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~~i~tsolates of P. falciparum from 98 patients have been
cryopreserved . L.Eig~~ al1 pat ients serum samples were collected
along with infected bI~~d~-a ~~~~ 25% of them 2-3 weeks laterafter minimal chloroquine treatment~~4Pre1iminary results
confirmed earlier results that showed higher in vitro anti-
parasitic activity in post—treatment sera although a few
promoted parasite ~rowt~~

)
Rodent malarias -

~

i~~~~~~~~~~~~~numbers of K cells were detected in the spleens
of P. chabaudi infected mice,

Mice infected within two weeks of irradiation showed some
non—specific resistance to P. chabaudi.~~ If infection was
delayed to 22 days post-irradi~ tion par~.sitaemias were enhanced.
Enhanced paraaitaemia.~ were also seen in mice injected with

~p.1een or bone—marrow cells immediately after irradiation.
~~Emmune serum had enhanced activity in irradiated mice .
Cyclophosphamide treatment before infection also depressed the
early stages of the primary P. chabaudi parasitaemia.

.-.Adoptive transfer experiments confirmed the role of T cells
in immunity to P. chabaudi. One role of the T cells is to act
as helper cells.
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Summa~ y

Plasmodium faloipax’um

A method for oryopresex’ving ring stages of’ P. faloiparunt
1s desox’ibed using glycerol at a final ooncentration of’ 17%
(v/v)0 The parasitized blood with glycerol was snap frozen
in liquid N~, and after thawing were washed with sorbito].
solution pr3:or to putting the parasites into culture. (The
thawod blood is. now washed with decreasing concentrations of
salt solution (Zi,5% —> 0.9%) as an alternative to sorbitol,)
Trophozoites and schizont.-intected cells did nob survivo snap—
freezing.

~~~malariao grow to the schizont stage in microcultures
but showed little if any reinvasion whereas a small
oontaininating population of P falciparuni comploted 2f oyo].ea
and overgrew the P. malax’iao.

Gametocytes of 1!. faloip-ax’uzn differentiated in 14 of 42
miorocultures of 4—5 days’ duration and 7 of 8 cultures of’
10 days? duration. Mox’phologically n ature looking gameto-
cytes toc,k 3.-b days to devolop. Gainetooytea differentiated
from rings put into culture and also from merozoitea released
in culture and grew less well, in cells containing HbF.

Ono hundred isolates of P,. falo&parum from 90 patients
wore oxyoprosorved and are being tested both for their
ability to survive oryopreservation and also to adapt to
continuous culture. Eighty—seven per cent of these isolates
completed oycle of’ growth and multiplication when a sample of
tho blood was put into mioroouiture prior to oryopresox’vat3.on.
About 25% of’ the patients provided a serum sample at the time
the parasitized blood ~;as colleotod and a second 2—3 weekslater (return serum). Both serum samples aro being tested
fox’ in vitro antiparaaitio activity against homologous and
hoterologous parasite populations after the parasitos had boon
thawed and put into miorooulture. Preliminary results showed
highor inhibitory activity in return sara although a few
prociotod parasite growth. (Those experiments am still in
progress.)

t
Rodent malarias

Preliminary experimonts indicated the presence of’
increased numbers of K cells in the spleonc of P. ohabaudi

• infected mice, i.e. non—phagooytio spleen cells which lysed
chicken red cells in the presence of specific antibody. —

Increased I~ coils activity was not dotootad in the peripheral
blood cells of malarious childron~ (The se latter experiments
were not entirely satisfactory.) A rob for antibody—
dependent cellular oytotoxioity in the control of malaria
infections is suggested by those results.
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3.
Nice given 600 rads irradiatic’n showod some nou.-apeoifio

resistance to P. chabaudi compared with non—irradiated mice
if infected ‘qithin ~~~~~ooks of irradiation but enhancedpazasitaemias if challenged 22 days after irradiation. Mice
given 600 rada and injected with syngonoio bone—marrow or
apleon coils on tho following day showod no non—specific
x’osistanoo to infootion 9 days latox’ but showod enhanced
parasitaomias. The nature of tho non—spooific resistance is
thought to bo indicative of’ a stimulated retiouloondothelial.
systom, The basis of the enhanoed parasitaemias in the
irradiated mice is not yet dotorminod, Passively transferred
immune serum had enhanced activity in irradiated recipients.

• Cyubophoaphamnide also depressed the early primary paraeitaemia
in mice given 300 mg/Kg ox’ 150 mg/Kg 3 days beforo infection.
In the former mico tho patent pax’asitaemia was subs oquently
prolonged compared with the controls.

Heated P~,ohabgudi infected red oolls, as a vaccine, gave
slightly less protootion than irradiated parasitizod rod oella.

Thymoctomizod, lothally irradiated and reconstituted UIH
mico had more sovoro x’olapsing paraai~~aomias than controls
confirming a. role for P cells in immunity to P~ chabaudi.
Treatment of enx’iohod spboon P cell populations from inmume
mice with antithyinooyto serum in one oxporiment aovox’eiy, and
in another to a lessor extent, diminished their ability to
protect syngonoic 600 rad irradiatod recipients against a
P. chabaudi challenge. ?assivo transfer of serum from - :

recipionts of’ enrich immuno P cells, glass—wool filtered
inununo cells or normal spleen cells coileotod 11 or 14 ~
afto : the ce].l recipients woro challenged showed protective
activity in the sara of immune P and immune coil rooipionta ~

.- 
-

on day 14 but the highor activity was in the sex’a of the
latter m ice, On day 11 only the sara from tho immune coil
recipients had moasurable activity. It ia suggested one
of tho protective activitios of’ tho adoptivoly transferred .4
colic in in loading to the elaboration of protootivo anti— I ~bodies, the P coils aoting as helper cells, Mhoront spleen
coils aeparutod from an immune spleen ooli population by
incubating tho coils for 25 hours in petx’i dishes at 37°C 

- 

:~
gave good protection to irradiated recipients whereas the oolle
adhering after 16 hours gave no protection,

The results and the f’urthox’ oxporiments planned are
disoussod,

, •

~
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ii.

ntro c~~.on

Mala.ria is still a major health problem in many parts of
the world, Nearly 500 million people live in areas where
there are few or no control measures against the disease
(W.H.O, 19~7). In somo parts of the world, auoh as India,
malaria is showing a resurgence, It is thought that tho
dovolopmont of a vaccine against malaria will greatly hoip
roduco the importance of malaria as a major cause of death
and morbidity. -

Tho immune rosponso to an antigen is subject to regulatory
prooo~ses which at any one . -time con determine its intonsity
and naturo. It appears to be possible in some situations
to interfere with theso regulatory mechanisms in order to
promote one aspect of the immune response to an antigen,
such as malaria parasites, rather than another . A detailed
I~nowledge of the oharaoter of the immune rosponsea to malaria
parasites and of’ the ways in which immunity acts against the
parasites will indicate which aspoota of the immune rosponso
to the parasites should be preforontially stimulated by a
vacoira. It is on this basis that the studies roportod below
were carriod out.

Tho study has conoernod tho following areas:

1, oz’yopreaorvation of Plaamodium falciparum fox
in vitro culture;

2. gamotocytogenosis of’ P. falciparum ~n vitro;

3. specific parasite inhibitory antibody rosponso
to populations of’ P. faloipapuni;

4. mechanisms of protective malarial immunity in - -

rodents,

I

I

~

~ 

_ 
_
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Port I

Immunity to Plasmoditmm f’aloip~rum in man
- — - V -V — V - V  ~~~•1• —

~
-—•—— -I

Introduction
- - V

This part of tho study was carried out in cooperation
with Dr fl,J.M. Wilson (Modical Rosoaroh Council) at the
N.fl,C. Laboratorios, Fajara, The Gambia, Woat Africa, with
the help of’ tho x’osidont technical and modical staff.

Tho Gambia is a hyporondomnic malarious av oa,
P. faloiparum accounts fox’ almost all tho casos of malaria
with tho àoc~ sionai cctse of P. ovalo and P malax’iao.
Although malaria transmission 000Ux’S throughout tho year in
The Gambia tho majority of casos occur during, and fox 2 ox’
3 months aftor~ the annual rainy soason which usually lasts
from July to Octobor~ Thoro is a high mortality rate from
the disease in ohildron between 3 months and 3—4 years old.
Children who survive those early years gradually build up ati.
offootivo imrmmity, Up to adolosconoo this immunity, an
antitoxic immunity, frequently is oni.y suf’fioiont to prevent
children showing clinical symptoms in spito of carrying
dotoctabie parasitaemiaa but by adulthood a strong imniuz~ity
has boon established. Even at this stage in their
dovolopmont occasional parasitaemio opisodos can be doteotod
in tho Ga.mbians. Even in individuals living all their lives
within ono locality it takes several years of’ oxposuro to
P~ falciparum before an offootivo immunity to the parasite is
attained and ovon in inununo individuals the parasite may
persist alboit at a chronic and usually sub—patont level. A
numbox’ of possible explanations can be proposed to oxplain
why the establishment of a beneficial lovol of acquired
rosiatonco takos so long and oven whom this has boon achieved
why parasitos may still survive and multiply. Pwo possibili-
ties Wi...a. bo discussed at thin stage. First, it is likely •~- -

that oven within ono locality there oxists a large numbor of •~

straina of P. falo~parum, each of’ which necessitates a
specific imamuno rosponso from the host and that it is several
years before any ono individual has boon exposed to most of
the ozisting strains within a locality, It might, howovor ,
be anticipated that sensitization to one strain would
promote a more rapid response to others, ~3eoondly, duringthe course of the asexual blood phase of an infoction
following the bite of a single mosquito, the parasito may be
able to ohongo ropoatodly its antigenic character in ox’dor
to oscapo from the offocts of tho hoat a immune rosponse
against it~ i.e. the parasite might undorgo tho pattern of’
ontigonio variation so oharaotoxiatio of’ tho sleeping sickness -

~ - 4trypanosomea and spiroolmotos. It is quito oloar that in the
preparation of an antimalarial vaccine it will be very
important to establish whether .~~~~ f’gloipax’unm does exhibit the
dogroo of’ ontigonic variability suggostod above. The study
carried out in The Gambia and reported hero was designed to
try and givo information in this area.
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6. 1 V
Immunity to P. faloipax’um in mmn~ in part at least, ishumoral. Cohon ot al, (1961) poolod soruni from a number of

adult Gambians~ aopcz’atod out the IgG fraction cud showed
that thin lgG had therapeutic activity when injected into
ohildron with acute P. falojpaz’um infections. The immune
IgG appoared to be antiparaaitio when the parasite in red
cells reached tho mature (schizont) stago. Such passive
tronsfox’ studios, however~ oould clearly fox practical
roasons not be rondily oxtendod to examine the effect of
serum from single individuals .

Tho asoxual blood phase of the monkey malaria ,
P ~mxowlosi, can be grown through a complete oyolo in vitro
(soo Trigg, 1369). Multiplication rates of 5—8 times can
be obtainod whom cultures are initiatod with late
trophozoites ox’ ear ly schizonte. Brown ot al. (1968, 1970)
and later Oohon and Butcher (1970) used this culture syatom
to shod- that tho serum from monkeys immune to P. knowlosi
con x’educo tho rate of roinvasion of fresh red cells and
honco the multiplication rato of’ I.~ knowlesi in vitro.
The growth of’ P. knowlosi from ring to sohizont itagos
within tho rod cell was not affected by the immune serum.
This culture system th~roforo provided a sonaitivo measure
of’ the antiparasitio activity of’ at leant ono typo of
