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This paper presents a detailed study
of the modifications obscrved in the
length of the asexual cyele and in the
number of merozoites produced by sep-
menters during infection with Ples-
wodinm  brastlomum. The work was
planned in view of the changes found
by Bovd and Allen (1934} and Bowd
{1939} in the average number of mero-
zoites per segmenter during the course
of infections with 2. cethemserinm, Such
changes have to be considered in de-
termining reproductive rates since the
basic rate of asexual reproduction of the
malarial parasite in the vertebrate host
is dependent upon 2 factors—the length
of the asexual cycle and the average
number of merozoites produced by the
segmenters, The present results are of
importance in relation to the cfccts of
natural and acquired immunity and the
successive types of clinical attacks oh-
served In experimental malaria of man
and monkeys.

LITERATURE

As early as 1388, Golei noted that if
all the parasites, which arrived at ma-
turity every 2 dayvs in inlections with
P.opiax and every 3 davs in infections
with P. malariae, should complete their
development, the - resulting
would always progress until pernicious
symptoms were evident, but it was not
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until some 35 vears later that the factors
which prevent this sequence began to
be intensively analyzed,

In 1922, our work on diflerentiating
the parasiticidal and reproduction-in-
hibiting effects of immunity against
trypanosomes necessitated the develop.
ment of methods of measuring rates of
reproduction which were independent of
the number of parasites destroyved by
parasiticidal factors because net  in-
creages in parasites are only wvalid to
express pates of reproduction if all the
progeny survive. Applving these ideas
to avian malaria, the junior author
{1925} pointed out that the periodic
veproduction  of
plasmodia permits an accurate measure
of the rate of reproduction of these para-
sites, Of the 2 factors necessary Lo Com-
pute the rate, viz., the average number
of merozoites per segmenter (as deter-
mined by microscopic counts and cor-
rected for that fraction which develop
into gametocytes) and the length of the
asexual cycle, only the length of the
ascxual-cyvele was used becanse the num-
ber of merozoites per segmenter ap-
peared to be constant, ®his conclusion
was based on single determinations of
the number of merozoites during the
acute and developed periods of the in-
fection. These were obviously insuffi-
cient in view of the work of Boyd and
Allen. Later, in our study of P. brasli-
arum  (1934a) in Central American
monkeys, we noted the following facts:
the merozoite mean per segmenter var-
ied between 8.5 and 10 and the 3-day
periodicity was regular throughout the
infection except at the time of the crisis
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or decrease in parasitemia when (1) the
azexual cyele zometimes took 4 or 5
davsiinstend of 3 days, (2) the average
number of merggoites por sopmenter
sometimes decreased, and (3) the mean
size of the sepmenters sometimes de-
creased (this last finding was undoubt-
edly correlated with the number of mer-
ozoites produced by each parasite). Be-
causc we believed that the vaciations in
the merozoite mean per segmenter dur-
ing the entire infection were minor ex-
cept at the crisis, we concluded that the
basic rate of reproduction in infection
with P. brasilienim was constant except
at the crisis and that the various aspects
of the infection were the result of & dil-
ferential mortality of the parasites dur-
ing the entire infection on which was
superimposed a temporary retardation
of reproduction during some crises, The
present results furnish more exact data
on these points and modify the conclu-
sions to some extent,

In 1934, Boyd and Allen studied in
dletail the number of merozoites per
segmenter and the length of the asexnal
cyvele during the course of infection with
P, cathemerinm. They found that peri-
odicity and synchronism remained con-
stant throughout the infection, but that
the merozoite mean per segmenter de-
creased during the acute rise until the
pealk in numbers ar the beginning of the
decrease in numbers was reached and
thereafter increased. They also found
that the changes in the merozoite mean
could be correlated with changes in the
gize of the adult parasite. These data
wers eonsistent with the earlier findings
of Hartman {1927) that the size of the
adult parasite was inversely propor-
tional to the parasitemia and with the
later Andings of Wolfson (1%37) that
the asexual cycle remained constant
throughout an infection, including the
crisis, of a matinal strain of P. firae
cox (=relictum)—see her fig. 1. In

1939, Boyvd amplified his and Allen's
findings. In peneral, he found that the
values for the merozoite WErE
highest at the first or second segmenta-
tion in the infection, decreased during
one to scveral subsequent segmentations
and increasad irregularly therealter, but
only occasionally reached a walue as
high as obtained at the Arst or second
sepmentation. He reasocnably took ex-
ception to our emphasis of the fact that
the rate of reproduction of & given
species of plasmodiom was essentially
conslant except al the crisis in =ome
infections of P. brasilianum and that the
course of the infection could be ex-
plained in terms of parasiticidal mecha-
nisms uncomplicated by changes in the
rate of reproduction. In 1934, Lourie
concluded that the periodicity and the
merozoite mean were unchanged in
parasites injected into and reproducing
in latently infected birds, Later, Bowd
and Gilkerson (1942} studied in detail
the merozoite mean of parasites after
their injection into pairs of birds, one of
which was normal and the other of
which was latentlv infected. They found
in 18 such pairs that the merozoite mean
dropped from 14 in the normal to 10,8
in Lthe latently infected birds during the
first reproductive period after injection
{no other period could be studied in the
latently infected birds because the para-
sites rapidly disappeared),

The course of P. brasilianwm in the
6 species of monkevs studied in this
paper has already been reported by us
(19324, 1934a, b and ) and by W. H,
Taliaferro and Cannon  (1936) and
W. H. Taliaferro and Kliver (1940,
Briefly, P. brasilionum, which occurs
naturally in cebus, red spider and howl-
er monkeys, varied in these monkeys

mean

from low grade, nonfatal long continued
infections, in which relapses ocourred, to
acute, fatal infections. In general, the
infections in cebus and red and black
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spider monkeys tended more often to be
acute and, in howler monkeys, more
often to be chronic. In marmosets and
night monkeys, the infections tended to
be transitory and o decline pro-
gressively, The asexual cyvele was char-
acterized by # synchronous 72-hour
pericdicity throughout the entire infee-
tion, except that it was less synchronous
in marmosets and night monkeys and
was sometimes less synchronous and de-
layed at the crisis or drop in parasitemia
in some species and possibly in all spe-
cies, The delay in segmentation after
the peak in numbers was at times slight
and caused no change in the ower-all
periodicity or at times was marked. In
the latter event, varying proportions of
the population took essentially 4 or 5
days to segment and thereby eaused,
for example, 1 brood of parasites to split
into 2 or maore broods of varying pro-
portions. Segmenters contained from 4
to 16 merozoites in the cebus, spider,
howler and night monkeys, and from 4
te 14 merozoites in the marmoset. The
merozoile mean per segmenter varied
slightly between 8.5 and 10 from strain
to strain and from day to day in the
same infection during either the acule
rise or developed infection, but de-
creased markedly during some intense
crises, especially in cebus and spider
monkeys, At such times, some para-
sites, so-called crizis forms, were mark-
edly atypical and degenerate in appear-
ance. These conclusions are amplified in
the present paper, especially with regard
ta the number of merozoites per seg-
menter.

MATERTALS AND METHODS

The results in the present paper are
based on detailed studics of P. brasili-
anum in 4 Cebus capucinus monkeys
(1 through 4) and on a reexamination of
6l similar infections from the following
6 species: 23 white throated (O capu-

-

cinus) monkeys, 6 red (Ateles geoffrovi)
and 9 black (A. dariensis) spider mon-
keys, 10 howler monkevs (Alowafio
pallinta) consisting of the black (4. p
aeguatoralis) and brown (4. p. trabeata)
varictics, 6 marmosets  (Leonfocebus
geaffravi), and 6 night monkeys (dotus
zonalis). Monkeys 1 through 4 were ob-
tained from a New York dealer, All of
the others were furnished by Dir. H, C,
Clark of the Gorgas Memorial Labora-
tory and bear the numbers used by him.
The letters W, RS, BS, H, M and NM
preceding the numbers represent  the
above 0 species In orvder, respectively,
The monkeys were kept under ordinary
laboratory conditions of light and dark
and were fed a varied die€, including eod
liver oil and milk.

Monkeys 1 through 4 were infected nteaven-
otsly from strain 3 of P brosdianwm on August
30, 1939, July 14, 1939 April 153, 1941, and May
4 1941, rezpectively, The infections in all the
other monkevs were sither saturally acquiced or
experimentally indvced by the injection of in-
fected bload during 1931, 193F or 1935 as de-
seribed  provicusly by us, They represent 4
slraing of P brasilienumn.

Thin Blood flms of monkeyvs [ through 4 were
usually made at & and 10 am and at 1 and 5 pm,
central standard time. Some were air-dried ac-
cording to the useal procedure, and athers were
dipped momentarily in ether, before the blood
had deied on them, tofacilitate con nting the mero-
zoites, as advocated by Bowd (19390, The films
were left in ether until about 2 to 5 mm of the
auter edege of the hlaod flm appearcd vellowish
and the rest of the film appeared more or less
transparent when remove® from ether. Thin air-
drieid blood films of all the other monkeys were
usually made at 4- or G-hourly intervals from
Bam to 8 pn All slides were stained wich Glemsza,

Ta reconstruct the various time relationships
and the ocenrrence of major and minor broods in
the asexual cvele, we studied samples of 50 or
more [usually 1000 parazites on the gerial blood
films and separated the parasite population into
Lhe same 5 classes (1, small; 2, intermediate: 3,
arge nninecleated; 4, 2 to d-nucleated; and 3, 3
ar morve hucleated forms anmd all segmenters)
which we used earlier (193da). To represemt the
periodicity and svachrenism of the asexual cyele
as simply and adequately as possible, the per-
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centage of class 3 in the parasite populations was
plotted in graphs 3 through 4, This class was se-
lected mstead of any or all of the others because
it reaches a peak just a few hours before the peak
in segmentalion accues, and, henee, not only in-
dicates the synchronism of the asexmal cvcle bt
the approximate time of segmentation, The re-
sultant curve does not clearly indicate the occur-
rence of minor broods found by stdyving the
proportien of the above mentioned 3 classes in che
population, especially o such broods form only &
small proportion of the population. Their ooc-
currence; however, will be pointed ot in the
text. Parenthetically, it maw be mentioned that
these procedures, as advocated by us (1934, of,
also Mulhgan, 1933, and Wolfsan, 1936a and b),
seemed to us better suited to represent the asexual
cycle of P, frasfiduws graphically than other
previcusly devised methocds {cf. Stephens and
Christophers, 1908, and L. G, Taliaferro, 1935;
and Mathiz and Leger, 1911, Bowvd, 1929 and b
and Lourie, 1934), but would have to be modified
to study other species. For example, the separa-
tion of the parasites inte 5 classes amd the in-
tervals of 8 and- 10 am and 1 and 5 pm, at which
blood films were made, are adegquate o study
a species, such as P. brasilionum, which seg-
ments into 4 to 1§ segmenters every 72 hours
except at some crises, but ocher time intervals
andfor other classes would have to be devised
to study species with a shorter perisdicity, with
litele synchronism or with fewer or more mern-
FOites per seginenter,

