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PATHOGENIC AGENT OF MALARIAT, FEVERS. i

observers to-day who with singular blindness still cling to the
wholly groundless supposition of Salisbury. His views were
satisfactorily controverted by Wood * in 1868,

Binz,t in 1867, noted that the eflicacy in malarial fever of
quinine which he had shown to be an active protoplasmic
poison, pointed to the possibility that the disease was due to
infection with lower organisms.

During the next ten years a considerable number of com-
munications appeared in which various forms of vegetable
life—mainly algme—were regarded as the causal element of
the malarial fevers.

Lanzi and Terrigi, in 1875, described bacteria which they
believed to be the cause of the malarial infection.

It remained, however, for Klebs and Tomassi Crudeli,{
in 1879, to first excite a world-wide interest and a really ex-
tensive belief in the bacterial origin of the malarial fevers.
These observers found in the soil of malarious distriets, cer-
tain bacilli which they cultivated and injected into animals,
convineing themselves that they were able to reproduce the
symptoms of malarial fever. Their researches were carried
on with enthusiasm by Schiavuzzi and others, and despite the
fact that practically all other eareful ohservers have failed to
demonstrate any conclusive connection between these bacilli
and malarial fever, the general belief in the validity of the
conclusions of Klebs and Tomassi Crudeli was so strong, that
within twelve months of the time of writing, an editorial
article appeared in one of the leading English medical
journals referring to the connection between the bacillus of

* Amer, Jour, Med. Sei., 1868, vol, 1vi, p. 838,

t (@) Centralbl, f. d. med. Wiss,, Berlin, 1867, S. 808; (3) M. Schultze's
Archiv f. mikr. Anat., Bd. iii, S. 883, 1867. :

1 Studien itber die Ursache des Wechselfiebers und iiber die Natur der
Malaria, Arch, f, exp. Path, u. Pharmak., 1879, xi, 811,



8 LECTURES ON THE MALARIAL FEVERS.

Klebs and Tomassi Crudeli and the malarial fevers as a settled
fact. Let it be enough, however, to say that repeated re-
searches in this line have clearly demonstrated the fallacy of
the original ideas of these observers.

The parasite which is now generally recognized as the
cause of the malarial fevers is not a bacterium, but belongs
to the protozoa, and more closely to the class of sporozoa.
Its further classification is not definitely settled; some of
the theories concerning this question will be referred to later.
These organisms live in the blood of the infected individual,
attacking the red corpuscles, developing in their interior,
accumulating dark pigment granules derived from the altered
heemoglobin, and eventunally destroying the red elements,
from the surrounding shell of which they burst at the time
of their sporulation.

The parasites were discovered in 1880 by A. Laveran, a
French army surgeon, who was pursuing a systematic study
of the malarial fevers at his post at Constantine, in Algeria.

As is so frequently the case in scientific discoveries, these
bodies had been frequently seen, and indeed described, years
before they were recognized as parasites by Laveran. Thus,
Meckel # in 1847, not only described pigment in the blood of
a patient dead of malarial fever, but noted further that it was
contained for the most part in round, ovoid, or spindle-
shaped protoplasmic masses, which were, beyond a doubt, the
malarial parasites.

In the following year Virchow described and clearly
pictured certain forms of the malarial organisms; it must be
said, however, that the parasitic nature of these bodies ap-
pears never to have been suspected.

——

* Zoitschrift fiir Psychiatrie, 1847, 198,
} Virchow’s Archiv, 1849, ii, 587.
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It remained for Laveran to recognize the fact that these
pigmented elements represented living parasites. This ob-
sertor was stationed in 1879 in Algeria, where he toek upon
himself the task of investigating the malarial fevers. In
November, 1880, while studying the blood of a patient suffer-
ing from malarial infection, his attention was attracted by one
of these pigmented bodies from which there extended several
actively motile filaments. The dancing of the pigment
granules within and the active serpentine motion of the fila-
ments were so striking as to convince the observer immedi-
ately that he was looking upon an animate object. In the
same month a preliminary communication was made to the
Academy of Medicine in Paris;™® this was rapidly followed
by a number of other communications.

