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Environmental mismatches are defined as changes in the environment that induce public health crises. 
Well known mismatches leading to chronic disease include the availability of technologies that facilitate 
unhealthy diets and sedentary lifestyles, both factors that adversely affect cardiovascular health. This 
commentary puts these mismatches in context with biota alteration, an environmental mismatch involving 
hygiene-related technologies necessary for avoidance of infectious disease. Implementation of hygiene-
related technologies causes a loss of symbiotic helminths and protists, profoundly affecting immune 
function and facilitating a variety of chronic conditions, including allergic disorders, autoimmune diseases, 
and several inflammation-associated neuropsychiatric conditions. Unfortunately, despite an established 
understanding of the biology underpinning this and other environmental mismatches, public health agencies 
have failed to stem the resulting tide of increased chronic disease burden. Both biomedical research and 
clinical practice continue to focus on an ineffective and reactive pharmaceutical-based paradigm. It is 
argued that the healthcare of the future could take into account the biology of today, effectively and 
proactively dealing with environmental mismatch and the resulting chronic disease burden.
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INTRODUCTION: ENVIRONMENTAL 
MISMATCH AND THE BIOLOGY OF NON-
INFECTIOUS DISEASE

Environmental mismatches are defined as changes in 

the environment that lead to poor health in a population 
(see Box 1 for definitions). Such changes can include 
climate shifts, introduction of competing species, and 
loss of species upon which a population depends for food 
or other needs. Humans are in a unique position among 
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species in that we ourselves have been responsible for in-
troducing the environmental mismatches that profoundly 
affect us. In humans, widespread and highly impactful 
environmental mismatches can be identified that affect 
the health of a large swath of the population. Five such 
highly impactful environmental mismatches that con-
sistently affect humans in high-income areas around the 
world at the present time are:

• inflammatory diets, characterized by consump-
tion of food high in energy density (calories per 
unit mass) and low in dietary fiber and nutrition 
[1];

• sedentary lifestyles, characterized by the use of 
energy saving technology that removes the need 
for physical labor [1];

• indoor work environments, characterized by 
protection against harsh climate conditions and 
dependence on artificial light sources [2];

• chronic psychological stress as a result of nu-
merous social changes [3]; and

• biota alteration, characterized by the loss of sym-
biotic organisms such as protists and helminths 
as a result of the use of technologies aimed at 
preventing food and waterborne disease [4].

Other mismatches may vary in time or location. For 

example, the availability and widespread use of addictive 
substances (eg, alcohol, tobacco or betel (Areca) nut-de-
rived products) is a mismatch that has affected the health 
of different cultures to varying degrees through time. 
These mismatches could be placed in a category along 
with inflammatory diets as factors that have arisen be-
cause modern agriculture and production processes have 
made highly pleasurable and often addictive substances 
widely available.

Major human-derived environmental mismatches 
often offer advantages for human culture, but they are 
classified as environmental mismatches because they car-
ry with them biological consequences that lead to poor 
health (Figure 1). For example, the development of in-
door work environments protects individuals from harsh 
climate conditions, but can lead to widespread deficiency 
of vitamin D, a factor necessary for adequate immune 
function. Similarly, the invention of labor-saving devices 
and food processing technology allows humans to focus 
on endeavors other than procuring food and shelter, but 
can lead to a sedentary lifestyle and, in turn, obesity and 
heart disease.

Environmental mismatches profoundly affect almost 
all aspects of human health, including infectious disease, 
allergy, autoimmunity, diabetes, obesity, heart disease, 