Far the daily determinaticons of the merozoite
means per segmenter from monkeys L throngh 4,
about halfl were found on che 8 am blood film and
the other half on the 10 am bload film. Samples
numbering {rom 50 to 743, as is noted in the
graphs, were stodied. The small szmples wore
necessitated by the searcity of parasites. For
such examinations, the Glm was uniformly spread
with oil and the parasites located 2t o magnifica-
tion of X230 and examined at & magnification
of #1230, The large samples were stodied for
purposes of orientation and various comparisons.
Samples of {rom 200 to 350 were considered ado-
guate, For the daily determinations of the mero-
zoile means per scgmenter fromm the other G0
monkevs, samples of {rom 25 oo 50 were usually
made, The standard erear was calculated for all
mergzoite means, The number of merozoites was
only recorded from segmenters in which the cyta-
lazm  exhibited |:,;u:11pa|:l: nuclei and complee
cleavage between some of the daughrer mera-
eoites, Ether-prepared Blood films were vsed o
collect these data (pl 1) from monkeys 1 through
4 sinee on such films the component merozoites
were more clearly distinguizhed and more ae-

curately counted. Ordinary thin blood films were
uged to onllect data from the other monkevs.

In using the merozoite means 10 compute one
factor in the rate of asexeal reproduction, we did
not attempt o correct for that portion of the
mercxoites which develop into gametooyvees. Asa
rule, such a correction was unnecessary heocause
gametocyies were so starce,

The important parasitological periods of the
initial infection or of any subsequent relapses of
£, brosilicnun in monkeys, as determined by the
number of parasices per 10,000 red cells on the
slaincd blood films and as reported by us previ-
ausly {19323, 193da, eic.), are desipnated in this
paper successively as acule rise, Crisis or parasitc
dechine, develaped infection and latent infection.
The srep-like increases in number of parasites
facute rise) o a peak in numbers and the subse.
quent decreases continuing inte the developed
fection unlil parasites may not be found by
Microscople examination {latency} vary in in-
tensily to such an extent that there s no typical
aspect to the number curve (note the difference in
the character of the heavy solid line in graphs 1
through 4). The drop in numbers which termi-
nates the acute rises, whether initial or during
relapses, assumes singular importance in the
present paper. 1t marks che development of ac-
quired inmunity o a degree which arrests cthe
increasing parasitemia, [n some acute infections,
the resulling drop is sucdden and marked and is
apprapriately termed a crisis, In others, it is
grivcaal, In-still others, the immunity of the host
keeps the entire patent period low grade with the
result that the increase in parasitemia is slight,
the point at which the parasitemia begins o de-
crease s dificult to determine and neither the
rale nor amount of decrease s great. In past
papers we have wsed “erisis’” for all these de-
creases because they all seemed 1o be associated
with the same immunolegical mechanism and we
were unwilling to risk the immunological impli-
cation of such a term as “lvsis'” for the more
gradual decreaszes. The use of the term "crisis'
inn thizs sense, however, has resulied in some mis-
wnderstanding, In the present paper, therefore,
we have uzged the term, crists, for precipitoos
decreases in parasitemia, and “parasite decline,’
for gradual decresses in parasitemia, These shade
ene into the other. Thus, the crisis or parasite
tecline is initiated on the third day (occasianally
on Lhe dayv of the peak or on the frst o second
dav) alter the highest parasite count of either an
initial infection or relapse and lasts 3 to 6 days
depending upon the behavior of the parasites
with respect to their pericdicity, merozcite mean
and morphology.
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Prate Lo Segmenters encountered ininfections of P brasilianen: in cobis monkeys, From blood
filias dipped inether and stained with Giemsa, = 2500,
E=10 Segnenters with from 4 oo 14 meroeoites found during the acute rise o developed Jofection,
T=130 Segmenters with o doubtful number of merosaites foamd during the a®ace rise or developed
indeerion,
L 16, Probably vwo segmenters inoasingle red Blood ecll
LF 23, Crisis segmenters with from 2 10 7 merozoites showing morphological degenvrative changes,
These were fomnd only araund the tine of the crisis.

EXPERIMENTAL RESULTS or trilobed (of. some of the nucled i

The number of merogcites in each  plo L, figs 1, 9 and 100, These couald usu-
segrenler was ascertained as accurately  ally be satisfactorily analvecd, but oc-
as possible, but the fellowing difficulties  casionally it was impossible to decide
were encountered and dealt with as  whether a particular nuclear arrange-
follows: {1} 'The nuclel of some mero-  ment in the segmenter under obseryva.
goites were often U- or Veshaped or bi- tion was due to one nucleus or the par-
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corded separately for each segmenter,
but these data are prosented for concise-
ness in graphs 1 through 4 as a percent-
age frequency of the 4 following groups:
segmenters (1) with 6 or fewer merq-
zoites, (2] with ¥ or § merozoites, (3
with 9 or 10 merozoites, and {4) with 11
or more merozoites, During the acute
rise and developed infection, sermenters
contained from 4 to 14 (rarely 15 or 16)
merozoites (pl. 1, fig. 1-10) with the
large majority containing 8 or 10 mero-
zoites and about 8% to 15%, containing
an odd number of merozoites (pl. 1, fig.
2,4,6and 8). During an intense crisis, as
found in the cebus and spider monkeys,
sepmenters contained from 2 to 10 mero-
zoites (pl. 1, fig, 17-23) and oceasionally
209 to 35% of them contained odd
numbers of merozoites. Often the seg-
menters with an odd number of mero-
zoites contained 1 merozoite with a
noticeably larger nuclens—a fact indi-
cating that the Jatter may have failed to
divide,

In indicating the significance of differ-
cnces between individual daily merozoite
means or between a daily mean and the
mean for a part or all of an infection, we
have used the usual formula for the
standard error of the difference. In a
number of cases, the differences among
the daily merozoite means were tested
for significance by Fisher's analvsis of

ariance as given by Snedecor (1938).
Little additional information was ob-
tained by the latter method hecause the
number of segmenters on which the
daily merozoite means were calenlated
was generally large.

Data from 4 cebus monkeys are given
in detail in graphs 1 to 4 because the
infections in these animals illustrate the
different types of conditions encoun-
tered. Thus, the infection in monkey 1
was low grade without a sharp initial
acute rise or crisis, There was also a lack
of noticeable effects on the periodicity

or merozoite mean of the segmenters;
The infection in monkey 2 was charac-
terized by a moderate parasitemia, the
initial rise of which was terminated by
a more or less gradual parasite decline,
Az in the case of monkey 1, there was no
pronounced effect on either the syn-
chronism of reproduction or the number
of merozoites per segmenter. The infec-
tion in monkey 3 was characterized b
an initial rise which reached a high peak
for this infection and was terminated by
a sharp crisis. In addition, there was a
marked effect at the crisis on the rate of
reproduction, as evidenced both by a
derangement of the asexual eyele and a
drop in the average number of mero-
zoites per segmenter, In monkey 4 the
initial rise did not reach as high a para-
sitemia as in monkey 3, but there was a
slight derangement of the asexual cyvile
and a moderate decrease in the number
of merozoites per scgmenter at the time
of the crisis.

Cebus maskey I (graph 1N—The in-
fection in monkey 1, as indicated by the
number of parasites per 10,000 red cells
(heavy solid line in graph 1), consisted
of a low grade, fairly constant parasite-
miain which there were no marked acute
rises or falls. The parasitemia reached a
peak of only 11 parasites per 10,000
red cells on the 18th day, dropped to
about 3 per 10,000 red cells on the
2lst day and continued as a low grade
infection until ther? was a secomnd
neak of 17 parasites per 10,000 red cclls
on the 66th day. The second peak in
parasitemia was followed by a decline
in numbers on the 60th day. No para-
sites were found from the 86th to the
137th day, but a low grade relapse ac-
curred on the 138th dav. The infection
in this monkey illustrates the long-con-
tinued low grade infection often en-
countered in C. capucinus, in which the
net gains at each segmentation are es-
sentially neutralized by the interseg-
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mentation death of parasites and no
appreciable peak in numbers is reached.
Whether the death of the parasites was
the result of & natural immunity 10 an
unimmunized  animal or whether in
addition there was a superimposed ac-
quired immunity resulting from past
infection could not be definitely decided.
It was, however, probably the result of
natural immunity inasmuch as no para-
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dav through the entire infection, but the
peak of individual segmentations varied
from one to several hours, The over-all
regularity of the asexual evele is indi-
cated in graph 1 by the regularity with
which the merozoite means per seg-
menter occeurred every 3 days. Ewen
after the long latent period between the
26th and 138ch dav of the infection, the
parasites reappearcd and segmented on
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Graph 1. —Merozoite means per sepeenter and the percentage frequency of segmenters containing
different numbers of merozoites (hoth of which indicate the number of progesy {formed in rhe asexual
cyele) and the number of parasites in a leng continued, low grade infection of P. brasilionsm in cebus
n:mn kew 1. nos=the number of segraenters in the sample studied to obtain the corresponding merozoite
mean. {The asexual cyele accurred regularly every 3 daws.)

Mote that azexual reproduction varied less than 135 during the eatire infeclion as is shown by the
slight changes in the number of progeny formed and the regularity of the asesual evele,

site was ever found in thick blood films
of the monkey prior to its cxperimental
infection. Furthermore, we
served this type of infection In cebus
monlkevs either raised in the laboratory
{cf. W46 in W. H. and L. G. Taliaferro,
1934¢) or after having been found nega-
tive for malaria by splenic biopsies (cf.
W457 and W470 in table 5 of W. H.
Taliaferro and Cannon, 19368,
Segmentation took place regularly
during the morning hours of every third

have oh-

the day on which it could be caleculated
they would hawve segmented provided
segmentation had continued regularly.

