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I the preceding seclion a descriplion has been given of the frans-
mission of P feleiparim from man to 8 howler monkeys and of the
subinoeulation from one of these to another monkey (see especially
table 3. In this section, the histological study of tizsues from biop-
gies on the spleens of five of them and from neeropsies on all of them
will be piven.  This has been earried out in eonjunction with an ox-
tended study of the cellular responses of various Panamanian monkeys,
mmeluding the presenl species, to the natural malarial parasite of
monkeys, P broasdignem,

The tfissues consisted of the spleen, lver, myoeardium, brain,
Iungs, kidney, intestine, intestinal lymph nodes and bone marrow, the
last having been faken from the femur, They were fixed in Fenker’s
fluid plus & per cent nevtral formalin without aeetic acid, seetioned
in celloidin and stained by Maximew's method with eosin-azar 1T and
hematoxylin (Maximow, 19087, The histology of these tissues is of
interest when eompared with the histology of animals infected with
P brasilionuwm, as deseribed preliminarily by Taliaferro (1932 and
may he taken up under the fellowing heads:

L. The macrophage activity,
2. The general lvmphedd bovperplasi.
3. Tisgsue loealizations.

No noticeable phagooytosis of parasitized srvihirosylies or of pig.
ment was seen in any of the organs in monkeys 156, G54, 198, 146, and
200, altheugh in monkey 199 many parasites were seen. In monkey
198, which was infected 214 days, there were seattered pigment
granules in the macrophages of the spleen and Kupfter cells of the
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liver, sonewhat fewer in the macrophages of the bone marrew and
un occasional elump of plement in the macrophawes of the Tong, but
none in the kidney, brain, intestine and intestinal lymph nodes.  The
game findings were true of 206 except that the pigmentation was more
pronounced and in the esse of the spleen and bone marrow a number
of parasitized red cells were also seen within the phagoeytes.

As pointed ont in seetion [, monkey 171 had probably, and monkey
904 had undoubtedly undergone a erisis. This is rvefleeted in the
tissues where much pigment oeenrred, especially in the maerophages
of the spleen, liver and bone marrew. A few pigmenled macrophages
were found in the lung.  Unphagoeytosed parasites were not seen in
204, but oeeurred in considerable numbers in 171, which is what eould
be expected from the data in table 3, In monkey 171 a large num-
ber of picmented moncnuclears (laree transilional forms) were seen
in the blood vessels of the Inng, heart, hrain, kidney and in peripheral
bload smears, but the actual proeess of phagoeytosis may have talen
place in other sites.

The evidence, as far as it goes, indicates that the slugeish phago-
eviosis by the macrophages of the spleen, liver and bone marrow 1%
correlated in P feleiporwm, as in P, brosilionum, with the death ol
the erganisms during the acute period and is greatly inereased at the
time of the erisis. Throughout, however, there is less phagoeytosis
in 2. faleiparum infections, This difference is probably eonclusive
in spite of the small number of cases and is strikingly brought ont
b the maerephages shown in plate ITL from the spleen and liver of
monkeys 171 and 204 infected with P. feleiporum and from monkey
119 infected with P. bresiliemwm, The infeetion in monkey 119
{fiz. 2, prev. seet.) lasted longer than 171 (fig. 1, prev. sect.) but the
latter reached a much higher peak in numbers and due to its tertian
periodicity probably represented the death of more parvasites,

The injection of such large quantities of foreign red cells would
sugeest an active erylhrophagoeytosis by the macrophages. None
wias observed in the spleen and liver of monkeys 156 and 199 which
were infected for about a day ; a small amennt was noted in 198 which
died on the 2nd day ; and a proneunesd amount was evideneed in 206
wlhiel lived almost 3 days.

None of the animals showed any marked aetivation of the lymphoid
clements of the spleen or bone marrow. 3ost of the infeetions ran
tao shovt a course for this to be significant, tut in view of our results
with 2. hrasilicnwn we would have expeeted eonsiderable stimulation
in the case of monkevs 171 and 204 which underwent extremely
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severe, if short, infeetions.  This did not prove to be the case. The
splenie follicles of these animals were compacl withont prononneed
serminal centers and were within the novmal limits.  The bone mar
row was nol hyperplastic.  Of partienlar interest was monkey 204
becanse a biopsy was performed on s spleen before infeetion.  The
spleen seetions before and after infeetion were indistinguishable with
regard to the hyperplasia of the lymphoid elements.  These findings
strongly snggest, therefore, that P. foleiporum does not stimulate
the lyvmphoid system as markedly as the natural parasite.  The evi-
denee would be eonclusive exeept for the small number of cases and
the variability encountered in studying the monkey-parasife.

