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CHAPTER ONE
INTRODUCTION

Man considers himself above the everyday struggle
for survival that faces all other living creatures be-
cause of his superior intelligence., He defles the ani-
mels that might prey on him as well as the attacks of
adverse climate and elsments., He still faces one phase
of this struggle, however, and that is 1in his fight against
diseases caused by parasites.

His inventive genius won the fight over cholera,
vlague, smallpox, and yellow fever., DParasitic enemies
depending on the slow process of evolution are no match

for man'

s "egcientific know-how." One disguieting aspect
of this matter, however, is that most progress has de-
pended on drugs, vaccines, and insecticides. These have
been quite adeqguate to protect admericans in thelir better
environment and social condltions. They have had much
less success with millions of people iiving under 1ess
Tavored conditions. Therefore, in spite of some glow-

N

ing victories as a whole the human race has a long way

to go to free itself from parasitic disease,

W]

P.

‘_‘n

rasites seem to this suthor to be a fascinating

Q

1



2
subject, partly because of the intricacy of their life
cycles and partly because of the immense role that some
of them heve played in shaping the destiny of mankind.
For this reason, two of the most Tamous parasites,

te) and Phytophthora

w
'_h

Plasmodium vivex(the malarial pera

infestans(the potatoe late blight parasite), heve been
chosen as the topic of this report.
An attempt has been made to incresse the under-

~

iefly the

=

stending of each parasite by discussing b
phylum of animals or plants in which it 1s placed. This
discussion is then followed by details of the parasite's

life cycle and importance to man.



CHAPTER TWO
PHYLUM PROTOZOA AT A GLANCE

Fully 30,000 kinds of Frotozoa are known, and in
numbers of individuals theymfar exceed all other anl-
mals,.~ The amezing Frotozoens are morvholo &lly a
single cell which manifests all characteristics common

£

to living things. In the Anlmel Kingdom they comprise
the lowest of all great groups, or phyla, in contrast

to the multicellular tlssue animals, or Metazoa, Many
people mainteain thet Protézoans are non-celluler, since
they are one-celled and a complete orzenism. They differ

o

Tfrom the cells of a metazoan, each of which 1s dependent

-

uvon other cells and cennot live independently.” While

some Protozoans are simple in structure; others have
cell organs, or orgaeneiles, that are functionally ana=
logous to the orgen systems of nmulticellular aninals

The Protozoa are 4ilvided, according to the structures

Tracy Storer and Robert Usin

er, Elements of Zoologay

(New York: MeGraw

gL. A, Borrade

-Hill Book Company, Inc., 19558), p. 207.

gile end F., 4., Potts, The Invertebrat
(Cambridge: The University Press, 1959), w»n. 10.
“Richard Xudo, Protozoolozy(iSpringfield, Illinois:
Charles C. Thowmss, Publisher, 1S39), ». 3.
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Tor Ilocomotlion lnte Tfive cléssed:

©. Sucteria, with cilia 1n the young and

This gzroup is characterized by the vresence of one

\I)

s

or more whiplike locomotor organelies celled flagzel

The flegelle are &also used to ceapture food and may sérve
&s sense receptors.” The cell voCy is ususlly of cdeflil-

nite form, oval, long, or sphericel, covered by & firm
pellicle, and armored 1n some groups. I1he muglena and

certeln other flag

W
},_x
1=
(6]

tes are ol particuler interest since

they combine the characterisgtic of both plants end eni-

"‘
J

mals snd are ffﬁcueﬂtTJ claime

species conteain plastids, and those with chloroohyll can

=
synthesize food by the aid of sunlight.”
The Eugzlene viridis is & common, sollitery, Tree-

living flegellate thet contezins chlorophyll.

Robert W. Hegner, Collexe Zoology(New York: The
Mecmillen Co., 1985), p. 54,

Storer end Usinger, op. eit., p. 274.
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usually present 1n collections of pond weeds.
body 1s .1 mm or less in length,

blunt at the anterior end and pointed et the posterior

U]

nd, Covering the perlphersl layer of
membrane . or pellicle, & funnel-shaped depression called
tre cytostome is near the anterior end. This serves as

the cell mouth and lezds into the cell gullet or cytopha-

Q

rynx. Near the anterior end of the body 1s an orange

¢

(@)Y

G

red eye spol that is especially sensitive to light.

o

Toward the center of the Fuglens is an oval nucleus con-
taining the endosome, the function of which is not known.7
The green color of the Luglene is due, of course, to &

e e e

number of chloroplasts in the cytovlasm.

Loccocmotion
The flagellum beats back end Torth to draw the

Euaolens through the watsr with a splrel rotetion theat

enables the gnimal to follow & strasizht course. ZTuzlene

may also crawl by spilreal movements of the cell kody, and
at times it performs worm-like "euglenoid movements" by

4.

locel expanslons and contractions that suggest the per-

Q
is in & vertebreste's intestine.”

n

istel

Reproduction
In active cultures, Euglena reproduces freguently

611id., p. 275.

7

Robert W. Hegner, Invertebrste Zoology(New York:
The Mecmillan Co., 19%3), p.5b.

[
“Storer and Usinger, op. cit., p. 276.



by longitudinzal binar igssion. The nucleus divides
into two by mitosis, then the anterlor orgenelles-
flarellum, blepharopvlast, cytovharynx, reservolr, and
stigma- are duplicated, and the organism splite in two

Q
lengthwise.”

Nutrition
hotosynthesis largely vprovides for the nutriment

of Euglena. They may also absorb food substances through

the general body surfeces., ©Some of the zroup ingest

small orgenisms by means of their cytopharynx.lO

Horphology
The Amoeka is & meass of clear, colorless, and Jelly-
weble in

like protoplasm. Two regions are distingu

()d
'J

2

the body ~- an outer colorless layer of clear cytoplasm

alled ectoplasm, and an endoplasm which is a comparatil

large central mass of zrenular cytoplasm. & clezr round

body usually lies near the end of the animal sway from
J y

the direction of motion disappeering at intervels. This

vely

is the contractile vacuole, The cell mexnbrene limits the

rrotoplasm and permits the passazge of weater, oxygen, and
L. 11, e 4 cr - -
cerbon dioxide, £ nucleus controls the vital procésses

9Eorradaile and Potts, op. cit., p. 33.