In the abscnce of acute rises and
crises, we have compared the variations
in the merozoite mean during different
parts of the infection with special ref-
erence to the periods when the para-
sitemia deereased. The declines in
parasitemia mark the development of
immunity analagous to the crisis in the
maore acute infections. The merozoite
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means of the 2 periods of rising parasi-
temia between the 9h and 18th days
and the 60th and 66th davs were fairly
constant. Thus, the merosoite means
were 3.9+.05 and 9.1 +.05, respec-
tively, for the 2 periods with a greatest
variation from the mean in each period
of anly (2 +.07 merozoites],
whereas, the highest and lowest mero-
zoite mean during each of the periods
differed by 35 (0.3 £ .09, Similarly, the
merozoite means of the 2 segmentations
during the decline in parasitemia on the
21st and 69h davs did not difter signifi-
cantly from the rest of the infection.
Thus, the composite merozoite mean per
segmenter during the entire infection
exclusive of the 2 periods of decline was
9.1+ .02 merozoites with a greatest dil-
ference from it at the two declines of
04.07 and 0.4 + .09 merozoites. In spite

2%

i
of the fact that the larger of these two
dillerences is probably statistically sig-
nificant, the magnitude expressed as a
percentage change in the rate of repro-
duction 1s probably of no great bio-
logical significance.

Although the changes were small dur-
ing some sections of the infection and
during the parasite declines, there were
unquestionably significant increases in
the rate during the low grade infection
which followed the decline on the 69th
day and which probably corresponded
to the developed infection of more acute
infections. Thus, the merozoite mean of
all readings through the 66th dav was
894 .02 whereas the composite mean
of the T2nd and 75th dayvs was 954+ 05
—a difference of 0.6:4.06 or approxi-
mately an increase of 6%%.

In as much as segmentation was regu-
lar throughout this infection, the above
percentage differences in the merozoite
MEANs actual average
maximal differences in the rate of re-
production,

Whenever the merozoite mean was

represcnt anl

»
less than 9, segmenters with 7 or 8
merozoites prodominated {see the bars
in graph 1), but at no time did segmen-
ters with 6 or fewer merozoites pre-
dominate. No crisis forms were cver
fouwnd,

An occasional segmenter, represent-
ing a minor brood, was found on the
16th, 19th, cte. days of the infection,
but the number of parasites in the brood
was Loo scanty o stucdy statistically,

Cebusmonkey 2 (graph 2}.—The infec-
tion in monkey 2 was also long con-
tined with no sharp crisis, but it differed
frome that in monkey 1 by reaching a
higher level in number of parasites
(heavy solid line in graph 2). The step-
like number curve, as has been ex-
plained in previous papers, was due to
a succession ol increases associated with
periodic segmentation and a more or less
constant disappearance of parasites
during intersegmentation periods,

The length of the asexual cvcle was
constant in this infection and the aver-
age number of merozoltes per segmenter
at each sepmentation varied ecssentially
within the same range as found in mon-
keyv 1. The differences in the merozoite
medns per segmenter throughout this
infection can be scen by noting the
changes in the dotted line representing
the merozoite mean in graph 2 and the
percentage frequency of merozoites por
segmenter at cach sepmentation day.
Such differences could e variously con-
sidlered, but are considered in this and
all subsequent infections in terms of
maximal and average differences during
the various parasitological periods of the
infection. Thus, on the one hand, the
maximal difference, caleulated from the
highest and lowest merozoite means,
was 89 for the acute rise, was 9% for
the acute rise and parasite decline, and
was 149 for the whole infection, con-
sisting of acute rise, crisis and developed
infection. On the other hand, the aver-
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age clifference during the acute rise was
6%, as caleculated from the greatest
variant (96067 and the composite
merozoite mean during the entire acute
rise (9.1 2.02); the average difference
between the parasite decline and acute
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as calculated from the grealest wvariant
(10.1 £+ .07} and the composite merozoite
mean during the entire developed infec-
tion (9.6 £.02), During a slight 9-day re-
lapse beginning on the 182nd day of the
mfection, the merozoite mean decreased
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Graph 2—Meroeeite means per sepmenter and the percentage frequency of segmienters containing
different numbers o merozoites (hoth of which indicate the number of progeny formed in the asexual
cyele) and the number of parasites ina long continued infection of P, drasifianune in cebus monkey 2.
n=number as in graph 1. (The asexoal cycle occerred cegularly every 3 days.)

Mate that asexual reproduction varicd Iess than 139 during the entire infection as 35 shown by the
slight changes in the number of progeny formed and the regularity of the asesual cvele,

rise was 39, as calculated from the
camposite merozoite mean during the
parasite decline (47th and 50th day
=88L.04) and [rom the composite
merozolte mean during the acute risc
(9.1 £.02); and the average difference
during the developed infection was 59,

09, but did not decrease 1o as low an
absolute walue as during the parasite
decline of the initial infection. Since the
asexual cyele was constant, the fore-
going percentages represent actual max-
imal and average dillferences in the rate
of reproduction of the parasite during
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the various parasitological stages of this
infection, The changes in the merozoite
mean were also reflected in the propor-
tion of segmenters with different num-
bers of merozoites. Thus, segmenters
with 7 or 8 merozoites predominated
between the 35th through the 50th day
of the infection as the infection was ap-
proaching and undergoing a decline,
whereas segmenters with 9 or 10 mero-
zoites predominated during the rest of
the infection (see bars in graph 2). At no
time throughout the infection did seg-
menters ‘r\"[ﬂ'! fl‘ ar f':".‘.-'ﬂl' [11!‘:!'0;/.1_‘ri TS Eﬂ CIn
more than 6% of the population and
crisis forms were not found.

In addition to the brood of parasites
which segmented on the 23rd, 26th, ete.,
days of the infection in this monkey, 2
additional broods of parasites were
found, one of which segmented on the
24th, 27th, eic, davs of the infection
and the other of which segmented on the
25th, 23th, ete., days of the infection.
The constituents of these broods were
too scarce to be studied statistically,

Cebus monkey 3 (graph 3}.—The infec-
tion in monkey 3 was acute, reached an
unusually high degree of parasitemia for
P brasilianwm and then suddenly de-
creased at a sharp crisis. [t progressed
by typical steplike stages during the
acute rise of the infection until approxi-
mately 109 of the peripheral red cells
were infected on the 36th day of the
infection. During the subscquent days
of the crisis, the infection decreased in
numbers until only 0.04% of the red
cells were infected on the 42nd dav of
the infection, and, thereafter, continned
at about the same level (heavy salid
line in graph 3).

A casual inspection of the blood films,
as indicated by the percentage of schi-
zonts with 5 or more nuclei in the top
section of graph 3, during the acute rise
of the infection gave the impression that
there was only a single brood of para-

-

sites with a highly synchronous quartan
periodicity that segmented on the 24th,
27th, etc., days after infection. Tretailed
study of the slides, however, revealed
the presence of a second brood which
formed less than 19 of the total popu-
lation and segmented the day after the
main brood, i.e., on the 28th, 31st, eto.,
days after infection, The parasites of
both of these broods were studied to de-
termine the number of merozoites per
SCEIMCnLer.,

Of the 2 factors involved in asexual
reproduction, the asexual eyele of both
the major and minor broods of parasites
wis essentially constant in length dur-
ing the acute rise of the infection. The
most striking finding was that the mero-
zoite means of the minor brood were
consistently lower than those of the
major brood, although the nearest ap-
proach o equality on the 27th (9.8
.08} and 28th (944 .17) days of the
infection gave a difference of only 0.4
.18 merezoites, which was probably
not significant. On the other hand, the
greatest discrepancy on the 33rd (10,2
+.06) and 34th (8.0+.08) davs of the
infection gave a difference of 229 which
probably represented in part an actual
differenee between the major brood and
minar brood and in part a beginning
action of the immune phenomena of the
Crisis, '
At the time of the crisis (37th through
the 43rd day) there were marked de-
rangements in the leagth of the asexual
cycle, the syvnchronism of asexual de-
velopment, the average number of prog-
eny produced by the segmenters and
the cvtolopy of the parasites. For ex-
ample, there many immatore
forms at 9 am on the 37th day, and the
major brood did not segment as was to
be expected during the morning hours
of the 30th day. In fact, the population
at this time contained such a small pro-
portion of schizonts with § or more nu-

were
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clei that only 51 were found during an
exhaustive search of 12 ether-prepared
smicars, The majority of the parasites
werg immature 2- or d-nucleated schi-
zomls. ‘Most of this brood scgmented
during the 4Mh day, but a few did not
segment uniil the 41st dayv of the inlec-
tion. Sepmentation, therefore, instead
of occurring during the morning hours
of the 3%th day, occurred continuously
from & am on the 39th day through
8 pm on the 41st day of the infection.
Sepmentation of the minor brood was
also delayved and prolonged. These con-
clusions were reached by studying the
varicus forms present on the slides
throughout this period, but only the fact
that segmentation was taking place in
an irregular way is indicated by the per-
centage of schizonts with 5 or more nu-
¢lel in graph 3.

The average number of merozoites
formed by the segmenters were mark-
edly  decreased from the 37th day
through the 42nd day. In fact, it was
only at thizs period in the infection that
segmenters with less than 4 merozoltes
were ever found (pl 1, fig. 17-200. On
the 40th, 41st and 42Znd day, sepmen-
ters with 6 or fewer merozoiles pre-
dominated (sce bars in graph 3) [or the
first time in any infection so far de-
soribed, and on the 41at dav of the infec-
fion, the merozolte mean of 4.4 .06
was the lowest ever found, This mero-
zoite mean represented a difference of
A+ .07 merozoites or & 37% decrease
from the highest merozoite mean (102

™

+.053) during the acute rise and the
merozoile mean (6.24+.06) of all sep-
menters during the ceisis represented a
319% decrease from the composite mera-
zoite mean of the entire acute rise. Be-
cause the merozoite means during this
period were associated with a disruption
of the cvele and were dertved from mem-
bers of bath broods, they are not con-
nected with the preceding and following
ones in graph 3.

WNot only was the merozoite mean per
segmenter lower during the crisis than
during the acute rise of the infection,
but many of the segmenters were crisis
forms. The wariations from the normal
were as follows: Many of the segmenters
were small (pl. 1, fig. 17, 21-24) and
none contained more than 10 merozao-
ites. Twenty to 35% of the scgmenters
sometimes had an odd number of mero-
zoites. The nuclei of the individual
merozoites of a given sepmenter were
often small (ef. fig. 21-25 with fig. 1-4
in pl. 1) or unegual in size (pl. 1, fig. 21,
24 and 25). The cytoplasm of the indi-
vidual merozoites was sometimes lack-
ing or, at least, did not stain {pl. 1, fig.
21 and 23). Frequently it stained ir-
regularly (pl. 1, fig. 22 and 25), These
cytological findings indicated that many
of the parasites were injured and ar-
rested in their growth and development.
In fact, every gradation of injury ap-
pearcd to be sustained. A few parasites
segmented uninterruptedly, the major-
ity segmented from several hours up to
2 days late, whereas still others were ap-

Graph 3. —Percentage of segmenters with 5 or more nuclei (which indicates the reproductive
interval in the asexnal cvele]; the merozoite means per segmenter and the percentage frequency of
segmenters containing different numbers of merceeites (both of which indicate the number of progeny
formed in the asexval cyele); and the nomber of parasites inanacote intense infection of P, brasilfosum

in cebus monkey 3.

