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“A must-read . . . Takes you inside a child’s gut and shows you how to give kids the best

immune start early in life.” —William Sears, MD, coauthor of The Baby BookLike the culture-

changing Last Child in the Woods, here is the first parenting book to apply the latest cutting-

edge scientific research about the human microbiome to the way we raise our children.In the

two hundred years since we discovered that microbes cause infectious diseases, we’ve battled

to keep them at bay. But a recent explosion of scientific knowledge has led to undeniable

evidence that early exposure to these organisms is beneficial to a child’s well-being. Our

modern lifestyle, with its emphasis on hyper-cleanliness, is taking a toll on children’s lifelong

health.In this engaging and important book, microbiologists Brett Finlay and Marie-Claire

Arrieta explain how the trillions of microbes that live in and on our bodies influence childhood

development; why an imbalance of those microbes can lead to obesity, diabetes, and asthma,

among other chronic conditions; and what parents can do--from conception on--to positively

affect their own behaviors and those of their children. They describe how natural childbirth,

breastfeeding, and solid foods influence children’s microbiota. They also offer practical advice

on matters such as whether to sterilize food implements for babies, the use of antibiotics, the

safety of vaccines, and why having pets is a good idea. Forward-thinking and revelatory, Let

Them Eat Dirt is an essential book in helping us to nurture stronger, more resilient, happy, and

healthy kids. 

“A must-read for parents, teachers and any healthcare provider for children, Let Them Eat Dirt

takes you inside the inside tract of a child’s gut, and shows you how to give kids the best

immune start early in life.”—William Sears, M.D, co-author, The Baby Book“I loved this book.” —

Dr. Richard Besser, Chief Health and Medical Editor at ABC News“With the quiet weight of

their authority, pioneer researchers Brett Finlay and Claire Arrieta help parents to understand

the real nature of microbes, and then to act to improve their children's health.” —Martin Blaser,

author of Missing Microbes (and Director of the NYU Human Microbiome Program)“This book

might change your perspective on real cleanliness... and along the way help you to raise

healthier kids.”—Giulia Enders, author of international bestseller Gut“As a parent and a

microbiologist, I appreciated the up-to-date and actionable science that Let Them Eat Dirt

highlights, including the groundbreaking work conducted in the authors’ own lab. As a

Professor of Pediatrics, I appreciated the accessible format and writing style that makes this

wealth of information and its limitations easy to understand for the increasing crowd parents

who are concerned about their children and their growing microbiomes. Let Them Eat Dirt

gives an entertaining, engaging and accurate view of what we're discovering about the

microbiome and why it matters for you and your children." —Rob Knight, Professor of

Pediatrics and Computer Science & Engineering, and Director, Center for Microbiome

Innovation, UC San Diego, and author of Follow Your Gut: The Enormous Impact of Tiny

Microbes“What a triumph. This book should be read by every pregnant woman, every parent,

every pediatrician. It's not just a great read but terribly important.” —Professor Margaret McFall-

Ngai, Member of the National Academy of Sciences and Director of Pacific Biosciences

Research Center, University of Hawaii.“Great book! Very clear, down to earth, and interesting;

it reads like a story! Let Them Eat Dirt takes an important and complex subject and makes it

less scary.” —Eran Elinav, M.D., Ph.D., Principal Investigator, Host-microbiome Interaction



Research Group at the Weizmann Institute of Science and Senior Fellow, Canadian Institute

For Advanced Research “Solid, easily assimilated evidence showing how microbes are an

integral part of a child's healthy life.” —Kirkus Reviews“Finlay and Arrieta explain, in illuminating

detail, the importance of the gut microbiome…They hope to restore the powerful benefits of

microbe transfer from the environment to the young child, benefits lost as a side effect of

efforts to reduce infectious disease risk and of cultural attitudes that conflate dirt with

disease….The focus on practical choices before and during birth makes this book a good

resource for expectant parents.” —Publishers Weekly --This text refers to an out of print or

unavailable edition of this title.From the Back Cover A new way of thinking about the health of

your children. “This book might change your perspective on real cleanliness . . . and along the

way help you to raise healthier kids.”—Giulia Enders, author of the international bestseller

Gut “Pioneer researchers Brett Finlay and Claire Arrieta help parents to understand the real

nature of microbes and then to act to improve their children’s health.” —Martin Blaser, author of

Missing Microbes and director  (

of the NYU Human Microbiome Program “Solid, easily assimilated evidence showing how

microbes are an integral part of a child’s healthy life.” —Kirkus Reviews --This text refers to an

out of print or unavailable edition of this title.Excerpt. © Reprinted by permission. All rights

reserved.1: Children Are Microbe MagnetsMicrobes: Kill Them All!Microbes are the smallest

forms of life on Earth. They encompass bacteria, viruses, protozoa, and other types of

organisms that can be seen only with a microscope. Microbes are also the oldest and most

successful forms of life on our planet, having evolved long before plants and animals (plants

and animals actually evolved from bacteria). Although invisible to the naked eye, they play a

major role in life on Earth. There are an astounding 5 x 1030 (that’s 5 followed by 30 zeroes!)

bacteria on Earth (for comparison, there are “only” 7 x 1021 stars in the universe). Collectively,

these microbes weigh more than all the plants and animals on the entire planet combined.

They can live in the harshest and most inhospitable environments, from the Dry Valleys of

Antarctica to the boiling hydrothermal vents on the seafloor—they can even thrive in

radioactive waste. Every form of life on Earth is covered in microbes in a complex yet usually

harmonious relationship, making germophobia the most futile of phobias. Unless you live in a

sterile bubble without any contact with the outside world (which is a time-limited proposition;

see Bubble Boy, page 15), there is no escaping microbial life—we live in a world coated in a

veneer of microbes. For every single human cell in our bodies, there are ten bacterial cells

inhabiting us; for every gene in our cells, there are one-hundred fifty bacterial genes, begging

the question: Do they inhabit us or is it really the other way around?While in its mother’s womb

a baby is for the most part sterile, but at the moment of birth it receives a big load of microbes,

mainly from its mother—a precious first birthday gift! Within seconds, the baby is covered in

microbes from the very first surfaces it touches. Babies born vaginally encounter vaginal and

fecal microbes, whereas babies born via C-section pick up microbes from the maternal skin

instead. Similarly, babies born at home are exposed to very different microbes than if they are

born in hospitals, and different homes (and hospitals) have different microbes present.Why

does all this matter? Well, until very recently hardly anyone thought it did. Until recently,

whenever we thought of microbes—especially around babies—we considered them only as

potential threats and were concerned with getting rid of them, and it’s no surprise why. In the

past century, we have experienced the benefits of medical advances that have reduced the

number and the degree of infections we suffer throughout life. These advances include

antibiotics, antivirals, vaccinations, chlorinated water, pasteurization, sterilization, pathogen-

free food, and even good old-fashioned handwashing. The quest of the past hundred years has



been to get rid of microbes—the saying was “the only good microbe is a dead one.”This

strategy served us remarkably well; nowadays, dying from a microbial infection is a very rare

event in developed countries, whereas only a hundred years ago, seventy-five million people

died worldwide over a span of two years from the H1N1 influenza virus, also known as the

Spanish flu. We have become so efficient at avoiding infections that the appearance of a

dangerous strain of Escherichia coli (aka E. coli) in a beef shipment or Listeria monocytogenes

in spinach leads to massive recalls and exportation bans, along with accompanying media

hysteria. Microbes scare all of us, and rightly so since some of them are truly dangerous. As a

result, with very few controlled exceptions such as yogurt or beer, we often think that the

presence of microbes in something renders it undesirable for human use. The word

antimicrobial is a sales feature in soaps, skin lotions, cleaning supplies, food preservatives,

plastics, and even fabrics. However, only about one hundred species of microbes are known to

actually cause diseases in humans; the vast majority of the thousands of species that inhabit

us do not cause any problems, and, in fact, seem to come with serious benefits.At first glance,

our war on microbes, along with other medical advances, has truly paid off. In 1915 the

average life span in the US was fifty-two years, about thirty years shorter than it is today. For

better or for worse, there are almost four times more humans on this planet than there were

just a hundred years ago, which translates to an incredibly accelerated growth in our historic

timeline. Evolutionarily speaking, we’ve hit the jackpot. But at what price?Revenge of the

MicrobesThe prevalence of infectious diseases declined sharply after the emergence of

antibiotics, vaccines, and sterilization techniques. However, there has been an explosion in the

prevalence of chronic non-infectious diseases and disorders in developed countries. One hears

about these in the news all the time since they’re very common in industrialized nations, where

alterations to our immune system play an important role in their development. They include

diabetes, allergies, asthma, inflammatory bowel diseases (IBDs), autoimmune diseases,

autism, certain types of cancer, and even obesity. The incidence of some of these disorders is

doubling every ten years, and they are starting to appear sooner in life, often in childhood.

