Logan et al. Journal of Physiological Anthropology (2015) 34:9
DOI 10.1186/s40101-014-0040-4

REVIEW

Open Access

Natural environments, ancestral diets, and
microbial ecology: is there a modern
“paleo-deficit disorder”? Part II
Alan C Logan1*, Martin A Katzman2 and Vicent Balanzá-Martínez3

Abstract
Famed microbiologist René J. Dubos (1901–1982) was an early pioneer in the developmental origins of health and
disease (DOHaD) construct. In the 1960s, he conducted groundbreaking research concerning the ways in which
early-life experience with nutrition, microbiota, stress, and other environmental variables could influence later-life
health outcomes. He recognized the co-evolutionary relationship between microbiota and the human host. Almost
2 decades before the hygiene hypothesis, he suggested that children in developed nations were becoming too
sanitized (vs. our ancestral past) and that scientists should determine whether the childhood environment should
be “dirtied up in a controlled manner.” He also argued that oft-celebrated growth chart increases via changes in the
global food supply and dietary patterns should not be equated to quality of life and mental health. Here in the
second part of our review, we reflect the words of Dubos off contemporary research findings in the areas of diet,
the gut-brain-axis (microbiota and anxiety and depression) and microbial ecology. Finally, we argue, as Dubos did
40 years ago, that researchers should more closely examine the relevancy of silo-sequestered, reductionist findings
in the larger picture of human quality of life. In the context of global climate change and the epidemiological transition,
an allergy epidemic and psychosocial stress, our review suggests that discussions of natural environments, urbanization,
biodiversity, microbiota, nutrition, and mental health, are often one in the same.

“But it can be surmised that the consumption of new
kinds of food will bring in its train new types of
medical problems. Nutritional disease can arise not
only from qualitative or quantitative deficiencies,
but also from toxic effects, which are often slow in
manifesting themselves…scientific knowledge is not
yet sufficient to replace the biological wisdom
derived from the countless centuries during which
mankind has engaged in the empirical trial of
foodstuffs” [1].
“In my judgment we are about to enter a different
phase of nutritional sciences. One based on functional
tests determining the role of food not only in growth
and disease, but in the various functions which enable
the body and mind to respond effectively to challenges

and stresses in the various manifestations of life…
when, and if, we reach the proper level of knowledge,
nutrition will become part of a new science, as yet
undeveloped, human ecology” [2].
Outside of his focus on the relationship between nutrition and intestinal microbiota, which we will discuss later,
Dubos did not write extensively on nutritional matters.
Still, as evidenced from the quotes above, his broad view
of nutrition was through the same ecological and ancestral
lens with which he surveyed other topics. However, and
this is a salient point, he did not advocate for some type of
universal Stone Age cuisine. He scoffed at such notions,
stating that “unfortunately for clinical nutritionists (but
fortunately for the human species), people can remain
healthy and can function effectively on a great diversity of
dietary regimens that are far different from those considered scientifically ideal” [3].
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Modern research has certainly supported his position. Depending on their residential environment, our
hunter-gatherer ancestors sustained themselves using
an enormous variety of foods [4-6]. Indeed, the remarkable dietary flexibility exhibited by our ancestors
seems responsible for the success and expansion of the
genus Homo [7]. Interestingly, the modernized global
food supply pushes homogeneity such that the diversity
of crops contributing to worldwide nutrition, including
starchy roots, has declined [8]. Regardless of the cartoonish “rack of ribs” stereotypes, ancestral diets are
united in what they included (plants) and what they did
not include (ultra-processed foods).
Food consumption and household food expenditure
trends in Canada (1938–2011) present a clear picture of
the dietary shift in the last century. Unprocessed or minimally processed roots and tubers as a contribution to
household caloric intake have declined by 80%. On the
other hand, the consumption of ready-to-consume processed and ultra-processed foods has more than doubled.
There has been a 32% increase in household food budget
share devoted to ready-to-eat processed and ultraprocessed foods. The largest jumps have been in processed meats, sweetened beverages, spreads and sauces
(including mayonnaise- and margarine-containing products), and sweetened baked goods [9]. At the same
time, the latest research shows that Canadian adults
(age 19–50) consume only 0.5 servings of dark green
vegetables and 74% of the population aged 2 and older
were not meeting Health Canada’s guidelines for fruit
and vegetable intake [10].
During his time of writing, “proper nutrition” was being
celebrated for causing rapid gains in height and weight
of populations such as the Japanese. Dubos discussed
the associations between a 15-fold increase in milk
consumption (plus 7.5-fold increase in egg and meat
consumption—1950–1975) and marked Japanese growth
chart increases; however, he did not equate increasing
height with quality of life. As he said, “the post-war
Japanese are taller than their parents, but this does not
mean they will live longer, will be happier or will become more productive in the arts and sciences” [2].
He urged scientists to examine the behavioral aspects
of nutrition, to more closely evaluate the ways in which
nutrition allows an organism to make adequate “biological
and psychological responses to various life situations” [2].
He encouraged the use of objective markers wherever possible. Moreover, Dubos argued for research into the ways
in which psychological distress and disturbances in circadian rhythms can influence the metabolic demands for,
and fate of, various nutrients [3]—topics that only recently
have become the subject of scientific scrutiny [11,12].
Adherence to ancestral dietary patterns, exemplified
by the Mediterranean or Paleolithic descriptive, has been
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linked with many favorable health outcomes [13-15]. Detailed analysis of the mid-Victorian period reveals that
for a very brief period in United Kingdom history, an
ideal combination of the best of ancestral diets and high
levels of physical activity culminated in remarkable life
expectancy (beyond infancy) and absence of degenerative
disease [16]. However, by 1880, the era of processed,
high-sugar, and low-nutrient foods began.
Recent advances in the field of nutritional psychiatry
have made it clear that there are indeed remarkable ways
in which nutrition influences brain structure and function,
as well as mental health and cognition [11,17]. Even shortterm adoption of traditional dietary patterns can beneficially influence mood and cognition [18]. An increasing
number of epidemiological studies, including several that
have followed subjects over time, have linked adherence
to traditional dietary patterns with lowered risk of depressive symptoms, anxiety, and maintenance of academic
progress [19-25]. Meat consumption, often painted with
the same brush (without considering processing) and vilified without scientific justification [26,27], has been associated with lower risk of depression [28,29], and meat
abstinence has been linked with higher risk of mental
health disorder [30]. This is not to suggest that meat is a
mental health panacea; a strict plant-based diet, lower in
sweets and rich in fruits and vegetables, may also support
positive mental health [31].
Connections between nutrition and mental health
extend to mortality. For example, those with a lifetime
history of attempted suicide have been reported to
consume significantly less meat, fruits, and vegetables
[32]. On the other hand, healthy dietary patterns characterized by higher intake of vegetables, fruits, potatoes, soy
products, mushrooms, seaweed, and fish are associated
with a decreased risk of suicide [33]. The developmental
origins of health and disease (DOHaD) construct provides
clear evidence that early life is a critical time in subsequent risk of non-communicable diseases [34,35]. With
his groundbreaking studies on the long-lasting effects of
environmental variables experienced in early life, Dubos
helped to place DOHaD under the scientific microscope
[36]. Today, pre- and post-natal nutrition is now being
clearly linked to later mental health outcomes and childhood nutrition with academic performance [37-39].
Specific components of traditional dietary patterns,
including, but not limited to cocoa polyphenols, green
tea, coffee, grapes, and various spices, have also been
linked to positive mood, cognitive efficiency, and a decreased risk of depressive symptoms [40-46]. Experimental research shows that the phytochemicals found
within traditional foods (e.g., tea polyphenols and resveratrol) and omega-3 fats that are relatively more abundant in
fish and free-range meats can influence brain function via
neurotransmitter availability for synaptic communication
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[47-49]. They can also increase the production of neurotrophic factors responsible for neuronal structure and function [50-52]. The evolutionary advantage of phytochemicals
to both plants and humans has been postulated [53].
When humans encounter psychological stress, they
often turn to calorie-dense, nutritionally poor “comfort
foods” [54-56]. In otherwise healthy adults, wherein
negative mood state is experimentally induced by researchers, the direct infusion of fatty acids in the stomach (therefore bypassing olfactory, visual, and gustatory
cues) can quickly rectify the lowered mood state [57].
As much as phytochemicals may protect us, are there
evolutionary factors that might lead modern humans
away from traditional dietary practices? Does fast food
create a dependence? It would make sense that in our
Paleolithic past, heightened pleasure associated with
energy-dense food consumption would further motivate
intake—a critical motivation given the frequency with
which foods could become scarce.
The preponderance of epidemiological and experimental research indicates that the highly palatable addition
or relative magnification of sugar, fat, and/or sodium
contributes to the attractiveness of the contemporary
ultra-processed diet [58-62]. Animal models of early-life
stress demonstrate that the Westernized diet can
minimize the physiological stress response, supporting
the notion that consumption of palatable foods is a
form of “self-medication” [63]. Moreover, the perinatal
period represents a highly sensitive period in which
dietary experience may dictate subsequent food preferences and mental outlook over the offspring life course
[64,65]. For example, perinatal experience with a high-fat
diet in animals increases the likelihood of anxiety behavior
and the expression of corticosterone receptors in the
amygdala in adulthood [66]. Taken together, the physiological responses to the consumption of energy-dense
comfort foods are likely to be behaviorally reinforced in
the contemporary environment wherein psychological distress and cognitive load are high.
Although tempting to dismiss the mental health value
of traditional diets as largely unrelated to those of natural
environments, there are multiple points at which the
discussions become potentially one in the same. Closer
residential proximity to urban green space is associated
with healthier dietary habits and lower insulin resistance
[67,68]. In traditional communities, such as in Malawi, the
loss of forest cover is associated with diminished dietary
diversity and an increased risk of nutritional gaps [69].
At the top level, the ability of natural environments
(or images of natural environments) to mitigate cognitive load, discounting, and impulsivity in a contemporary environment—where these forces, along with screen
time, advertizing and other marketing forces can drive
unhealthy dietary choices [70]—is an obvious area of

Page 3 of 21

consideration. Personal experience with the growth of
edible plants (through residential-, community-, and/or
school-based gardening) and the subsequent promotion
of healthy dietary choices is yet another [71,72]. However, one malleable dimension of personality—conscientiousness—may also represent a more specific point of
intersection.
It is now widely recognized that personality trait
changes are commonplace in adulthood; conscientiousness is one of the major dimensions of personality
that can undergo remarkable change in the period between adolescence and midlife [73]. Increases in conscientiousness during adulthood predict improved
mental and physical health over time [74]. Moreover,
increases in conscientiousness during the influential
ages of 13–21 appear to place young adults on a trajectory toward higher prosocial behaviors later on [75].
Individuals scoring high on conscientiousness appraise
natural environments as highly relevant for their emotional well-being [76]. They are also more likely to
choose healthy foods [77,78].
The available evidence provides a sound argument that
engaging in healthy behaviors can increase conscientiousness [79]; in turn, the rewards associated with a
specific lifestyle habit, e.g., physical activity or cognitive
restoration in a natural environment, may motivate an
individual to broaden the scope of behaviors associated
with conscientiousness. This speculation will require research validation; however, researchers are beginning to
track the ways in which day-to-day positive affect, feelings of engagement, purpose, and meaning in life, as well
as curiosity and creativity, interact with dietary choices
in the short and long term [80,81].
Of course, there is also the obvious dilemma related to
the ways in which income-driven increases in global food
demand are connected to environmental degradation and
biodiversity loss. The consequences of clearing of savannas,
grasslands, and tropical forests to accommodate a palate
that is increasingly fond of Westernized fare require urgent
research attention. If certain dietary patterns are connected
to the promotion of mental health, how would such diets
differ in their impact on environmental degradation?
At least one landmark study has initiated much-needed
dialogue [82]. If urbanization and income increases continue on their current trajectory, by 2050, the global shift
in dietary pattern will be as follows: 15% more calories,
11% more protein, 61% more calories in non-nutritive
foods and beverages, 23% more pork and poultry, and
31% more beef and ruminant meat, 58% more dairy/eggs,
and a staggering 82% more fish and seafood. On the other
hand, there would be an 18% decrease in servings of fruits
and vegetables and a 2.7% decline in plant protein intake.
Moreover, there would be a 32% increase in dietary-driven
greenhouse gas emissions.
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However, in comparison to projections of the current
global average diet, the global adoption of more traditional dietary patterns through 2050 painted a different
picture in health outcomes and the environment. Using
an average of three modeled traditional diets—the Mediterranean diet, a vegetarian diet, and a pescetarian diet
(vegetarian diet that allows fish/seafood)—there would
be a 43% reduction in GHG emissions compared to the
current standard global average diet. In addition, an even
combination of these three more traditional diets would
require, on average, 540 million hectares less in land
demand vs. the current standard global average. The
modeling showed, unsurprisingly, that there would be a
reduction in major non-communicable disease (NCD)
risk accompanied by a transition to more traditional
diets [82].
It should be pointed out that the Mediterranean diet is
a broad term. From an ancestral perspective, there are
many regional and local differences in food availability,
as well as culturally determined influences on components such as meat content [83]. Within Italy, research
suggests that high adherence to a Mediterranean-style
diet equates to about 30% less meat intake vs. adults
who maintain a low adherence to the traditional pattern
[84]. Although the 2050 projection research above
does not highlight diets that are the most effective at
promoting mental health, nor are the three dietary
patterns called out by the researchers necessarily the
most sustainable, it provides a home base to begin
complex discussions. How to feed a global population
quality nutrition that promotes health, lowers NCD
risk, and places the least amount of burden on natural
environments?