Mote that asesual repraduction varied ahout 153% during the acute rise of the infection, as is shown
by the regularity of the asexual cyele and changes in the number of progeny formed, but markedly
decreased during the erisis (37ch—43rd day) as shown by a lengthening and irregularity in the asexual
eyele and marked decreases in the number of progeny formed,
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parently unable to complete segmenta-
tion and lingered on until they were
removed by phagooytosis.,

Crisis segimenters were rst found on
the 360th day of the infection. At that
time and through the 39th day of the
infection, 1% of the segmenters were
crisis forms, but on the $0th and 41st
days of the infection, about one-thicd
of the segmenters were markedly ab-
nermal, and thereafter gradually de-
creased until on the 48th day of the
infection, none was found. Segmenters
were not the only forms which were ab-
normal. Essentially similar proportions
of all other stages, including gameto-
cyles, were also abnormal throughout
the same time intervals. The abnormal-
ity, however, was progressively more
noticeable as the parasites grew, and
since the segmenters seemed unable to
rupture the red cell, they lingered on in
the blood cells from 24 to 48 hours and
became more and more atypical {pl, 1,
fig. 21 and 23).

There is no question that the rate of
reproduction of some segmenters was
markedly inhibited during the crisis,
but the degree of this retardation in the
population as a whole could not be ex-
actly determined. Certain hgures are,
however, interesting. (1) For example,
the segmenters on the 4lst day of the
infection had the lowest merozoile
mean {44+ .06) encountered. If, as
seems probable, These schizonts took 3
davs to develop, their rate of reproduc-
tion might be expressed as 4.4/3 or an
average increase of 088 per day. Con.
trasted with the average increase of
895/3=3.16 for the broods segmenting
prior Lo the erisis, the rate of reproduc-
tion of some segmenters decreased 7247,
(2) Or if we assume that all the segmen-
ters during the crisis had a merozoite
mean of 6.5, as indicated by the com-
posite merazoite -mean for the entire
crisis, and toolk, on the average, 4 days

to develop, their rate of reproduction
would give an increase of 1.6 per day as
compared with the average inerease of
3.16 for all broods prior to the crisis,
i.e, a 497 decrease in the daily rate of
reproduction during the entire crisis.
(3) Or the surviving segmentcrs scg-
mented within the regular 3-day inter-
val. Under this condition and assuming
the merozoite mean of 6.5 to be approxi-
mately wvalid, the rate of reproduction
decreased 3190, (4) Or the segmenters
which segmented regularly may have
been more viable than those that were
delayed and the longer the segmenters
took to segment, the less vitalitv—and
hence the less chance to survive—they
may have had, In other words, almost
all of the progeny after the crisis may
have come [rom segmenters which only
took 3 days to segment and negligible
paris may have come from segmenters
taking from 4 through 3 days to seg-
ment. Under these conditions it might
be more valid to assume that the major-
ity of the segmenters on the 4lst day
did not survive and, therefore, that the
merozoite mean of 4.4 should be omitted
in caleulating the composite merozoite
mean aof the crisis. Thus, assuming a
regular  periodicity and a merozoite
mean for viable parasites of 6.94, the
rate of reproduction of viable parasites
decreased only 27%,.

Beginning on the 45th day of the in-
fection, segmentation again occurred
regularly during the morning hours and
the merozoite means were hipher than
during the erisis but lower than before
the crisis. The remarkable finding was
that twa major broods (ef. percentages
of schizonts with 5 or more nuclel in
graph 3) and one minor brood (too
scarce to obtain valid data) occurred at
this time instead of the one major and
two minor broods, This realignment was
definitely brought about by the discup-
tion of the asexual cycle at the crisis,
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Graph d.—Tercentlage of sepmenters with 5 or mors niclet (which indicates the reproductive in-
terval in the asexual cycle); the merozoile means per segmenter and the percentage frequency of
segmenters conlaining different numbers of meroaoile: (hath of which indicate the number of progeny
formed in the asexnal oyele); and the number of parasites in an acute intense infection of P, brasilian s

in cebus monley 4.

Mote that asexual reproduction varied about 139, during the acute rise of the mfection, as is shown
by the regularity of the asexual cycle and changes in the number of progeny formed, but markedly
deercaged during the crisis (22nd, possibly 19th-25th day) as shown by a slight irregularity in the
asexual evele and marked decreases in the number of progeny formed.

and each of the broods after the crisis
probably contained varying proportions
of all of the broods existing before the
crisis.

Cebus monkey 4 (graph 4).—The infec-
tion in monkey 4 reached a parasitemia
of about hali the severity of that in
monkey 3 (heavy solid line in graph 4).

During the acute rise of the infection, a
major and a minor brood of parasites
segmented. A third brood was also pres-
ent, but only occurred in sufficient
numbers to be studied on one day, Le.,
on the 20th day of the infection. Al-
though parasites were more Duierous
on the 23rd day than on the 20th day
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of the infection, the progeny of the third
brood was less numerous because it was
evidently being acted upon by the im-
mune mechanism of the erisis.

Through the 20th day of the infee-
tion, the synchronism of the asexual
cyele was high and periodicity constant,
The highest and lowest merozoite mean
of the major brood gave a difference of
295 and of the minor brood gave a differ-
ence of 165;, whereas the highest mero-
zoite mean (9.94.08) of the major
brood was 189, higher than the lowest
merozoite mean (8.1 4 .09) of the minar
brood. The last two differences, as in
the infection in monkey 4, were probably
not characteristic of the acute pericd of
the infection because they were depend-
ent on the low merozoite mean of the
20th day, and the merozoite mean was
probably low because the crisis was be-
ing initiated, Average differences were as
follows: the merozoite mean of the major
brood for the entire period was 9.8 + .03
with a greatest deviation of 19, of the
minor brood was 8.8 4+ .08 with a great-
est deviation of 99 and of all broods
during the acute period was 9.3 4 .04
with a greatest deviation of 1397, These
percentages, as in the foregoing infec-
tions, represented actual changes in the
rate of reproduction because the 3-day
asexual cycle was regular,

The ecrisis in this infection (21st
through 25th day) was not as intense
as in monkey 3. It may have been initi-
ated on the 19th day of the infection,
as indicated by the marked decrease in
the merozoite mean, but in any case was
operative on the day of the pealk in num-
bers. Thus, on the 21st day, the pealk was
not much higher than the number count
3 days previously, an appreciable delay
in segmentation was noted in some
parasites, the merozoite mean was de-
cidedly lower than previously and 159
of the segmenters were crisis forms. On
the 22nd and 24th day, parasites were

again delayed in segmenting, the mero-
zoite mean markedly decreased and e
menters with 6 or fewer merozoiles
markedly inereased, On the 23th day,
the merozeoite mean reached the low
value of 6.1 4, 17 and the majority of the
segmenters had 0 or fewer merozoites,
Knowing that segmentation took 3 davs
during the acute rise and approximately
34 days during the crisis, the lowest
merozoite mean of any day during the
crisis (6.1/3.5) represented a possible
maximal decrease of 479 in the rate of
reproduction from the highest mero-
Zoite during the acute rise
(9.9/3), and the composite merozoite
mean of the entire crisis (7.3/3.5) repre-
sented an average (ecrease in the rate
of reproduction of 32%, from the com-
posite merozoite mean of the entire
acute rise (9.3/3).

On the 21st day of the infection when
the major brood was segmenting, all
segmenters appeared normal during the
morning hours, but an the following day
80% of the segmenters were crisis forms.
These were forms which had lingered on
from the previous day and were not seg-
menters of the minor braod. Similarly,
on the Mth day of the infection, all seg-
menters were normal at first, but < 1%
of crisis forms appearcd at 1:30 pm,
proportionately  increased the rest of
the day (since the normal segmenters
were completing their development and
breaking up) and lingered on through
the following dav. Such forms had dis-
appeared by the 26th day of the infec-
tion. During the following two segmen-
tations on the 27th and 28th davs of
the infection, an oceasional crisis form
was found, but none was found an the
30th day of the infection. Some crisis
segmenters appeared to be incapable of
breaking the red cell and, within the
old cell, were incapable of continuing
their development and, hence, degener-
ated.

I
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During the developed infection, as lapses were also studied, if they oc-
represented by the period from the 27th  curred, but such data were omitted from
day through the 30th dav of the infec-  the table to conserve space, They, how-
tion, a delay of several hours in the seg-  ever, were similar to those collected and
mentation of some of the forms was still  tabulated for the spider monkeys in
evident, but the merozoite means of  table 3.
bath broods rose and segmenters with 6 The data in table 1 are oriented with
or fewer merozoites markedly decreased.  respect to the highest parasite count and

Other cebus monkeys —Infections of  the immediately ensuing crisis or para-

Tasie | —Merazoile wieans der sepmenter during the major part of infection with P brosilianum in 20
celives meonkevs (of, the tebalation of dota from mondevs § thraugh 4 here und in gropls { rough 4)
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¥ The crigis or parasive decline began on this day,

# This asexns! oycle wis delayed during this scgmentation,

TR criziE of parpsite decline continued for 3 morce diays,

Wi and Mn =inajor and miner segmentation broods, respectively.

Peak =the day of peak in awmber of parasites,

Moz —the 9% decrease in the lowest oweseeeite mean during the crizsis or parasite decline as compared te the higheost
mergzoite mean during the aouts rise.