16Hegner, Invertebrate Zoology, op. cit., ». 33.

1lstorer ana Usinger, op. cit., p. 269,
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of the organism while the contrectile vecuole reguleales

weter content. TFood vacuoles are 2lso contained in the

hurl

cytoplasm, and they contein food in veriousg steges o
digestion.
Locomotion

sAmoebae move from place to vlace by Torming finzer-

like protrusions known as pseudopodia. The ectoplasm

}._h

S

o]
<

shed out and enlarged until a blunt projection 1is

produced; the endoplasm then flows 1into it. The result

4

is o movement of the entire animal in the direction of the

pgeudopodium. If more then one are formed alt the same

time, one ususlly survives wnile the others flow beck and

graduelly disappecr. 12

Wutrition
The food of the amoeba 13 usuvally small aguat

| o

¢
plants, diatoms, protozoa, bacteria, and other animal
and vegetable matter. & certein amount of choice of
food is exercised, or the fmoeba's body would become

overloaded with perticles of sand and other indigestible

materizl. *his apparent choice of food may be due to or-
- . o R
dinary physical laws of flulds.™~

Respiration
The contractile vacuole 1is also envolved in res-

piration, since carpon dloxide probably mekes 1ts wey to
the exterlor by way of this organ. Oxygen dissolved 1in

124egner, Invertebrate Zoology, op. cit., p. 6.

31p1a., p. 11.
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10
weter is taken in through the surfece of the body. This

4
gag 1s necesgary for the 1life of the animal.l

‘Revroduction
There 1g a limit with regard to the size that mey

be attalned by amoebs proteus, as 1t rarely exceeds x2S mm

in diameter, VWhen this limit 1s reached, the animal
divides into two parts. It is supposed that this division
is started by some unkown chenge in the relations be-

15

tween the nucleus and the cytoplasm,
SFOROZOA

Little will be said about the class Sporozoa at

this point since Elasmodlium vivax, & member of this class

Qs

will be studled in detail, Buffice it to say that their
body 1s rounded or elongate with one nucleus and no loco-

motor organelles or contractile vacuole., Food is eb-

sorbed directly from the host, and =28 in the 4moéba res-

Q
-
|5
.

piration and excretion are by diffusi
Reproduction is carried on repidly by & multiple a-
sexual fissgion or schizogeny in which the cell becomes
nultinucleate and then the cylton 3. Members
of this clases alsc produce sexua

wnich Join

e

n pairs of opposite kind Lo form zyzotes,

%

Sporozoa sre possibly the most widely occurin

[N
o
[o2]
)_l-
[

1
t4storer and




enlmel peresites. Dilistinct specles
mals from DPOLDL oeng to memmals. S0
host's cells and others in 1ts body
Thev inhablit variously the digestive
A s 17
Plocd, kidneys, or other orgsans,

CILIA

Morvhology

The Peramecium resembles a slip

oceur in verious ani-
ne 1ive within the
fluids or cavities.
trac MUsScles

per or ciger in

shape. 4 depression extends from the end directed Torward
in swimming, beckwerd and toward the right, ending just
wosterior to the middle of the animal. This 1s the orel
groove. Thne cytostome is nezr the end of the oral groove
and opens into a funnel-shaped depresslion called the
cytovharynx or gullet. Peremecium swims with the slender
tut blunt end foremost, The opposite end, wnich 1s thicker
but more pointed, revressnts the postrerior end., The

motile orgens are Tine thread-like cilis rezularsly er-

renged over the surface. Two layere of cytoplésm are
vigible, as in fmoebea, an outer comparstively thin cleer
crea, the ectoplasm, and a centrel granular maess, the

18 e s e .
endoplasm, Limiting the cytoplazsm 1s the pellicle.

Cne lerge contractile vacuole 1s sit
of the body. The nuclel are two in
nucleus and & smeller micronucleus.
17 o s G o} kS » 5 4
Storer end Usinzer, op. cit.,
181’3 ~ - ~rtelrat rd T oo
Hegner, Invertebrate Zoology,
19w : . .
~Z/3torer cize Usinger, ovb. clt.,

ted eitner end

[
QO

near

number, a lar macro-
19
p. 276,
p. 66,
n. 278
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Locomotion
In & free field Paramecium swims by meens of its

cilia, These are usueslly directed backward, and their
atroke then driveg the znimal forwsrd. It can swim bhack-

ward and vill do so guichly 1f 1t mects some unfavoravle

action,. In addition to its forward or backward move-
ent Parameci rotates on its long exis. This rotation
ig over to the left, hoth when the gnimal is gwimming for-

ward and when it is swimming backweaerd., The body telkes

& splral course because the cilia in the oral groove beat
more effectively than thoce elsewhere. Rotatlion is thus
effective in enabling an unsymmetricel animal to swim

in a straight eourse throuzh a medium winich allows devia-
tions to right or left, and up or down. It is well known

" -

that a human being cannot keep & straizht course when lost

N

in the woods, although he has 2 chance to err only to the
n§ it v o 2“
right or lefit,

Nutrition
An execellent four-course dinner for & Paramecium

(&3

would be bacteria, small protozoans, algae, and yessts,

]

Cil

e
}_I .

. 1ine the orel groove and beat the food twward the
n Na) 4.
1

cytostome, 4 vacuole 1s Tormed st the end of the cyto-

pharynx and floats through the cytoplasm until the nourish-

ko]
-3
(oY}
L]
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]
ro

nent is removed.

atl
Respiraetion and excretion sre cerried on as usual by

£

iffusion. Liguild weste 18 picked up in the redisting

(i

he contractile vecuole,

Reproduction
Paramecium revroduces only by simc

This vprocess 1ls interrupted occasionally by & temporery

conjugation of two individuals. In binary fission the

Torth-coming division is seen in the micronucleus, which
undergoes & sort of mitosis, its substance bein
tivided between the two daughter nuclei. These sevarcte
and finelily come to 1ile one nesar either end of the body.
The meacronucleus elongates and then divides trensversely.
ihile the orgenelles are dunlicating themselves, & con-
striction appears near the middle of the lonzitudinel

the body. This hecowmes deeper and deener

o

untlil only &a slender thread of protoplasm holds the two
nalves of the body together. This connection ic Tinally
severed and the from

cach other,
It should be mentloned that this group maey be hard

N

Lo de

l—b

ine since men

ny
o

w
ct+
5
q

=
g,

and Usinger, oo. cit., p. 283.

