans and nonhuman animals, resulting in the
birth of microbiology and its branches, including medical microbiology, veterinary
microbiology, and botany microbiology.

During the past one and half centuries, the importance of the combination between
Darwin’s theory and Pasteur’s study has seldom been stressed, one of the major reasons
may be that Pasteur’s pathogenic agents have expanded from initially only bacterial
member to the current assembly consisting of viruses, fungi, protists, and prions, and that
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these pathogens belong to different evolutionary levels, and their morphology, structures,
and functions are extremely varied. Therefore, combining the theories of two giants has
become a more knotty problem because before doing so, we have to answer the question
“what is the evolutionary nexus among these pathogens at the cellular, subcellular, and
molecular levels?” which, however, is beyond the scope of Darwin’s theory. Humans,
extant animals, and plants exist independently and freely on Earth. Darwin bound all
extant macroorganisms and extinct macroorganisms together through his evolution theory,
however, in Darwin’s theory, the content for the role played by bacterial microorganisms
was missed.

In the 1940s, the emergence of the Modern Synthesis, our modern understanding of
how evolution works, was attributed to the efforts made by many experts in genetics,
biomathematics, zoology, paleontology, and botany to combine Darwinian evolution
theories with Mendelian genetics. [50,165-169] Once again, in the Modern Synthesis, we
cannot find a suitable place for either Pasteur’s bacterial pathogens or for pathogenic
viruses, fungi, protists, and prion. Moreover, to date, accumulating evidence has
indicated that bacteria, archaea, viruses, fungi, protists, and prion-like proteins exist as
normal entities in a natural state, but this raises a new question: Can we put them into one
theoretical system? Recently, when we find the deficiency in the Modern Synthesis and
expect a theoretical revolution for the future Synthesis, [50,168,170-180] we have to
identify first what is the essential difference in the research between Darwin and Pasteur
in the 19th century, and ask ourselves: Today, as their followers, do we have enough
theoretical recognition and evidence to unite Pasteur with Darwin and Mendel after one
and half centuries? In fact, when Leeuwenhoek first found the coexistence of
macroorganisms and microorganisms in the 17th century, nobody knew the nature of
bacterial microorganisms. In the 19th century, Pasteur found disease-related bacteria,
which was the first answer to the question “what is the relationship between
macroorganisms and bacterial microorganisms?”” which had arisen since Leeuwenhoek’s
time. However, Pasteur didn’t realize that besides a pathogenic relation, there is also an
evolutionary correlation between macroorganisms and bacterial microorganisms. He
unintentionally uncovered a participant that involves in biological evolution, although its
real face was merely partially described as being pathogenic at that time.

While history has revealed that “Darwin often discussed microorganismal
classification, origins and experimentation in his correspondence,”[181] Darwin didn’t
become aware of what Pasteur found as an evolution-driving power that he was looking
for. From the fimpological perspective, Darwin and Pasteur looked like two theoretically
isolated interpreters for the symphony of evolution—one was in England and the other in
France, and no chord could be found in their different theories and different
understanding of life. The combination of them with Darwin’s tree of life wasn’t realized
until in the late 1970s when bacterial evolutionary relationship with traditional biology
was acknowledged for the first time.[5]

7. The second time combining Darwin with Pasteur

While we realize that deciphering the sonata of evolution in the 19th century was not
the solo of Lamarck, Darwin and Wallace’s evolution theories and Mendel’s law of
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biological heredity, and that Pasteur’s Germ theory was also an indispensable melody,
from which virusian, fungian, protistian, archaeaian, and prionian were derived in
succession, one of the tasks we have to complete today is to theoretically unite Darwinian
evolution theories with Pasteurian viruses, fungi, protists, and prions for the second time.
Obviously, the presence of microorganism during embryo development indicates that the
interaction between prokaryotic bacterial cells and eukaryotic host cells starts before birth,
not during delivery or after birth. However, the elucidation of mechanisms and
significance for the relationship between prokaryotes and eukaryotes will involve
microbiology, microecology, and evolutiology.

