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1. How germs were
discovered

In the ancient Latin language any tiny bit of lift from
which a much larger living thing (or “‘organism™) can
devclop was called a “‘germen’. In English. the word
was shertened 10 ‘‘germ”.

But how small can a germ—any tiny bit of lfe—bc?

At firsy, the smallest bits of life people knew about
wcre ccrtain tiny sceds out of which plams grew. They
were barely large eaough 10 see. Could there be living
bits of lifc too small to sec? How could anyonc know?

@f ceurse. there were ways te inake things scem larger.
In ancicnt times, some pcoplc had noticed that when you
leeked ai objects through pieces of curved glass, they
appcared larger.

It was not unuil abeut (650, though, that soentists
carctully studicd small things aftcr making them appeat
larger by leeking al them through bits ef curved glass
Such bits of curved glass wcre called “lenses” trom a
Lauin woid meaning “‘lentil”’ besause they were shaped
likc lemil seeds.



When small living things wcre looked at through
lenses, they appeared much laiger. Many details of their
bodies ceuld be secn clearly that couk not be scen
without lenses.

Morc than ene lens was usually used, and they wcre
placed at opposite ends of a metal tube so they would
stay in the proper pesition (or seeing. Such a tube was
called a “‘microscope’” fiom Grcek words meaning “‘to
see small things’. Lots of liny, living. cteeping things
werc looked at—cspcaially fleas For this reason thc
carliest microseopes were called fea glasses.

These first micrescopes were quite poor. The glass
used for the lenses was not very good . It had bubblesin iy
and the surface of thc lens was not very smooth.
Anything that was enlarged by the use of such lenses
looked a littlc fuzzy. If stronger lenses were used to
enlarge it suill more, everything got so fuzzy that nothing
oould be seen at all.

In the Ncthedands, Anton van Leeuwenheek
was doing his best to impreve lenses. He was not a
trained scieniist since he had had very little education.
He owned a hardware stere and scrved as custodian at
the city hall of bis home town.

But really what he cared aboul was making lenses. He
carefully pickcd eut small bits of glass that had no
bubbles in them at all. Then he pelished them until the
surface was very smooth and evenly cunved. The lenses
were small, but when he looked through them he {ound
that the o#jccts he looked at appeared to be enlarged up
te 20® times and suill scemed sharp.

Alwyether he made 319 micrescopes and lenses.
Making one was very slow wark because of the ¢areful
way he went abeut it. Still, he livcel to be 90 years old
and he worked his whole life!

Anbon van Leevwenhoek experimented with a micioscope

! tigures of bacteria from
* 1 the human mouth




Lecuwenhoek used his excellent litde lenses and
micrascopes to look at insccts. skin, blood, hair, and
anything else he ceuld find. In 1677, he even sucked up a
htle drop of water from a pond and looked at it through
one of his small lenses. He saw tiny litle things in the
water,

They were very tiny, less than a twenticth of a
ceotimetre in size, but they meved abeut and ate things.
They were (iving, even though they were too small to sce
without a microscepe. Ne per;on befhre Leeuwenhock
had ever suspected that such tiny living things cxisted.

Any hving creature toe small te be seen without a
miciescope is now called a ‘' micro-organism™.
Lceuwenheek was the first person to sec micro-
organisms. A micro-organism s usually made up ef a
singlc cell which is a uny bit of Jiving matter surrounded
by a membrane A human being is made up of many
milliens of mithions of cells.

‘T'he particular micro-erganmsms. Ieeuwenhock first
saw behaved like amimals in many ways They were
therefore considcred very tuny animals. Finally, they
were named ‘‘protoroa’”’ fiom Greek words mcaning
‘‘earliest amimals™. A single one of the protezea is called
a “‘protozoon’’. Bui Lecuwenhock was sure that the tiny
protozoa he saw first were not the tiniest bits of life
there werc,

Every time he madc a better lens or micrescope he
ceuld sec smallcr micre-organisms. In 1683, he used a
Icns that showed him tiny things he thought might be
alive. They were so tiny, hewever. that they looked like
small dots and rods but nothing more. He just could net
make a lens that was strong eneugh to show them
clearly. and he had togive up.

Eventually, those tiny things he saw were named
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*bacteria’’ from a Greek woird meaning “litde red”. One
of them is called a “‘bacterium’. I 15 to these bacteria
that the word “‘germs’ is now most ollen applied.
Sciemists prefer to sall them bactcna, but to most pcople
they are germs.

Ieevwenhock was the first person who saw germs, and
for a hundred years afterwards no one clse could do any
better

A Danish biologist namcd Otto Friedrich Mulicr
finally did manage to make them oul a bit more clearly in
the 173®s. He dicd in 1734, but a beek hc wrote towards
the erd of bis life was published in 1786 He was the first
scicntist to Ery o scparatc bactersainto groups according
te their different shapes.

BHc saw somc that locked like tiny straight reds, lor
instance. and ethers that had a spiral shapc like tiny
corkscrews, Hce couddn’'t sce much more than that,
though.

