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ABSTRACT: Intections with a monkey-adapted strain of hunan Plasmodium vivex | Achiote) were es-
tablished in Saimin scinrens and were serially transferred 26 times in this bost species by traphuzaite
inpculation.  Palent infections were produced in all of e 42 unaltered and 1 splenectomized  recip-

icnts,

Primary intections pensisted for as long as 72 days und masimum  parasite  concentrations  resched
mare than 100,000 per com, Relapses veenrred, and were usually of shorter duration with parasite

densities lower than m the primary altack.

Eleven unaltered Saimini were infected by the sporoznite stages in Anopheles alhimanus derived from

Aatus trivirgatus carrving this vivax strain,  Although
zoite induced infections, most of the characteristics of he parasitemias werpe

prepatent periods were longer than for tropho-

Oueysts were demonstrated in Anopheles albimanns and A, aztecus tollowing feeding npon several

Safmeri with trophozoite induced infections,

It has been shown that infections with Plas-
modium vivax can be induced in 5 species of
New World monkeys by the trophozoite and
sporozoite stages of the parasite. The most
widely used experimental host is Aotus trivir-
gatus (the night monkey): wvivax strains are
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easily adapted and maintained in this model
{Young et al. 1966; Porter and Young 1966;
Hickman 1969; Baerg et al, 1969; and Ward
et al, 1969). Vivax malaria alse has been
transferred from Aotus by trophozoites and
spurozoites to Saguinus geoffroyi {the Pana-
mamdan marmoset) (Porter and Young 1966:
Buerg et al. 1969; Baerg et al. —unpublished;
and Porter 1970) and to Ateles fusciceps and
A. geoffroyi (spider monkeys) (Baerg et al
1969; Baerg ot al—unpublished; Young and
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Table 1. Serial trophozite passages of Playmaodium vivax in Seimivi siureus—primary parasitemia,

FParasitemin

Prepatent Putent 1,000 per canan Muaximum per coim
period perigl  ———
Incculum —davs —days® Patent day Patent day
No., of ® 10 Mpan Mein No. nf Meun Mean Mean
muonkevs Tange {Ringe)  [Range) monkeys (Range) { Basnge ) {Range ) Remarks
Passage Nos., -5
'y a3 5 30455 13 2 ¢lied patent dnys 217, 38
12 1.1-12.5 ¢ 1-1H} (23-72] 11 =131 (910-KG,290) {(11-18)
Pussage Nos, &-H) 1 died patent davs 14, 29,
& a7 i 16.84 13 5S¢ 4 spcrificed  when
11 <1-12.5 {1-21) 124-28) 11 1a=157 (1,720,940 (3=20)  parasitemia approximoted
AQ OO per crnen
Pusyage Nos, 11-15
¥ 44,138 T4 2 diesd patent davs 17, 19
A 15-21 {415 5 (5-81 (16,5TD-F11,070) (10-£6)
Passige Nog, 16-20
i o3 “ 471 5360 14 2 died patent days 3, 539
[ = 1-9.9 12-11) ( EM-27 o (=18 (A030-87.130) (G-20)
Passege Nev, 21-26
4 an " 44055 14 2 digd patent day 34
a o l-108 117} [20-531 i (4-KF (L4 T00-93.2100 (11-18)

* Mankeys dving during patency are not included in tabulation of length of patent perind.

Porter 1969; and Porter and Young 1870).
The latter 2 hosts require splenectomy to pro-
duce significant infections,

Deane ot al, {1966) found that a splenecto-
mized Sabmiri sciurcus  {squirrel  monkey)
would support an infection of vivax malaria
derived directly From man. We sinee have
determined that intact Saimird will sustain in-
fections of a monkev adapted vivax malaria
introduced by blood stages or mosguitoes
(Young et al, 1971, Subsequent 1o our pre-
liminary report, we continued our investiga-
tions on the characteristics of the infections in
Saimiri monkeys. The rtesults are reported
here.

Materials and Methods

Procedures conceming  the procurement,
handling and husbandry of Seimiri monkeys at
Corgas Memorial Laboratory were given by
Rossan et al. { 1972).

The human malavia strain, Achiote, was iso-
lated in Panama and has been serially trans-
ferred by blood or sporozoites in monkeys
since 1966 (Porter and Young 1966). Several
passage lines in Aofus and Saimiri were main-
tained to achieve further parasite adaptation
and to study the course of infection in these
primates. In most cases unaltered Actus and
Saimiri served as recipients.  Inoculation pro-

cedures, staining of blood films and counling
af parasites were us described previously, with
some modifications {Porter and Young 196G6),

Infected Aatus served as donors for sources
of mosquite infections as given in previoos
reports { Baerg et al. 1969). Only Anopheles
alhimanus was used as the vector for sporo-
znite  transmissions,  Sporozoiles were intro-
duced either by the interrupted bite technique
ot by intravenous inoculation of a sporozoite
suspension,  Animals inoculated intravenously
were administered a single dose of penieillin
{400,000 units). Anopheles aztecus, A, pseu-
dopunctipennis, and A, punctimacula were uti-
lized for their comparative susceptibilities to
the induced malaria in the monkeys.

