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T dezsivability of hnding a laboralory ani-
mal susceptible to Plasmodiwn viver of man
has long been recognized. Aberle (1945) Hsted
many early frials to accomplish this goal. e
reported that all trials ended in failure excepl
thoze with P, vévex in the chimpanzee (Pou
Sabyrws) (Meenil and Roubaud, 1917 and
Rodhain and Muwlle, 1938). Since that re-
port, unsuccessful efforts were made to inlect
Macace muletis with Poowieax (ITuff  and
Coulston, 1948 Ilawking and Thurston,
1052 Garnham and Bray, 1954; Jeffery,
1961; and Evles ef of., 1961, Hufl and Coul-
ston (1948) also reported unsuccessful at-
tempts to infect Cercopithecus aefiiops so-
Bavus, Cercopitheons aelldofs  Pvgervihv,
Cercocebus fuligitosus, and Papio papio with
P, owiwer, Apparently no efforts have been
made to infect New World primates. The
present report gives the resulls of attempts to
infect primates of the Western Hemisphere
with P, wivex.

Materials and Methods

Trimates are purchased ndividually at the
laboratory, Daily blood films are made from
pach animal for the first five weekdays and
then weekly thercafter. Tn addition, blood is
collected for sera, hlood cell counts, hemoglo-
bin and hematocrit determinations, and the
animals are numbered by tattoo and weighed.
Fecal examinations for intestinal parasites are
made at periodic intervals and, if necessary,
animals are treated. Fecal swabs are taken
and checked for pathogenic bacteria. Young

# This paper is coptribution numhber 84 from the
Army Rezearch Program on Malaria, These studies
have heen supported in part by the United States
Army Medical Research and Development Command,
wunder Grant DA-MI-A0-103-65-G-165.

spider monkeys are deloused when necessary.
Tuberculosis has never heen found in primates
al the laboratory so no tuberculin testing is
done, Usually animals are kepl in mdividual
cages during the first week at the laboratory,
Later they are placed in larger cages with sev-
eral others, the mumber depending on the zize
and species of primate and the size of the
cage. Juvenile and adull primates are fed
fruits, vegetables and bread supnlemented by
vilamins and minerals, varied according to
specics, Infants are fed baby cereals, fruits,
and milk. Dead monkevs are aulopsicd and
tissues saved for further study,

Thus far all primates used were either in-
tact and untreated, splenectomized, treated
orally by stomach tube with a G-mercapto-
puring' (Turinethol® and Imuran®), and/for
injected intramuscularly with a nitrogen mus-
tard compound?® (Endoxan®™). The initial doze
of G-mercaptopurine was 5.0 mg/Kg, body
weight, followed at times by a daily dose of
2.5 mg./Ka. for a few davs. When a nitrogen
mustard compound was used, il was injected
at the =ame time as the malaria hlood at the
rate of 10 mg./Kg. bady weight.

Fivar bloods were obtained [rom persons
living within 73 miles of the lahoratory, Ini-
tially the Bloods were injected either intrave-
nously or intraperitoneally. Now all bloods
are injected intraperitoneally.

Blood films are made at least daily on pri-
mates on test. Ordinary thick smears are made
until a countable parasitemia develops, then
Earle-Perez smears (Earle and Perez, 1932)
and thin blood flms are made. Parasite densi-
ty is defermined by cxamining at leazt 0,1
conm. of blood on the Earle-Perez filim. Posi-
tive animals are examined until thirty days
after the last positive smear and then at least

'Parinethal or Imuran: Burronghs, Welcome and
Co,, Inc, Tuckahos, MY, T.5A

* Endoxan-Asla: Asta-Werke Ag, Chemische Fabrik,
Brackwede, Germaty,
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weekly, Smears must be negative for at least
thirty dayvs after inoculation of malaria blood
hefore an animal is considered uninfected.
Then if the animal is intact, it iz splenectom-
ized and examined daily for another thirty
days before a final determination of its stalus
is made,

Awoplicles albimames, & mosquilo that has
heen maintzined in ceolony at the laborutory
for many years, is used in vector transmission
studies. Mosquitos are three days old when
fed on infected primates or humans, Before
the blood meal they have been allowed omly
access to cotton pads moistened with water, In
attempts Lo infect the vectors upon small pri-
mates, several hundred mosquitos are placed
inacame 18 cm. > 18 cm, >0 18 ¢m. The Lop
and one side are nylon netting, The other jour
sides are cloth, A cloth sleeve attached to one
of the cloth sides permits entrance into the
cage, The cage is suspended from a wire
framework by corner tie strings, The animal is
taped to a piece of plywood 43 cm. 3 14 cm,
that has the center part measuring 30 cm, >
5.5 cm. removed, The animal (s placed on top
of the cage with its shaved wentral surface ex-
posed to the mosquitos. Most mosquitos feed
guickly through the nylon netting. Mosquitos
not feeding are removed with a suction tube
while the feeding proceeds. Later the fed mos-
quitos are allowed access to cotton pads
soaked in 2 per cent syrup. Pads are changed
daily. The mosquitos are maintained at 76 =+
2°F, at a high relative humidity. Tetri dishes
containing moistened gauze pads are kepl in
the bottom of the cages for the deposition of
eTs.