In 1881 Laveran published a small monograph t in which
he described his observations at length. The bodies which he
had noted were small, colorless, pigment-containing elements
varying in size from one sixth that of a red blood-corpuscle
to nearly an equal volume. The smallest contained but one
or two fine, dark bits of pigment, while the larger, which
were at times nearly the size of a leucocyte, contained
numerous actively motile granules. These bodies he believed
to be attached to the red corpuscle, at the expense of which
* they grew and accumulated pigment.

He also noted larger bodies, crescentic or ovoid in form,
eight or nine micromillime‘res in length by three micromilli-
metres in diameter, which were quite transparent and color-
less, excepting for a group of rounded pigment granules
lying near the middle, or more rarely collected toward one
end of the body. Sometimes the granules were arranged in

* Bull. de I'acad. de méd. de Paris, sé6. du 28 Nov., 1880.

t Nature parasitaire des accidents de I'impaludisme, etc., 8vo, Paris, 1881.
2












PATHOGENIC AGENT OF MALARIAL FEVERS. 13

Eventually these separate leaflets spring away from the
central pigment collection and assume a round or ovoid
shape, resembling in every way the small hyaline bodies
which at the same time may be observed within other red
cells.

Golgi thus confirmed a suspicion which had been pre-
viously expressed by Marchiafava and Celli that these Mar-
guerite-like bodies represent parasites in the process of repro-
duction. These investigations demonstrated clearly that the
quartan parasites present in the blood are aggregated into
enormous groups, all the members of which are approximately
at the same stage of development and pass through their cycle
of existence simultaneously. The length of this eycle of ex-
istence is, in the quartan parasite, approximately seventy-two
hours, &) that in infections with a single group of organisms
sporulation occurs every fourth day.

By carefully comparing the stage of existence of the or-
ganisms in the circulation with the elinical manifestations,
Golgi discovered the remarkable fact that the malarial par-
oxysm always coincides with the sporulation of a group of
parasites. Thus, in infections with a single group of the
quartan organism a paroxysm occurs every fourth day.

In his first publication, however, Golgi pointed out the fact
that a group of parasites must first attain a certain size before
it is capable of producing a paroxysm, and in a similar man-
ner the severity of the paroxysm depends within certain limits
upon the number of parasites present in the blood.

It was also noted that often more than one group of the
parasites may be present at the same time in the ci reulating
blood. When this is the case the several groups reach ma-
turity almost invariably on successive days; thus, if two
groups be present, segmentation occurs on two successive
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16 LECTURES ON THE MALARIAL FEVERS,

tinct form of the malarial parasite. Golgi, in 1885,* called
attention to the fact that in the blood of the one case of irreg-
ular fever which he examined there were found only the cres-
centic and ovoid bodies of Laveran, forms which were not
present in any of his other cases. In view of this fact he
suggested that these elements might represent a third type
of the organism having a special cyele of existence differing
from those already described. These organisms had also been
described by both Laveran and Marchiafava and Celli, who
found them with much greater frequency than did Golgi.

Marchiafava and Celli,t it will be remembered, found
many cages in which the blood showed only small ameboid
hyaline bodies—their © plasmodia.” Laveran and the Italian
observers had, however, been working in districts where, at
the height of the malarial season, a large proportion of the
cases are of a very severe, more or less irregular or contin-
uous type, while Golgi, in Pavia, met only with the milder,
regularly intermittent forms of the disease.

Thus it gradually became evident that there was a class
of cases where the blood contained only the small hyaline
amaeboid bodies with perhaps a few fine granules of pigment,
agsociated, often, with the large ovoid and crescentic bodies
of Laveran, while in some cases only the latter forms were to

be found.
Couneilman,} in 1887, was the first to hint at the practical

diagnostic value of this fact. He says: “The character of
these bodies varies in different forms of the disease. Al-
though they seem in rare cases to run into one another, still,
in general, we can say that where the plasmodia inside the
red corpuscles # are seen the patient. has intermittent fever,

* Op. eil. + Op. cit. $ Op. eil.
# He refers here to the large pigmented, probably tertian forms.—W. S, T.