antibody in tho serum of immune monkoya. Phillips ot al.
(1972) extended those studies on simian malaria to
P. falciiarum in non, Those workers devised on in vitro
eub..culturo toolmiquo f or the asexual blood stage of
R. fgloi~arum. Inf’octod blood was taken from infant
Ganibians and the asexual b .ood stage was grown through two
and a half oyoios, Multiplication rates of 3-8 timos were
achiovod after roinvasion in the first cycle of development.
It should be noted that tho in vitro culture of P faigiparum
posos two major problems not asaooiatod with P. knowlosi.
First, the former parasite takes 48 hours to complete its
asexual growth cycles in tho blood oomparod with 24 hours
fox P. knowlosi and sooondly, P. faloiparurn but not
P. Iaiowlosi withdraws from the peripheral circulation at tho
late ring atago, This nocesaitatos that P. falciparuni
infected blood is introduced into in vitro culture at a
relatively early stage in the parasite’s asexual growth cycle. ~ -:
Phillips at al, (1972) subsequently examined tho ability of
15 sex a taken from adult Gambiana to inhibit x’oinvasion
in. v~t1o by P. faloiparumn and of those sera 2 had oloar 

4

inhibitory activity, This was the position when tho study
(Annual Report DMA ~7~73C~3492) was initiatod. The results
from this and Annual Report DMA 37~75C— 162O are sumarisod.

Tho sub—culture technique used by Phillips and his
oo—wox’kors was carried out on a relatively large scale and
the amount of oaah serum sample used in each test for
inhibitory activity was ooxx’oepondingly large. Only a few
tonte would be carried out with each serum eamplo booauso
limited quantities woro available.
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The in vitro culture was x’oduood to a miorosoale in
convontional 9$ .well miorotissuo culture plates (seo also
Diggs et al ,1971). Tho growth and multiplication zato of
tho parasii oa in miorooulturoe was mnonit ox’od by Giomsat s
stained sinoars mado from tho oulturos, by measuring the
incorporation of 31I—ieoloucino or production lacthtu into
the supornatant. In excess of 100 sera from Garabiana of
all ages and 86 Nigoriax~ soxa wore tostod, The majority
of’ sera exhibited a small dogx’oo of’ inhibition but only a.
few wore strongly inhibitory. Some sore. inhibited parasites
from somo children but not others, This variability in
activity could bo attributed to antigonic diversity in
P. faloiparum couplod with tho fact that specific antibody
roaponsoi to any antigonic typo might only remain at a high
love], for a relatively short period . In order to match
antiserum with a particular parasito population of
P. f~lci~xLrum, infootod blood was cryopresorvod whilo the
infoctod child, aftor ti’oatinont , mounted an immune response
to the population of P. f’alciparumn of which a sample was
c~yopreaorvod. Subsoquontly , tho ox’yopx’osorved blood was
thawed and in miorooulturos tho ability of the parasites
to grow and multiply in tim presence of protroatrnont and
convalescont sora obsorvod. Although the cx’yoprosorvation
procedure was crudo suffioiont of tho thawod parasito3
aurvivod and grow in culture to show that convalosoont sara
showed both specific inhibition of’ homologous parasites and
some crosa—roactivity with parctaitos from other children.

The prosont report is concornod with the following aroas
of invostigation which followed on from our oarlior studios.

1. Attempts to improvo the mothod of cryoprosorvation
of P falcinarum for oulturo purposes.

2. Attornpts to culturo P. nalariae.

3, Diffoxontiation of gamotooytes of P. faloiparum
in vitro.

ii. Culture of’ cx’yoproaox’vod P. _faloiparum in tim
presence of’ pro.- and poat—troatmont ioruzn from
tim donor of’ parasitized blood,

Crvoprosox’vation of’ P]1aa~odium f’aloiparw~

Wilson ot al. (1977 ) described proliminary investigations
into tho optimal freezing conditions for tho oryoprosorva—
tion of rhesus monkey blood infootod with ~~ tsmodium laiowlosi.
Thoir findings showed that the optimal conditions fox’
oryopx’osorvation of tim red coil woro not thu bost for
preservation of a.ll stagos of tho parasite, Ring atago •

parasites in dimothyl aulphoxido survivod wall after
plunging into liquid nitx’ogon (N2), a procedure whichextensively damaged trophozoitos and sohizonts, The survival V~ :,

of txo~hozoitos and sohizonts was inox’oaeod by holding thorn
at .31 C for 30 minutes before plunging into liquid N2.

In this note tho preliminary results of oxtonding some
of the obsorv-ations of t!ilaon at a.l. (1977) to .~~~ faloiparum
are doe oribod, 

- -
—~ a— -s-— — -VV~~ ~~~~ -V - —
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flat eriala and Methods

Parpsjto

Blood oonta~iiing the ring stages of’ P.. faloiparum was
collootod from patients by vonopuncture into heparmnized
Ringer~s solution (Goiman at a.l., 1966) to give 10—17 i.v.of’ hopaz’in per nil. The donox’s wore mainly infants and
childron attending the out—patients clinic at the N.R.C.
Laboratories, The Gambia , and their parasitaemia varied from
O.~% to 10%, Tho infootod blood was waehod twico with

~odifiod medium 199 (Welloome) (Phillips et al., 1972) and
the packed rod coils ronuspondod in compatible Caucasian
sorum to give a 40% suspension of rod cells,

Tissue oulturo

Tho washed parasitized rod cells woro cultured oithor
in 21 flasks as described by Phillips at a.l. (1972) to
provide early sohizonts ox’ in microtissue trays as described
by Phillips at al. (1975). In somo oasee~ 3I~—isoleucine(o.~ or 1 ,~~i — spooifio activity 26 Ci ninol ) was addod
to dupiioato or triplicate wells, Samplos for microscopic
e~Am4fl~tiofl vox’o taken. Blood smears wox’o stained with
Giomsat e stain.

A sampio of’ oaoh isolates aftor washing, was put into
cultux’o and allowed to complete ono eohizogony and undergo
roin~~sion, The pax’nsitaomia obtained after roinvasion was
compared with that obtainod with the same isolate after
freezing and thawing.

P~ oozing and thawint~ proppduros

‘Iho washed and x’osuspendod red coils woro aliquotod in
0.25 ml amounts into 2 in]. .cro~r.-cappod etorilin propylene
tubes which wore 1:opt on ico, ~~ equal volumo of an ice—
cold solution of the oryoprotootive agont was added to oaoh
0,25 ml sample of pax’asitizod blood. Tho oryoprotoctonts
used wore 34% glycerol (v/v) (38 gin glycerol1 2.9 gm sorbitol
and 0.63 gin NaC1 in 100 ml distilled water) (Hitoboll at ai.,
1972), and dimothyl eulj,hoxido (DMsO) at 20%, 24% ox’ 30% - 

-

(v/v) in flingor’s solution (Goiman at a.l., 1966). The
• glycerol solution was addod drop—wino with gentle agitation,

DM30 was added rapidly to tho rod coils, Ring stage
parasitos wore plunged into liquid N2 within 10.-15 ininutosof’ addition of the ox’yoprotootcnt. Rod cells containing
oarly sohizonts, in ono case (Experiment ~o) tim parasites - S
in oithez’ giyoox’ol at 17% or D!ISO at 10, 12 and 15% were
frozen at approximately 1°C per minute to .-70°C and wore
then plunged into liquid N and in the other case
(Experiment 74) tim paraei~ on in either glycerol a.t 17% or S
DMSO at 10% wox’o oithor plunged into mothanol at .-25°C and
wore held at this tomporaturo for 15 minutes whereupon the
ampoulos woro plungod into liquid N2, ox’ wore plunged
directly into liquid 

~ 2• Thawing was oo.rriod out by
transferring tho tubes from liquid N to a 370C water—bath
on rapidly an possible and gontly agitating the tubo f ox’
one nminuto. Aftor thawing tho tubos wore spun at 250g fox’
3 minutes, the eupox’nataxit romovod and the coils were washed

-V - - -V -V--—- - .
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9.
by resuspension and contrifugation. There were 5 waeh~1ngstops as indicated below during which the ooncentration of
sorbitol was gradually reduood from 17.5% to zoro, Each
addition of tho washing solution wan made drop—wino with
gontlo agitation of’ tim rod coils, In each stop the
washing solutions wore added in sequence. The nox’bitoi was
made up in phosphate buff or saline, pH 7.2, and sterilized
by filtration, Between each step the red coils were
deposited by oontrifugation at 250g fox’ 3 minutos. Th~washing solutions wex’o kept ice cold.

Stop 1 2 ml 17.5% sorbitol (s) + 2 ml ~O% s
+ 2 nil 7.5% S.

Stop 2 1ml 10%S .~~2ml 7,5%S+2ml 5% S.

Step 3 1 m 1 7 . 5 % S + 2 m l 5 % S + 2 m i 2.5% 3.

Stop 4 1 mi 5%S+ 2n i i 2,5%S+2ml modiuin l99.

Stop 5  lm i 2,5%S+4mi modium l99.

After those five stops the parasitizod cells were washed
once more with modif’iod medium 199 and the packed coils
resuapondod in compatible Caucasian serum to 40% baomatoorit.
The optical density (at 412 nm) of’ the eupornatant was
moasux’od af’tor each oentrifugation,

Scintillation counting 
-

Tho procedure dosoribod by tfilson ut al. (1977) was used.

Rosulta

Ox’yoproaoz’yation of ring 8ta~ o pc*raaitos

More than 100 isolates of P~.. faloi~parum lmvo been
ox”yopreserv-od as part of a study on the effects of serum

H antibody on the growth and reinvasion of tho parasito in
• mioroculturos (Wilson and Phillips, 1976). To date, 18

isolates (atoroci in glycerol at 17% or DMSO at io% — eoo
bolow) have boon thawod end introduced into culture over a -H

• period of 12 months. Of’ thoso, 13 isolatos have givon -~

adoquato growth and roinvttnion rates insofar as the 4paraeitaomias aftor reinvasion in the miorooulturo woro
comparable for the samplos of tho isolato cultured before
and after freozing. In those isolates estimates of tho
viability of the thawed ring stages by oxamination of the
morphology of tho parasitos (in Giomsats stainod blood amoars )
immediately aftox’ thawing and aftor a poriod of growth in -

~ 
- 

-~~

oulturo indioatod that 4o~~0% of’ rings auryivod tho froozing
and thawing pr000es and grow normally. A proportion of
the rings wore apparently eubiotbaily damaged and woro
morphologioally abnormal aftor a poriod of’ growth in vitro S
(soo Table 3). In 3 of thoso 13 isolates, immaturo
gamotooytoe difforontiatod in cultures of tho thawed blood,

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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In the remaining 5 isolates less than 10% of the rings
were able to complete sohizogony with subsequent reinvasion.

Cryopreservatiou of red cells infected with early schizonts

Infected red cells with ring stages wore put into bulk
oulture (Phillips .t ai,, 1972) and grown to the early
achizont stages. The blood cells were then washed with
medium 199 and resuapendod in compatible Caucasian serum
prior to freezing samples of the isolate. A sample of the
resuspended blood cells was not frozen but was cultured in
microtitre trays.

• In both attempts to freeze sohizont infected cells,
the parasites after thawing showed no growth in culture.
The parasites when harvested from bulk culture and after

• washing put directly into microculturo continued to grow,
completed schizogony and z’oinvasion took place.

In Table 1 is given the optical density at 412 nm fox’
the aupornatants after th awing and during the washing
procedure fox’ Experiment 74, together with the red cell
count after tim washing coils had boon re~u~pended in
sorum. It can be soon that plunging the achizont..
infected blood into liquid N~, prosorvod almost 70% m ore
red coils than froozing to ..25°C before plunging into
liquid N2.

CryoDrotoctant

Comparison of glycerol at 17%, and DM30 at 10% ox’
12% as cryoprotoctant for ring atago parasitoe has not
shown any significant difforonco botwoen thorn. DMSO
at 15% gavo tho poorest viability . Moasuromont of’ the
optical donaity of’ the supox’natant during washing showod
that consistently thero was moro lysis associated with
DM30 than the glycorol although the amount of lysia in all
cases was small, Lysis in tho DIlSO prosorvod colls
appoarod to be a consoquonco of’ the rod coils clumping
after tho first and sooond wash. Tho clumped rod coils
roquirod more vigorous pipotting in order to rosuspend
thorn.

The rosulta of’ one experiment are given. Isolate
29 (parasitaemia 5.2% mid—ring stages) was collected, the