AS)

‘\
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ner, Invertebrate Zoology, op. cit., p. 70.
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during some stages of their 1life cycles, I:

W
|_h
s

undoubtedly emoebold during the greater part of the

ives, they should be plsced in t

Morphology
Their relation to Cillste i

0]

of free swimming cilieated larvae and the nuclear appa-

25

ratus which consists of a micro- and a macronucleus,

(@]

ilia are pre sent only on younz indilviduels and lost
with the development of a stalk or attaching disc and
tentecles. Therefore, an adult Suctorian is Incapable

Fa)

of actiye movement. The body may be spheroidel, el-

liptical or dendritic. It iz covered with a pellicle and

08se88€es & lorica, wome say the body is

shown by the productlon

vese-like, with or without & stalk or peduncle. In sessile

Torms the body i1s attached with a broad base to the sub-
stretum., In stelked forms the body is reised up from

the point of attechment on a straight, non-contrectile

Some swvecies attach them-

Others are alwaeys attached to some perticuler animsl,

Tfrequently to a particular orgen of it. Very few specle

however, are truly perasitic in the adult conditlion.

Hany of the larvel stages are parasitic in the bodies
24?ober* Hegne Human Protozologzy(lew York: The

a
Hacmillan Co., j25>, p. Q1.
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of Ciliates.28
Nutrition

-

Suctorians have no cytostome and the food capturing
is carried on exclusively by the tentacles. Tentacles
are of two kinds: one 1s suctorial in Tfunctlon and besars
a rounded knob on the extremity and the other is for
pizrcing through the body of a prey and more or less
sharply pointed., Tentacles may be confined to limited
areas or may cover the entire body. Food organisms are

cm s s s N .. 29
usually smell ciliates and nutrition is nolozoic.<”

Reproduction

Asexual reproduction is by binary fission or budding.
The young swim around actively after leaving the parent
eventually becoming atteched to & suitable object.
Sexuai reproduction 1s by fusion.-0
To say that the Phylum Protozoa is unique is not

s 1

adequate., Thelr real complexity reaches its he

jto

68

ht,

S8

)

however, 1in the nature of some members of the C1

Sporozosa.

i in, An Introducticn to the Study of the
on: Edwerd Arnold, 1622), p. 455.

Kudo, op. cit., p. 628,



CHAPTER THREE

PUBLIC ENENMY NUMBER CONE

Malarial - still alzsrms vast aress of our world.

It is Dby far the most importent of the troplcel diseases

because of 1ts widespread distribution and high morbidity.

Inhabitants of highly humid, tropical areas carelfully
guard themselves and thelr children against possible in-
fection through a mosquito bite of a tiny protozoan whose
body processes are so uncomplicsated thet constent repro-
duction allows whet was oncé a few individuals to become

o

teeming thousands within the bictim's blood system. Safe

,_h

in smerica's cooler climate and better living conditions

we think that this disease as well &s meny others has

been conqgquered. We are rather surprised to hear misslonaries,

members of our Torelgn services, travelérs, and employees
of various companies ststioned in foreign lands spesk of
the hundreds of cases of malaria they see ond

now many

cases dle despite our drugs snd modern medical knowledge,

Just ten years ago more people were dying of malarla than

all other diseases combined z2s will lster be pointed out.

I_J

J. E. Ash and Sophie
e

pitz, Pethology of Tronical
s (Fhi ilidelphia: W E. Saunders Co., 1G48),

n. 206,

12
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@
W
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History
How long hes the world been under the scourge of

malaria? Meleria's written history goes back to the

Father of Medical Science, Hippocrates. In the 5th
Century BC Hipvocrates described several types of fever
which must have been of melarisl origin. It increased

2
therealter. The decline of the civilization of ancient

ind 360 BC and of Rowme, at a later

O

Greece between ECO

W

date, has been ascribed in large measure to meleria,
Empedocles in 550 BC controlled an epidemic of malarie
Sicily by dreining marshes and chenging the courses of
. 3
two rivers
Did this action irdicate a basic understending of

<

the disease? No. Varro as late as the 2nd Century BC
urged peovle not to build villas near marshes, "because

small, living Delngs. swarm there and are the causge of

]

in

Lo . o
obstinate disease."’ Malaria means "bad Air" and was so

named bscause of this association of the disesse with
the odorous &lir of swamps.

intermnittent fever (malesria) =nd the health of Caesar's

Iy

2
George Shettuck, Diseases of the Tropics(New York:

Appleton-Century-Crofts, Inc., 1051), p. 1.

3Ibida, p. 2.

%8s Chendler, Introduction to

r
John Wiley & Sons, Inc., 1955), p. 18

Julius Caesar himself i3 s8aid to heve suffered from



army wes shattered by this disease during the Civil wers

(o]

1

16th end 17th Centuries. Ipidemic malaris is known to
have been widespread in 1667 and 155E8. Early in the
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in 1880 only after the work of Leewvenhoek, Virchow, and

Ehriich. In 1898 Ross proved that the mosguito transmitted
the disease. BSome still didn't eccept Laveran's discovery

as they believed z becterlum might be causing the disease,

There are some ascisentists who believe meleria ald

not exlist in the dmerices belfore the coming of Europeans,”
spenish conguerors no doublt brought the parésite with them

s an unwelcome Tellow treveler in their bloocd.