Thcere was a problem. Ne matter how clear the glass
used ler lenses was and no manier how carctully the
Icnses were shaped, what was seen in the micrescepe
stayed a little fuzzy. {1 stayed fuzzy enough to make it
hard to sec things as small as bacteria

Lenses bend light rays io order 10 make ehjects secm
rnlarged, but they do not bend all oolours by the same
amount. Owdinary light is a mixture of many colours,
and this mcant that when microscopes managed to
cnlarge uny ebects sharply in ene oulour the other
colours were fuzzy. For that reasen, bacteria always had
a coloured fuzz about them. IL seemod nothing could
be donc,

jn 1830, howevcr, an English lensmaker, Joscph
Jacksen Lister, combined 1wo dificrent kinds ef glass to
mak ¢ lenses. Each kind bent colouts a different way. The
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ways in which one lens afiects coleurs are balanced
out by the (epposite) differences in the other lens. In
combination, the cnlargement was sharp in all colours.
Fer the first ime, biologisk ceuld see bacteria clearly.

Using these new microscopes, a German biologist,
Ferdinand Julius Cohn, began to study micie-oiganisms
very carcfully. He studied not only protosea but also
single-celled organisms that were plant.like in nature.
They did net move about as protozoa did. They had a
thick wall around them and theY were green. These plant
micro-organisms ale called ‘‘algae” fiom a Latin word
‘#r “seawerd”’, because scaweed is made up of a laige
collection of such cells.

Cohn then went on to study bacteria, which arc far
smaller than either protozoa or algac. An average
bacterium is only abeut 1/200 of a centimetre across.
Even se. with the new microscopes Cohn had no
troublc secing them clearty:

All threugh thc 1860s he studied them, chevking their
shapes, how they lived, what kind ef feed they ate, how
they meved abeut, how they muliplied by growing and
then splitting in two, and se on. He classified them into
diflerent groups and subgreups and gave every division
aname

In [372. he published a largc book in 3 velumes ahout
these little bacteria. He was the first person to study
them as thoreughly as bielogists had studied large
eiganisms. In act, he had established a new branch of
soicnce—a branch called “bacteriology*’, which mecans
‘‘the study ofbacteria. Cehn founded the soenee nearly
200 yeats after Lecuwenhoek had seen bacteria for the
first ume.

By the ime Cohn published his besk. theugh, bactcria
had proved to hc much more than tiny things that no one
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could sec without a microscepe In spite of the fact that
thcy werc so tiny and invisible to ordinaiy cycs, they
proved te he of great importance te humans.

They became se important because biologists
wondcred where bacteria came from,
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2. Where germs
come {rom

People had been woundering where many kinds oforgan
isms came from. In thc eese of large plams and animals
there was no problem. Everyone knew that animals gave
birth te live veung er laid eggs. Everyone knew that
plants grew from sceds. T'hey knew that cach plam and
anmimal came frem other planis and animals like jeselt.
@ak trecs came from oak trces, dogs camc from dogs,
human bcings same frem human beings.

Bugs and worms, though, were something clse. They
scemed 10 comc [tTem nowhcrc Seme peeple felt that
these simple litde keirins of life arese from dicad matter,
Semchow, they lelt decad matter ceuld become alive
witheut help frem the eutside This was called the thcery
of “‘spentancous gencration™.

A good cxample of spentancous gencration was what
happened to erdinaiy mcat whea it decayed. From
nowhere, it scemed, little wotms called maggots
appcared en it. Those maggots, peeple said, arese from
the dead mca1 by spontaneeus gencration.
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le 1688, howecver, an Italian biologist, Francesco
Rcdi, thought he weuld try an experiment. After all,
thcre were always flies areund the decaying meat.
Perhaps they had something to do with the maggots.

What Redi did was to put pieces of meat at the bottem
of litde pots te decay. The pots were open on top, but en
half of them Redi stretched pieces of gauze. Flies could
get into the pots without the gauvze and land on the meat.
They sould not get te the meat in the pois protected by
the gauze.

All the pieces of meat decayed in the same way. but
maggets dcveleped onfy in the pieces on which flies
landed. The meat that was protected by gavze never
devcloped maggots, ne matter hew it decayed.

Redi decided that Aies laid cggs on the decaying meat
and the magges came out of these tiny eggs. They fed on
the meat and cventually changed inte flies in the way
that caterpillars change inte butterflics.

By using microscopes, it was finally pessible to see the
eggs that flies laid in the meat. Could it be that a4
organisms, cven insccts and worms, came out of eggs laid
by other insects and werms? Could it be that living
things only came frem other living things and iever frem
dead matter? Was i1 pessible that the theory of
spontancous gencration was weong?

Bielogists might have abandoned the notion of
spontancous gencration, but net leng afler Redi's
experiment Leeuwenhoek diseovered micre-organisms
These were living things far simpler than ecven the
simplest insect. How abeut them? Perhaps micro-
organisms were so sumple that they ceuld form out of
dead marter even though insects did not. Biolegists
discusscd this, lor 4 Jong time.

Finally, in 1748, an English biolegist, John Turberville
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Needham, ried ae expcriment.

He began with some muunen toup that had numereus
micro-organsms in it. Hc boiled the soup fer a f:w
minutes in order to kill these micro-organisms. Then he
put the beiled soup in a containcr which he sealed
tightly.

He knew that micro.organisms could not enter the
flask from outside as Long as thc container was staled.
Any micro-organisms that were to be (eund in the soup
afi.ec he opened the seal would have ro have arizen firom
the soup itscll.