Microbial ecology
“Washing May Be Harmful, Kids” Milwaukee Journal,
Wednesday January 17th, 1973: report from the Annual
Meeting of the Milwaukee Academy of Medicine [85],
page 1.
He [Dr René Dubos] suggested that overzealous
sanitary efforts, a “lack of contact with the thousands of
usually innocuous microbes in the outside environment,”
might compromise the normal development of the immune system. He argued that for normal development
and protection throughout life, to build up tolerance to
harmful agents, a child’s environment be dirtied up in a
controlled manner. Furthermore, he said that a lack of
contact with the thousands of usually innocuous microbes in the outside environment at birth could retard
the development of the newborn’s defense mechanisms.
Dubos acknowledged that his suggestions were not in
line with contemporary thinking and that he “probably
would not live long enough to find out whether he was
right.”
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page 7 “Therefore, he suggested that science
should decide to expose the young to a wide
variety of the ever-present microbes to
build up tolerance….”
In 1973, Dubos floated a bold suggestion during his
keynote address to the Milwaukee Academy of Medicine.
He cautioned, presumably to the astonishment of many
in the audience, that North American children were
being over-sanitized, and an associated loss of tolerance
was not without consequence. As stated in the newspaper
report cited above, his contention was certainly not in line
with any mainstream thought circa early 1970s. This was
the dawning of the era of the sanitizing-product industry
(antimicrobial consumer goods were already a 1-billion
USD industry in 1966 [86]).
His address was 16 years before the publication of the
so-called “hygiene hypothesis,” which suggested that the
global rise in allergic disease could be related to diminished opportunity for early-life exposure to pathogenic
microbe exposure via increased hygiene, antibiotics, and
smaller family sizes [87]. It was decades before Swedish
physician Agnes Wold proposed a more general gut
microbial deprivation hypothesis, one that included “low
exposure to bacteria via food or the environment in general. All this results in an ‘abnormally’ stable microflora”
in Westernized nations [88]. It was decades before the
immune-modulating properties of non-pathogenic microbes would be scientifically postulated to be of value in
neuro-emotional health (a proposition in which Dubos
was referenced) [89].
Scientific consideration of exposing the young to a
wide variety of bacteria, as Dubos proposed, is essentially the cornerstone of ongoing research under the
“biodiversity hypothesis” realm. The biodiversity hypothesis has combined the more narrow hygiene and
gut microbial deprivation hypotheses into a wider
scope that includes the crisis of global biodiversity loss;
the broad view includes the ways in which diminished
contact with natural environments and loss of total
biodiversity (including microbes) intersects with human
health [90].
Co-evolutionary discussions of microbes and humans,
so common today, are also an extension of what Dubos
had proposed. He is credited with this, not by the
present authors, but by his own peers writing in the New
England Journal of Medicine (1973)—“The term autochthonous has been applied to certain constituents of the
flora by Dubos to indicate that the recent evolutionary
development of these bacteria has been in concert with
that of the host.” Further, citing the work of Dubos, it was
queried whether “the intestinal microflora might be
regarded as an organ of the body, the proper function of
which, like that of other organs, might be related to
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optimal health?” [91]. If evolutionary co-development
brought about the existence of an organ (microbiota), and
that organ interacts with other organs, the brain would
surely not be excluded from the mix.
The concerns of Dubos regarding the increasingly
sanitized world, although speculative, were not based on
mere opinion. Despite becoming a scientific generalist,
he was first and foremost a microbiologist. He began his
career by discovering an antibiotic; however, he made it
clear early on that it was a potentially dangerous practice to tinker with microbial ecology. In his landmark,
original research paper with physician Russell Schaedler,
entitled “The Digestive Tract as an Ecosystem” (1964),
they quote
“Thus, the composition of the microbial flora, which
depends upon environmental and internal factors, in
turn determines the kind of biologically active
substances which are released from the digestive tract
into general circulation…the different parts of the
digestive tract, the microorganisms which it harbors,
and the conditions which govern the interplay between
these various components, thus constitute a highly
integrated ecosystem. Any change in any one of these
components is likely to affect the equilibrium and
functions of the system as a whole, and thus to have
generalized physiological effects” [92].
It is very unlikely that Dubos would be surprised with
the recent discoveries indicating that microbes extend a
massive reach: from atmospheric chemistry and cloud
formation [93,94], to mate selection and the remarkable
ways in which plants and soil microbes interact to determine growth characteristics and even insect feeding behaviors upon the plant, microbes matter [95-97]. Had he
lived long enough to see the dismantling of common
myths, such as those which presumed bodily compartments such as the female womb during pregnancy is
sterile [98], that the vascular endothelium and subepidermal regions are sterile in healthy adults, or that soil/
water-derived microbes cannot be found in the brain in
the absence of significant immunosupression and/or tissue
destruction [99,100], he probably would not be surprised.
Although the microbial contribution to general ecology
has been historically and grossly overlooked [101], Dubos
was cognizant of the connection:
“In terms of the total economy of nature, the creative
associations in which microbes are involved are
probably far more important than are the diseases
that they cause, or than the practical uses that man
makes of them. Indeed, the entirely new creative
processes that these associations represent give to the
phenomenon of symbiosis a significance which
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transcends analytical biology and reaches into the very
philosophy of life” [102].
and
“Many other protective mechanisms involving the
participation of the normal microbes of the body will
certainly come to light as attention is focused on the
problem.”
“The difficulties that may follow antibacterial therapy
are in fact similar in essence to those encountered in
any attempt to control predators in nature.. Whether
the method of treatment affects animal predators in
the wilderness or the bacteria in the gut, it is always
risky to tamper with the natural balance of forces in
nature” [103].
Throughout the 1960s, Dubos was involved in a
series of studies related to DOHaD, including those
with germ- or specific-pathogen-free animals housed
in sanitary conditions. He also accumulated detailed
analysis of the ways in which the normal intestinal
microbiota could be disturbed and associated the changes
to various aspects of health. In addition, Dubos and colleagues discovered ground-breaking interactions between
nutrition, psychological stress, infections, and the intestinal microbiota [104-109]. In a summary that might seem
lifted from a recent newsworthy scientific publication
circa 2014, Dubos summarized some of his work on these
intestinal microbiota interactions half a century ago—
“The implications of these findings are many. For
example, they compel a reinterpretation of the
meaning of nutritional requirements of animals and
men; they also raise new problems with regard to
factors which condition resistance to microbial disease.
It is clear that many characteristics assumed to be
inherent in an individual can in reality be determined
by the microbial flora of the intestinal tract” [110].
Human research has recently made connections between greater diversity of intestinal microbiota, lowered markers of inflammation, and greater adherence
to traditional dietary patterns [111]. Human research
has connected predominant bacterial phyla in the gut
with epigenetic regulation [112]. International studies
have linked urban residence with higher levels of inflammatory markers such as C-reactive protein among
adults [113-115]. There are likely many undetermined
ways in which psychosocial and environmental stressors,
some that may be unique to urban environments, can explain these connections [116]. Interestingly, the early origins of later-life inflammation have been the subject of
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some research, with results indicating that exposure to
microbial diversity during infancy is associated with lower
CRP in adulthood [117].
The use of 16 s rRNA sequencing techniques has addressed many of the limitations of stool culture methods.
Researchers have found that, at least in Westernized
urban dwellers, the slow differentiation of gut microbial
diversity relative to our non-human ancestors—one that
occurred over millions of years—appears to be undergoing a dramatic acceleration [118]. The advances in laboratory technique have shown that diet is a player in
gut microbial diversity and that ancestral diets are more
aligned with an intestinal microbiota profile distinct
from that linked to chronic illness [119]. The examination of well-preserved ancient human coprolites (also
known as paleo-stool) shows that the microbiota profile
reflects ancestral dietary practices and culture, and its
broad composition more closely resembles that of a
modern hunter-gatherer vs. a Westernized urban resident [120,121].
Unsurprisingly, hunter-gatherers and other rural
dwellers in Africa and South America have higher
levels of microbial richness and diversity [122-125].
Approximately 35% of all lactic acid bacteria isolated
from raw fruits and vegetables survive gastric conditions,
and the diversity and functionality of microbiota of traditional/indigenous foods and beverages is far more complex than previously realized [126,127]. Remarkably, the
gut microbiome appears to co-evolve with regional dietary
patterns (and specific foods within them) via horizontal
gene transfer from extrinsic microbes that allow for the
breakdown of novel carbohydrates [128]. Further still,
there are uncanny functional resemblances between plant
root and human intestinal microbiota that may be of evolutionary significance [129].
In order to exert their far-reaching physiological effects,
beneficial microbes need not become part of the established residential intestinal microbiota—nor do they have
to be live. For example, in a recent experimental study,
intake of a heat-killed strain of Lactobacillus brevis had
a beneficial influence on circadian locomotion and
sleep rhythms [130]. With emerging research showing
that mere fragments of microbes (e.g., microbial DNA
vs. live viable bacteria) can signal pathways, including
the production of inflammatory-mediating cytokines
[131-133], it is clear that we are merely scratching the
surface of functionality.
As mentioned in the Part I introduction, the combination of Westernized dietary patterns and increasing microbial sanitization (antibiotic/antimicrobial product use)
may play a synergistic role in relation to marked increases
in allergic and autoimmune conditions in developed nations [134-136]. For further discussion on these relationships, and what has been described as a global epidemic of
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allergy, the reader is referred to detailed and well-written
reviews [137,138]. The implications of this detrimental
synergy are not restricted to allergy and autoimmunity
[35].
Antibiotic-induced changes in gut microbiota seem to
place a higher burden of oxidative stress on an animal
[139]. Researchers are also connecting gut microbial diversity (or loss thereof ), antibiotics, and antimicrobial
agents (e.g., triclosan) with obesity [140,141]. Experimental studies show that early-life low-dose antibiotic
induces metabolic alterations and influences the expression of genes involved in immunity. Low-dose antibiotic
also enhances the effect of high-fat diet induced obesity.
These changes are transferrable to germ-free animals
when low-dose antibiotic-associated microbiota are transplanted, indicating a causal role for dysbiosis [142].
The critical point in the preceding research is that
these results are noted with low-dose and subtherapeutic
antibiotics, which raises multiple questions concerning
broad environmental sources of antimicrobials. Residual
levels of antimicrobials in the global food supply are
now a significant concern to researchers [143-145].
Strong marketing forces push the commercially lucrative, yet very false notion, that our bodies and the surfaces with which we make contact must be routinely
cleansed of all microbial life [146]. Given that 45% or
more of neonates are exposed to antibiotics in North
America [147], and emerging links between this exposure
in infancy and subsequent overweight status through
childhood [148,149], the urgency with which this topic
needs to be addressed is now obvious.
Other remarkable diet-microbe connections are emerging. The rapid appearance of ultra-processed, ready-to-eat
foods may be increasing our intake of advanced glycation
end (AGE) products within those foods [150]. AGE are
highly oxidant compounds formed through the nonenzymatic reaction between reducing sugars and free
amino acids and are much higher in foods prepared with
high temperature in the absence of water. AGE have been
shown to reduce the growth of beneficial microbes in human and animal samples [151]. Higher intakes of dietary
AGE are associated with a decline in cognitive function
[152].
Agents such as non-nutritive sweeteners have been
shown to inhibit the growth of bacteria, diminish intestinal microbial diversity, and encourage fat accumulation
and glucose intolerance in experimental studies [153-156].
Environmental pollutants in air and food have also been
shown to cause significant changes in gut microbiota
[157,158]. On the other hand, the ability of select nonpathogenic microbes to assist in the elimination of environmental toxins from the body of mammals is becoming
more obvious [159,160]. These findings, as well as others
related to allergy and obesity research, should not stand
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alone. They are clearly intertwined with other silos, including broad discussions of mental health and the emerging research surrounding a microbiome and mental
health connection [161].

Hygiene, allergy, and mental health
In 1972, Dubos reported that when female specificpathogen-free mice are fed low-quality protein during
the perinatal period, the brain content of dopamine and
norepinephrine in offspring is diminished [162]. In 1986,
Linda Hegstrand and colleague R. Jean Hine reported a
remarkable discovery to the scientific community—compared to germ-free animals, conventionally raised animals
have higher levels of histamine in the hypothalamus [163].
While best known for its connection to allergy, brain histamine in general, and hypothalamic histamine in particular, is a key factor in arousal and behavior [164]. Perhaps
underappreciated at the time, their work was a milestone
in the gut microbiota-to-brain axis.
Although the hygiene hypothesis itself remained focused in the realm of allergy, it was proposed in 2002
that the ways in which beneficial bacteria influence Thelper cells (TH1:TH2 balance) in allergies might also
extend to conditions where neurocognitive symptoms
are common. When this seemingly outlandish proposal
was made (accepted Aug, 2002), it was pointed out that
allergies are a frequent overlap with chronic conditions
in which emotional and somatic symptoms are a central
feature. If TH1:TH2 imbalance was a driver of many
emotional and somatic symptoms, then a mitigating role
for beneficial microbes was theoretically possible [89].
As the traditional focus on harmful microbes began to
shift toward lactic acid bacterium and commensals,
novel scientific frameworks began to bridge the immune/nervous systems to neuropsychiatric health via
non-pathogenic microbes and nutrition. Although in
the early 2000s, these discussions were forced to the
fringes, far removed from the safety net of the impending
microbiome frenzy, Dubos was not overlooked in the reference lists [89,165]. Over the last decade, experimental
and preliminary clinical studies have produced findings
that would have been virtually inconceivable to most at
the end of the 20th century. Strangely, Dubos has an appallingly low number of citations (to what should have
been milestone papers—e.g., [162]) on Google Scholar.
Concerning his own groundbreaking studies on the
microbiota of the total environment and what it might
mean to human well-being, Dubos referred to himself as
simply walking in Metchnikoff’s footsteps [166]. Within
his book Man Adapting (Yale University Press, 1965), he
details his own experiments on fecal microbiota transplantation and immunity. He found that a more sanitized environment reduced intestinal microbial diversity
in mice. In this remarkable text, he makes it clear that
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differences in ancestral evolutionary development are
reflected in the presence or absence of members within
the indigenous microbiota of various species. As usual,
he demonstrated his awareness of socio-ecological interplay in humans:
“Whatever the exact mechanism of the interplay
between nutritional state and the microbiota of the
digestive tract, it is clear that rate of growth,
nutritional requirements, and efficiency in food
utilization are characteristics influenced by
[commensal bacteria]…But sanitary practices and
other aspects of the ways of life may also play an
important part by affecting the indigenous
microbiota…histological differences observed in the
intestinal mucosa depending upon the socioeconomical
status may be relevant to the problem, since they
probably reflect the intensity of the inflammatory
response to the so-called ‘normal’ flora.” [167].
Fast-forward and studies using germ- and pathogenfree mice have shown definitively that microbes can influence brain and behavior [168,169]. In one of the
most remarkable experimental studies to date, the
transplantation of fecal microbiota from donor mice
raised on a high-fat diet into lean mice (who had been
raised on a normal chow diet) resulted in altered
neurologic function. Specifically, there were changes in
behavior suggestive of anxiety, increased stereotypical
behavior and decreased memory [170].
These studies show us that microbes matter; however,
there are massive limitations when using rodent studies
as a means to provide translation in general [171] and
especially toward complex issues such as mental health
[172-174]. How far can we carry the clinical relevancy of
germ-free rodents and/or elevated plus mazes used to
measure rodent “anxiety” vis-à-vis the equally complex
human ecosystem? Animals in the natural environment
might experience dysbiosis—but they are not living la
vida germ-free. Although Dubos put DOHaD on the
map with his own germ- and pathogen-free rodent studies 50 years ago, he would almost certainly agree with a
critical note concerning global mental health—psychiatry
is not applied neuroscience [175].
This sometimes inconvenient yet perspective-providing
fact can, at times, be easily overlooked. While many future
promissory notes are now being signed off with the signature of “microbiome,” Dubos warned about select overselling of similar technological advances in his time. He
referred to their promotion at scientific meetings as a
combination of “intellectual dishonesty” and “intellectual
escapism” when they ignore glaring holistic environmental
variables that are not nearly as press-release-worthy
[176]. In the contemporary tweet-driven world of
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pseudo-medico social media [177,178] and overhyping
of research by academics [179], his concerns may be
particularly relevant.
Notwithstanding translation difficulties, the emerging
rodent studies have provided some undeniably valuable
clues to possible mechanistic pathways between microbes
and brain function. Collectively, the experimental studies
indicate that beneficial microbes might influence neurocognitive function, behavior, and perceived stress by
various pathways: direct communication to the central
nervous system (most likely via the vagus nerve), controlling the intestinal barrier (and limiting systemic
low-grade inflammation), improvement of nutritional
status (phytochemical absorption and neurotransmitter
precursors), reducing systemic oxidative stress, regulation
of glucose control, and limitation of uremic toxin production [180-183]. Undoubtedly, others will be revealed.
In the clinical setting, several studies have shown that
oral probiotics, or fermented foods/beverages inclusive
of beneficial bacteria, may provide value in end points
such as depression, anger, anxiety, and daily mood
[184-189]. Perhaps the most interesting study to date
involved functional magnetic resonance imaging (fMRI)
assessments before and after the 1-month consumption
of a microbial-fermented vs. unfermented food—with
imaging results suggesting a reduction in vigilance to
negative environmental stimuli among the healthy adults
that consumed the fermented dairy product [190]. Research has also identified intestinal microbiota differences
in those with major depressive disorder and chronic fatigue [191,192]. On the other hand, numerous studies
show that those with depressive symptoms and high levels
of psychological distress engage in dietary patterns that
are far removed from a healthy traditional pattern that
might otherwise support microbial diversity [11].