)

Importance to Cur deneration
How many lives malearia is tekln

or can estimete accurately. In the 40's, however, t

weyre certainly not less than three million melearis desths
not cases ~ but deatus in the worlid, and st least 200

the maleriel fever each year,
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Indie is one of

"It constitutes one of the most

causes of economic misfortune, engendering
poverty, diminlsning the gquantity end
quelity of the Teood supply, lowerinz the
physicel and intellectual standerd of the
netion, and hampering increased prosperity
end econgcumic prozress in every way," says

snother,tl
Chancdler states that at the nublishing of his book,
1¢E5, Heleria sti1ll ranked es the number one humen disease

from trne polnt of prevalence and the mortality, sickness,

and econowmic loss it producés. He points out, however,

.4

thet betiles were belng won et that tlme and that sonme

Z201

countries nad ectually rid themselves of the d
Heduction has veen complete enouzh in some, such &as Ceylon,

as to raisge pessimistic warnings about overponulation,

unein

sloyment, and Communism.

¥
i

|_o
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Hy

necessgery to recort Lo surnressive medication

1C1pi4., p. 5.

11 5 .
Chandler, op. cit., p. 186,

121pi4., p. 187.
) |

A

‘Ash and Spitz, op. cit., p. 200.
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dltlion of temperature end numidaity wrlch permit the com-

plete development of the perasite in the infected mos-

P
O ™ Y - ] . . e =
qulto.l“ Plegmodium vivax 1s more widely distributed
than the other types. It 1s the prevale inTectlon in
nost areas within the temperate zone Lut 1s widespread

cs as well.l7

[N

throughout the trop

£

Et

iology
The perasites causing melsrie zre protozoa belonging

to the genus Flesmodium. It heas been demonstrated beyond

-

a doubt that tre humen malerisl paresite will not develop

1

O’)

in any but mosguitoes of the Anovheles zenus.—

Life Cycle

Four specles of the genus Plasmodium cen ceau

S

w

malerise in man. Plasmodlum vivex 1s the most widely
spread and Flgsmodiuvm falcliparum results in death most

I

often,. Plagmodium vivax has & hour cycle and 1is par-

ticularly likely Lo cause relapses. This cycle as des-

cribed in Chandler's book 1s as follows:
I. 4sexuel Phese

A, Exo-erythrocrtic Stage - This is the stage

in which the Plasmodium vivax enters the

16 Li%d o b} - Y -
C.M. Wenyon, ed., bMemorande on bMedicel Digesase

(ChGMLC 1 Publishing Co.,Inc., 1942}, v. 134,
C

1 . . » tr

7Tkomou Mackie, George Hunter ¢ . Brooke Worth,
-4 Manuel of TP001CG1 MFdlCTQQLﬁYWladelbiia: W. B. Beunders
Co., 1045y, p. 215.

18C.M. Wenyon, Protozolozy(New York: Williem Vood & Co.,
1926), p. 962.

T

10 .
=“Chandler, op. cit., vp. 1£8-1097.
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human body a8 & result of mosgulto bite

1g called the sporozoite, glender, spin-

o

dle shaped, one-celled individusl. The spor-
ozoltes make thelr way throuzh the blood
stream to the spleen and/or liver. Ususzlly
they enter these cells and go throush at
least two schilzogony cycles - cycles in
which they are asexuslly multiplying, This

stage ma

<

continue indefinitely. The para-
site then invades the blood streem and enters
erythrocytes (red blood cells).

Erythrocytic Stege - 4 week or ten days

after infection, the perasite invades the

red blood cells and bezins a growing process.
The egrliest form of the parasite seen in the
corpuscles is the ring stage. It looks like

e signet or class ring caused by & transparent

area in the center of the paresite. 4s the

perasite grows lerze it becomes rounded or
irregular in shape. The nucleus divided

into two, four, and eventually more pearts,

he nucleus now moves away from the center
of the body, and small amounts of the cyto-
plasm.concentrate around each. These segment
allowing the indiwvidual to reproduce agaln
asexyally and each segment -- now & new in-
dividual -- is called a merozoite. They

bresk free from the corvpuscle and each mero-



24
zolte is fully capable of attacking new cor-
puscles repsating the process. This cyele is

in Plasmodium vivax and tekes 48 hours, and as

D

o
o]

€

nany of these corpuscles erupt releasing the

merozoites, the individual becomes Tevered.

beration does not take vlace

(=)

Although this 1
at all hours, certain broods mature at certain
hours end thnus spells of hizh fever are a Tew
hours epart.

C. Gametes - After a few generations of these
merozoltes have been produced, some grow more
slowly, producing more plgment, and developing
into lerger single-nucleated organisms. These
are the gemetocytes which may circulate in the
blood for several weeks but will undergo no
further develooment.

I1. ©BSexual Phase
A, Gametes - When removed

by bkeling sucked uvup by & mosgulto, or even placed
o (o ] £

v

on & microscope slide, the microgeametocytes

-
)

(male gametes) undergo a striking development,
The nucleus quickly divides and within 1C-15
minutes 65-8 long flagella-like structures are
extruded and the parasite is known &s the
flarzellated body. This process actually forms
the male microgemete (sperm). These slender

structures are free to swim asbcut in search of

a macrogsametite whlch meanwnile heas undergone



little change.

B. Zygote - The result of the uniowm of the Tilament

from the flagelleated body with the inactive fe-
mele gemete 1s a zygote. This Individual, the

beglnning of a new generation, grows, elongsates,
and becomes quite like & 1ittle worm. It pene-

tretes the stomech well of the mosgulito, lodg-

Repid growth tskes place here end & cyst wall

sporozoites, and there may be as meny as 50
cocysts on one mosguito's stomach. These

sporozoites are released into the mosaguitoes

the proboscis. The sporozoltes ere discharged
with the sslive when the mosguito bites.
As thils cycle 1s very difficulé tc understand,
the Tollowing diagrem may help. It is copled from

Chandler's, Introduction to Perssitoloagy.
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Immunity

It has been generclly accepted thet melaria confers

& certalin degree of lummunity on 1te host after the ecute
20
gttzck has subsided. The mechanism accocilated with or

respohsible Tor this conversion of sn scute attzck into &
chronic form is of considerable controversy.