They are our new epidemics, our modern-day bubonic plague. (By contrast, these diseases

have remained at much lower levels in developing countries, where infectious diseases and

early childhood mortality are still the major problems.) Most of us know someone suffering from

at least one of these chronic illnesses; due to this prevalence, researchers have focused their

attention on identifying the factors that cause them. What we know now is that although all of

these diseases have a genetic component to them, their increased pervasiveness cannot be

explained by genetics alone. Our genes simply have not changed that much in just two

generations—but our environment sure has.About twenty-five years ago a short scientific

article published by an epidemiologist from London attracted a lot of attention. Dr. David

Strachan proposed that a lack of exposure to bacteria and parasites, specifically during

childhood, may be the cause of the rapid increase in allergy cases, since it prevents proper

development of the immune system. This concept was later termed the “hygiene hypothesis,”

and an increasing number of studies have explored whether the development of many

diseases, not just allergies, can be explained by this hypothesis. There is now a large amount

of very solid evidence, which we’ll examine in the following chapters, supporting Dr. Strachan’s

proposal as generally correct. What remains less clear is what exact factors are responsible for

this lack of microbial exposure. For his study on allergies, Dr. Strachan concluded that

“declining family size, improvements in household amenities, and higher standards of personal

cleanliness” contributed to this reduced contact with microbes. While this may be true, there

are many other modern-life changes that have an even stronger impact on our exposure to



microbes.One of these changes can be attributed to the use, overuse, and abuse of antibiotics

—chemicals that are designed to indiscriminately kill bacterial microbes. Definitely one of, if not

the greatest discovery of the twentieth century, the emergence of antibiotics marked a

watershed before-and-after moment in modern medicine. Prior to the advent of antibiotics, 90

percent of children would die if they contracted bacterial meningitis; now most cases fully

recover, if treated early. Back then, a simple ear infection could spread to the brain, causing

extensive damage or even death, and most modern surgeries would not even be possible to

contemplate. The use of antibiotics, however, has become far too commonplace. Between the

years 2000 and 2010 alone there was a 36 percent increase in the use of antibiotics

worldwide, a phenomenon that appears to follow the economic growth trajectory in countries

such as Russia, Brazil, India, and China. One troubling thing about these numbers is that the

use of antibiotics peaks during influenza virus infections, even though they are not effective

against viral infections (they are designed to kill bacteria, not viruses).Antibiotics are also

widely used as growth supplements in agriculture. Giving cattle, pigs, and other livestock low

doses of antibiotics causes significant weight gain in the animals and, subsequently, an

increase in the meat yield per animal. This practice is now banned in Europe, but is still legal in

North America. It seems that antibiotic overuse in humans, especially in children, is

inadvertently mimicking what occurs in farm animals: increased weight gain. A recent study of

65,000 children in the US showed that more than 70 percent of them had received antibiotics

by age two, and that those children averaged eleven courses of antibiotics by age five.

Disturbingly, children who received four or more courses of antibiotics in their first two years

were at a 10 percent higher risk of becoming obese. In a separate study, epidemiologists from

the Centers for Disease Control and Prevention (CDC) found that states in the US with higher

rates of antibiotics use also have higher rates of obesity.While these studies didn’t prove that

antibiotics directly cause obesity, the consistency in these correlations, as well as those

observed in livestock, prompted scientists to have a closer look. What they found was

astonishing. A simple transfer of intestinal bacteria from obese mice into sterile (“germ-free”)

mice made these mice obese, too! We’ve heard before that many factors lead to obesity:

genetics, high-fat diets, high-carb diets, lack of exercise, etc. But bacteria—really? This raised

skepticism among even the biggest fanatics in microbiology, those of us who tend to think that

bacteria are the center of our world. However, these types of experiments have been repeated

in several different ways and the evidence is very convincing: the presence and absence of

certain bacteria early in life helps determine your weight later in life. Even more troubling is the

additional research that shows that altering the bacterial communities that inhabit our bodies

affects not just weight gain and obesity, but many other chronic diseases in which we

previously had no clue that microbes might play a role.Let’s take asthma and allergies as an

example. We are all witnesses to the rapid increase in the number of children suffering from

these two related diseases. Just a generation ago it was rather unusual to see children with

asthma inhalers in schools. Nowadays, 13 percent of Canadian children, 10 percent of US

children, and 21 percent of Australian children suffer from asthma. Peanut allergies? Thatused

to be incredibly rare, but is now so frequent and so serious that it has led to peanut-free

schools and airplanes. As with the obesity research, it is now evident that receiving antibiotics

during childhood is associated with an increased risk of asthma and allergies.Our laboratory at

the University of British Columbia became very interested in this concept and decided to do a

simple experiment. As had been observed with humans, giving antibiotics to baby mice made

them more susceptible to asthma, but what we observed next left us in awe. If the same

antibiotics were given when the mice were weaned and no longer in the care of their mothers,



there was no effect in susceptibility to asthma. There appeared to be a critical window of time,

early in life, during which antibiotics had an effect on the development of asthma. When given

orally, the antibiotic that we chose, vancomycin, kills only intestinal bacteria, and does not get

absorbed into the blood, lungs, or other organs. This finding implied that the antibiotic-driven

change in the intestinal bacteria caused the increase in the severity of asthma, a disease of

the lungs! This experiment, as well as others from several different labs, came to the same

conclusion: modifying the microbes that live within us at the beginning of our life can have

drastic and detrimental health effects later in life. The discovery that this early period in life is

so vulnerable and so important tells us that it’s crucial to identify the environmental factors that

are disturbing the microbial communities that inhabit us during childhood.One of these factors

has been observed by comparing children raised on rural farms to those raised in a city.

Several studies have shown that exposure to a farming environment makes children less likely

to develop asthma, even children from families with a history of asthma, and scientists are now

beginning to learn why. Farm-raised children are exposed to more animals, more time outside,

and a lot more dirt (and feces!), all things that are known to stimulate the immune system. A

critical part of the training and development of the immune system occurs in the first years of

life. Asthma, characterized by a hyperactive immune system, seems to have a higher chance of

developing in a child with a limited exposure to these immune stimulants, because without

them, the immune system does not have all the tools for proper development. By cleaning up

our children’s environments, we prevent their immune systems from maturing in the way they

have for millions of years before us: with lots and lots of microbes. Life for our ancestors

involved massive exposure to microbes from the environment, food, water, feces, and many

other diverse sources. Compare that to our current way of life, where meat comes on sterile

Styrofoam pans wrapped in plastic wrap, and our water is treated and processed until it’s free

of nearly all microbes.Kids Will Be KidsA friend, Julia, moved to a small free-range pig and

poultry farm when her first child was a preschooler. She observed firsthand how differently a

kid grows up in a city and on a farm. She has always been outdoorsy, so even when she was

living in the city she would let Jedd, her oldest child, play outside a lot. They would go to parks

and playgrounds, where she would encourage Jedd to get dirty, play in sandboxes and mud

puddles—she even allowed him to put (safe-sized) objects in his mouth, like big rocks or

leaves. Her outdoorsy nature, she thought, would make their transition to rural life easier, and it

did in many ways. But nothing prepared her for the things she’s seen her kids do on their farm.

When her second baby was born, she would strap him on her back every morning so she

could go to their chicken coop to pick up eggs. Jedd, timid with the animals at first, was now

chasing and riding the chickens, tasting their feed and touching the fresh eggs. A couple of

times she even caught him chewing on something he had picked up from the ground. Anyone

who has stepped inside a chicken coop knows what’s on the floor, so she’s pretty sure Jedd

has tasted chicken droppings at least a few times. Clearly, Julia freaked out at first, but it’s hard

to prevent a five-year-old boy from getting dirty when you’re busy working and looking after a

second child. After realizing that Jedd wasn’t getting sick from his newly acquired tastes of the

farm, Julia relaxed a bit. Jedd, now eight years old, is responsible for gathering the eggs every

morning. Newly laid eggs are often soiled and he doesn’t wear gloves. He washes his hands

when he’s done, but it’s impossible that some of that stuff hasn’t made it into his mouth.Julia’s

second child, Jacob, was born and raised on the farm and, like his big brother, he was never

the slightest bit hesitant to get dirty. He was once found playing knee-deep in a cesspool of pig

waste. At fourteen months he swallowed a handful of fresh chicken droppings as Julia rushed

towards him to prevent it. Her initial worry that her children were going to contract a disease



from all this messiness dissipated as her kids remained healthy.Nowadays, with her third baby

strapped on her back, she doesn’t even flinch at the sight of the two older boys doing what all

farm kids do: getting very, very dirty. Every single day, they come home with dirt, poop,

feathers, and who knows what else caked onto their skin and clothes. They try their best to

keep their farm boots for outdoor use only, but it inevitably happens that dirty boots make it

onto the living room carpet. Julia makes sure to wash their hands before they eat and they

rarely miss a daily bath (the color of the bathwater is a constant reminder of why daily baths

