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Gut Reactions

. A one-celi-thick wall stands befween us and disaster.
' Escherichia coli, @
! regufar member of
: the intestinal flora.
A By Sherwood L. Gorbach

tthough: ot widely- Fecognied .. |

not the Topic of polite conversaien—our -

testinal tzact, like that of other numimalks. i

the habitat tor an amazingly rich population
of microorganistms. While the intestine of an enibevo
in the uterus is sterile, newborns acquire theie bowed
Hora during passage through the birth canal. As the
diet of the infane changes from nitk-bused tare o a
wore varied dier. the mix of microbes changes, assum-
g ies adule chiaracter by the second year of lite,

This  microtori—mostly  bacteria—is  usually
barmless and occasionally helptul, yet always menacing
as 3 porential source of intection, What separaces us
front invasion by the potential pathogens in our bowel
is a fragile barriee just one cell thick: the incestinal fin-
ing. For most of our lives, we generally coexist peace-
fully with our microfora, Bue it the fntestinal wall s
breached by certitn species of bacteria (these are a mi-
nority of the bowel' rotal populadon), a spreading,
life-threaening infection develops, known since an-
clene times as sepsis.

- The microbial residents of the stomach and moest off
those in the smmall intestine come from the mouth, ar-
riving with saliva and food. These microbes—includ-
ing streptococci, lictobacilli, and a fow fungsl spe-
cies—are relatively sparse, generaily less chun 10,000
microorganisms per millifiter of intestinal contents. In
the lower small intestine (the ileuny), some additional
species from the large intestine (or colon) migrate up,
adding to the resident miicrobes’ numbers and com-
plexity. The maost drimatie change, however. oceurs in
the colon iself, which is separated from the sinall in-
wstine by a sphincterike structure known as the ileo-
ceeal valve,

The colott is replete with microarganisms, mostly
bacreria, with toal numbers in the mnge of
LOGONLO0O,000,000, Thelr dense concengration there
approaches the cheoredcal tinic of what can fit into the
aiven space, More than five hundred different species

of hueteria regularly reside in che colon of every livimg




persont. Funceoning in virtual obscuriny from its host, poisoning bacterium, a targeted antibiotc i used. and

the Hora does its daily work of fermentation and me-  the infection clears up rather prompely. If other memn-

tabolism. The colon is a dark and dank place, virally  bers of the microbial Hora are akso involved. however,

devoid of armospheric oxygen, and its bacteria are  the andbiotic coverage must be expanded to include

! mostly strict anaerobes—that is, they are adapted to broad-spectrum  drugs to treac
live without oxygen and in fact would perish in its  what has become a systemie, life- GLﬁ bﬂmeriﬂ gre
presence. The anaerobes outnumber the other bacte- threatening infecton,
¢ usually harmless.

| ria. such as the well-known Esclierichia cofi, conunonly The third type of bacterial as- My A p

called E. coli, by a factor of 1,000 to 1. Hence, the  sault on our fragile intestinal lining The!r SII’IISTGI’ SIde

calon is 4 one-liter anaerobic fermentation vessel that  oceurs when the host’s fmuune emerges when fhey

reveives nutriencs—undigested  foodstutfs stivh as system is impaired by disease—

grains, complex carbohvdrates, and cellulose—via the malignartes and AIDS being the bre{!ﬁh ?he
: o intestingl wall.
1s the rood side of' the Dr. Jekvlls M. Hyde lite of our by imnunecompromising treat-
colonic bacteria, Their ability to digest nutrients that
have escaped absorption in the small intestine (because
they could not be broken down by the enzyimes there)
provides us with importane sources of energy, proteins,
and vitamins that would otherwise be lost in focal
evacuations.

The sinister side of the Hora is displayed when bae-

teria mamage to penetrate the intestinal wall, causing

LN Y T . cuay o) : (F- . ' . !
PRUNAT OTOPU I oty of ther nall nceerine, This st comimn such nabadies

local destruction and then widespread infection, Per-
haps the most common ways bacteria escape involve
penetration of the bowel by 2 knite or buller wound,
or a crush injury, as in an automobile accident. The
bryach permits the microfiors to spread to the orgins
in the peritoneal cavity and dhe surrounding musele
and far. Damage to the intestinal wall can also be
caused by a disease process in the intestine itselt—tor
example, a perforated appendix or a colon cancer that
has eroded che bowel wall. In ench case, the end result
is an extensive, spreading infection of the abdominal
lining that is known as peritonitis. The free-ranging
- bacteria released from the bowel enter the bloodstream
and produce sepsis, with its accompanying shock syn-
drone (fever, falling blood pressure, and the resultane
compromise of vitl organs, such as the liver and kid-
neys). Since multiple species of bacreria are involved,
broad-spectrum antibiotics must be used to control this
complex infection, along with judicious surgery to re-
pair the bowel wall.