Beyond food and probiotics
While intestinal microbiota and dietary interactions have
received considerable international attention, it is worth
noting that lactic acid bacteria, bifidobacteria, and numerous other potentially beneficial microbes are found
throughout natural environments. For example, lactic
acid bacteria make up a significant portion of the phyllosphere (the aboveground botanical habitat for microbiota)
even under extreme conditions. Moreover, bifidobacteria
are found in the rhizosphere (narrow band of soil just
under the surface, associated with root secretions) of
some of the harshest environments on the planet Earth
[193,194].
Indeed, significant differences have been noted between
the microbial content of urban vs. rural air—results showing greater overall diversity in the rural near-surface
atmosphere. There is also relatively higher abundance of
bacteria in rural samples, including the microbial phyla
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that make up the portions of the human skin and intestinal microbiota such as Actinobacteria, Bacteroidetes,
Firmicutes, and Proteobacteria. In particular, 16 s rRNA
sequences assigned to the lactic acid bacterial group are
higher in rural air [195]. A 4-day, 3-night trip to a forest
setting has been associated with a significant reduction of
serum levels of the TH2 chemokine MDC/CCL22 [196],
which allows for speculation concerning microbial mechanisms of action.
The results of a recent European studies provide contextual meaning to the public health implications of biodiversity loss at the microbial level. Lower biodiversity of
vegetation surrounding one’s residence has been associated with higher odds of an allergic IgE reaction to common allergens and lower diversity of select bacteria on
the skin [197]. In fact, the extent to which green areas
(within 2–5 km from primary residence) are inversely
associated with atopic sensitization in children may be a
product of the way these natural environments differentially shape commensal skin bacteria [198].
It seems likely that this is the type of research with
which Dubos would have been most impressed. Reductionist technique immediately provides clear relevance
to the broad environment. Since these environmentally
influenced skin microbes, members of the Gammaproteobacteria family, in particular, can influence the immune
system beyond the skin itself [199], similar relationships
may be found in connection to mental health.

Outdoor activity and microbiota
A number of academic articles have concluded that
modern humans would do well to exercise in ways that
reflect our hunting and gathering past [200,201]. Indeed,
physical activity in natural environments may increase a
sense of vitality and motivate an individual to adhere to
future exercise routines [202,203]. This is of particular
importance in those with mental health disorders or
obesity in whom motivation is a primary barrier to physical activity [204]. Common symptoms of mental disorder
are predictive of subsequent time spent sitting later in life
[205]. Exercise feels differently for those who embrace it
as part of their lifestyle vs. individuals with depressive
symptoms or obesity—the latter groups report lower
pleasure ratings and post-exercise energy levels, while during the activity perceived exertion levels are higher
[206,207]. Since fostering positive emotions in association
with the experience of exercise can alter the way exercise
feels and encourage future participation [208,209], the implications for the value of natural environments are
obvious.
Beyond the classically known benefits of physical activity
(cardiovascular, respiratory function, etc.), and the more
indirect sensory and psychological (mood, cognitive restoration, etc.) value, there is a third dimension of potential
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benefit related to outdoor activities. We consider the potential diversity of microbial contact to be important and
often overlooked consideration. In addition to vegetation
as mentioned above, outdoor air has a greater phylogenetic diversity of bacterial communities than does indoor
air [210].
Outdoor play, gardening, or any activity that might
bring contact with soil, trees, and plant life will increase
the opportunity for exposure to microbial diversity. If
the activity is conducted in natural environments, it
increases the likelihood that the individual will inhale
natural phytoncides (aromatic chemicals secreted from
trees and ornamental plants) that are associated with
human stress reduction and immune system benefits
[211,212]. These airborne phytoncides, found at higher
levels in natural (vs. urban built) environments, are a
product of interactions between phyllospheric microbiota and the plant; for example, the application of antimicrobials to the aboveground portions of flowers leads
to a halt in linalool emissions [213], a chemical with
known mood-regulating properties [214].
Recently, it was reported that athletes who make frequent contact with natural grass, soil, and mud (Rugby
players) have greater diversity of gut microbiota vs. physical size, age- and gender-matched controls [215]. The
fact that Rugby players engage in a unique form of exercise that brings them in direct contact with the Earth
was not mentioned by the authors—the conclusion was
focused primarily on differences in exercise intensity.
However, intestinal microbiota is not solely a product of
diet, and the influence of non-diet-associated terrestrial
microbes on intestinal and systemic physiology is an
open question [216-218]. Undetermined environmental
factors that are unique to geographically distinct human
societies may even transcend the dietary influence on
gut microbiota composition [219].
The administration of live Mycobacterium vaccae has
recently been shown to improve cognition and reduce
experimental signs of anxiety in an animal model [220].
M. vaccae is a generally non-pathogenic microbe that,
depending on region, can be found in varying amounts
within soil, mud, and/or natural water wells [221]. An
earlier 2004 study involving an injection of M. vaccae
(non-placebo-controlled) in patients with lung cancer
indicated that it may attenuate some aspects of deterioration in quality of life [222]. Media positioning of M.
vaccae as the “happy” widely available soil bacterium is
common, and it may lose sight of the fact that this particular microbe is associated with intellectual property
and a long list of patents.
M. vaccae is often used as a broad term that does not
address its many specific strains. There has been little
discussion surrounding the specificity of M. vaccae strains
and emotional health; probiotic studies in the gut-brain
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realm suggest that not all microbial strains are alike
[183,223,224]. Are there strain-specific effects of M. vaccae in neurocognition? If so, in what environments are
these strains most abundant? In our context of natural environments, we would be interested to see if there are behavioral changes as a result of other non-commercially
linked, non-pathogenic soil, or phyllosphere-associated
microbes.

The total environment
“I cannot help but expressing my belief that living
things, including man, respond not only to heat,
humidity, light and other obvious climatic components
which are readily perceived by the senses, but also to
many other environmental factors not readily
identified, and in part, still unknown” [225].
Human biometeorology is an interdisciplinary science
concerned with interactions between atmospheric processes and living organisms. In the context of climate
change and environmental degradation, this field has experienced renewed interest [226]. Natural environments
can also be distinguished from the urban built environment by some of these atmospheric differences. For example, trees may help mitigate the thermal discomfort
associated with urban heat island effects [227]. On the
other hand, urban warming may encourage herbivorous
pest abundance and tree destruction [228].
One of the more controversial aspects of meteorological conditions as they relate to health of living organisms is that concerning the relative content of charged
air ions. Dubos maintained an open mind on the topic.
Despite suggesting that air ions may have untold benefits, including an ability to modify beneficial microbes
within the intestinal tract [167], page 124], Dubos took
exception to any association between him and commercial
ion-generating devices [229]. Unquestionably, the research
related to air ions has been the subject of pseudo-medical
exploitation in marketing claims associated with iongenerating devices.
However, since his writings on the topic, emerging research is undoing the notion that air ions are without
any relevance to the growth and function of living organisms. The preponderance of available evidence shows
that air with a relative increase in negatively charged ions
may help facilitate positive mental outlook [230-232]. The
relative concentration of negatively charged air ions is
higher in natural environments [233-235] and lower in
urban (as well as indoor) environments that are subject to
airborne pollutants [236,237]. Forests and areas rich in
vegetation can help offset the loss of negatively charged
air ions within urban environments [238]. Remarkably,
negative air ions also appear to increase phytoncide
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release from trees [239], indicating the potential relationship to some of our previous discussions.
In daily life and sleep, our ancestors would have made
much more frequent direct contact with the Earth. Some
researchers have speculated that less frequent contact
with the surface of the Earth may translate to a
deprivation in contact with abundant surface electrons,
which in turn could impair diurnal electrical rhythms
and burden the antioxidant defense system [240]. Only
properly designed studies can determine whether this particular speculation may have broad health implications.
Finally, a less speculative area of total environment research is one touched upon in Part I—that of light. As
mentioned previously, our current relationship with light is
divergent from our ancestral past—higher levels of light at
night (LAN) and lower exposure to light during the day are
now commonplace. Here, we briefly mention the importance of the blue portion of the light spectrum. In a recent
North American study, it was reported that the daily exposure to light intensity above 1,000 lux (levels associated with
outdoor light) was only about an hour on average. Interestingly, in that study, those who accumulated the majority of
their intense daily light exposure (levels beyond a 500-lux
threshold) in the early part of the day were more likely to
have a lower body mass index (BMI) [241]. Why would getting outdoors in early morning light make a difference?
One possibility is the higher amounts of shorter wave
blue light in the early part of the day [242]. Given the
emerging research on appropriately timed blue light exposure and positive mental health [243], it appears to be
yet another feature of the total modern environment
that we may be missing, at least in the daytime. While
our standard interior lighting cannot compensate for the
amount of blue light found in natural daylight [244],
only a small amount of evening blue light can suppress
melatonin. The consequences of evening-night use of
modern interior lighting and multimedia screens (i.e.,
higher blue light) may be compromised sleep, fatigue,
mood, and metabolic disturbances [245-247].
Circadian disturbances have been shown to induce
dysbiosis in both mice and humans—and promote glucose intolerance and obesity that are transferrable to
germ-free mice upon fecal transplantation [248]. Therefore, we have much to learn about the far-reaching effects of light and its components. Dubos would probably
have been less interested in the clinical utility of various
doses of melatonin to mediate jet lag and more interested in its evolutionary origins [249] and the lifestyle
drivers [250] behind why its use as a supplement has
dramatically increased in developed nations [251].

Heterogeneity of cities, vulnerable populations
After weaving our way through each of our main sections—natural environments, nutrition, and microbes—
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we must underscore that not all global cities and districts within cities can be painted with the same brush
[252]. On a global scale, however, environmental injustices are common and the concentration of urban vegetation and biodiversity is often slanted in favor of the
affluent and less vulnerable [253-256]. Any slant away
from natural environments is not a zero-sum game. It
forces a question: what might be there in its stead?
Lack of green space in urban environments, especially
in socioeconomically disadvantaged areas, is often coincident with more grey spaces. These are residential areas
with disproportionate industrial and commercial activity,
heavy traffic, bars, liquor stores, convenience stores, and
fast-food outlets [257-263]. Although these zones may
contain limited vegetation, there is an abundance of visual marketing of unhealthy lifestyle choices—e.g., fast
food and tobacco [260-262].
Therefore, many of the mental health benefits of green
space may be explained top-line by the absence of grey
space—i.e. less noise, traffic, walkability, environmental
toxins, and visible marketing that otherwise cajoles residents toward (and less actual opportunity to partake in)
unhealthy lifestyle choices [11,264,265]. The financial
strain and fatigue associated with psychological distress
in socioeconomically disadvantaged areas enhances the
attractiveness of cost and convenience in low-nutrient
food choices [11]. Perhaps time spent indoors may not be
completely disadvantageous if the external environment is
polluted and dangerous.
Moreover, we must acknowledge that generalized
stress (and specific stressors—e.g., acoustic stress), pollution, marketing toward junk food, smoking, antibiotic
prescriptions [266-270], and other socioeconomically
slanted environmental forces described above might
continuously influence microbial diversity and dysbiosis
[11,157,158,271-273] unless they are addressed. This
puts a dampener on the oft-unchecked enthusiasm with
which single (or a few) strains of isolated bacteria are
heralded as a mental health solution. It is hard not to
draw parallels between the microbiome euphoria of
today, and the emergent technological research Dubos
addressed in 1969:
“This is wonderfully entertaining, titillating kind of
science fiction. We organize meetings about it in all sorts
of pleasant places to talk about this, and that saves us
the responsibility of walking across the street, where
100,000 children are being poisoned every day by lead
in paint…something can be done immediately about
this problem, but it is not being done because it is not of
sufficient interest or as exciting intellectually” [176].
Put simply, are we to imagine a world in which the socioeconomically disadvantaged line up for laboratory-
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generated microbial products, while the environmental
forces that might allow dysbiosis to be the default mode
remain in place? Are they to be sprinkled on the heavy
metal-contaminated grounds [274] of the less accessible,
inadequately maintained green areas often afforded to
the vulnerable [275,276]? These absurd notions could
be inferred when the complex circumstances that contribute to mental ill-health (or positive emotional wellbeing) are ignored, and furthermore, when it is assumed
that the at-risk are among those who can find the means
to secure expensive, commercially driven products that
are touted at meetings in pleasant places. If animal studies
involving diet-microbiota-obesity interactions are an indication [277], fecal transplant in mental health will be limited if the environmental forces are pushing a separate
and continuous reset button labeled “dysbiosis.” If there is
an end-game to the potential benefits of microbial administration in positive mental health, it is much more likely
to be derived from ecological vs. purely pharmacological
and commercially driven considerations.
Having read stacks of Dubos writings, we found one
paper [278]—Science and man’s nature. Daedalus: J Am
Acad Arts Sci 1965, 94:223–244—that captured so many
of his views in a single place. The following extended
quotes from this classic piece are presented with permission of MIT Press.
“The immediate effects of the conflict between the
Paleolithic constitution of man and the exigencies of
modern life can be documented by chemical,
physiological, and psychological measurements, but
little is known of their long-range consequences.
There is no doubt, however, that many physiological
disturbances have their origin in the conflict between
the modern environment and the Paleolithic ordering
of physiological functions.”
“For many thousand years, man has modified his
environment by using fire, farming the land, building
houses, opening roads, and even controlling his
reproduction. The all important difference, however, is
that many modern applications of science have
nothing to do with human biological needs and aim
only at creating new demands, even though these be
inimical to health, to happiness, or to the aspirations
of mankind.”
“A more disturbing aspect of modern science is that
the specialist himself commonly loses contact with the
aspect of reality which was his primary concern,
whether it was matter, life or man…one of the
strangest assumptions of present day biology is that
knowledge of living man will automatically follow
from so-called ‘fundamental’ studies of the elementary
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structures and reactions of fragments derived from
living things. In reality, a very different kind of
knowledge is needed to understand the nature of the
cohesive forces which maintain man in an integrated
state, physically, psychologically, and socially, and
enable him to relate successfully to his environment.”
“Science and the technologies derived from it now often
function as forces independent of human goals. In
many cases, as we have seen, knowledge creates
concepts that man cannot restate in terms of his
experience; and increasingly, technology creates
services and products that man does not really need.
All too often, knowledge and technology pursue a
course which is not guided by pre-determined social
philosophy.”
“Even though dangers are also inherent in the
knowledge concerning automation, synthetic chemicals,
or almost any other new technology, surprisingly little
is done to evaluate the possible social consequences of
these innovations.”
“The study of man as an integrated unit, and of the
ecosystems in which he functions, is grossly neglected
because it is not in the tradition which has dominated
experimental science since the 17th Century. Such a
study would demand an intellectual approach, as well
as research techniques and facilities, different from
those which are fashionable and professionally
profitable in the academic establishment.”