are mandatory in their house).Even if they play outside a lot, most children growing up in urban

environments rarely ever reach the level of dirtiness that Julia’s kids experience on a daily

basis. From this perspective, a farm kid (and his microbes) is very different from a city kid. We

are by no means suggesting that we should all allow our kids to play with animal waste, as they

could become sick from this. But farms in general provide a microbe-rich environment that has

proven beneficial for the development of the immune system, and that really is akin to the way

we used to live, which has been seriously altered only in the past few generations.The vast

majority of children have something in common with Jedd and Jacob, in that they all seek out

dirt and enjoy getting messy and sucking on things. Why is that? Our natural behavior in the

early years of life definitely tries to maximize our exposure to microbes: babies are in direct

contact with maternal skin while breastfeeding, they are constantly putting their hands, feet,

and every imaginable object in their mouths. Crawlers and early walkers have their hands all

over the floor, and then in their mouths. It often seems that they’re waiting for the few seconds

that parents take their eyes off them to almost magically find and put the dirtiest thing they can

reach in their drool-dripping mouths. It makes us wonder: Are kids instinctually drawn to

microbes?Older kids love digging in the dirt, picking up worms, rolling on the ground, catching

frogs and snakes, etc. Perhaps this is actually natural behavior designed to populate kids with

even more microbes. Children rarely hesitate to lick anything or anyone. As would be expected,

children also suffer more infections than adults. Their vacuum-like behavior ensures that they

taste the microbial world andsubsequently train their immune system to react to it accordingly.

If they encounter a disease-causing microbe, also known as a pathogen, their immune system

detects it, reacts to it in the form of sickness, and then tries hard to remember it so that their

body can prevent it from causing disease the next time this pathogen makes a visit. When the

immune system encounters a harmless microbe—and the vast majority of microbes are

harmless—it detects it and, through a series of mechanisms that science does not yet fully

understand, decides to ignore or tolerate it. Thus, if children’s lifestyles and behaviors dictate a

limited exposure to these training events, their immune system will be partially immature and

will not learn how to properly react to a pathogen or how to tolerate harmless microbes. The

consequence of missing out on this early training appears to be that, later in life, the immune

system may react too fiercely to these harmless microbes, which could trigger inflammatory

responses in various organs of the body. This contributes to the appearance of “developed

country diseases” (like asthma and obesity) that are becoming so prevalent today.Microbes to

the RescueHelping develop our immune systems is only part of what microbes do for us. They

are in charge of digesting most of our food, including fiber and complex proteins, and chopping

them into more digestible forms. They also supply the essential vitamins B and K by

synthetizing them from scratch, something our own metabolism cannot do. Without the vitamin

K from microbes, for example, our blood would not coagulate.Good bacteria and other

beneficial microbes also help us combat disease-causing microbes. Experiments in our lab

have shown that infections from Salmonella, a diarrhea-causing bacterium, are far worse when

antibiotics are given before the infection actually occurs. Similarly, many of us have



experienced the side effects of a long bout of antibiotics: abdominal cramps and watery

diarrhea. The microbes we harbor live in a balanced state that provides us with so many

benefits, all in exchange for a portion of our daily calories and a warm, dark place to live with

regular feeding and watering.But changes in our modern lifestyles are altering this balance,

especially during a critical window in early life. In many developed countries, about 30 percent

of babies are born by cesarean section, antibiotic usage is a lot more frequent, and most

children do not suffer serious infections thanks to vaccines. Far from suggesting that any of

these things should be avoided, our aim is to educate parents, as well as parents-to-be,

grandparents, and caregivers, about the potentially life-changing decisions we make on a daily

basis by raising children in an environment that’s much cleaner than ever before. As parents

ourselves, we understand that most of us do the best we can with what we have, and it is not

our intention to dictate how other people should raise their children. However, as

microbiologists, we are becoming increasingly aware of the key role our resident microbes

have in shaping our bodies’ development. The microbial communities of babies and young

children are being altered in ways that may make them sicker later in life, by the very same

practices intended to keep them healthy. Talk about a double-edged sword!The scientific

community is just beginning to grasp this new knowledge, and the general public is just starting

to hear about it in news articles of (often misinterpreted) studies. Preventing serious illnesses

should always be one of our biggest concerns, but we can also do a great deal to try to

distinguish between a necessary intervention, such as giving an antibiotic to fight a life-

threatening bacterial infection, and an unnecessary and hyperhygienic practice, such as

applying antimicrobial hand sanitizers every time a child plays outside. Not all children will or

should be raised like Jedd or Jacob, but we can certainly change those unneeded aspects of

our far-too-clean world.In our classical training as microbiologists, we studied only the

microbes that cause diseases and the ways to kill them. Now we acknowledge that we have,

for many years, ignored the vast majority of microbes that keep us healthy. Our research labs

are changing focus, and we are beginning to think it’s time for everyone to become better hosts

to our microbial guests. --This text refers to an out of print or unavailable edition of this
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ReadingIndexPrefaceWe all want what is best for our kids. The problem is that there is no

perfect handbook on how to raise them, nor is there any one best way, either. We read books

and articles, talk to friends, and try to remember (or forget!) how our parents raised us. Both of



us have children and have struggled and muddled through the parenting process the same

way everyone does. We are also scientists who have worked with microbes for many years,

and we couldn’t help but consider how these ever-present microbes influence development as

we raised our children. At first we studied microbes that cause disease, and we feared them

just like anyone else. But more recently we began taking notice of all the other microbes that

live in and on us—our “microbiota.” As we continue to study the microbiota of humans, it is

becoming clear that our exposure to microbes is most important when we’re kids. At the same

time, modern lifestyles have made childhood much cleaner than ever before in human history,

and this is taking a huge toll on our microbiota—and our lifelong health.The genesis of this

book came from the realization that the studies in our lab—and the labs of several other

researchers—prove that microbes really do impact a child’s health. What shocked us most was

how early this starts—the first one hundred days of life are critical. We knew microbes played a

role in well-being, but we had no idea how soon this role began.Several other factors

converged to help convince us to write this book. Claire has young children, and all of her

young parent friends were extremely interested in the concept of microbes and how they might

affect their kids. Whenever we tell other parents about our work, the questions never cease—

Do I need to sterilize their bottles every time? What kind of soap should I use? We realized that

there are many questions out there about microbes . . . and a lot of wrong information.Brett is

married to a pediatric infectious disease specialist (Jane) who was constantly suggesting

articles and findings about how microbes affect kids, which led us to realize that since this was

such a new field, there was no one source parents could turn to if they wanted to learn more.

Not to mention that scientific articles are usually dry, terse things with lots of jargon and,

frankly, are terribly boring. However, this new area of research has a lot to offer to people

raising children who are not likely to get this important information from dense scientific papers

or from studies often misinterpreted by the press. There is a lot of information being produced

by some of the best scientists in the world, which we consider extremely useful for the day-to-

day decisions we make while raising our children, so we felt compelled to gather it all in one

book and make it accessible to the everyday parent.We start off by explaining a bit about

microbes, and then explore what happens to a pregnant woman’s body in terms of her

microbiota and how it affects her child(ren) for life. We then discuss the delivery process,

breastfeeding, solid foods, and the first years of life from a microbial perspective. In the middle

of the book we cover lifestyle issues (Should I get a pet? What do I do with a dropped

pacifier?) and the use of antibiotics. The latter part of the book features chapters dealing with

specific diseases that are growing by leaps and bounds in our society, and the microbes that

seem to affect them. These include obesity, asthma, diabetes, intestinal diseases, behavioral

and mental health disorders such as autism, and a whole array of diseases in which, even five

years ago, we had no clue microbes might be involved. Readers may want to skip over

particular chapters if you feel that they are not applicable to you. However, each one is full of

information that will educate you about the processes involved in these health issues. We think

the section on the gut–brain connection (chapter 14) is particularly interesting in its exploration

of how microbes might affect the brain and mental disorders. We finish the book with a

discussion on vaccines and a futuristic view of what we can expect in terms of new therapies

and medical interventions in the next few years. Each chapter ends with a few Dos and Don’ts

—these are not meant to be comprehensive medical advice, but suggestions about things to

do (or not do) that are based on current scientific evidence.What we have learned in writing

this book, and what we hope to convince readers of, is that microbes play a very large part in

our children’s lives. Even as scientists in the field, we were stunned to discover some of the



profound roles these microscopic bugs have in normal childhood development. No doubt many

of these findings, and many more to come, will have a major impact on how we think about

raising our children.—B. Brett Finlay and Marie-Claire ArrietaPART ONEWe Are More Microbe

Than Human1: Children Are Microbe MagnetsMicrobes: Kill Them All!Microbes are the

smallest forms of life on Earth. They encompass bacteria, viruses, protozoa, and other types of

organisms that can be seen only with a microscope. Microbes are also the oldest and most

successful forms of life on our planet, having evolved long before plants and animals (plants

and animals actually evolved from bacteria). Although invisible to the naked eye, they play a

major role in life on Earth. There are an astounding 5 x 1030 (that’s 5 followed by 30 zeroes!)

bacteria on Earth (for comparison, there are “only” 7 x 1021 stars in the universe). Collectively,

these microbes weigh more than all the plants and animals on the entire planet combined.