The intestinal wall can also be damaged by incrinsi- ‘
cally virulent bacteria that we consume in contami-  ments,such as ant-cancer drugs and corticosteroids, In  An epithelial cell,
nated or spoiled food or beverages. Salmumelld and  such cases, once the intestinal wall is weakened, the  with its fall microvilf;
berstuia preferentially invade the lower ileum, while  one-cell barrier breaks at multiple sites, eventually dis-  on the border of he
Shiigella, Cumipylobacterand E. cofi 0137:H7 seck our the integrating into 2 porous membrane, The bacterial infestine. Socteria
farge bowel. In the early stages, only the pathogenic  flora, no longer contained, spreads rapidly to the ab-  (nof visibie here)
bacteria thenselves penetrate the bowel wall, but once  deminal cavity and the bloodstream. Previously harm-  reside in the bowei
this dunage has occurred. other memibers of the resi- s microorganisms are thus—ironically—tmanstormed  covity {upper right).

dent Hora may join the invasion and cause more exten-  inro pathogenic agents of disease, threatening the exis-
0

sive disease. In most cases involving 2 specitic food-  tenee of the host,




A brief guide to agents of infection

Viruses

Vieuses come in myriad synumerical shapes but share a general
structure: a core of RNA or DNA surrounded by a protein
shell. Wich no metabolic functions of their own, viruses can sue
vive tor limited periods outside the body aof the host.‘Orﬂy
when they infiltrate living cells do they begin to replicate,
usurping the cell’s genetic machinery o produce a profusion of
viral particles. These “progeny” may burst out of the infected
cell or simply bud off the cell membrane, repeating the process
until they either destroy the host or are overcome by the im-
Mine systeny,

For a single-celled host organism, such as a bacterium, viml
infection is usually lethal (see "Do Viruses Control the
Oceans?” page 48). Plants, oo, are extremely suscepeible:
viruses rank second only
o fungi as crop destroy-
ers. In humans, viral ill-
nesses run the ganut from
inconsequental to major.
At least thirty-five types of
papilloma viruses are re-
sponsible for warts, Rhi-
noviruses  producs the
universal and incurable
common cold. Measles,
_ HIV/AIDS, infAuenza,
dengue hemorrhagic fever, and hepatitis B—zall caused by
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Budding immunodeliciency virtuses

viruses—kill millions annually worldwide (see “The World's
Top Ten Infectious Killers in 19977 page 46). Less widely
known is the fact thar 13 to 20 percent of cancers (including
malignancies of the cervix and liver) are of viml origin (see
“Carching On to Whae’s Catching,” page 34).

In response to a viral invasion, animals produce antibodies
that can, if the host survives, confer intmunity to subsequent in-
fection by that virus, Vaccination with a weakened or noninfec-
tious form of the virus also sumulates production of immunity-
conferring antibodies.

Bacterid

Bits of cvtoplasin surrounded by a2 membrane, bacteria are the
most abundant living things on earth. These unicelular beings
comprise two kingdons—the archaebacteria, found in extreme
environnientss (such s hot seafloor vents), and the eubacteria,
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ubiquitous in soil, water, and both on and in the bedies of ani-
muais. More so than plants, animals are appealing habitat tor bac-
teri, providing the moisture, food, and substrates that these mi-
crobes require for survival. Millions harmiessly colonize our skin
and orifides a5 well as our respiratory and intestina racts. Some
gut bacreria are useti] house guests, providing essential vitamins
and keeping fungi and harinful bacteria in check by conipeting
for space and nutriencs.

Bacteria that are innocucus in one patt of the body may
cause  problems  else-
where—as when incestinal
bacteria escape into the
bladder or peritoneal cav-
iry. Bur most disease bac-
teria come trom the out-
side—such as tuberculosis
bacilli that are inhaled in
motsture droplets. Some
bacteria cannot survive in
afr; Clostridinm tetani, for
example,  seeretes  its
deadly nerve toxing only
after gaining access 1o the
body’s
through puactures, burns,
Stieplccoccus foecalis and

Pathogenic Escherichiv coli

tnrernal  tissues

surgical  wounds,
(a different strain from the E. cofi that normally inhabits our in-
testines} causes internal hemorrhaging when consumed in
contaminated food.

