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NATURAL AND INDUCED MALARIAS IN WESTERN
HEMISFHERE MONKEYS!Z

MARTIN D YOLUNG

SUMMARY e Plasmedium brasilianum and P. simivm are found nofurally in westorn
hemisphere monkeys. The infected hosis belang to 9 genera from 5 countries, These
parasites have been experimentally induced infe & species of mankeys which are nof
nofural hests. Seven species of monkeys hove been axparimanially infected wilh ane
or more of the following species of human malaria, viz, P. vivax, P, faldparum, and
F. malariae. The experimental infeclicns differ ameng the mankey hosts and between
these hosts and the human hosls in various respects. The veclors of naturally oo
cuwrring monkey molarios are net known. Several mosquite species can be infecied by
human malarias in monkey hosts and can fronsmif the infecliens to other monkeys and
lo man, These new hostporasite-vector relationships present mony problems far in.
vesfigetion. Human malaria induced in monkey hosts (s o promising medel for the study
of the maolaria of man. Seme of the needs to encble the more adeguate use of this
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madel were discussed,

I PHUS, e than 60 vears ago, Plasmo-
diwm brasifianure, he first malaria of west-
ern hemisphere  monkevs tleseribed
(170 I 1951 the second and last malariz,

P osiniun, was recorded (7t

WS

Irvestigations on these monkey malarias
procevided at a slow pace for a long tme. Do
the early 1930°, there was a surgr in reseireh
activities when Clark started epidemiolosical
work on these parasites at the Corzas Memo-
rial Laboratory in fol-
lowwed at the same place by the omstanding

*anama,  This was
work of the Taliaferros on hiclogical char-
acteristics and immunit. They alse trans-
mitted Juonan maluria for the Dest time to
monkeys, although the model they chose now
APy
human

ucl 1o have heen the best one; the
parasites grew only poorly in the
mthey species tried,

Starting about 10 wvears apo, there was a
rencwed Interest inshdan malarias i the
New World, mainly by Deane and his associ-
ates in Brasl and a few others in other
South American countries, During the 1960's,

L From the fi-:lrg:ls Memoartal L:.,1L|r_|ra_|.,|_'q:|1,'_ Apariado GO9]
Panama 5, K. P,

? Vresended ar the Nonhwman Prmate Parasite Workshop,
Southwest  Foundation  dor Besearch and  Edocation, San
Ameonie, Texas, Moy 26-27, 196%.
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there was increasing  appreciation of the
New World monkevs 2z models Tor various
biclogical studies,

In 1963, it was found at the Gorzas Me-
morial Laboratory  that human P, wives
malaria would grow readily in the Adotus
menkey (). This led o oa spurt of nerest
snd investigations,  resulting in
amount of infermation being produced rap-
ielly,

A laree
=

[t appears propitiows now te bring toeether
some of the information on the natural and
mduced  malarias o western hemisphere
mionkevs with an assessment of the prosent
sitnation. In compiling the information from
the past records, review and swnmary articles
were used where it seemed appropriate, Con-
sultation of the references listed in this repore
will indicare where a laree number of addi-
tional citations can be Tound,

nomenclatire of i
males are inoa fluid state, accordineg 1o
Napier and Napier {19, To one just begin-

The tuxonomy and

ning toowork with primates, this flud condi-
tion is very impressive. One may be con-
Fronted with several generie names for what
may be the same animal or shightly different
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variants, For simphiciy in this report, the
classification given by Napier and Napier
19 is followed and, hopelully, the animals
tound nfected with malada have boen as.
stgned ot least to o recognized and accepl-
aldle wenus, With future clacification of 1he
svsternatics of the monkeys and with further
experimiental work with malania, the speciti-
cities of the hostparasite relationships may
beconie more ohvios,

S1an1an Marariaz

Only 2 species of malaria have been fournd
aaturally in western hemisplicre monkevs.