They can live in the harshest and most inhospitable environments, from the Dry Valleys of

Antarctica to the boiling hydrothermal vents on the seafloor—they can even thrive in

radioactive waste. Every form of life on Earth is covered in microbes in a complex yet usually

harmonious relationship, making germophobia the most futile of phobias. Unless you live in a

sterile bubble without any contact with the outside world (which is a time-limited proposition;

see Bubble Boy, page 15), there is no escaping microbial life—we live in a world coated in a

veneer of microbes. For every single human cell in our bodies, there are ten bacterial cells

inhabiting us; for every gene in our cells, there are one-hundred fifty bacterial genes, begging

the question: Do they inhabit us or is it really the other way around?While in its mother’s womb

a baby is for the most part sterile, but at the moment of birth it receives a big load of microbes,

mainly from its mother—a precious first birthday gift! Within seconds, the baby is covered in

microbes from the very first surfaces it touches. Babies born vaginally encounter vaginal and

fecal microbes, whereas babies born via C-section pick up microbes from the maternal skin

instead. Similarly, babies born at home are exposed to very different microbes than if they are

born in hospitals, and different homes (and hospitals) have different microbes present.Why

does all this matter? Well, until very recently hardly anyone thought it did. Until recently,

whenever we thought of microbes—especially around babies—we considered them only as

potential threats and were concerned with getting rid of them, and it’s no surprise why. In the

past century, we have experienced the benefits of medical advances that have reduced the

number and the degree of infections we suffer throughout life. These advances include

antibiotics, antivirals, vaccinations, chlorinated water, pasteurization, sterilization, pathogen-

free food, and even good old-fashioned handwashing. The quest of the past hundred years has

been to get rid of microbes—the saying was “the only good microbe is a dead one.”This

strategy served us remarkably well; nowadays, dying from a microbial infection is a very rare

event in developed countries, whereas only a hundred years ago, seventy-five million people

died worldwide over a span of two years from the H1N1 influenza virus, also known as the

Spanish flu. We have become so efficient at avoiding infections that the appearance of a

dangerous strain of Escherichia coli (aka E. coli) in a beef shipment or Listeria monocytogenes

in spinach leads to massive recalls and exportation bans, along with accompanying media

hysteria. Microbes scare all of us, and rightly so since some of them are truly dangerous. As a

result, with very few controlled exceptions such as yogurt or beer, we often think that the

presence of microbes in something renders it undesirable for human use. The word

antimicrobial is a sales feature in soaps, skin lotions, cleaning supplies, food preservatives,

plastics, and even fabrics. However, only about one hundred species of microbes are known to

actually cause diseases in humans; the vast majority of the thousands of species that inhabit

us do not cause any problems, and, in fact, seem to come with serious benefits.At first glance,



our war on microbes, along with other medical advances, has truly paid off. In 1915 the

average life span in the US was fifty-two years, about thirty years shorter than it is today. For

better or for worse, there are almost four times more humans on this planet than there were

just a hundred years ago, which translates to an incredibly accelerated growth in our historic

timeline. Evolutionarily speaking, we’ve hit the jackpot. But at what price?Revenge of the

MicrobesThe prevalence of infectious diseases declined sharply after the emergence of

antibiotics, vaccines, and sterilization techniques. However, there has been an explosion in the

prevalence of chronic non-infectious diseases and disorders in developed countries. One hears

about these in the news all the time since they’re very common in industrialized nations, where

alterations to our immune system play an important role in their development. They include

diabetes, allergies, asthma, inflammatory bowel diseases (IBDs), autoimmune diseases,

autism, certain types of cancer, and even obesity. The incidence of some of these disorders is

doubling every ten years, and they are starting to appear sooner in life, often in childhood.

They are our new epidemics, our modern-day bubonic plague. (By contrast, these diseases

have remained at much lower levels in developing countries, where infectious diseases and

early childhood mortality are still the major problems.) Most of us know someone suffering from

at least one of these chronic illnesses; due to this prevalence, researchers have focused their

attention on identifying the factors that cause them. What we know now is that although all of

these diseases have a genetic component to them, their increased pervasiveness cannot be

explained by genetics alone. Our genes simply have not changed that much in just two

generations—but our environment sure has.About twenty-five years ago a short scientific

article published by an epidemiologist from London attracted a lot of attention. Dr. David

Strachan proposed that a lack of exposure to bacteria and parasites, specifically during

childhood, may be the cause of the rapid increase in allergy cases, since it prevents proper

development of the immune system. This concept was later termed the “hygiene hypothesis,”

and an increasing number of studies have explored whether the development of many

diseases, not just allergies, can be explained by this hypothesis. There is now a large amount

of very solid evidence, which we’ll examine in the following chapters, supporting Dr. Strachan’s

proposal as generally correct. What remains less clear is what exact factors are responsible for

this lack of microbial exposure. For his study on allergies, Dr. Strachan concluded that

“declining family size, improvements in household amenities, and higher standards of personal

cleanliness” contributed to this reduced contact with microbes. While this may be true, there

are many other modern-life changes that have an even stronger impact on our exposure to

microbes.One of these changes can be attributed to the use, overuse, and abuse of antibiotics

—chemicals that are designed to indiscriminately kill bacterial microbes. Definitely one of, if not

the greatest discovery of the twentieth century, the emergence of antibiotics marked a

watershed before-and-after moment in modern medicine. Prior to the advent of antibiotics, 90

percent of children would die if they contracted bacterial meningitis; now most cases fully

recover, if treated early. Back then, a simple ear infection could spread to the brain, causing

extensive damage or even death, and most modern surgeries would not even be possible to

contemplate. The use of antibiotics, however, has become far too commonplace. Between the

years 2000 and 2010 alone there was a 36 percent increase in the use of antibiotics

worldwide, a phenomenon that appears to follow the economic growth trajectory in countries

such as Russia, Brazil, India, and China. One troubling thing about these numbers is that the

use of antibiotics peaks during influenza virus infections, even though they are not effective

against viral infections (they are designed to kill bacteria, not viruses).Antibiotics are also

widely used as growth supplements in agriculture. Giving cattle, pigs, and other livestock low



doses of antibiotics causes significant weight gain in the animals and, subsequently, an

increase in the meat yield per animal. This practice is now banned in Europe, but is still legal in

North America. It seems that antibiotic overuse in humans, especially in children, is

inadvertently mimicking what occurs in farm animals: increased weight gain. A recent study of

65,000 children in the US showed that more than 70 percent of them had received antibiotics

by age two, and that those children averaged eleven courses of antibiotics by age five.

Disturbingly, children who received four or more courses of antibiotics in their first two years

were at a 10 percent higher risk of becoming obese. In a separate study, epidemiologists from

the Centers for Disease Control and Prevention (CDC) found that states in the US with higher

rates of antibiotics use also have higher rates of obesity.While these studies didn’t prove that

antibiotics directly cause obesity, the consistency in these correlations, as well as those

observed in livestock, prompted scientists to have a closer look. What they found was

astonishing. A simple transfer of intestinal bacteria from obese mice into sterile (“germ-free”)

mice made these mice obese, too! We’ve heard before that many factors lead to obesity:

genetics, high-fat diets, high-carb diets, lack of exercise, etc. But bacteria—really? This raised

skepticism among even the biggest fanatics in microbiology, those of us who tend to think that

bacteria are the center of our world. However, these types of experiments have been repeated

in several different ways and the evidence is very convincing: the presence and absence of

certain bacteria early in life helps determine your weight later in life. Even more troubling is the

additional research that shows that altering the bacterial communities that inhabit our bodies

affects not just weight gain and obesity, but many other chronic diseases in which we

previously had no clue that microbes might play a role.Let’s take asthma and allergies as an

example. We are all witnesses to the rapid increase in the number of children suffering from

these two related diseases. Just a generation ago it was rather unusual to see children with

asthma inhalers in schools. Nowadays, 13 percent of Canadian children, 10 percent of US

children, and 21 percent of Australian children suffer from asthma. Peanut allergies? That used

to be incredibly rare, but is now so frequent and so serious that it has led to peanut-free

schools and airplanes. As with the obesity research, it is now evident that receiving antibiotics

during childhood is associated with an increased risk of asthma and allergies.Our laboratory at

the University of British Columbia became very interested in this concept and decided to do a

simple experiment. As had been observed with humans, giving antibiotics to baby mice made

them more susceptible to asthma, but what we observed next left us in awe. If the same

antibiotics were given when the mice were weaned and no longer in the care of their mothers,

there was no effect in susceptibility to asthma. There appeared to be a critical window of time,

early in life, during which antibiotics had an effect on the development of asthma. When given

orally, the antibiotic that we chose, vancomycin, kills only intestinal bacteria, and does not get

absorbed into the blood, lungs, or other organs. This finding implied that the antibiotic-driven

change in the intestinal bacteria caused the increase in the severity of asthma, a disease of

the lungs! This experiment, as well as others from several different labs, came to the same

conclusion: modifying the microbes that live within us at the beginning of our life can have

drastic and detrimental health effects later in life. The discovery that this early period in life is

so vulnerable and so important tells us that it’s crucial to identify the environmental factors that

are disturbing the microbial communities that inhabit us during childhood.One of these factors

has been observed by comparing children raised on rural farms to those raised in a city.

