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Cioineident with o systematic study of the parasites of Panamanian
monkeys we beeame interested in the fate of malarial parasites from
man when injected into monkeys. To our swrprize we found that
temporary, but undoubted, infections with Plasmodiwm faleiparum,
mvolving several asexual generations, could be induced in one of
the loeal howler monkews, In view of the skepticism of protozodlo-
mists as to the possibility of transferring human malaria io the lower
monkeys, fully shared by us, we have become eonvinced of this only
after very careful study, not only of the alleged estivo-autumnal in-
feotions, bul also of the natural parasites of monkeys with which they
might be confused. For the same reason we have given our experi-
mental results in detail.

Review of Tieralure.

After the discovery of the huwman malarial parasites, eoncerted
efforts were made lo lransmit them to all classes of vertebrates, and
in particular te menkeys, The earlier efforts, beginning with that
by Laveran in 1853, were consistently negative and for specifie refer-
enees the reader is referred to Laveran (1907). In 1917, Mesnil
and Roubaud made a preliminary report of the first sueeesstul trans-
mission of P. #ivax to a chimpanzee. Twelve days after the injeetion
of 8 to 9 ec. of blood infected with all stages of parasiies which had
not been troated with guinine, voung schizonts were found; on the
13th day, gametoeytes; on the 1dth, young schizonts of the seeond
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seneration ; and on the 15th, numerous stages. After the 22nd day,
no parasites were found.  In 1920 they published furither work on
this and anoiher chimpanzee. They were unable fo reinfeet this
chimpanzee or to infeet the other with P. feleiparum or P. sivax
either by inoculation or the bite of a mosquito infected with P, falei-
e,

Hubsequent 1o this work, the bulle of (he findings have been en-
lirely negative or have shown extremely evaneseent infections with
the exception of the report by Yoshino (1926). This investizator
found rings of P adenx in young dogs, rabbits and gninea pizgs 2 1o 8
ilavs after subentaneous noeulations. e appended a plate showing
the rings, but his deseriptions were meazer. These sueeessful find-
ings, in conjunclion with the stress he laid on transferving inlections
to woung—even newly born—animals, gave Impetus to several sub-
sequent but negative investizations.

The negative findings, after 1917, may be briefly listed as follows:
tadhain and Van den Branden (1217} inoculated bats (TPteropidaes)
with P, foleiparwie or wdvar and also subjected them to the bites of
mosguitees.  Knowles (19190 injeeted 2 rhesus monkeys with rines
and erescents of P foleiporym and 2 with creseents alone. Bertarelli
(189207 inoeulated a Macacus eynomolgus twice with P. wivar and
onee with P, faleiparam. Blacklock and Adler (1924) injected a
chimpanzes with P. feleiparum. DBaechelli (1928} zave 2 monkeys,
2 pigs, 6 guinea pigs, 2 white rats and 2 white mice blood containing
P, vivar and a similar number of animals blood eontaining P. malariae.
Alaoand Faust (19287 inoeulated P, vivaz or P. felefparuse inlo rab-
bits, guinea pigs and hamsters about 2 menths old some of which
had been splencetomized or treated Dby injections of stryehnine.
Murginesu (1920) gave P wivex to monkeys and rabhils after spleneo-
tomny or “blockade’™ of the reticulo-endothelial system and later sub-
invenlated their blood into man without producing an infeetion.
Segal (1830} transferred P. wives to new born guinea pigs and 5
to 12 days afterwards transferred blood from the guinea pigs to man
without suceess, Adant (1931) infected 4 monkevs (2 Cercopithecus
sabacus and 2 eynocephalius), mme of which had been splencetomized,
with P, faleiparuwm. None of these investizgators reported the finding
of any parasites in the subinoculated animals,