Jr:ll!{.!'nf.'i[!ﬁr?-“.ln' Ef?fn',:l'n'.l.rf.{.l.'\!.ﬁ.'h' llF:l‘j I:_;II_‘I_‘]'E I-{_'I'I,]['I.f.l iII
spechmens of the following 9 senera, all in
the family Cebidae : viz., Oacajas Joype hostd,
Clirapotes, Cebus, Ateles, Callicelus, Lagotli-
viv, Alowatta, Drachivieles, and Soomir, Sev.
enteen o more  species belonging o the
abwr e A hosrs, the number I.I.t!]:f‘:".d-
ing upon the classilication follewed. This
parasite has been reported in monkevs from
Panamg, Colomban, Venesoela, Peora, oand
Braal (811, L5, 18, 20, 23],

medcdelin i Yueatin saw repeatedly in the
blood of o cuptive monkey [Atefes sp) ring
Fovms ol a red Blood cell paasite which he
.\ﬂi(] |?['| |]:|ﬂ]]|":.' hl_":ﬁll_!\_'ﬁ'(.l ] ll'l(_! :f=_'<'r|1,:.\: _.,il}li“".';'?i'l'.l-
iy (24, Some reviewers have  recorded
this as being P brasilianem from dieles grof-
,"wJ':',

B brasiligriuen infection has heen indoced
L".\Cpt-l'i]zli"}‘.-l'a]lj.' i ot .!.".":".".l':ggu!'u.'i and Sa-
gelnus peolfvov, species not patarally 1n-
lected {27].

This malaria has not been reported  [rom
tenlers ol the family Callitvichidae, al-
though probably more than 1000 specimens
of the various genera have been examined.

Poosimiwes has been fouwnd oatcally in
Alouatia fusca [tvpe host) {7) and Brachiyie-
feo grachinoides (113, This malaria has been
reported  only frome Brasmlian monkevs, It
has been indoced expertmentally e Satair
seiwrens, Ateles pawiscus, Lagothriz lagotri-
cha, and Callithvix jacchivs (3],
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Human Mavarias Tenvorn v Monkevs

The [est mlection of monkevs with human
malaria was Plavmodinne [aleiparun tans-
mitted to Alouatte villown (=17 balliata) by
the injection of parasitized blood [26). The
next report of a suecessiul anster of human
parasites Ao monkevs was 32 vears later
‘1'-l:||.|1'.lf_{, F‘f:l'tvr, ;:rlq!, :[rrhnrcu;:;n ,“J.[]':_

|

when
deionstrated thar Aofar feicdrpatus could be
readily dnfected with Foovicay, This {inding
wing [ollowed Ty oo great deal of testing of the
susceptibilioy of different species of monkeys
to various bomman plasmodia. As o resalt, s
far 7 species of New World monkeys have
Becs shown e be susceptible 1o 1oy mene
of the hwman species, Some

"_,_-|::| ||}.1"a§ char-

scteristics o human malarizs indocesl in
||‘|I_"5=‘.\_' |'|'II:_'I_I'II'L(,":|.'.5 :l’{'l”{]‘-'\.':

Alopetla ool |:]'|1|1.1.']|:]' |:1n11|,-;1,'}"'-, T the
Fresw ALy roade, we have Tadled 1o infecr
Afawalte with Panama wvivax from either
boaman or monkey donors (29, This was
the Tiest monkey shown o be susceptible to
bman malaria when the Talialerros (26
infected 9 speciimens with Po fadel parum [rom
Panama pavents, Towever, the infections
|||':'.~'i:~livﬂ lor r:-r||}' a short tine, e |.U1]f_>_;l:‘!~'t
:-C':ll::ilﬂiy H l':.."l"l\.'.‘\. Ea‘.ﬁﬁ[l .‘-ll‘l)i'l'.(:lf'l'l‘.."lh'l_l :l[lll;_'l
another. a single, Afavarte prodoced o tean-
stient infection ef less than 16 hews. This
monkey appears to be one of the least sus-
ceplithle to homan malazas of the Panaman-
inn primates tried.