T W TR T e e
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and where the crescentic and elongated masses are found he
has either some form of remittent fever or malarial cachexia.

_ We are not only enabled to diagnosticate the disease as
such, but in most cases the particular form.”

In 1889, on the basis of observations of several cases
with irregular symptoms, Golgi suggested the association of
these parasites with fevers with long intervals between the
paroxysms. He believed that the cycle of development be-
gan with small hyaline bodies and passed through the cres-
centic and ovoid stages; its duration was unusnally long—
lasting ten days or more. He was, however, unable to trace
the entire life history of the parasite, having never seen
sporulating forms, and advanced this idea merely as an hy-
pothesis.

In the fall of the same year, however, Marchiafava and
Celli # and Canalis + almost simultaneously published articles
describing the life history of the organism found in the severe
gstivo-antumnal fevers of Rome. These fevers differ materi-
ally from the regularly intermittent tertian and quartan ague
which, prevailing in the milder malarial districts, formed a
great majority of all the cases which came under Golgi’s
eye. The regularly intermittent fevers pursune a character-
istic eyclical eourse, are never pernicious. and yield rapidly to
quinine, while the more severe gstivo-autumnal fevers of
Rome are much more acyelical in their manifestations, tend

frequently to become pernicious, and are more resistant to
quinine.

* Op. cif.

t (a) Arch. per le se. med., 1890, xiv, 1. 1, No. 5, 78 also, Fortschr. d.
Med., 1890, Nos. 8 and 8; also, Arch. Ital. de Biol., 1890, xiii, 262, (¥) Lo
Spallanzani, 1890, 172. (¢) Arch. per le sc. med., 1890, f. 8. 888. (d) Intorno
a recenti lavori sui parassiti della malaria, 8vo, Roma, 1880,
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organism capable, perhaps, of further development outside of
the body.

Marchiafava and Bignami * have gone further, distinguish-
ing two varieties of the sestivo-autumnal parasite, one with a
ghorter cycle of existence, lasting about twenty-four hours,
and another with a longer cycle, lasting about forty-eight
hours. The general characteristics of the parasites are very
similar; the main differences consist in the larger size of the
tertian parasite, its slightly greater activity, and the fact that
the number of segments is more abundant than in the quotid-
jan organism. Both organisms develop crescentic forms after
a certain length of time.

Golgi, in 1893,t studied the sestivo-autumnal parasites in
Baccelli’s clinic at Rome, and, while recognizing distinetly
the association of a third variety of the organism with the
more irregular wmstivo-autumnal fevers, he believes that there
are many points yet to be settled in relation to its life history,
and that we are at present by no means justified in distin-
guishing two separate varieties.

It was early noted by Marchiafava and Celli and Canalis,
a8 well as by subsequent observers, that only the early stages
of the cycle of existence of the sestivo-antumnal parasite are
found in the peripheral circulation ; the later stages, and par-
ticularly the segmenting forms, are observed only in the in-
ternal organs.

Golgi goes further than this, asserting that in @stivo-
autumnal fever the forms found in the peripheral circulation
are practically accidental ; that the main seat of the infection

* Bull. d. R. ace. med. d. Roma, xviii, f. v, 207; also (English transla-

tion, with notes and appendices by the authors), The New Sydenham Society,
vol. el, London, 1804,

1 Arch. Ital. de Biol., 1893, xx, 288,
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170 LECTURES ON THE MALARIAL FEVERS.

be connected with the ordinary eycle of development of the
gestivo-autumnal parasite, lasted about twenty-four hours;
while the longer cycle, associated with the development of the
crescentic and ovoid bodies, lasted a considerably greater
length of time, three or four days or more. Canalis, as well
as Antolisei and Angelini, believed that they had found defi-
nite proof of the segmentation of crescentic parasites and
their derivatives.

