PLASMODIUM VIVAX INFECTIONS IN THE SPIDER MONKEYS,
ATELES FUSCICEPS AND A. GEOFFROYI

James A, Porter, Jr. ond Martin I Young

Reprinted trom THE JDURMNAL OF FARASITOLOGY
Yal: Sé&; M, 3, June 1970
.o S26-430
Mnce in United Stotes of Amerca



THE IGURMAL QF PARASITOLOGY
wal, 36, Mo 3, lunc 19790, p, £24-4350

PLASMODIUM VIVAX INFECTIONS IN THE SPIDER
MONKEYS, ATELES FUSCICEPS AND A. GEOFFROYI*

James A, Porkor, Jr.i and Martin D, Young
Gargos Memariol Laborstory, Apartodo 69%1, Panoma 3, Rep. de Panoma

ADFIIACT:  Atlempts to infect 11 Black spider mombess, Ateles fovcicope, and 1 ved spider monkey, A,
s ffveyi, with Plasmodiney cieor by Dlood mocalations From man Failed. Thowever, 13 of 23 hlack
spicder monkevs and 4 of 6 recd spider membkeys became infected alter inoculation of vivas Bloods From
cther monkess, Black spider nonkevs were nfected with both the Achiote and Sants Bosa strains of
Poovivar aned ved spicder monkess were infected with the Achiote strain, Black spider monkeys were
inlected from oighl monkevs, Actrs defvirgatns, and from other spider monkevs, The pereentage of sine-
cosses wink higher when the donors were spider monkess rather than night mankevs, Bed spider mon-
beys were infected only rom other spider monkeys Tt only 1 attempt was wade From the night monkey.
Tt infeetiom has been throneh 4 sevial passages mospidee mookevs, Povasilemias develaped aller aver-
ame prepatent pericds of 12 davs o black spider mombkevs, Pateney avernoed 26 davs and the mainmm
parasiternia averaged 25TO0 and sanged ap to IGSA0 per oy’ In red spider mookews, the prepatent

period aversped 3 davs and patency averaged 36 davs

s ranged up te 24050 per on®

W previmasly reported that the black spider
monkev, Afeles fusciceps, and the red spicder
monkey, A geoffrogl, are suseeptible o Plus-
mcdinm wivar {Young 196G8 )
Soroee cliracteristios of these infections follow,

ancl - Parler,

MATERIALS AMD METHODS

Materials and omethods for handline primates,
malarial  bleods,  and  most muoosuppressanl
drogs were detailed previeosly [ Porter and Yaung,
1966, Spider monkevs of either soecies were
el incliseriminately as domars oe vecipients ace
eording L peed s svadlabilite, Wost spider non-
kevs wsed were juveniles. One A, frescicens aod ane
A geoffrogl were administered Fodesan™ | Asta
Werke Ag Chemdsche Faluik, Brockwede, Cer-
ngrey 1 C 10 ket st the time of noculation of
the malarial bloed,  Neither develaped an
tiom. Al other spider monkevs inoculated, cxcept
cme, were Lboth splencctormieed ancd administered
Traren™  { Buvecogghs,  Wellcome amd Cal, loee,
Tuckahoe, M. Y., USAY ab doses provieosly e
taileel. The one, o black  apider ookey, wous
splenectomixed but pot admintstersd s immunoe-
suppressant dhong, T will Be specilically mentioned
i the results,

Spider menkevs are naturally infected with P
Deragifianaen [ Do aned Lambrechil, 1983 Porder
etal, TAGE T Because of the pessihility of @ natoral

-

Hecelved for J":-'.|'|:-]ig':_'|l,i|,:-r| S Oetaler 1YY,

FHesearch sponsored by the U S0 Arone Muedicn
Fosearch and  Development Conmmnend, under
Corant No, DAMDAR-193-67-09254,  This pu-
per s eontribusion number GTY o the Arvmy
Program on Malaia,