Summary and future directions
René Dubos was a city-loving, technology-embracing
microbiologist who was well versed in the value of reductionist technique. He readily acknowledged that ancestral experiences were often brutish and that the
solution to contemporary problems was not to be
found in a romanticized “return to nature” [103,279].
He understood that humans continue to evolve and
never wavered from his optimism that the human evolutionary forward-march—with its cultural-genetic interactions and microevolutionary aspects that are now
better understood [280,281]—was away from its brutish beginnings and toward a better place. Like some of
our most forward-thinking public health officials of today
[282], he recognized the complexity of his proposals. On
the other hand, he noted that life may not be as miserable
and brutish (as otherwise portrayed) if we were absent
some of the technology currently delivered to us at a premium cost to the planet [283].
Amidst the optimism, he raised warning flags concerning unintended consequences. He placed them along a
river-like course into which the tributaries of natural
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environments, biodiversity, microbial ecology, and quality of nutrition would flow. The ultimate destination of
this collective current was toward generalized aspects of
well-being, quality of life, and the promotion of personal
and planetary health. He referred to this as humanistic
biology and reminded his audiences that “even when
man has become an urbane city dweller, the Paleolithic
bull that survives in his inner self still paws the earth”
[284].
A contemporary look at the work of Dubos would
quickly reveal words such as these delivered to the
World Health Organization’s 1969 Annual Assembly
“Air, water, soil, fire and the natural rhythms and
diversity of living species are important not only as
chemical combinations, physical forces, or biological
phenomena but also because it is under their influence
that human life has been fashioned. They have created
in man deep-rooted needs that will not change in any
near future” [285].
In 1968, while addressing an audience at the United
States National Institute of Mental Health, he suggested
that shifting dietary practices in affluent nations would
take its toll in the mental health realm: “It would be
surprising if such acquired dietary habits, in addition to
being physiologically objectionable, did not also have unfavorable behavioral manifestations.” Pushing it further,
he stated that humans, should they continue to become
disconnected from nature in the emerging technological
society, would begin to resemble animals in captivity:
“The domesticated farm animals and the laboratory
rodents on controlled nutritional regimens in controlled
environments will then become true models for the study
of man.” [286], page 67].
That highly controlled, sanitized, and calorie-dense environment, we are now learning, is associated with the
promotion of inflammation and chronic disease development [35]. Dubos was also concerned with the industrial
or public policy application of technological endeavors
made without consideration of unintended consequences.
As a way to exemplify his concerns related to unbridled
enthusiasm toward technology, he often referred to the
primary theme of the 1933 World’s Fair—Science Finds,
Industry Applies, Man Conforms. Here, we provide a primary quote from that 1933 Guidebook:
“Science discovers, genius invents, industry applies,
and man adapts himself to, or is molded by, new
things…Man uses and it affects his environment,
changes his whole habit of thought and of living.
Individuals, groups, entire races of men fall into step
with the slow or swift movement of the march of
science and industry” [287].
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Where does the swift portion of the march of science
and industry meet with unintended consequences? For
Dubos, the implications of such words within the Guidebook were obvious. His interpretation: “It implied that
man must conform to the environment created by industry, instead of using science and technology to develop
conditions really suited to fundamental human needs…it
is not man which must conform to technology, but technology which must be made to conform to the human
condition.” [288].
Decades before terms such as “biophilia,” “hygiene
hypothesis,” “developmental origins of health and disease,” “green space,” “blue space,” “nutritional psychiatry,”
“narcissism epidemic/empathy drought,” “intestinal
microbiota ecology,” “microbial deprivation,” “fecal
microbiota transplantation,” “epigenetics,” “biodiversity
hypothesis,” “screen time,” “evolutionary mismatch,” et al.
became popularized, Dubos was already directly (or indirectly by sewing together various strands of ideas and publications of his peers) researching, writing, and paving the
way for these realms. For any researchers tempted to
claim that trans-generational and/or social-behavioral interactions with microbiota and physiological end points
are novel concepts, a read at his work on specific
pathogen-free mice [167,289] would be a good starting
point.
His concerns about the future implications of these
broad issues were sometimes based on published evidence, and at other times, they were self-admittedly of a
speculative nature. Critics of the day pointed out that
much of his positioning remained on the side of opinion
rather than available evidence; however, they still understood his primary message. Renowned philosopher of
science David L. Hull captured it in elegant fashion: “Although such gene pools can change over long stretches of
time, the needs of humankind are so pressing that we
can hardly pin our hopes on changes in our genetic endowment. If we are to survive, Dubos argues, we must
exploit the plasticity of expression of our genetic endowment” [290].
Based on research outlined in this review, his forewarnings may have at least some contemporary scientific
validation.
Dubos began his scientific career in the most reductionist way possible—combing through countless soil
microbes to get to the species which would help him
synthesize a clinically relevant antibiotic. At the end of
his life, he continued to underscore the necessity of the
reductionist approach in experimental science. However,
he was keenly aware of its limitations as a means to inform clinical relevancy to humans in their total environment. For Dubos, it was the interactions and synergy
between micro- and macro-environmental variables that
required more study.
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“Like other biological sciences, medicine is a complex
structure resting on several supports. If it were limited
to the art of the medical practitioner and to the
reductionist philosophy of the biochemist, it would be
a two-legged structure and would soon collapse
through lack of balance and adequate support” [291].
Each of our three main sections—natural environments,
nutrition, and microbes—are potentially intertwined. For
example, lack of sensory experience (visual, auditory, olfactory, and tactile) in natural environments could influence affect, cognitive restoration, stress resiliency, and
sleep quality. In an environment where cognitive load and
screen technology use is often high, this could very well
influence dietary choices [292]. These dietary choices may,
in turn, influence motivation and mood state [11].
Lack of experience in natural environments, or certain
dietary patterns, may also influence individual microbial
diversity. This, in turn, may have many health consequences. Lack of natural light and a compromised ability
to secure normal circadian rhythms can interact with all
of the above [243,248,293-297]. Physical activity, unquestionably of value to human health and well-being,
may be more pleasurable in outdoor natural environments, with diminished perceptions of exertion and an
increase in the likelihood that an individual will be motivated to engage in further physical activity [298-302].
Exercise therefore becomes yet another variable intertwined with dietary choices, affect, intestinal microbiota
[303,304], natural environments, and so on.
As surely as discussions concerning beneficial microbes
and brain health were on the fringes in the early 2000s
[89], the tide may also be turning in another marginalized
conversation—the non-thermal biophysiological influences of electromagnetic radiation (EMR) [305-307].
The median of total radiofrequency electromagnetic
fields in Austrian bedrooms has almost doubled between 2006–2012. Notably, analysis of all households
showed higher loads (over 3× higher median) in urban
than in rural areas [308]. What are the synergistic effects of EMR and environmental contaminants [309]?
For now, we can only conclude that EMR exposure differs significantly from our ancestors; however, it would
seem remarkable if an increasing human-generated
EMR load had absolutely no consequences to life on
Earth [310,311].
What are the psychological consequences of a collective deficiency of ancestral influences in the modern
landscape? What is the fallout from more time indoors
and less experience with variables associated with natural
environments or parts thereof? The “less” we refer to is
broad—it ranges from the diversity of birdsong and nonpathogenic microbes to the blue spectrum of daylight and
varieties of vegetation around a residence. It includes less
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dietary diversity via loss of traditional foods and the
diminishing phytochemicals within them. In the context
of evolutionary experience, we consider these to be modern deficits.
We wonder could this collective deficit manifest in a
“disorder,” a sort of paleo-deficit disorder, that while not
pathological per se, taps into unrealized quality of life,
empathy, perspective taking, low-grade anxiety, psychological distress, resiliency, and negative mental outlook?
Could this deficit accelerate an individual toward the
checkmarks required for medicalized diagnoses? Might
the collective deficit in “Paleolithic experiences” compromise an individual’s ability to maintain optimal emotional health and by extension, prevent optimal health
of neighborhoods, cities, societies, and nations, especially those undergoing rapid urbanization? Please see
Figure 1. Our primary concerns and questions are not
dissimilar to those of Dubos.
The evidence discussed in this review forces many
questions concerning the deeper level essentiality of natural environments and the elements within them. Trees,
of course, remove millions of tonnes of airborne pollutants from cities each year [312]. Their presence can
therefore diminish some of the direct effects of grey
space, while at the same time adding to the benefits of
microbial diversity. Yet, they appear to provide benefit at
a much deeper psychological level. Dubos raised this
possibility, and others like it, to scientific colleagues and
the public 50 years ago. His concerns related to the
mental health consequences of environmental degradation are no less relevant today. On the contrary, we
consider them to be urgent.
Future research in the area of environmental variables
and mental health should consider the application of simple, validated instruments such as the Nature Relatedness
(NR-6) [313] and scales of contentiousness [79]. For
example, how might those who score high on nature
relatedness differ in their dietary practices? Might dietary practices and frequency of “contact with biodiversity” influence their individual microbiome? How does
a community-level nature relatedness interact with social capital and regional quality of life [314]? How does
blue space influence urban mental health [315]? If
mindfulness, contentiousness, and the ability to perceive
nature’s beauty are essential components to achieving the
maximal health benefits associated with natural environments [316-320], then it seems fair to ask if the technological society, as Dubos claimed, is compromising our
ability to be mindful and capture those perceptions within
such environments.
The existing research, despite its many limitations,
does suggest that natural environments and “access” to
biodiversity (including microbial diversity) are indeed essential to public health, especially in urban settings. We
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Figure 1 Paleo-deficit disorder?

need to learn more concerning the socioeconomic and
political factors that influence ecosystem services and
promote healthy cities (or perceptions of a healthy city)
for all citizens [253]. This entails input from minorities,
immigrants, and the socially disadvantaged. As others
have pointed out, in this process, we cannot assume that
simply adding “green” will provide a simple solution
[321,322].
At the same time, we cannot assume that in the Gold
Rush known as the microbiome, where so many are
staking a claim, microbes will provide us with all the answers. Lest our own very broad discussion get confined
to the all-microbe zeitgeist, we should point out some
important and seemingly overlooked references. Stress
can promote systemic inflammation independently of
microbiota [323]. Moreover, whatever its deficits may be,
the germ-free mouse maintains microbe-independent
communication via neurotransmitters and the odortypes
that can govern social behavior, mating, and reproduction
[324,325]. Therefore, properly nourished, capable-ofreproduction germ-free mice might also provide some
much-needed perspective.
As cited above, microbiota are undeniably linked to
many variables highlighted throughout our discussion; at
a certain tipping point [326], bacteria, viruses, and living
members of the human ecosystem may amplify or abbreviate other paleo-deficits. Our more immediate concern,
as it was with Dubos, is the collective deficit—the total environment—in which dysbiotic microbiota is a part. Put
simply, one might have in their procession the most ideal
microbiota profile, the gold standard against which all future commercial fecal products will be measured, and still
fall well short of optimal mental health.
Our stance does not dismiss the strong probability that
lifetime microbial experiences, especially the early ones,
could have long-lasting influences on how and even why

an individual responds in a differential manner to visual,
olfactory, and other sensory aspects of natural environments. Microbial interactions with genetic factors will
likely be linked to Nature Relatedness, emotional wellbeing, and intestinal or skin microbiota. Indeed, that is our
primary point—in common parlance, “it’s all connected”.
Reading Dubos, it would be tempting to state that there
is nothing new under the sun. Maybe we have reached a
point where theory after theory, hypothesis upon hypotheses, are all variants on the same theme. Perhaps discussions of natural environments, biodiversity, microbiota,
nutrition, and mental health are often one in the same.
We consider this to be an important consideration simply
because it might help guide plausible solutions.
Decades before the global rise in allergic diseases were
considered to be at epidemic proportions; Dubos
addressed membership of the American Academy of
Allergy at its annual meeting. We close on his words,
communicated in 1969, as keynote speaker to his audience
of allergists:
“The etymological meaning of allergy is, of course,
‘altered reactivity.’ In this sense, all aspects of life can be
considered as manifestations of allergy, since most
anatomical and functional characterizes of man can be
modified by the stimuli—physical, chemical, social—
that impinge on him throughout life…developing
counter technologies to correct new kinds of damage
constantly being created by technological innovations is
a policy of despair…we must try to imagine the kind of
surroundings and of life we want, lest we end up with a
jumble of technologies that will eventually smother body
and soul” [327].
Competing interests
ACL has received consulting fees from Genuine Health Inc (Toronto, ON,
Canada). He is co-author of the trade paperback Your Brain on Nature

Logan et al. Journal of Physiological Anthropology (2015) 34:9

(Harper Collins, 2012). MAK and VBM declare that they have no competing
interests.
Authors’ contributions
All authors made significant contributions to the manuscript. ACL provided
the primary framework for the content. MAK and VBM provided oversight
and important intellectual content within each major section. All authors
read and approved the final manuscript.
Author details
1
CAMNR, 23679 Calabasas Road Suite 542, Calabasas, CA 91302, USA.
2
Department of Psychiatry, Faculty of Medicine, University of Toronto, 250
College Street, 8th floor, Toronto, ON M5T 1R8, Canada. 3Section of
Psychiatry, Department of Medicine, University of Valencia Medical School,
Avda. Blasco Ibáñez, 15. E46010, Valencia, Spain.
Received: 3 September 2014 Accepted: 29 December 2014

References
1. Dubos R. Medical utopias. Daedalus Proc Am Acad Arts Sci. 1959;88:410–24.
2. Dubos R. The intellectual basis of nutrition science and practice. Nutr Today.
1979;14:31–4.
3. Dubos R. Nutritional adaptations. Am J Clin Nutr. 1979;32:2623–6.
4. Liu L, Bestel S, Shi J, Song Y, Chen X. Paleolithic human exploitation of plant
foods during the last glacial maximum in North China. Proc Natl Acad Sci
U S A. 2013;110:5380–5.
5. Revedin A, Aranguren B, Becattini R, Longo L, Marconi E, Lippi MM, et al.
Thirty thousand-year-old evidence of plant food processing. Proc Natl Acad
Sci U S A. 2010;107:18815–9.
6. Stiner MC, Munro ND. On the evolution of diet and landscape during the
Upper Paleolithic through Mesolithic at Franchthi Cave (Peloponnese,
Greece). J Hum Evol. 2011;60:618–36.
7. Anton SC, Potts R, Aiello LC. Evolution of early homo: an integrated
biological perspective. Science. 2014;345:45.
8. Khoury CK, Bjorkman AD, Dempewolf H, Ramirez-Villegas J, Guarino L, Jarvis
A, et al. Increasing homogeneity in global food supplies and the implications for food security. Proc Natl Acad Sci U S A. 2014;111:4001–6.
9. Moubarac JC, Batal M, Martins AP, Claro R, Levy RB, Cannon G, et al.
Processed and ultra-processed food products: consumption trends in
Canada from 1938 to 2011. Can J Diet Pract Res. 2014;75:15–21.
10. Black JL, Billette JM. Do Canadians meet Canada’s food guide’s recommendations
for fruits and vegetables? Appl Physiol Nutr Metab. 2013;38:234–42.
11. Logan AC, Jacka FJ. Nutritional psychiatry research: an emerging discipline
and its intersection with global urbanization, environmental challenges, and
the evolutionary mismatch. J Physiol Anthropol. 2014;33:22.
12. Wyse CA, Biello SM, Gill JM. The bright-nights and dim-days of the urban
photoperiod: implications for circadian rhythmicity, metabolism and obesity.
Ann Med. 2014. In Press.
13. Boers I, Muskiet FA, Berkelaar E, Schut E, Penders R, Hoenderdos K, et al.
Favourable effects of consuming a Palaeolithic-type diet on characteristics
of the metabolic syndrome: a randomized controlled pilot-study. Lipids
Health Dis. 2014;13:160.
14. Whalen KA, McCullough M, Flanders WD, Hartman TJ, Judd S, Bostick RM.
Paleolithic and Mediterranean diet pattern scores and risk of incident,
sporadic colorectal adenomas. Am J Epidemiol. 2014;180:1088–97.
15. Richter CK, Skulas-Ray AC, Kris-Etherton PM. Recent findings of studies on
the Mediterranean diet: what are the implications for current dietary
recommendations? Endocrinol Metab Clin North Am. 2014;43:963–80.
16. Clayton P, Rowbotham J. How the mid-Victorians worked, ate and died. Int
J Environ Res Public Health. 2009;6:1235–53.
17. Sarris J, Logan AC, Akbaraly TN, Amminger P, Balanzá-Martínez V, Freeman
MP, et al. Nutritional medicine as mainstream in psychiatry. Lancet
Psychiatry. 2015. In Press.
18. Lee, J, Pase M, Pipingas A, Raubenheimer J, Thurgood M, Villalon L, et al.
Switching to a 10-day Mediterranean-style diet improves mood and
cardiovascular function in a controlled crossover study. Nutr. 2015. In Press.
19. Jacka FN, Mykletun A, Berk M, Bjelland I, Tell GS. The association between
habitual diet quality and the common mental disorders in community-dwelling
adults: the Hordaland Health study. Psychosom Med. 2011;73:483–90.