Results

Trophozoite Induced Infections

After 78 consccutive blood passages in
Antus monkevs, infections were established in
Saimiri by subinoculation into 1 splenceto-
mized and 2 unaltered animals. Passage lines
were continued in intact Sagimiri from the
splenectomized recipient and from 1 unaltered
recipient; these were carried through a total
of 8 and 26 passages, respectively. Data on
the primury parasitemias of the infections in
the monkevs comprising the 2 lines are
grouped and summarized in Table 1 according
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Table 2. Characteristics of relapses in Sadmiind sei
urens with trophozoite induced infections of Plas-
modivm vives,

Maximum parasitemia

Subpatent  Patent
pericd i Fatent
—dliys —days Per e iy
Ner. of Mean Mean AMean Mean
monkeys  {Range! | Rongel { Range | { Range |

int Relapye

29 14 915 ]
159 {586 [d=247 C1D-T009T0 ) (4141}
Sl Helapse
29 17 993 mn
L {51 (l2-21) (< 10-5,4307 i(H-L41
Jrd Relepse
a1 15 1,816 13
5 {10-7T) (3238 (<10-8240) (42310
Ath Relipee
1 24 13 390 1tk

to the number of serial transfers. Parasitemias
wore produced inall of 43 monkeys moculated
(40 intraperitoneally and 3 intravenously ).

Overall prepatient periods ranged  from 1
to 21 days, and were as short as 1 day in both
the early and late passages. There was no
apparent correlation hetween the prepatent
period and numbers of parasites inoculated.
Generally, there was a relatively rapid ascent
of parasite numbers. In 41 of the 43 recipi-
ends parasiternias reached 1,000 per emm be-
tween the Gth and Sth day of patency with the
maximum concentration abant 1 week Tater,

In the initial passage into 3 Saimiri, the
splencetomized recipient expericneed a maxi-
mum parasitemin of 56,290 per conon, whereas
maxima of 210 and 2360 per o were
achicved in the wnaltercd, companion subjects.
However, within a few subsequent passages,
the infections in unaltered recipients reached
as high as 54,360 per emm. The average maxi-
mum_ parisitemias, with a peak in one animal
of 111,070 during the 15th passage, were con-
sistently higher after 10 serial transfers.

The initial patent periods in 28 monkevs
{all imaltered) were as short as 18 days and
as long as 72 davs, averaging 30 days, Eleven
other monkeys died while showing parasites,
but & of these subjects succumbed during a
descending phase of the infection. An addi-
tivnal 4 monkevs were sacrificed for tissoe
studics  when  parasitemias approximated
40,000 per com.

Blood films were examined dailv from the
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Tauble 3. Mavmoedivm vivax infections in Saimiri
scinvens. Gametocyte infectivity to mosguitoes,

Flcists L.ots
Yielding g Iax.! Percent
Musguito species Masg. Total Tat, infected
Trophezoite Induced Infections
Anophicler albimanus 120 7141 I
Anvpheles aztecns 2:11 449 a-T1
Anopheles parvdoapunclipennis 005 [V ¢4 1]
Spomzoite Induced lnfeclions
Anopholes alliimatius 07 050 u
Anvopheles wxtoeus 1T 0,23 1
Anopheles puinctiniecuis 01 0:3 [

28 monkeys following termination of the pri-
mary attack. No parasites were detected in 6
of these animals which died from the 15th 1o
the 8Tth day post patency and in 3 surviving
for more than 500 days. However, the infec-
tions in 149 monkeys {657 ) relapsed 1 or mare
times after subpatent periods ranging from 3
to 77 days (Table 2). One relapse only was
recorded in 10 monkeys, while as many as 4
were ohserved in the remaining animals. The
mean duration of the :ﬂﬂ)p:att:nt ITE’Ti(HIS b=
tween the 1':"]31‘1&(’:&. were similar. In all cases,
the maximum parasitemia achieved durving re-
lapse was markedly lower than in the primary
attack. Additionally, the patent periods in
most instances were shotter for relapses than in
the primary attack,

Three species of mosquitoes were fed upon
Saimiri hosts harboring  trophozoite  induced
infections,  As indicated in Table 3, although
some A, albimanus and A, aztecns showed
aocysl development, the gametoeytes in Sai-
mirf were poorly infective for these veclors. No
sporozoites were seen in the salivary glands
of the infected mosquitoes, however mature
ooevies, conbaining sporozoites, were observed
on the stomach wall of AL aztecus.