rod cells washed and x’osuspendod in Group B serum. A
sample was put into microculturo and the parasites wont
through achizogony approximately 36 hours later, After
4C hours of culturo roinvaaion had taken place and the
moan parasitaoinia of S microoulturea was 4.3%. Samples
wore snap frozen in D1IS0 ox’ glycerol as shown in Table 2.

Five days af’tor freezing a aamplo each of 29—l—>4
wero thawed, washed and put into miorooultux’o. 3ohizogony
occurred approximately ~6 hours lator, Paraaitaomias
after 71 hours in oulturo (Boo Pablo 2) suggested a highor
roinvasion rato in ~ax’asitos cryoprosorvod in glycox’oland IM IS O at 10%, iH-.isoloucino incorporation was also
highest in those parasito samplos. It has to bo noted 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~- - -~~~
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that observation on thawed parasites has shown that some
ring stage parasites grow only slowly after thawing end
fail to roach the maturo echizont stage. It is vory
likoly that thoso parasites do take up H—iøoiouoino
and hence ~~~~~~~~~~~~~ uptake can only bo en approximate
moasuro of parasite viability after froozing and thawing
and has to be combined with an assosamont of viability by
morphological appearance (uoo Pablo 3).

Discussion

Thoso preliminary results show that snap froozing
of ring stage parasites of’ P. f’alcip~~um in 17% glycorolor 10% DM30 followed by sorbitol washing to remove the
oryoprotoctant in about 70% of tho aainpioe tostod enabled
up to 40—50% of tho rings to continue growth up to the
schizont stages and undorgo x’oinvaaion, Similar
rosulta wore obtained by ~Jilaon ot al (1977) with
P. knowlosi in DM30 at 10%. Snap froozing has tho
advantagos of technical simplicity and of’ causing little
lysis of rod colls. It is not possible to say why
in a small numnbor of isolatos froozing and thawing
causod tim death of 90% or more of’ the ring etago
parasites . It will be nocossary to make a moro dotailod
oxamination of the optimal froozing conditions, rato
of’ addition of cryoprotoctant, tomporaturo at which
parasites aro hold whon oryoprotoctant is addod, and
the interval botwoon addition of cryoproteotant and
plunging into liquid 112•

Our vory proliminary attempts to cryoproaorvo ear ly
sohizonts were unaucoosaful but furthor studies are
noodod boforo any conclusions can be drawn.

l’tiison ot al. (1977) roviowod tho litoraturo on
froozing and thawing intra orythrooytic malaria parasitos
and they point out that syatomatic study of tim various
factors involvod in oryoprosorvation of malaria •parasitos
has not boon caz’riod out. Pavanana ot al. (1974)
washod ring stages of P. falciparurn with Tyrodos solution
and cryoprosorvod thorn directly in liquid I

~2 
with 8%,

12% or 15% D1.130 as cryoprotoctant. Tho parasites woro
somi—thawod in a 56°C watorbath and thou added to 5%
glucoso in salino, tlashing was corapiotod in isotonic
saline, Thoso workers, from thoir publishod figuros,
indicate almost 100% survival of the parasitos after
froozing in 12% DM30 and thiawing although tiloy do noto
finding dogonorato pcrasitoa in somo culturos, Haynos
ot al. (197S) also used a high giycoroi concentration for
oryoprosorving P. faloijarum and f’rozo tho parasitos to
—70°C in a mochanioai~freozor bolero transferring toliquid N2. Thoy ostirnatod that 20—30% of’ ring atago
parasiton survivod froozing and thawing, a figure moro
similar to thoso roportod by oursolvos. Tim advantage
of plunging into liquid N2 rathor than alowor froozingratos is tho rolativoly small dogroo of rod coil lysis
associated with it,

- - - - 
-
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Further work is dirootod towards developing a moro
rapid washing proooduro using sorbitol or altornativoly
using hypertonic salt solution (Morynrnn & Hornblowor,
1977), and -~o oxamnining procoduros which pormit survivalof’ larger intracellular stages.
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13.

TABLE 3

% Viable Parasitos (by morphology )
; Isolate No, ~

- - .  -

— - - 0 (hours) 18 (hours )

113 58 41

114 43 45

115 33 42

US 55 
I

Viability of frozon and thawed
P. fplciparum parasitos

I -

‘.4
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In vitro culture of P. malariao

In the Gambia clinical cases of malaria are predominantly
causod by P. faloiparumn. A sprinkling of cases of
P. malariao aro soon and in thoso oaeoa the paraeitaomia is
rarely above 0.025%. A case of quartan malaria proaontod
in which tim porasitaemnia was unusually high, approximately
0.23%, and tho opportunity was taken to observe tho growth
of tho parasito in microoulturo. Tho patient, an 8 yoar
old girl, was subsequently found to be infoctod with
p. falciixtrum at a baroly dot octablo lovol.

— 
Tho patient was bled, tho blood washod and reauspondod

in compatible sorum as do~cribod oarlior and 5 or l0~Ll ofzosuspondod rod coils put into wolls of mi.~rotisouo culturotrays containing 250)~l of supplozaontod medium 199 with 5mMHopos addod. Th2 trays wore incubatod at 370C in 5% 002in air. 0.5~&Ci iH~iso1ouoino was added to two woila
containing lOPi of’ blood at 23201i on day 0 and tho coils
woro harvoetod on day 1 at 1200h. Tho. growth of tim
parasitos in culturo is shown in Table 4 • Tho growth of
the parasitos followed a similar courso in voile containing
5 or 1OIU of washed rod cells. It can bo soon that
P. malariac parasitos completed growth to the inaturo achizont
atago when individual morozoitos voro cloariy disoornibie
(daisy—hoad or roootto), over a poriod of 3 days. None of
the immturo achizonta soon had moro than 0 morozoitos. At
tim start of the oulturo a singlo P. falciparumn ring stage
was soon in 8000 rod coils and later on day 0 two early
trophozoitos of P. faiciparum t-roro soon in tho tail of tho
smoar. At 2200h on day 1 young rings woro prosont, often
more than one ring por rod coil, indicating reinvasion had
occurrod. It was not poasiblo to dotormino for suro at
that timo whether the young rings woro those of’ P. malariao or
P. faloiparum. As the culture continued it bocamo d oer
that tho majority of tim young rings woro P. falcipaxum.
This brood of . pox asitos aubsoquontly wont through sohizogony
bot’woon days 4 and 5 to givo a third generation of
P. falcipartun rings in tiio oulturo, On days 4 and 5, of’ the
parasites to bo soon, a small proportion woro P. malaria.o,
mainly trophozoito atagos. It was impossiblo to say
whothor those P~~ malpriao parasitos wore a oocond gonoration

• derivod from tim sohizont—infoctoct coils soon to bo
maturing oarlior in tho culturo or if they woro vory slowly
growing P. malariao parasitos introducod into oulturo as
rings. It was clear that any roinvasion by ?. malariao was
minimal. From day ~S the culturos doclinod, By day 10
only a vory fow P. faloiparuin parasitos of all stagoo,
including gamnotocytos, woro to be found in tim smoara.

Tho incorporation of 31I—isoloucino is givon in Pablo 5.
Tho amount of incorporation was vory similar to that in a
porallol culturo of’ P. faloiparumn sot up at the eamo. timo,
In this lattor culturo tilO infootod blood contained 4,4%
young rings.
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Incorporation of’ 3H—iaolouoino by i,~ analariao

Incorporation of 3H-iaoloucino I -

~o,p.m. 2 x

Culture
1 2 1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - -

P. malariao 2,9 3.2

P. fa1eiim~ru~ 3.0 3.3

a

*05 ~Ci added Day 0 2245 bra, and
coils harvoatod Day 1 1200 bra



Disoussion

Thie oiu. attompt to culturo P. maleriao demonstrated
that conditions which woro satisfactory for the culturo of
P. faloiparum (the multiplication rato for P. falciparum
after its first sohizogony ~~~vitro was more tliz*n ton timos)poz’mittod growth of P. malaxit.o to the mature schizont atago
but fow of the inorozoitoi on roloaso wore able to invado
~od cells. It is vary liloly that the incorporation of’
~H—isoloucino was prodominantly by 

P
• malariao as a .parollol

P. falciparujn oulturo with a iiigbor paruaitaomia (4.4%
comparod with 0,275%) gave a similar dogroo of’ incorporation
and oach P. malariao paraaito incorporatod moro radiolabol
than individual P falcipnrum.

• The author has not found any rocord of othor attempts
to grow P. malariao in vitro. Txigg (1968) roportod
attornpts to grow P

.. inui in culture, P. inui, a simian
parasite, liko P. malariao has a 72-hour asoxual growth
cycle in tim rod coils. Trigg found growth of’ P. inui
to tho achi~ont etago but littlo reinvasion took place .P.~ malarico is said to invado matux’o rod coils
proforontially. It is unlikoly thoroforo that tho fai uro
to invado is tho result of unauitablo rod coils boing
available in cultur o~ Two attempts by tho author to
grow P., vivax in vitro in potri dishes following Tragor
and Jonson’s procoduro (Tragor & Jon aon, 1976) gave growth
of the parasite to tim achi~ont stage but with littloinvasion. P. vivax has a preference for immature rod cells
and for this reason may be difficult to grow in culture
withcut a supply of blood with a high rotioulocyto count.

Ocunpios of’ the .~~~ malaria.o inf’octod blood usod above
wore oryoprosox’vod and at a lator dato will bo thawed
and oulturod by the Tragor end Jonaon procoduro (1976).

I

F;
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Difforontjatjon of’ ~amotooytes in rnicroculturesof’ human blood infected with Plasmodium I’alciparum

(with Dr R,J,14, tlilaon)

As the early stages of gumetocytogonosis of’ Plasmodi~~falciparum are soquostorod in the apleon and bone—marrow
(Thomson & Robertson, 1935; Garuham, 1966) and are rarely
soon in poriphoral blood smears~ observations on gametocyto
dovoiopmont in cultures o.~ infootod peripheral blood are ofespecial- interest.

Row (1920) first described tim appearance and early
dovolopmont of the gaznotooytos of i.~ falciparum in blood
cultures using tho toclmd.4u3 of Bass and Johns (1912).
Since then sovoral wox’lcern (Tragor , 1971; Haynes ot al.,
1976; Mitoholl ot al,, 1976; Phillips et al., 1976;
Smalley, 1976; Tragor & Jonson, 1976) Irnvo briofly roportod
the appoaranco of gamotocytos in other forms of cultures of
P. falciparuin infected blood. Observations on tim dovolopmont
of gamotocytos in microtiaauo cultures (Phillips ot ai., 1975)
of peripheral blood from Gambien chulth’on infected with
P. faloiparuin woro roportod by Phillips ot al. (1976) and
Smalley (1973) and in a provious Annual floport (DAJA 37—73
C3492). Sinalloy (1976) notod that the dovolopment of’ ring
stages to morphoiogicaliy mature ganotocytos took about 10 a

days in vitro as seems also to be tho caso in vivo (Giarrthtun,
1976; Hawlcing et al., 1971). In the following account,
experiments aro dosoribod which show that gainotocytos of
P. falciparuin can develop both from ring stage parasitos
introduced into culturo and also from morozoitos roloasod
during subsoquont sohizogonios in vitro. Preliminary
observations on the incorporation of ~H—iaoioucino by
gcunotocytos of ~~ falciparum in vitro arc also described.

During the rainy season months of August, Soptomber
and October, blood containing ring..stago parasitos but not
dotoctablo gamotocytos of P. falciparum woro collected by
vonopunoturo from Gambian ohildron into hoparinizod Ringor ’s
solution (17 i.v./ml blood).

Uninfoctod blood was oollootod from tho umbilical cord
of Gainbian nowborna at the Royal Victoria Hospital, Banjul.
Those etunpios contained 90—95% rod oo11~ with haemoglobin F
(Hb F), as dotorminod by the acid—olution technique of
Kloihauer ot al. (1957).

Blood was cultured in 96~woll flat—bottomod iniorotissueculture trays (~oe 1 below) or in 2—litre flasks (~ oo 2 below).
The modium was TC— 199 supplomonted as described by Phillips
et al, (1972). Hopos at 5m1-I was also added to the medium in
some exporimonta. Tho culturos voro gassed with 5% CO2 

- 
-

in air.

In cultures of 4.5, 6, or 10 days duration, gamot.ocytoa
woro obsorvod at tim ond of tho culture in 14 out of 42,
2 out of’ 3, and 7 out of’ C oulturos roapootivoly. 