Box 1. Definitions

Biota alteration: A widespread and highly impactful environmental mismatch imposed by systems hygiene. This 
dominant mismatch involves a dramatic decrease in the biodiversity of eukaryotic symbionts, primarily the almost 
complete loss of helminths and, possibly to a lesser extent, protists. 
Biota reconstitution: The intentional, systematic, and controlled introduction of symbionts into a population which 
has lost those symbionts or related symbionts due to biota alteration. 
Environmental mismatch: The condition in which a change in environment is incompatible with the health of an 
organism that was healthy prior to that change. A classic example is the development of agriculture and later food 
processing technology, which in turn lead to consumption of inflammatory diets characterized by high glycemic 
indexes, high fat, and low fiber. Consumption of this diet, in turn, contributes to pandemics of obesity, diabetes and 
cardiovascular disease. 
Host: A symbiont that is typically larger and provides habitat to another, typically smaller, symbiont. 
Hygiene hypothesis: An outdated term coined in the late 1980s which attempted to describe the role of hygiene 
in the increased prevalence of allergies [5]. Current theory describes the loss of specific symbionts and the effect 
of that loss on allergic, autoimmune, and neuropsychiatric disorders. (See the definition for biota alteration in this 
Box.) 
Infection: A symbiotic relationship in which a symbiont causes a disease or pathological state in the host as a result 
of living on or within the host. 
Mutualist: A symbiont that derives benefits from its host and, at the same time, provides benefits for its host. 
Parasite: A symbiont that derives benefits from its host while harming its host. Whether a particular symbiotic 
relationship is mutualistic or parasitic may be conditional, depending on environmental conditions and other factors 
[6,7]. Further, some symbionts may provide both advantages and disadvantages for the host, blurring the lines 
between mutualist and parasite. 
Pathogen: A symbiotic organism that causes disease in its host. This medical term is potentially ambiguous in some 
cases of symbiosis, as it may or may not be applied to symbionts even if they exist in most hosts without causing 
disease, a relatively common phenomenon [8-12]. 
Symbiont: An organism physically associated with another organism. Such relationships may be temporary or 
long-term. 
Systems hygiene: Use of technologies that prevent transmission of pathogens. Common examples of this type of 
hygiene are use of water purification technology, sewage and waste management facilities, food production and 
storage devices, and modern building construction methods. Systems hygiene is distinct from personal hygiene 
measures such as social distancing, wearing of face coverings, and reducing hand-to-face contact.
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digestive disorders, mental health disorders, and various 
cancers, including many lung, breast, and colon cancers. 
The World Health Organization (WHO) counts four life-
style choices as the widespread and impactful drivers of 
disease: “tobacco use, physical inactivity, harmful use of 
alcohol and unhealthy diet” [1]. These factors, part of the 
cycle of environmental mismatch (Figure 1) are causing 
a “rising financial burden of [disease that] will reach 
levels that are beyond the capacity of even the wealthiest 
countries in the world to manage” according to Margaret 
Chan, who served as Director-General of the WHO for 
more than a decade [1].

THE ENVIRONMENTAL MISMATCH OF 
BIOTA ALTERATION

The lifestyle choices recognized by the WHO are the 
most generally recognized factors connected with envi-
ronmental mismatch. However, “biota alteration” is an-
other widespread and impactful environmental mismatch 
consistently seen in high-income areas of the world. Bi-

ota alteration is defined as alteration of the human biota 
by modern, urban lifestyles. The human biota is itself de-
fined as the community of organisms associated with the 
human body and is typically discussed within the context 
of distinct categories based on the nature of the organisms 
involved. For example, the microbiota, or microscopic 
portion of the biota, contains viruses, bacteria, fungi, and 
protists. Other portions of the biota, comprised of larger, 
non-microscopic organisms, include a variety of cestodes 
(tapeworms) and nematodes (roundworms). Within the 
context of environmental mismatch and biota alteration, 
the human biota can be categorized based on how it is 
affected by urbanization and industrialization. Rook and 
colleagues first described such a categorization [13], di-
viding the biota into three groups, as shown in Table 1. 
Communicable, disease-causing microbes are more nu-
merous as a result of increased population density, but the 
resulting infectious disease burden is partially mitigated 
by factors such as personal hygiene and vaccination. Ben-
eficial microbes such as the gut microbiota, in contrast, 
are altered by a number of factors, including the pro-

Figure 1. Breaking the chains of environmental mismatch. Environmental mismatch describes a condition in which 
an environmental change leads to unhealthy biological consequences. The ability of humans to intervene in the biological 
consequences of environmental change offers us the opportunity to break the chains of environmental mismatch. Such 
approaches are rooted in sound biological science and are highly effective, generally reflecting a proactive approach 
to human health. Unfortunately, medical practice and current biomedical research often overlook opportunities to break 
the chains of mismatch, focusing instead on reactive, reductionistic, costly and ineffective approaches to human health.
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field of helminth therapy. Several excellent reviews on 
the topic have been recently published [23-26]. Rather, 
this paper will contain a discussion of the biological 
observations that led to major innovations in the field 
of science and how biota alteration fits into a consistent 
historical trend of difficulty in translating those biological 
observations into clinical practice.