Several studies have shown that exposure to a farming environment makes children less likely

to develop asthma, even children from families with a history of asthma, and scientists are now

beginning to learn why. Farm-raised children are exposed to more animals, more time outside,



and a lot more dirt (and feces!), all things that are known to stimulate the immune system. A

critical part of the training and development of the immune system occurs in the first years of

life. Asthma, characterized by a hyperactive immune system, seems to have a higher chance of

developing in a child with a limited exposure to these immune stimulants, because without

them, the immune system does not have all the tools for proper development. By cleaning up

our children’s environments, we prevent their immune systems from maturing in the way they

have for millions of years before us: with lots and lots of microbes. Life for our ancestors

involved massive exposure to microbes from the environment, food, water, feces, and many

other diverse sources. Compare that to our current way of life, where meat comes on sterile

Styrofoam pans wrapped in plastic wrap, and our water is treated and processed until it’s free

of nearly all microbes.Kids Will Be KidsA friend, Julia, moved to a small free-range pig and

poultry farm when her first child was a preschooler. She observed firsthand how differently a

kid grows up in a city and on a farm. She has always been outdoorsy, so even when she was

living in the city she would let Jedd, her oldest child, play outside a lot. They would go to parks

and playgrounds, where she would encourage Jedd to get dirty, play in sandboxes and mud

puddles—she even allowed him to put (safe-sized) objects in his mouth, like big rocks or

leaves. Her outdoorsy nature, she thought, would make their transition to rural life easier, and it

did in many ways. But nothing prepared her for the things she’s seen her kids do on their farm.

When her second baby was born, she would strap him on her back every morning so she

could go to their chicken coop to pick up eggs. Jedd, timid with the animals at first, was now

chasing and riding the chickens, tasting their feed and touching the fresh eggs. A couple of

times she even caught him chewing on something he had picked up from the ground. Anyone

who has stepped inside a chicken coop knows what’s on the floor, so she’s pretty sure Jedd

has tasted chicken droppings at least a few times. Clearly, Julia freaked out at first, but it’s hard

to prevent a five-year-old boy from getting dirty when you’re busy working and looking after a

second child. After realizing that Jedd wasn’t getting sick from his newly acquired tastes of the

farm, Julia relaxed a bit. Jedd, now eight years old, is responsible for gathering the eggs every

morning. Newly laid eggs are often soiled and he doesn’t wear gloves. He washes his hands

when he’s done, but it’s impossible that some of that stuff hasn’t made it into his mouth.Julia’s

second child, Jacob, was born and raised on the farm and, like his big brother, he was never

the slightest bit hesitant to get dirty. He was once found playing knee-deep in a cesspool of pig

waste. At fourteen months he swallowed a handful of fresh chicken droppings as Julia rushed

towards him to prevent it. Her initial worry that her children were going to contract a disease

from all this messiness dissipated as her kids remained healthy.Nowadays, with her third baby

strapped on her back, she doesn’t even flinch at the sight of the two older boys doing what all

farm kids do: getting very, very dirty. Every single day, they come home with dirt, poop,

feathers, and who knows what else caked onto their skin and clothes. They try their best to

keep their farm boots for outdoor use only, but it inevitably happens that dirty boots make it

onto the living room carpet. Julia makes sure to wash their hands before they eat and they

rarely miss a daily bath (the color of the bathwater is a constant reminder of why daily baths

are mandatory in their house).Even if they play outside a lot, most children growing up in urban

environments rarely ever reach the level of dirtiness that Julia’s kids experience on a daily

basis. From this perspective, a farm kid (and his microbes) is very different from a city kid. We

are by no means suggesting that we should all allow our kids to play with animal waste, as they

could become sick from this. But farms in general provide a microbe-rich environment that has

proven beneficial for the development of the immune system, and that really is akin to the way

we used to live, which has been seriously altered only in the past few generations.The vast



majority of children have something in common with Jedd and Jacob, in that they all seek out

dirt and enjoy getting messy and sucking on things. Why is that? Our natural behavior in the

early years of life definitely tries to maximize our exposure to microbes: babies are in direct

contact with maternal skin while breastfeeding, they are constantly putting their hands, feet,

and every imaginable object in their mouths. Crawlers and early walkers have their hands all

over the floor, and then in their mouths. It often seems that they’re waiting for the few seconds

that parents take their eyes off them to almost magically find and put the dirtiest thing they can

reach in their drool-dripping mouths. It makes us wonder: Are kids instinctually drawn to

microbes?Older kids love digging in the dirt, picking up worms, rolling on the ground, catching

frogs and snakes, etc. Perhaps this is actually natural behavior designed to populate kids with

even more microbes. Children rarely hesitate to lick anything or anyone. As would be expected,

children also suffer more infections than adults. Their vacuum-like behavior ensures that they

taste the microbial world and subsequently train their immune system to react to it accordingly.

If they encounter a disease-causing microbe, also known as a pathogen, their immune system

detects it, reacts to it in the form of sickness, and then tries hard to remember it so that their

body can prevent it from causing disease the next time this pathogen makes a visit. When the

immune system encounters a harmless microbe—and the vast majority of microbes are

harmless—it detects it and, through a series of mechanisms that science does not yet fully

understand, decides to ignore or tolerate it. Thus, if children’s lifestyles and behaviors dictate a

limited exposure to these training events, their immune system will be partially immature and

will not learn how to properly react to a pathogen or how to tolerate harmless microbes. The

consequence of missing out on this early training appears to be that, later in life, the immune

system may react too fiercely to these harmless microbes, which could trigger inflammatory

responses in various organs of the body. This contributes to the appearance of “developed

country diseases” (like asthma and obesity) that are becoming so prevalent today.Microbes to

the RescueHelping develop our immune systems is only part of what microbes do for us. They

are in charge of digesting most of our food, including fiber and complex proteins, and chopping

them into more digestible forms. They also supply the essential vitamins B and K by

synthetizing them from scratch, something our own metabolism cannot do. Without the vitamin

K from microbes, for example, our blood would not coagulate.Good bacteria and other

beneficial microbes also help us combat disease-causing microbes. Experiments in our lab

have shown that infections from Salmonella, a diarrhea-causing bacterium, are far worse when

antibiotics are given before the infection actually occurs. Similarly, many of us have

experienced the side effects of a long bout of antibiotics: abdominal cramps and watery

diarrhea. The microbes we harbor live in a balanced state that provides us with so many

benefits, all in exchange for a portion of our daily calories and a warm, dark place to live with

regular feeding and watering.But changes in our modern lifestyles are altering this balance,

especially during a critical window in early life. In many developed countries, about 30 percent

of babies are born by cesarean section, antibiotic usage is a lot more frequent, and most

children do not suffer serious infections thanks to vaccines. Far from suggesting that any of

these things should be avoided, our aim is to educate parents, as well as parents-to-be,

grandparents, and caregivers, about the potentially life-changing decisions we make on a daily

basis by raising children in an environment that’s much cleaner than ever before. As parents

ourselves, we understand that most of us do the best we can with what we have, and it is not

our intention to dictate how other people should raise their children. However, as

microbiologists, we are becoming increasingly aware of the key role our resident microbes

have in shaping our bodies’ development. The microbial communities of babies and young



children are being altered in ways that may make them sicker later in life, by the very same

practices intended to keep them healthy. Talk about a double-edged sword!The scientific

community is just beginning to grasp this new knowledge, and the general public is just starting

to hear about it in news articles of (often misinterpreted) studies. Preventing serious illnesses

should always be one of our biggest concerns, but we can also do a great deal to try to

distinguish between a necessary intervention, such as giving an antibiotic to fight a life-

threatening bacterial infection, and an unnecessary and hyperhygienic practice, such as

applying antimicrobial hand sanitizers every time a child plays outside. Not all children will or

should be raised like Jedd or Jacob, but we can certainly change those unneeded aspects of

our far-too-clean world.In our classical training as microbiologists, we studied only the

microbes that cause diseases and the ways to kill them. Now we acknowledge that we have,

for many years, ignored the vast majority of microbes that keep us healthy. Our research labs

are changing focus, and we are beginning to think it’s time for everyone to become better hosts

to our microbial guests.BUBBLE BOYDavid Vetter was born in 1971 in Houston, Texas, with a

rare genetic disorder that left him without a working immune system. Any contact with a

nonsterile world would mean certain death. Because of this, he was delivered by C-section and

placed in a sterile bubble immediately after his birth. In a controversial medical decision, he

lived in the hospital in a bubble that grew with him. His medical treatment included many

courses of antibiotics to prevent any bacterial infection. Being devoid of bacteria meant that

doctors also had to feed him a special diet, along with the essential vitamins K and B, which

are normally produced by intestinal bacteria. David’s story reflects the impossibility of living

without an immune system in a world full of microbes, as well as a human’s dependence on

microbes and what they produce for us. Sadly, David died at the age of twelve from a viral

infection a few months after a bone marrow transplant was finally performed.2: A Newly