1t is of passing intevest Lo note that Knowles {prev. eit.) injected
2 ce. of citrated blood eontaining erescents of P, faleiparum into a
hunuman monkey (Semnepithecus entellus) which revealed an intense
mfeetion in 23 hours and died in 44 hours,  All later authors, how-
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pver, are in agreement with Knewles in his eonclusion that this eould
not hpve been a transfer, hut was a relapse of a latent infeetion in the
monkey brought out by the operative shock and injeetion of foreign
bload, Another possibility suggests itself in view of the quickness of
the attack and from the fact that we have found it extremely diffienlt
to produce intense relapses in monkeys by the repeated injection of
large gquantities of human bloed. From Knowles' deseription one
wonders if the monkey did not happen to be just at the beginning of
a relapse or even have parasites in s blood when the human blood
was injeeted, Knowles simply states that the monkey had been n the
laboratory for about a year and was in excellent health, but he does
not state how many blood films were examined before the injeetion.

A few investimators noted parasiles during the course of the first
ew hours after the transfusion of plasmodia-eontaining blood into
the various animals. Thus, Bass (1922 found several rings in one
suines pig incenlated intravenmously with . faleiparion, although
several other puinea pigs, one M. rhests and 4 rabbits never showed
parasites, An interesting feature of his work is that in enltnres, the
P faleiparum grew when overlaid with donor’s serum, but failed Lo
srow when overlaid with serum from the test animals.  IPranchini
(19271 reported the finding of 2 gametoeytes in a thiek blood film
from one of 9 pigs 19 days after infeetion with P. wivex. Four other
pigs were ineculated intramusenladly 6 times with I, faleiparam, but
exhibited no parasites in their hlood at any time, Massa (1929} re-
covered infections of P, vivaz in man after leaving them in two rab-
bits for ¢ hours and 3 days, respeetively, according to Marginesu.
Steinfeld {19297 found a pigmented leucoeyle in a splencetomized
Java monkey infeeted with P, melerige and npon antopsy 12 days
after infeetion found pigment in its kidney amd liver, bul no para-
sites.  Another “‘blockaded’ monkey, infected with . faleiparwm,
Failed 1o show any parasites. Stradomsky, Petrowsky, Popow and
Budnew (19300 found an oecasional parasite in enly a small number
of the dogs and guinea pigs inoenlated with P, wivar and P. faler-
parwm and then only in the first few hours alter subeutancous ov
intravenous injections, Bodechtel (19300, in experiments similar 1o
those of Massa, recovered £ vives in 7 out of 8 humans alter leaving
it in “bhlockaded ™ mice 24 to 48 hours.  The blood from 2 or 3 mice
was pooled Tor the inoeulation inte each human.
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Materials and melfiods.

This study involved ineculations of P. faleiporam into 10 monkeys,
% from human beings and 1 from an infected monkey,  Subsequently
one of these was infeeted with P, bresilionion, the gquartan species
Fovnd naturally in monkeys,  Work on monkey G8A was done in the
spring of 1932 ; work on the remainder in the spring of 1931,

All of the monleys were infant brown hewlers weighing 440 1o
Gd prams and captored from Herrera, Panama.,  Although they have
been fentalively identified as Alowalta pallicla pallinla by Clark and
Dunn (19323%, Prof, Thomas Barbour of Harvard Universily ([ per-
sonal communication) believes that they vepresent an undescribed
species,  The use of these monkeys obviated the pessibility of confus.
ing the experimentally administered infection with a natural infec-
tion simec only three of several hundreds of them brought into the
CGorgas Memorial Laborvatory from this loeality have been found in-
Teeted with malavia (P, brosilionwm) as aseertained by daily exam-
inations Tor a weel and onee o weelk thereafter until they died. In
faet, the great disadvantage of usinge these animals was that they did
not stand captivity well, Thervefore, the death of 6 of onr monlkeys
during early stages of the malarial infection need not be attributed
to the experimental proeedure per se, sinee normal monkeys were
dying equally rapidly,