Of the wen major types of infection killing humans today,
five——acute lower respiratory infections, wuberculosis, diarrheal
diseases, whooping cough, and teranus—are caused by bacteria,

Fungi

Fungi—the veasts, molds, smuts, mushrooms. and mildews—
constirute their own kingdont in the natural world, As purvey-
ors of human misery, they ke a backseat 1o bacteria and
viruses. Some live harmlessly in the dead cells of cur nails, hair,
and teet, bue most are scil dwellers, The few that regard humans
as habitar cause znnoving maladies such as yeast intections, ath-
lete’s toot, and the misleadingly named ringworm. As for the
rest, we (and other animals) manages o tend them off with natu-
rally occurring substances in our skin, blood, swear. and saliva.
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A lide over a decade ago, however, 2 key study signaled a
change: researchers found that nearly 40 percent of patients
dying from hospital-acquired infections were being felled by
fungi. The reason was a good news/bad news tale. Most people
with compromised de-
fenses—those  with
AlDS, cancer, organ
transplings, and severe
burns (as well a5 pre-
mature babies}—were
surviving {onger be-
cause  of  improved
srexfiments, Bun o :
such a5 Cundidy {2
commeon inhabitant of
our mouth and other
orifices) were taking
advantage of catheters,
needles, and incisions
to enter the tssues of
these
pressed patients.

Plants are more vul-
nerable than animals to
infection by fungi.
Wind-borne fungal spores have caused such well-known and
devastating epidemics as Dutch elm disease and the potato blighe
that led to the grear [rish famine of the 1840s. Lesser known but
economically significant ailments of today include karnal bune
disease in wheat and root rot in trees, '

Fungi, which compete with other microbes for niches in the
ecosystem, produce chemical defenses to ward off their bacterial
rivals—a conflict that benefited hurnans when fungl defense
chemicals were used to create penicillin, the mighey ancbiotic
that cures bacterial diseases from pneumonia to syphilis.:

Prions

American biochemist Seanley Prusiner won a Nobel Prize in
1997 for his work on proteinaceous infectious particles, which
he nicknamed prions. Unlike dll other pathogens, prions have
neither DNA nor RNA. They are rogue forms of normal pro-
teins found in the brains of healthy birds and mammals. Once a

imnune-sup-

Candida albicans

prion appears {either by mutation or by transmission from an in--

fected individual), it spreads by inducing its nearby normal
counterparts to undergo a similarly malign metamorphosis.
Over the long run, the accumulation of prions destzoys the
brain, riddling it with holes.

All diseases presumed to be cavsed by prions are slow acting
and facal. They have been idendfied in many vertebrates. in-
cluding hununs, cats, mink, deer, and firm animals. The most
conunon i scrapie, transmitted to sheep and goats either in con-
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taminated todder or passed fom mother to offipring. Bovine
spongitorm ¢ncephalopathy, perhaps better known 2s mud cow
disease, Is 2 variant of scrapie. Creuwzfeldt-Jakob disease—a rare
brain atflicion of humans believed by many to be mnocher
scrapie variant—can be inadvertendy transmisted during brain
surgery and organ tansplantation, Kuru, a prion-associated dis-
ease discovered in 1 New Guinean tribe in the 1930s. was ac-
tributed to the ritual practice of eating the brains of the dead.
When the practice was abandoned. kuru vireally disappeared.

Profists b
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ceiled orgunisms thie range i appesrance trom winp-taged ti-
gellates to bloblike amoebas. On average, protists are sbeur a
thousand tinwes larger than bacteria and also differ from them in
thae cheir single cell contains a aucleus. Found worldwide in
soil. oceans, and freshwater, most peotists live by preying on
other, stmaller mi- L

crobes. By doing .
so. they check the
growth of ground-
water bacteria and
toster soil fertilicy,

Many of the
protists are free-
living, while others
cannot survive un-
less they colonize
animal hosts, The
Hagellate  Streblo-
mastiv,  for
ample, lives symbi-
otcally in
intestines of termites, gaining food and shelter and simultarre-
ously helping its host digest wood. Nacpleria fowlert lives inde-
pendendy in North American fakes and streams but is an oppor-
tunist that can cause 1 life-threatening brain infection if it enters
the nose of a human swimmer.