Further study and observation, however, has tended to
bring these views into discredit, and there are probably, to-
day, no observers who believe in the existence of a parasite
whose regular cycle of existence lasts more than seventy-two
hours. As we have seen in the description of the parasite,
there is no proof whatever that the crescents and ovoid bodies
are capable of segmentation. And indeed it is true, that
. while cases of fever with long intervals are not infrequent, the
regular recurrence of the paroxysms—that is, a regular quin-
tan, sextan, or octan, ete.—is extremely rare. That, how-
ever, paroxysms with intervals of epprowimately seven,
eight, nine, ten, fourteen, twenty-one days do oceur is ungues-
tionable.

To what results have intellicent studies of the blood in
these cases led us? Golgi, as has been noted, described such
paroxysms occurring in patients with the @stivo-autumnal
parasite.  Bignami* and Pes;t however, showed that they
might occur in connection with the tertian parasite, while
Vincenzi} has more recently shown that they may be ob-
served in infections with any one of these three organisms.

e

* Riforma medica, 1891, iii, 169, : _ e

t (a) Riforma medica, 1893, i, 118. (#) Riforma medica, 1803, 11, fitih

% (a) Bull. d. R. ace. med, d. Roma, 1891-'92, 631, (&) Arch. per le se.
med., xix, {. 8, 1805, 263.






















; 3 I . J bl
- 1 - - ol ! g L i)
== phed 3 6 »g= . Tos
(] T ~ 1 I
F I ] v { r . [ i
' [ L I . LF i |
1Xals 1 )1 [













f I = . a







*TeErnT !, : s
il | ]
A r















































































= | | y P . ¥ -
x 3 ]
4 0
] 3 E . ¥
M ¥ N i
0 i
I i 5 5 -











































. 1T :
. ¥
] 1 afl 1 |
Ll il - i L L »
y - o 4.3 1
































































o A



















i ] s N
=1 i 1 b }
[ !




- r . 1 10 + A
- - . s y
| r 4 -2
1 .,
.. I |
i : -











































3 I H, [ 1
I i * -
4 Mt














































































































































1 - . N ] -
| ] a ll L




]
a I | -
























































































AR A s
A rr.-rn*.r-:-r? -'J",*.r}'.l-r P P PP P r PP PR rr s miers
PRIy e
I ‘-r‘{-';-'rr .-‘-".r...r FEE
r::'::..‘ o f i .-"'{ o
P *1'.-'1-".-" i
PR

)
F
a o a A

paatna ot L S S K R R R R R .'-"""-‘-‘.-‘a‘.."..'..'“““""""‘“‘_‘."':

B i U e g
P TS PP E

P“‘?'J' ‘Pr"ﬁ“;t“..a. s .r_lf_l"_l‘ ¥
7 .-ﬁ'.-_'h'.. ’ _-.._..‘. :.;-ﬂ-

A

"."-;-,.--“.-" o ,.;.' s ,-: o
A .-".- r.

A .-;.-:.:. rr '.-".-

A

.,.._-

e Ilir.-‘..-‘.-‘..-‘..-.-.-‘,‘, ”l' A
L iJ.......-..-'..-'.."r")".."i,.""“ 'f *
R A A e s
. ;---.14‘:.41 “’ -. ..""‘:‘:-J‘:‘J-‘:‘J'J’J'f"“;‘,:
“a‘”‘r‘-i_-q.-...a ) e o
o A

i J.,.-' AP

; e dd
5 b ol gl ol o ol

0 '|IIJ|-|.|JJ|‘I|-|-|-IJ-IJJJ.‘.|J|_.

-'.-'. .-‘.'..‘..‘..‘ o ‘ W " " "
iﬂf.ﬁ Folf R

7 '.;.f.-.-.-.;,-.-.-:- i

£ o S daad
'y IJ'"‘“!‘r'r‘r i a‘aaaa,,
TR
....-..-.....-......
-!'l‘i;-r R
R
.’_J!llirir:r:raaaaa)lap

Ay i
f"""’-llllaaa.
v g
M

e g &
r:rrrﬁﬂﬂ?}}ﬁ}'

)

£ ,._._.‘.‘.'.:',J.:.:.'.;.'.f:.‘:..*:*'
o i

o) rlllaaaa.l.l..‘.....,.,
i’ EE R EF R ERRS
R ......, L ..-..-..--"-".‘-““""",."
a5 ..r.r.r.r.rr--.... kb R,
R Fd ;_ﬂ_ﬂw.“.“.“,
FERRNI A, g R R R R p g
iy _, .....”..,..-'..—..—,.—,.- F it R R
Iy i K R £
A A A T S ‘“"-'-'-'-l“--r--”-‘-:-l:-‘_-__
LA s i
A L A
4 A

.-_.-......-..... 'f__.__.__a‘a‘....-,.

oy F
“l‘rrrrrrr.

i

s
i
N R

R il
"""'"“-rrrrrrrr.'