A HISTORY OF DIFFICULTY 
TRANSFERRING SIMPLE BIOLOGICAL 
OBSERVATIONS INTO MEDICINE

A timeline showing the discovery of some of the 
major, life-saving medical innovations in use today is 
shown in Figure 2A. An assessment of these historical 
milestones shows that (a) major medical innovations are 
generally triggered by simple biological observations, 
and (b) transferring biological observations into the field 
of medicine can be challenging. For example, Edward 
Jenner’s observations that individuals working closely 
with milk cows had less severe smallpox than did others 
led to his development of the first vaccines. However, 
when his work was rejected by the Royal Society, he 
self-published, coining the term vaccination [27]. The 
well-known experience of Ignaz Semmelweis is perhaps 
one of the most extreme individual examples of difficulty 
in translation from observations to the clinic. Although 
eventually hailed as the Father of Hand Hygiene, the Fa-
ther of Infection Control, and the Savior of Mothers, his 
work on the prevention of infection using personal hy-
giene was heavily criticized and rejected, resulting in the 
death of thousands of patients and contributing to his own 
death in a mental asylum in 1865 [28]. In another exam-
ple, assessment of bacterial growth inhibition by fungus 
on a petri dish led to the discovery of penicillin in 1928 
by Alexander Fleming and marked the beginning of the 

cessed diet and other lifestyle options that result from in-
dustrialization [14-16]. In addition, chronic inflammation 
resulting from several environmental mismatches likely 
leads to rapid and complex evolution-driven changes to 
the microbiota as it adapts to novel environments [17,18]. 
Other factors, including medical use of antibiotics, and 
perhaps other environmental factors such as the addition 
of synthetic compounds into the environment [19], can 
also contribute to alteration of the microbiota. In stark 
contrast, cestodes and nematodes of the gut, collectively 
termed helminths, have been greatly reduced in numbers 
by the development of “systems hygiene,” technologies 
ensuring pathogen-free food and water supplies as well 
as low levels of fecal-oral disease transmission [4]. Such 
technologies include water treatment facilities, food pro-
cessing and storage technologies, and sewage handling 
processes.

Just as distinct components of the biota are altered in 
different ways by urbanization and industrialization, so 
are the health-related consequences of those alterations 
different, depending on the component of the biota (Ta-
ble 1). The increased presence of infectious disease as a 
result of increased population densities can act as triggers 
for autoimmune disease [5]. Further, alterations in the 
gut microbiota are often associated with chronic inflam-
matory disease, although specific community profiles 
associated with specific chronic inflammatory conditions 
are often difficult to identify, and causal relationships are 
not established [20-22]. In contrast, loss of helminths and 
protists results in a distinct phenotype, with increased 
propensities for allergic conditions, autoimmune diseas-
es, and neuropsychiatric disorders [5,6]. Thus, it is the 
almost complete loss of helminths and protists [13] that 
will be considered here in the context of environmental 
mismatch and biota alteration. Importantly, this perspec-
tives piece will not provide a detailed discussion of the 

Table 1. Alteration of Various Components of the Human Biota by Urban, Industrial Environments, 
and the Health Consequences of those Alterations

Component of the biota Effect of industrialization Results for human health
Pathogens: infectious 
disease-causing 
organisms

Increased exposure as a result 
of high population density

Pro-inflammatory: acts as triggers for chronic 
inflammatory disease.

Beneficial microbiota Altered community 
composition as a result 
of processed foods, loss of 
contact with the soil, chronic 
inflammation, and other factors

Associated with inflammatory disease, although 
direct causal relationships between particular 
species and disease states are not evident in most 
cases.