Dhisseciions of midguts [rom samples of
mosquitos are made between the sixth and
tenth days, of the midguts and salivary glands
between the eleventh and fourteenth days, and
of the salivary glands subseguent fo the four-
teenth day  after feeding, The number of
oocysts and sporozoites are counted and grad-
ed according to the method of Young of al.
(1944),

Mozquitos used in (ransmission atlempls
are placed singly in numbered plastic vials
with one end covered with bobinette and the
other end covered with two overlapping pleces

953

of dental dam, Mosquitos are fed by the inler-
rupted feeding technigue. The salivary glands
of all or a sample of the mosquitos are then
dizzected Lo determine sporozoite rate, Thick
blood films fromm human wolunteers or -
mates ob which mosquitos have fed are exam-
ined starting at the sixth day ailer [eeding,

Results

Attempts made to infect 37 primates vepre-
senting six different species with P, vivex from
man are summarized in Table 1. No successes
were oblained with either four whiteface mon-
kewva, Cebus capieciins, eight Dhlack  spider
monkeys, Afeles  fusciceps; one red  spider
monkey, Atefes Geaffrovi; or two howler mon-
kevs, Alowgita villose. Two of 10 attempis
with the titl marmosel, Sagwinns goofrov,
were suceessful, The purasite inoculum used
to infect the two marmosets was 200 < 10°
(Table 1T}, the prepatent period was one day,
aned the patent period seven days, and the
maximum  parasitemia only 200 per cmm,
Seven of 11 attemptz with the nizht monkeys,
Aofus frivirgafus, were successful. The para-
site inoculum used in the night monkeys
ranged from 2006 to 9539 0 10% the prepatent
period from 1 o 10 days, the palent period
from 10 to 32 days and iz continuing in some
monkeys, and  the maximum
reached 39,800 per omm,

From the infected monkeys, allempls were
made te infect 27 primates representing five
different species {Table 1), Eleven of 15 night
monkeys, all inoculated with wivax bloods
from night monkeys were infected. The para-
gite inoculym ranged from < 0.1 to 8.7 = 10°
per cmm., the prepatent period ranged from 1
to 14 days, the patent period up to 55 daws
and iz confinuing, and the maximum parasi-
temia up to 34,940 per cnm. No other pri-
mates hecanme infected,

Table 11 reports data on each primale in-
fected with P owdvex. Tt shows that night
monkeys hecame infected when either intact
and untreated, spleneclomized, administered
G-mercaptopurine, or hoth splenectomized and
afdministered G-mercaptopurine. One of the
fwo marmosels was infact and antreated and
the other was administered G-mercaptopurine.

parasitemia
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Cpbais oo practhus ik b 2105 { {l
Aleles fuscicefs i3 0 04059 0 {1
Ateles peaffrovi 1 [ ¢ (i 0
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Afelas posifravi 1 0 1.4 - i 1}

¥ Demonstrable parasitemin for at least three sncoessive davs.

¥ Parasiternia contineing.

= Mn infection,

The first successiul transmission of F. vivax
(Chivo Chive strain) was obtained using oi-
trated blood containing 3970 parasites per
crn., from a patient hospitalized in the Pana-
ma Canal Zone with the Chivo Chivo strain
(Fig, 1), Two of 4 night monkeys and 2 of 3
marmaosels became infecled Three attempts to
subinoculate the infection to other prirnates
were unsuccessiul.

Figure 2 shows the first successlul monkey
lo monkey transmission of P, vivex, The

blood containing 9,594 parasites per cmi.,
was oblained from a person living in Achiote
near Colon on the Aflantic coast, Tt was ci-
trated and inoculated into black spider mon-
key 742 and night monkey 736, The night
monkey developed infection. Figure 3 shows
lthe parasitemia exhibited by night monkey
736 after inoculation from the human host,
The maximum parasitemia was 15,260 per
crman. The monkey was treated with chloro-
guine on the 49th day after inoculation but

FLAZMODIURL VIVAX
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L
made from monkey 736 involving 3 species of
primates {Lig. 2}, So far the infection has
heen through three consceutive monkey to
monkey passages.

We reported recently the first transmission
of £ wivgx [rom man to monkey to man
(Young ef of, 1966). The sequence of events
iz shown in Figure 4. Both of the night mon-
keve  inoculated intraperitoneally  with P,
vivax bleod from the human souce became in-
fected. dnopheles albimanes mosquitos were
fed repeatedly on these monkeys, One group
of mosquites fed on monkey 773 on the
F2nd day of patency showed good gut infec-
Lions and sporozoiles in the glands 13 davs
after feeding. The infections were transmitted
to two human volunteers by the bites of these
mosguites but so far {21 davs later) the mon-
key bitten by the same mosquitos has not de-
veloped a parasitemia.