The organs showing an imvariable eoneentration of parvasites (pro-
vided a coneentration ovenrred) were the spleen, liver and bone mar-
row., Thus, in monkey 199 which was killed after an infection of
only one day the blaod showed an infection of 63 plasmodia per 10,-
000 red eclls, whersas the spleen and bone mavrow showed 223 and
143, vespectively. Similarly, monkey 195, after a two-day infeetion,
showed 12 parasites per 10000 red blood cells in the blood, but 113
and 67 in the spleen and bone marrow, and monkey 171 which was
killed on the 6th day (probably at the erisis) showed 21 parasiies
per 10,000 ved blood cells in the blood, but 180 and 106 in the spleen
and bone marrow. Monkev 206 showed 37 in the spleen, 85 in the
liver and 65 in the bone maresw per 10,000 red cells.  (Blood films
from this monkey were not made at the time of neeropsy.) Interest-
ingly encugh, monkeys 156, 684, 146 and 200, in which the infeetion
guickly subsided, showed no parasiles in their hload, spleen, liver or
hone marrow. Alse, monkey 204 which was infecled for 8 days, but
which underwent a typieal erisis showed at death one parasite in the
thick blood film and none in the organs.  In other words, this animal
had suceeeded in eliminating the infeetion.

Ome localization of parasites was encountered in monkey 199 in
the myocardinm. Here, in the larger vessels, eomparatively few
parasites oeeurred, but in the capillaries the majority of the red cells
were parasitized.  This animal (table 3) was killed after an infeefion
of one day.

Dizcussion.

The foregoing data indieate that the infeetion with £. faleiparum
can he cleared up with less macrophage aetivity than is the ease with
F. brasilinnwm and with praetically no demonstrable general [vmphoid
activation. This suzgests to the authors that P. feleiporum may be
sa poorly adapted to this abnormal host that it is largely self-limited
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and thus necessitates little active resistance on the part of the host.
Very possibly the macrophages may be taking up paraszitized red eells
in whieh the parasites are already moribund from non-specifie factors
of the hest. TFuriber worle will be necessary to aseerlain whether
P faleiparaos ean be aetnally acelimated o the monkey.

As would be expected there s eonelusive evidence of reproductive
activity of the parvasites elsewhere than in the peripheral TWood.
With the exeeption of one loealization in the myvoecardium, the only
goperal localizalions occur in the spleen and fo a less extent in the
liver and bone marrew,  We have interpreted similar coneentrations
in P. hrasilianum as heing an Immune reaction preparatory to phag-
oeylosis, bul in view of the laek of marked phagoeytic activity and
the wirtual absenece of other localization-gites, we are inclined to he-
lieve that they probably represent true veproductive centers in the
il Faleiparuse infections,

No gametocvies were found in any of the infections studied—a
Fact which males it imperative to examine eritically 1he evidence that
the infections deseribed were P foleipmrum.  This can be considered
under several headings as follows

1. Freedom of experimenial monkeys from previows infection.
As stated earlier, only three of the many monkevs from Herrera have
been found infeeted with P, bresidionum. Furthermore, the five
spleens on which biopsies were performed prior to injeetion with para-
sites were nezative for pavasites and for pigment.  Sinee all of these
monkeys were infants, just weened, their spleens would still have
shown plgment had they been provieusly infeeted, Nor can thiz be
interpreted as indieating that the animals were Intected, but still in
the ineubation period, because nol a single infant animal from this
loeality developed s natural infection after its entrance into the lah.
oratory,

3. Morphology of the parasifes,  As has been shown, the parasites
are clearly similar to P foletperum and not P beasilionuwm of the
monkey, It is alse noteworthy that no gametoeytes, similar to P,
bragilipwum, were found in any of the infections,

3. Aserual periodicity.  The periodieity of the infections under
digeussion iz clearly tertian, whereas, as has been shown by Taliaferro
(18932), that of the malarial parvasite of Panamanian monkeys is
(UArLan.

4 Method of following the infection.  The direet transference of
sueh large numbers of parasites into known uninfeeted animals pre-
eluded the possibility of eonfusing the vesulting infeetion with a re-
lapse of a preéxisting infection in the monkey.
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8, Pathelogy.  Although not as decisive as the foregoing, it 15 noie-
worthy that the cellular responses, though gqualifatively similar, ave
guantitatively dilferent from the eellular responses to Infeetion with
P, brasilionwm in the same speceies of monkey.