Needham let the sealed container stand a (:w davys
Then be opened it and found that the soup was
swarming with living micre-organisms. Necdham was
certain that this proved that the theory of spontaneous
gcnectatien was true. at lcast fer microscepic erganisms

Fly
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But did the expcoment settle snaiters really? 4An
{1alian biologist, Lazzaro Spallanzani, was net at all
sure. He wondered if Necdham had boiled the suup long
enough. Some of the micro-erganisms might be pretty
tough and a f:w might survive. Needham might not have
seen the few micre-erganisms that were still alive. and
they might have multiplicd while the soup was standing
in the sealed comainer.

[n 17G8, Spallanzani began te test hew leng it ieek te
kill micro-organisms by boiling He found thal somc
were indeed hard 1o kill. He [bund that it was ne1 sale to
suppose that all thc micro-organisms were dead unlcss
the soup was boiled for a1 teasth:lfan hour

He then repeated Necdham's cxperiment, but he
beiled the soup for hallan hour, or even more, belore
scaling 1t. He {ound that when this was done the soup
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could stand fer long perieds of time and never develop
any micro-organisms. The soup remained “‘sterile’”—
that is, without any life in it at all.

In Spallanzani’s expcniment, it scemed that there was
no spontaneous generation afer all. Even tiny micro
organisms dcvcloped only from living mattcr, firom other
micro-erganisms likc themselves.

But again not everybody was convinced. Some
biolegists argued that the boiling did not happen in
nature. Perhaps spontancous generation worked
through some chemical in the air. Perhaps boiling
destroyed that chemical, and that was why spontaneous
generation did not take place after boiling. It might be
that Needham's boiling had only destroyed some of the
chemical, so that spontancous gencration could still take
place Spallanzani's longer boiling, however, destroyed
all of the chemicai.

Afier all, these biologists said, if you took boiled soup
and let it stand in oool, fresh air, micro-organisms
quickly developed. Where did they come lrom, if not
f-om the soup itsell with the help of the chemical that
was only in the eoel, fcsh air?

For a hundred years, biologists argued abeut this.
Then, in 1858, a French chemist, Louis Pasteur, tackled
the problem.

In the first place, he tried to find out whcther cool,
fresh air might not have bacteria in it. He beiled a cotton
plug in watcr until beth the cetton and the water were
completely sterile. He then pumped fresh air through the
cotton plug and dipped the plug in the water. At once,
micre.organisms began to dcvelop in the water. That
madec it seem as though therc were micro-oiganisms in
the air, which got stuck to the cetton.

Could Pasteur be sure? Perhaps thc micro-organisms
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arese by spontaneous generation out ofthe ster:.le cetton
or the sterile water. To test this, Pastcur filtered a
quantity of air through a sterile cotton plug Then he
drew this liltcred air through a second sterile cotton plug
and placed it in the watcr,

This timee, no micre-organisms were found. They had
all been removed from the air by the first plug and none
developed in the sterile second plug or in the sterile
watcr.

In this way, Pasteur showed that there were micro-
organisms floating all about us in the air, attached to
dust particles If boiled soup was exposed to the air, it
was also expesed to the fioating micre-organisms on the
dust. That was why micro-organisms developed in the
soup.

Then Pastcur tried to think of a way of lctting firesh,
osel air reach the soup without Jetting in any micro
organisms on dust par:icles. IThc could do that and if no
micre-erganisms developed in the seup, it meant that
therc was no chemical in the air that could make
micro-organisms grow in the soup. It would mcan that
micro-organisms could only arisc from other micro-
organisms and spontaneous generation would finally be
disproved. .

Here is what Pastcur did. He uscd a flask half fall of
soup that was fitted with a leng, narrew tube ceming out
of the top. This tube went straight up in the air, then
curved down and then curved up again.

Pastcur Woiled the soup. Stcam came rushing out of
the narrow tube and heated it to beiling temperature.
Thus, all the micro-organisms were killed both in the
soup and on the glass tube.

Then Pasteur let the soup cool down. He did not place
a stopper in the opening of the tube. He lelt the flask
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Louig Pasteur with hig spectal flasks
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open se that the soup within was net blocked off. Ceel,
tresh air oould deft in and out of the flask and make
cetitac’t with the sutface of the soup Bust, however,
could not enter the tlask. Dust settled dewn at the bettom
of the cutvce of the 1ube. It could not meve uphil] in that
narrew lubc.

Pastcur then lut the seup stand and did not de a thing
to it. Even when he let such soup stand lor months,
however. ne micri-organisms developcd in the seup. The
eoel, Iresh air and the chemicals in it might ouch the
soup, but as Jong as no dust, cariying micre.erganisrus,
touchcd it there was ne develepment uf micre-srganisms
(m t.

Pasteur then tried becaking off the tube of such a fiask.
Now dust could just fall inte the seup. and evernight it
was suddenly full of micro-organisms.

Pastcur announced these experiments and their resvlts
in 1364 @thers tried the same experiment and get the
samc result,

That settled ir. There was no spentancous generatien,
A micro-erganism cemes enly frem anothcr micre-
erganism.

This was a very important point te seatle It meant to
Pasteur (hat. whenever he found a micro-efganism
wherc it wasn't supposed te be, « Aad aorme_from semewhere
else. T1 could net have atisen from anvthing ether than
another micro-organism.