Figure 5 shows another example of P, vivay
tranamission from man to monkey to monkey
using the Emperador strain. Blood was oh-
tained from a patient hospitalized in the Pa-

died the same dav. Serial passages have heen
7

o v 20 3 40 £
POST INCCUL ATION RAY

Playmzgium visas Cac=iale zirzal parssitemia in Might Mzaeey ¥ 736

¥ Gnloraguine cdminigtared, FOumd

Fig, 3. Plasmodiovm wivax |Achiote sirain) pore=

sitemin in Might Menkey IE73s.

it ot e

1#Fplen. & [rairand,
i

L Einlozan

7a 3 : - -
nama Canal Zone who had acquired the infec-

tion in the jungles west of the Panama Canal.
The blood, containing 2,060 parasites per
cmm., was citrated and inoculated inte black
spider monkey 632 and into two night mon-

FLARAIOLAUST VIvax

Bania Ko sirain E
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Fig. 4. Transmission of Senta Reso strain of Plosmadium vivox from maon

to mankey to maon.
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PLASMODIUM VIVAX
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Fig. 5. Tranimission of Empcrudn:r stroim of
Plasmodium  wivax.

kevs, numbers 740 and 761. The two night
monkevs were infected and the infection was
transmitted from one aight menkey (761) to
another (801). Night monkey 761 reached a
peak parasitemia of 59,800 per emm. on the
Find post-inoculation day, This is the highest
parasilemia of P owivgy In primates recorded
in our studies so [ar.

Tahble 11T shows the resulls of vector trans-
mission studies using Awopheles albimanis.
Thirty-two lots comprising 13,246 mosquitos
were fed on night monkeys showing gametlo-
cytes of P vivar, The male gametocyte count
ranged from <210 to 500 per cmm., while the
female count ranged from <210 to 1,000, OF
770 mideuts, only LY per cent showed oocysts
and, of 330 salivary glands, 23.8 per cent
showed sporozoites. However, individual lous
showed much higher percentages of  infec-
tiome: fe. a 37 per cent sporozoite infection
rate of the lol of mosquites Lthal transmitted
the infection from monkey to man,

Discussion ond Conclusions

Previous to this report, various attempts
had been made to infect primates of the Old
World with P. wivax, Apparently the only ani-
mal shown to he susceptible was the chimpan-
Zee,

We bave begun testing New World pri-
mates for their susceptibilities to human
malaria. Of six species native to Panama, two,
viz,, Aotws and Sugwines, appear Lo be suscep-
tible; the Iatter much lesz than the former,

Four straing of P, vivar malaria, ie., Santa
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Eopsa, Achiote, Emperador, and Chive Chive,
were induced successiully by the injection of
infected blood. The infection can run a fairly
long and intensive primary course, Some mon-
keys succumb to the infection. The infection
cun be transmitted from night monkey to
night monkey, by blood inoculations, Gameto-
cvles develop and at least one species of mos-
quito, viz., Awopheles oldingmuey can serve as
a wector,

The infections appear in both intact mon-
keys, in those receiving immunosuppressive
drugs and in those which have been splenecto-
mized. The highest infections have appeared
in the modified animals but inzufficient num-
bers of intact animals have been used fo make
a siznificant comparizon,

The night monkey appears 1o be a promis-
ing host for the laboratory soudy of P, ofver
malaria, If acguired yvoung, it becomes tame
and easy lo handle. The adults weight 600 to
B00 rrams,

MNatural malaria infections have never been
found in Aofes or Sagueines primates in Pana-
ma or elsewhere [(Dunn Lambrecht,
1963 Torter e af, 1968,

Many aspects of thiz human malaria-mon-

anil

key model are being investizated at the Gor-
was Memorial Laboratory,

Summary

Six ospecies of New World monkeys have

TanLr 111

InrpecTiviTy T0 Aweplieles albimanys oF P ooy
II v
InrecTions oF Howax Oriars Inprcep o
Aalus freviepobes (Nt Moxgryz)

Lots of mosquitos fed 32
Yo of Jots with some mosguilos infecied 3.3
Mo, el mosguilos fed 13,240
Gatnetocytes i

o TAnE: < 1050

2 range < 101, 00
Temperature o+ 2°F.
Dzzeetion results:

Midguts iy,

o posilive covels 1.9

Salivary plands N

S5 positive sporoznites 218
Transmission attempis Lo man ?
L successes 2
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been tested for their susceptibility 1o Plasmo-
efiwon vivex of human origin, Infections resull-
ed in two species, Soguinus geoffroyi (1t
marmozels)  and frivirgatus  (night
mankeys), the latter developing high parasi-
temias. The Infections were transmitled to
other night monkevs by blood ineculations,
Awpapheles albimauns mosquilos were infected
by deeding upon malarious monkeys and
shown to be vectors,

Ao
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