Aotus trivirgatus (night or owl monkey.
This monkev is very susceptible w Foociray

Tt 300 Malarviows Dlood readily infecrs
Aotus, vapecially when spleneetomnzed and for
{.":I:'l.l.'l.'\I

cstablishied o the dofes the maloa can then

Siven  an  inenencsuppressant oo
Tar: ]3515"\‘-\:!.‘(: {'}'Ihil_“_\.' to athen 1-"“’3'-]'“""'."""? Cvetl Lo

|'.]'.IZ:I!"-~I'L 1ol .‘EF:I]{'IZ'IJ.‘L‘III:I'I]'.;K{'G] oy Ej.‘-"."l'l l:]['l.l.:::.
Stratns have been maintained {or 3 vears by
serial pussages,

Fligh  parvasiemias are prodoced,  moch
higher on the average than i human svphi-
litie cases with Incdoced malarias, The infec-
tions can be fatal to the monkevs. The para-

sitemnias persist on the gverage [or aboul |
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month, bul some maov persist for 3 months
or moere. Relapses ocour, Gametocytes ocour
in mest of the infections.

P falciparum of Panamanian angin is very
cifficull we establish in the local Aoius Flow-
ever, Creiman and Meagher (13) readily in-
fected Aotus with P, falciparum of Uzandian
origin. Since then, strains from Malaya and
Cambodia hove been established in this host
[ (4} nnpublished data at Gorgas Memorial
Laboratory; Schnde, L. EHL personal com-
munication]. The infections produce  high
parasicemnias and can be Tatal w the mon-
kews, Grametocvtes are produced,

Both the sivax and faloiparom infections
in monkeys respond readily to drugs such as
chloroguine, gquinine and thio-bismel,

F. malarias has been established in Aotus
{16]). The

Cametnevies were produced.

parasitumias  were  persistent,

Saguwinui geofironm (0t marmoset). The
[irst report of the susceptibilite of Saguinus
to P ovivar of human origin indicated that
the induced infections were of a low order
{210, Bubsequent experience with  various
straing show that sme sirains will grow well
in this menkey, especially i the inoculation
5 obtained from a monkey host, usually
Actus {231, The parasitemias will reach
high levels and mav persist for as long as
78 days. although the usual patency is abous
i month or more. The heaviest infections
were obilained in animals which had been
splenectmiaed  and for given an Immuno-
suppressant drug. The monkevs appeared to
tolerate the infecrions well.

8. geoffrovi is also susceptible 10 P, falei-
parum (223, Four of 32 attepts to induce
Panamann  strains resulted  in infections.
The mankevs were either splenectmmianed or
given an  immuonosuppressant rug,  One
splencctomized animal showed a peak para-

P ddlter the completion of this aeousccipe, a0 report was
prblished by Collins, W, Lo Coocaceos, PoGooand Cuinn,
F. G, Glz-mr-.'min.-.s orr Che S FETOEONLE .r_:\_.'-:_lr\- and  Leansnnis.
sion ol Plosmedive riveisee da Fonseen. ‘I Parasital,
BlE=H1E, LG, The seport contaiced the following il
tion: ““The sporugonous evele of P feeiure was comp
in  Anapleles frechorm, A wacwlabur, apd A stephers
witich  had Ted vpon an experinentally infected  Selmoird.
Tearamizsaion 1o wther Saiimied monkeys was accomplished Ty
ke fist ¥oancsguite species.”” These modguitoes do st
occwe i Braeil where naoweal infections of P, sisiem are
fownd.
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sitcinia of 4600 per cmm oand the infection
persisted Tor 13 days, the longest duration
seen. The highest parusitemia was 22600
per o, but the infection persisted for only
6 davs. Two had low parasitemiss of short
duration. The monkeys talerated the inlec-
tions well. Gamelocytes were produced,