He cembined this knowledge with other work he had
been doing and was able te make ene of the greatest
discoveries in the histery of scienoc. This discevery
voncerncd disease.
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London scene during the Black Death 1349

3. Disease ;

Pisease s a subjeci that concerns cvcryonc. Ne onc can
cver be surc that he or she might net suddenly full sick. A
persen ao at any time begin 10 fzel bad. devclopa fever,
or brcak out ina rash. Eventually, he or the might ¢ven
dic ef a discase

When onc person lalls sick, ethess inight also. A
discate can suddenly spread over a2 wholc town o1 a
wholc rcgion. and somc discases can be very deadly.

in the 1308s. lor instznce, a discasc called the Biack
Draih spread all over Curope. Asiaand Africa and killed
mullions of pcople. [t was the greatest disaster in human
history. Onethird el all th¢ pcoplc in Europe dicd.

At this im¢ nobody in the world knew what caused
discasc. Somc peoplc thought demans or cvil spirits 1eek
ever the body. Seme prople thought it was bad air of
somc sort or another. Seme pvoplc thought It was a
punishment frem Heaven lor cvil deeds

Whateveritwas, though, no onc imagined the discascs
ceuld bc stopped and no onc kncw when anethicr Black
Death might sirke

Onc hepclul thing about diseasc ieas that came
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discascs only hit a person onec. If somecne caught
measles or mumps or chickenpex and then got well
agam, that pcrson would never get that particular
disease again. He or she was “immunce’’. His or her body
had fought ofl the discase and had developed some kind
of defence that weuld continuc to work for many years,

One particularly dreadful disease that euly struck
oncc was smallpox. The treuble was that very often once
was quite eneugh. Many people who caught smallpox
died. Many others recovered, but their fases and bedies
were covered with scars left over from the terrible blisters
they had had. Every once in a while, theugh, :emeene
had only a light case that did not scar him or her much.
When that happened. the prrsen was just as immune
afterwards as if he or she had had a teriible case.

Naturally, it was much better to have a light case of
smallpox than to have none at all. With a light case, you
were safe for life; with none at all, you could never be
surc you might not get it at any moment.

Pceple knew that if you were near a person with
smallpox you might catch it. Would it not be a geed idea,
then, te stay near a persen with a light case? You might
catch the light casc and then be saf:. To make sure, you
might scratch your skin with a ncedle that had been
dipped into some of the fluid in the smallpox blisters of
the sick person. This was called “‘ineculation™.

The treuble was, though, that a person might have a
light casc of smallpox, yct another person catching it
might get a severe casc. Inecuiation was net safe.

In the 17705, an English doctor, Edward Jenner, grew
interested in a disease called cowpox. It was called that
because it was found in cows and in other farm animals.
The discase was somcthing like a very mild smallpox 1f
a persen caught cowpox from a cow, he or she would get
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a blister or two and that was it. Peoplc weuld hardiy
even know they were sick.

The country people where Jenner lived thought it was
good luck to get cowpox because then you never got
smallpox. Most doctors thought this was just a superst:
tion, but Jenner wondered. He did notice that pcople
who worked with farma animals a geed deal hardly ever
get smalipux.

After 20 yeass of study, Jenner decided to tiy a very
dangerous experiment. On 14 May 1796 he feund a
milkmaid whe had just developed cowpox. He dipped a
needle into the Autd inside a blister on her hand and
scratched the skin of a boy who had never had cither
cowpox or smallpox. The boy got cowpox and devcloped
a blister in the place where he had becn scratched.

Jcnner then waited fer 2 months to make sure the boy
was completely rcoovered. He was immune to cowpox,
but was he also immune te smafipsz? Taking an enor-
mous chane, Jenner deliberately scratched the boy with
a necdle that had been dipped in the fluid of a real
small pox blister. The boy did rot catch smallpox.

Jenner tried the whele thing again 2 years later when
he found another girl with cowpox. He again (sund he
oould make someone immune to smallpox by giving
thern fluid from a cowpox blister.

The medical name Yeor cowpox is “vaccima’™ f:om a
Latin word for “‘cow”’. Jenner's system for giving people
cowpox to save them from smallpox was thercfere called
“vaccination’’. When Jenncr anneunced his findings,
vaccination was 4quickly adopted all over the world.
Smallpox disappeared from plaecs where vacc.natien
was uscd.

Other diseases could not be defeated in the same way,
theugh. No other discase scemed to have a mild cousin
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Statue of Edward Jenner giving the first vaccinabion
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that ceuld be uscd to make a person immune

Sull, the whole business of vaecination made pcuople
hink abeut the way yeu could transfar disease firom onc
persen ro anothcr, May be you ceuld prevent people from
getting sick if you stopped transferring the discase.

An Hungarian docter named Ignaz Philipp Scmmecl-
weiss thought so. In the [84@s, he worked in a hospital
where women came to have babics. Many of them died of
a [ever alter the habies were bern. Women who had ihcir
babijes at home did netusually dic in this way.

Semmelwciss wandered what made se many pceple
dic in the hospitals. In them, thc mothcrs were treated by
dociors whe also worked on pcople who were sick or who
had dicd. At home, the babies vwerc dchivercd by women
who did not deal with sick pcople. Could it be that the
docters werc carying disease (rem the sick patieats to
the mothers?

In 1847, Scmmelweiss was placed in charge of a
hospital, and he madc a rule that all doctors had to wash
their hands in a strong chemical solntion befure they
came near a patient. At once, the situation improved
Hardly any mothers died in the hospital.