Page 15 of 21

20. Jacka FN, Pasco JA, Mykletun A, Williams LJ, Hodge AM, O’Reilly SL, et al.
Association of Western and traditional diets with depression and anxiety in
women. Am J Psychiatry. 2010;167:305–11.
21. Sánchez-Villegas A, Delgado-Rodríguez M, Alonso A, Schlatter J, Lahortiga F,
Serra Majem L, et al. Association of the Mediterranean dietary pattern with the
incidence of depression: the Seguimiento Universidad de Navarra/University of
Navarra follow-up (SUN) cohort. Arch Gen Psychiatry. 2009;66:1090–8.
22. Skarupski KA, Tangney CC, Li H, Evans DA, Morris MC. Mediterranean diet
and depressive symptoms among older adults over time. J Nutr Health
Aging. 2013;17:441–5.
23. Rienks J, Dobson AJ, Mishra GD. Mediterranean dietary pattern and
prevalence and incidence of depressive symptoms in mid-aged women:
results from a large community-based prospective study. Eur J Clin Nutr.
2013;67:75–82.
24. Lai JS, Hiles S, Bisquera A, Hure AJ, McEvoy M, Attia J. A systematic review
and meta-analysis of dietary patterns and depression in community-dwelling
adults. Am J Clin Nutr. 2013. In Press.
25. Psaltopoulou T, Sergentanis TN, Panagiotakos DB, Sergentanis IN, Kosti R,
Scarmeas N. Mediterranean diet, stroke, cognitive impairment, and
depression: a meta-analysis. Ann Neurol. 2013. In Press.
26. Binnie MA, Barlow K, Johnson V, Harrison C. Red meats: time for a paradigm
shift in dietary advice. Meat Sci. 2014;98:445–51.
27. Kaluza J, Akesson A, Wolk A. Processed and unprocessed red meat
consumption and risk of heart failure: prospective study of men. Circ Heart
Fail. 2014;7:552–7.
28. Meyer BJ, Kolanu N, Griffiths DA, Grounds B, Howe PR, Kreis IA. Food groups
and fatty acids associated with self-reported depression: an analysis from
the Australian National Nutrition and Health Surveys. Nutrition.
2013;29:1042–7.
29. Mikolajczyk RT, El Ansari W, Maxwell AE. Food consumption frequency and
perceived stress and depressive symptoms among students in three
European countries. Nutr J. 2009;8:31.
30. Burkert NT, Muckenhuber J, Großschädl F, Rásky E, Freidl W. Nutrition and
health—the association between eating behavior and various health
parameters: a matched sample study. PLoS One. 2014;9:e88278.
31. Beezhold B, Radnitz C, Rinne A, DiMatteo J. Vegans report less stress and
anxiety than omnivores. Nutr Neurosci. In Press.
32. Li Y, Zhang J, McKeown RE. Cross-sectional assessment of diet quality in
individuals with a lifetime history of attempted suicide. Psychiatry Res.
2009;165:111–9.
33. Nanri A, Mizoue T, Poudel-Tandukar K, Noda M, Kato M, Kurotani K, et al.
Dietary patterns and suicide in Japanese adults: health centre-based
prospective study. Br J Psychiatry. 2013;203:422–7.
34. Craig JM, Prescott S. Non-communicable diseases: early life is key to disease
risk. Nature. 2014;512:28.
35. Prescott SL. Early-life environmental determinants of allergic diseases and
the wider pandemic of inflammatory noncommunicable diseases. J Allergy
Clin Immunol. 2013;131:23–30.
36. Dubos R, Savage D, Schaedler R. Biological Freudianism: lasting effects of
early environmental influences. Pediatrics. 1966;38:789–800.
37. Jacka FN, Ystrom E, Brantsaeter AL, Karevold E, Roth C, Haugen M, et al.
Maternal and early postnatal nutrition and mental health of offspring by
age 5 years: a prospective cohort study. J Am Acad Child Adolesc
Psychiatry. 2013;52:1038–47.
38. Pina-Camacho L, Jensen SK, Gaysina D, Barker ED. Maternal depression
symptoms, unhealthy diet and child emotional-behavioural dysregulation.
Psychol Med. 2014. In Press.
39. Purtell KM, Gershoff ET. Fast food consumption and academic growth in
late childhood. Clin Pediatr. 2014. In Press.
40. Pham NM, Nanri A, Kurotani K, Kuwahara K, Kume A, Sato M, et al. Green tea
and coffee consumption is inversely associated with depressive symptoms
in a Japanese working population. Public Health Nutr. 2014;17:625–33.
41. Pase MP, Scholey AB, Pipingas A, Kras M, Nolidin K, Gibbs A, et al. Cocoa
polyphenols enhance positive mood states but not cognitive performance:
a randomized, placebo-controlled trial. Psychopharmacol. 2013;27:451–8.
42. Krikorian R, Boespflug EL, Fleck DE, Stein AL, Wightman JD, Shidler MD, et al.
Concord grape juice supplementation and neurocognitive function in
human aging. J Agric Food Chem. 2012;60:5736–42.
43. Bin Sayeed MS, Shams T, Fahim Hossain S, Rahman MR, Mostofa A, Fahim
Kadir M, et al. Nigella sativa L. seeds modulate mood, anxiety and cognition
in healthy adolescent males. J Ethnopharmacol. 2014;152:156–62.

Logan et al. Journal of Physiological Anthropology (2015) 34:9

44. Camfield DA, Silber BY, Scholey AB, Nolidin K, Goh A, Stough C. A
randomised placebo-controlled trial to differentiate the acute cognitive and
mood effects of chlorogenic acid from decaffeinated coffee. PLoS One.
2013;8:e82897.
45. Lopresti AL, Maes M, Maker GL, Hood SD, Drummond PD. Curcumin for the
treatment of major depression: a randomised, double-blind, placebo
controlled study. J Affect Disord. 2014;167:368–75.
46. Pengelly A, Snow J, Mills SY, Scholey A, Wesnes K, Butler LR. Short-term
study on the effects of rosemary on cognitive function in an elderly population. J Med Food. 2012;15:10–7.
47. Yu Y, Wang R, Chen C, Du X, Ruan L, Sun J, et al. Antidepressant-like effect
of trans-resveratrol in chronic stress model: behavioral and neurochemical
evidences. Psychiatr Res. 2013;47:315–22.
48. Liu Y, Jia G, Gou L, Sun L, Fu X, Lan N, et al. Antidepressant-like effects of
tea polyphenols on mouse model of chronic unpredictable mild stress.
Pharmacol Biochem Behav. 2013;104:27–32.
49. Pudell C, Vicente BA, Delattre AM, Carabelli B, Mori MA, Suchecki D, et al.
Fish oil improves anxiety-like, depressive-like and cognitive behaviors in
olfactory bulbectomised rats. Eur J Neurosci. 2014;39:266–74.
50. Lang UE, Borgwardt S. Molecular mechanisms of depression: perspectives
on new treatment strategies. Cell Physiol Biochem. 2013;31:761–77.
51. Pathak L, Agrawal Y, Dhir A. Natural polyphenols in the management of
major depression. Expert Opin Investig Drugs. 2013;22:863–80.
52. Murphy T, Dias GP, Thuret S. Effects of diet on brain plasticity in animal and
human studies: mind the gap. Neural Plast. 2014;2014:563160.
53. Chirumbolo S. Plant phytochemicals as new potential drugs for immune
disorders and cancer therapy: really a promising path? Sci Food Agric.
2012;92:1573–7.
54. Michels N, Sioen I, Braet C, Huybrechts I, Vanaelst B, Wolters M, et al.
Relation between salivary cortisol as stress biomarker and dietary pattern in
children. Psychoneuroendocrinology. 2013;38:1512–20.
55. Weltens N, Zhao D, Van Oudenhove L. Where is the comfort in comfort
foods? Mechanisms linking fat signaling, reward, and emotion.
Neurogastroenterol Motil. 2014;6:303–15.
56. Tryon MS, Carter CS, Decant R, Laugero KD. Chronic stress exposure may
affect the brain’s response to high calorie food cues and predispose to
obesogenic eating habits. Physiol Behav. 2013;120:233–42.
57. Van Oudenhove L, McKie S, Lassman D, Uddin B, Paine P, Coen S, et al.
Fatty acid-induced gut-brain signaling attenuates neural and behavioral
effects of sad emotion in humans. J Clin Invest. 2011;121:3094–9.
58. Lindberg MA, Dementieva Y, Cavender J. Why has the BMI gone up so
drastically in the last 35 years? J Addict Med. 2011;5:272–8.
59. Morgan D, Sizemore GM. Animal models of addiction: fat and sugar. Curr
Pharm Des. 2011;17:1168–72.
60. Garber AK, Lustig RH. Is fast food addictive? Curr Drug Abuse Rev.
2011;4:146–62.
61. South T, Holmes NM, Martire SI, Westbrook RF, Morris MJ. Rats eat a
cafeteria-style diet to excess but eat smaller amounts and less frequently
when tested with chow. PLoS One. 2014;9:e93506.
62. Martire SI, Maniam J, South T, Holmes N, Westbrook RF, Morris MJ. Extended
exposure to a palatable cafeteria diet alters gene expression in brain
regions implicated in reward, and withdrawal from this diet alters gene
expression in brain regions associated with stress. Behav Brain Res.
2014;265:132–41.
63. Maniam J, Morris MJ. Palatable cafeteria diet ameliorates anxiety and
depression-like symptoms following an adverse early environment.
Psychoneuroendocrinology. 2010;35:717–28.
64. Ventura AK, Worobey J. Early influences on the development of food
preferences. Curr Biol. 2013;23:R401–8.
65. O’Neil A, Itsiopoulos C, Skouteris H, Opie RS, McPhie S, Hill B, et al.
Preventing mental health problems in offspring by targeting dietary intake
of pregnant women. BMC Med. 2014;12:208.
66. Sasaki A, de Vega WC, St-Cyr S, Pan P, McGowan PO. Perinatal high fat diet
alters glucocorticoid signaling and anxiety behavior in adulthood.
Neuroscience. 2013;240:1–12.
67. Mena C, Fuentes E, Ormazábal Y, Palomo-Vélez G, Palomo I. Role of access
to parks and markets with anthropometric measurements, biological
markers, and a healthy lifestyle. Int J Environ Health Res. 2014. In Press.
68. Hsieh S, Klassen AC, Curriero FC, Caulfield LE, Cheskin LJ, Davis JN, et al.
Fast-food restaurants, park access, and insulin resistance among Hispanic
youth. Am J Prev Med. 2014;46:378–87.

Page 16 of 21

69. Johnson KB, Jacob A, Brown ME. Forest cover associated with improved
child health and nutrition: evidence from the Malawi Demographic and
Health Survey and satellite data. Glob Health Sci Pract. 2013;1:237–48.
70. Folkvord F, Anschütz DJ, Nederkoorn C, Westerik H, Buijzen M. Impulsivity,
“advergames”, and food intake. Pediatrics. 2014;133:1007–12.
71. Castro DC, Samuels M, Harman AE. Growing healthy kids: a community
garden-based obesity prevention program. Am J Prev Med. 2013;44(3 Suppl
3):S193–9.
72. Zick CD, Smith KR, Kowaleski-Jones L, Uno C, Merrill BJ. Harvesting more
than vegetables: the potential weight control benefits of community
gardening. Am J Public Health. 2013;103:1110–5.
73. Roberts BW, Mroczek D. Personality trait change in adulthood. Curr Dir
Psychol Sci. 2008;17:31–5.
74. Magee CA, Heaven PC, Miller LM. Personality change predicts self-reported
mental and physical health. J Pers. 2013;81:324–34.
75. Luengo Kanacri BP, Pastorelli C, Eisenberg N, Zuffianò A, Castellani V,
Caprara GV. Trajectories of prosocial behavior from adolescence to
early adulthood: associations with personality change. J Adolesc.
2014;37:701–13.
76. Johnsen S, Rydstedt LW. Active use of the natural environment for emotion
regulation. Eur J Psychol. 2013;9:798–819.
77. Lunn TE, Nowson CA, Worsley A, Torres SJ. Does personality affect dietary
intake? Nutrition. 2014;30:403–9.
78. Wilsher SH. Personality and fruit and vegetable consumption in young men:
qualitative and quantitative assessment. Proc Nutr Soc. 2013;72:E213.
79. Bogg T, Roberts BW. The case for conscientiousness: evidence and
implications for a personality trait marker of health and longevity. Ann
Behav Med. 2013;45:278–88.
80. Conner TS, Brookie KL, Richardson AC, Polak MA. On carrots and curiosity:
eating fruit and vegetables is associated with greater flourishing in daily life.
Br J Health Psychol. 2014. In Press.
81. White BA, Horwath CC, Conner TS. Many apples a day keep the blues away
—daily experiences of negative and positive affect and food consumption
in young adults. Br J Health Psychol. 2013;18:782–98.
82. Tilman D, Clark M. Global diets link environmental sustainability and human
health. Nature. 2014. In Press.
83. Alexander MM, Gerrard CM, Gutiérrez A, Millard AR. Diet, society, and
economy in late medieval Spain: stable isotope evidence from Muslims and
Christians from Gandía, Valencia. Am J Phys Anthropol. 2014. In Press.
84. Azzini E, Polito A, Fumagalli A, Intorre F, Venneria E, Durazzo A, et al.
Mediterranean diet effect: an Italian picture. Nutr J. 2011;10:125.
85. Anon. “Washing may be harmful, kids”. Milwaukee J. 1973;1:7.
86. Irwin T. Bye-bye, bacteria! Popular Mech. 1966;125:90–3. 203.
87. Strachan DP. Hay fever, hygiene, and household size. BMJ. 1989;299:1259–60.
88. Wold AE. The hygiene hypothesis revised: is the rising frequency
of allergy due to changes in the intestinal flora? Allergy.
1998;53(46 Suppl):20–5.
89. Logan AC, Venket Rao A, Irani D. Chronic fatigue syndrome: lactic acid
bacteria may be of therapeutic value. Med Hypotheses. 2003;60:915–23.
90. von Hertzen L, Hanski I, Haahtela T. Natural immunity. Biodiversity loss and
inflammatory diseases are two global megatrends that might be related.
EMBO Rep. 2011;12:1089–93.
91. Goldman P. Therapeutic implications of the intestinal microflora. N Engl J
Med. 1973;289:623–8.
92. Dubos R, Schaedler R. The digestive tract as an ecosystem. Am J Med Sci.
1964;248:267–72.
93. Morris CE, Conen F, Alex Huffman J, Phillips V, Pöschl U, Sands DC.
Bioprecipitation: a feedback cycle linking earth history, ecosystem dynamics
and land use through biological ice nucleators in the atmosphere. Glob
Chang Biol. 2014;20:341–51.
94. Konstantinidis KT. Do airborne microbes matter for atmospheric chemistry
and cloud formation? Environ Microbiol. 2014;16:1482–4.
95. Lewis Z, Heys C, Prescott M, Lizé A. You are what you eat: gut microbiota
determines kin recognition in Drosophila. Gut Microbes. 2014;5:4.
96. Chaparro JM, Badri DV, Vivanco JM. Rhizosphere microbiome assemblage is
affected by plant development. ISME J. 2014;8:790–803.
97. Badri DV, Zolla G, Bakker MG, Manter DK, Vivanco JM. Potential impact of
soil microbiomes on leaf metabolome and herbivore feeding behavior. New
Phytol. 2013;198:264–73.
98. Funkhouser LJ, Bordenstein SR. Mom knows best: the universality of
maternal microbial transmission. PLoS Biol. 2013;11:e1001631.