The procedure was simple.  Fifteen to 20 ce. of bleod were taken
[rom the femnoral vein of a patient showing several to many rings per
microscopic field of P, feletparem in a thick film.  The blood was
poured into four times its volume of 0.4 per cent citrate and centri-
Fuged.  After decanting the supernatant fluid, the Bleod eells were
mixed with about an equal guantity of =aline and were injeeted as
soon as possible into the tail vein of a monkey in whose blood para-
sites had never been found,  The transfer senerally lool about an
honr—mnever more than two hours, Thiek and thin blood smears were
made immediztely and then at about 12-honr intervals until the
monkey was killed or died. Since the menkeys were so small, the in-
feeting dose of 7 to 10 cc. of washed, packed red blood eells was an
enovmons addition of bBlood inte the blood stream. In faet, in one
case (na, 2060, enough parvasites were Infroduesd so that imme-
diately after inoculation a namber eount showed that there were
380 rings per 10,000 red blood cells or approximately 1 infeeted cell
in every 27 cells,

Mumber connts were made frequently from the thin films. These
consisted simply in aseertaining the ratie hefween the parasites and
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red eells ina number of microscapie fields on a stained film and calen-
lating the proportion of parasites per 10,000 red cells. In the majority
of cases Lhe size of the sample used in determining this ratio was such
that the probable ervor did not exeeed 15 per cent of the total observed
value {Harvtman, 1927, Various red cell counts per emm. of blood
showed a variation from three and a half o six millon per emm. Such
a difference might appesr to indieate that there wonld be Taivly large
diserepancies when the parasite number counts were referred to an
absolute number of red cells, but in several monkeys where frequent
red eell connts per emm, were made and the parasite eounts plotted
por 10,000 red eells and per cmm. of blood, the irends in the number
connts were only inappreciably changed.  In view, therefore, of the
large number of parasite counts necesssary n this and other worlk
carried on simultancously, the number of parvasites per 10,000 red
cells was considered adequate and sofficiently accurate.  Examina-
tions of thick films were resorted to when the parasites dwindled in
number fo sueh an extent that thin Glms were practically nscless in
diselosing them.  From parallel number counts on thiek and thin films
a given number in thick flms iz equivalent to a tenth of that number
per L0000 red eells in thin films.

Sinee the eyele of growth and division is of prime importance in
this study where it oeeurs every 48 hours instead of every 72 hours as
in our strain of malaria of monkeys, the two measures we have used
to express it ave worthy of individual eonsideration,

[n the first place, the changes in mean size give an aceurate
measure of the evele, provided the samples arve taken at least at 12-
hour intervals. The mean size of various samples of parasites was
obtained by drawing the outlines of 50 o 100 parasites with a camera
lueida, measuring and caleulating the mean (Zx/m), The drawings
wera 3000, They were measured as follows: A series of cireles 3,
6, & up to 27 mm. in diameter were heavily outlined in India ink and
fixed over a musenm jar in which was put an electrie licht, The
diameters of these eireles, therefore, represented 1, 203 up to 9
The drawing of cach malaria parasite was then superimposed over
various of these eircles until it was found to fit between two cireles.
Its size was then eonsidered the smaller of the cireles. For example,
4 parasite intermediate n size between eireles 5 and 6 was eonsidered
equal in size 1o eirele 5 whoese diameter was equivalent to 5 o This
method was adapted from one used by one of us (1925 in work on
avian malaria and though aecurate is extremely time-consuming. It
was used to study the infection in monkey 171
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In the seeond place, the changes in the pereentare of forms show-
ing division of the nueleus will alse give an aceurate measure of the
evele provided alzo the samples are taken at least at 1%-hour intervals,
In our work 30 or 100 parasites were inspecied, were divided into
several classes and where division oceurred the number of nuelei
vils eounted as aceurately as possible,  In tabulating the data, 1wo
classes were vecognized, one cousisting of all the srowth stages and
thoze with 2, 3 or 4 nuelei and the second consisting of those with 5
or more nuelei,  This criterion was seleeted beeause it seemed an aisy
point of demarcation in the whele proeess of division and included a
wide enough range of division forms so thal examination of 50 or
100 forms was sufficient to obtain an adeguate smmple. Thus, it was
sometimes difficult fo be sure whether a form was uninucleated or
binneleated since an apparently uninucleated form might be doe to
the juxtaposition of 2 nuelei or ta the partial superimposition of one
over the other. By the fime the third division of the nueleus was
inangurated, however, there was always a complete separation of some
of the parts from which the juxtaposition or superimposilion of others
could be inferved. Therealter, the inereasing number of nuelei some.
times made exact, aceurate counts impossible. Sueh a procedure is
simpler, less time consuming and just as accurate as awing and
measuring samples of parasites. Tt is similar Lo the one developed by
Boyd (1929) except that as he was studying very heavy infections,
e conld look at much larger samples in a ressonable length of time,
and henee used, as his eriterion, the pereentage of Lorms in 500 or
evern 1000 forms showing actually malure segmenters, ie., SREeniers
with fully formed merozoites just ready Lo break oot of the sell. This
method was used in studying all of the infections reported in this
paper. When parasites became too scaree to find on thin films, 1y
were studied in thick films.