- ~~~~~ —~~~
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i) Ring stago parasitos transforrod dirootly into mioroculturo

In initial experiments, lO$~l of wholo hoparinizod blood was
addod to 25O~l supplomontod TC—l99 in oaoli wall of tho tray.
Our rocommondod practice no~•r is first to romovo the plasma,
wash the rod oolls twico with Hopes—buffered P0-199, and
ro8uspen.d tho packed washod coils to the approximate blood
volu~no (40% haomotoorit) in Caucasian AD, A or B serum as
appropriato. Subsequently, 1Oj~i of the washed and resusponded
cells aro addod to oaoh woll,

2) Suboulturo into inicroculturos

Largor volumes of infoctod blood wore first cultured for
12—24 hours in 2—litro flasks (Phillips ot al., 1972). At
the schizont stago the coils wore removed and schizont—infoctod
rod coils wore concentrated uain~ Piasmagol (3% v/v golatin —

Laboratoiro Roger Eoiion,I-Touilly) (Pasvoi ot a].., 1973) as
follows, L~rythrocytos and sohizonts, soparatod from tho
culturo medium by contrifugation (250g for 5 mm ), wore
rosuspondod to a haoinatocrit of 40% with supplomontod P0-199
in a l5ml contrifugo tubo. The rasuapondod coils wore mixod
with half their voluxiio of’ plasmagol and loft to stand for 15
mm at 37°C. After sedimentation two distinct phases woro
viaibio with tim schizont—infoctod red coils concontratod
(50—90%) in the uppor layox’. Tho ooncontrated parasitizod rod
coils wero washed with medium 199 and rosuapondod in
Caucasian sorum as dosoribod abovo bof’ore addition to the
inicroculturos.

3) Addition of cord blood coils

In ordor to demonstrate that garnet ocytos diffox’ontiato
from morozoitos roioaaod during sohizogony in vitro, washod
cord blood coils wore addod to infected blood shortly beforo
sohizogony in vitro, Parasites, including gamotocytea,
subsequently found in Hb F—containing coils must dovolop from
morozoitos roloasod in vitro (Diggs ot a]., 1971; Pasvol ot al.,
1976),

Incorporation of 3H—iaoloucino

Small and mid~ring forms of’ parasites wore rosuapondod
in AD serum and lOpi woro placed in microtiasuo cuitux’o wolis -

•

containing 200111 supplomoz~tod TC—199, 4O~z1 AD aorum, and 10111
TC—199 containing 0,5~Ci -~H—isoloucino (26 ci/mmol —
fladiochomical Centre, Amorshain). Smoars woro made of’ the
cultured coils at intorvals until tormination of tho culture.
Tho smoars wore fixed, washod twice in methanol, and
autoradiographod by dipping in Ilf’ord Nucloar ornulsion (ics)
as doscribod by Uilson (1974). The autoradiographs wore
developed aftor one week’s oxposuro and woro stained with
Giomsat e stain. Deetaining of tho emulsion was assistod by
dipping in a 1:3 mixturo of othanol and phosphato buf for.
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Size distribution of gametocytes

Giemsa—stained parasites were photographed on 35 mm film
(Recordaic iMic~ ofile t) at a magnification of approximately X530,
Infected cells were photographed at random in succea~ ivemicroscopical fields except that only cells containing a single
parasite were selected. Negative images were enlarged ten
times and parasite outlines traced onto graph paper. Relative
growth measurements were made by cutting out and weighing the
images (Wilson et a1., 1977).

Results

Development of gametocytes from ring~stage parasites introduced
into micreculture

The time course of the development of’ gametocytes from mid—
ring forms of parasites in a mioroculture is summarised in
Table 6. Immature gametocytes could be distinguished from
late trophozoites after 42 hours of cul-’ure, when schizogony and
reinvasiou wa~ complete and immature gametocytes were easily
recognisabie as oral—shaped parasites with pigment
characteristically splinter—like. The chromatin was apparently
dispersed along the longitudinal axis, The subsequent
development of’ the gametocytes was one of elongation,
maintaining an oral shape although in some cases one side of
the garnet ocyte was straight rather than bowed. By 113 hours
both elongate gametocytos and shorter, less mature ones were
present . After 220 hours morphoiogicaily mature gametocytea
were seen.