¥
S )
A R iirfrrrr.-.
] LAt R
A
irirrraaaaaaaa. R e A
¢ b,

F el lf.a.aaa’a’a’a‘a-.““‘,‘:‘“"’"'flllll.id F
; R ‘.-""" A A HARAAH,

g
-rl.-.-.-aaallaal.aa S
4 o ol ol el ol
---.-.--aa.-aaaaaaa,,,,_,,,,,
.r.-........... Lttt
- o

P ....ar;-aaaaaaa||

#
"
rirlala

g
PR r e S
i

ottt
ii---aaaa.aaaa;....,.,,,,,,,,_,,
o PR #

e
f A A
d LR B ) j - p_--‘r‘rjrarararard LR RN
i ..

PR i

A i
-.--irir.—'-'.'.".......--.......

o o P ¥
i S S e
|||||-llir-.uaaaa'a'.u'.u".‘“‘-r-rrrrrf“.’“"

7 s
- -':r '-'.-".-"i'i'i' - l.J PP -'a"-"a'a"'a‘.'a'a"a'a'a' R R ;
: PR T ‘.‘;‘;J-‘-‘-‘-'-I-'.-Ia__a a; ata .. e
i i a ..a‘.-‘aaaaaa.,_,.,“,,,.. o)
ar | mom s oo

: :
e e e U e e L T Nt
‘ " e

f

ottt {a e e T

o i Tl 1 FoE
a g e

R R T
A e
r

e

r-rr-rrr
s
Tata

et .--.--. a, .-. H
"

-1-.--.-
'\.'\.'\..'\.-\.-. g

At L ]
i |.|.-\.-\..'|'|.'\.'\..

e ........;-\..

i1
LA e

1A A '\.-\.-\.-||||||1'\.1'|-||
e |.|.|.'|'|

1A o
e e e ]
LR, Dl e &

e e e e e e
RAAAA R SR R R R
B A A e A A, A

h

R R R LI
-............--\.-«.11..-.-.-.-...-...1-..«.-\.1-
Al A

s “mn
“u 3 ---n..“...----------. L
A AT LR, Sy e 'y --'|I.'\|'\|'|'|'|
) .11--...«.«.1.11....1«. a1, 'y
3 A e ...............«.-.

! w0, o e s e o o T i Rt e i e T R

!

B e e

‘"1'-"-".".".."..'.'..'.'."-."-.‘-."1-.1-.--.'.I-I-I--l-l'\-n'\-'\-'\-i'!'“!!'!-'!'!“""
. 4

"] LI RLE]

I I.I.I.“'l.‘l.‘:.‘l.‘l."\r'\.'\.'!'!'!'!'!'!'!\ - \1
r "“""""‘l'""I'I"I'.‘n."n."t"“l.‘l.‘l.‘n.‘n.|.|.-\.--|-|11--'l-l-
. AR AR "k""'"‘-.“"" e ""‘..‘.‘."-C‘-C‘-."-'---.-.-.-~~--_-_--_‘-_”,,.,“...‘ 3
. " |ll'|--'|'|'| I.I.I.I.‘MI“I.‘I.“'\.‘I-‘I"I'I'!'!'!'|'|'I'I"I sl "I'
e e e )
‘- o) --I.u-l |1| LI l-\.'|'|'|'|'|'| et |.-\.-\."-\.1 .\I.."\."I"'!" """'."".".‘.'11111\

"

ey L

N, 5 11111111

S A

UL 0 ..“.-\.-\.-\.--lnh_“_h"‘,“”‘,
A A,

-...x.._..“q.........\........--\...-\.