Both of these measures arve somewhal inadequate due to localiza-
tion of the larger sehizonts and sermenters in the vapillariss, In
the monkeys, however, they can be relied upen to give an indication
of the oeeurrence of sporulation since a larger proportion of srowth
stages (necessary for the first method) and of segnmienters (necessary
for the second method) ocenr in the peripheral bloed of the monkey
than in the routine infections of this species encountered in man,

In & monkeys (nos. 136, 198, 1, 204 and 206) a small piece of
spleen weighing from 0.043 to 0.25 grams was removed prior to in-
Feotion in order to obtain a picture of that organ before and Auring ov
after infection.  To prevent excessive bleeding of the spleen after the
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exeision of the piece, the cut surface was cauterized by rolling a hot
glass rod over it

Thin bloed flms were stained with Giemsa’s or Wright's stain or
with tetrachrome by the method of Gingeich (1932, Thick blood
films were made and statned by the method of Barber and Tomp
{19247,

Feperinental vesults,
Mo prdialagis.

The forms Lound in the blood of these monkevs during the 45-
hour evele ave shown by emmera lneida drawings in plate 1 and by
photographs in plate 2% As an examination of these plates shows,
they are typieal sublertian forms. Small fypical rings oecurred im-
madiately after scomentation (pl 1; 1=2 and pl. 2; 1-2).  Some pos.
goseed slicht psendopods (pl. 1; 3); some showed two chromatin dots
(pl. 1: 3=d; pl. 2; 1) ; some were sitnated on the border of the cell
ipl. 1; 2, and pl. 2; 1-2) and often doubly or triply infected a ecll
{pl. 1; 4 and pl. 2; 1-2).  After several sporulations in the monkey,
the rings were approximately ivpical, but freguently showed 2 or
3 chromatin dots (pl. 1: 3 and 5), more often possessed psendopods
and seemed to staln more delicately. A gradual growih in the ring
torms took place. This was represented, during the first 8 to 30
Liours, nel so mueh by an inercase in cirenmference as by a denser
amount of evtoplasm (pl. 1; 4-8). Oeeasionally, in very deeply
stained eells containing half-grown schizonis, Maurer's deots were
seen {(pl. 2 34y, These were tvpieal—irreeular in shape, brick red
in eolor and larger in size than Schiilfner’s dots. Within 30 fo 40
howrs, an actual inerease in size took plase together with an inerease
in the nuelear material {(pl. 1; 9=11% and the aceomulatior of pig-
ment granules (pl. 1; 10-12). The pigment granules were quite
large (pl 1; 12-13), and early in the process of division began io
clamp zo thal at the two-nueleated stage they might be elumped
{pl. 1; 147, and thereafter were almest invarviably elumped.  Di-
vision wis initiated when the parvasite itself did not nearly half fll
the cell (pl. 1; 13 and pl. 2; 5% and even at the four-nucleated
stage, growth was not pronounced {pl 1: 16 and pl. 2; 6}, Con-
comitantly with division, growth proceeded, nntil, when division was