Helminths and most 
protists

Almost complete loss of 
exposure as a result of systems 
hygiene

Pro-inflammatory: Profound loss of immune 
regulation in many individuals, leading to 
propensity for allergy, autoimmune disease, and 
neuropsychiatric conditions.

These three divisions of the biota were first described by Rook and colleagues [13].
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difficulties in moving simple biological observations into 
the clinic and suggest that medical infrastructure has gen-
erally lacked an effective process for accomplishing the 
task. Further, evidence points toward a history of pioneer-
ing individuals and perhaps even military authorities with 
specific goals working outside of the mainstream medical 
system to achieve the transition from observations to the 
clinic.

A current example of extreme difficulty in transfer-
ring biological observations to the clinic involves the fe-
cal transplant. Fecal transplantation, a process that occurs 
in all humans around the time of birth, involves the trans-

antibiotic revolution, but technical difficulties in produc-
tion of the chemical for clinical use were not overcome 
for more than a decade, and penicillin was largely for-
gotten. Fortunately, the successful production of another 
class of antibiotics, sulfanilamides, eventually attracted 
interest in antibiotics in general, encouraging Chain and 
Florey to develop a method of producing sufficient quan-
tities of penicillin for clinical use [29]. In addition, the 
death of soldiers from infection during the early years of 
World War II was likely a major contributing factor mo-
tivating the commercial production of the antibiotic [29]. 
These pivotal historical events point toward systematic 

Figure 2. Observations in biology and corresponding major medical innovations. A. A historical view of some 
observations that led to major medical innovations in the past. Simple observations rather than detailed scientific 
studies provided the impetus for most innovations: The milkmaids did not get severe smallpox, patients did not die 
when their physicians were clean, bacteria would not grow next to a fungus, the chickens were healthier eating brown 
rice, etc. B. A historical perspective on published studies providing new insights into the effects of biota alteration and, 
in some cases, biota restoration. Insights in this field were generally triggered by observations in individuals and/or in 
populations, then validated using laboratory animal models. Ongoing work looking at the effect of biota alteration on 
type 2 diabetes [49] and aging [50] is not included in the diagram. CES: Complex eukaryotic symbionts (helminths and 
protists).
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of biota alteration on immune function and chronic dis-
ease. Observations published by Brian Greenwood work-
ing in Ibadan, Nigeria between 1968 and 1970 showed 
that an absence of helminths and protists could lead to 
autoimmune disease [32-34]. Simultaneous observations 
by Peter John Preston, working with the British Royal 
Navy, showed that the presence of helminths alleviates 
seasonal allergies [7], an observation soon confirmed 
by John Turton in Surrey, UK [35]. Thus, at least three 
independent observations made over half a century ago 
had demonstrated the importance of helminths and pro-
tists for prevention and even treatment of some common 
allergic and autoimmune conditions.

Almost 20 years after the observations made by 
Greenwood, Preston, and Turton, the field of immunology 
entered the discussion, and the term “hygiene hypothesis” 
was coined [36]. Unfortunately, the original observations 
of the importance of helminths and protists had been for-
gotten, and the field of immunology focused on cellular 
and molecular factors involved in disease rather than re-
storing an altered biota. Another decade passed before the 
late Joel Weinstock attempted to reconstitute the human 
biota with helminths in an effort to treat inflammatory 
bowel disease. Despite dramatic early successes prior to 
2005 at the University of Iowa, the effort to bring biota 
reconstitution to the clinic eventually failed, likely due 
in part to a lack of understanding regarding the produc-
tion of helminths by pharmaceutical manufacturers [37]. 
Subsequently, thousands of individuals began self-treat-
ing with helminths [37,38], but the practice has not yet 
reached mainstream clinical use.