Saimirt seiurews {squirrel monkey). Deane
et al [IEI ]'L‘]J':Jl'l'L‘LE the infection of o .-5J_||,n::1'||_u,'-
tomibzed Saisid monkey with Posdvar blood
from a Brazilian patient. A parasitemia with
a peak of 28080 per conin was procduced. The
infection persisted Tor 171 davs, at which
time 3 was treated with chlorogquine, Sub-
inoculation into goother splenectomized Sai-
mivi produced a low grade infection lastin
[ B davs,

A normal Saimiri monkey was susceptible
to the Usandian strain of P falciparum (31,
The malarioes blood donor was an Aot
monkev, The induced infection was of mod-

i
L)

erale intensity, persisted for 3 weeks, and
produced a few sumetocytes.

Ateles fuseiveps and A, peoffvori [spider
monkevsi. These 2 species are so similar they
will be discussed  togedher. Although o our
laboratoes we have failed to nlect these
monkevs by divect neculation lrom man, P,
vivay infections in Astur can be transfered
to Adteles and from Ateler 1o Ateles (299, The
infected  animals had been  splenectonized
El.tldl."ur “iven irn:rnuu_l.-ju[;]]:_-'nsx',:mt elruge,
Most attempts to subinoculale from monkey
hosts were successiul. Hioly parasiteming were
produced bur were not fatal o che Areles
The patent periods averaged aboot 1 month
it length but did oo persist so long ag the
vivax infections in the defus. Gunetoeyvtes
W ]Jl'ﬁf]uc:’:d.

Clobies capuecinus {white-faced capuchind.
O the & atrempts 1o infect Cebur with P
vivex [rom Papamanian patients, none were
successful {29, However, when vivax was
established in the Adstus, 2 of 14 attempts 1o
subinoculate from this host o Cebus wers
successful, The resultant parasitemias were
very low, and the average persistence was 3
clavs,

I faleiparum from Panamanian patients
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also [uiled 1o infect 2 Cebus (28, But the
Uganda strain obiained {rom Jotus donors
infected most of the Cebus tried. The para-
siternias were  high, one showing 662,720
narasites per e, The moenkevs tolerared
the infections well. The patent periods were
of several weeks duradon, one esisting for
10 weeks, Gametacytes were produced.

MNarvean ann Fxrrriuexrar Mosgummo
Vricrors oF Moxkey Mavarm?

The natural veclors of P bresthanis: and
F.osimiure are nol known, ©n [‘?ifl‘:ln'l(ﬂugit,ul
evidence, Deane e ol (10 sispectod that
Anaplieles (Kertezia) eruzt is a vector of
P, simdfum malaria, although they failed
transimit the infection to 3 Sarmirl seiureus
monkevs by injecting sporozoites from natur-
allv infected mosouitoes,

Clark and Dunn (6) apparently were the
first o experimentally infect mosoguiloes by
feeding them upon dieles geoffra with a
natural infection of P bravilfenune, A albe-
manus and A, tersimaculatus | = eguasalis)
developred sporozeites, but attempts to inflect
man by the bites of these mosquitoes Tailed.

Bxotie species of mosguitees have been in-
tected by Poobrasfinare, A aetecus and A
atvefpgrons developed  sporozoites In the
glantls alter feeding upon a Seimid sciureus
with this parasite {14). Spororoites from A,
aztecus produced excervibrocylic hodies baa
not a blood wnfection when mjected into a
Cebus copucinus, Anopleles freshori fram
Calilormia was infected by feeding upon an
Ateles geaffroyi which had sequired i P
brasiliariesn infection nsturallv in Panama
(3}, These mosquitoes transmitlegd the infec-
tion to 3 human valunieers.

