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Mhe infectivns were serially transferred in these linsts.

High parasitemias, reaching maore than 400000 asexual parasites per emm ol the Upands-Fala
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Alto strain, were sustained,

Gametocytemias were produced in 2 hasts hat failed to infect 3 species of anaphelines,
The mankeys adapted well 1o captivity and sorvived long periods tollowing the infections

The monkeys of Fanama have failed gener-
ally to be good hosts for indigenous strains of
Plasmodium  falciparum.  The Taliaferros
(1934) reported only short periods of parasit-
emias in Alowatta cillosa (black howler mon-
kevs). Porter and Young (1967) were able to
produce moderate infections of P. faleiparum
in Saguinus geoffroyi (the marmoset), which
persisted for as long as 153 days, but serial pas-
sages were not achieved, Muany other attempts
in this laboratory to infecl different species of
Panamanian monkeys with parasitized human
blood have not resulted in establishing infec-
tions which could be maintained serially.

Geiman and Meagher { 1967), using an Afy-
can strain of falciparum (Uganda-Palo Alto)
dircetly from man, adapted this parasite to
Avtus frivirgatus (night monkey) and estab-
lished serial passages. Using this adapted
strain, we found that it would grow well and
could be passed serially in Cebus capucinus
(the white-faced capuchin) (Young and Baerg
1969). Ouoly transitory parasitemias were pro
duced in Afeles fusciceps {the black spider
monkey) and A. willosn {Baerg and Young
1970). Subsequently, a preliminary report in-
dicated that this strain would prow in Saimiri
seiurens (the squirrel monkey) (Young and
Rossan 1969). The potential of Saimiri as u
mode]l for P. falciparum infections has been
investigated further using the African strain
iUgandu-Palo Alto) as well as a strain from
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Vietnamn { Vietnam-Oak Knoll), The results ame
presented in this report.

Material and Methods

Panamanian Saimiri monkevs used in this
study were collected in the Chiriqui Provinee,
Panama, from an area about 35 km cast of
the Costs Rican border, None of these ani-
mals were found to be harboring naturally
acquired plasmadial infections,

Initially, the monkevs were housed in
groups of 20 to 30 in out-door gang cages,
After inoculation, the animals were moved
inte individual cages located in indoor labora-
tory rooms, As Saimiri monkeys are fastidious
eaters, diverse [oods were offered. The diet
consisted of bananas, canned [ruit cocktail,
cottage: cheese, raw preanuts, munkey chow
{Wayne Monkey Diet) and o canned prepara-
tion {Science Diet™), This ration was supple-
mented occasionally with live, neonatal mice
and weekly with @ vitamin mixture {Octavita-
min), Water was available ad libitum. The
monkevs adjusted well to laboratory condi-
tions,

All Saimiri were healthy adults and sub-
adults, of either sex, and weighed approxi-
mately 300 1o 500 gms. The monkeys initially
wete inoculated with the Uganda-Palo Al
strain of P, jaleiparam from Aotus bearing the
32odd and 33rd passages at Gorgas Memorial
Laboratory {Young and Baerg 1969). Subse-
gquent serial trophogoite transfers then were
continued between Saimiri. The Vietnam-Oak
Kuoll strain, which had been adapted to Aotus
monkeys, was provided kindly by Dr. W, Sid-
digqui of the University of Hawaii. Saimiri
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Table 1.
monkeys (Saimivi scinvens)—initial challenge,

Trophoite induced  infections of Plasmodium falciparem (Uganda Palo Alto) i
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in squirrel

Nu. pitra- l'n' irtent

Maxunom ohserved

sites o, (sab= Pulent prarasitemia
Passage  Mankey 3 104 and Fr.lN'!lt preriocd - -
ni. no. method i da—-tflu —days  Peromm Patent iy Camiments
1 1657212 A4 ip "4 40 163 DD 14 Ampdiagquine 10 mg base kg on patent day 13
Rechallenged— | Tuble 23
2 4782 D 10 g 13 g THTIN I4 Rechallenmed — ( Table 2
3 LS 1D 10ip ! a1 41H 030 i3 Rechallenged — { Table 23
4 4504 10 ip 5 a1 417.930 14 Negabive 326 divs
5 5214 16 iv 1 11+ 25060 0
a B248 18 iv i 0 45,870 7
i 4688 D 16 ip T B 1L HE0 9
ii 5104 17 iv 4 L1 LIGRT 11
i SlR3 D Liip 24 153t 421 810 15
7 51920 5 i 4 14 R4, 180 14
1 4500 1% L 12 .20 I
1 AR0O {111 13 50 .3 Hechallenpged— Tahle 21
= Splenectomized prior to inocalation, I Dned D Doner for nest serial transier., iv Intravenansly.

b Served as contyol for rechallenge study, Sacritived.

hosts received this strain after the Tth Apfus
passage at our laboratory,

Procedures for preparation and staining of
blood films and enumeration of parasites were
summarized by Young and Baerg {1969),

Results

A splenectomized Saimiri (4687} was in-
oculated with the Uganda-Palo Alto strain
from the 32nd Aotus passage; thiz line then
was passaged without lailure throngh 7 serial
transfers in intact, wnaltered recipients. One
recipient {48000 from the 33rd Aotus passage
also developed an infection. All 8 subjects
were ineculated  intraperitoneally (see Table
| JA S

Faur normal Saimiri were inoculated intra
venously From the 4th Saimiri passage [4803],
Infections were estublished in 2 animals (3214
and 3249). The other 2 recipients died {4
and 8 days after inocalation ), befare it was
possible to determine if o consistent parasite-
mia had developed.  An infection was pro-
duced in 5199 by a consecutive indravenouos
passape from 5249,