Specific protective antibodles heve bheen demonstreted

in the serum of monkeys during the stages of chronic Iin-

fection. The concentration of these protective antitodies
. ; . . 21 . P

verles during the course of the dissase, These Tindinzs

vrobably represent the first dirsclt experimentsal evidence

of extracellulsr ianunity in malaria,

The colored rece has & relative reclal immunity to
malaria which 1s pearticulerdy effective agalnst Plasmodium
vivax. The development of

by the accgulsition of tolerance to the infectlon.

Epildemiology
Conditions which fevour the presence asnd breedingz of
Aanonheles mosoultoes tend to also favour the increase of
23
melaria.,

of maleria in &ny regloun sre as follows:

2b2. Teylor Eercovitz, ed., Clinical Tropicsl Medicine
(New York: Paul B. Heeber, Inc., 1944}, p. 157.

[

11pid., p. 158.

('\f'\g_ . - ¥ 3

~ciackie, Hunter, and Worth, op. cit., p. 229.

2Jyanson-Behr, op. cit., o. 41,
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1. The degree of infectlon in men
2. The species of the aAnopheles mosqultoes, their

abundance, feeding and resting beneviors, and

their suscepltibility to Flasmodium ~ the vector

ion
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Anopheles breeding aresas

There mey or mey not be a stage whereln thue petient

& headeache, loses his apetite, vossibly vomits, and suffers
from cnilly sensations., &t this periocd his temperature

mey already have btegun to rise. In many cases, however,

he finds himself sudn enly in the grip of ague, suffering

that his teeth chetter and he shivers and sheakes. Very
often the patient beg!
verature elevetes, the sens viol of cold belng entirely
subjective. Then comes Lhe stemge ol heat and febrile

tistress, wlth flushed face, rapld Dulse,'intense head-

ache, frequent vomlting, quick breathing and dry burning

. . . 2
skin, d”r:nz which the temperature often runs up to 105°F,
24, .. Tt D i . -
Mackie, Hunter, and Worth, op. cit., p. 230.
QE:Lr wE 3. hd
““Wenyon, Memoranda on Medical Disesse, op. cit.,p.l128.
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extent.

Diagnosis of meal

N
nay

:

Among

vel

tuberculosis, brucell

paresites. For this

39

otoz

to th

2-4 hours

be confused with many 4

elirium.
on pouring from
and about him.
takes the
e nature

VEr recurs.
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for the cold stage,

mne
I~

for the hot
oplc
which 1R some cagses

r 1s also enlarged,

eria is frequently

iseacges,
the tropicel disecases
amoebic liver

low fever,

ﬁ

osis, influen

purpose the thick bloo

ologzy, oOp.

iy

Hunter,

Worth, op. cit., p.
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Definite diagnosis depends upon demonstration of
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superior to the thin film technic since in light infection

l.!o

t mav be impossible to find Plesmodia in the thin film.
It may be necessary to examine stained thin blood I
: L

i

ive identification of the particulszsr species

present.

Treatment

Three drugs have been used in the treatment of malaria

gulinine, &atabrine end plasmochin,

wulnine 1s & general protoplesmic poison and 1n
sufficient concentration is lethel to &l1l cells. It has

little effect on the circulatory system in therapeutilc

doses., In excessive dosage it produces an initial rise

=

n pulse rete and blood pressure Tollowed by & depression
of both. When given intravenously in too large = dosage
or too quickly, rapid progressive Tall of blood nressure
occurs wilth the appearance of circulatory‘collapse due to
cardiac deprescion and veascodilation.

Atabrine 1s & yellow dye. In certain individuals

e
Q

gtabrine teken by mouth acts as gestro-intestinal ir-
ritent vproducing epigastric pailn, nsusea, vomiting and

diarrheai1 These side effects can be controlled to &

93]

large extent by gziving the drug with fcood or with heavily
sweetened fluids.

Plasmochin 1s a toxic drug with little margin of
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safety between the therapeutic and the toxlc doses, It

4

should never be given to ambulatory patients.”

321b1d., p. 247.



OVERLOOKED

AND

CHAPTER FOUR

UNDERSTUDIED EUKYCO

PHYTA

Just what 1s a fungus? One author states thet fungil
are...
"perasitic or S“UPOThytiC Thallophyte
entirely destitute of chlorophyll, and
possessing in the very large majority
of cases a vegeltative portion, the
mycelium, made up of filaments or

haphee "

this definition and still not know

o

One could e&sily read

what a fungus is. To paraphrase Pessey's definition,

a fungus 18 a plant without chlorophyll typlcally con-
sisting of Tilaments that may or ﬁay “ot be divided into
cells. Fungi can &lso include encysted or amoebold one-
celled organisms which reproduce Dj some type of motile

or non-motile spore.

iow, both of these definitions speak out definitely

as tocthe plant nature of the funzus., However, many

acte

’3

people question even this seemingly obvious cher ris

of the anism. One author consistently comncludes that

the funzl are not plants but a third kinzdom of organ

THelen Gynne-Vaughan,

Press, 1922), p. 1.
27-& L K] ™ £ ~ e sy o) .
Ernst Bessey, A Text Book of Mycologzy(Pniladelphia
P . Blekiston's Son and Co., Inc., 1935), n. 2.

),_l.

ama



. . e . S
perallel to the inimel and Plant Winzdoms. 5till

3

comes out and boldly stetes that funzi are unmistakably

wlants of a low orzanization developed from germs somwwhat
but not wholly homologous to seeds of higher orders.,

Nevertheless, inowing the exact reletion of the fungl to

R

other main groups of organisms is not necessary to become
acqualnted with them and thelir charecteristics as 2 group.

To bring this group closer to home, one can esasily
recognlize certain fungl if they realize that the mold that
grows on jam, the mildew thaet disfigures the rosebud, the
yeest that ferments the wine, the ru

wheat flelds, the ringworm that blemishes the skin, the
mushroom 1in the cellovhane packaze, and the toadstool in

L o
X

ront yerd are the fungi.