Development of gainetocytes from merozoites released in vitro

In a number of cultures of 8 or more days duration in
which gametocytes differentiated , it was found that they were —

either first detected at the end of the culture when the
parasites had completed two asexual cycles, or that the number
of’ gametooytes inoreasod between days 4 and 8 of the culture.
Both these observations suggested that gametocytes could
develop from morozoitos released in vitro. An experiment
that shows this is summarised in Table 7, Gametooytes were I -

not detected until 125 hours when the parasites bad undergone
two asexual cycles in vitro; the gametocytes were immature
and so scanty that they could only be dotected in the tail of
the smears, As gametocytea that develop in culture from
ring stages can be distinguished within 50—60 hours , it is
likely that immature gametocytea first seen at 125 hours had
developed from merozoitos released at the first schizogony
and reinvasion in vitro, The increased numbers of immature - -~
garnetocytes seen at 191 hours could be attributed to
differentiation of gametooytea from morozoites released after
about 100 hours of culture.

-- --~~ ~~- --— - - p_ - _ _ _-_~~~~ —~~ —- -- - -.- -
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TABLE 6

Dpvelopm’nt of’ gamotpcytes directly from ring~
introduced into miorocuiture~~~

Time Stage of Parasito No. of Parasites
red /100

R P S G cells r,b,c. ’s

0 28 485 5.7

30 6 36 765 5.5

42 Schizogony and reinvasion

~4(2) 54 + 313 17.25

~~~~ 43 + 450 9.5

90(4) 18 25 2 425 10.6

16 13 7 4 488 8.2

+ ~ garnetocytes present;

R =r i n g s;

P = tx’ophozoites;

S schizonts;

G = gametocytes.

(i) Each parasite count is representative of’ 2 ox’ 3
microculturoe.

(2) Two early gamotocytes detectted in 40 fields (approximately
4,000 x’od cells).

(~3) Occasional sohizon t and tz’ophozoite present. Gametooytes
easily detected — 6 gwnotooytos in 5, 100 red cells. - :

(4) Gamotocytee present — 7 in 6,400 rod cells.

(
~

) Gametocytee present — some clearly more mature than
others — 30 in 9,400 rod cells.

- —---—---- - - - —---- - - -~~~~~~~ ------- —-— ~~~~~~~~~~~~ — ——- — ---~~------ —~~~~~~
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TABLE 7 -

Development of gametocytes from morozoites

released in vitro

Ti Stage of Parasite No, of’ Parasites
rod /100

V ‘ R T 5 G cells

2 24 538 4.4

36 Schizogony and reinvasion 
-

81 1 27 496

101 Sohizogony and x’eiuvaeion

l23~
’
~ 13 2 + 449 3.3

150 Schizogony and reinvasion

192(2) 9 10 1 320 5.9

I 
- !

Parasite stages abbreviated as in Table 6

(i) No gametocytos in 50 fields in middle of’ smears
occasional immature gametocyte in tail of smear. 4 - 

-
~

~~

(2) Eleven gametocytes in 50 fields; mainly early -

gametocytos with a few more mature forms,

a - . -

I-’,’
,

I ~
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Development of’ gamotogytos in I-IbF—oontainjng cells

In the oxporiment sun~narieod in Pablo 8, schizont—
infected blood px’oparod by plasmagel concentration was mixed
with cord blood to givo a 1:20 ratio of’ ilbA:HbF containing
red cells. Sohizogony and roinvasion commenced within a few
hours of tho culture being sot up. By 77 hours a second
sohizogony had occurred and early gametocytos voro prosont,
both in rod coils containing HbA and in those containing HbF,
After 170 hours in culture, 200111 of’ modium was replacod
whon the supornatant fluid in the cultures wore clearly acid.
At 170 hours and 210 hours gamotocytos at different stages in
devoiopmont could be distinguished; froquontly two gamoto—
cytes, and vox’y occasionally three, wore present in a single
red coll, At this time, all the asexual forms in this
particular experiment had died. The gainotooytea in the HbA
rod cells wore frequently bigger and further developed than
those of’ i-mi~’ cells (see Fig. 1). This provides further
evidence that fetal red coils provide a loss favourable
onvironinont for the growth of -rho parasito (Digge ot al., 1971;
Pasvol ot al,, 1976; ~iilson ot a]., 1977). The possibility
that tho larger gametocytos in the HbA coils wore dorived
from the original inoculum and not from the parasites that
invaded HbF-containing oell~ can be excluded for the following
two reasons, First, the oultux’e (see Table 8) was inoculated
with a plasma gel layer and no immature gamotocytos woro
evident amongst tho concentrated schizonts . Secondly, oven
if’ gamotooytes had been present in the plasma gel layer they
would have boon morphologically distinguishablo by the time
of the first schizogony in vitro and no such forms wore seen.

Incorporation of 3H—isoloucj.no by differentiating gamotocytes

Gamotocytes differentiated from mid—rf.ag-stago parasites
in a culture containing 3H—isoleucino. At intervals up to
81 hours smears were made and autoradiographod. Grain counts
at selected times (Pablo 9) indicatod that tho isotopo was
incorporated into both asexual and soxual stages. During
the first 60 hours of’ oulturo, lose isoloucine was incorporated
per coll by gamotooytos than by asexual forms.

After 81 hours of culture many asoxual forms appeared to
be dead but grain counts f or intact sohizonts at this time
dif’ferod little from maximum valuos roachod by echizonta at
oarliex’ times. By contrast, gcunotooytos and a slowly
crowing now brood of’ rings had continued to incorporate
~~~~~~~~~~~~~~ The preparations did not permit morphologioal
distinction betwoon micro— and rnacrogtunotocytes,

• Discussion

Tho early stages in tho differentiation of gamotocytos
of P. fa.l?imarum from merozoitos do not usually occur in the
poriphora]. blood but in the sploon and bone marrow and
morphologically maturo or nearly maturo gamotocytos are only
released into the peripheral circulation after 9 or 10 day.
(Garnlmm, 1966). Aftor 9 days in culture, gamotooytos were
present that had assumod the appearance of mature go.motocytoe

4 (althou gh their inf’ootivity to moequitoos and the ability of
tho miorogamotocytos to exflagollato wore not toetod).

- -
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TABLE 8

l4iox’ooulturo of’ .~~~ faloiparum in tho

prosonce of rod colls containing HbF

No. of ParasitesTime rod ,lOO
/ T S G cells x’.b.o, s

0 18 531 3.4

Sohizogony ~nd reinvasion

17 120 
- 

1064 12.0

56 54 532 10.2

Schizog~ny and roinvasion

77 39 13 6 1 878 6.9

89 8 11 3 9 862 3.6

170 (Asexual stages doad) 16 2000 0.8

216 “ 17 
• 
2000 0.9

296 8 1000 0.8

k
Parasito stagee abbroviatod as in
Tablo 6.

1- 

~~-~~~~~~-~~~~~—  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~-—— ~~~~~~~ 
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— TABLE 9