T Present address: Veterms Adiministration Tos-
pital, 1241 MW 16, 51 Ainnd, Florida 33125,
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The maxioone parasilemiz averaged 12,840

pevurring malacial infection being reactivated by
the inoenlation of homan species of malacial para-
giles, all .\pi-jvr ]I'Hlli!"\l.'}'.\' were Jollimeed h:.' te
cramination of Dlood smeers far Tong periods, st
alter splenectamy, Lo altempl Lo assuee Erecdom
From infection with P Troasifianam. Many monkeys
alsn received primaguine Lor 11 10 14 dovs at the
ricles of 0.2 o 075 modke prior o ose as an adided
precaition to prevent the repctivation of a doreant
P bl infection,

O Black spider mombkey was adnsinestered
Thiohismel® (Parke, Daviz and Company,  Ann

Aohor, Michigan? {3 me/kg) 1o redouce the para-
sitemin withoot evadiceting the inlecticn,

RESULTS

Mone of 1AL Jusciceps or one AL geoffrogd
becamne infected after the inoculation of vivax
Blace]l Fromo man (Table 1), Thirteen of 23
Ao fuscioeps and foue ol six A geaffregi did
infected  after nocolation of  vivax
blood from monkevs,  As Tahle 1,
maxiom parasitemias averaged 23,7000 and
reached L9200 per mam® in A feseiceps. In
Ao geoffrogl the respective fgores were 12,540
24330, The maxdmon  parasitemia ol
LS E20 per mm? ocenered i the one splence-
A fusciceps that Jdid ot receive

It received an inecohon of anly

Do
e i

:IIIIL]

Lonmdecd
rouran™,
I o= LW parasites, had o prepatent period of
160 days, and had a patent parasitemia of 17
davs, I this infection had heen exeluded i
the compuetation of the average maximum and
the muximum parasitemias in the A fuscicepe
infected [rom other monkevs CTable 13 the
respective mesimoms would have been 16, 1440
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Tapee T Plumaedinm vivax Blomd-indueed infecfioes in Ateles fosciceps and AL geatfrovd from T Jon-
ueiy TRGT S0 300 June TU6GS,

Trcnluzn Propatent geeriod Liesent pesicol Pavrastbermia poer mm®
3 5 g Tatent
Species gl Haane Bange Avir Tange Avg AYE MK Mlax oy o
mnnkey S ¥ AL [ By fdaws ) [edavx) WYL ITHLY
Mo Lo monkey
Atiag fuscieorps 011 1-35 i 1 4] (4] 1]
Adeire ool sl 4 i il n [l i
Monkey e ok
Afeles fuscloeps 13,354 1 3-504 12 -l Alig 24,7010 LU G20 5
Atelas jrenffrag 46 1-52 -1 5 2000 R15 12540 2,350 20

SuecSAE Swcorsses SAbRempts.

* Demonsteable pgepsitemip for ol least 3 suecessive dayvs,
A Averate mEsimon.

F Chne anemakey flat developed o omdsen] infection wis exeluded from fourther compotations,

FOne monkey heeamme pistent 2 davs postinoceoliciion. e primacy parasileega was < 100 per oon® and estended for only
4 dloyve. The secomdary parasttemiz, o mnee signtbcant parasibenca, was ased i coamputing e patency anl mEs i
perasiicntia,

$ T monkevs dicd wilh patend parasitenias, [T the two had been exeludod, the overnge patency wonld Do een 27
days,

e monkey treated witle Thiobianal™ st wmaximmn pcasilemda of 30790 per o,

and 39,790, which are ceasooably similar to mias below 200,000 per ooe® The spider
the fi;m‘us for AL ,-.:f.’uf.r'ruyf. Maxiomnn pari- 1||<_;-|:|1<1:}-' tlud :'.:'!L-L:]f:p{‘(] the maxinnm vivax
sitemnias ocowrred between the 13th and the  parasitemia of 106960 per nan® oo the 13th
1%h day of pateney inosis of 12 A fasciceps day of patency died 4 davs later. A seecone]
awl three ol lour A geoffrog, monkey developed o rapidly rising parasitemia