Infection by parasitic protists is not always serious; a large
proportion of people in the Unired States, for inszance, have
been infected by Toxoplusma without even knowing it Some
protists, like Prewtnocystis carinii, run cunpant in hosts with weak-
enzd immwune systems, Sull others are mass killers, devastating the
blood, respiratory, and gastrointessinal systems of their hosts.
Letsinrania, a protist transmiteed to humans by sand fies. damages
the spleen and liver of hundreds of millions of people worldwide.
[ 997 sleeping-sickness trypanosomes in the bloodstream killed
1000 people (and coundess livestock) in Africa, and the phas-
modia that cause malaria are estimated to kill 2.7 million people
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ex- )
frypanosomes ameng blood ceils
the

annually in the Tropics.
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' .-colon (the ‘fivle-.foot-éiohg'!‘!ifg’éi ‘:H
A Stine). That's where the baes
S ey gotowork. . . D
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More thap 5.00C species of

| WHEN THEY BEGIN microbes hang out in this lower L —
TO E AT MEAT; . "+ end of your gut (the name sct- - Miflions of villl; Food [sny really

‘ entists give-to the whole diges- Inslde you untit itg nutrients enter
WA T(H OUT:‘ 1 tive tract from mouth to anug s : v oUr bloodstream, where they're

The bacteria couldn't ask for &, avdllable for ajf Your calls o yse,
better home. .The colon s warm  This absorpfion of Autrients - .

Gur e

—
0

and moist—a perfact environ-, occurs in the small Intestine,
A 4i.;, Tent for growth and reproduc... ;’.‘:"I‘"’s"i We"-eq:f::'pled f;r fh:
. e T L SRR A ii . " job. ower end I3 lined wit
Corpinad from page 18) - 7 tlon. acids thaparhs Done In.._, milions o iy pn e projec.
take that first bite and start the stomach and small intestine. " Yons called vilfy {above). The
chewing the food into s-lma.l.lerl:-__ ", Best of all, it offers & steady . Wwalls of the villl gre only one ceil
pieces. At the same time, diges-"- } food supply. All the microbes  thick, so nutrlents can easily pass
t2v6 enzymes in your saliva start have to do is kick back and wait  through and inte tiny blood ves.
to break the food down chemi. for your leftovers to drop in, sels on the other side.
cally—~into the simple nuzrienss - Then it's feeding time. To . RREN R A
of which it's made. .. these critters, your leftovers .
Having savored your MOM's  ronresent opportunity, not .. . .: RPN
diwork; you swallow, sending - waste. That's because the = - oot e
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the partially digested food to microbes have the enzymas tq L ond

your stomach, where still pther . "break down foods your ... TR P

€nzymes go to work on it to enzymes can't touch, - - - ¢

release more nutrients. Three O . And they do the same .. .. ot i C
, four hours later, the food, now A 1 .

;3hing with their food an

resembling a mashed-yp milky that you do with yours:
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metabolize nutrients, but it exits
our bodies via our lungs.) = - -
You may be
of the bacteria's gases: nitrogen,
1. exygen, carbon dioxide, hydro-
"gen, and methane, They make up

. Most of the air you breathe, and
2 good 92 percent of the “atmo-
sphere” in your large intestine.
© But they're not the ones that

shisdr umy
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. you have to wateh out for. -
- No one's exactly sure which
of the other 200 trace gases is
the stinker. The ‘prime sus--
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tndole (both by-products of ©
brotein digestion) and syl
Jide gases, which are
. i responsible for the smell of

Yy Ty ._'?." S ;_‘
' WHAT CAR § BOT (56 {:
. Maiybe you're thinking .

¥ 2iyoll can stop this nasty busi< -

-y refusing to faed thern the -
Yoods'they like' {anything

U can't digest, that is):: - . -
2 tie b “fiews:
4s.T00ds contain at least some
14 indigestible fiber

by refusing

fiber for bacte¥ 3|
“riato feast on. And 11_:_‘ =
Jrouldn't{ be very healthy ¢ -
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familiar with some

i, smell. It's the other one percent:

- ness—kill off the bacteria '] p
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brevent certain kinds of cancer
. and may prevent heart diseasa,
The good news: Scientists’
. Are lookinga.twﬁy’stomakethe
best-known offending foods a
-bit less offensivé. For example,
People whan nave difficuiy
digesting milk can now take )
fnzyme supplements that do
their digesting for them--ng
‘mi leftovers for the hungry
bacteria in the large intestine.
One scientist is going after
- ...the granddaddy of them all: the
ean. He wants to genetically
engineer beans with fewer
oligosaccharides to deprive the
bacteria of at Jeast some of
.theirfeast, . T T
- For now, though, one thing is
certain: The ¢old playground
ditty is true. Beans (and all
other indigestible foods) are a
musical fruit, But remermber, the
bacteria are the ones tooting
ithe horns, oo . - EEEU |
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