Discovered Organ: The Human MicrobiomeInvisible LifeThe idea of humans being inhabited by

countless microbes invisible to the naked eye is as old as the first microscope. Born in 1632 in

the city of Delft, in what is now the Netherlands, Antoni van Leeuwenhoek was a tradesman

with a special interest in lens making. His desire to see the intricacies of the cloths he

marketed drove him to shape glass rods into spheres using a flame. These almost perfect

spheres allowed him to magnify not just threads, but anything else he wanted to view in great

detail. Although he wasn’t formally trained as a scientist, he was one at heart and he soon

began to put the oddest things under his rudimentary microscopes: water from a creek, blood,

meat, coffee beans, sperm, etc. He methodically wrote everything down and sent his findings

to the Royal Society of London, which began publishing his curiosities-filled letters.One day in

1683, he decided to scrape the white residue between his teeth and place it under his lens,

writing in his notes:An unbelievably great company of living animalcules, a-swimming more

nimbly than any I had ever seen up to this time. The biggest sort (whereof there were a great

plenty) bent their body into curves in going forwards . . . Moreover, the other animalcules were

in such enormous numbers, that all the water . . . seemed to be alive . . . All the people living in

our United Netherlands are not as many as the living animals that I carry in my mouth this very

day.Naturally, Leeuwenhoek’s observations of a never-before described world filled with

microscopic “animalcules” were met with great skepticism and ridicule. It wasn’t until other

British scientists saw it with their own eyes that they began to acknowledge that Leeuwenhoek

was not hallucinating. Leeuwenhoek had written many letters to the Society, but discovering

microscopic life is what sealed his long-lasting fame. As a result of his many discoveries,

Leeuwenhoek is considered the “Father of Microbiology.”Still, these findings remained nothing

more than curiosities of the natural world, with no real connection to human biology until



scientists discovered that those “animalcules” caused diseases. This revelation took place

almost two hundred years later, when Robert Koch, Ferdinand Cohn, and Louis Pasteur each

separately confirmed that diseases such as rabies and anthrax were caused by microbes.

Pasteur’s work also showed that microbes caused the spoilage of milk, and he thus designed

the process known as pasteurization, in which microbes are killed with the use of high heat.

Milk contamination led Pasteur to the idea that microbes could be prevented from entering the

human body, and together with Joseph Lister, they developed the first antiseptic methods.

These began to be widely adopted, with one of them still in use today: Listerine.Avoiding

Contagion at Any CostThe work of Pasteur, Cohn, Koch, and others led to the widespread

knowledge that diseases could be avoided by preventing contact with microbes, and by killing

them, and so the quest to eradicate them began in earnest. Health departments opened in

London, Paris, New York, and other big cities. Garbage, which had previously been left to pile

high on sidewalks, was now collected and disposed of; drinking water was treated; rats and

mice were hunted; sewer systems were built; and people with contagious diseases were often

placed in isolation. It was through all this that the word “bacteria” gained its bad reputation and

inherent connotation of disease, contagion, and plague. Germs were (and still are) entities to

be feared, avoided, and fought.Fast-forward another two hundred years and an equally

astounding discovery is now in progress: in our quest to clean up our world, we have been

killing more microbes than necessary and, ironically, this can make us sick. Why? Because our

bodies know how to properly develop only in the presence of lots of microbes. This

groundbreaking concept significantly expands on what science already knows about the

nonharmful bacteria that inhabit our body: that they aid in the digestion of certain foods, and

that they fabricate certain essential vitamins. However, only very recently have we begun to

comprehend how profoundly necessary microbes are for our normal development and well-

being.Microbes: Partners in EvolutionThe last twenty years of studying microbes has allowed

us to understand that microbes aren’t optional forms of life that live within us; they truly

constitute part of who we are biologically. To get a better grasp on this, we must first

understand that our partnership with microbes is as old as the first species of hominids (our

ancestors), and that the evolutionary changes that hominids experienced were accompanied

by changes in our microbiota, too. Throughout human history there have been only a few

landmark evolutionary bursts (rapid evolutionary changes) that have marked the course of

hominids. Interestingly, two of them can be clearly linked to changes in our intestinal physiology

and thus with our microbiome.As hunters and gatherers (a lifestyle that lasted about 2.5 million

years), our ancestors had no permanent homes, living in temporary shelters with few

possessions so they could easily move from one place to another. Depending on the

geographic region they inhabited, early humans ate different mixtures of meats, roots, tubers,

and fruits—whatever was in season. Then an extremely important event occurred that led to

one of these evolutionary bursts: our ability to control fire and cook food. We completely take it

for granted now, but cooking food made it safer to eat, as heat kills the disease-causing

bacteria that thrive in decomposing meat. It also changes the chemistry of the food itself,

making it much easier to digest and a lot richer in energy. This sudden increase in energy

levels changed everything for humans. No longer did our ancestors have to spend hours

chewing raw food in order to extract enough calories to sustain everyday life. Think of what our

closest relatives in nature, apes, are almost always doing when see them in the zoo or on TV. If

humans hadn’t developed a way to cook food we, too, would have to spend six hours chewing

five kilos of raw food every day to get enough energy to survive, just like our primate cousins

do.The fossil records of humans from this period consist of bones and teeth, making it



impossible to determine what type of microbiota lived in the intestines of ancient hunters and

gatherers. However, anthropologists have been able to show that the change in lifestyle and

diet that resulted from the advent of cooking had anatomical consequences involving the

intestines. As energy intake increased, the intestines of our human ancestors shortened and,

amazingly, their brains grew, too, increasing in size by about 20 percent. Given what we know

today about the link between gut microbes and brain development, it is very likely that intestinal

microbiota had a part in this “sudden” brain growth. Brain enlargement improved our capacity

to hunt, communicate, and socialize. In other words, cooking made us smarter—it made us

human.Another evolutionary landmark occurred about eleven thousand years ago. Certain

groups of humans realized, probably by chance, that fallen grains from the wild wheat stalks

they collected would give rise to more wheat if planted. When humans learned to domesticate

plants for food, they tossed away their nomadic ways for a settled lifestyle. Having crops nearby

meant that previously small tribes of a few dozen humans could grow to a few hundred, which

in turn gave rise to basic traits of civilization, such as trade, written language, and math. If it

weren’t for farming, we would all still be picking berry after berry from bushes and walking

miles every day. The emergence of agriculture coincides with the appearance of the first cities;

inadvertently, agriculture built our modern social structures. This lifestyle change was so

successful that farmers replaced foragers, and these days only a handful of people maintain a

hunter-gatherer way of life.As expected, the lifestyle associated with farming came with major

dietary changes. Humans no longer ate small bites throughout the day with the occasional

feast after a hunt since farmers had a steady and somewhat predictable supply of foods. So

how did this affect our microbiota? By domesticating grains and consequently obtaining most

of their daily calories from their new crops, the diet of farmers became less diverse. Based on

what is currently known about the microbiota’s response to diet, their microbiota likely became

less diverse, too. In fact, comparing the intestinal microbiota of the Hazda people of Tanzania,

one of the few contemporary tribes that relies on foraging, to a modern farmer is like

comparing a rain forest to a desert, in terms of biodiversity. Less diversity in our microbiota is

associated with a number of human diseases, many of which we cover in later

chapters.Although farming has been around for only eleven thousand years (just 0.004 percent

of human history!), physiological changes have also been linked to the agricultural diet, and

some of these changes involve our resident microbes. The new diet brought with it cavities and

other periodontal diseases, mediated by bacteria rarely found in foragers. Our teeth, jaws, and

faces have grown smaller, too, probably because chewing was reduced on such a diet. Some

evolutionary biologists believe that we lived a healthier lifestyle as foragers, and that humans

traded in that healthier lifestyle for food security and more babies (not a bad deal, actually!).