These exeamples of fungl secem very different in

es can be made as to thelr structure?

(9}
=
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=
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ct
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=
e
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Morphology
As has already been poihtel cut, the fungzl constitute
group Qf'organisms uevoid of chlorovhyll. They resemble
green plants in that they have definite cell walls; they
are usually non-motile; and they eare usually Tilamentous

K
g

end multicellular.” Their nucleil can be demonstrated

M. C. Cooke, Funzi: 1T
D. Appleton end Co., 1801), ». E.

Neture and Uses (lew York:

Jonn Alexopoulos, Introductory “7001 =v(London: John
Wiley and Sons, Inc., 12727, p. 1.
£
Om o 1 . -
Ibid., p. 3.
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The~Ascomye g are someitimes referred to as one of
the hizher zroups of fungi. They ere more advanced then

black molds, and common zreen molds. Others ere the pow-

. e

Iy e = -! 1
dery mildews, cup funzi, morels, anc the trufile S

6]

the cheracteristic structure
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structure conteaining a definlite number of cscospores re-

sulting from sexual reproduction. Cther chareacteristlics
of the Lscomycetes ares a septute mycelium(which means

the filaments of the funzus heve cell wills); the production

4

uilting

0!
L]
o
}_...b
=

by most specie

o

" L

and the complete absence of any type of motlile structure,

The Ascomycetes in general heve two distinct renroduc-
tive phases, the ascus or sexual stage
or asexusal stege. Asexusl reproduction may be cerried

on by flssion, budding, fregmentstlon, cidia, or conidie,
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eccording to

at the union of two compatible nuclel.

The mycelium or main body of the ascomycele is com-

posed of septate hypheae (filements) the walls of whicy

The most

Lomyce tes.

teadstools,

the Jjelly funzi are

The mycelium

ptate hyphae which penetrate into the substratum and

species,

e provortion of chitin.

Sexual reproduction aims

=z

rmmedietely &8 we are accustomed to

14 ;
The hyphae

1 profusely brenched.

anced of all fungel classes 1s the Ba
They consist of suchn Torms as the

puffoalls, and stinkhorns. Smuts, rusts,

also Basidlomycetes,

L

3]

spores, called besidiospores, on the

5

lized, spore-producin:z body, the b

Bagidiomycetes consists of well-cC

and oftem gpreads out in & fan-sheped growlh
1J1n4a.,p. 183,
L ., -
T41pia. 8%.

ol

\C

Thege two nu-

tiffer from all other Tungl in thet

S
1

he humen, They remain rather in se
2 & functionel pair celled & dikaryomn.

dium.

7eloped,



/,//’/ " N\ - === === === PILEUS

P T T AT I N
TYFICLL HMUDHROUHM



0

Most Basgidiomycetes have no sex orgens at all. The

sometic hyphae and detached sometic cells telze over the

(@)

o 1
sexusal function.

Tre particular fungus to be used s en exemple of this
phylum as hag been stated 1s the potatoe blizht Tungus

N

which falls in the oomycetes of the FPuycomycetes. The
mycelium of this fungus commonly enters the cels of the

enism 1g whet 1s known as & facultstive

the power of disintigrating and killing tissues 1n advance,

8o that they are not parssitic in the strict sense, but

first k11l the cells of the host and then live saprovhyti-
caelly upon the dead remains, In this particualr fungus di-

sease the walls and contents of paresitized cells are

(98]

browned, and this fungues alone on tubers induces dry rot.
Invasion of numerous saprophytic fungil and bacteria usually
turns thils into a disagreecable wet rot, however, which
became responsible for the deathes of many thousands of

veople.

~
1OIb

Ite

d., p. 340.
1T 3ynne-Vaughan, op. cit., p. 6.

o .
l“btevens, op. cit., p. O7.



" AND

A hundred

vears a0 people would

CHAPTER FIVE

Ly ]

LMINE CAVE OVER THT LANDY

the idee thaet these minute Tungi, which the microscone
hed revealed, could bhe of any importance to mankind,
But ideas chenged when the English clergyman Berkeley
proved thel one of these had been the effective agent
s : oo N N 4 s cne £ |
in the terrible Tamine thet reaveged Irelend in 1&4B-0,
The Tfungus résponsible for late blight was nemed
Potrytis infestans by ntegne in 1845, but wes trans-

ferred to the ge

Life Cycle

2

The 1life hi
be described as
of & potatoe, cr
germ tube 1in muc
do. The germ tu
it kills, and br
of the funzus.
Besidionycetes =
hyprhae do not he

branches on

lA.F. Perike
Peul Eiek Fublis
2Ibid.. D».

whiich the

nus, Fhytophthors in lw,6

story of the poteatoe blizht funsus may
follows~ The spore germinates on & leaf
on the tuber, snd nuls Torth a narrow

h the seme way a&s the spores of tcadstools
be enters the tissues of the potetoe, which
anching repldly glves rise to the myceliu

This mycelium differs from that of th

nd the Ascomycetes, hovever, because the

ve crosswalls, except in the special

snores are borne. These grow out
r Rhodes, Fungl, Friends and Foes(London:
hers, 198C), ». &2
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same sort
Ascomycetes.

-~

surface of a potatoe leef

e

rm

number of very small

hairs attached, by means of which

ave

pod

[l
=y

called sporangiophores,

zoogporangia, Vi

inete by means of a germ tube.

They can give out

ie

N

or on rotten tubers.