Splencctomieed spider monkess that devel- of 20790 per mm® o the 9th dav of patenes.
oped I Brasilimnny infections in ouwr labovas 11 was treated with Thichismol® o that lime
tory often had high purisitersdas but apparently Lot died 10 davs later, Both monkevs aere
wore ol seriously alfected by parasite-  infected with the 13th Aofes passaze ol the

Taprw [L Plasiedican vivax Blood-indiced  iifections,  disieibated By strein and primate donar, in
Ateles fnsciceps and AL menffrovi from (0 March (966 1o 30 June JHSS,

Taocablum Fropistent poried Fatent pertimd 1 S Tt 1

Ranine Ranme Avy Hiangse  Awpe Ay pox M
LTI Pl Huc Y UAL [ L {daws] irlaws b

Adefos faacioeps

Achicse Austres rrncirgers TET 1300 G0t 13 19-&6G 23 L5 0 38,700 H
Abeles faseice s LD 1— 8 a-11y 7 17-506 24 AT EEG LR 820 1.3
Arclag reoflvan: 122 AH— His i a3 T 10 =10 1
Kantn B Awsfrag frieiraeiay 1.3 TH-1404 ket 1L.u7n 11,050 1%
Arelos fuscies s 2.3 15— G3 | 4 = 18,30 ZA,hE 23
Ewperacdor Ay brivirgeins il N 0 4] 1] (%] 4]
Srgrirnes greffeayl 0101 S5 1] [ 1 i L]
Atedes grenffeaui
Achicate Acrliey drizirgatug n:s 1 il ] 1 i B
Arelos fuscicos 1:1 1 12 2 5,230 .35 13
Areles yrecfTrosi RS 1- 52 =11 7 IT-AR Al 15,570 T 350 |

Lue fAL Bnceoesses S Athmpis.
* Dermonstrahle
Aviromax  AVeTage makiman,
Maw parasil, MMaximoorm paoeasit
O nonkey that developed a0 omidned intection was cxchoded fmom forther enrmnpntbgl e,

o Treatecd witly Thinhdsmenl® o i parasitemin.
§ Lo mnnkey beonme patent 2 dass postinecenlsll

witemi Tor @t lesst 5 suoeessicve dass,

Beoinse the privary gansilemds wis insignilicant, the se
parnsiternin was osed i eompating the poteney and waxime panisiteni,
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Sevipd pessage of Blood-indueed Flasmodivm vivax infectfons fe Ateles spp, from 000 Afaech

1|||,|('|:i|,| m

LT kel |‘:._'."in::._5L

Patenn poricd Parasitemia por om® Feeing

Eiamunse Timge  Ave Fanemes  Ave Ao Aox EINEX

Psssain: S, oA i 10k} (ilas {alaws parasil,

Aofns e rdvias L
Adeles spyn 112 BIKH] G50 24 I5-26 24 11,050 AL Ta0E o

Ist: Adelis spp. ta L= Hi E-lug T 17=56 25 S350 L0GAGED 13
Ateias spp.

Frel:  Adelew spp. tor a0 15— G4 =11 H ay-aa S0 a1.220 30 230 1
Adoivs spp.

Sl Aredey spp o i3 14—~ 41 - 4 G Ba-37 a3 23050 2350 24
Ateles spp.

Hilis Adedes spp. o &3 BH— L i [ li =30 30 (A1 1,100 17
Adeivs spp.

Sl Adeles spp. 2o 1l 1 1] i 1] ] i
Adeles spap.

Sug AAL Bugressess Altcmpls,

D epaonseralde pasisitomin ool lease 3 saeevssive s,
Ao anan SN P E S TATR
Miax paresit,. M T e ibenatin.
T 0me monkev that developed o mexed daleotion
& Trestes] wilth Thigla P AN
§ One menkey hovame padent @ ol postioenlistd
arasthemia wis sl o compeking the patene;

AT

it g n

Achiobe straiu. MNooother menkey develaped o
parasiteria In excess of 30230 per mm® or
clied] during pealeney.