Only within the past decade, while examining the 
reported outcomes of individuals self-treating with hel-
minths, co-author Parker and colleagues observed that 
helminths were beneficial to neuropsychiatric function in 
humans [38]. Recent findings in rodent models of biota 
reconstitution support the importance of those organisms 
for mental health and function [39-41]. For example, 
Daniel Młocicki and Dogmara Mirowska-Guzel at the 
Medical University of Warsaw, Poland, showed in 2022 
that laboratory rats colonized with the benign helminth 
Hymenolepis diminuta perform better in memory tests 
than helminth-free animals [40]. Independently, Marilyn 
Scott’s laboratory at McGill University in Quebec, Cana-
da also showed in 2022 that offspring of laboratory mice 
colonized with the nematode Heligmosomoides bakeri 
have profoundly better spatial memory compared to off-
spring of uncolonized controls [39]. The fact that colo-
nized animals perform better on memory tests and avoid 
dangerous (for their species) open fields more effectively 
brings into question the unknown mental health costs that 
humans without such symbionts may be facing.

Major depressive disorder, anxiety disorders, and 
several other neuropsychiatric disorders can be consid-

fer of a fecal microbiome from one individual to another. 
The slow pace of incorporating fecal transplantation into 
the standard clinical treatment for recurrent Clostridium 
difficile colitis represents an ongoing and tragic failure in 
the history of medicine. Ben Eiseman’s team in Denver, 
Colorado discovered in 1958 that fecal transplantation 
effectively resolves recurrent C. difficile-associated coli-
tis, a common and deadly condition that results when the 
intestinal microbiota fails to recover following treatment 
with antibiotics. Eiseman’s groundbreaking work was 
validated in the early 1960s by several independent stud-
ies, but despite his renown in the surgical field [30] and 
over 10 000 deaths per year from recurrent C. difficile 
colitis, fecal transplants took more than half a century to 
move forward into the mainstream [31], and are still not 
standard of care in all institutions. When the procedure 
eventually did become more popular, it was apparently 
independent of Eiseman’s ongoing influence [31]. Eise-
man, for his part, published only a single paper on the 
topic, spending much of the latter part of his career on 
unrelated issues such as organization of medical resourc-
es for military combat. Poignantly, the number of US 
deaths from recurrent C. difficile colitis that could have 
been prevented by fecal transplants between 1958 and 
the present conservatively exceeds US deaths during the 
Vietnam war by a factor of 10.

In summary, this brief historical perspective demon-
strates that incorporating straightforward and intuitive 
biological observations into the clinic is not sufficiently 
incentivized by even a very large number of lives im-
pacted. When considering this issue, the rationale behind 
ignoring apparent resolutions of far-reaching and impact-
ful problems should be addressed. The quest for more 
information regarding biological mechanisms, financial 
considerations, and a lack of awareness seem to dominate 
a landscape of apathy. Regardless of the reasons, difficul-
ty in converting groundbreaking discovery into standard 
medical practice has existed for over two centuries and 
does not appear to be changing, as is further illustrated in 
the next section.

OVERCOMING THE MISMATCH OF BIOTA 
ALTERATION: ANOTHER EXAMPLE 
OF DIFFICULTIES IN TRANSFERRING 
OBSERVATIONS INTO CLINICAL 
PRACTICE

As described above (Table 1), the most prominent, 
medically important aspect of biota alteration is the en-
vironmental mismatch that involves the loss of complex 
eukaryotic symbionts, particularly helminths and pro-
tists, from the ecosystem of the human body as a result 
of “systems hygiene” [4]. Figure 2B shows a historical 
perspective of the milestones in understanding the impact 
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positive impact of biota reconstitution on brain health in-
clude short chain fatty acids (SCFA) acting on microglia, 
alterations in ratios, and activities of regulatory T cells 
versus inflammatory T-helper cell subsets (notably Th1 
and Th17), a reduction in the neuroinflammatory cytokine 
response to infection [41], and alterations in bidirectional 
signaling of the nervous system via visceral, vagal, and 
spinal nerves [48].