T'he doctors, however, were annoyed. They did not
like 0 wash their hands in sme’ly chemicals and they did
not like to be told that thcy were carrying a disease that
killed pcople. Besides, they aigued there was nothing on
their hands so how ceuld they be carrying a disease?
They [orced Scmmelweiss out of his position. Then they
stopped washing thcir hands and the mothers began to
die again just as belore.

But that was a problem. Could something invisible
cany a disease?

Same years before he selved the pteblem of
spontancous generation, Louis Pasteur had begun a
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line of study that was to answcr thc Question.

France's wine industry was in deep trouble at that
time. Winc was turting seur when it should not have
becn. The wine produccrs were losing milions of francs
(French money) as a eesult.

In 1856, Pastcur was asked to investigate the probicm.
Onec of the things he did was o look at the wine under a
microscope. He saw micre-e1ganisms called *yeast’ m
the winc. ‘1 hat was not surprising Yeast belonged in
wine It grew in f-uit juice and turned the sugar of that
Juicc into aloohol.

When Pastcur looked at the sour wine, though, hc
feund that some of the yeast cells present were different
in shape from the usval cclis. It scemed there were twe
kinds of yeast. The right kind turned sugar inte aloushol,
and 1he wrong kind turned the alcohol into a kind of
acid.

Yeast cctls arc casy to kill by gentle heatting Pastcur
suggested that once the wine was {ermcd it should bc
gently hcated. The yeast cels would be killed. The right
kind of yeast had done its werk and was not nceded any
more. The wrong kind of ycast would bc killed bcfere it
could do its acid-producing werk.

‘T'he wanc producers did not likc tohcat their wine, but
they tricd it. |t worked. The seuring of wine stopped and
the winc indusniy was savod. Gentle heating designed te
kill harmful micro-eiganisms has been called ‘“‘pas-
teurisation” cver sincc. The milk we buy is nearly always
pastcurised.

Pasteur’s wotk on winc was one of the reasons he was
surc that spontaneous gcncration was impossible. I
spentaneeus generation could happen, then killing the
ycast would do ne good. Both kinds of ycast would be
kel y 10 anise again and it would turt sour anyway.

30
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Pasteur could therclore move on to his great expen-
ment on spentaneous generation quite confident that he
would not grow micro-organisms out ol dead matter.

The werk he did with wine also showed Pasteur that
serious trouble could arise from the transfer of micro-
erganisms. Suppose yeu put a little seur wine inte wine
that was not sour. The ycast that produced acid would
grew in the good wine and turn it sour

Well, then, suppose a worker was placing wine in
casks and got a little on his or her hands. If somc of the
wine had the acid-preducng veast inn it, the werker
might bavc that on his or her hands and. without
meaning to, transfer it to geed wine. All the wine he or
she workcd with would turn sour.

If the werkers washed their hands cveiy time they
began work with a new batch of wine, this might not
happen.

Scmelweiss was right when he theught the decters
were carrying the discase on their hands. The rcason
they did not see anything was because micre.erganisms
might have produced the discasc and, of course, you
sannet see micro-erganisms on your hands

Such thoughts may bave been in Pastcur's mind at the
timc, but, if so, he sould do nothing until he had some
evidence that micre-erganisms were involved in disease.
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4. Germs and
disease

Just about the time that Pasteur was somplcting his
cexperiments that disproved the theory ef spentaneous
generatien, a new crisis was Jacing France.

In the south, French people grew mulbeniy bushes and
let silkworms feed upon their leaves. From the sosoons of
thosc silkworms (which were really a kind of caterpillar)
silk threads were drawn.

The silk industiy was important to France and now,
suddenly, it was being destroyed. The silkwerms were
la'ling sick and werc dying, and it sccmed that nothing
could be done about it.

The call wenteut Jor Pasteur—no one but Pasteuvr. He
had saved the wine industry; surely he ceuld save the silk
industiy. Pasteur protested that he kncw nothing about
silkwoting, but they begged him te ceame anyway.

In 1865, Pasteur travelled south. @nce again he uscd
his microscope. He (ound micro-organisms present en
some of the mulbcniy leaves but not on others. The
silkworms that fed on the inficted leaves grew sick and,
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sure enough, these micro-organisms were present in their
bodies

It was clear to Pastcur that these micre-oi1gatvisms
were living and grewing inside the silkwworms. A small
organism that lives and grows in a larger one is called a
“parasige’’. The micro-organism was parasitic en the
silkworm.

What was to bc done? Wine can be heated (e kill yeast.
That does net hurt the wine. Il silksvorms arc hcated so
that the micro-organisms ate killed. the silkwerms will
die alse.

\.¥cll, then, they had te die There was no help The
enly way 10 keep the discase fom spreading was te
destroy all the infected silkworms and all the infected
mulberry leaves. A new beginning had to be made with

Slages inthe develunplenl of a silkwarm moth
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healthy silkworms and healthy plants.

The peeple in charge (ollewed Pasteur’s adsice {t
worked. The silk industry was saved.

To Pasteur, it now seemed certam that disease could
be caused by a microerganism. If a discase was
“contagious”—that is, if 11 could be spread frem one
iving thing to another—then it mast be caused by a
micte.organism. Some small parasite is transferred
from a sick organism te a healthy onc, and then the
healthy one gets sick, teo.

The micro-erganisms can be spread threugh the air by
ooughing and sneczing. They can be spread by the hands
and other parts of the body. They can be left behind in
body wastes. Thev arc too small ro see and a healthy
person may not know he or she has picked up the
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micyo-organisms until they start getting sick themselves.