Table [T shows that both species of monkeys
Became tfeeted with the Achinle strain, the
first wivax strain passed seviallvoin monkews
fPorter andd Young, 196000 11 alse shows thal
Ay Fusciceps became infected with the Santa
Bosn strain, the st strain passed from man
o rennkey Lo s 4o monkey [Young of al,
19667, The two A, fusciceps tried were ot
infreted ]l}' the i‘:l'l.'ll:_’:n:'T:'l.l:'l.l:H' slvainn, o strain that
cansed high parasitermdas o the Panomanian

el Sagndives geoffrogi (Porter and
Youne, unpublished  datad. Three of  sevon

A, fuaciceps were infecled with the Achiote
strain fromn night wonkews, Aol fefvirgatus,
aned cne ol three was infected with the Sank
Buosa st from the same donor. The one
abtequpt boodnfect Al geaffrogd fronn an Aatus,
infected with the Achiote strain, failed, igher
prreenipges of A fasciceps were infected with
bath the Achiote and the Santa Boss steains
o Afeles than brom Aofies donocs, The same
wus true for A geoffrogd witl respect Lo the
Achiote strain, Signilicant avergge mesinnm
and s parasitening resulbed oo most

cases, As shown, with the one exceplion of

s ewcladed Trom feether eomapodiatione,

1o Heenose fhe priznary peeagitensa owas nsaeeilcanl, Whe secondan
tid mukxinann paTis ke

<1 L0 per o, average masimoam parasitemias
ranged Froon 5,230 to 37980 por ound andd
maximin parasitemiags from 53,2300 to 106,520
per

Table I summarizes the results of serial
passages of Poosiar o spider monkeys, The
infection has been throngh fonr serial passazes
in Atefes species. The prepatent period wver-
aged 24 davs o the Actes o Atelos passages
bul, in serial passages in Afeles, the average
rungied fram 3 booaomasimum of only 8 davs.
The patent period lor the Actus to Ateles
passsies averngod 24 divsy o the Aleles serial
passages, the average ranged [rom 25 to 33
daws. The average maxitoum parasilentia for
the Aot 1o Afeles passage was 14080 per
mn®; For the spider monkey serial passages,
the averages ranged from 800 1o 33,730 per
ot T the maxinmm parasitemnia ol 106520
per i that cceovred inthe Fiesl serial pas-
saee i Areles had been excloded, the averge
maxinnnm parasitemia [or this serial passage
weonld bave been ool L5440 per mm®. Using
this Lutber figore, the averapge maxhoum para-
sttemniay i the Hist three Ateles sevial passages
wond bave ranged only from 13,440 10 22,950
per oun®. The fwo porasilenias that resulbed
4] ”II:‘ {(Illl'lil .‘H_‘I'ill] [}LIH.‘-L'IEI’_" Y |_I':|"|.'|.-"l e WIS
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Sevial passaze of Bood-induced Plasmodiom vivas fufections in Ateles spp. distribated by

steain aned peswage wmmber 0 the Aatos trivivmstos dogor from 10 Mareh 1966 to 30 June THGS.