Most recently, the view that biota alteration affects 
the pathogenesis of viral disease [4] was shown to apply 
to COVID-19, revealing a profound and negative impact 
of biota alteration on the viral pandemic [5]. Recent work 
related to COVID-19 showed that symbiotic protists and 
helminths afforded roughly a 3-fold protection from se-
vere clinical outcomes following COVID-19 infection 
[5]. Given the importance of biota alteration in such a di-
verse array of chronic, inflammation-associated diseases, 
the impact of biota alteration on human health is difficult 
to estimate. However, a summary of pharmaceutical use 
by the US population in an attempt to compensate for the 
health consequences of biota alteration can be tabulated 

ered chronic inflammatory conditions [42,43], consistent 
with the view that the same environmental mismatches 
that derail immune function and lead to allergy and auto-
immune disease can also adversely affect brain function 
(Figure 1). Multiple sclerosis (MS), the clearest exam-
ple of dysfunctional crosstalk between the nervous and 
immune systems, has significant co-morbidity with de-
pression and anxiety. MS relapse and progression is dra-
matically slowed and reduced in the presence of naturally 
occurring infections with helminths [44-46]. Other neu-
ropsychiatric disorders, such as bipolar disorder, schizo-
phrenia, and autism spectrum disorder, show hallmarks of 
neuroimmune dysfunction and are difficult to treat with 
current pharmaceutical treatments focused on the nervous 
system (Table 2). Systematic studies of individuals using 
intentional helminth exposure to reduce pathological im-
mune reactivity indicated that the presence of helminths 
mitigates symptoms of both major depressive disorder 
and anxiety disorders [38,47]. These disorders and oth-
ers can potentially be treated with biota alteration as a 
novel option. Mechanisms currently thought to underlie 

Table 2. The Prevalence of Some of the Most Common Chronic, Inflammation-related Conditions 
in the US
Condition Percentage of US 

Population*
Common Immunosuppressive Drugs

Lupus 0.06% [51] azathioprine, methotrexate and mycophenolate [52]
Multiple sclerosis (MS) 0.12% [53] azathioprine, cyclophosphamide, methotrexate, and 

mitoxantrone [54], as well as fingolimod and natalizumab 
among others [55]

Alopecia areata 0.21% [56] Oral cyclosporin, methotrexate, and sulphasalazine [57]
Inflammatory bowel disease 
(Crohn’s and ulcerative colitis)

0.36% [58] azathioprine, 6-mercaptopurine, methotrexate, and 
cyclosporin [59]

Rheumatoid arthritis 0.40% [60] azathioprine, cyclophosphamide, chlorambucil and 
methotrexate [61] 

Psoriasis 2.31% [62] adalimumab, infliximab, etanercept, ustekinumab, and 
alefacept [63]

Eczema 9.67% [64] cyclosporin, azathioprine, methotrexate, mycophenolate 
mofetil, and pimecrolimus [65]

Depression 13.2% [66] Not applicable**
Migraine, severe headache 15.3% [67] Not applicable**
Anxiety disorders 19.1% [68] Not applicable**
Allergic rhinitis (allergies)*** 15-30% [69] dexamethasone, antihistamines and other mast-cell 

antagonists, decongestants

Immunosuppressive drugs typically used to treat those conditions are listed, if applicable. This tally is not meant to be exhaustive, as 
for example it does not include food sensitivities or irritable bowel syndrome. Although these chronic conditions are associated with 
inflammation, immunosuppressive drugs are not commonly used to treat them. *Percentage calculations used the total number of 
patients divided by the total US population in the same year as the patient data. The total US population was obtained through data 
from The World Bank. **Although inflammation underpins depression and anxiety disorders [42,43] and migraine headaches [70], 
pharmaceutical management of these conditions typically targets neurological function rather than immune factors. ***The prevalence 
of allergic rhinitis is higher when patient self-reports are considered compared to physician reports. However, since allergic rhinitis 
is often treated with immunosuppression by the patient using over-the-counter medications, patient reports are pertinent for this 
assessment of the numbers of individuals using immunosuppression.
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in the US population, see Table 2), the consequences of 
biota alteration have become dire. In addition, increased 
inflammation as a result of biota alteration can impact 
the effects of other environmental mismatches that are 
primarily associated with cardiovascular disease and 
infectious disease. Evaluation of potential solutions to 
the adverse consequences of biota alteration involves 
systematic evaluation of benign symbiotic organisms 
for their effect on disease, with a view of optimizing the 
benefit-to-cost ratio of the therapy. Unfortunately, as with 
other efforts to address environmental mismatch, incen-
tives to proceed with available solutions are insufficient at 
the present time [37]. As highlighted above, data showing 
that complex eukaryotic symbionts profoundly benefit al-
lergic and autoimmune disorders are now more than half 
a century old [7,32-34], suggesting that the consequences 
of biota alteration are as entrenched in the population as 
the consequences of other environmental mismatches.