Pasteur anneunced all this, and it is called *‘thec germ
theoiy of discasc™.

Many of the micro-organisms that produce discase arc
bacteria, which are what we usually think of when we
spcak of germs. Hewever, bacteria are not the enly ones
responsible. Some discases arc caused by yeasts,
protoaoa, or ether kinds of micre-erganisms.

Just because some microorganisms cause discasc,
however, does not mean that all of them do. Actually,
enly a small minority of the diflerent kinds of micro-
organisms make trouble for other living creatures. The
vast majerity live in the seil or in water or in air and are
harmless. Many of them are very uselul. Some bacteria,
for instance, keep the soil fertile Others decay dead
plants and animals and change them into chemicals
which ether plants and animals can use to grew.

Then, too, therc are some discases which are not
contagous and which are not caused by micro-
erganisms.

Sall, even though there arc micro-organisms that de
net cause disease and diseases that are not caused by
micro-organisms, the mest important diseases of
Pasteur's time were caused by germs. When
Pasteur announced his germ theery, seme decteis began
te think hard about thc matter.

One of these doctors was an English sutgeon, Joseph
Lister, the sen of the man who had devised the fiist
micrescape that showed bacteria clearly When Lister
heard of Pasteur's theory, he thought ef Semmelwciss.
The notien of washing hands in strong chemicais might
have helped cut down dea.ths by disease because the
chemicals killed the germs on the hands.

In 1867, therelore, Lister asked doctors to wash their
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hands and their instruments in strong chemicals befere
they eperated. Before that, paticnts often died of fevers
after an opcration had been carried through successfully.
Alfter the doctors started washing their hands and their
imstruments, hewever, the patients steppcd dying.

Then, in 1870, France got involved in a war Pasteur,
who was very patriotic, tried te jein the army but the
French officials told him he was too old since he was
almost 50. Besides, he was more important in thc
laberatory, so Pasteur went te work in the hospitals
wherc he Jerecd the doctors to boil their instruments and
stcam their bandages belore they teuched the wounded
soldiers. He saved many lives in that way.

After the war, Pasteur became interested in a diseasc
called ‘“‘anthrax’ that affected cattle and sheep. It was
very deadly. The very greund in which the dead amimals
were buried seemed to be full of the discasc

A Geiman doctor, Rebert Kech, who had werked with

. Cohn, the Jeunder of bactcriolegy, was also interested in

anthrax. He accepted the germ theery, studied the sick
animals, and discovered a bacterium in them that he
thought was responsible [er the disease.

Koch showed that when this anthrax bacterium was
outside the animal’s body, it could form a thick wall
abeut itsclf; It was then a “spere”. A spore can live jor a
long time without foed or water. Even boiling does not
kill ic. For that reasen, when animals that had died of
anthrax were buried, the bacteria ived on in the seil as
spores and healthy animals ceuld be affected if they ate
grass there.

When Pasteur heard this, he suggested that animals
that died of anthrax should be burned fitst and then
bwried. The burning would kill even the spores.

But Pasteur remembered Jenner's work, too. I any
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animal happened e sutvive anthyax, it never caught the
discase again. If there was some mild discase similar to
anthrax, the animal could be given the mild disease and
would then be immunc to anthrax. Unlortunately, there
was no mild diseasc of this sert.

But now that the germ theory was understood, couid a
bacterium causing a mild disecase be developed in the
laborzatory? Pasteur theught this might bc dene.

First he collccted some of the bacteria from animals
sick with anthrax and let them geaw in special feod. He
then took some of the bacteria and heatcd them. He did
net hcat them enough o kill them, only enough te
hall-kill them. They were still alive, but thcy could
barely grow any merc.

Suppese he inoculated an ammal with thesc
“attenuated’’ (meaning thinned out and weakened)
anthrax bacteria. The animal weuld not catch a bad
casc of the disease because the attenuated bacteria
would grow se slowly. Still, thc animal body, fighting off
the attcnuatcd bacteria, might develep a defence that
would alse work against the normally strong bacternia.
P:.stcur tried it out and the scheme seemed te work.

In 1881, thcrcfore, he arisangced for a public test. He
begaia with a herd of sheep and ineculated half of them
with attenuated anthrax bacieria. He then waited lor a
pcried of timc to let those sheep develep their defences.
@®nce that was denc, he ineculated the cntire herd with
dcadly, full-strength anthrax bacteria.

Within a (ew days every sheep that had wo! previously
reccived the attenuated form became sick and died.
These sheep that Azd ieceived the attenuated ferm
remained healthy. Nobody could argue about the germ
theory after that, especially since it showed that doctoss
might now Jcarn to control diseases
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Next to Pasteur himsell, Robe:rt Koch was the most
important of thosc who were now studying germs in
conncction with disease. He tried to study the bacteria he
obtained from people or animals that were sick wAth one
diseasc or another

@®ne problem was that he usually feund a large
number of diflerent kinds of bacteria. It was hard te tell
which ones were respensible tor the disease Instead of
using soup in which to grow the germs, he began tousea
kind of gelatin called “*agaragar™.

