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GROWTH AND IMMUNITY CONFERRED
BY A PLASMODIUM FALCIPARUM TEMPERATURE
SENSITIVE MUTANT IN PANAMANIAN OWL MONKEYS
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Abgieace. We have compared the growih of the wild type Plasarodinm fidciparins strain
Honduras 1 and a previously iselated temperature sensitive mutant of i1, APT-L6,
Panamanian owl monkeys, We examined serially infected splenectomized and rormal
animals that were initially infected with cultured parasites that had been grovwn ina mixiure
of owl monkey and human erythrocytes, Inttial infections in splenectomized monkeys were
marked by multiple recrudeseences. The mudant gres less well than the wild type in the
splenectomized monkevs, as determined by lower peak and 1otal parasilemias. In the
splenectomized menkeys lested by rochallenge with the wild lype parasite, the mutlan?
stimulated a comparable degree of protection, That protection was manifested in 2 ways,
Thers was a marked reduction in the level of the primary parasitemia in the rechallenged
monkeys and an absence of recrudescent parasilemias afier the primary parasicemia. The
potential value of generating and studying lemperature sensitive F.alcipanm sirains tha
show attenuated growth 15 considered.

We previously meported the induction, selec- MATERIALS AND METHODRS
tion, and isolation feom in vitre cultured para-
sites of temperature Sensitive (18] mutanty of
Plasmadinm falciparim,' The growth-of those
milanis was inhikited in the high wemperaiere
growth range of the parasite. The poal of tha
work was the idenufication of parasiles thal
wonld, theough attenoated growth, be the source
of 2 live vaccing or he used as a teel for probing
ihe relationship between the eiliciency of parasite
arceath and the induction of host mmuenity. The
rationale behind that work was that the growih ol
a non-reverting s parasitc mulant would be repg-
ulated by the febrile response Induced by a mild-
or than normal infecton, P falciparses infece
tions are characterized by much higher
parasitermnias than other malana species” and may
cause immunosuppression.’ We reasoned that a
lemperature regulated infection might provide a
lew but sufficient level af parasitc antigen noan
appropriate form 1o avold producing an im-
munasuppressive reaction while inducing a pro-
ective immune fesponse. We compared the
prowth of the wild tvpe P ffedpaew strain Hon-
duras 1 and a lemperature sensitive mutant, API-
LA, that was isolated rom fin Panamanian owl
monkey,! We alse compared the effect af parasite

Pargsires aogd (0 viiea pavasite culiivatio

The P fafoipareny wild tepe strawn Hondaras
1and 2 ts derivatives were used, The s mutants
were AP L2106, an aphidicolin resistant strain thas
wis also femperature sensitive.' ©and 5450 a
strain that was dircctly sclected for temperalurs
sensilve growh, The parasiies were grown using
standard culture methods,* * Flowever, in order
1o facilitate the growth of parasites in monkey
red blood cells (RBOY, and therelore in maonkeys,
the parasites woere prown in culiures thal con-
taned human A+ B+ plasma and both human
Ot BB as well as Panamian owl maonkey (POM)
RIC The POM RBC were shipped from Walier
Reed Arey Institute of Rescarch biweekly and
were obtained from POM monkovs al karvolype
i and 1105 We used an ~1:1 mixwere of RBC,
as we were unable o grow the parasites in ocul-
tures for exilended periods when they only ¢on-
taaned PO B,

Todeetions O Pananiarial ow! aonikeyr
and he mobitoriig of infrerions

growth oo the indoction of protection Lo sehse-
quant infectunn by the samic parasile sirain.

PO wers obiained by and maintained a1 the
Crorgas Momorial Laboratory in Panama.® F jal-
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ciparsni-naive monkeys were used. Splenectom-
ired monkeys were initially infected by v ainjee-
ton of parzsites [rom culiures. Subsequently,
splenectomized or normal monkeys were infect-
e with either fresh, infected monkey RBC or
froren, infocted monkey RBO. The transfer of
cultured parasites to normal owl monkey can be
best achicved by initially passaping the parasiles
through spleneciomized monkeys. Infections
were monitored by the daily examination of
Criemsa-siained Lhick and/or Earle-Feres siears.
Parasilenias were reporied as parasites/mm’”
The parameters used for comparing infeciions in
differem animals were: the peak parasitemia (P
during z period of patency which was determined
o Farle-Peror smears: the estimated 1otal par-
asitemia (ETP) during 2 perigd of patent para-
citemin, which was caleulated as the sum of the
daily parasitemias measured in Earle-Peres
srpears: and the number of recrudescent infec-
siems that coeurred wntil there was either a self
cure or drug-ingduced cure, A sell-cure was con-
sidered o hove ocourred aller at least 1 days
of parasite-negative thick smears following a de-
tectable parasiternia, Infected monkeys thal were
e ke rechallenged alier their cure were treated
with o single curative dosc of melfioguin (30.0
mig baseskgl They were then rechallenge | 27 davs
fater with 1.5 = 10° parasites of the wild wype
Honduras 1 which had been obtained from an
infected normal monkey.