*TIn plate 1, flgs. 1, 5-12 14, ¥6-23 are from monkey 171 figa, 13-15 nra
from monkey 167; and figs. 2-7, 24 and 25 arve from menkey S, In plate 2,
figs, 1, 2, -5 are from monkey 171, figs, 3, 4 and b from wonkey 198, and figs. 5
and 10 from monkey 204,
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eompleted, the parasite sometimes filled or almost filled the eell (pl.
1; 17-25 and pl. 2; 8-10}.

For comparative purposes plate 1 contains five tvpical forms of
P. faleiparum from a human placenta ® and 5 typical forms from the
pevipheral blood of a monkey infeeted with £ brosilionwm.  The
ring stages of feleiparwm (pl. 1; 1-2}) show considerably less eyto-
Masm than dresdignaem (plo 1: 3137 The uninueleated form of P
Ffalevparum {pl. 1; 11, 12 and 26) does not orow as large before di-
vision is iniliated as does P dposiBownion (plo 1 329, The two-
nueleated buman form is muech smaller and already shows the pig-
ment clumped (pl. 1; ef. 13 and 27 with 333, The Snucleated form of
. brasilienm frequently dees not show the pigment elumped (pl.
1; 34). Finally, the human form in both the monkey and in the
human placenta forms from 16 to 24 or more nuelei {pl. 1; 19-25,
20-801), whereas P, brasilionum forms ordinarily from 8 to 12, rarely
up fo 16 nuelei {pl. 1; 357,

The similarity between P, faleiparim in the monkey and in man
i brought out in another way by the camera lucida drawings. In
plate 1, figs. 4, B, 10, 13, 15, 16, 22, 24 and 25 and in plate 2 figs. 3,
d, 8, 3 and W are in lowman blood eells, at least they have been in the
monkey less than 45 hours, wherens figs. 1, 2 and 3 have undereone
one sporulation in the monkey and the balanee in plate 1, figs. 5-8, 11,
12, 14, 17-21, 23, and plate 2, figs. 1, 2, 6, 7 and 8, have undergone
two sporulations in the monlkey.

The actual sizes of the parasites at sporulation and at 12-hourly
intervals have been obtained from drawings and measurements of
parasites in monkey 171 and may be found in table 1. (The data
represent random samples mweeting the speeial reguirements of oaeh
column. ) The rings just after sporulstion show a mean of 2.8 .
Growth is very gradual and slow for 12, 24 and 36 hours as vepre-
sented by the measurements 3.0, 3.6 and 3.9 p respeetively, but for
the following 12 hours, when division is ccenrring, is fairly rapid
until at sperulation multinueleated forms show a mean of 6.3 .,

The peeuliar presence of segmenters led to an intensive study of
themn,  One hundred segmenters with 2 or more nuelei were drawn
and the nuelei counted on June 8 at 8 am. from monkey 171. Their
mean diameter was 6.3 00 OF these 53 had 12 or more nuclel, and
it is interesting to note that their mean diameter was 6.9 & while the
size of the bloed eells in which they were found was 7.28 + O6u

# This placenta was obtained in Puerto Rico in 1928 and besides the heavy
concantrition of asexnsl forms, 4 fow eresesnts were Tonmd.
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Moreover, the mean diameter of 200 uninfected ved eclls from 1his
monkey was 773 &= 02 . These data which may be found in table
Il indicate that the mature segmenter almost filled the red cell, bo
didd not endarwe it. In fact, during the final stages just before di-
vigion, the diameter of the red eell as compaved with the normal ap-
pears to eontract slightly sinee the difference is 045 = 006 g These
eonelusions are also shown in plote 1. Flgnres 1 to 3 and 5 1o 5,
showing red eells containing rings and therefore presumably normal
in size, may be compared with fies, 11, 12 14, 17-21 and 23, showing
red eells eontaining segmenting forms. All of these probably rep-
resent red cells from monkevs sinee thev ocenrred during the seeond
or third sporulation in the monkevs.  One in cach of these groups
(7 and 199 measures 7o oand all of the remainder measure 8 g,

TARBLE 1.