The reproductive bodies

s
4 <

oy
o

=
-
M

cF

0 are

ch they ke

Py

the

[
2y

the sporanzie can usually beheve as spores under dry con-
ditions, and some 8gpecles have lost the power to produce
3

zoospores &t all,

The main incentive to studying the 1ife nistory of

[ < o

a. fungus which 1s & pest of crons is to ind out how best
to kill 1t znd prevent the damaze 1t does.
Symptoms

The disease conslists 1in & gredual decay of the leaves
an¢ stems, which become a putrid mass, and the tubers
are affected by degrees in a similer wey. The symntoms of

“5.B. Mundkur, Funzi and Flent Discese(London: Hacemillan
end Co., 1942), pp. DA-E5,



sign 1s the & on
of & bleck s»o gradu
grene then atte haulm
8 the latter ar d, em
end rather oife odour
is severe, the 2lso

Control
Despite the Tect 1t was the first plant disesse st

811l cleerly understood, 1t was not the occassion of the

first successful efforts to aoply preventive measuree,
ore effective measures come to br
alnst the blizght, elither in Ireland or elsewhere

L

rine wes reckoned as & more important

crop then the steple food of an unimwortant colonial
veople, and these funglclides were used 1in vitlculilre

E. C. Larze, The Advence of the Funzi(lNew York:
Henry Holt end Co., 1Q4C), »n. 13.

i

uzgaer, rungous Diseases of

]
Ginn and Co., 1909), p. 170

6

Ibid, »p. 3.

q - . T~ oL -,
N erts(Boston:
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or sonme similar fungicide. Hecently in scme countries,
Tirst in Holland, farmers have bDeén issued rezulser npre-
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Zind feirly easy for meteorologlste bo forecost. Dy
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18 thus reduced. eny other diseases of crouvs are tiled up
with the weather, but as yet neither plant pathology nor

0

~ IO N IR
ares sul

meteorolo;

a

be mede of wnot knovledge we

o

Hi

tory and Importance to lan

& grest deal of snace has been given to this phass

(4]

KSR

ts grest interest and importsnce,

o
)
0
o
e
2
1)
O
]_-

e

The introduction of the potatoe into Zurope wad done

oo

an lmmense service to its inhebltants In affording them

J
|

a staple food which would be worked into the rota

-y
—d

crovs so as to rephace the unproductive fallow or

i 1

relatively unnutritious turnip by & crop whilch gave &g

much food eg the cereals. Especlall

.

where the climete was more fevorable to growing votatoes

owinz to the colonisl status of the country.

But every crop has its pests, and the fungus, which
fIvid., p. 171.
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song, but nothing

hed ever D

plents 1

e, on august 23rd, 1845. The potatoe

")

»
=
e
jaf
l~1_)

s suffered

M

by

ase 1n the oast: from scab, from & malady called

Tfrom drought, and from too much rain in bad sea-
quite so destructive as this new murrain

een seen before., It struck down the growlng

ike a bad frost. It spread faster than the cholera

smongst men,

.xt tn
for the conm

ocbviously

Y

brulsed 1

a black ey

a week were

The diseas

and in sto
how sl i

ness wnich

10
e vrospect of losing the country's food suprly
1ing winter, the editor took the easy and

felse way out by sayling,

"is to cure for thils disteaper there is
none, One of our correspondents 1s already
sngry with us for not telllng the public
how to stop 1t; but he ouzht to conaider
that ¥an haes no power to arrest the dispen-

"l

setions of Fravidence. Ve are visited by
a great calamity which we must bear,"ll
rom the ground they were
ed with the derk patches, symptomatic of the
The colors of these patches were that of

esh. Its tints were like those accompvanyingz
oes left ofl the floor of a bern T

€, Pota or

in the zround

re, and it was lthought thet every tuber, no matter
11ly affected, would be lodt "4 kind of mouldi-
the Rev., #. J. Berkeley had observed to appea:




o-v-

e diseased tubers would add to the mischief by

It was apoarent thatl the peculisar chisnzes of weat

th the outbreadk and the spread of the Potatoe Murrain,

enged from quite Tavorable weather to epproximeately

three weeks of one continuous gloom. Thbe sun scarcely

hilling relns and some fog

[N
@]
Je
(o)
=
@
o 4
;_u

the time, with & succession of most

end for six weeks the

jov 4

tempersture was from 1% to 7 degrees below the aversze

Tor the previous 1¢ years. One reference stated thet

Phytophthora infestans would seen to be most effective
the host is zrowing vigorously as wes true in the

cese of the opotatoes before the temperature chenge.

‘]/!

Bary records that Phytophthora infestang germinates

]

’_J

1

h difficulty in daylight end not at a2ll in sunligh

P

Many thought tn b the plants had been unable to

\n

of the excess of water in thelr usual way, and so they

L

contracted & kind of dropsy and wel putr

e

i

inn., The ERev. Berkeley,

121nia., p. 14,

1rDur’“ r, op. cit., p. 65,

fication had
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He had at once connected the potatoe dlsease with the
prevalence of & kind of mold on the affected tissues, hut
in Dr. Lindley's view (author of the guoted editorial)
the eminent Mr. Berkeley preoccupled with toadstools and
mushrooms and molds and milﬁews, all the greater and
lesser fungl, was attaching far too much importance to
a little growth of mold on the dlseased potatoe plants.
It was only to be expdcted that as soon as living matter
lost its force, all sorts of parasitic types would acquilre
power and contend for its destruction. Berkeley lnsisted
otherwise. He not only insisted that the growth of mold
on the potatoe plants was & highly significent phenomenon,
but &s soon as he hed seen the disegsed follage himself,
in his parish, he put forwsrd the revolutionary ides
that the mold might be the cause and not the consequence
of the Potatoe Murra.in.17

Thus began an argument between two learned men, each
firm 1n his own conviction and with weight of reason to
support it, on an issue that was in fact much deeper thet
that of attributing the Potatoe Murrain to .its mosﬁ probéble
cause, The issue was the establishment or the rejection
of = new conception of the whole.field of disease, not
only in plents, but uwltimately in all living things. A

grand philosophical controversy was bezinning, in which

1Trbid:, p. 16.



neerly every sclentlst or natural philosopher in the world

would soon be teking sides. In advencing the hypothesis

het e

z livinz perasitic organlism on the poltatoe foliage

to state thet the mold ceused the d ernovner

- e - ol g gde e 2 e
Cther hypotheses &boutl the possible ceuse ©

wes enother ic parazroon
3 .
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In Irelend the cottiers lived alnost exclusively on notatoes

lo-"l,\: 1 -~ Sy
Al ey e U .

ic

—

—
-
A"

In
[N
.