S e T chanee in the conposite meroEsite mean during the grisis or porasite decline as cmogesed ta the compesite mero-
woite mean during the seate rise,

P, brasifignam in 23 additional cebus  site decline because the most  jpro-
monkeys were studied with respect to nounced changes, if they oceurfed,
parasite count, periodicity and syn- occurred just after the peak in numbers.
chronism of the asexual cyele, nwober  The merozoite means are recorded far
of merozoites formed and occurrence of  the 3 days of the crisis or parasite de-
crisis forms, and data from 16 of them cline (if segmenters cccurred on all 3
are piven in tahle 1 for 17 days of the days) and for the major brood and one
initial infection. Data from monkeys 1 of the two minor broods (Gif any were
through 4 were included in this table to found) for three 3-day intervals immedi-
show how the data were recorded. Re-  ately before and for two 3-day inter-
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Graph 5.—TFrequency distribution of mero-
zoiles per sepmenter and merozoite means in

vals after the crisis or parasite de-
cline. Footnotes indicate irregularities
in the ecrisie or parasite decline, such
as (1) its initiation on the dav of or the
day after the peak in the number count
rather than on the third day after the
peak, (2} an appreciable delay in the
3-day cycle at the crisis, or {(3) an ex-
tension of the crisis or parasite decline
over 3 additional days (ef. the way in-
which the data in graphs 1 through 4
are recorded in table 1), In the 2 last
columns are tabulated the maximal and
average per cent differences in the mero-
zoite mean during the crisis or parasite
decline as compared to the acute rise.
The maximal per cent difference was
obtained by using the lowest merozoite
mean during the crisis or parasite de-
cline and the highest merozoite mean
during the acute rise, and the average
per cent difference was obtained by us-
ing the composite merozoite mean dur-
ing the crisis or parasite decline and the
composite merozoite mean during the
acute rise. The same values for initial
infeetions, as well as for relapses, of 2.
brasilianum are given in table 3 for
gpider monkeys and in table 4 for howl-
er, marmoset and night monkeys.

Of the 23 additional cebus monkeys
examined, 2 could be studied during the
acute rise, 10 through the acute rise and
decrease in parasitemia, 11 through the
acute rise, decrease in parasitemia and
developed stages of the initial infection,
and two during the various stages of the
initial infection and relapse. The data
from these infections corroborated and
amplified the conclusions drawn from

major and minor broods during the aoute rise in
the infection of § strains of P. brasifianum in the
cebus monkey. The constants for the 5 strains
were caleulated from eoumnts fram 1,1, 4.3 and 11
mankeyvs, respectively,

Mote that the merozoite mean varied [rom 52
1o 9.6 when the 5 strains were grown in the same
species of monkey.
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the data from monkeys 1 through 4 in
the following respects.

(1) During the acute rise of the ini-
tial infection: (1a) The periodicity of the
asexual cycle was regular and took es-
sentially 3 davs. (1b) The asexual cyele
was synchronous. Thus, in general,
within a given brood, 95 to 1009 of the
forms had 3 or more nuclel at & am, the
peak in scgmentation occurred from
10 am to noon and 95 to 1009 were
rings at 2 pm every third day. An ocea-
sional segmentation, however, toolk from
one to several hours more or less than 3
days, but such an irregularity never ef-
fectively changed the periodicity be-
cause the next segmentation usually oc-
curred at the regular time. {1¢) Minor
broods were commoen. For example, 8
monkeys had 2 minor broeds, 10 mon-
keys had one minor brood of parasites
and 5 had only 1 major brood. The
minor broods usually formed 19 or less
of the population, but sometimes formed
larger parts of the population. Tn strain
1, there were 3 broods of equal size. (1d)
The daily merozoite mean of the majar
broods during the acute rise varied in a
given monkey. Thus, in the major
braod, the highest and lowest merozoite
means in a given monkey might dif-
fer by as much as 13%. In the major-
ity of the monkewys, this difference was
approsimately 8%, In gencral, the same
values obtained for the minor broods.
(e} In all broods considered together
in the 23 monkeys, the highest mero-
zoite mean per segmenter differed from
3 to 229 (average=129%) from the
lawest merozoite mean, whereas the
most variable merozoite mean of all
broods differed from 1 to 139 (average
=69 from the composite merozoite
mean of the acute rise. As previously
described in monkeys 3 and 4, however,
the variation from 16 to 229 was found
to be due to 1 or 2 low merozoite means
at the end of the acute rise and, hence,

was not strictly within the range of the
acute rise but rather within the range
of the crisiz. (1} The foregoing range
in percentage differences in the mer-
ozoite mean represented data from 14
strains of P. Brasilanwm. A similar
range occurred in monkeys infected
with the same strain of parasite. In
fact, the variations seemed to be more
directly associated with the monkey
than  with the strain of parasite.
(1g) The absolute wvalue of the com-
posite merozoile mean was, on the
whaole, slightly different from strain to
strain. Thus, the composite merozoite
means of major and minor broods during
the acute rise for all the cebus monkeys
examined in 6 strains are shown in graph
5 and in one section of graph 6 and were,

‘in general, small in 1 strain, were inter-

mediate in 3 strains and large in 2
straing. The merozoite means of the two
broods closely approximated each other,
but that of the major broad was usnally
0.1 to 0.7 meromoite larger than the
minor beood (graph 5). In graph 5, the
differences between the merozoite mean
of the major and minor brooed of strain
1 and 2 cannot be considered statisti-
cally valid, whereas those of strains 3, 4
and 5 are probably highly wvalid. The
data from all but 3 of 21 of these cebus
monlkeys during the acute period of the
infeetion showed that the major brood
had a higher merezoite menn than the
minor brood. The mean differences he-
tween the 21 broods was 0,348 merozo-
ites in favor of the major brood. Fur-
thermare, there was a high statistical
significance when the broods were
analyzed by Student’s method of paired
compansons. Thus, ¢ was found to be .
3.9 and P=.0008, Moreover, the ma-
jor and minor broods were analyzed
in the acute rise of the infection in
a total of 38 cebus, spider and howler
monkeys., The analysis was limited to
these species because of the atypical in-
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fection encountered it the night monkey
and marmoset. Amaong these animals,
the data from only 5 showed a minor
brood with a higher mean that the major
brood. The mean difference in favor of
the major brood for all infections was
.474 merozoites. When analveed by
Student’s method of paired compari-
gong, § equaled 5.4, and P<.0002, ie.,
the difference between the 2 broods was
statistically highly significant. {1h) Sin-

TavLe

were commoen and segmenters with 10
merozoites often  predominated. See-
menters with 4 to 16 merozoites oc-
curred, but those containing an odd
number of nuclei were comparatively
infrequent and those containing 4 or §
and  especially 15 or 16 were rare
{zraph 3).

From the foregoing values, it may be
seen that the merozolte means in wvari-
ous segmentations in the acute infec-

2 —Percent chanpe dn the rale of reproduction during the fnitial acute rise (dalics) and during the

crigds oF parasite decline ns compared to Uhe genls rise (holdface) of P. brosilionnm in Cenfral
Amperican monkeys, The rafe of reproduciion és bosed on both he nuniber of

mevazoites forsed per sepmenter and e periodicity of the asexnal opcle

Percent chanpe

Apecies mz B N I Noumber of
o 4= - £ = = = moitkeya
e A5 fi-15 1623 235 3645 1655 Stuclisd
Cebus I i3 T
B & 5 2 F z 25
Arcles g 1z 14
1 3 4 3 1 1z
Alouatra ¥4 4 8
1 1 Z
Leontocebus 2 3 5
1 E} 4
Aatus ) 3
1 1 1 3

 This walue fo the acnte rise wag the percent difference between the moss varishle metezoite mean. during tie aeote cisi
ind tl compesive mengaoite mean durieg the scute cise and for the parasite decline was the gpercent difference between the
Composile merddoite mean during the crizis and 5 2imilag one during the aoate rise.

ilar differences oecurred In one strain
from monkey to monkev. Thus, the
merozoite distribution in segmenters of
strain 5 in graph 5 represents readings
from 11 cebus monkeys which were as
low as 8.4 and 8.1 in one monkey and as
high as 10.3 and 2.6 in another monkey
for the major and minor broads, respee-
tively (cf, the merazoite means from the
several cebus monkeys injected with
glrains 3, 4 and 5 in table 1), {1i) Daily
merozoite means of the major broods
“in cebus monkevs, comprising all 14
straing, varied from 8.0 to 10.7 with an
ordinary range from 8.3 to 9.5 and of
the minor broods varied from 8.0 to
10.3 with an ordinary range from 8.4 to
9.3. {13} Segmenters with 8 merozoites

tion differed from each other within a
range of 3 to 229, in the 27 cebus mon-
keys examined, but that the upper
limits of the variation from 16 to 229
obtained in some of the monkeys were
due to low merozoite means when the
crisis or parasite decline was prob-
ably being initiated (of. monkeys 3 and
4). From these facts, in conjunction with
the constancy of the asexual evele, the
rate of reproduction seemed o vary
within a range of 3 to 159 in the nor-
mal unimmunized animal (ef. values in
italics in table 2},

v2} During the crisis or parasite de-
cline following the initial acute rise of
the infection, the periodicity and syn-
chromism of the asexual evele, the num-
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ber of merozoites per segmenter aid
the occurrence of crisis forms varied
within the limits defined by monkeys 1
through 4. Thus, {2a) the periodicity of
the asexual cvcle in about half of the
infections was as regular as during the
acute rise or was somctimes less syn-
chronous temporarily without any after-
effects, but was differentially disrupted
in the other half of the infections during
1 or 2 asexual cycles to such a marked
extent that the whele or part of a brood
was delayved from about one half to 2
days (footnote 3 in table 1), (2b} The
lowest daily merozoite mean per seg-
menter during the crisis or parasite de-
cline in about half of the infections did
not vary more than 135, frem the high-
est daily merczoite mean during the
acute rise: it decreased in the other half
from 16 to 579; (next to last column in
table 1). {2c) The merozoite mean per
segmenter during the crisis or parasite
decline ranged from 4.4 to 1000 (table 1)
with segmenters forming from 2 to 14
(sometimes only 2 to 100 merozoltes.
{2d) A rare crisis segmenter was found
during a segmentation of the acute rise
in an occasional infection, but, in gen-
eral, crisis segmenters occurrcd only
during the parasite decline in a fow in-
fections, particularly when there was a
sharp crisis. The maximal percentage of
crisis segmenters varied from <1 10
339, of the total population or from <1
to 807 of segmenters alone. The higher
percentages were due to the fact that
crisis segmenters lingered on in the
bload, whereas the rest of the population
was rapidly decreasing and the normal
segmenters were disappearing because
they ruptured the red cells and con-
tinued their development as merozo-
ites, Only from <1 te 109% [occasion-
ally up to 309 of the total population
of any particular asexual cycle, there-
fore, cver degenerated into crisis seg-
menters. The crisis segmenters origi-

nated from morphologically degenerated
schizonts. In fact, all stages of the
parasite, including gametocyles, could
be found which looked as if they werc
degenerating as determined by vacu-
olation, abnormally stunted size, irregu-
lar contours, darkly staining pigment,
which sometimes clumped prematurely,
poor staining of the cytoplasm and
rregular divistons of the nuclei of the
schizonts. The zurre and abnormal
appearance of the erisis segmenters has
already heen described (pl. 1, fiz. 17—
25).