Frremsesran Ivveorion or Mosguiroes
v Human Mavagias Ixpocen v Monkevs

A albimrgnus was the Lirst mosquilo shown
to be capable of transmitting human malaria
from a monkev host to another host (307,
These mosquitoes were infected by Poogivex
in an Adetus trizirgatus,. When these mosgui-
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toes subseguentle fed upon 2 human wirlun-
teers o an Aotus monkey, the humans de-
veloped sizax infections but the Aotus el
not,

Further studies showed that wost Panama
P, zizgx straing induced n Aotus, Saguinus,
and Ateles fuseiceps would infect A, alb-
maris (21, A albfmanus infecred by malari-
outs Aofus transmitted the infection to Aafus
and o Sesuivus These mosquitees infected
bv P opizar in Ateles fuserceps ransmitted
the infection o other A Jusciceps (1), AL
albhimanus gcnl_'[';l,”}' :_'.L'il'.li.]'t"fi lyulier rates of
wfections from humans with £, ofoex ma-
oax. With
P. zivax in man the percentage of infections
ran up to 91.7% and with P faleiparum up
o AL D

Cither

failed o become infected with P.oovivex in

larig than from monkevs with P

Fanamanian  mosquitoes which
rmonkeys when companmon AL albimanus were
infected are: A, enealdel, Ao @hicimacaln,
and A, punclimacala.

Anopheles freeborni. Feeding this exotic
mosquite species upon dotes monkevs with
Malavan IV strains of P falciparum, Con-
tacos and Collins (4] obtained infections
which were transmitted 1o hwman voluntecrs,
They failed to infect this mosquito with
another P, falciparum strain from Malava
Uganda.

Later annother {foreinn steain of [ faledparion

(Camp) or with a swain from

from Cambodia, induced in Astes, also in-
[ected this mosquite (31,

A, peendopunctipenniz  of  Panamaman
arigin when fed simultaneoushy with A, albi-
RANNE U mnnkn}-s with induced P, wivax
malaria became infected but showed  lower
rutes of infection than A, elbimenus (1}
The ratio of infected albimanes o fuendo-
Juencti penis was about 2001, The same ratio
held when the 2 species were Tad together

on humans with P fale paran.

Thscussmn

O the 16 genera of monkeys in the west-
ern hemisphere, onlv 9 have been shown
ter harbor malaria parasices. lofecled men-
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kevs have been reported from only O of the
19 countries south of the United States. It
seems likely that mulana nlecvons are more
widespread 1m0 the ares and are present in
more hosts than the reports now indicate, As
more interest develops in the New World
monbkevs, wndoubredly the number of hosts
and geooraphical ranges will be esiended,
This prediction s supported by the experi-
mental evidenes showing that some spoeies
of monkevs not so far found infected  in
nature can be experioentally infected with
sunian malarnas.

Mearly all of the monkey species found in
Panama have heen shown to be susceptible
te zomme of the human malarias, espectally o
Fovivay and P fole parww. o additon, the
Aotus is susceptible to Poopwlarioe, Purther
stuclies mav show additional species of mon-
kevs are suseetible 1o huonan maslarias,

The donor of the malanag appears to be

imporiant, Poosizes from man readily infects
somne of the monkevs ut not others. Hosw-
ever, cnee this malaria s established in the
monkey, other simian species are more easily
infected,

With P. felefparunt another facet ocours.
£ Jaleciparem from Panwmanian patlents 73
very  difficult 1o establish in Panamanian
wionkevs, O moee than 1000 {rials. only a
[ have Been ﬁxac:t‘ﬂﬁsruh arw] then f.ll'l..'}" tetn-
porarily. The low grade infections produced
could not be translerred Lo other monkevs.
But with £ _f'aﬂ{.'.!:_,f,l:;ru:ur fromm Adrica and
Southeast Asta, Tar removed froon the locals
of the Panamanian monkey, the infections
can be easily transferred from man to some
monkevs, produce  werv  high parasitemias
which mav be latsl, and are readily trans-
ferved b serial passages,