Grain counts from autoradio~raphs showing the
incorporation of .ilI_isoloucino by differentiating

~~~~otocytos

Timo Stage of Parasite
V Gonoration 1 Goneration 2 j -

,
~
hr; R P S G R

9 3.6~~~2.73 • 
. .. 

-

17 7.5 
~ 
2,30

24 8.3 
~ 

3.14

67 ~~~~ + 
6 ,39 22.9 ÷ 5.26 3.6 + 0.70

81 34.5 .~ 7.43 30.1 •~~ 3.80 6.8 ± 1.94

(Each grain count is moan of 10 parasites ± standard
deviation)

Parasite stages abbroviated as in Table 6

‘
Ii

-4
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Although gamotocytos may grow moro elowijt.. in vitro, our
results suggest that the ostimate of about 9—12 days (Garnhtun,
1966; Smalloy, 1976) for the maturation of P. falciparum
gainotocytos is roasonablo. A shorter maturation poriod
has boon auggoatod by Mitchell at al. (1976). It is clear
from Sinalloy’e (1976) and our observations that the first
24—30 hours of ge.motooyte growth occurs in tho peripheral
blood and that at the and of thi8 period sexual forms in
common with lato rings withdraw to the deeper tissues.

Tho morphology of the dovoloping gamotocytos in Giomsat s
stainod amoar s ie broadly similar to that described by

• oarLier workors (Thoms on ~ Robertson, 1935), although
have not noted any so-callod Garnham bodios, i.o. thick
filaments occasionally prosont as inclusions in the rod cell,
together with dovoloping gamotocytos (Garrthain, 1966).
Dospito their stunted growth in fetal rod coils, gamotocyto -

characteristics, such as elongation and splintor—liko
pigment formation woro apparont.

Nono of the parasito donors f’or the oxperinonta
dosoribod abovo carried dotootablo gamotocytoe in their
poriphoral blood whon thoy wore bled (whore gamotocytos
woro present in peripheral blood at blooding further
gamotocytos difforontiatod in culturo). In some of’ our
cultures, gamotocytos difforontiatod dirootiy from rings
put into culture and a f’urthor generation of gametocytos
subsoquontly dovolopod from merozoitos roloasod during the
complotion of an asexual cyclo in vitro. In other culturos,
gamotocytos wore dotootod after 7 or 8 days incubation but
not oarlier, Therefore in the former group of’ oulturos it
is likely that tho initiation of gainotocytogonosis occurred
in vivo and once started the procoas continuod in vitro.
In th~~ latter cultures, although tho stimuli for garnotocytos
dovolopmont again may have boon rocoivod in vi,~~~ it is also

— possibio that it occurrod in vitro. Uo have no information
as to the nature of the initiatory procoss othor than to
comment that tho conditions in somo of the long term
culturos booamo advorso to parasitos in the aeoxual cycle;
tho culture modium boctune very- acid and the asoxual stagos
of the parasito wore either doad or their numbers had fallen
substantially. Recently, Carter & Beach (1977) roported
that gamotocytos which dovo].opod long term cultures of j

• P. f’alciparum could bo induced to oxflagollato. The numbers
of tho maturo gamotooytos wore particularly high in oulturos
in which tho serum cent ont of’ the culture medium had boon
changed from 10% to 50%. They suggest that high sorum

4 

- content and prolonged maintenance of culturos for at loast
- • two wooke may bo important in the production of mature

- - l gamotocytos.

It is not clotu’ from our preliminary oxporimont with
~M—ieoloucino whothor gamotocytea roquiro loss isoloucina than
asexual forms or if tho latter simply grow moro quickly.
Microculturos , however, provide a moans to compare such
aspects of’ tito motabolism of both forms as well as to
investigate othor aspects of tho biology of gaimotooytos,
e.g. on analysis of the prooossoa which initiate gamotocyto—
genesis or of the changos in tho maturing garnotocytos which
result Lu their x’oloaso into tho peripheral circulation.

_ _  -- 
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Further, if mature gwnotooytos could be grown in vitro, they
could be usod for infecting mosquitoes for aporozoito
production.

It was reported by Haynos cit al. (1976) and olaowhere
in this report that tho gainotocytos of P. talciparum can
differentiate in culturo from cryopx’osorved bloods
Cryoprosorvod blood, theroforo, could be used to carry out
some of tho invostigationa outlinod above.

I

J

I

. 
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~xpez’iments with Pi.asrnodium talc iparum

In the two previous Annual Reports short—term culture of
P. fa3jJ~parum from Gainbian obildren was described. Miorotissue
culture ttays were used for eramining the effect of sera from
immune adult Gambiane on the growth and multiplication of the
parasite’ in vitro, A high proportion of the sara had relatively
little in1~ibitory’-activity on P. falciparum parasites from
variOus ~~ f éoted infants and children, It was suggested that
one possible reason for the lack of inhibitory antibody activity
in so many aera was that within th. locality in the Gambia where
parasites and sora were collected populations of P. falciparum
existed which represented a range of antigenic types and that
the detectable antibody response of an individual to epeoifio
populations of P. falcipo,rum nay be short lasting. In order
to relate an antibody reponse to a particular population of
parasites, P. falcipux’um infected blood was cryoproservod while
the patient ’ e poraeitaemia declined following minimal ohioroquine
adm inistration and the antibody response to the parasites
developed. Two or three weeks aft or chemotherapy a further
serum sample was collected from the patient. This latter serum
sample and one collected at the time the infected blood was
drawn were then compared for their inhibitory activity agairet - 

-

the oryopreserved blood after it had boon thawed out and put
into miorooulturoa, Preliminary results of this experimental
approach were described in the previous Annual Report and in
Nature (1976, Nature 263, 132). In the present investigation
it was planned to extend those observations . First, the
procedure for oz’yopx’esorving P. falciparum infected blood was
improved as described below . Soundly, about 100 samples
(isolates ) of infected blood were oryopreserved. and serum
samples obtained at the time the infeetod blood was collected.
The patients were usually given ohloz’oquine (5 mg base per kg)
and asked to return 2 or 3 weeks later to provide a further
serum sample, Approximately 47% of the patients returned and
of’ these 26% refused to give a. second blood sample. The
procedure for collecting, washing and resuspending the blood
coils in Caucasian serum is described below, For’ each isolate
collected samples wore oryopresexved and a sample was put into
miorooulture and the growth of the parasite followed by it.
morphological appearance in Giomsa’ a stained blood smears and
by the level of’ incorporation 30—isolouoine over a 12—hour
period before and after reinvasion (Wilson and Phillips, 1976;
Annual Report DAJA 37..75 C1620).

Of the 100 isolates of P. faloiperum infeoted blood
collected, which included two isolates from each of two
individuals on different occasions, 87% grew from ring to
sohizont stage and imdox’wont xoinvasion and made significant
incorporation of 3H—iaoleuoino before and after roinvasion,
Of the remaining isolates, 80% made little growth and the rest
grew up to the schizont stage but failed to reinvade.

Shortly before this period of investigation was started, -~~ ~~

Trager and Jonsen (1976) described their procedure for the
contunous culture of’ P. f’alciparum using the candle jar technique. ~ -

Dr Wilson and I docidod, therefore, that it would be useful j
to gain experience with Trager and Jensen’s culture procedure
and in due course assess the ability of many of our samples
to adapt to continuous culturo ao well cc teat the inhibitory
activity of sara from children before and after recovery from
tb mir malaria infection. After a number of attompte over a

—- -~~~~~ _ _
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period of months , Dr Wils on has now succeeded in culturing two
Gambian isolates continuously for more than two months. It
is hoped that now the technique for continuous culture has been
established further Gambian samples can now be tested.

i~elatively few of’ tho isolates have so far been tested.
The procedure was similar to that described in the previous
Annual Report. The cryoproaerved infected blood was thawed,
vashod, and tho blood cells resuspended in compatible Caucasian
-3orum, Ton miorolitros of the resuspended wore put into
microtissuo culturo trays in supplemented medium 199. Serum,
either 50 ~Ll or 100 ~1, was added to the wolla in the tray atthe start of the culture ox’ when the parasites had grown to
tx’ophozoito or early sohizont stage. The total volume of

- - each iniorotissue was 260 ~l. Parasites wore grown in aera
from the donor of the parasites (homologous sora) or sera
from other donors (hoterologous sexa), The sez’a from patients
2 or 3 weeks af ter treatment are referred to as roturn sera.
The effect of’ the various sera on the parasitos was determined

— by measuring the multiplication rate from Giomsa’s stained
bloo4 smosra aftor sohizogony and reinvasion and by measuring
the —~H.-isolouoine uptake in the oultux’os over a 12—18 hour
poriod after reinvasion has occurred.

The results to dato are summarised in Thblo 10 and they
show a similar picture to the previously reported preliminary
results, Many of the return sera showed some inhibitory
activity both against homologous and hoterol.ogous parasite
populations. There wore again some unexpected results.
With parasite populations 80 and 87 (both thawed and cultured
on the samo day) four of the return aera tested gave enhanced
3H—iaoleucine uptake after reinvesion.

Testing of furthox’ return sora is in progress. 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~---~~~~~~~~~~ -~~---~~~~~~~~~~~~ -
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TABLE 10

Snm nddad to the wolla at the star t of’ the F
m3.ox’ocultures or within 19 hours before

roinvas ion had oonnnonood

3H—isolouoine 3H—isoleuoine

** incorporation incorporation
Coils Serum (iii) as % of Coils Serum as % of

homologous homologous
serum serum

18 148—i 100 100 102 102—1 100
48—2 100 38.5 102—2 69.2
75—2 100 38,5 96—1 176.9

B control 100 77 96—2 88.5
26—1 115.3

62 62—1 (ioo) 100 26—2 100.

48—2 (ioo) 76,5 80 80—1 100

41 41 (100) 100

6121 (100) 23—1 360 - -

61—2 (ioo) 40,0 87 87—1 100
*52 100 119.2

AB ~~~~~ 90 l3.:~

* 82—1 173
75 751 100

75~2 108
AB 108 52 52~l 100

96 96..1 100 .

26—2 38.7 78.4
• 66— 1 75.6 I 

-

G6— 2 43e 2

*Sore added when roinvaaion underway

p1 unless otherwise stated -
~~~

i i  
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Part II
Immuni ty to flodent Malaria Parasites

Introduction

The work described in this roport is a continuation of
the study described in tho Annual Roport for Contract DMA
37—73~ C3492 and Contract DAJA 37—75~Cl620. Four lines of
investigation have been pursued:

a. investigation of the lymphoid cells
involved in immunity to raurino malaria;

— 
- - b. the affects of irradiation on the course

of Plasmodium chabaudi infectious;

c. antibody—mediated cellular cytotoxicity in
maleriouo mico;

d, further experiments on immunization.

The results from each aroc of investigation will be described,
and the conclusions arising from each will bo drawn together
in a concluding section.

Matorial and mothods — general considerations

Parasite Plasmodium chabaudi (A/ s strain) was cloned and
supplied by Dr D. Wallikor , University of Edinburgli. In
C57B1 and NIH mice of 6 weoks and oldor this parasite producos
a primary parasitaomia lasting 10—1l~ days with a pock parasitaomia
in the range of’ 25 to 75%. Following the primary parasitaoznia
thoro cro occasional patent relapses and 8—10 weeks after
infection most of the mice achieve a sterilo cure. In our
laboratory the asexual blood stage of the parasite grow
synchronously, schizogony occurring around midnight. Late
trophozoite and schizont stagos tond to loave the peripheral
circulation .

Parasitized blood is stored at —70°C or at ,i.1980C using=
glycorol at a final concentration of 17.5% as a cryoprotective
agent. Cryopresorved blood was thawed in a 37°C water bath
and injected into mico. Subpassages wore subsequently made
every 3 or 4 days until the pax’aaitaomia was patent.

Heparin at a final concentration of 10—17 i.u./ml blood
was usod as tho anticoagulant and dilutions of inf ected blood -

~ 
-

wore made in Honks ’ balanced salt solution or tissue culturo
modium as indicatod. - - 

-

Paraaitaemiae were assessed by examination of tail blood
smears stained with Gie~sa ’s stain and recorded as parasitized
red coils por 10q or i0~ rod cells, Mice wore injoctod with

• ~arasitizod red cells intraperitonoally (i.p.) or intravenously
(i.v.) as indicatod in the text. All infections were
initiated with infected red cells.

1 ?  
~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~-~~ -~~~~~~- -— ~~~~~~~~~~~~~~~~- - - -
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Mice

Three inbred strains of mice were used at different times.
C57B1 mice were supplied by Centre for Tropical Medicine,
Easter Bush , East Lothian, and NIH mice by Anglia Laboratories.
A~,G mice are bred in the Department of Zoology, University of
GThsgow.

All mice wore fed on Oxoid diet 41B and food and wateS
were given ad libitum. They ware maintained at around 22 C
with 12 hours light from 0800 to 2000 hours.