The wiewn dimmeter @ mderoniar ¥, ool porosifes dirfng the 48<fowe apele of sporelation
2, of infocted; and 3, of wninfecled v blosd eells,

Purmsites: Had bload colls:
Dinmekor After sparulation A zporulabion
in mirrnns Tinine
a 2ar 12 ar ot frated
!‘m": 12 hir. #1 hr. 36 hir. e ;n-:-:u Ur__'l_:lnr"
Tasrrm iaclei i riunlei
2 a2 G 1
3 1534 18] it 24
4 T o 118 £ty
Hl [ 2 4 20 1
fi ' 3 47 13 i 4
1. AT 20 &y fil
5 14 10 19 120
i 1 La
Total 1o Al 2000 10d¥ 124 da | 03 200
Mean i 205 .01 A54 (A (3. EHD 725 Fi)

Cne tully formed segmenter showing eomplete division of the
eytoplasm eontained 18 merozoites.  Furvther work on the number of
merozoites formed was undertaken as follows: The nocled in 75 para-
gites from each of 3 monkeys (171, 185, and 2047 in which there wera
g or more nuelel were counted and tabulated in table 20 For pur-
poses of ecomparisen, not only has a similar sample been tabulated
from . feleiporem in a homan placenta (menfioned previeusly),
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but also a sample of 50 segmenters from the same placenta with fally
formed merozoites just ready to rupture the blood eell. In the
monkevs and in the human placenta, parasites having from 28 to 14
nuelei did not look like completely Formed segmenters as their noeled
were large and often irvegularly shaped, whereas parasites with 16 (o
24 puclei appeared quite regularvly, and in monkey 204 an unnsual pre-
deminance of parasites with 28 to 40 nuclei appearved {pl. 1; 24-25
and pl. 2; 1. The question arises as to whether or not these were
due to doubly or even triply infected eells, TIn this conneetion, of
00 infested cells found on June 10 at 4 pom. in this monkey (le,,
the voung rings which later formed the segmenters under considera-
tion), 14 were donbly and 1 triply infected. In other words, 3 per
cent of the infeeted eells were doubly (rarely {riply) infeeted,
whereas, 6 per ecent of the segmenters contained 40 nuelel and 14
per cent contained 32 or move. These data seem tfo indicate that
the nomber of wuelel formed in a sepmenter in this infeetion may
be as high as 40, but additional work would be necessary to make
lhis conclusion more than tentative, In the human placenia among
the mature segmenters 20 fo 24 merozoites oceurved generally, al-
thourh there was one each containing 18, 25 and 26 merozeites, re-
spectively {table 2). From these data, it appears that the seg-
menters form approximately the same number of nuelei in the
monkeys as in the human placenta with the exeeption of monkey 204
{table 2},

General cowrse of infecfions and aserual periodicity.

The maost intemse infeetion was enconntercd in monkey 171, the
graph of which may be found in fig. 1. This infection persisted for
52, days, included 3 spornlation periods and was characterized by
gpveral deereases and enormous inereases in numhers of parasites
whieh in turn were probably terminated by a erisis, In faet, at the
peal of the infection, (334 days) there were 915 parasites per 10,000
voel cells, Le. every eleventh cell was parasitized. This transcends
the mmber found in any other P faledperwn or I, Drosiitanum -
foction which we have eneountered. When the monkey was killed,
i Tew parasites were still present.