The differences in the above host-parasite
combinations pose a  lascinaling  problem
walting to be solved, and much Jmportant
basic inflormation could emerge from  the
solving process,

P falei pavem induced i monkevs tends
to run A parasitelogical course somewhart sim-
tlar 1o that m oman, although in wome cases
the maximum parasitemias in the monkeys

INOUCED MALARIAS IN AMOMNEEYS A3

can be extraordinaniy lueh,

Thi ':‘J;a1'::m'i1:‘.|n:.:|5 of Foogivay in the most
susceptible monkeys can be very high, much
higher than those normally scen in homan
paticnts, Why the sivex parasitemias are
much bagher momonkeys would be oa chal-
lenge for investigation.

Cine oets the impression that gonelocyies
are produeed less regolarly o the monkeys
than with the same malaria species inoman.
Alse, these gametoestes appear to be less in-
[ective to mosquitocs indigenous with the
wromkey Whan the saone inlections moman,

A unusual At 15 the diflerence -
Mectivity of malacia o indizenous and exotic
mosquitoes. At present. the latter appoar w

be better vectors for the human malacias in-
duced 1 omonkevs. However, oven among
the exorc mosgutitoes, the situation can vary
oreatly, While some strains of malaria [rom
Alrica und Malava do not infect mosquiioes
well, Contaces and Collins (4) Tound thae
ancther strann feoon Malava and one fram
Cambodia produced heavy infecoions in A,
frecbormt mesquitoes, ere 35 an odd exam-
[l af a malzria froon the other sde of the
world wrowing inoa mankey from Houth
America nfecting well mosguitocs origing -
ing {rom Calilornia, It seems unbikely that
this threesome had cver been associated be-
fore in nature, but when all parties weee ot
toscther, o good host-parasite-vector come
Lination resolted. In contrast, Panmmanian
vivax malaria growing in Panamaman on-
I;u_'j.'-s |;>:|,]':,' ]Jq:t;]']}-‘ mlecied the Panamanan
:lll'_:-'il.lll,lhf:ll.‘.ﬁ |.-|'i|.':|.'|..

One of the major unselved problems is 1w
find compatible host-parasite-vector combina-
tics.

The vectors ol the monkey malarias in
nature are unknown. Various species of ano-
pheline mosquitoes fram the area in which
the monkevs ve should be lnvestipated for
EJ]{:i.[' A ATy Eil:)il'it':-." HT'I'L] i'l]l]'-.ll:.l'll\'r.i"ﬂ.i'l.f:l.':. -]xhig
should b done Tor the nxpm'imnnl.a]]}- iri-
duced malarias in the monkevs, as well as
for the namrally ocowrring infections. Find-
ings in either situatdon may have sigoficance
for the other,
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One of the potentially important uses of
maonkeys is as models for the study of human
discases, especially infectious diseases, It is
Loped that they may not only substioute for
man in many areas, but may cven extend
expenmental work that will be of significance
to man, as well as o the monkev, To do
this, the testing of the ability of various
species o be hosts for disease agents s one
of the fist poals.

As a corollary to this, there is a great need
for increased knowledge of the hiclogsy of
menkevs. There is also an increasing need
for the development of better  husbandry
pracuces. We should look forward to estab-
lishing adequate brecding colonies of mon-
kevs for several reasons. One is 10 provide
the seicntist with animals whose histories are
better known and which are freer from the
natural mfeetions acquired in nature, Also
impartant is the need for the conservation of
populations  of monkeys in their natural
offsecting  this
drain on the wild populations by breeding in
capuivity,

LHVIEONINEL, hopelully by

These are only a few of the many proh.
lems which have become so apparent recent.
Iv due to the emergence of the monkey a3 2

host Tor an increasing nember of huaman

dliseases, both actual and implied, One of
the difficulties now facing the Investigator
1 that of choosing o problem from the many
tascinating oues and finding the support to

[T i,
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