Antibody dependent cellular cytotoxicity during
malaria infections

A mechanism which may be involved in the death of malaria
parasites is antibody—dependent cellular cytotoxicity (ADcc),
a non—specific cytotoxic reaction of lymphoid cells on target
cells in the presence of antibody directed against the target

• coil (MacLonnan & Harding, 1970; Perlmann & Perlinann, 1970;
Perlmatm, 1975). The effector cells are apparently non—
phagocytic, non—adherent lymphocytic cel1.s (Perlmonn &
Perlmcnn, 1970; Calder et al., 1974; Sanderson & Taylor ,
1976) and are referred to as IC cells. There is evidence
that K cells are neither B cells (Wisloff & Freland, 1973;
Calder et al., 19714) not T cells (Van Boxel el. al,, 1972)
and may belong to the population of null, cells (Greenberg
et al., 1973) which exists in tho lymph nodos and spleen of
normal animals (Stob o, talai & Paul, 1972). IgG antibody
is required for ADCC (Calcier et al., 1974). Immune complexes
containing IgG may inhibit the reaction (Jewell & MacLennan,
1973).

The activity of K cells may be important in the control
of tumour development in mice (Ghaffer, Calder & Irvine, 1976)
and also in auto—immune disease (Calder et al., 1973).

We have carried out a preliminary study to look f or
evidence of altered K cell numbers in the spleons of mice
during a P. chabaudi infection. Chicken red blood cells
(cRBcs) as the target cells have been used successfully in
assaying K cell activity of mouse spleen cells (Gliaf fer ,
Calder & Irvine, 1976) and were used in our study.

Assay procedure for K cell activity

Suspensions of mouse spleen cells in Medium 199 containing -
~ 

-
~

5% foetal calf serum (5% FCS—l99) were prepared as described
previously (Annual Report DAJA 3 7—75—C1620), and incubated
in 9 cm sterile plastic petri dishes (Storilin) for 2 hours
at 370C in air. At the end of this period the non—adherent
cells were removed from the petri dishes, washed and
resuspended in 5% FCS—l99.

Blood was drawn into a hepaririized syringe (io i.v. -
I :• heparin/ml blood) from 6—12 weeks old Leghora chickens and

the blood cells washed three timos in phosplm~e buffered
saline (PBs), pH 7,2 A suspension of 2 x 10 CRBCS/ml in
PBS was prepared 0.1 ml of this suspension was added to
0.1 ml of 100 ~Ci -‘ Cr labelled sodium chromate (Radiochemicals ,
Amersham, specific activity in the range 100—350 pCi/mg
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cldut’on of antiserum

Figure 2. Antibody—dependent cytotoxicity of’ pooled spleen cells I)
from two C57B1 mice . Cultures containing 2 x 106 splenic

74lymphoid cells were incubated at 37 C with 5 x 10 CRBCS
labelled with •51Cr, in the presence of rabbit anti—CRBC
serum at concentrations of l0~~ , lO~~ , lO~~ and ~~~~~~~~ ~~~

normal rabbit serum at 10~~~. The % cytotoxicity of the

sl)leen cells ~as calculated as %
51Cr release in the

presence of antiserum minus %
51Cr release in the

presence of normal serum (o — o). The %
5
~’Cr release

in the presence of normal serum ( • ) was the same as
in controls containing CRBCS and antiserum or normal serum

but no spleen cells.

- ~~~~~~~~~ ~~—- - - -~~~~ -
~~~ ~~~~~~~~~~~~~~~~ 
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chromium). After incubation for 1 hour at room temperature
the labolled CRBCS were washed three times in PBS and resuspended
to 5 x iø~ CRBCS/ml in 5% FCS—199,

Cultures were carried out in 15 ml glass screw top tubes
(Flow Laboratories). Each culturp was of a total volume of
0.14 ml which was made up of 5 x l0~ CflBCS in 0.1 ml, 0.1 ml
5% FCS-.l99, 0.1 ml (varying numbers) spleen cells and 0.1 ml
of either diluted (see below) rabbit anti—CRBCS serum or 6
diluted normal rabbit serum. Control tubes ç~ontainod 1 a 10
unlabelled CRBCS in 0,2 ml 5% FCS—i99, 5 x lOL labelled CRBCS
in 0.1 ml, and 0.1 ml diluted antiserum or normal rabbit serum.
Unlabelled CRBCS wore added to the control tubes (wi1ich had
no spleen cells) in order to provent tizo spontaneous ] ys i s  of
the labelled CRBCS. The cultures were incubated at 37°C in
5% CO in air for i6 hours. After incubation the cells were
centAfuged (250g for 5 minutes) and 200 P1 o~ the superxiataiit
removed. Both supornatant and pellets wore counted on a
gamma counter (I.c.N. Autogamma 5oo) and cytotoxicity was
calculated as follows:

2 x superuatant count x 100
$ cytotoxicity = (pellet + supernatant) count

Each combination of cells and serum was performed at least
in triplicate.

Preparation of rabbit anti—chick red blood cell serum

Six months old New Zealand white rabbits were injected
intravenously with 2.0 ml of a 10% suspension of washed CRBCS
in PBS on altornate days over 18 days and were exsanguinatod
on day 21. The control rabbit serum caine from the same
rabbits before immunization started. All tho rabbit sara
were heat-inactivated at 56°C for 30 minutes.

Results

Before assessing the K cell activity in malarious mice
the optimal working dilution of the anti—CRBC serum was 

—

determined . Spleen cells were pooled from two non—~nfected
C57B1 mice, Cultures were set up containing 2 x 10 eplenic T 

-

-

lymphoid cells, 5 x iO14 labelled CRBC S (spleen cell to
CRBCS 40:1) and rabbit anti—CRBC serum or normal rabbit ~eruzn

• 
dil}lted ~4th 5% F~S—199 to a concentration of aithor l0-~,
l0~ ’, l0~~ or l0 • The percentage cytotoxicity with anti—
serum at these concentrations is given in Figure 2. It can
be seen that the highest S~Cr release occurred in antiserum
diluted to iO~~ but at 100 the cytotoxicity declined
considerably, The cytotoxicity associated with antiserum

- -~~~ dil~~ed to 104 anc io3 was similar, and although bolow that
II given with icrY antiserurn~ in all subsequ ont experiments an

antiserum dilution of iO~~ was used. Spleen cells with
normal rabbit serum at a dilution of l0~~ gave the lowest —

cytotoxicity.

In all the experiments described below tho 31Cr release
in the controls was similar ,

— Ii
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Three initial experiments are described in which the K
cell, activity of P, chabaudi infected mice was determined.

- 
- The details of the experiments and the results are given in

Table 11. In all three experiments in which non-adherent
spleen cells wore prepared from mice either just beforo or
just after peak parasitaemia or when the primary parasitaemia
had become subpatent , the percentage cytotoxicity was higher
for almost all the spleen cells: CRBS ratios tested in the
cultures of spleen cells from infected mice than in the
controls, From these it appeared that there was on increase
in the non—specific ADCC of spleen cells of infected mice.

Further experiments were subsequently carried out and
these are summarised in Table 12. In the first experiment
the cytotoxicity of the spleen cells from two mice on the
third day of’ the infection was similar to that of the controls.
For -the second experiment mice with parasitaeinias of 40%
on day 6 of the infection were selected, One of the four 

—
samples containing spleen cells from the infected mice plus
antiserum had a much lower cytotoxicity value than the other
three cultures in this group and as a result the observations
were only significant at p = 0.1. If the unrepresentative
culture is omitted the cytotoxicity of’ tue infected cells is
significant at the 0.05 level. In the third and fourth
experiments, the infected mice being killed on day 5 and 11
of the infection respectively, there was no significant
differenoe in sytotoxicity between infected and oontrol spleen
cells, In both these experiments, however, there was an
unusually high S1Cr release in control cultures containing
normal rabbit serum which suggests that the results of these •

two experiments should be discounted. In the fourth
experiments some cultures were set up in which the mouse red -

cells in the spleen cell preparation were lysod with 0.83% NH4C1
before the cultures were set up. No differences were noted
between the cytotoxicity observed in the cultures with or
without accompanying mouse rod cells. In the fifth
experiment in which the spleen cells caine from two mice with a
declining parasituemia on day 13 after infection there was
a significantly higher cytotoxicity level with the infected
spleen cells.

Some very preliminary experiments were carried out with
lyinphoid cells isolated from the peripheral blood of children
infected with P. faloitmrum. Monooyt.s were isolated by
ceutrifugation of blood on Ficoil/Triosil gradients
(staxu1ar~ct published procedure used). The optimal
lyinp&ioid cell: CRBCS rat~o was found to be 2:1 for a rabbitantiserum dilution of l0 • The results of 11 experiments
are presented in Table 13 where it con be seen that there was
no significant different between the oytotoxicity values
obtained for infected children 9nd Caucasian controls. The
net percentage oyt9toxioity (% ~~Cr release in the presence
of’ antiserum — $ 5~Cr release in the presence of normal serum)
givos values (50—70%) for most of the subjects examined which
aro within the range of most of 58 control subjects e~~m4~yied
by Calder et a1. (1974) in their study, A problem encountered

• with this study on infected children was a tendency fox the
CIIBCS to lyse spontaneously, This could have been the
result of using red coils from Shaver rather than Leghorn
chickens or more likely because it was not always possible
to use freshly drawn chick blood as was the case in the
experiments with mice .

Li ~~- - - - - -~~~~~~~~~~~—~~~~~~~~~~~~~ - -—‘- - 
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TABLE 13

Antibody—dependent coil—mediated cytotoxicity of peripheral lymphoid c~
infected or Uninfoc-tod donors. A lymphoid oell:CI~BC ratio of’ 2:1 was

Blood loucocytes from infected Bloo
donors

Age of No. of parasites per %
51Cr release in $

51Cr release in
donor field (approx. 5000 presence of-, presence of pr.
(years) cells/field) antiserum (io~~) noz.serum (iO ’4) a

— 25/1 67.3 ± 7.4 12.4 ± 3.3

1.5 20/1 80.1 + 2.0 28.6 j  16.7 78.