RESLLTS

Initially the Honduras |ostrain and 2 ol 15 15
matants, APT- L6 and Q=45 were prown in slan-
dard in viteo culiare conditons forabow L month
with o misture of human (04 and POM RBC
Atempls 1o maintain countable levels ol para-
siles in cultures for several weeks were unsuc-
cessful when the culiures contained onky POM
RBC. The cultured parasites were then tans-
ported W the Gorgas Memaorial Laberiiony it
Fanzrna. Hall the parasite cultures were immae-
dliztely injected iv into splenectomized monkeys.
The remainder ol each callure was grown for 3
duvs in vitre al which lime cach was injected
ino 1he approprate monkey. The sequenoe ol
seriaily infeoled splencetomized (5) and nofmal
(M) monkeys with the differem parasites {1ion-
duras | [H] API-16 [AP] and Q545 [O8]) s
dingrammed in Figure | and a comparison al the
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details of the course and intenstty of those in

lections i provided in Table | Parasitized RBC
rom a successielly infected maonkey wers cither
used immediately or frozen and subscquently
used 1o serially infect other monkeys.

Wwe succerded n infecting splencetomized
monkevs 15H and 15AP with the Hondurss |
and the APL-16 strain, respectively, but did not
succeed in infeoling monkey LSOS with the G545
cirain. While the course of the successiul infec-
tiens was aboul the same, an initial parasitcrmis
followed by 3 revrudescent infections gver — 300
days, the average PP or ETP was much lower in
the AFP1-16 infecied monkey (sce Table By The
parasites from 15H and [SAT were sub-inocu-
lated 1o normal monkeys (LNH and 2MAP) Since
a barely deteclable, short duration parasitemia
wis observed in 2NH and no detectable para-
citemin was observed in INADP, both monkevs
were splenectomized and then successfully in-
fected (25H and 28AF, Fig. |, Table L) The
subscouent parasile geowtl in 25AP was, again,
much less than in the second Honduras | infected
muonkey. There was also 1 less recrudescent ep-
isode in the APL-18 infected monkey, The less
eilective growth of APL-16 ina third set ol splbe-
nectomized maonkeys (351 and 35AP, Fe L.
Tabbe |3 was alsa ebserved. The infections were
seif-cured. We have also tricd, withoul success.,
W demonstrate that the rates of change of par-
asilemia caused by the s mulant APL-16 were
correlated with the monkeys' tempearaturs, Our
failure may be because the peak lemperalures
during infections were either not high enough or
nat susinined long cnovsh 1o cause @ sharply de-
ined decline in parasitemia rathers than a gencral
suppression of parasiicmia.

We subseguently serially infecied 3 normal
mankeys (3MH, 4MNH, and 3NH) with the Hon-
duras | strain starting with parasites obtained
(ronme 1he second splenectomized monkey (25H )
The initial peak parasiteniia in cach monkey was
1=2 orders of magnitede ower than that in the
splenectomized monkevs. The initial patent pe-
riods were followed by a long delay belorne an
pven lower peak of reorudescent infection was
seen. During the period between the fAirst and
second peak of patent parasitemia, long periods
{Table 13 of low-level infections (posilive only
on thick smearsh were observed. There was never
more Lhan a small seeond peak of palent para-
sitemiza scen in the Honduras |infections of the
surmal monkevs, The estimated toral parasil-
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F [ravy afior the mitial imoculalion when a PPowss ehserved,
TP s the peak parasibomia (par=tes = [0 mn

TETF is the cstimated tolal pimasilemia Gum ol parasites deowrmsined from Eacle-Derer smeass = 100 mne assaciated with 2 parksulne B9
3 0TS s positivs Uick =mear bu? not coenta@le wnoan Earle-Poree smear

crias was lower than in the splenectomized
mankewvs (Table [

The infection in the single normal monkey
(AMAPY with the APL-1é strain oblained from
ISAP produced an initial PP that was compa-
rablec to that 1o the normal monkey with the Hon-
duras 1 strain (ANH) The iniual PP in aMNAT
was also comparable 10 that in the splenacio-
mized APL-16 infecled monkeys 1SAP and
2EADP. Several very low additional recrisdescent
peaks were seen in SMAP that wert not seen in
the infections of monkeys 3N or |, 2, or 35AP
(Tahle 1),