In the newly proposed fimpological UPOEE model,[1,2] all evolutionary entities at
different evolutionary levels, including molecular, subcellular, prokaryotic, and
eukaryotic levels, have been assembled in one theoretical system,[1,2,50,116] and
microorganisms such as bacteria, archaea, viruses and fungi are labeled “Evolutionary
Background Entities (EBEs)” referring to those entities at the lower evolutionary levels
of the entities at the higher evolutionary levels.[1-3,50,116,130,182,183] For example,
the EBEs of eukaryotic multicellular macroorganisms, including humans, nonhuman
animals, and plants, embrace not only eukaryotic and prokaryotic monocellular entities
but also include subcellular entities such as viruses, phages, extracellular vesicles, and
molecular entities including RNA, DNA, and other relevant organic and inorganic
entities.[1,3,50,130,182-193] Moreover, in fimpology, humans, nonhuman animals, and
plants are not only inhabitants of natural habitats but also are the ‘niches’ or ‘habitats’ of
evolutionary micro-entities including bacteria, archaea, viruses/phages, fungi, and
protists.[2-4,56,130,182,183,185,188,193-206] In addition, the interaction between an
evolutionary entity and its environment is actually the interaction between the entity and
its environmental evolutionary entities at the same and/or different evolutionary
levels.[2,207-212] The fate of an evolutionary entity at a given evolutionary level reflects
the synthetic consequence of evolvamity and/or evoclash dealing with this entity, which
is determined by the complex interactions among evolutionary entities at all relevant
evolutionary levels.[1-4,50,116,130,183,207,213]

The fimpological UPOEE model, from a theoretical perspective, cleared away some
critical obstacles including those between macroorganisms and microorganisms, between
abiotic entities and biotic entities, between physiological function and pathogenic role,
between individuality and population, and between extant bio-species and fossils on the
path to the future Synthesis.[1,2,50,116] Recently, studies provided evidence suggesting
that bacteria-released lactones influence plant growth.[214-216] Brummel and colleagues
revealed that the lifespan of Drosophila was affected by the bacteria they contacted in
early adult life.[164] They found that the presence of bacteria during the first week of
Drosophila adult life enhanced their lifespan, but later in life, the presence of bacteria
reduced the lifespan of Drosophila.[164]

8. Concluding Remarks

During the past decades, evidence obtained using culture-independent molecular
approaches has support the notion that bacterial colonization in fetuses occurs before
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birth through contact with bacteria in amniotic fluid. This challenges the traditional
assumption proposed by Tissier 115 years ago that human fetuses develop in a sterile
environment. The presence of bacteria in amniotic fluid indicates that the interaction
between prokaryotic bacterial cells and eukaryotic host cells begins before birth, not
during delivery or after birth, which is beyond the scope of the pathogenic relationship
between bacteria and their macroorganism hosts described by Pasteur in his Germ Theory
and the span of evolutionary relationship between extant macroorganism species and
extinct macroorganism species proposed by Darwin and other masters in their
evolutionary theories. The UPOEE model proposed in 2013[1] arms to theoretically unite
Darwin’s evolution theories with Pasteur’s viruses, fungi, protists, and molecular prions
for the second time.

In this article, the following three novel concepts are proposed from the fimpological
perspective: (1) the growth and development of a fertilized egg, an embryo, and a fetus is
not an automatic solo process of host eukaryotic cell lineages, but the complex
interactions that occur at different developmental stages between host eukaryotic cell
lineages and their environmental microentities such as bacteria, fungi, viruses, and
extracellular vesicles at the cellular, subcellular and molecular levels; (2) There are two
stages of non-host derived bacterial colonization normally experienced by human
embryos, fetuses, and infants. The first stage is the primary or prenatal colonization,
which occurs during the embryonic or prenatal period and is mainly sourced from
maternal bacteria. The second stage is the secondary or postnatal colonization, which
occurs during and after birth, with the major source from non-maternal environmental
bacteria, which was previously believed to be the only stage of bacterial colonization
experienced by infants; and (3) I also hypothesize for the first time that human embryos
and fetuses may release bacteria during normal gestation and that these host-derived
bacteria may be the unrecognized non-maternal source of bacteria in the amniotic cavity.
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