Logan et al. Journal of Physiological Anthropology (2015) 34:9

99. Nakatsuji T, Chiang HI, Jiang SB, Nagarajan H, Zengler K, Gallo RL. The
microbiome extends to subepidermal compartments of normal skin. Nat
Commun. 2013;4:1431.
100. Branton WG, Ellestad KK, Maingat F, Wheatley BM, Rud E, Warren RL, et al.
Brain microbial populations in HIV/AIDS: α-proteobacteria predominate
independent of host immune status. PLoS One. 2013;8:e54673.
101. Barberán A, Casamayor EO, Fierer N. The microbial contribution to
macroecology. Front Microbiol. 2014;5:203.
102. Dubos R. The Unseen World. New York: The Rockefeller Institute Press; 1962.
103. Dubos R. The Mirage of Health: Utopias, Progress and Biological Change.
New Brunswick, NJ: Rutgers University Press; 1959.
104. Dubos R, Schaedler RW, Costello R. Lasting biological effects of early
environmental influences. I. Conditioning of adult size by prenatal and
postnatal nutrition. J Exp Med. 1968;127:783–99.
105. Seravalli E, Dubos R. Lasting biological effects of early environmental
influences. II. Lasting depression of weight caused by neonatal
contamination. J Exp Med. 1968;127:801–18.
106. Lee CJ, Dubos R. Lasting biological effects of early environmental influence.
3. Metabolic responses of mice to neonatal infection with a filterable
weight-depressing agent. J Exp Med. 1968;128:753–62.
107. Lee CJ, Dubos R. Lasting biological effects of early environmental
influences. IV. Notes on the physicochemical and immunological
characteristics of an enterovirus that depresses the growth of mice.
J Exp Med. 1969;130:955–61.
108. Lee CJ, Dubos R. Lasting biological effects of early environmental influences.
V. Viability, growth, and longevity. J Exp Med. 1969;130:963–77.
109. Lee CJ, Dubos R. Lasting biological effects of early environmental influences.
VI. Effects of early environmental stresses on metabolic activity and organ
weights. J Exp Med. 1971;133:147–55.
110. Dubos R, Schaedler RW. The effect of the intestinal flora on the growth rate
of mice and on their susceptibility to experimental infections. J Exp Med.
1960;111:407–17.
111. Kong LC, Holmes BA, Cotillard A, Habi-Rachedi F, Brazeilles R, Gougis S,
et al. Dietary patterns differently associate with inflammation and gut
microbiota in overweight and obese subjects. PLoS One. 2014;
9:e109434.
112. Kumar H, Lund R, Laiho A, Lundelin K, Ley RE, Isolauri E, et al. Gut
microbiota as an epigenetic regulator: pilot study based on whole-genome
methylation analysis. MBio. 2014;5:e02113–4.
113. Ye X, Yu Z, Li H, Franco OH, Liu Y, Lin X. Distributions of C-reactive protein
and its association with metabolic syndrome in middle-aged and older
Chinese people. J Am Coll Cardiol. 2007;49:1798–805.
114. Zhao Y, Wang R, Ma X, Yan X, Zhang Z, He X, et al. Distribution of C-reactive
protein and its association with cardiovascular risk factors in a populationbased sample of Chinese. Dis Markers. 2010;28:333–42.
115. Ajnik CS, Joglekar CV, Lubree HG, Rege SS, Naik SS, Bhat DS, et al. Adiposity,
inflammation and hyperglycaemia in rural and urban Indian men: Coronary
Risk of Insulin Sensitivity in Indian Subjects (CRISIS) study. Diabetologia.
2008;51:39–46.
116. Thompson AL, Houck KM, Adair L, Gordon-Larsen P, Popkin B. Multilevel
examination of the association of urbanization with inflammation in Chinese
adults. Health Place. 2014;28:177–86.
117. McDade TW, Rutherford J, Adair L, Kuzawa CW. Early origins of inflammation:
microbial exposures in infancy predict lower levels of C-reactive protein in
adulthood. Proc Biol Sci. 2010;277:1129–37.
118. Moeller AH, Li Y, Mpoudi Ngole E, Ahuka-Mundeke S, Lonsdorf EV, Pusey AE,
et al. Rapid changes in the gut microbiome during human evolution. Proc
Natl Acad Sci U S A. 2014. In Press.
119. Spreadbury I. Comparison with ancestral diets suggests dense acellular
carbohydrates promote an inflammatory microbiota, and may be the
primary dietary cause of leptin resistance and obesity. Diabetes Metab
Syndr Obes. 2012;5:175–89.
120. Tito RY, Knights D, Metcalf J, Obregon-Tito AJ, Cleeland L, Najar F, et al.
Insights from characterizing extinct human gut microbiomes. PLoS One.
2012;7:e51146.
121. Cano RJ, Rivera-Perez J, Toranzos GA, Santiago-Rodriguez TM, Narganes-Storde
YM, Chanlatte-Baik L, et al. Paleomicrobiology: revealing fecal microbiomes of
ancient indigenous cultures. PLoS One. 2014;9:e106833.
122. Schnorr SL, Candela M, Rampelli S, Centanni M, Consolandi C, Basaglia G,
et al. Gut microbiome of the Hadza hunter-gatherers. Nat Commun.
2014;5:3654.

Page 17 of 21

123. De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet JB, Massart S,
et al. Impact of diet in shaping gut microbiota revealed by a comparative
study in children from Europe and rural Africa. Proc Natl Acad Sci U S A.
2010;107:14691–6.
124. Yatsunenko T, Rey FE, Manary MJ, Trehan I, Dominguez-Bello MG, Contreras M,
et al. Human gut microbiome viewed across age and geography. Nature.
2012;486:222–7.
125. Tyakht AV, Kostryukova ES, Popenko AS, Belenikin MS, Pavlenko AV, Larin AK,
et al. Human gut microbiota community structures in urban and rural
populations in Russia. Nat Commun. 2013;4:2469.
126. Vitali B, Minervini G, Rizzello CG, Spisni E, Maccaferri S, Brigidi P, et al. Novel
probiotic candidates for humans isolated from raw fruits and vegetables.
Food Microbiol. 2012;31:116–25.
127. van Hijum SA, Vaughan EE, Vogel RF. Application of state-of-art sequencing
technologies to indigenous food fermentations. Curr Opin Biotechnol.
2013;24:178–86.
128. Hehemann JH, Kelly AG, Pudlo NA, Martens EC, Boraston AB. Bacteria of the
human gut microbiome catabolize red seaweed glycans with carbohydrateactive enzyme updates from extrinsic microbes. Proc Natl Acad Sci U S A.
2012;109:19786–91.
129. Ramírez-Puebla ST, Servín-Garcidueñas LE, Jiménez-Marín B, Bolaños LM,
Rosenblueth M, Martínez J, et al. Gut and root microbiota commonalities.
Appl Environ Microbiol. 2013;79:2–9.
130. Miyazaki K, Itoh N, Yamamoto S, Higo-Yamamoto S, Nakakita Y,
Kaneda H, et al. Dietary heat-killed Lactobacillus brevis SBC8803
promotes voluntary wheel-running and affects sleep rhythms in mice.
Life Sci. 2014;111:47–52.
131. Zhong Y, Huang J, Tang W, Chen B, Cai W. Effects of probiotics, probiotic
DNA and the CpG oligodeoxynucleotides on ovalbumin-sensitized
Brown-Norway rats via TLR9/NF-κB pathway. FEMS Immunol Med Microbiol.
2012;66:71–82.
132. Ghadimi D, Vrese MD, Heller KJ, Schrezenmeir J. Effect of natural
commensal-origin DNA on toll-like receptor 9 (TLR9) signaling cascade,
chemokine IL-8 expression, and barrier integrity of polarized intestinal
epithelial cells. Inflamm Bowel Dis. 2010;16:410–27.
133. Kim CH, Kim HG, Kim JY, Kim NR, Jung BJ, Jeong JH, et al. Probiotic
genomic DNA reduces the production of pro-inflammatory cytokine tumor
necrosis factor-alpha. FEMS Microbiol Lett. 2012;328:13–9.
134. Rutkowski K, Sowa P, Rutkowska-Talipska J, Sulkowski S, Rutkowski R. Allergic
diseases: the price of civilisational progress. Postepy Dermatol Alergol.
2014;31:77–83.
135. Bendiks M, Kopp MV. The relationship between advances in understanding
the microbiome and the maturing hygiene hypothesis. Curr Allergy Asthma
Rep. 2013;13:487–94.
136. Kondrashova A, Seiskari T, Ilonen J, Knip M, Hyöty H. The ‘hygiene
hypothesis’ and the sharp gradient in the incidence of autoimmune and
allergic diseases between Russian Karelia and Finland. APMIS.
2013;121:478–93.
137. Berin MC, Sampson HA. Food allergy: an enigmatic epidemic. Trends
Immunol. 2013;34:390–7.
138. Skypala I, Vlieg-Boerstra B. Food intolerance and allergy: increased incidence
or contemporary inadequate diets? Curr Opin Clin Nutr Metab Care.
2014;14:442–7.
139. Lee SH, An JH, Park HM, Jung BH. Investigation of endogenous metabolic
changes in the urine of pseudo germ-free rats using a metabolomic approach.
J Chromatogr B Analyt Technol Biomed Life Sci. 2012;887–888:8–18.
140. Buser MC, Murray HE, Scinicariello F. Association of urinary phenols with
increased body weight measures and obesity in children and adolescents.
Pediatr. 2014. In Press.
141. Lankester J, Patel C, Cullen MR, Ley C, Parsonnet J. Urinary triclosan is
associated with elevated body mass index in NHANES. PLoS One.
2013;8:e80057.
142. Cox LM, Yamanishi S, Sohn J, Alekseyenko AV, Leung JM, Cho I, et al.
Altering the intestinal microbiota during a critical developmental window
has lasting metabolic consequences. Cell. 2014;158:705–21.
143. Kodimalar K, Rajini RA, Ezhilvalavan S, Sarathchandra G. A survey of
chlortetracycline concentration in feed and its residue in chicken egg in
commercial layer farms. J Biosci. 2014;39:425–31.
144. Sharafati-Chaleshtori R, Mardani G, Rafieian-Kopaei M, Sharafati-Chaleshtori
A, Drees F. Residues of oxytetracycline in cultured rainbow trout. Pak J Biol
Sci. 2013;16:1419–22.

Logan et al. Journal of Physiological Anthropology (2015) 34:9

145. Palaniyappan V, Nagalingam AK, Ranganathan HP, Kandhikuppam KB,
Kothandam HP, Vasu S. Antibiotics in South Indian coastal sea and farmed
prawns (Penaeus monodon). Food Addit Contam Part B Surveill.
2013;6:196–9.
146. Michael CA, Dominey-Howes D, Labbate M. The antimicrobial resistance
crisis: causes, consequences, and management. Front Public Health.
2014;2:145.
147. Persaud RR, Azad MB, Chari RS, Sears MR, Becker AB, Kozyrskyj AL Perinatal
antibiotic exposure of neonates in Canada and associated risk factors: a
population-based study. J Matern Fetal Neonatal Med. 2014. In Press.
148. Azad MB, Bridgman SL, Becker AB, Kozyrskyj AL. Infant antibiotic exposure
and the development of childhood overweight and central adiposity. Int J
Obes. 2014. In Press.
149. Bailey LC, Forrest CB, Zhang P, Richards TM, Livshits A, DeRusso PA:
Association of antibiotics in infancy with early childhood obesity. JAMA
Pediatr. 2014. In Press.
150. Uribarri J, Woodruff S, Goodman S, Cai W, Chen X, Pyzik R, et al. Advanced
glycation end products in foods and a practical guide to their reduction in
the die. J Am Diet Assoc. 2010;110:911–6. e12.
151. Seiquer I, Rubio LA, Peinado MJ, Delgado-Andrade C, Navarro MP. Maillard
reaction products modulate gut microbiota composition in adolescents.
Mol Nutr Food Res. 2014;58:1552–60.
152. West RK, Moshier E, Lubitz I, Schmeidler J, Godbold J, Cai W, et al. Dietary
advanced glycation end products are associated with decline in memory in
young elderly. Mech Ageing Dev. 2014. In Press.
153. Omran A, Baker R, Coughlin C. Differential bacteriostatic effects of sucralose
on various species of environmental bacteria. ISRN Toxicol.
2013;2013:415070.
154. Abou-Donia MB, El-Masry EM, Abdel-Rahman AA, McLendon RE, Schiffman
SS. Splenda alters gut microflora and increases intestinal p-glycoprotein
and cytochrome p-450 in male rats. J Toxicol Environ Health A.
2008;71:1415–29.
155. Mitsutomi K, Masaki T, Shimasaki T, Gotoh K, Chiba S, Kakuma T, et al. Effects
of a nonnutritive sweetener on body adiposity and energy metabolism in
mice with diet-induced obesity. Metabolism. 2014;63:69–78.
156. Suez J, Korem T, Zeevi D, Zilberman-Schapira G, Thaiss CA, Maza O, et al.
Artificial sweeteners induce glucose intolerance by altering the gut
microbiota. Nature. 2014. In Press.
157. Salim SY, Kaplan GG, Madsen KL. Air pollution effects on the gut microbiota:
a link between exposure and inflammatory disease. Gut Microbes.
2014;5:215–9.
158. Choi JJ, Eum SY, Rampersaud E, Daunert S, Abreu MT, Toborek M. Exercise
attenuates PCB-induced changes in the mouse gut microbiome. Environ
Health Perspect. 2013;121:725–30.
159. Snedeker SM, Hay AG. Do interactions between gut ecology and
environmental chemicals contribute to obesity and diabetes? Environ
Health Perspect. 2012;120:332–9.
160. Bisanz JE, Enos MK, Mwanga JR, Changalucha J, Burton JP, Gloor GB, et al.
Randomized open-label pilot study of the influence of probiotics and the
gut microbiome on toxic metal levels in Tanzanian pregnant women and
school children. MBio. 2014;5:e01580–14.
161. Bested AC, Logan AC, Selhub EM. Intestinal microbiota, probiotics and
mental health: from Metchnikoff to modern advances: part III—convergence
toward clinical trials. Gut Pathog. 2013;5:4.
162. Lee CJ, Dubos R. Lasting biological effects of early environmental influences.
8. Effects of neonatal infection, perinatal malnutrition, and crowding on
catecholamine metabolism of brain. J Exp Med. 1972;136:1031–42.
163. Hegstrand LR, Hine RJ. Variations of brain histamine levels in germ-free and
nephrectomized rats. Neurochem Res. 1986;11:185–91.
164. John J, Kodama T, Siegel JM. Caffeine promotes glutamate and histamine
release in the posterior hypothalamus. Am J Physiol Regul Integr Comp
Physiol. 2014;307:R704–10.
165. Logan AC, Katzman M. Major depressive disorder: probiotics may be an
adjuvant therapy. Med Hypotheses. 2005;64:533–8.
166. Dubos R, Schaedler RW. Some biological effects of the digestive flora. Am J
Med Sci. 1962;244:265–71.
167. Dubos R. Man Adapting. New Haven: Yale University Press; 1965.
168. Nishino R, Mikami K, Takahashi H, Tomonaga S, Furuse M, Hiramoto T, et al.
Commensal microbiota modulate murine behaviors in a strictly
contamination-free environment confirmed by culture-based methods.
Neurogastroenterol Motil. 2013;25:521–8.