S R

O R R SR IOIU I

.1-.-.1.-.-.11111 i "y R AR A 5

R R R SR
win

Waoan Al R

- -
.........-.-.1“. 4 n e
e e T T

SR R A
oy ..-....--”--------1-1-1111

y o lwm e
= u...------

.
T T S
) «.1.11..-.1.--111-11ln'”~-
e, R R

e N s

!
oy N4 e
wh ..'..........
.'\.-\.-\.-\.'\.
S e

"y Ve

AN S N

-\..--n-u“-------lu-1l‘-‘-‘-J-I_-I_-,|1I_1l1_1_1‘1‘1‘1",‘,”,,__ R R, .||.|.|||.|.-|-|-|-|-|-|-|-|-|'|
R T Ty 1

OO I B
.,.\.,.,“.....‘..‘... .

1-.-.-.-.-.-.1-.--.l-ll-n

e L e T e e S SRR KK R

5 R B SR IR -\."'|||-|-|‘L"'""' ] T L R R, ........--.-.-.l.--l.-lllt s R R R
e o 504 R 1ll'\.'\.|111‘|'|.‘|.-\.1_‘"|'|.--" : ' s -..-.-.-.11,\,_‘,_‘-.\-.1..:':-\.-\.-\.‘ "
1'-"|II.IIIIIII'|I'|'| "\." "-"""‘“"""""“"‘""""‘""‘ " LI

L1
S ..‘1."..".."-"-"-"-."-. ) ORI
IIIII.'|.l'l.lu.|l.|l.|l.|'|H 'l‘\
) e
O T ...1-."-.-.11.111'- vt

iy "‘_‘_:,"..,,.,,..,..,---.-.-.-..... g

R .-u-;..."'--;"."
RN SR Bt B R 4

s
oy
e

a y
'.I.l . '|'|I'|'|.'I'|'|'|'|'|'|1|
S A RO e T R N T N

"'.."-"-"--.-.-.111 L
'|'|'|I'|'|'l'\ ! oy
eyt e e T e

L
.“..,._._._.111” % B o
& ‘-*“ .:\:'.;'Q-.‘.‘:-."h.".h T Al

‘i R Y \‘:-\‘_1‘_‘_““‘_\11.\
I‘.'|.I-'I|I-.|.|ll|'Il'll'|‘-|‘-|'|‘1'.' l.
A iy

L)
ALA s s

%
-n-------
5

byl B LTS

R B

e 1-.11‘-‘-_-;-.'-_-1-‘-_'-"-‘
L

R ._‘-._‘.._‘-1 SRR %
.."."““‘Llll\.:Il'!l'!'!'!!III\\ll

f e 3
¥ 3 |-|-|-|-|-|.|-|.'\'\

RR R
'l""'""“"‘""".,".".".‘.‘."----.-
WL RN

e R A "' et AN -“‘ ¥

R
AN i

%5,
A,

R

) . i 5 II.II'|'|'|I'|'|'|"|I-|I|I‘II '
2 ""“‘""":}*::*.”‘.*:‘,,,‘. .:.u:"._._.. BHEARARA S ..,_._.._..1..‘.....:_.“,. Bty B
oy o ,.'l.:.: 1_-.-.-,‘1 A -.'_n‘-.‘::.".:,:: . “\‘I "';'\: '\: VA ..‘:_: el o ~'-'.~,:',~:~,~ S ‘L:.‘.:.". W
,ia.awu N m ity

TN RS
e e

it st gt LA R R AR R L R b '.-‘-‘- .,-,t.':.:- e

AR e E R -‘~‘.-‘-h‘- ke

W AREEEERES 1*1\-'-‘-‘.' AL LA AN N e e

(R KR 1 4 a4 a4 S L4
'L‘!..;.-.‘r.‘ﬂnu.-\.-..-.. SERE ] -.h.'-."-L".'nv-w--h.: L A S 555 ,u. Ty Y

5 =,
RN R o e

R R
. - e o B S L L L R T e R

R L R