These data appear 1o be correlated
with esach other, with the decrease in
parasite number and with the rate of re-
production roughly as follows: (A} The
infections with murked decreases in the
merozoite mean did not always exhibit
a marked disruption in the asexual cycle
and wice versa (in table 1, of. infections
with and without footnote 3 and with
more than and less than a 159 maxi-
mal change in the merozoite mean in
next to last column). Specifically, of the
21 cebus monkeys with infections in-
cluding the crisis or parasite decline

together with monkeys 1 theough 4, 8

varied within the limits found during
the acute rise, 2 had & disruption of the
cyvcle, 6 had a decreage of more than
13% in the lowest merozoite mean at
the parasite decline as compared to the
highest merozeite mean during the acute
rise, and 9 had both a disruption of the
cyele and a maximal decrease of more
than 13%; in the merozoite mean. Of
the 15 last mentioned infections with
maximal decreases of mere than 1595 in
the merozoite mean, only 7 had average
decreases of more than 1595 in the mero-
zoite mean, i.e., the per cent difference
between the composite merozoite mean
during the crisis or parasite decline and
the composite merozoite mean during
the acute rise {cf. the 2 last columns in
table 1}. (B} Infections with a marked
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disruption in the asexuval eyele and/or a
marked decrease in the merozoite mean
per segmenter occurred more often in in-
fections with an intense rise in numbers
toa high peak and a sharp number erisis
{cf. monkeys 3 and 4) than in infections
with intermediate or low peaks in nums-
bers which receded gradually (cf. mon-
kews 1 oand 23 (C) Infections with a
marked disruption in the asexual evele
and/or a marked decrease in the mero-
zoite mean por segmenter at the erisis
maore often were characterized by the
occurrence of crisis forms than were in-
fections whose asexual evele proceeded
uninterruptedly during the parasite de-
cling with no pronounced decrease in
mercgoite mean per scgmenter. () In-
fections with a marked disruption of the
cycle and/or a marked decrease in the
MeroEeile menn per segmenter generally
had especially marked decreases in the
rate of reproduction at the crisis, Al-
though wvarious calculations could be
used to arrive at this conclusion {cf.
monkey 3, an page 14), 1t was decided
that a rough approximation could be
gotten by abilaining the per cent differ-
ence between (1) the composite mero-
zoite mean for the entire erisis or para-
site decline divided by an approximation
of the length of the asexual evele
(estimated at 3, 34 or 4 days) and (2)
the composite merozoite mean for the
entire acute rise divided by the regu-
lar 3-dav asexual evele (ef. the sccond
calculation for monkevs 3 and 4 on
pages 14 and 16). No other approxima-
tion sectmed to be more adequate al-
though the error in this approximation
probably increased as the percentage
difference increased because segmenters
may be proportionately less viable as
their segmenting time s inereased and
because segmentation is not delayved in
any population for a definite period of
time. By this procedure, the rate of re-
production in 14 of the infections did not

vary more than 153% (boldface numerals
in table 2). This difference, as already
noted, represented the base line of vari-
ation cncountered in the unimmunized
monkey. The rate of reproduction in the
other 11 infections decreased from 16
to 499 (boldface numerals in table 23,

(3) During the developed period of
the initial infection, the derangements
undergone by the parasites during the
time of the crisis or parasite decline
straightened out after varving lengths
of time until eventually (generally from
one to several segmentations) the regu-
larity of the 3-day asexual cycle and the
range in values for the merozoite mean
obscrved during the acute rise were re-
established except that the merozoite
MEAN per segmenter sometimes rose
slightly higher than during the acute
rise. Thercfore, the maximal and aver-
age differences were somewhat larger
during the developed infection than dur-
ing the acute rise in long continued in-
fections (see graphs 1 and 2). If the
delay in scgmentation at the time of the
crisis or parasite decline was markedly
irregular, the percentage of the parasite
population and the merozoite means in
the major and minor broods in the devel-
oped infection were often different from
those in the aecute period. In other
words, a major brood of 999 of the
population and a minor brood of 19, of
the population with merozoite means of
10 and 9, respectively, before the crisis
or parasite decline might become re-
aligned thereafter into 2 major broods
of 4995 and one minor brood of 29, with
merczeite means of 9.5, 9 and 8.3, re-
spectively. (Cf. the somewhat similar
percentages of schizonts with 5 or more
nuclei and merozoite means in graph 3
before and after the crisis).

{4) During the acute rise, parasite
decline anid developed infeetion of re-
lapses : conditions were in general similar
to conditions found during similar peri-
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ods of the initial infection except that
the parasite decline of the relapse was
liable to be less intense than that of the
initial infection and that of each suc-
ceeding relapse was liable to be pro-
gressively more gradual, Tor example,
W350A had an initial infection followed
by 2 relapses, all of which reached pealks
of approximately 150 parasites per 10,-
000 red cells on the 13th, 25th and 40th
days of its infection, respectively. At
the parasite decline, the asexual cycle
took 4 days during the initial infection,
but was only partially delayed to the
extent that minor broads developed
during the 2 relapses. In addition, the
lowest merozoite means cduring the 3
parasite declines were 24, 22 and 1297,
respectively, lower than the highest
merozoite means of the immediately
preceding acute periods.

Ateles (spider) mankeys —5Six red and
9 black spider monkeys were studied
and representative data from them may
be found in table 3. These data cor-
roborated the conclugions drawn from
the ccbus monkeys except that peri-
odicity was more often disrupted at the
crisis, and the merozoite means were
slightly higher and more variable during
the various stages of the infection. These
differences modificd to some extent con-
clusions 1d, e and 1 and 2a, b and ¢, as
deseribed far the cebus monkeys,

Specific differences for the spider mon-
kevs were as [ollows: During the acute
and developed infection, the merozoite
mean per segmenter on different segmen-
tation cays ranged from 8.2 to 11.8 for

Graph §—Frequency distribution of merozo-
ites per segmenter and meroeoite means in major
and miner broads during the acute vise of the in-
fection of strain 6 of P, brosiignum in ccbus,
spider, howler, marmoset and night monkevs,
The constants were caloulated from counls from
For 3 members of each speaes,

MNote that the merozoite means of this strain
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the major brood and from 8.0 10 11.6 for
the minor broods with a usual range from
9.4 to 10.8 in both broods (table 3). Seg-
menters formed from 4 to 16 scgmen-
ters as i the cebus monkeys. Hence,
the higher merozoite means in the spider
monkeys were accounted for by the fact
that more segmenters formed from 10 to
16 merozoites and fewer formed from
¢ to & merozoites (cf. strain 6 when

WiLLias H. TaLIAFERRO aND Lucy Graves TALIAFERROD

ing the developed infection although
they were sometimes higher in long con-
tinued infections. The basic rate of re-
preduction during the acute rise and
developed  infection, therefore, may
have wvaried slightly moare than 1597,
ie, through 16 or 17%. The findings
during the crisis in the spider monkeys
may be briefly summarized as follows:
The merozoite mean ranged from 4.7 to

TapLE 3.—MWerazaite megns per segmienter during the mrj.umr P.g_r’; of dnfecltion with P, brozilianum {n 5 red

spiders and 5

Wack spiders and the pereent chungs dn e merosoile mean of Be crisis or

porasile decline oy compared Io the acute rise of the infection
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L2 and # correspond o M0 and 4in Table 1.

grown in cebus and in spider monkeys
in graph 6), The maximal difference be-
tween the highest and lowest merezoite
means of a given infection of all hroods
separately ranged from 1 to 209 or to-
gether ranged from 3 to 239 (average
=149 during the acute infection. The
average difference between the most
variable merozoite mean during the
acute rise and the composite merozoite
mean of the acute period ranged from 1
to 149 (average =89 (values in italics
in table 2}, Essentially similar maximal
and average diffcrences were found dur-

10.1. Of the 12 infections which under-
went declines in parasitemia, 3 had a
disruption of the cvele, 1 had more than
a 139 decrease in the lowest mero-
zoite mean at the crisis as compared to
the highest merozoite mean during the
acute rise, and 8 had both a disruption
of the cyele and a similar decrease in the
merozaite mean. OF the 9 last mentioned
infections with maximal decreases of
more than 1539 in the merozoite mean,
only 3 had Ei{?l'.‘.r{‘.ﬂﬂf!s of more than 159
by comparing the composite merozoite
mean during the parasite decline with
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the composite merozoite mean during
the acute rise (cf, footnote 3 and the last
2 eolumns in table 3. Calculations from
these data, by the method used for the
cebus monkeys, indicated that the rate
of reproduction was within the range of
the acute rise in only one animal and
varied from 19 to 467 in the other 11
monkeys (holdface numerals in table 2).

per segmenter and the retardation of
reproduction were successively less pro-
nounced with each succeeding parasite
decline,

Howler, murmoset and night monkeys ™
—The infection of P. brasidianum in 10
howlers, § marmosets and & night mon-
keys was often so transient that the
data are not as conclusive as those from

TanLe 4.~ Marozeile megns ber sepmenter during the major port of infeciion with P. brasiliauum dn 5
homlers, 4 marmosels oud 3 night monkeys and the fercent change in the merozeits vican durisg
the parasite decking ag compared lo the geute rise of the dnfection