The protection afforded by previous infection
in monkeys IS5 251, ISAP, and 25AP was
cxamined by challenging them with 1.5 = [0#
Hondueras | parasites oblained from aNH (Fig,
1. Table 23 While APL-16 infections of the sple-
nectomived monkeve produced ~ -2, the tolal
rimber of parasites compared 1o Hondoras 1
during the course of infections in the first 2 in-
focted monkeyvs {Tahle 12, all rechallenged mon-
fevs showed only a single peak parasiicmia at

about the same time and withouwt recrudescent
infeations (Tahle 23 The monkeys pratected by
the less intense AP 16 infections did, howewer,
shovar g signifcantly higher total parasitenna dur-
ing the parasite rechallenge. suggesting the con-
ferred protection may be related 1o the inlensity
of 1the onginal inlection. Tn 3 of 4 rechallenged
menkevs, the peak parasitemia was lower than
that during the original infections. In 1 rechal-
lenged monkey, 25AF, the peak parasitemia was
=10 yimes higher than that during the initial
infection of 25AF, Monkev 1505, which was
unsaecess by infecied with Q545 was used as
a control, We rechallenged 1505 with the same
dose of AN derived parasites, The course of
inlection in 1505 was comparablc to the original
infections caused by Honduras | in the parasite-
naive monkeysin the high PP and ETP were also

infections (Tabkles 1 20 These resalts sugpest that
the protection against subseguent nfection was
a conscauence of the initial patent infections of
Honduras | and AF1- 16 and that such proteciion
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Eicure | A diagrammatic representation of 1he
seralingculalions of Pasamanian ow! monkey by wild
type Hlonderas |and 2 Honduras 1 temperature sen-
silive mutants AP1-16 and 545,

T The letters 5 and N oandicate whether the monkesy
was splenectomized or narmal,

T The approximate number of parasites injected,

§ The number of the monkey passage (inclusive of

the moenkey) during the serizl transfer of the parasite
ling. The frst monkey in cach series was inoculated
with ar inm vitro parasite culture that contained both
Buman and monkey RBC,

** Previously infected and cured monkeys rechsle
lenged with pargsiles obtained from monkes SHH,

could be achicved by the markedly reduced Tevel
al APL-16 infection,

LSS

The goals ol these siudies were 10 establish 1he
prowtl of £ fwleiparem Honduras 1, AP)-16,
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and (545 in splenectomized and, subsequently,
non-splenectomized Panamanian owl monkews;
to determing a5 mutant causes an attenuated
infection; and to determine if a significantly re-
duced growth of a 15 mutant in monkeys would
provide protection, comparable o the wild Ly,
against a subsequent infection with the wild e,

We abserved that the £ fdciperem mutan
AFI-16, which is both resistant 1o aphidicolin
and exhibils lemperature-sensitive growth, pro-
duced lower infections (1-2 orders of magnitude)
i the splenectomized Panamanian owl monkey
than did the wild type strain, Honduras |, from
which it was isolated. As the API1-16 and Hon-
duras | strains grew equally well in in vitro cul-
ture, we presume the poorer growth of APL-18
it monkevs is associated with the lemperalure
sensitive growth of the mutant. This mutani, in
spite ol'ils much poorer prowth, conferred on i
hosts a degree of protection against subsequent
Honduras 1 infection, as measured by inhibilion
of recrudescent infections, that was comparable

did suggest the possibility of parasile mutant re-
version, We do not know (if the somewhat in-
creased growth of APL-16 in the monkey 35AP
and the failure 1o see a lower level of APL-16
growth in ANAP than was produced by Hon-
duras-1 in INH represented a reversion of AP|-
6 towards wild tvpe growth, In general, how-
aver, we censicder these preliminary results 10 he
supportive of 1he idea that it is worthwhile 1o
develop ts muwants as 10ols for combating and
manipulating malaria parasites. This limited
success prompls the guestion of whether the fur-
ther isolaticn ol'ts mutants should continue using
the tedious and ineflicient parasite oloning Sy%-
et it may prove maore efficient to induce and
select non-reverting ts malaria mutants by con-
structing them from cloned and sequenced genes

Tanix 2

The cowrse af Indectton in cired Aolus challenped with the Honduras § svain

) Wlamkes. [S—— Ponkes

L P i Darw TTETE E Gy FR ETE
I5H 13 13 ik LSAP 12 4 207 15005 k] 35 125
25H g Ak |66 ISAP 13 Eli] an 310 1,794
50 4 A4
] 24 141
13 50 26

1 50} 0.l 0.3

224 1.1 Aa

Al moarkeys were inecufaed with L5 o« 100 porasies phiiened oo monkey $SWH noted in Fig ! oand Talsle 1.
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that encode known cssential parasite proteins
This might be facilitated by the application of in
vitra mulagenesis lechniques 10 such gencs and
by the use of various gene transformation S¥5-
tems including the development afa parasile gene
transformation sysiem.
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