Experimental Infections of Plasmodium falciparum
in Cebus capucinus (White Faced Capuchin) Monkeys
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Intreduction

I 1934 Taliaferro and Taliaferro® recorded
the first transfer of Plesmodivne [alciparim
infection to a non-human primate, howler
monkey ([ Adoestls viflose) of Panama. Laler
the chimpanzee (Fo sabweas) of Africa and
the white-handed pibbon (Hwlobates Ty of
Soulheast Asia also were [ound to be suscepli-
ble™* Only recently, however, have studies
continued on the feasibility of using species of
moenkeys as experimental recipients of this
malaria, Cadigan, et al ® inoculated Old Waorld
macagues, ad observed the parasive’s devel-
opment in the Rhesus (Macacs senloita), Tiz-
tail (M. wemeestring), and Cynomolgus (.
frigy, P feleiparsim infections since have been
ohtained in the Panamanian marmoset {Sg gai-
sy meaffrevi)® and South American night
monkey {Aptuy frivirgetius) )t The significance
of P feleiparen: adaptation to dafes monkeys
waz emphasized by a subsequent report of
mosquito infection from these hosts® Tt has
nat been possible to infect mosquitoes with
falciparum malaria induced in other simian
species,

Benewed mterest and the latter successes
have led us to lurther explore the possibility
of prowing P, jalefparen: in ather New World
primates, This paper reports the susceptibility
of Cebaes capucinns, the Panamanian while
faced Capuchin monkey,

Materials and Methods

Sourees of primates, their maintenance, and
methods of handling have heen described
elsewhere” Infant, juvenile and adult Qebeas

This paper iz contrihubion mumber 502 from the
Avmy Researvch Program on Malaria.

monkeys were inoculated, Age determination
techniques were followed as outlined by I'or-
ter, Johnson and de Sousa® Infants generally
welghed less than 750 grams. Juveniles were
separated from adults by their lack of sexual
maturity. Reciplents were intacl and un-
treated or had been splencctomized and were
administered orally 5 mg/kp of an immuna-
suppressant, azathioprine {lmuran®™), at the
time of passage. Additionzl dosages of the
drug were given as indicated,

Two blood zamples for noculation were
drawn from palienls naturally infected with
P fplciparem in the Republic of Panama. An-
other strain, Uganda Palo Alto, was received
through the kindness of D Leon H. Schmidt
framm the National Center for Primate Biology
in Davis, California, This strain of Upganda
origin was shown by Geiman and Meagher! to
infect Adotwes trivirpaties monkeys and  had
Been furnished to Dl Schmidt who was main-
laining it in the dotas,

Parasitized blood was heparanized and io-
oculated into monkev:  intraperitonceallv,
Numbers of parasites intraduced] into the test
animals ranged from 10 > 10% to 11 = 105,
Blood [rom recipients was examined for para-
sites daily from the date of passage through
30 days after the course of parasitemia. Thick
blood films were taken twice-weekly for 60
days following a 30-day negative period, Prior
to inoculation and after the above intervals
smears were taken once weekly. Parasite con-
centrations were determined guantitatively by
the Earle-Perez methad.

None of the Lest animals had blood smears
positive for P, bresifianum:, the only naturally
occurring malaria in Panamanian monkeys,
before or alter the inoculations with P, falci-
parin,

Results

Upon receipl of the Uganda Palo Alte
strain of P, falciparsn, it was inoculaled into
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Aotas monkevs with resuliant infections, thus
confirming  the findings of Geiman  and
Meagher *

This slrain was passed serially through un-
madified Asfes monkevs. At the fifth serial
pazzage infected blood from an Asfes (NM
43207 was incculated into a Cedus monkey
(WE 39618 and an infection resulled which
persisted for 3 days (Table 2 and Figuee 17,
Following thiz there was a subpatent period of
14 days and then a retwn of parasilemia
which perzisted for @ days al which time the
monkey digd. The infection was then passed
serially § times to other Cebus monkeys. The
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last recipient, wviz., WL 712D differed [rom
the other infected Cedws monkeys in that it
waz nol splenectomized or given an immuno
suppressant drug,

At the ninth zerial passage in the Adofus
line, infected blosd from an Adedues (N
QU4 was injecled inlo a Cebns, WEF 3941,
and an infection resulted. While this parasil-
emia was =4l low, on the second dav of pa-
teney, the monkey died from injuries. Kight cc
of bload drawn fnomediately after death and
containing less than 30,000 parasites, a rela-
tively low inoculum, produced an infection in
a recipient deodns (NM BZD). A transfer of
infected hlood from thizs dsiwe produced an
infection in a Cebus (WEF 206100,

A zummary of the lransmission atlempis =
shown in Table 1. The 2 attempts to infect
Celais monkeys from Panamanian patients
with P, falciparsem malaria lailed. Ilowever,
using the Uganda Talo Alto strain, established
in Aetey, the Infection was passed to Cedos,
bictween the Cefias monkeys, and from them
hack to Aoizs. When the donor was a moi-
kev, all 11 tranzmission attempis were suc-
cessful. Seven of the Cebues were splenecto-
mized and given azathioprine but one was un-
miodified,

mome of the details of the infections are
shown in Table 2. The prepatent periods
ranged up to 30 days and the patent periods
up to 72 davs, In 3 monkewvs the parasitemias
reached high levels. Alter o peak puarasitemia
of 131,410 per cmm in W10 3901, the para-
sifemia spontaneously began to decline and diz-
appearcd 13 days later. 1o WIS 20600 the pealk
parasitemia of 120,110 per cmm occurred in
the relapse. The parasitemia then declined
and disappeared 9 days later,