_ih:um rize : 51=u75,_5m_- dectlne | !?'u:w-'_{fnrmﬂ intection _.|_ o, chanis
P Foday period of segmentation S
Muonke of e T T L (P crisi
nooher |pape-| e | md | sd ath [ men ] e L SRR
ks Segmentiatinn Broods
i et e S ——= Max Av
| | M) Mn | Mj Mn|Mj Mus|MpP Mp Mna | Mj Mo | Mj Mn
Howlers
Hao | 1o | 8.6 82| 92 80| 83 7.8 |
Fl14%9 Bl 5.8 .9 9.8 B.5 | B0 B4 |
Hi152 14 9.2 id | 100 1001 [ 0 9.4
H43% & 9.7 w1 0.7 B | 0.5 9.3 (.9 B5 B4 82 %1 —2F
11433 a 1i.1 Lli.0 9.8 BiE B A | 5.5 8.4 8.7 o8 46| NG 4] —2r —I12
Marmoses
wWdTA [ 8.0 8.1 7.8 ) b R B [ P LT . | 0.4 0.4 o T.7 —1i — 4
a0 L] 5.8 Hd.06 .46 T.0%| T.ET BG4 E.G o2 5.7 . =My — 8
Mar2a 3] 0.0 0] 100 9.8 9.5 8,08 9.4 T4 BX —Ik —14
| 58 L5 (4.4 7.8 BRI 0.2 L] 8.5 0. —15 11
MITIA i2 BT g7 T RS BRZ|T.Y T 8BS 84 B3| B3 BT =2 —8
Might monkeys
NMM3TE | 6 o3 B omk BT | 83 aE —i — 3
0.5 | W3 BT e 4 9.3 | 113 10.6 =16 + 4
MNMITOA 1% in.s Lgid# 5.0 T8 6.5 —37 =19
NM.}?T!&' ] it.2 9.4 0.r | H.Z 4.0 (522 %35 %0 —37 —15

Ll gpd %osmme as in tabde 1,

The 2 infections in red spider 1048
and in black spider 331A were particu-
larly interesting because they were long
continued and underwent several de-
clines in parasitemia (table 3). They
were both characterized by an initial
intense acute rise and by two relapses,
data for the major part of each of which
are tabulated in table 3 on separate
lines, In hoth infections, the merozoite
mean decreased less at cach successive
parasite decline as compared to the
acute rise and the delay in segmentation
was progressively less. In other words,
the decrease in number of merozoites

the cebus and spider monkeys, As far
as they go, however, they (tables 2 and
4) corroborate the conclusions reached
formerly for the cebus monkeys with the
following exceptions aflecting conclu-
sions 1b, 1 and j and 2b, c and .
Specilic differences were as follows:
The asexual eyele was characteristically
less synchronous during the entire infec-

*In 1934, we (1934a) noted that P. brosdli-
paamr was often fatal to night monkeys and mar-
mosets, Sinee that time, more data indicate that
these monkeys died because they were not ac-
climmatized to laboratory conditicns rather than
becanse the infection was fatal,
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p
tion in the marmoset and night mon-
kevs. Although the peak in segmenta-
tion occurred as usual in the morning,
2 to 4% of sepmenters were frequently
found through the late alternoon in the
marmosets and through the alternoon
and evening in the night monkeys, Dur-
ing the acute and developed infection,
the range in the merozoite mean per
segmenter (table 4 and graph 6) in the
howlers extended over the range found
in bath the cebus and spider monkeys,
in the night monkeys resembled that of
the cebus monkevs, and in the mar-
mosets was lower than that of the cebus
monkeye. In the marmosets, 4-nucle-
ated segmenters werc very commonly
found and 15- and 16-nucleated ones
were never found. The initial rise of the
infection was never as acute. Also the
parasite decline was never as sharp or as
sudden in these monkeyvs as in some
cebus and spider monkeys, Correlated
with this finding, crisis forms were
scarce, the lowest merozoite mean en-
countered was 6.3 and the asexnal cvele
was never as completely delayved, as in
some cebus and spider monkeys, As a
consequence, 359, was the maximal de-
‘erease found in the rate of reproduction
at the crisis (table 2).

DISCUSSION

The overall changes in the synchro-
nism and length of the asexual cyele,
the number of me-ozoites per segmenter
and the morphology of the parasites, all
of which are associated with the repro-
duction of P. brasilfanum, will now be
considered in relation to the responses
of the host. The antiparasitic factors
during the acute rise of the infection
represent, for the most part, nonspecific
factors of natural immunity and host
differences, whereas those operative at
the crisis or parasite decline represent
the hrst important action of acquired
immunity which is superimposed on the

nonspecific factors of natural immunity.
These two factors continue to act in
arying degrees during the developed
infection and latency in such a way that
a balance is more or less established be-
tween the antiparasitic effects of immu-
nity and the reproductive activity of
the parasite, The changes in the rate aof
reproduction during the acute rise are
chielly of interest because they form a
base line upon which the effects of ac-
gquired immunity during the crisis and
subsequent stages of the infection can be
evaluated.

Synchrogism, in all strains of 2
brasilionam studicd, is much more exact
in the cebus, spider and howler monkeys
than in the marmoset and night mon-
key. In the cebus, spider and howler
monkeys, however, an occasional entire
segmentation during the acute rise or
developed infection may lake a lew
hours more or less than 72 hours. These
irregularitics hawve not been definitely
associated with any factors connected
with the host, but seem most likely to
be associated with aetivity and body
temperature. For example, under labo-
ratory conditions, the cebus, spider and
howler monkeys are largely active peri-
cdtcally during the day, the marmoset is
less active and the night monkey is slug-
gish,

The merozoite mean per scgmenter of
the minor broods in all species of mon-
keys is usually lower than the major
brood during the acute rize and devel-
oped infection, This fuct coupled with
the fact that the minor brood generally
segments on the day after the major
brood segments might lead one to sup-
pose that the minor brood is composed
of degenerating forms unable to sepment
within the regular length of time, but
the actual occurrence of appropriate
stages on the blood films points incon-
trovertably to the independent develop-
ment of minor broods, These same facts
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might lead one to invoke the idea of
atrepsy except for the fact that the mero-
zoite mean of the minor brood is lower
than that of the major brood cven when
the parasite count is at an extremely low
level. Furthermore, the alternate oc-
currence of major and minor broods dis-
poses of the view that the smaller mero-
zolte mean of the minor brood may be
due to the gradual onset of the crisis.
At present, therefore, we are unable to
account for fewer merozoites, in gencral,
forming in the segmenters of the minor
brood than in those of the major brood,

The merozoite mean of the major
brood at the first segmentation of the
acute rise may be lower than at subse-
quent segmentations (graphs 1 and 3).
Such differences are in the order of 39.
Furthermore, one mercozoite mean on
one segmentation day may differ by
15% from another on another segmenta-
tion day during the acute rise in a given
monkev of any species or may differ up
to 179% in the red and black spider
monkeys. In general, smaller variations
{up to &%) are more common in all
gpecies of monkeys. These values repre-
sent the variability of asexual reproduc-
tion {since segmentation is regular) in
the unimmunized monkey and are asso-
ciated with the nonspecific factors of
natural immunity. In addition to thesc
differences in individual monkeys of
the same species, the compogite mero-
zotte mean of all broads of a given
strain of P. brasdionum is smaller by
about 0.5 merozoite when grown in the
marmosel and is larger by maore than 1.0
merozoite when grown in the howler and
spider monkeys than the merozoite
mean of 8.8 to 9.0 when grown in the
night monkey and cebus monkey. Since
these differences are statistically wvalid
for the acute rise of the infection, they
indicate possibly that the marmoset, on
the one hand, is not as satisfactory as
the howler or spider monkey, on the

other hand, as a culture medium for the
parasite.

The crisis or parasite decline follow-
ing the acute rise of infections of P,
brasilionum is not stereclvped. 1t may
begin at any parasite level or on any
of the three days of a sexual coycle.
In other words, it may begin when par-
asites have reached a peak of only 11
per 10,000 red cells (18th day in graph
13 or not until they have reached a peak
of 991 per 10,000 red cells (36th day in
graph 3); it may begin on the day of the
peak in numbers (218t day in graph 4),
or possibly even before (graph 2], or on
any of the several succeeding days after
the peak in numbers (37th day in graph
3). It may proceed precipitously or
slowly. Furthermore, during all types of
parasite decling, the merozoite mean per
segmenter does not vary more than 15%
in about one half of the monkeys. In the
other hall of the monkeys, especially
those with sharp erizes, it decreases
roughly from 16 to 35%, rarely up to
3094, e, from 1 to 209 or rarvely to
359 bevond the 15% normal range. The
exact extent, howewver, Is difhicult to
evaluate. In the first place, there are
alwavs some parasites, even in the most
scvere orises, which apparently develop
normally, Their occurrence always raises
the question of the relative impaortance
of normal scgmenters versus retarded
segrenters in carrving on the infection.
In the second place, some parasites are
so degenerate in appearance that they
are abviously dyving. To the extent that
thev do not resume reproduction, they
simply represent the persistence of dy-
ing organisms and do not actually affect
the basic rate of reproduction. Although
the exact extent of the decrease in the
rate of reproduction could not he ascer-
tained, the data are consistent in indi-
cating that appreciable decreases take
plaee in some immune animals at the
crisis.
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There are twa We::.;s in which anti-
bodies might inhibit the reproduction af
the parasites at the time of the erisis:
(1) by the action of a specific reproduc-
tion-inhibiting antibody or ablastin,
such as the senior author (1924 and
10932b) has described in infections with
Trypanosema lewisi; and (2) by some
nenlethal effect of opsonins, agelutinins
and precipitins—the first of which is
certainly and all of which are probably
[undamentally parasiticidal in action.

Of these possibilities, there is little
evidence that a specific ablastin is pres-
ent. The antifewisi ablastic antibody is
so specific in 1ts action that it inhibits
growth and reproduction without killing
the parasites or producing noticeable
effects on their vitality, motility or in-
fectivity. In the present infection, how-
ever,  there are obvious deleterious
cffects on the parasite.

The parasiticidal factors may act on
the rate of reproduction in several ways.
As noted in the presentation of the ex-
perimental data, the rate of reproduc-
tion is lowered by (1) a decrease in
merozoites per segmenter and (2) a re-
tardation in the rrowth of individual
sepmenters to varving degrecs which
deranges the periodicity of the asexual
cyvele.

The lowering of the number of mero-
aoites per segmenter and the delay in
development may reasonably be due to
an antiparasitic action of some sero-
logical factor. Thus, at the crigis, 1 ad-
dition to increasing phagocyvtosis, the
opsonin or some other antibody may
depress the general metabolic funclions
of developing parasites, including those
upan which division, growth and other
factors of reproduction depend. The oc-
currence of crisis forms suggests some
such harmful type of gencralized sero-
logical effect on the parasite. In addition
to the direct antibody effects, the
lengthening of the asexual evele may be

due to indirect effects. Thus, animals
with an intense crisis are frequently ill
and may die as @ result of what we he-
lieve to be an intense antigen-antibody
reaction. Some of the changes in the
asexual cyele of the parasites at the time
of sharp, sudden erises are somewhat
similar to the changes in the asexual
cyele during the transitional period of
alternating light and darkness in infec-
tions of P. brosilienun:, as reported by
W. H. and L. G. Taliaferro (1934b).
Furthermore, Stanber (1939) has {ur-
nished evidence that the periodicity of
malaria is dependent upon the activity
and body temperiature of the host, [t
seems possible, therefore, that the obvi-
ous illness of the animal which is accom-
panied by low activity and low body
temperature during the crisis of the in-
fection is & primary factor involved in
the delay in segmentation and the lack
of synchronism. The illness of the host
may also account, in part, for the lower-
ing of the merozoite mean per segmenter
since we know that other nonspecific
effects cause the merozoite mean per
segrienter to vary during the acute rise.
The fact that the inhibition of repro-
duction is to a large extent temporary
seems to indicate that the nonspecific
factors are the most important, but it is
entirely possible that a higher antibody
concentration cceurs at the crisis than
during the developed infection. Upon
this last point, we have no experimental
data, but those parts of the derange-
ment of the cyvele which are toxic
manifestations of the antigen-antibody
reaction would obviously be greatest
during the crisis when a large amount
of antigen is present.