The pereentage of segmenters with 5 or more nuclei shows plainly
that sporulation oecurred approximately every second day. Thus, on
June 4 at § a.n. {(no other slide was made on this day) 8 per eent ceeur;
ont June 6 at 9 am. and 2 pom., 6 and 1 per eent eccur; and on June
& at & wan, noon and 4 pome, 21, 1 and 4 per cent ocenr, respectively.
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Dare
iz, 1. The infeetion of P. falcipores in moenkey 171 showing: 1, the num-
her of pargsitea; 2, the peresntage of segmenters (as indieative of sporulation
sei arrows) ;o and 8 the mean diameter of pargsites inomicrons,
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Throughout the balance of the infection, whenever slides were made,
no segmenters oeeurred (fig. 1), It is interesting to note that these
percentages, which are not very high, are, nevertheless, rarely found
in man. Their oeeurrence may be correlated with the abmormality
of the host or the suseeptibility of sueh normal untreated infants.
The mean size of the parasites does not indicate one of the sporula-
tion periods due Lo the faet that on June 4 no blood film was made
at & pan. (fig. 17, :

The scareity of segmenters in the blood at any time, conpled with
the enormous inereases in numbers of parasites even after segmenters
had disappeared from the peripheral blood, indieate that a differential
percentage of sezmenters must exist in the peripheral blood and in
the eapillaries of the deeper organs. Thus, on June 6 at 9 amn., there
were only 11 parasites per 10,000 red cells and of these only 6 per
cenl were schizonts with 5 or more nuelel.  Nevertheless, in 24 hours
the parasites had inereased to 915 per 10,000 red eells, although if
all the sehizonts had sporulated and produeed 20 progeny, there could
not have been more than 132 parasites per LHL000 red cells,  Such
localizations made it impossible to calenlate the proportion of progeny
surviving at each sporulation, as has previously been done for P,
brasthanuwm (Taliaferro, 19320 and P, ealhemerium, the avian para-
site (Taliaferro, 19297, Morcover, the fact that the largest percent-
aze of segmenters ocenrred during the erisis (June 8) seems to in-
dicate that adverse sonditions elsewhere tend fo drive them into the
bl sl

For comparative purpeses, the graph of an infeetion of I
brasilignum the simian form, is given in fiz. 2. This is also char-
acterized by a series of decreases and inereases in numbers of para-
sites, but sporulation oceurs every (ird day instead of every second,
and is so synehronons that at the peaks of sporulation 60-T0 per cent
of all the parasites in the blood have five or more nuclei,

On June 7 at 4 pm. at the peak of the infection in monkey 171,
5 ee, of eardiac bload were taken from this monkey and injected
intravenously into monkey 200 so that immediately afterwards there
were U5 parasites per 10,000 red cells. AL S pom. only 2 parasiles and
at 11 pom. only one parasite was found in 5500 red eells,. Thiek
films made subsequently were negative for five days, at which time
ihe monkey was killed for examination of its tissues. This infection
was excecdingly transient. In view of the facet thal it was sub-
inoculated from monkey 171 during the erisis (in 24 hours fhe
parasites in 171 had dropped from 915 to 33 per 10,000 pad cells),
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the question arises: Were the pavasites alveady opsonized and lence
more easily phagoeytosed?  Further work on this problem is in
progress in M Dresidienion,
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Fre. 20 The infection of P, Drasiliznan in white throated monkey 118 for
comparisen with fige. 1 oand 3, Note quartan perfodicity and promounced ayn-
chronieily ws compared to P folel peni.