Friqutent Patent
Lapelam period pericsl
B — — e Tiresitemia per e Patent
Bange Averier Average —_— chay uf max
Pissaae i Adeivs s S A R {davs} {daws ) Avw mian Slavimom it
Achinbe ¢ LA possige 1 Aahies)
Aistas Lo Aty 1:1 1350 GG 1% T Tak 7504 9
Tst:  Adedes Lo Adeles ESAE 1- &0 RE 23 41,550 FibEHZ20 11
Zal: Archer Lo Adalos 171 25 11 a7 B0 ETO ILET 17
arel: Adeivs Ao Ateles 1:1 1 i+ AT Eg,300 24350 25
afly: Areles tn Adeles 253 SH- HE ] R BI04 1,100 17
Stk Areles to Adedes sl 4 4] 1] L] i ik
Adhicde LD passage in Aslues )
Avthies tor Abeles 1/1 T4 21 2 e 5640 17
Achiote {F32nd pissige i Aofas)
Avfus Lo Abeles 171 124 11 23 AL 1810 14
Tt Adeles Lo Adeivs (| 12 a9 L 17,400 17,4001 23
2nd: Afcles tu Adales 14 18 11 42 A2E0 A0, 2730 16
Anls Adeles te Adeles 1:1 Hib 2 it 1,600 21,600 B3]
Sapta Ross {2000 passage o Actas)
Aty to sArcles 1:2 TE-194 S oy 11,6570 L1070k 14
1ot Arcles o Afcles 11 25 4 MY BE.250 25,350 22
Dl it Adeles 11 63 3 i 12 A6 12300 ]
did; s b Aty il 15 [ n 1 0 it
Eoeo AL Bocecsses S Arhimapls.

= Prewmonstrable porasilemia for 26 Iepst 5 osooccessive dass
Avg oy Averag

Alax parvasit

(HERS{FITEN
Alaximmm parasitemn,

+ O menkey hat developed a mised infection was excluded oo further computations.

= ko] with Thiohissnl® at wmaximoin parisiten,
% e monkey heciamme patent 2 days postinocoulation.

Buoeause flie primary parasitemin wes insignibicant, fhe seoondary

pavasitemia wns wserl i comiputing pateney and  pirasthemdie

<2 10 amd the other 1,190 per mm®, The one
attempt o transfer this serind passage Lailed
bt onlv o relative small inoculom was given.

Table IV details the mfections thal cceurred
in the Ateles wocnlated Trom three different
Aptus infected with the Achiote strain and
[rom one infected wilh the Santa Rosa strain.
High parasitemias resolted from inoculations
ol the 13th and 52nd passage of the Achiote
strvine ansgl the 20th passage of the Santa Rosa
strain in the Aoty This ndicates thal long
sevial passage o the Actus did net eliminate
the mfectivity of the parasite to the Ateles.

Cametoevtes were produced and proved in-
fective to Anopliclvs albimanns mosguitoes,
Sporoecile transmoission attempls were success-
ful (Boere ot al, 196%).

DISCUSSIOH
All attempts to infeel AL fusciceps or A
seotfrogi with P ociver parasites divectly leam
man Failed bt we infected the spider monkeys
in four of I2 attempts after passage through

Aot frivivgafes. The malaria, i contrast, was
trunsferred readily by blood inceulations within
aned Bretween Ehe two Aleley species during the
initinl serial passages. Two of theeo sleaing
were infleckive to A, fisciceps and one to A
geoffrogi. Masl resulting parasiteming were
similar in the beoe specics. Maxinon vivax
parasiteming were generallv o more moderade
than hrasilianum infections in splenectomized
monkevs; however, the two menkevs with the
highest maxinmm vivas parasitemias died. In
contrast, monkeys infected with sioilar Tirasi-
lianum parasitemins probably would have lived,
A shortage of spider moenkevs limiled onr in-
vestirations,

Thecause natural  occurcing  waluia
Ateles species, it s necessary o take precau-
tions that are nol necessary with night monkeys
or marmesets hefore inoenlating blood,  Ateles
species, however, do olfer compensatory ad-

s

of it

vantages., They generally love maximuwm para-
sitemins ranging Trom 5000 to 300000 per
mmd which they withstand well, Their laree
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st mgkes 1t possible o obtain lavge volumes
ol blood o other hiologion] materials when
cesired, They readily adjust 1o caplivity; thas
thev can be Iollowed for severa] vesrs post
mfection i long-term stucdies are desired. A
Fusedeeps and A geoffropD should be consid-
cred, along with the previously reported Aoty
trivirgafus [Younpg et al, 19667 and Seguinas
geoffrogi, the MPanamanian marmosel | Porter
and Young, TGS, as laboratory hosts for P
wivaxr inlections,
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