Prepatent periods ranged from 1 to 4 davs
and from 2 to 24 days in recipients inoculated
mtravenously  and  intraperitoneally,  respec-
tivelv. Omnce established, the infections devel-
oped rapidly and a1l parasitemias reached at

ip Intraperitomeally

least 1,000 per enun from the 2nd to the Tth
day of patency. Parasitemias increased as
mmch as 60-fold in a 24 hour period,

In 4 of 7 cases, the infections were self-
limiting with the monkeys surviving maximum
parasitemias of 8,230 to 417,930 per cmm.
One ather surviving monkey (AB57) was ad-
ministered o subcurative dose of amodiaquine
(10 mg base per kgd when the parasitemia
haed reached 162,530 parasites per emm. Of
the 6 monkeys in the 5th throngh Tth pas-
sages, 3 owere sacrificed during ascending par-
asitemin, while the remaining 3 monkeys sue-
cumbed doring fulminating parasitemias,

While all stages of the asexual parasites
were seen in the peripheral blood, the para-
sitemins consisted primarily of rvings and troph-
ozoites, Qccasionally, schizonts were observed
and sometimes were the first forms detected
in the patent period.

Primary patent periods in the 4 untreated,
surviving Saimiri persisted from 12 to 31 days,
averaging 23 days, In 1 of these monkevs the
infection relapsed after 11 negative days, A
low grade parasitemia subsequently was seen
over o 13 day period.

Four monkeys were rechallenged by inoeu-
lation of trophozoites as early as the 42nd day
or as late as the 72nd day after the primary
attack (Table 2). Prior lo rechallenge, 3 mon-
keyvs had received a curative course of amodi-
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Table 2. Plasmodinm falcipaon infections in squirrel monkeys—alter intraperitoneal rechallenge with

3% 107 trophozoites of the Uzanda-Palo Al strain.

Suhpatent

Maximum shseryed

period prior TPropatent amd Patent parasitemia

Munkey to rechallenge { Subpntent prind

T, —days periacds—idavs davs Per comnn Patent day Canmeants
L1722 61 - - - - Negative 263 davs
4HBT T2 3 3 d 2

" = (18} ag 1,140 i B

" - (47 11 5440 T Negalve 385 days
4B00= B2 I " 1.840 [

" (M) 3% 4 3
4805 12 [ 174 148,560 17

v Amediaquine {10 mz base kg administered days 17, 16, 15 prior to techillenss

t Died,

aquine (a total of 30 mg base per kg over a
3 day period}. One of these subjects (4792)
did not develop an infection during a 263 day
observation period. Parasitemias appeared in
the remaining 3 Saimiri after prepatent period
of 3 to B davs. Although a high parasitemia
resulted i 1 Saimiri, relatively low grade in-
fectioms persisted for 3 and 15 days, respec
tively, developed in the other 2 recipients. In
the Tatter 2 monkeys, relapses ocenrred after
subpatent periods of 18, 47 and 34 days.

Twa monkeys, 4805 aud 4697, evidenced
gametacytemias during the 26th to 25th day
and the Tth to 39th day {vermittently} of
the primary attack. Three species of colonized
moscuitoes, Anopheles albimanus, A. aztecus
and A, psewdopunctipennis, were fed upon
these hosts at gametocyte concentrations of 10
to 30 per emm.  Dissections of anophelines
from a total of 23 fed lots were negative for
oocvsts anid sporozoites.

The Victnam-Oak Knoll strain of P. falcip-
arum inoculated  inlraperitoneally (90 2 10°
parasites) into 2 normal Saimiri produced pat-
ent infections 5 and 6 davs later, respectively.
The parasitemias were patent for 11 and 17
duys, and maximum  parasitemias were 210
aned 5,610 per cmm, There were no gameto-
evtemias, and no relapses were recorded dur-
ing subsequent observation periods of 50 and
537 davs. Subinoculation was not attempted
from these Saimiri.

IHscussion

Both the Uganda-Falo Alto and Vietnam
0ak Knoll strains had been adapted to normal
Aptus monkeys prior to inoculation into Sai-

miri hosts. There was no difficulty in initially
establishing significant infections in the un-
altered Samiri recipients, and in continuing a
passage line with the Uganda-Palo Alto strain,
In these passages, fulminating parasitemias
were achieved in unaltered recipients. How-
ever, some of the infections in the Saimiri
were self-limiting, while the Actus monkeys
required chemotherapeutic intervention to sus
tain the life of the host, Infections of the
Upandu-Palo Alte strain in intact or splenecto-
mized Cebus {[Young and Bacrg 1969), in
contrast, were generally lower than in Saimiri

Although patenl periods as short as 12 days
were observed, parasites persisted in several
Saimiri at high levels for more than 4 wecks
during the primary attack, signifving a toler-
ance ol this host species for P faleiparum.
Further, persistence of the parasites at sub-
patent levels was shown by the fact that re-
lapses did oeeur,

The results abtained afler rechallenge of a
limited number of subjects were varable, but
indicated that 3 monkevs were protected as
evidenced by either complete absence of para-
sitemia or by low maximum parasitemias and
patent perionds of short duration, This host.
parasite combination may be useful in further
studies of imnumity aciquired against the ervth-
rocytic phase of P faleiparun,

Limited trials with 3 species of anophelines,
fed upon 2 monkeys that showed low gameto
eyte concentrations of the Uganda-Palo Alto
strajn, il oot yield infected mosquitoes.
These results are in accord with the failure to
infect experimental vectors from Aotus and
Cebus monkeys bearing this sirain (Baerg and
Young 1969).
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The small size and availability of Saimiri
and its relative case of adaptation to the lab-
oratory eovironment may offer further advan-
tages for this species as an  experimentul
maodel,
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