Certain nutritionists have extrapolated from this a recommendation that, in order to promote

health, all modern humans should eat the way hunters and gatherers did, but this has been

debunked by top evolutionary biologists based on the fact that humans have adapted

genetically to the challenges that farming generated (see the Caveman Diet, page 30).What

these two major events in human history teach us is that changes in lifestyle are accompanied

by changes in our microbiota, and that these microbial changes might affect our health for

better (e.g., cooking food and decreasing infections) or worse (e.g., agriculture and less

microbial diversity). Whether we like it or not, we are married to microbes for life, in sickness

and in health, for richer or for poorer.Bugs “R” UsOur microbes are part of what make us

human, but our current way of living and eating, especially in the Western world, has exerted

further changes in our microbiota and in our biology. In the past hundred years, and especially

the last thirty years, humans have learned to process foods to make them tastier, more



digestible, and more shelf-stable than ever before. On top of this, our push to clean up our

world in order to fight infectious diseases, including the use of antibiotics, has further shifted

the composition and diversity of our microbial communities. Double-punching our microbiota

like this has induced huge changes in our intestinal environments and, as we will learn in the

following chapters, on many other aspects of our bodies’ normal functions.In order to

appreciate how the microbiota influences our health, it is important that we discuss certain

basic biological concepts about our microbiota and the organ most of them call home, the

human intestine. The human microbiota consists of bacteria, viruses, fungi, protozoa, and

other forms of microscopic life. They inhabit our skin, oral and nasal cavities, eyes, lungs,

urinary tract, and gastrointestinal tract—pretty much any surface that has exposure to the

outside world. Another term that is frequently used is microbiome, which refers not only to the

identity of all the microbes living within us, but also to what they do. A total of 1014 microbes

are estimated to live in the human body and, as mentioned, the intestinal tract is the biggest

reservoir of microbes, harboring approximately 1013 bacteria. It is this community that

influences us, their host, the most. In fact, unless otherwise noted throughout this book, when

we use the term microbiota, we are referring to the intestinal microbiota. Although bacteria are

approximately twenty-five times smaller than human cells, they account for a significant

amount of our weight. If we were to get rid of our microbiota we would lose around three

pounds, or about the weight of our liver or brain! A single bowel movement is 60 percent

bacteria numbering more than all the people on this globe, a deeply disturbing fact for

germophobes.For microbes, the gastrointestinal system is a fabulous place to live. It’s moist,

full of nutrients, and sticky (allowing microbes to adhere to it), and in many sections it

completely lacks oxygen. Although it seems counterintuitive that any life-form would favor a

place without oxygen, an enormous number of bacterial species either prefer or require such a

place, as this world evolved for billions of years without oxygen. Microbes living without air are

called anaerobes and our gut is packed with them.About 500–1,500 species of bacteria live in

the human gut; the types and numbers vary according to the different sections of the

gastrointestinal system. Starting from the top down, the mouth harbors a diverse and complex

microbiota—the tongue, cheeks, palate, and teeth are all covered in a dense layer of bacteria

known as a biofilm. For example, the dental plaque that dentists remove from our mouths is

one of these biofilms. The stomach, on the other hand, is not the best place for microbes, as it

is as acidic as battery acid. Still, a few bacterial species have adapted to live under such

conditions. Farther down are the small and large intestines, where the number of microbes

continues to increase until we reach the very end of the large intestine. Oxygen follows the

opposite pattern, as it gradually decreases towards the lower portions of the gut, allowing strict

anaerobes (those that die when exposed to the slightest bit of oxygen) to flourish in the large

intestine. The differences in living conditions within the small and large intestines determine the

number and the types of bacteria that reside in each portion of the gut. For example, the

slightly acidic and oxygenated environment in the upper small intestine allows for bacteria that

are tolerant to these conditions, such as the bacteria we often eat in our yogurt, known as

Lactobacilli. Unlike the upper small intestine, the large intestine, also known as the colon,

moves or churns its contents very slowly and produces a lot of mucus, allowing for many more

bacteria to grow, especially those that use mucus for food.Another characteristic of the human

microbiota is its variability between individuals. Although about one-third of bacterial species

are shared between all humans, the rest of them are more specific, making our microbiome

unique like a fingerprint. Similarities in microbiota are highly dependent on diet and lifestyle,

and to a lesser extent, on our genes. For example, identical twins (who share all of their genes)



can have very different microbiotas if one is a vegetarian and the other eats meat. Family

members, including husbands and wives who are not genetically related, tend to have similar

microbiotas due to a shared living environment and diet. Humans also have striking similarities

with the microbiotas of several species of apes, but only those that are omnivores like us.

Mountain gorillas, for example, have a microbiota much more closely related to pandas,

because they both spend their days leisurely eating bamboo.Once established in our intestine,

microbial communities are very stable. Only drastic changes, such as adopting a vegan

lifestyle or moving to a completely different part of the world, will significantly alter your

microbiota. Going on antibiotics for a week to treat an infection will also affect your microbiota,

but only temporarily in most cases. It will generally bounce back to something resembling its

pre-antibiotic state after you finish the treatment and go about your old way of eating. However

—and this is a big however—the microbiota takes about 3–5 years from the time we’re born to

become a fully established community, and during this period it’s very unstable, especially

during the first few months of life. Any drastic changes to it have a very high chance of altering

the microbiota permanently. In fact, it is the early colonizers of the intestinal microbiota that

have a major influence on the type of microbiome we have later in life. Thus, a short-lived event

like a C-section may have long-lasting consequences, since a baby born this way starts with a

very different microbiota than a baby born vaginally. The potential health outcomes and impact

of this type of event during early life has major implications for later health and disease, as

discussed in later chapters.Immune Cell SchoolGiven the strong associations between early-

life alterations to the microbiota and immune diseases later in life, we might ask: What exactly

are microbes doing to us when we’re babies that is so important? As mentioned in the previous

chapter, microbes help us use food that we can’t digest properly, and they also fight off

bacteria capable of causing us harm. We’ve known about these roles for decades, but they are

just the tip of the iceberg. As soon as we’re born and begin getting colonized with bacteria,

bacteria kick-start a series of fundamental biological processes in our body. One of them is the

maturation of the immune system, the network of cells and organs that defend us from

diseases.Before scientists started unraveling the role of the microbiota in immunity, every

doctor and scientist was taught that we’re born with an immature immune system that gets

trained in a small organ called the thymus. Here, immune cells known as T cells—the

strategists of our immune system—are taught who is a friend and who is a foe. This training

boot camp lasts for a few years only, until the thymus disappears, and all our immune cells

have acquired this knowledge. Immunologists deciphered a complex series of mechanisms

showing exactly how this occurs, but they couldn’t explain one big question: How does the

thymus teach immune cells which kinds of bacteria are beneficial and which ones aren’t? After

all, since we’re covered head to toe (also inside and out) with microbes, mostly good ones, how

do immune cells know the difference? The thymus does not interact with bacteria, so where

could it get this information? It turns out this very important aspect of the training doesn’t occur

in the thymus—it happens in our gut.Before we’re born, the lining of our gut is full of immature

immune cells, and as soon as we come into the world and bacteria start moving into their new

home, these immune cells “wake up” almost magically. They start multiplying, they change the

type of activities they do, and they even move to other parts of the body to train other cells with

the information they just received. Experiments with germ-free mice, which are mice that are

born into and kept in a completely microbe-free environment, show that without microbes the

immune system remains immature, sloppy, and unable to fight off diseases properly.Scientists

haven’t figured out exactly how microbes do this at the molecular level, but it is known that

most bacteria will teach these immune cells to tolerate them, whereas some bacteria—the



pathogens that cause disease—have the opposite effect. This makes sense; if our immune

cells started fighting off all bacteria indiscriminately, there would be an out-of-proportion

inflammatory battle between the small quantity of immune cells and the vast numbers of

bacteria right after we’re born. In reality it’s quite the opposite; despite the enormous amount of

bacteria living in the intestine, it’s a relatively controlled and harmonious place. The way this is

achieved is by the microbiota modulating the immune system, allowing most microbes to be

tolerated.Many inflammatory diseases, such as asthma, allergies, and IBD, are characterized

by an overreactive immune response. Knowing what we do now about the importance of

microbiota in immune system development, it’s not surprising that these diseases are being

diagnosed in more and more children. They are, to a great extent, a consequence of the

modern lifestyle changes that are altering the types of microbes that affect the immune system.

There’s a reason immune cells wait for microbes to come and train them right after we’re born:

because this is the way it has happened for millions of years and is the way it will always be.