The impact of specific mismatches, including un-
healthy diets, cigarette smoking, and sedentary lifestyles 
have been estimated [1]. In addition, the estimates pre-
sented herein (eg, Table 2) provide one perspective on 
the burden of disease resulting from biota alteration. 
However, the total burden of all environmental mismatch 
on human disease has yet to be estimated. The relative 
contribution of environmental mismatch to mortality, the 
loss of disability adjusted life years, the financial costs 
to healthcare, and impact on overall quality of life mer-
its close examination. In the interest of public health, it 
is hoped that such knowledge will help policy makers 
provide incentives for effectively dealing with environ-
mental mismatch at the population level. Prudent policy 
would emphasize population-wide, evidence-based strat-
egies aimed at addressing all environmental mismatch-
es and the health consequences of those mismatches. 
Although biota reconstitution can be readily envisioned 
to compensate for biota alteration, addressing other en-
vironmental mismatches may prove more difficult, as 
those mismatches often involve socioeconomic factors 
and lifestyle choices related to diet, exercise, and chronic 
stress. Initiatives are needed that include large-scale, in-
terdisciplinary, longitudinal programs with stable funding 
sources aimed at more precisely determining the impact 
of mismatch on a population-wide basis, and further elu-
cidating how genetic, epigenetic, and environmental fac-
tors affect the mismatch-induced pathogenesis of disease 
at the individual level.

The light of biological science provides a promise 
of disease treatment and prevention. Tragically, that light 
has been ignored as modern biomedical research focuses 
on small details without an awareness of the larger light. 
It is anticipated that continued attempts to achieve health 
using pharmaceutical-based approaches that do not ad-
dress the underlying, biological causes of disease will 

(Table 2). In that tabulation, it is evident that many if not 
most individuals suffer from the adverse effects of biota 
alteration. Nevertheless, at the same time, we do not in 
any way suggest that systems hygiene be abandoned [4].

CONCLUSIONS AND OUTLOOK

The consequences of environmental mismatches 
need to be addressed immediately in the interest of public 
health. Unfortunately, even for mismatches for which the 
underlying biology is extremely well established, little 
progress has been made at the public health level. For ex-
ample, despite the implementation of numerous programs 
by various agencies to improve diets and physical activi-
ty, the burden of disease associated with inflammatory di-
ets and sedentary lifestyles continues to worsen [1]. Thus, 
the incentives for effectively addressing the problems of 
even the most well-established environmental mismatch-
es are not adequate at the present time.

A straight-forward means of adjusting for the effects 
of biota alteration has been proposed. The systems hy-
giene that leads to biota alteration offers very substantial 
advantages to human society. This type of hygiene allows 
humans to live in high-density populations without suf-
fering from repeated waves of deadly, water and food-
borne infections and the stench of waste products from 
digestion [4]. Thus, no effort to eliminate the underlying 
cause of biota alteration is envisioned. Rather, it is biota 
reconstitution, the controlled reintroduction of benign, 
symbiotic helminths with desired immunomodulatory 
effects, that is required [5]. Although the impacts of bi-
ota alteration and other environmental mismatches for 
population health are evident, the pathway from environ-
mental mismatch to disease is generally complex at the 
individual level, interacting with genetics, epigenetics, 
socioeconomic factors, and numerous lifestyle choices. 
Thus, not all individuals will be affected adversely by all 
environmental mismatches, including biota alteration. 
With this in mind, efforts to prevent the impact of biota 
alteration on the population as a whole must have a min-
imal negative impact on that population, involving the 
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