-

-

3
.
)
jt
L ]



-
—

"‘l

If the IFotatoe Zurrein spresd through the smell holdirngs

of Ireland there would be nmillicns of men, women, and
¢children, who would nolt mervely sufler azcute privetion,
tut who would starve to death. ilore théen humenitarlan
reasons cauged John Lindley to gltep the presses with this
arnouncementv. The Irish had never been tame and could be
exvected to put up & certalin filiznt before they died. Thers
would be rebellions, lootinss of landowners' property,

g n . j s . 20
even more assassingtions and & generel disturbence.,<>

Plizht and described the already terrivle conditions

ing there., His description was one of & parasitism
21

tefore the blight. FHe spoke of & horrible rent-co

system that reached into every cebin and drained the
staence of the people and the " The lendowners
used every meens to ralse money, cutting down most o
trees in Irelend and so that the
weas & treeless waste. Then, they haed granted long t
leages of their land to middlemen evading all feud

responeibllity 3 S

the menagement over to pure mercensries. Thesge men
turn subdivided the land, and at every sub-division
rent went up. The smellest farmer, Torced to pay th
increesed rents, lesrned ffom his superiors, and agz

4

into gquarter ascres 1o
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tiers, who were the ultimate cells of this soclel

A news was received of the spreading of the Fotetloe
Furrein throughout the length and breadth of Irelend, t

1ittle ettention to the blighted

[T

cottiers, who had pai

condition of the folisge, dug nervously 1n their plots

end found the potatoes rotting in the ground. HMr, Foster

had been present 1n October, at the opening of & pit in

vhich some sixty barrels of wotatoes -- five months' pro-

vision for & family -- had been put down a few weeks before,
On sorting the good from the bed less then a single barrel

were found to be sound.

Within 7 days so grest & part of the potatoe crovn

wes destroyed, th &s & result of aectual deaths from

femine eand still more from sbbseqguent emigretion, the

. ~z
it hed been, and has r since recovered,“’
Or, C. Yontegune described the gpeciles of ngus

. o =1

causing the

sent his sketches and descriptions to his friend Rev.

Berkeley who formally published them in the Tirst number

of the Journsal of the Horticulture Scciety in Jenuary,
e 24 . . . s . .

lcad, It was noteworthy that in this connectlon it wzs
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Lerge, op. cit., p. 22,
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Rev. Berkeley, a men accustomed by the exerclse

clericel profession to & certsin amount of Chris

tian

nrotestation, who rejected all the nebulous, transcendental

L n
Ta

of

o

gsplrituel explanations, while it was the more ma
icelly minded scientists who most esgerly used th

While botanists wrangled end conmpared notes about

funzus, it was winter in Ireland. &s the small

gsound or only partielly-blizhted potatoes rapidly

nished, some four and 2 helf million cottiers and po

formers feced sitervation. One or two of the landown

wh

Torgave thelr tenants the payment of rent for & year,

O

had menaged to retalin personal control of their

meant thet they could keep theil corn for themselves

t Tor food. But these humene corncsssions were

rare, The mejority of the landowners, through thelr

anc collectors, pressed harder then ever {or rents,
PR . s . 2F
make sure of them Vhll the getting was good.<~

The government 4id not assist emigretion, conte

:t the proper criterion of fitness to emigrate was

possession by the applicant of the initiative, the m

the courage to do so. There wes mass emlaration

nevertheless, Passage money was sent by relatives w

th

ad

e

lready escaped to the New World, snd all over I

£

lamentation of depearture mingled with those for

supplies

dimi-
oY
ers,

estates

very
azents

2
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nding

the

eans,

10

reland

the dead

In 1847, ninety thousaend set out for Canada alone;

25Ipid., p. 34.
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54
and of this ninety thousand, 2000 died of fever before
they reached Dublin or Kingstwwn, while 13,000 more died

in Liverpool or during the passaze., Those who survived

(-]

'.J-

spread & trall of typhoild ab

O

ut them @s they penetrated

)
[6))

{

™

into the Cenedisn interior.

.

The potatoe blight wee in Ireland feorever; it would

become epldemic and ravese the crop again, whenever weather

conditions favored its development., In the years from

...

1845-1860 & million people died in Ireland alone ag a

direct consedquence of the Tamine end one and & helf million

The potatoe blight funzus, Phytophthora infestens

1\_‘1

font., had revealed 1tself as a new and formidable enemy

£ ™

of menkind. By destroying the stable food supply of &

ct

human socilety already very sick from economic causes, i

brouzht about more of deathn and sulfering than sny other

(f_l

l

disaster since the Napoleonic VWars.”™ The little fungu

=

only to be falrly seen in the stranzely lighted field o
the microscope, with its filamentous spawn snd its trains-
lucent spores, not only brouzht famine to Ireland, but

shed new light on the nsture of disease, awakenéd the natural

)

hilosopher to the significance of those living things that
God created small, and called into being 2 new branch of
applied scilence -- the science which was to have for its

province the defence of the heglth of the crops.




CONCLUBION

Because of thelr way of 1ife, sAmericens have never
suffered gerlously from what they counslder

plazues of the world., Deswvpite the fact that the two

Isolationism is gone., The world is fast becoming

(1]
et

an ecconomlic unit, and & disease that affects the pro-

duction of rice in Purma or mest in Argentina or coffee
in Brezil inevitably zffects us economicelly.

ie have less than 10 per cent éf the world's pop-
ulation and 8 percent of its area, but we use 50 per cent

B

of the produce of the Free VWorld. Wwe depend on Toreig

+
(

O

gources for over 40 per cent of our minerals, and 10 per
cent of our other raw materials -- gsoon it will be 20 per
cent. Undeveloped areas of the world -- the aress prin-
cipally effected by parasitic dilsesses -- supplyb0 per

o - > - ] b - P l
cent of our imports and 40 per cent of our exports.
Obviously, the, the diseases that profoundly affect the

1Chandler, op. cit., n. 4.
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health and productivity of these areas are of very real
concern to us.,

A healthy respect for the small organlisms which

cause big problems has been galined from thls study.
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