Sporazeite Induced Infections

A total of 49 normal Saimird in 10 experi-
ments, and 2 splenectomized Saimiri in 1 ex-
periment, reccived  sporozoites from AL elbi-
mianns mosauitoes which had been infected on
malarious Aofus monkevs, Patent infections
have developed in 11 unaltered  recipients
from 7 of these trials. The remaining 40 mon-
Eevs were followed 30 or more days and 8 of
these are continuing to be examined, Trans-
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Table 4. Sporozoite induced infections of Plosmodiume sivax in Saimivi scireus,

Frepatent Parasitem
and ¢ Subpatent ) — =
Monkey pemnds  Days Maxsna per cmim Patent dav Dierration Hemarks

5954 20 17.620 o0 10

(147 540 R 12 19

LIT] ang R 2 HE

£33 Aa0"H i =20 * Parasitemin contiouing
4792 :-—{: 1 :f;l]n M l% Ig Abve L davs post patency
EE 8 S7AL0 17 20 “ At deatls
G295 15 <10 - 4 Lded 389 davs post patency
5815 L3 1,050 1L 14
agi2 26 10107 11 16 *Treated with chloroguine
105 a6 1,870+ 13 14 Fur 1'||t"||4dh{'!il|1\‘ shucdies
GITO 48 1,260 ] =il
(296 29 7,620 I5 T
4806 45 =< ]10* =10

. *Parasitenia conlinging

SURY l, i 3 s |

H  Helagse

missions were achieved by both mosquito bite
and by intravenous inoculation of sporozoites.

Some ol the mfection characteristios ae
shown i Table 4. Prepatent periods were
variable, ranging from 15 to 45 davs. Fara-
silemins as high as 37410 per cmm were re-
corded.  Infections in 3 Saimiri were treated
with chlorogquine in the early stages of the par-
asitemia for uwse i another stady, putency i3
comtinuing in 2 additional recipients,

The infections relapsed in 2 of 3 untreated
subjects, 7 and 14 days after the primary at-
tack. A total of 4 relapses las been experi-
enved by one ol these hosts. A in relapses
ohserved for trophozeite induced  infections,
the primary parasiternias were greater than in
subsequent altacks,

No oocysts were scen in 3 species of anoph-
elines led upon Saimiri with sporozodte -
theed infections (Table 3.

Discussion

The Achiote strain of P. vieer had been
maintained for 6 vears, by serial transfer in
Aotns monkeys, before inoculation into Panas
manian Saimiri, After the initial passage the
parasites were readilv adapted to the Saimiri
model and produced, in some cases, very high
parasiterias in unaltered subjects. No mfec-
tion failures resulted by trophozoite passage to

43 Saimiri monkevs in a total of 26 serial pas-
sages. The mocnlum size used was within the
normal range of that for routine transfer in
Aotuy. There appeared to be no appreciable
change in most of the churacteristies of the
infections after adaptation to Saimird, although
the highest maximum parasitemias i normal
recipients developed after thee 10th passage,

In an initial report (Young et al IH71) we
showed that P. vivex could be transmitled to
Saimiri by sporozoites from Aotus donars, In-
fections now lave been produced in 11 more
subjects by this method. Tt was indicated that
Saimiri monkeys were poor hosts for infecting
experinental  vectors,  Turther, no  positive
mosquito lots were obtained from Saimird har-
boring sporozoite induced infections, These re-
sults contrust with our findings that the ma-
jority of Aotus hosts, with sporozoite induced
infections, will infect mosquitoes,

Relapses accurred in both trophozoite and
sporozoite induced infections. Tt was not de-
termined i the relapses in the fatter infections
were [nitiated by persisting  exverythrocoytic
stages or fram subpatent ervthrocytic forms.
The maximum parasite concentrations
achioved during  these relapses were lower
than during the corresponding primary infec-
tion, which indicated that the Hosts had ac-
quired some degree of immunity.  Also, in
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most instances the patent periods during re-
lapses were shorter. These animals were nat
rechallengedl.

During the course of the experiments with
vivax infeclions in Saimiri, 12 of 54 (22%)
succumbed  during  pateney.  This mortality
rate is much lower than correspending data
which showed that 67% of 357 Aotus hosts
died during pateney {unpublished data). Tn
Saimiri, although in some cases the deaths
could have been attributed 1o high parasite
concentrations, other factors such as  stress
from handling and the presence of naturally
acewrting parasites  (esp. Acanthocephala sp.)
may have contributed to this mortality,

The above lindings demonstrate that Saimiri
will support development of vivax malaria,
either through serial transfer or by sporozoite
transmission, This New World primate repre-
sents another experimental model for the study
of human malariy,
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