Sy of seefions T ooand 7,

This study involved the transmission of . feloparias from
human beings into 9 monkeys (136, 684, 199, 1058, 206, 146, 171, 204,
17 and itz snbinooulation from one monkey (171} to another {2000
(table 33, Alter the huwman Infection in monkey 167 had disap-
peared, it was inceulated with P. brastlionem, the quartan malarial
parasite of the new world monlieys.  The parasites were injecled in-
travenously in sueh large nombers inoall cases that they could e
leund immediately thereatter and could be studied continueasly.

The longest infection was encountersd in monkey 204 and lasted
8 days at which time the animal died with a few parasites in its blood.
Tt veached a peak of 187 parasites per 10,000 red cells 92 hours alfter
infeetion and showed 2 sporulation periods 40 and 88 hours after
infeetion.  {Through the balance of the infection parasites were too
searee Lo aseertain spornlation periods.)  [Flig. 3

The most intense infeetion was encountered in monkey 171 and
reached & peak of 913 parasites per 10,000 red eclls (i.e, every cleventh
cell infected) B8 houors atter infection. Parasites were modervalely
numerous in this monkey at the time it was killed, ie., 5% days after
infeelion. During this {ime 3 sporulation periods oceurred (fig, 1).

The infeetion in menkey 167 reached a peale of 20 pavasites per
10,000 red eells 42 hours after inoeulation and exhibited 2 sporulation
periods, but disappearved alier 4 days ({able 37,

The remainder of the infeetions {table 3% were either extremely
transitory (146, G5A, 146, 2000 or the menkeys died prematurely
(189, 198, 2087, Tweo of these, however, showed one sporulation
period (198, 206 table 3],

The infeetions were characterized by the oecurrence of asexual
stages (no erescenls were Loond) morphologieally indistingnishable
[rom P. faleiparusm in man (tables 1-2 and plates 1-2}; a 48hour
evele of reproduetion during the sporulation of which comparalively
few seomenters (more than in man) oeeurred in the peripheral blood ;
anil a series of marked inereases and deoreases in the number of
parasites terminated by a erisis during which mest of the forms dis-
appeared rom the hlood,

Histological examinations of the tissnes showed that pigment oe-
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eurred in the macrophages of the spleen, liver and to a less extent of
the bone marrow by the second day and together with parasitized red
celle aecnrred more abundantly in the macrophages after the erisis.
This represented an activation of the macrophages which, however,
was not as great as in eomparable infections with 2. brasifionum, No
seneral lymphoid aetivation was encountered.  The shugeishness of
the tissne reaciions suzgests thal the parasites were disposed of easily
as compared with the natural parasite of the monkey, P. brasilignim.

Pronounced eoncentralions of the parasites were found in the
spleen, to a less extent in the liver, and to a still smaller extent in
the bone marrow from the first day until the erisis. These coneen-
trations are believed lo represent true reproductive centers because
of the sluggish phagoeytosis and beeause reproduction of the para-
sites must take place elsewhere than in the peripheral blood fo ac-
count for the inereases in numbers of parasites in the blood,  Only
ane animal exhibited a localization other than in these sites and that
in the capillaries of the myocardinm.
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EXPLANATION OF PLATES.

Prare 1. 1-25, P, Foleiporum in the monkey; 1-3, young rings; £-8, larger
ringe; 8-1%, voung schizonts showing the development of plgment; LE-24, seg-
manters; 2650, . foleiperien in the human plaeenta; 31-05, B Lrasilianum in
ihe monkey,  » S000,

Prate 8. 1-10, P. faleiporum in the monkey; 1-2; young rings, showing
typieal sub-tertian morphelogy (after seeond spornlation in monkey) ;o G4, young
seliizonts (the red eells show Maurer’s dots) ; 5, schizomt, undivided as yet; 6-10,
sogmenters.  Photographs ¢ 2500, !

Prate 3 Comparative pigmentation of the maorophages of the spleen and
liver in P, Brasfisows and P foleipors, 1, maerophages of spleen in monkey
118 aiftar erisis wilh P, brasifiosan ; 2, Kepfer eell of bver in monkey 1105 5,
magrophages of spleen in monkey 204 after erisis of P faleiparem; 4, ianlatind
macrophages n monkey 171 after probable erisis of P faleiparyin; 3, Eupffer
aell from liver of menkey 171, Sy, erythrocyte; K Lit, Eupffer eell; fdf, lit-
toral sell; Tiw, liver cell; Mae, macrophage; Par, malarial parasite; Pig, malarial
pigment; Poly, polymorphonuelear leucoeyte; Sin, sinusoid; & Lym, small lympha-
eyte,  Dreawings ¢ 1500,

The inner line of the apparent double line

in each figure of Plate I denotes the contour of

~

the red cell, The outer line i& 2 falase shodow.
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