The marked inhibition of reproduc-
tion which oceurs at the erisis does not
continue through the developed infece
tion although we know that acquired
immunity to superinfection does pers
sist. A certain residual effect, however,
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docs persist in some animals. Thus, in
monkeys 3 and 4, the merozoite mean
for scveral segmentations during the
developed infection was on the whole
lower than that of the acute rise of the
infection. Significantly, this lowering
was largely the result of the occurrence
of manv more segmenters with 6 or
fower merozoites (cf. also the experi-
ments of Bovd and Gilkersen, 1942). In
addition, a slight derangement in the
synchronism of the asexual cycle prob-
ably persisted in agreement with the
findings of P. relictum by L. . Talia-
ferro (1923). Later in the developed
infection, the merozoite mean per sog-
menter reaches cssentially the same
values as during the acute rise in those
infections in which there is little de-
rangement at  the parasite decline
(graphs 1 and 2) as well as in those in-
fections in which the derangement is
marked (RS104B in table 3). In long
infections the meroxoite mean per seg-
menter may become glightly higher than
during the acute rise of the infection.
The question arises as to why some
animals undergo  rapidly  developing
acute heavy parasitemias with sharp
crises during which there are pro-
nounced antiparasitic effects, whereas
others develop slowly progressing low
eracde parasitermias with gradual para-
site declines during which the changes
are no more marked than they are dur-
ing the remainder of the infection. The
pxireme variants in these respects were
found in monkeys 1 through 4. These
monkeys were all voung, were all kept
under the same Jaboratory conditions
and were infected in pairs from the
same monkey 2 vyears apart. Yet the
2 pairs differed from each other to
the extent that 1 and. 2 varied as little
as any of the other cebus monkeys
studied, whereas monkevs 3 and 4
varied as greatly as any studied. In
other words, the conditions were as

-

radically differcnt in these 4 monkeys as
any encountered during three 3-month
periods in the space of 5 vears, Le., the
time during which data from all the
other monkeys were collected. The dif-
ferences as far as they were analyzed
were as [ollows: The first pair of mon-
kevs had been in the laboratory a year
and were fully acclimatized before they
were infected: the second pair had only
been in the laboratory a few weeks be-
fore they were infected. Moreover, no
parasites of other infectious agents were
found in the first pair: in the second pair
a rare trypancsome of the T lewdisd tvpe
was found and a nonhemalvtic staphylo-
coceus produced a septicemia which
renched a climax on the 63rd day of the
malarial infection in monkey 3 and on
the 31st day of the malarial infection in
monkey 4, It would scem that the sharp-
ness of the erisis and the extent of the
effects at the crisis are determined to a
large extent by the degree of the initial
acute parasitemia with resulting antigen
absorption. The histories of monkeys 1
through 4 also suggest that this degree
of parasitemia may be related to inter-
current  infection and  other factors
which affect natural immunity.

Irrespective of the mechanism con-
trolling the changes, as described, the
data may explain why the fever curve,
which depends on the asexual cyele,
may change during infection. Thus, in
graph 3, a predominating major brood
and scarcely perceptible minor brood
before the erisis became reorganized
after the crisis into two broods of nearly
equal size and a barely perceptible thicd
brood.

The findings in P. bragilinmum were
different [rom those in P. cathemerium,
as found by Boyd and his coworkers. In
the latter infection, the periodicity of
the asexual cyele continued uninterrupt-
edly throughout the infection including
the period of the crisis, according to
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L]

Bovd and Allen {1934) and Bowd (1939)
whereas the merozoite mean per seg-
menter decreased more or less regulacly
through the acute rise, did not marlk-
eidly decresse at the crisis or parasite
decline, and increased during the de-
velpped infection nearly up to or ooca-
sionally up to the point attained on the
first day of the acute rize, The factors
responsible for this difference are not
Lo,

SUMMARY

A study of asexual reproduction in
major and minor broods during initial
infections and relapses of 14 strains of
the quartan parasite, P, brasilignem, in
64 monkevs belonping to 0 species of
Central American monkeys indicated
the following with respect to the length
and synchronism of the asexnal cyele
and the number of merozeites farmed by
the segmenters:

Significant changes occurred (1} in
the svnchronism of P, brasdfianem in all
marmosels and night monkeys during
the entire infection and in some cebus,
spider and howler monkeys during the
parasite decling; (2) in the average mim-
ber of merozoites per segmenter in ma-
jor and minor broods during the entire
malarial infection in the majority of the
monkeys of all speectes (they were even
more marked during the crises in some
mankews) and (3) in the periodicity and
morphology of the parasites at the time
of the erisis or parasite decline in some
monkevs of all species,

The above changes may be related
specifically to the host, to the parasite,
to the parasitological stages of the ma-
larial infection, and to immunity and
nonspecific factors as follows:

The merozoite mean per segmenter
“waried within a piven parasitologics]
stage of the infection when the same
strain or different strains of the parasite
were grown . in different individuals of

the same specics of monkey (graph 5),
but was smallest within a given strain
when grown in marmosets, intermediate
when grown in cebus and night monkeys
and largest when grown in howler and
spider monkeys (graph 6).

During the initiel acute rise of P.
brasthianwm, the 3-day periodicity of
the asexual evele remained constant;
the number of merozoites formed per
segmenter varied within or between ma-
jor and minor broods and within the
same [graphs 1 through 4) or different
strains of the parasite (graph 3) from 3
through 139 ordinarily or up to 17%
in the spiders, Similar results  were
obtained in most developed  infections
and during some crises or porasile de-
clines. Dharing the parasife declines in
practically all spiders and in about half
of the other monleevs, however, the
periodicity of the asexual cyele was
tempaorarily delaved and/or the number
of merozoites per segmenter markedly
decreased. The extent of these derange-
ments varied markedly from monkev to
mankey. Thus, varving proportions of
the population might take approxi-
mately from 34 to 4 days (rarcly 5 davs)
to scgment and the merozoite mean per
segmenter might decrease from 16 to
33¢, (occasionally to 509, in the
spider and cebus monkevs). These two
cffects did not alwavs oceur coneomi-
tantly, but one or both tended to ocour
more gencrally in infections with an in-
Lense rise in numbers to a high peak and
a sharp number erisis, asin graphs 3 and
4, than in infections with intermediate
or low peak in numbers which receded
gracually, as in graphs 1 and 2. The
marked decrease in the merozoite mean
per segmenter at the crisis was fre-
quently accompanied by a morphologi-
cal degeneration of the seomenters (ori-
gis forms) and was brovght about not
only by a shift in the mecan but by a
shift in the range of merozoites per seg-
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menter from 4 to 16 to lower values of
2 to 10. The lengthening of the asexual
eyele, il marked, sometimes cansed the
percentage population of the brood or
broods to be different after the crisis
than before the crisis. For example, one
brood before the crisis might realign
after the erisis into two broods—a find-
ing which may explain the change in the
type of fever curve often obscrved in
malaria of man. In some infections,
after a marked derangement at the cri-
sis, a residual lowering of the merozoite
mean per segmenter and lack of syn-
chrenism persisted for varying periods
of time during the developed infection,

Similar findings were obtained during
the acute vise, parosile decline and de-
veloped infection of relapres except that
the derangements al cach successive
parasite decline in a given infection were
generally progressively less marked,

From these data, 1L was caleulated that
the rate of reproduction of P. brasili-
anum varied from 3 to 13% in cebus,
howler, marmoset and night mankeys
and up to 17% in the spider monkeys
during the acute and developed stages
of the initial infection and relapses and
in some monkeys in ecach species except
the spiders during the parasite decline,
I the spider monkeys and in about half
af the monkevs in the other 4 species
studied, it may have decreased to vary-
ing degrees up to 50% (usually up to
3597). In addition to these changes in
the rate of reproduction, large numbers
of parasites disappeared during the
acute rise of the infection and larger
numbers disappeared thercafter, espe-
cially at the crisis.

The foregoing data, in conjunction
with previeus data obtained by us on
parasiticidal effects, may be interpreted
in terms of immunily as follows: (1)
Natural dmmunity is associated with a
marked death of the parasites and may
be associated with a sporadic variation

in asexual reproduction up to about
1554 {usually less than 89;) as indicated
by the regularity of the asexual cycle
and the sporadic wvariations in the
merozoite mean of the major and minor
broods during the entire acute rise of
the infection. (2) Acguired fmmunity,
in conjunction with natural immunity,
results in a heightencd death of the
parasites and, cspecially during sharp
erises, with a marked lowering of the
rate of asexual reproduction.

The marked lowering of the asexual
reproduction in a few animals during
sharp crises is due to (1} a derangement
of the asexual cycle involving a lack of
synchronism and a lengthening of the
evele in some parasites and (2) a de-
creage in the number of mercozaites in
gome sermenters as well as the appear-
ance of obviously degenerate erisis”
forms. It is suggested that these changes
may be, in part, the generalized dele-
terious cffects of fundamentally para-
siticidal antibodies. In other words,
many metabolic  functions, including
those on which growth and reproduction
are dependent, may be depressed and
cause the death of some parasites, as in-
dicated by crisis forms, the variable
retardation of the growth of others,
which brings about a delay in the aver-
ace length of the asexual cycle and in
the loss of synchronism, and a lowering
of the mean number of merozoites per
segmenter. It is further suggested that
the changes, especially the loss of syn-
chronism, may in part be due to such
nonspecific factors as the loss of activity
and the lowered body temperature of
the host, which are a manifestation of
the general toxicity of the intense anti-
gen-antibody reaction during the crisis.
There is o evidenee that the temporary
tlelay in reproduction at the crisis is as-
sociated with an ablastin of the T
fewdnt Lypo.
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