He placed the sterile agar-agar at the bottom of a flat
dish, and when it cooled it bccame solid. Then he spread
a small bit of bacteria-centaining soup over 1t Thcere
would be one bacterium in one place, another in another
place. and soon. Each one would live and multiply in the
agaragart, but none of them would be able 1o move in the
solid material. The diffetent bacteria and their
descendants staved scparate and in place Each original
bacterium would seen be surreunded by a mass of
its own dcscendants, and thcre weuld be a colewy
consisting of a single kind ofbacterium. and no more.

Koch could test each colony separately and then find a
particular bacterium that would cause a particular
disease He discovered the bacterium that eaused
tubcrculosis and the one that caused cholera. He even
discovered the bacterium that was responsible ler the
Black Death.

Once the germ was known, it ceuld be uscd to develop
methods fer preventing discase. Pasteur's methed of
heaung the bacicrium and attenuating it was onc way. A
German dector, Emil Adotfvon Bchring. swbo had been
one of Koch's assistants, discovered another.

Bechring feund that the deftnce developed by an
animal against a disease was cencentrated in its bloed. A
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bacterium liberated seme poisen in the blood which
caused a disease. T'his poison was cailcd a “*toxin®. Wha
was in the bleod te defend the organism against the toxin
was an “‘antitoxin’’. Suppesc an animal was suflering
(-em the disease called tetanus, lor instance, cauged by
the tetanus bacterium. Some of the animal’s bleed evuld
be withdrawn. The blood could be trcated in various
ways t¢ extract the antitoxin. If the antitexin was then
injected into the blood of a healthy animal, that heahhy
animal would gain the defences against tctanus that the
sick animal had developed. The heahliy aoimnal would
not get tetanus even if the tetaous bacterium was injected
inte it. The healthy ammal was temporarily immune.

Bchring wondered if antitoxins ceuld be devcloped for
other discases. At the time. ene serieus discase fiom
which many children suffered was diphtheria. Behring
and a fricnd, another German doctor, [Pavi Ehrlich,
injected the diphtheiia bacterium inte animals and then
took out samplcs of bleod which centained a diphthernia
antitexin.

In 1892, they had a large supply of the diphtheria
antitexin. They lound that, not only did it keep healthy
children from caiching dipheheria; but these who had
alrcady caugh it were helped to get better. People found
they ne lenger had to fcar diphtheria.

Ebclich went on te wy to attack bacteria in another
way. Perhaps there were chemicals which, ifinjected inte
a sick human being, would kill a discasc germ without
hurting the sick person. That weuld cerlainly help cure
the disease. ino 1909, he and his assistants found a
chcmical called “arephenaming’” that seemed to kill the
bacterium that causcd a discase known as syphilis.

Since the days of Pasteur, Koch, Bebring, and Ehrlich,
mere antitoxwns have been devcloped and more
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chemicals bave been discevered which arc uscful against
bacteria. In additien to thay, people have learned o
understand the reasons lor geed hygiene. Hands
must be washed, surreundings must be kept clean, food
must be [resh, water must be pure, and wastes must be
disposed of carefully. That keeps germs under coztrol.

As a result of the understanding, most parts in the
world no longer have to lcar many centagious discases.
Now we do not have to fear that some Black Beath may
strike us a t any moment, At least, if it does, doctors will
know how to fght it.

They can even fight germs tha are se small they

cannot be scen in a microscope. Pasteur dcalt wnth one
disease that was caused by these super-tiny germs.

5. The Smallest
germs

Onc of the most feared diseases is called ““rabies’
Sometimes degs get rabies and the sickoesy alfects their
brains. They froth at the mouth and bite evervenc they
can rcach. They are said 10 be “‘mad dogs’’. If they bite
human bcings, those humans catch the disease afieec absut
2 weeks, since it takcs that long ler the germs o get into
the nerves and brain. Once that happens, though, the
human being i bound to die an agonising death.

Pasteur did his best to study the disease. He and his
assistants trapped every mad dog they heard about and
could reach in time. They tied them down and collected
the froth from their mouths. (This was veiry dangerous
work.) They injected the (roth into rabbits to see what
weuld happen.

The rabbits got the disease but. of course, i1 00k a
long time. Then Pasteur tried irjecting the lroth directly
into the rabbits’ brains instead of into the bleed The
rabbits then get the disease quickly and work could
proceed much faster.



®nce enough sick rabbits were ocotlected, what could
be done? Could Pasteur attenuate the germ as he did the
anthrax bacterium? He tried. The germs in the sick
rabbits werein the brain and spinal cord. He cut eut the
spinal eord and heated it gently. Every day he cutof’a
piece and centinued heating the rest.

In this way, he ended with a series of pieces that had
been heated (or various lengths of time. He soaked cach
piece in fluid and then injected the fluidinte the brains ef
the healthy rabbiw. He found that the longer he had
heated the piece the milder the discase it causcd. A piece
that had bcen heated for 2 weeks weuld not give the
disease at all.

But would it make an animal tmmune? Pasteur
injected some of his akttenuated rabies germ into a
healthy dog. Nothing hampened. Then he put the dog in
a sage with another dog that had rabies. The sick dog
premptly began to fight and the healthy dog was
bitten. Alter a while it was rescued and the bites healed.
The dog did aet get rabics.