Page 18 of 21

169. Desbonnet L, Clarke G, Shanahan F, Dinan TG, Cryan JF. Microbiota is
essential for social development in the mouse. Mol Psychiatry.
2014;19:146–8.
170. Bruce-Keller A, Salbaum JM, Luo M, Taylor CM, Welsh DA, Berthoud HR.
Obese-type gut microbiota induce neurobehavioral changes in the absence
of obesity. Biol Psychiatry. 2014. In Press.
171. Horrobin DF. Modern biomedical research: an internally self-consistent
universe with little contact with medical reality? Nat Rev Drug Discov.
2003;2:151–4.
172. Kirmayer LJ, Crafa D. What kind of science for psychiatry? Front Hum
Neurosci. 2014;8:435.
173. Rollin MD, Rollin BE. Crazy like a fox. Validity and ethics of animal models of
human psychiatric disease. Camb Q Healthc Ethics. 2014;23:140–51.
174. Kirsch I. The emperor’s new drugs: medication and placebo in the
treatment of depression. Handb Exp Pharmacol. 2014;225:291–303.
175. Kirmayer LJ, Pedersen D. Toward a new architecture for global mental
health. Transcult Psychiatry. 2014;51:759–76.
176. Dubos R. The genius of design. In: Chermayeff I, Wolf H, editors. The Rest of
our Lives, International Design Conference in Aspen, June 15–20.
1969. p. 57–63.
177. Goldsmith GR. Before the Kardashian index. Science. 2014;346:308.
178. Hall N. The Kardashian index: a measure of discrepant social media profile
for scientists. Genome Biol. 2014;15:424.
179. Sumner P, Vivian-Griffiths S, Boivin J, Williams A, Venetis CA, Davies A, et al.
The association between exaggeration in health related science news and
academic press releases: retrospective observational study. BMJ. 2014;349:
g7015.
180. Dash S, Clarke G, Berk M, Jacka FN. The gut microbiome and diet in
psychiatry: focus on depression. Curr Opin Psychiatry. 2015;28:1–6.
181. Selhub EM, Logan AC, Bested AC. Fermented foods, microbiota, and mental
health: ancient practice meets nutritional psychiatry. J Physiol Anthropol.
2014;33:2.
182. Catanzaro R, Anzalone MG, Calabrese F, Milazzo M, Capuana ML, Italia A,
et al. The gut microbiota and its correlations with the central nervous
system disorders. Panminerva Med. 2014. In Press.
183. Bested AC, Logan AC, Selhub EM. Intestinal microbiota, probiotics and
mental health: from Metchnikoff to modern advances: part II—contemporary
contextual research. Gut Pathog. 2013;5:3.
184. Lorenzo-Zúñiga V, Llop E, Suárez C, Alvarez B, Abreu L, Espadaler J, et al.
I.31, a new combination of probiotics, improves irritable bowel
syndrome-related quality of life. World J Gastroenterol. 2014;20:8709–16.
185. Yang H, Zhao X, Tang S, Huang H, Zhao X, Ning Z, et al. Probiotics reduce
psychological stress in patients before laryngeal cancer surgery. Asia Pac J
Clin Oncol. 2014. In Press.
186. Benton D, Williams C, Brown A. Impact of consuming a milk drink containing a
probiotic on mood and cognition. Eur J Clin Nutr. 2007;61:355–61.
187. Rao AV, Bested AC, Beaulne TM, Katzman MA, Iorio C, Berardi JM, et al.
A randomized, double-blind, placebo-controlled pilot study of a
probiotic in emotional symptoms of chronic fatigue syndrome.
Gut Pathog. 2009;1:6.
188. Messaoudi M, Lalonde R, Violle N, Javelot H, Desor D, Nejdi A, et al.
Assessment of psychotropic-like properties of a probiotic formulation
(Lactobacillus helveticus R0052 and Bifidobacterium longum R0175) in rats
and human subjects. Br J Nutr. 2011;105:755–64.
189. Messaoudi M, Violle N, Bisson JF, Desor D, Javelot H, Rougeot C. Beneficial
psychological effects of a probiotic formulation (Lactobacillus helveticus
R0052 and Bifidobacterium longum R0175) in healthy human volunteers.
Gut Microbes. 2011;2:256–61.
190. Tillisch K, Labus J, Kilpatrick L, Jiang Z, Stains J, Ebrat B, et al. Consumption
of fermented milk product with probiotic modulates brain activity.
Gastroenterology. 2013;144:1394–401. 1401.e1-4.
191. Naseribafrouei A, Hestad K, Avershina E, Sekelja M, Linløkken A, Wilson R,
et al. Correlation between the human fecal microbiota and depression.
Neurogastroenterol Motil. 2014;26:1155–62.
192. Sheedy JR, Wettenhall RE, Scanlon D, Gooley PR, Lewis DP, McGregor N,
et al. Increased d-lactic acid intestinal bacteria in patients with chronic
fatigue syndrome. In Vivo. 2009;23:621–8.
193. Vokou D, Vareli K, Zarali E, Karamanoli K, Constantinidou HI, Monokrousos N,
et al. Exploring biodiversity in the bacterial community of the
Mediterranean phyllosphere and its relationship with airborne bacteria.
Microb Ecol. 2012;64:714–24.

Logan et al. Journal of Physiological Anthropology (2015) 34:9

194. Teixeira LC, Peixoto RS, Cury JC, Sul WJ, Pellizari VH, Tiedje J, et al. Bacterial
diversity in rhizosphere soil from Antarctic vascular plants of Admiralty Bay,
maritime Antarctica. ISME J. 2010;4:989–1001.
195. Bowers RM, Clements N, Emerson JB, Wiedinmyer C, Hannigan MP, Fierer N.
Seasonal variability in bacterial and fungal diversity of the near-surface
atmosphere. Environ Sci Technol. 2013;47:12097–106.
196. Seo SC, Park SJ, Park CW, Yoon WS, Choung JT, Yoo Y. Clinical and
immunological effects of a forest trip in children with asthma and atopic
dermatitis. Iran J Allergy Asthma Immunol. 2015;14:28–36.
197. Hanski I, von Hertzen L, Fyhrquist N, Koskinen K, Torppa K, Laatikainen T,
et al. Environmental biodiversity, human microbiota, and allergy are
interrelated. Proc Natl Acad Sci U S A. 2012;109:8334–9.
198. Ruokolainen L, von Hertzen L, Fyhrquist N, Laatikainen T, Lehtomäki J,
Auvinen P, et al. Green areas around homes reduce atopic sensitization in
children. Allergy. 2014. In Press.
199. Fyhrquist N, Ruokolainen L, Suomalainen A, Lehtimäki S, Veckman V,
Vendelin J, et al. Acinetobacter species in the skin microbiota protects
from allergic sensitization and inflammation. J Allergy Clin Immunol.
2014. In Press.
200. O’Keefe JH, Vogel R, Lavie CJ, Cordain L. Exercise like a hunter-gatherer:
a prescription for organic physical fitness. Prog Cardiovasc Dis.
2011;53:471–9.
201. O’Keefe JH, Vogel R, Lavie CJ, Cordain L. Achieving hunter-gatherer fitness
in the 21(st) century: back to the future. Am J Med. 2010;123:1082–6.
202. Tyrvainen L, Ojala A, Korpela K, Lanki T, Tsunetsugu Y. The influence of
urban green environments on stress relief measures: a field experiment.
J Environ Psychol. 2014;38:1–9.
203. Kinnafick FE, Thogersen-Ntoumani CT. The effect of the physical environment and levels of physical activity on affective states. J Environ Psychol.
2014;38:241–51.
204. Searle A, Calnan M, Lewis G, Campbell J, Taylor A, Turner K. Patients’ views
of physical activity as treatment for depression: a qualitative study. Br J Gen
Pract. 2011;61:149–56.
205. Hagger-Johnson G, Hamer M, Stamatakis E, Bell JA, Shahab L, Batty GD.
Association between sitting time in midlife and common mental disorder
symptoms: Whitehall II prospective cohort study. J Psychiatr Res.
2014;57:182–4.
206. Ekkekakis P, Parfitt G, Petruzzello SJ. The pleasure and displeasure people
feel when they exercise at different intensities: decennial update and
progress towards a tripartite rationale for exercise intensity prescription.
Sports Med. 2011;41:641–71.
207. Weinstein AA, Deuster PA, Francis JL, Beadling C, Kop WJ. The role of
depression in short-term mood and fatigue responses to acute exercise. Int
J Behav Med. 2010;17:51–7.
208. Annesi J. Relations of self-motivation, perceived physical condition, and
exercise-induced changes in revitalization and exhaustion with attendance
in women initiating a moderate cardiovascular exercise regimen. Women
Health. 2005;42:77–93.
209. Kwan BM, Bryan A. In-task and post-task affective response to exercise:
translating exercise intentions into behaviour. Br J Health Psychol.
2010;15(Pt 1):115–31.
210. Kembel SW, Jones E, Kline J, Northcutt D, Stenson J, Womack AM, et al.
Architectural design influences the diversity and structure of the built
environment microbiome. ISME J. 2012;6:1469–79.
211. Kawakami K, Kawamoto M, Nomura M, Otani H, Nabika T, Gonda T. Effects
of phytoncides on blood pressure under restraint stress in SHRSP. Clin Exp
Pharmacol Physiol. 2004;31 Suppl 2:S27–8.
212. Li Q, Kawada T. Effect of forest environments on human natural killer (NK)
activity. Int J Immunopathol Pharmacol. 2011;24(1 Suppl):39S–44.
213. Peñuelas J, Farré-Armengol G, Llusia J, Gargallo-Garriga A, Rico L, Sardans J,
et al. Removal of floral microbiota reduces floral terpene emissions. Sci Rep.
2014;4:6727.
214. Sugawara Y, Shigetho A, Yoneda M, Tuchiya T, Matumura T, Hirano M.
Relationship between mood change, odour and its physiological effects in
humans while inhaling the fragrances of essential oils as well as linalool and
its enantiomers. Molecules. 2013;18:3312–38.
215. Clarke SF, Murphy EF, O’Sullivan O, Lucey AJ, Humphreys M, Hogan A, et al.
Exercise and associated dietary extremes impact on gut microbial diversity.
Gut. 2014. In Press.
216. DeLong EF. Alien invasions and gut “island biogeography”. Cell.
2014;159:233–5.

Page 19 of 21

217. Seedorf H, Griffin NW, Ridaura VK, Reyes A, Cheng J, Rey FE, et al. Bacteria
from diverse habitats colonize and compete in the mouse gut. Cell.
2014;159:253–66.
218. Bezerra de Araujo Filho H, Silva Carmo-Rodrigues M, Santos Mello C, Cristina
Fonseca Lahoz Melli L, Tahan S, Carlos Campos Pignatari A, et al.
Children living near a sanitary landfill have increased breath methane
and Methanobrevibacter smithii in their intestinal microbiota. Archaea.
2014;2014:576249.
219. Wu GD, Compher C, Chen EZ, Smith SA, Shah RD, Bittinger K, et al. The gut
microbiota of Colombians differs from that of Americans, Europeans and
Asians. BMC Microbiol. 2014;14:311.
220. Matthews DM, Jenks SM. Ingestion of Mycobacterium vaccae decreases
anxiety-related behavior and improves learning in mice. Behav Processes.
2013;96:27–35.
221. Jin BW, Saito H, Yoshii Z. Environmental mycobacteria in Korea. I.
Distribution of the organisms. Microbiol Immunol. 1984;28:667–77.
222. O’Brien ME, Anderson H, Kaukel E, O’Byrne K, Pawlicki M, Von Pawel J, et al.
SRL172 (killed Mycobacterium vaccae) in addition to standard
chemotherapy improves quality of life without affecting survival, in patients
with advanced non-small-cell lung cancer: phase III results. Ann Oncol.
2004;15:906–14.
223. Quigley EM, Shanahan F. The future of probiotics for disorders of the
brain-gut axis. Adv Exp Med Biol. 2014;817:417–32.
224. Wall R, Marques TM, O’Sullivan O, Ross RP, Shanahan F, Quigley EM, et al.
Contrasting effects of Bifidobacterium breve NCIMB 702258 and
Bifidobacterium breve DPC 6330 on the composition of murine brain fatty
acids and gut microbiota. Am J Clin Nutr. 2012;95:1278–87.
225. Dubos R. Problems in bioclimatology. Proc Natl Acad Sci. 1959;45:1687–96.
pg 1694.
226. McGregor GR. Human biometeorology. Prog Physical Geogr.
2011;36:93–109.
227. Lin W, Yu T, Chang X, Wu W, Zhang Y. Calculating cooling extents of green
parks using remote sending: method and test. Land Urban Plan.
2015;134:66–75.
228. Meineke EK, Dunn RR, Frank SD. Early pest development and loss of
biological control are associated with urban warming. Biol Lett. 2014.
In Press.
229. Dubos R, Escande JP. Quest: Reflections on Medicine, Science and
Humanity. New York, NY: Houghton Mifflin Harcourt Press; 1981.
230. Perez V, Alexander DD, Bailey WH. Air ions and mood outcomes: a review
and meta-analysis. BMC Psychiatry. 2013;13:29.
231. Harmer CJ, Charles M, McTavish S, Favaron E, Cowen PJ. Negative ion
treatment increases positive emotional processing in seasonal affective
disorder. Psychol Med. 2012;42:1605–12.
232. Ma M, Song QH, Xu RM, Zhang QH, Shen GQ, Guo YH, et al. Treatment
effect of the method of Tai Chi exercise in combination with inhalation of
air negative oxygen ions on hyperlipidemia. Int J Clin Exp Med.
2014;7:2309–13.
233. Wang XL, Li CR, Xu JW, Hu DM, Zhao ZL, Zhang LD. Air negative ion
concentration in different modes of courtyard forests in southern
mountainous areas of Jinan, Shandong Province of East China. Ying Yong
Sheng Tai Xue Bao. 2013;24:373–8.
234. Wu CF, Lai CH, Chu HJ, Lin WH. Evaluating and mapping of spatial air ion
quality patterns in a residential garden using a geostatistic method. Int J
Environ Res Public Health. 2011;8:2304–19.
235. Mao GX, Cao YB, Lan XG, He ZH, Chen ZM, Wang YZ, et al. Therapeutic
effect of forest bathing on human hypertension in the elderly. J Cardiol.
2012;60:495–502.
236. Skromulis A, Noviks G. Atmospheric light air ion concentrations and
related meteorologic factors in Rezekne city, Latvia. J Environ Biol.
2012;33:455–62.
237. Han MD, Kim KY, Hong SC. Assessment of the charged aerosol value in
copy centers. Ind Health. 2011;49:107–15.
238. Liang H, Chen X, Yin J, Da L. The spatial-temporal pattern and influencing
factors of negative air ions in urban forests, Shanghai, China. J Forest Res.
2014;25:847–56.
239. Bai ZY, Wu CC. A preliminary study on interaction of negative air ion with
plant aromatic substance. J Chin Urban Forest. 2008;6:56–8.
240. Chevalier G, Sinatra ST, Oschman JL, Sokal K, Sokal P. Earthing: health
implications of reconnecting the human body to the earth’s surface
electrons. Environ Public Health. 2012;2012:291541.

