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Redefining Hygiene for Immune
Balance and Microbiome
Restoration
In this peer review, six experts in infectious and allergic disease discuss the rise
of immune dysfunction in relation to historical changes in human living
conditions and lifestyles. They point out how shifting epidemiologic patterns
and human behaviors have altered the development of our immune systems
and the microbial diversity in our microbiomes.

Over the last 150 years, the prevalence of allergy, immunosuppression, antibiotic resistance,
and infection (especially intestinal) has increased greatly, despite numerous public health
measures. Rapid urbanization, modern childbirth and infant care practices, changes in dietary
composition and food preparation, widespread antibiotic use, and changes in the ways we
interact socially and with the natural environment all contribute to alterations in human immune
regulation and microbiome composition. In the past, many well-meaning health interventions
have interpreted “hygiene” to mean elimination of microbes. However,a more recent
consideration of the available evidence calls for a more targeted approach to hygiene. In
practice, this means  preserving the immune-modulating value of early and regular exposure to
commensal microbes while taking active steps to limit the spread of pathogens.

The authors state that “humans are ecosystems,” and that our immune systems require
constant education about what is happening in our environments—most crucially during early
childhood. Immune cells actively seek the training that comes from interaction with diverse
microbes and molecules from our diets, the microbiomes of other humans, our pets, and from
time spent outdoors. Gaining experience with a broad variety of relatively harmless microbes
increases the immune system’s repertoire of organisms and molecular patterns that are
tolerated. Of equal importance is that it aids recognition of pathogens that are distinct from
previous encounters and that truly threaten health and homeostasis.
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For this peer review, a panel of six experts discussed relationships among hygiene-related
disease, reduced microbial exposures, microbiome composition, immune regulation and modern
lifestyle changes. They developed this consensus paper as the result of their deliberations.

According to these experts:

“Once the [gut] microbiome has been acquired and evolved during
childhood…the optimal composition of the microbiota is maintained by diet,
which needs to be diverse, and contain fibres and polyphenols found in plant
products.”

Peer Review Highlights

Among many observations and recommendations by this group of experts, we highlight the
following:

● “Targeted hygiene emphasizes protection against pathogens while allowing
immunomodulatory exposures.”

● Targeted hygiene can help reduce the need for many antibiotics, enabling healthy
exposures for many while limiting risky exposures to immunocompromised populations.

● Whereas the Hygiene Hypothesis considered childhood viral infections to be vital,
targeted hygiene distinguishes exposures that result in immunity from those that result in
immune tolerance. Both results are important, yet immune tolerance is more germane to
long-term immune balance.

● Spikes in the prevalence of atopic illness have occurred at distinct periods in history, with
seasonal allergic rhinitis increasing since around 1870, pediatric asthma increasing since
the 1940s, and peanut allergy increasing since the 1990s.

● Studies cited in the review indicate that reduced gut microbial diversity in infancy is
associated with greater risk for allergic disease in childhood, underscoring the
importance of early life experiences.

● These experts stress that antibiotics, especially macrolides, have lasting effects on
children’s microbiota, and their use may heighten the risk for asthma. They additionally
point out that early disruption of the gut microbiome may have implications for long-term
metabolic regulation.

● The authors note that heightened immune sensitization to foods may originate with
reduced skin barrier function, and that changes in food preparation can impact foods’
allergenicity (e.g., roasting peanuts may increase their allergenicity in comparison with
boiling them).

● According to these experts, “polyphenols and also fish oils appear to modulate the
composition of the [gut] microbiota.”

● Modern changes that contribute significantly to loss of diverse microbial exposures
include C-section birthing, bottle feeding, fewer intergenerational households, antibiotic
use (especially early in life), urbanized landscapes, increased residential distances from
green space, and more time spent indoors.
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● Air composition is of special importance to the respiratory microbiome, as it contains
bacteria, fungi, spores, archaea, viruses, dust, pollen, and plant biomass. Depending on
environs and respiratory function, a person may breathe in 106 to 1010 bacteria and
archaea daily.

The authors present evidence suggesting that personal and house-cleaning hygiene may have
considerably less bearing on long-term immune tolerance than the overall diversity in social and
environmental microbial exposures. They state that “there is a window of time when the
developing microbiome is critical for the education of the maturing immune system,” and that
interference with its acquisition may predispose to later immune dysfunction.

CONCLUSION

These six experts in immune-related disease present hygiene and cleanliness
as distinct notions—the former concerned with microbial balance rather than
elimination. They propose a redefinition of hygiene in regards to human
microbiome development and maintenance, with contributions from plant-rich
diets, regular social and green space interactions, and a ‘targeted hygiene’
approach to individual and public health measures.
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