How could one try it @n 2 human being? You can not
dehberately take the chance of giving a human being
rabies. But then, on ¢ July 1885. a 9-yearnold boy named
Joseph Meister was badly bitten by a mad dog, and he
was rished to Pasteur as quickly as pessible,

Pastcur knew that ence the disease reached the neives
and brain young Joscph would dic. Jeseph had nothing
to lose if Pasteur expcrimmented, and it had to be done
quickly. Pasteur injected seme of his most weakeoed
germs to begin helping the body build defiznces. He
waited a day and injected seme less weakened germs.
Each day he gave Meister strenger germs as his bedy’s
defences developed, until atter |1 days Joseph was
getting the germs at full strength. He never got rabies!
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1t was another triumph for Louis Pasteur, and yet
there was onc catch. In all work with rabies, Pasteur
couldnever find a bacterium, or a germ of any kind, that
seemed to cause the discasc.

Could it be that the germ theory of discase was wreng?
No, Pasteur did not belicve that for a moment. Rabies
was catching. It osuld be transferred from one organism
te another. Somethmg had to be doing the transterring. If
nothing ceuld be seen, then maybe it was because the
germ was teo small to bc seen under a microscope.

This seemed to be true lor ether diseases, also. No one
could find the germ ter smailpox, for instance;, or the
germ for chickenpox, or the germ (or inlluenza, or the
germ for the common cold. They were all too small
to scc.

This was also true for certain diseases that al ected
organisms other than human beings. Tobacoo plants, for
instance, suffcred firom a disease that made their leaves
wither. When inlected, the lcaves would |00k mottled, as
though a mosaic pattern had been drawn on them. The
disease was therefore called “‘tobacco mosaic disease™.

A Russian scientist, Dmitri lvanovski, locked for the
germ and oceuld not find it. The juice of fashed leaves
from sick plants would cause hcalthy planwe to get the
disease, but therc was no germ in the juice that he
could see.

It occurred to Ivanovski to tiy to filter the juise. Ifhe
could forec the juice threugh semething that had tiny
holes in it—holes toc small to be seen in a microsoope-—it
might stop the very small germs. The liquid would pass
through the holes without the germs and would not cause
the discase.

Ivanovski used special porcelain llters with particu-
larly tiny holes. In 1892, he tureed the jutce from stck
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tobacco Icaves threugh the filters. Even the smallest
germ would surely be stepped by it

But it was not. The fiuid that came through would sull
causc tobacce mesaic discase if placed on the leaves of a
healthy plant. Ivanovski had to facc the fact that the
germs, whatever they werc, were small cnough to go
through even the tiny helcs in the porcclain Eilter. He
oould not belicve that any gcrms ceuld be ¢kat small and
hc just stopped expcrimenting in that dircctien.

in 1898, a Dutch botanist. Marunus VYAillem
Beijcrinck. alkse tried the samc cxpcriment. He, too,
passcd the juicc of mashed tobacce Icaves that had the
discasc through a porcelain flter. He, too, found that the
juice that samc through ocould still infect healthy plants.

He was ready, however, to accept the fact that the
germs that causced tehacoo mosaic diseasc werc small

Viruses
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¢nough ta ge through the filter. In Jact, he thought the
germs might be hardly any biggrr than the smallest bits
(called “‘melccules™) of water, so that they weuld go
through anything watcr molccults might go through.

A Lalin word for a peisonous Juice frem plants is
“wvirus”. [t secmcd te Bclicrinck that the juice fiem
discased tobacco lraves was poisonous to healthy
tobacce plants, se hc called it a virus. The name camc
to be uscd for the very tiny germs in the juice.

But hew tiny were those viruses? Wcre they really no
larger than water molccules? For a long time. no onc
could tcl. ‘Then, in 193], a British scentist, Wiliam
Joscph Elford, teek up the problem. Why not, he
theught, make usc of holes still sma.icr than these in the
porcelain Ihlters?

Hc used collodion instcad. Collodion was a thin
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transparent membrane, semething like cellephane, and
it had tiny holes in it. These holes could be made of
dilerent sizes, depending on the exact way in which the
celledien was prepared. The holes could be made tinier
and tinier and tinier.

Ellord forced virus juice thiough osllodion that had
holes only about a hundredth as wide as the average
bacterium. When that coilodion was used, the water was
ferced through but the virus stayed bechind. What eame
through could net cause disease.

That meant that virus particles might be lar smailer
than bacteria but were sull far laiger than water
melccules

Later in the 1930s, special micrescopes were invented
that made usc of becams of tiny particl.es ca.led ‘‘elec-
trons™ instead of light. These ‘‘electron microseopes™
osuld show things far sma.ler than anything that ceuld
be seen threugh erdinary microscepes With the clectron
microscepe, scientists could sec viruses at last.

The tebacco mesaic disease virus turmed out to be a
nny rod less than half as long as an avelage bacterium
and very skinny, indeed. Abeut 7,000 ef thesc viruses
could be fitted ins:de a single bacterium.

Other viruses were even smaller The virus that causes
yellow fever is so small 1hat 40,000 of them would fit
inside an average bacterium

Even theugh virus¢s were toc small to be secn without
special equipment, they could be guarded against. The
first disease to be conqucred, smallpox, was caused by a
vitus after a.l.

As aresult of all the work done by saentisw in the last
125 years, human beings are much healthier and live
much longer than they used to. Belere Pasteur's iime, the
average European or American lived ler perhaps 40
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ycars. Nowadays, the average lifetime is abeut 70 years.
Every one of us has, en the average, somc 30 extra
ycars of lil: because ol the work of Pasteur and these who

followed him.