Logan et al. Journal of Physiological Anthropology (2015) 34:9

241. Reid KJ, Santostasi G, Baron KG, Wilson J, Kang J, Zee PC. Timing and
intensity of light correlate with body weight in adults. PLoS One.
2014;9:e92251.
242. Thorne HC, Jones KH, Peters SP, Archer SN, Dijk DJ. Daily and seasonal
variation in the spectral composition of light exposure in humans.
Chronobiol Int. 2009;26:854–66.
243. Ekström JG, Beaven CM. Effects of blue light and caffeine on mood.
Psychopharmacology (Berl). 2014;231:3677–83.
244. Najjar RP, Wolf L, Taillard J, Schlangen LJ, Salam A, Cajochen C, et al.
Chronic artificial blue-enriched white light is an effective countermeasure to
delayed circadian phase and neurobehavioral decrements. PLoS One.
2014;9:e102827.
245. Bedrosian TA, Vaughn CA, Galan A, Daye G, Weil ZM, Nelson RJ. Nocturnal
light exposure impairs affective responses in a wavelength-dependent
manner. J Neurosci. 2013;33:13081–7.
246. van der Lely S, Frey S, Garbazza C, Wirz-Justice A, Jenni OG, Steiner R, et al.
Blue blocker glasses as a countermeasure for alerting effects of evening
light-emitting diode screen exposure in male teenagers. J Adolesc Health.
2014. In Press.
247. Kayaba M, Iwayama K, Ogata H, Seya Y, Kiyono K, Satoh M, et al. The effect
of nocturnal blue light exposure from light-emitting diodes on wakefulness
and energy metabolism the following morning. Environ Health Prev Med.
2014;19:354–6.
248. Thaiss CA, Zeevi D, Levy M, Zilberman-Schapira G, Suez J, Tengeler AC, et al.
Transkingdom control of microbiota diurnal oscillations promotes metabolic
homeostasis. Cell. 2014;159:514–29.
249. Tan DX, Zheng X, Kong J, Manchester LC, Hardeland R, Kim SJ, et al.
Fundamental issues related to the origin of melatonin and melatonin
isomers during evolution: relation to their biological functions. Int J Mol Sci.
2014;15:15858–90.
250. Chang A, Aeschbach D, Duffy JF, Czeisler CA. Evening use of light-emitting
eReaders negatively affects sleep, circadian timing, and next-morning
alertness. Proc Natl Acad Sci USA. 2014. In Press.
251. Jones L, Clarke T, Stussman B, Barnes P, Peregoy J, Nahin R. Changing
dietary supplement use among U.S. adults: 2000–2012. J Altern
Complement Med. 2014;20:A144–4.
252. Parker SS. Incorporating critical elements of city distinctiveness into urban
biodiversity conservation. Biodiversity Conserv. 2014. In Press.
253. Dobbs C, Nitschke CR, Kendal D. Global drivers and tradeoffs of three urban
vegetation ecosystem services. PLoS One. 2014;9:e113000.
254. Clarke LW, Jenerette GD, Davilla A. The luxury of vegetation and the legacy
of tree biodiversity in Los Angeles, CA. Landscape Urban Plan.
2013;116:48–59.
255. Heynen N, Perkins HA, Roy P. The political ecology of uneven urban
green space: the impact of political economy on race and ethnicity in
producing environmental inequality in Milwaukee. Urban Aff Rev.
2006;42:3–25.
256. van Heezik Y, Freeman C, Porter S, Dickinson K. Garden size,
householder knowledge, and socio-economic status influence plant
and bird diversity at the scale of individual gardens. Ecosystems.
2013;16:1442–54.
257. Marques S, Lima ML. Living in grey areas: industrial activity and
psychological health. J Environ Psychol. 2011;31:314–22.
258. Lee RE, Heinrich KM, Reese-Smith JY, Regan GR, Adamus-Leach HJ.
Obesogenic and youth oriented restaurant marketing in public housing
neighborhoods. Am J Health Behav. 2014;38:218–24.
259. Gaither CJ. Smokestacks, parkland, and community composition: examining
the environmental burdens and benefits of Hall County, Georgia, USA.
Environ Behav. 2014. In Press.
260. Lowery BC, Sloane DC. The prevalence of harmful content on outdoor
advertising in Los Angeles: land use, community characteristics, and the
spatial inequality of a public health nuisance. Am J Public Health.
2014;104:658–64.
261. Lesser LI, Zimmerman FJ, Cohen DA. Outdoor advertising, obesity, and soda
consumption: a cross-sectional study. BMC Public Health. 2013;13:20.
262. Yancey AK, Cole BL, Brown R, Williams JD, Hillier A, Kline RS, et al. A
cross-sectional prevalence study of ethnically targeted and general audience
outdoor obesity-related advertising. Milbank Q. 2009;87:155–84.
263. Drewnowski A, Aggarwal A, Rehm CD, Cohen-Cline H, Hurvitz PM, Moudon
AV. Environments perceived as obesogenic have lower residential property
values. Am J Prev Med. 2014;47:260–74.

Page 20 of 21

264. Calderón-Garcidueñas L, Calderón-Garcidueñas A, Torres-Jardón R, Avila-Ramírez
J, Kulesza RJ, Angiulli AD. Air pollution and your brain: what do you need to know
right now. Prim Health Care Res Dev. 2014;26:1–17.
265. Tzivian L, Winkler A, Dlugaj M, Schikowski T, Vossoughi M, Fuks K, et al.
Effect of long-term outdoor air pollution and noise on cognitive and
psychological functions in adults. Int J Hyg Environ Health. 2014. In Press.
266. Senn TE, Walsh JL, Carey MP. The mediating roles of perceived stress and
health behaviors in the relation between objective, subjective, and
neighborhood socioeconomic status and perceived health. Ann Behav Med.
2014;48:215–24.
267. Green MJ, Leyland AH, Sweeting H, Benzeval M. Socioeconomic position
and early adolescent smoking development: evidence from the British
Youth Panel Survey (1994–2008). Tob Control. 2014. In Press.
268. Morrison S, Fordyce FM, Scott EM. An initial assessment of spatial
relationships between respiratory cases, soil metal content, air quality and
deprivation indicators in Glasgow, Scotland, UK: relevance to the
environmental justice agenda. Environ Geochem Health. 2014;36:319–32.
269. Covvey JR, Johnson BF, Elliott V, Malcolm W, Mullen AB. An association
between socioeconomic deprivation and primary care antibiotic prescribing
in Scotland. J Antimicrob Chemother. 2014;69:835–41.
270. Eriksson C, Hilding A, Pyko A, Bluhm G, Pershagen G, Östenson CG. Long-term
aircraft noise exposure and body mass index, waist circumference, and type 2
diabetes: a prospective study. Environ Health Perspect. 2014;122:687–94.
271. Knowles SR, Nelson EA, Palombo EA. Investigating the role of perceived
stress on bacterial flora activity and salivary cortisol secretion: a possible
mechanism underlying susceptibility to illness. Biol Psychol. 2008;77:132–7.
272. Timofeyev I, Loseva E, Alekseeva T, Perminova N. Stability to sound stress
and changeability in intestinal microflora. Eur Psychiatry. 2002;17:200S.
273. Biedermann L, Zeitz J, Mwinyi J, Sutter-Minder E, Rehman A, Ott SJ, et al.
Smoking cessation induces profound changes in the composition of the intestinal microbiota in humans. PLoS One. 2013;8:e59260.
274. Zhuo X, Boone C, Shock E. Soil lead distribution and environmental justice
in the Phoenix metropolitan region. Environ Justice. 2012;5:206–13.
275. Joassart-Marcelli P. Leveling the playing field? Urban disparities in funding
for local parks and recreation in the Los Angeles region. Environ Plan A.
2010;42:1174.
276. Wolch JR, Byrne J, Newell JP. Urban green space, public health, and
environmental justice: the challenge of making cities ‘just green enough’.
Landscape Urban Plann. 2014;125:234–44.
277. Ridaura VK, Faith JJ, Rey FE, Cheng J, Duncan AE, Kau AL, et al. Gut
microbiota from twins discordant for obesity modulate metabolism in mice.
Science. 2013;341:1241214.
278. Dubos R. Science and man’s nature. Daedalus J Am Acad Arts Sci.
1965;94:223–44.
279. Dubos R. Celebrations of Life. New York, NY: McGraw Hill; 1981.
280. Chudek M, Henrich J. Culture-gene coevolution, norm-psychology and the
emergence of human prosociality. Trends Cogn Sci. 2011;15:218–26.
281. Rühli FJ, Henneberg M. New perspectives on evolutionary medicine: the
relevance of microevolution for human health and disease. BMC Med.
2013;11:115.
282. Carpenter DO. Environmental exposure in indigenous communities: an
international perspective. Rev Environ Health. 2014;29:3–4.
283. Dubos R. Despairing optimist. Am Scholar. 1975;44:174.
284. Osmundsen J. Today’s biology scored as irrelevant. New York Times.
1964;11
285. Dubos R. Human ecology. J Health Physical Educ Recreation. 1970;41:37–50.
286. Dubos R. Biological Determinants of Individuality and Mental Health. In:
Proceedings of the National Conference on Mental Health in Public Health
May 27–30. 1968. p. 56–75.
287. A Century of Progress. The Official Guidebook of The 1933 World’s Fair.
Chicago: Century of Progress Administration Publication; 1933.
288. Dubos R. Civilizing technology. In: Essays in honor of David Lyall Patrick.
Tuscon AZ: Arizona Board of Regents; 1971. p. 3–17.
289. Dubos R. Lasting biological effects of early influences. Perspect Biol Med.
1969;12:479–91.
290. Hull DL. One man’s joie de vivre. Bull Atomic Sci. 1976;32:46–7.
291. Dubos R. Environmental biology. Bioscience. 1964;14:11–4.
292. Borgogna N, Lockhart G, Grenard JL, Barrett T, Shiffman S, Reynolds KD.
Ecological momentary assessment of urban adolescents’ technology use
and cravings for unhealthy snacks and drinks: differences by ethnicity and
sex. J Acad Nutr Diet. 2014. In Press.

Logan et al. Journal of Physiological Anthropology (2015) 34:9

293. Chellappa SL, Steiner R, Oelhafen P, Lang D, Götz T, Krebs J, et al. Acute
exposure to evening blue-enriched light impacts on human sleep. J Sleep
Res. 2013;22:573–80.
294. Voigt RM, Forsyth CB, Green SJ, Mutlu E, Engen P, Vitaterna MH, et al.
Circadian disorganization alters intestinal microbiota. PLoS One.
2014;9:e97500.
295. Hasegawa Y, Arita M. Circadian clocks optimally adapt to sunlight for
reliable synchronization. R Soc Interface. 2013;11:20131018.
296. Boubekri M, Cheung IN, Reid KJ, Wang CH, Zee PC. Impact of windows and
daylight exposure on overall health and sleep quality of office workers: a
case-control pilot study. J Clin Sleep Med. 2014;10:603–11.
297. Oosterman JE, Kalsbeek A, la Fleur SE, Belsham DD. Impact of nutrients on
circadian rhythmicity. Am J Physiol Regul Integr Comp Physiol. 2014. In Press.
298. Focht B. Brief walks in outdoor and laboratory environments: effects on
affective responses, enjoyment, and intentions to walk for exercise. Res Q
Exerc Sport. 2009;80:611–20.
299. Hug SM, Hartig T, Hansmann R, Seeland K, Hornung R. Restorative qualities
of indoor and outdoor exercise settings as predictors of exercise frequency.
Health Place. 2009;15:971–80.
300. Ryan RM, Weinstein N, Bernstein J, Brown KW, Mastella L, Gagné M.
Vitalizing effects of being outdoors and in nature. J Environ Psychol.
2010;30:159–68.
301. DaSilva SG, Guidetti L, Buzzacherra CF, Elsangedy HM, Krinski K, DeCampos
W, et al. Psychological responses to self-paced treadmill and overground
exercise. Med Sci Sports Exerc. 2011;43:1114–24.
302. Pasanen TP, Tyrväinen L, Korpela KM. The relationship between perceived
health and physical activity indoors, outdoors in built environments, and
outdoors in nature. Appl Psychol Health Well Being. 2014. In Press.
303. Evans CC, LePard KJ, Kwak JW, Stancukas MC, Laskowski S, Dougherty J,
et al. Exercise prevents weight gain and alters the gut microbiota in a
mouse model of high fat diet-induced obesity. PLoS One. 2014;9:e92193.
304. Kang SS, Jeraldo PR, Kurti A, Miller ME, Cook MD, Whitlock K, et al. Diet and
exercise orthogonally alter the gut microbiome and reveal independent
associations with anxiety and cognition. Mol Neurodegener. 2014;9:36.
305. Agarwal A, Durairajanayagam D. Are men talking their reproductive health
away? Asian J Androl. 2014. In Press.
306. Carpenter DO. Excessive exposure to radiofrequency electromagnetic fields
may cause the development of electrohypersensitivity. Altern Ther Health
Med. 2014;20:40–2.
307. Gómez-Perretta C, Navarro EA, Segura J, Portolés M. Subjective symptoms
related to GSM radiation from mobile phone base stations: a cross-sectional
study. BMJ Open. 2013;3:e003836.
308. Tomitsch J, Dechant E. Exposure to electromagnetic fields in households-trends
from 2006 to 2012. Bioelectromagnetics. 2015;36:77–85.
309. Boga A, Emre M, Sertdemir Y, Akillioglu K, Binokay S, Demirhan O. The effect
of 900 and 1800 MHz GSM-like radiofrequency irradiation and nicotine
sulfate administration on the embryonic development of Xenopus laevis.
Ecotoxicol Environ Saf. 2014;113C:378–90.
310. Balmori A. Electrosmog and species conservation. Sci Total Environ.
2014;496:314–6.
311. Wiltschko R, Thalau P, Gehring D, Nießner C, Ritz T, Wiltschko W.
Magnetoreception in birds: the effect of radio-frequency fields. J R Soc
Interface. 2015;12:20141103.
312. Nowak DJ, Hirabayashi S, Bodine A, Greenfield E. Tree and forest effects on
air quality and human health in the United States. Environ Pollut.
2014;193:119–29.
313. Nisbet EK, Zelenski JM. The NR-6: a new brief measure of nature relatedness.
Front Psychol. 2013;4:813.
314. Holtan MT, Dieterlen SL, Sullivan WC. Social life under cover: tree canopy
and social capital in Baltimore, Maryland. Environ Behav. 2014. In Press.
315. Völker S, Kistemann T. Developing the urban blue: comparative health
responses to blue and green urban open spaces in Germany. Health Place.
2014. In Press.
316. Zhang JW, Piffa PK, Iyerb R, Spassena K, Keltner D. An occasion for unselfing:
beautiful nature leads to prosociality. J Environ Psychol. 2014;37:61–72.
317. Zhang JW, Howell RT, Iyerb R. Engagement with natural beauty moderates
the positive relation between connectedness with nature and psychological
well-being. J Environ Psychcol. 2014;38:55–63.
318. Howell AJ, Passmore HA, Buro K. Meaning in nature: meaning in life as a
mediator of the relationship between nature connectedness and
well-being. J Happin Stud. 2013;14:1681–96.

Page 21 of 21

319. Howell AJ, Dopko RL, Passmore HA, Buro K. Nature connectedness:
associations with well-being and mindfulness. Personality Indiv Diff.
2011;51:166–71.
320. Lin YH, Tsai CC, Sullivan WC, Chang PJ, Chang CY. Does awareness effect
the restorative function and perception of street trees? Front Psychol.
2014;5:906.
321. Kabisch N, Qureshi S, Haase D. Human-environment interactions in urban
green spaces—a systematic review of contemporary issues and prospects
for future research. Environ Impact Assess Rev. 2015;50:25–34.
322. Kabisch N, Haase D. Green justice or just green? Provision of urban green
spaces in Berlin, Germany. Landscape Urban Plann. 2014;122:129–39.
323. Nukina H, Sudo N, Aiba Y, Oyama N, Koga Y, Kubo C. Restraint stress
elevates the plasma interleukin-6 levels in germ-free mice. J Neuroimmunol.
2001;115:46–52.
324. Yamazaki K, Beauchamp GK, Imai Y, Bard J, Phelan SP, Thomas L, et al. Odor
types determined by the major histocompatibility complex in germfree
mice. Proc Natl Acad Sci U S A. 1990;87:8413–6.
325. van Berlo CL, de Jonge HR, van den Bogaard AE, van Eijk HM, Janssen MA,
Soeters PB. Gamma-aminobutyric acid production in small and large
intestine of normal and germ-free Wistar rats. Influence of food intake
and intestinal flora. Gastroenterology. 1987;93:472–9.
326. Lahti L, Salojärvi J, Salonen A, Scheffer M, de Vos WM. Tipping elements in
the human intestinal ecosystem. Nat Commun. 2014;5:4344.
327. Dubos R. The spaceship earth. J Allergy. 1969;44:1–9.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