The highest parasitemia, fe., 652,700 per
emm, was in WIE 25070 The monkey was then
given 11 myg quinine in 2 doses. The parasites
disappearad in a few davs bul reappeared
after 2 negative days. The monkey died dur-
ing the second day of relapse with parasites
lezs than LD per e,

In all cases, except WF 239D, the inflec-
lions were seli-limiting, thus not requiring in-
tervention with drugs,

Two monkevs were administered azathi-
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third day of subpatency following a three-day
Patent period. The parasites did reappear, al-
though 11 days later. As shown in Table 2, the
parasitemia in the relapsing monkeys reached
higher parasite concentrations than were re-
corded initially in the primary attack.

The inconsistent response to the azathiop-
ting does not permit any conclusion as to its
effect upon the parasitemias,

All stages of the asexual parasites circu-
lated in the peripheral blood. Sesmenters usu-
ally became apparent during the first week of
patency, but were scen as early as the second
day. Gametocytes were produced in three
monkeys (WI 206D, WF 390D, WF 712},
however most of these forms appeared to he
immature. In WF 2060 and WF 712 sexual
slages were noled continuously during pri-
mary patent periods from the ninth and 11th
patent days. Respective counts ranged {rom
10 to 750 and 10 to 50 per mm.* In contrast,
mametocytes appeared in W 390D on the
2ind day of patency, and were seen intermit-
tently through nine davs following termina-
tion of the asexual patent period in concentra-
tions not exceeding 20 per mm.* Data regard-
Ing unsuccessful attempts o infect mosquitoes
from these hosts are reported by Baerg and
Young

Discussion

After it was found that a human malaria,
e, Foooivax, would grow well in New World
monkeys, we have heen testing the suscepti-
Lility of other monkeys to different species of
malaria.

Chur results with P faleiparws of Panama
obtained from naturally infected Panamanians
have given only partial success. Infections
were obtamned in Segeinws geoffrovi which
persisted as long as 15 days® Subinoculations
to other Saguinus failed. Similar attempts to in-
fect Aotws frivirgatus and Cebus geoffrovi
from human sources of £, fafciparun: have
failed.

However, using falciparum blood from a
human who had acquired the infection in
Uganda, Geiman and Meagher® established
this malaria species in Astws, After obtaining
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an inoculum, we have maintained Lhis strain
since in Astws monkeys,

When we used the Uganda strain growing
in the Adotus, infections were readily obtained
in the Cebus, successfully subinoculated into
other Cebus, and passed between them and
the Aofws monkeys,

The poor success with the Panama strains
of P. falciparwn: contrasts sharply with the al-
most  uniform  success  with  the foreign
iUganda) strain. It is nol known whether the
ability of the African strain to grow in the
Cebus s due to viralence, its prior adaptation
to Aatus, or to some other factors,

The recipients were not of uniform weight
and age as their use was dependent on avail-
ability at the laboratory. Even so, the magni-
tude and duration of the parasitemias in mon-
keys of comparable size were variable and were
independent of the concentrations of parasires
ingculated, Tn most of the Cebus, the prepa-
tent periods were relatively long. The maxi-
mum parasitemias occurred vsually in the sec-
ond week of the primary or relapse patent pe-
rind or within 3 davs thereafter, The maxi-
mum parasitemias were in the ranges seen in
human patients.

Gametocytes appeared in 3 of the infected
animals.

No consistency in host response was evi-
dent through serial transfer. Rectal tempera-
tures could not be correlated with the pres-
ence of or the height of parasitemias as read-
ings fluctuated within the same limnits before,
during, and after parasitemias,

Three animals died. One was from a frac-
tured skull caused by a misjudged jump, The
second was the only death associated with the
significant parasitemia (2230 per cmm). As
athers have survived parasitemias 50 times
greater, thiz fatality may not have been due
to malaria. The third (WF 259D) had experi-
conced the highest parasitemia seen in these
monkeys, and although it appeared to respond
to treatment, its death a few days later could
have been due to the malaria,

In contrast, most of the Aoéws monkeys
died during the parasitemia period unless
Lreated,
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It seems apparent that the Cebus monley
lolerates well the P, falciparwm infections,
This together with the character of the in-
duced infections and the hardiness of this
monlkey in captivily indicates that it should
be very useful for the study of certain P, fal-
ciparane straing of human malaria.

Summary

Cebus capuciuny (white [aced Capuchin)
monkeys were shown to be susceptible Lo
Plagsmodiss folciparigs malaria of buman ori-
ain. The malaria strain originated in Uganda
and had been adapted to dofus friviegalas
monkeys, The Cedus monkeys were from Pan-
ama.

The malaria was passed serially through
Cebys and Apins monkeys by lotrapetitoneal
injections of parasitized blood, The eight
Cefas tried became infected. Significant par-
asitemmias were produced, one of which per-
sigted for 77 davs. All stages of the asexual
parasite appeared in the peripheral blood, Ga-
melocytes were prezent in some of the infec-
tions,

The infections were tolerated well by the
Cabis,

Two attempts to infect Celws monkeys
with P. falciparne blond [rom Panamanian
patients failed,
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