We need to find ways to modify our modern behavior so that immune cell school can function

properly.Feeding Our Microbes So They Can Feed UsAnother fundamental function of

microbes is to aid in the regulation of our metabolism. Humans, just like any other living animal,

obtain energy from food that is digested and absorbed in the intestines. Besides helping us

digest certain foods that the intestines can’t handle on their own, bacteria produce energy for

us, and the amount they produce is noteworthy. Germ-free mice weigh significantly less than

conventionally raised mice, but once bacteria begin to colonize them they have a 60 percent

weight gain, despite not eating more food than regular mice. One of the mechanisms by which

they accomplish this is a process known as fermentation. Think of the intestine as a bioreactor

where bacteria ferment fiber, carbohydrates, and proteins that were not digested and absorbed

in the small intestine. The end-products of this process are called short-chain fatty acids

(SCFA), and three of them are very important to different aspects of human energy

metabolism: acetate, butyrate, and propionate. Intestinal cells rapidly absorb SCFA and use

them as an energy source to stay fueled. SCFA are also transported very rapidly to the liver,

where they are transformed into critical compounds involved in energy expenditure and energy

storage. SCFA help determine how and when we use the energy obtained from food, and,

importantly, when to store it as fat. Thus, it’s not surprising that alterations in the production of

SCFA have been associated with obesity, both in mice and in humans.SCFA are not

exclusively produced by the microbiota. These compounds are too critical for our metabolism to

rely entirely on bacteria for their production. Still, studies performed on patients genetically

unable to produce propionate have shown that approximately 25 percent of the propionate in

our body is derived from bacterial activity in the gut. The implications of this are significant,

considering that treatment with many types of antibiotics severely alters intestinal SCFA

production. If antibiotics are given during early childhood, especially in the first few months of

life, the risk of experiencing long-lasting metabolic and immune alterations due to abrupt

changes to the microbiota increases dramatically.Scientists haven’t yet figured out all the

functions that our metabolism delegates to the microbiota. Immune training and metabolizing

energy are two essential things that our microbes do for us, but it’s clear that there are more.

Brand-new research shows that the microbiota plays an important role in neurological

development (discussed in chapter 15), and even in the health of our blood vessels. These

types of discoveries have led scientists to call our microbiome a “new organ,” perhaps the last

human organ to be discovered by modern medicine. Although most of this knowledge has just

recently emerged and many pieces of the puzzle remain unsolved, it is evident that protecting

the initial developmental stages of our microbiota has a significant impact in human health.In



the next four chapters we discuss the life stages that are most influential in the development of

the human microbiome, all of which occur during infancy and early childhood. We will explore

how some of the actions parents take during pregnancy and birth, as well as through diet, can

have profound implications in the communities of microbes that are part of our children’s

bodies. With scientific information parents have learned to make better choices when raising

their kids, such as limiting sugar intake and even the amount of time spent in front of the TV.

With our newfound awareness of how important the microbiome is, let’s explore what we might

do as parents to improve our children’s health by caring for their microbes.THE CAVEMAN

DIETThe newest diet fad suggests that eating the way our Paleolithic ancestors did will make

us be healthier and live longer. However, evolutionary biologists don’t agree with this because

it’s not based on current scientific knowledge. Some assumptions of the “paleo diet” include:•

Our ancestors ate mostly meat, and no legumes or grains. Actually, our ancestors ate

incredibly different diets depending on where they lived. One could expect this statement to be

close to the truth in Arctic environments, but in more temperate weather this was not the case.

Biochemical analysis of dental fossil records from this period show that foragers did eat grains

and legumes. Also, the meat we consume today—from domesticated livestock—is completely

different than the wild game our ancestors ate.• Our ancestors did not eat dairy. While this is

generally correct, modern humans from many regions of the world where dairy is consumed

have genetically modified their metabolism to digest and absorb dairy products. In other words,

we have evolved, in a somewhat short period of time, to digest foods that our ancestors didn’t

eat. Our genes have changed since we roamed the savannahs.It is impossible for modern

humans to eat the way our ancestors did because our foods today are completely different

than before. Carrots, broccoli, and cauliflower did not exist back then, and neither did the

leaves used to make salads. All of these are products of agriculture. What certainly is true is

that the typical modern human diet has extremely low diversity and is heavily processed,

compared to food consumed a hundred years ago.In addition, only very recently have people

stopped eating just what is in season and whole foods. These are the dietary changes that

really have an impact on our health, in great part because of the effects on our microbiota. Yes,

eating fewer refined carbohydrates and more vegetables will help you lose weight and feel

better, but this does not reflect our Paleolithic past in the way “paleo” enthusiasts believe it

does.PART TWORaising Babies and Their Microbes3: Pregnancy: Eating for Two? Try Eating

for TrillionsThe Pregnant Microbiota: Another Reason to Eat WellSeeing that positive result on

a pregnancy test changes everything for most women. All of a sudden they’re going to the

bathroom more times than they can count, forgetting where their keys are while they’re holding

them in their hands, falling asleep at work (at 10 a.m.!), feeling full right after a meal, only to

feel famished ten minutes later. From differences in her skin and hair to buying pants in three

sizes within one year, pregnancy is a time of major changes in a woman’s body. In nine short

months, a woman undergoes a series of drastic physiological transformations that nurture a

single fertilized cell into a crying, hungry baby. Many of our organs alter their functions to

facilitate these new biological needs of both the mother and her developing baby. For example,

the liver produces 25–35 percent more fats in order to promote baby growth. Fats, also known

as lipids, are formed as a way to store energy. By naturally adjusting liver metabolism to make

more lipids, a pregnant mother’s body ensures that there will be enough energy for the baby to

grow, and for the future production of milk following delivery.Like the liver, a pregnant woman’s

microbiota also responds to this new state. In fact, experts believe this change is a normal

physiological adaptation to support the growth of the fetus. A recent study showed that the

microbiota of a pregnant woman in her third trimester strikingly resembles the microbiota of an



obese person (just what every pregnant women wants to hear . . . ). Moreover, when the

microbiota of a female mouse in late pregnancy was transferred into a germ-free mouse, the

latter mouse gained a lot of weight, despite not increasing food intake or being pregnant. This

study was carried out in the laboratory of Dr. Ruth Ley at Cornell University in New York, a

scientist at the forefront of the microbiota field. She believes that late pregnancy is an energy-

thirsty period, during which the body takes advantage of the energy-producing machinery of

the microbiome to promote weight gain for the benefit of the mother and her baby. The timing

for this large shift in microbiota couldn’t be better, occurring towards the end of the pregnancy

when babies start packing on the pounds and when women need to start preparing for the

energy demands of breastfeeding.This same study, which sampled ninety-one pregnant

women (the largest to date), also showed that some species of bacteria that were more

predominant in the third trimester of pregnancy were also found in their babies at one month of

age. This suggests that another consequence of the big change in microbiota during

pregnancy is to pass many of these bacteria on to the newborn. It’s fascinating to think that a

woman’s body and her microbiota work together during pregnancy, likely because both benefit

from having a new baby. From a genetic perspective, having babies is the only way to

propagate our genes; from a microbial perspective, a newborn is brand-new real estate where

microbial genes can also multiply and propagate.Another recent study showed that the shifts to

microbiota during pregnancy reflect the amount of weight women gain. According to the

American Institute of Medicine, a woman of normal weight should gain 25–35 pounds during

pregnancy, underweight women should gain 28–40 pounds, and overweight women should

gain only 15–25 pounds. Women who gain more weight than what is considered standard have

distinct changes in their microbiota. Given that a baby inherits many of its mother’s microbes,

and that some of these microbes actually promote weight gain, should we worry about passing

obesity-associated microbes to our babies? Unfortunately, yes. Women need to watch their

weight during pregnancy, especially during the last trimester. Obesity is a complex condition

arising from both genetic and environmental (including microbial) factors (discussed in chapter

10), but it appears that even in cases in which obesity is considered genetic, microbes have a

role in its development. This makes sense, as microbes are directly involved in the way we

break down food and store fats. If you think no one is watching when you give in to that

midnight snack craving, that’s sadly not the case—microbes are watching what we eat at all

times, since it affects them directly!The good news is that, just as we can foster weight-gain

microbes through a poor diet, we can promote the growth of beneficial microbes through a

healthy diet. Although scientists haven’t identified specific microbes associated with leanness

yet, it has been shown that a varied diet that includes fruits, vegetables, and fiber promotes a

diverse microbiota, a characteristic of lean (and healthy) individuals. Thus, you, and your

microbiota, are what you eat—and there is probably no better time to watch your diet than

when you’re pregnant. Bad dietary choices during this stage of life will not only make women

gain more weight than what is considered healthy, they also have the potential to influence a

child’s future ability to control weight. So, next time you walk by a candy machine, don’t listen to

your sugar-loving microbes, and nourish the trillions of microbes that are begging you to grab a

piece of fruit instead.The Vaginal MicrobiotaDuring pregnancy, microbiota adaptation also

occurs in the vagina, an organ that hosts millions of microbes. The composition of this

microbiota influences vaginal health tremendously. Many women develop yeast infections after

being on antibiotics or oral contraceptives (birth control pills alter the pH of the vagina).

Bacterial vaginal infections, also known as vaginoses, are very common. These infections

occur when yeast (often Candida) or bacteria overrun a beneficial group of microbes known as



Lactobacilli, a type of lactic acid bacteria that is very common in the vagina. Lactic acid

bacteria are also used in the dairy industry for the production of yogurt, kefir, cheese, and

buttermilk. Many of them have health benefits and are used as probiotics.
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