Monkey 204 elivited a lighter infection than monkey 171 in spite
of the fact that immediately after infection there were twice as many
parasites in its blood (52 as compared to 25 parasites per 10,000 red
eells}. It persisted for 8 days at which time the animal died (fig.
4. From June 10 through June 15 parasites were fairly numerous
and showed two sporulation periods, the first on June 12 around
8 am. and the second en June 14 around & am.  Sporulation oe-
eurred, however, over a considerable period. Thus, at the first
sporulation, 2 per cent of parasites with 5 or more nuelel oecurred
at 8 pom, on June 11, 13 per cent at § a.m. on June 12, and 1 per cent
at noon on the same day, and at the second sporulation, 2 per cent
ab 10 pom. on June 13 and 4 per cenl al 8 a.m. on June 14, As noted
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previously, a comparatively large number of parasites were found
with from 32 to 40 nuelet at the sporulation period ccenrring on June
12, Comparisons between fig. 3 and fiz. 2 again illustrate the dif-
fevencees ecneounlered betwoeen the two speeles of malaria in the
mankey.

B, H. Markey 204
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Fra. 3. The infection of I, Faleiperwmn in monkey 204 showing: 1, the num-
b of parasites; and 2, the perecntage of segmenters {as indieative of sporula
Gign: see arcowsd.  (In this monkey the parasites wers loo searce to asccriain
the porcentage of segmenters after June 15, § am)

Number counts of all the infeetions are summarized in table 5.
Some, which were made at extremely freguent intervals, have been
omitted for the sake of eeonomy of spaee. Those not hitherte de-
seribed will now be talen up.

The infection in monkey 167 was light, never excecded 20 para-
sites per 10,000 red cells, and disappeared, as far as thick and thin
blood films could show, in § days (table 3}, Nevertheless, on the
morning of June 3 and June 5, 6 and 2 per cent of sporulating forms
were found, respectively, and corroborated the conclusion reached
from the study of the other infeetions, Le., that the reproduetive
evele is 48 hours. Seven days after infection with P. faleiparum and
2 days after the infection had disappeard, this monkey was injeeted
(June 9} with the simian strain, P. bresdionwm, The infeetion
seemed to progress in a normal manner, tut unforfunately the monkey
died before some of the guestions regarding sporulation time, eross-
infeetion, ele., could be studied.

The infeetion in monkey 206 was remarkable in thal the number
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eount inmediately atfter the intravenous injection of § ce. of infected
blood cells {at 4 pm. on June &) was 380 per 10,000 red cells. Tt was
eoually remarkable for the rate at which the parasites disappeared.
Thus, at 8 pom, the same day (4 hours after infection) there were 206
parasites per 10,000 red cells, at 8 am. the following morning (16
leomrs after infection) thers were 41, and at noon (20 hours after
infection]), when spernlation was beginning to take plaee, there were
24, Asg oa result of sporulation, the parasites inercased to 142 per
10,000 yed cells, but further study was prevented by the death of the
animal. On June 9 when sporulation occeurred, there were no
sporulating forms at & a.m., § per cent at noon, 5 per cent at 4 p.m.
and nene al 9 pam.

The infeetion enconnlered in monkey 198 was quite similar {o
that just deseribed except that fewer parasites were injected initially.
It also showed one spornlation period.  In faef, at 8 am, on June 10,
24 per cent of segmenters were found.

Monkey 199 was killed after it had been infected 24 hours, and
henee, no sporulation period waz encountered.  One handred and
forty parasites per 10000 ved cellz were found immedistely after
ingeulation. Theze rapidly deereased until when it was sacrificed
there were only 53 per 10,000 red eells,

Ho few parasites were injecled into monkey 634 that immediately
after infection there were only 0.2 parasite per 10,000 red eells and
in 24 liours none could be found. Nor eould any be found in thick
film for 25 davs thereafter, at which time the animal died.

A similarly small infective dose was given monkey 156, and when
it died in twelve hours no parssites eould be found in thin films,

The infection in monkey 146 was of such a low grade that no data
colld be aceumnulated on its sporulation fime,  Parvasites were present
in very =small numbers for 2 days, but subsequently, eould not be
formnd in thiek film forr 2 days at whieh time the monkey died.

Dhigewgsion, swmmry and bibligrapiay.

The diseussion, sumnary amd bibliography of this seetion arve
wiven at the end of seotion I,
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