— 100/1 83.5 ± 7.1 41.5 ± 6.1

— 50/1 60.1 ~ 4.2 11.4 
~ 

0.9 66.i

12 45/ 1 42.9 ± 4.4 4.1 ± 4.14 30.J

— 80/1 62.8 ± 4.9 2.9 ± 0.14 54 .~

1.5 irS/i 50.4 
~ 

4.3 4.65j 2.1 56.:

2.0 10/1 66.8 j 5.2 2.45 j 0.7

57•~
0.5 50/1 66.6 ± 11,7 10,0

2.0 300/1 64.9 ± 8.3 ll.95j 5.86 -

70.1

3.5 40/1 76.9 ~ 9.6 9.6

2.0 200/1 51.6 + 0.2 13.4 j 2.5 56.1
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TABLE 13

icity of peripheral lymphoid cells from P. falc~~arum

~oid oeli:CPBC ratio of’ 2:1 was used.

Blood leucocytes from uninfected
donors

in %
5
~Cr release in %

51Cr release in %
51Cr release in

of
4 

presence of, prese~ice of presence of’L0 ) nor .serum ( l o’)  antiserum normal serum

12.4 ± 3.3 55.1 
~ 

3.3 15.6 ± ~.6

o 28.6 ± 16.7 78.3 ± 2.12 20.3 ± 3.8

-1 lsl.5 ± 6.i 82,1 
~~ , 11 .6 40.2 

~ 
7.5

2 11.4 j 0.9 66.0 ± 2.9 6.~ ~ , 
2.0

4.1 ± 4.4 50.4 + 17.5 6.7 
~ 

5.14

9 2.9 ~ 0.74 Slr .5 ± 11.6 7.2 ± lO.Z~

li.65j 2.1 56.3 
~ 

9.8 8.14 j 2.1

2.7 5  
~~~ 

0.7 
- 

- 

-

57.5 ±. 9.5 13.5 
~~~ 

4.5

7 10.0

.3 11.95j 5.86 
70.4 ~ 

6.8 16.7 -
~~ 74.5

.6 9,6

.2 13.4 
~ 

2.5 56.4 
~~, 

3.2 6,65+ 2.3 
‘

-

I -

~~ ~ 
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Discussion

Our investigations with P. chabaudi infected mico suggest
that there is no decrease in ADCC, although other types of
immwie responses, e.g. hunoral responses to heterologoua
antigens can be depressed during malaria infection in mice
(reviewed by Wedderburn, 1974; McBride et al., 1977). In
6 of’ the 8 experiments described above, with the spleen cells
coming from mice 6~i~ days after infection, there was an
increase in K coil activity. This increase in cytotoxioity
of non—adherent spleen cells from infected mice, to CRBCS
in the presence of rabbit auti—CI~BC serum could be found in
spleen oell:CRBC ratios of’ between 1.25:1 and 40:1. On the
basis of spleen size, there would have been a much greater
K cell activity from between days 6 and 15 because the apleens
of infected mice became much larger (~.-4 times larger at
peak paraaitaemia) than those of’ non—infected mice.

In our preliminary investigations no difference was
detected in the K cell activity of blood mononuclear cells
from children infooted with P. talciparujn and non—infected
controls. The experimental conditions used were not
entirely satisf’aotory, Recently Greenwood, Oduluju &
Stratton (1977) have reported an increased K cell activity in
the peripheral b]ood of children infected with P. falciparum.
Clearly more work on human malarias is indicated.

During a malaria infection there is a decrease in the
number of T cells and B cells in lymphoid tissues (Xx’etti 8c
Nuaaenzweig, 19774; Gravely, Hamburger & Kreier, 1976) and in
the peripheral blood of childr en infected with ~,_falciparum(Wyler, 1976; Greenwood et al., 1977). This decrease
in T and B cells is accompanied by an increase in so—called
null cells which category may include K cells (Greenberg,
Hudson, Saen & Roitt, 1973).

There is, however, no evidence from these experiments that —

K cells are effector cells in the lysis of parasitized red
colls or free malaria parasites. There is only one report of
immune spleen cells being cytotoxio to malaria (.~ ber~hei)
infected red coils in the presence of antibody (Coleman at al.,
1975) and this observation needs to be confirmed in other
systems. It has also to be noted that znonocytes and
polymorphonuilear leukocytes can also act as antibody—modiatod
oytotoxio cells (Hoim et al., 1974; NaoDonald at al,, 1975).
Sanderson, Lopez & Btmn Morono (1977 ) report that eoainophile
and not K cells are mainly responsible for the lysis of
Trvcanosoma oruzi in the presence of antiserum.

The presence of immune complexes in serum can 1i~ih1~bit K
cell activity in vitro (Jewell & 1~1aoLennan, 1973). Immune
complexes in the plasma have been desoribed in the plasma of
malarious monkeys (Houba at al., 1976), It is possible that
the presence of these complexes could limit the activity of
K cells in vivp in the control of a malaria infection.

It is also possible that K cells are involved in the
excessive anaemia which occurs during acute malarial infection.
Auto—antibodies to red cells may be part1~y responsible forthe destruction of non—parasitized red cells (Zuokermtm , 1960;
MoGhee, l976~ Lustig, Nusa.nzweig & Nussonzweig, 1977) and
this destruction may be brought about by K cells in the
presence of these nntibodiea.
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Non—specific resistance in irradiated mice

In a previous report (Annual Report Contract No. DAJA 37-
75C_l620) it was reported that in irradiated mice there was a
non—specific resistance to infection with P. chabaudi during
the early stages of the infection. This observation has
been further investigated. In different experiments mice
were either irradiated with different levels of X-irradiation
before infection, or were X—irradiated and wore then infected
at various times afterwards, or were irradiated and reconstituted
with varied numbers of spleen or bone-marrow cells and then
infected at different times thereafter.

Effect of difforent doses of X-irradiation

Ten months old male A2G mice were irradiated in groups
of 6 mice with either 200, 400, 600 or 800 rads. A non—
irradiated group was included.~ Twenty—two hours later the
mice were infected with 5 x l0~ P. chabaudi parasitized red
cells. The geometrical mean parasitaemias are given in
Figure 3, The mice given: 800 rade were sacrificed on day 8 -

f

to comply with Home Offioe Regulations. It can be seen that
the primary paxaaitaeznia went into significant remission in
the control mice 6 or 7 days before that in mice given 200 or

-i 400 rads, and 11 days before the 600 rad mice, The severest
II 

paraaitaemiaa were seen in the latter m ice in this experiment.

Infection of mice at different times after irradiation
I

I 

- A preliminary exporimont with female NIH mice showed
that mice infected 16 days after irradiation with 600 rads
had significantly higher parasitaomias than non—irradiated
mice. In a second experiment 10 weeks old male C57B1 mice
in groups of 7 mice were given 600 xada either 22, 15, 8 or
1 day before infection, A non—irradiated group w~s also
included, All the mic. were infeot~d with 1 x 3.0~ P. ohaboudi

- - __,_~~~_ 
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parasitaemiae were seen in the latter mice in this experiment,

Infection of mice at different times after irradiation

A preliminary experiment with female NIH mice showed
that mice infected 16 days after irradiation with 600 rads
had significantly higher parasitaemias than non—irradiated
mice . In a second experiment 10 weeks old male C57B1 mice
in groups of 7 mice were given 600 rads either 22, 15, 8 or
1 day before infection . A non-irradiated group was also

fr included . All the mice were infected with 1 x l0~ P. cliabaudi
infected red cells, The mice received no terramycin in
their drinking water, The course of the infection in five
groups is shown in Figure 7&. In mice irradiated 22 days
before infection, the infection was not delayed in onset
but followed a course in advance of the other groups. In
the three other irradiated groups there was some initial

• resistance to infection, especially those mice irradiated
1 and 8 days before infection, and in all three groups the
parasitaemia started to decline 2 days after that in the
control group and the irradiated mice infected 22 days after
irradiation,

These experiments showed, therefore, that after a sub—
lethal dose of irradiation, the effect of the irradiation is

- - to depress or enbance the early course of the infection
dopending on the time of infection in relation to the time
of irradiation .

Reconstitution of irradiated mice before challenge

Two similar experiments were carried out with similar results:
one is described in detail, Groups of 17 weeks old C57B1 mico,
each containing 6-.7 mice, were irradiated with 600 rada either
9 or 2 days before~4ufection ~on day o) and reconstituted i,v.
with either 1 x 10’ or 6 x 10 bone—marrow cells, or 6 x 100
spleen cells on the day after irradiation . In another two
groups the mice were irradiated on either day —9 or -2 and in
both groups the mice were injected i,p, with 1.0 ml whole blood

- - 

one day before infoction. Another two groups, irradiated 

- - -
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Figure 5. Course of P. chabaudi infection in C57131 mice

irradiated with 600 rads 2 days before infection

and injected i v . with either 6 x 10 bone-marrow

cells (o — o), 1 x iO~ bone marrow cells -

(4 — a) , or with no bone—marrow or spleen
cells (. — .). Another group of’ m ice

received no cells and was not irradiated

(—0——U—) . The m ice were challenged with

10 P. chabaudi parasitized cells i.v. 
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:Lrradlal;e-d wi th  6oo rad~ 9 days before infection - 
- -

and injected i.v. with either 6 x 10~ bone—

marrow cells (o — o), 1 x l0~ bone—marrow cells -

(4 A), or with no bone—marrow or spleen cells

(. — .) . A non—irradiated group given no ¶

cells was included ( s— .-  
~~). The mice were

challenged with 10 P. chabaudi parasitized cells

4

L. 
______



- ------~ -- 

40 • •IS~~~i~QHjeI~~A~

~~~ ~~~~~~~ / ,
/ia i~ 

N0N.$RRA0~~~f~~ 1$ IPRAD . -

/ / 
~~~~~~~~~~~~~~~~~~~~~ 

~ ~

H // /// .
- 

:- 

-~~~ // ~~~

~V/7
days after ir~lection

Figure 7. Course of P. chabaudi infection in C57B1 mice

given either immune serum (i/li) and 600 rads

(o — o ) ;  immune serum (1/24) and no irradiation ‘
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either 9 or 2 days before infection, received no lyinphoid cells
and a furthor group of non—irradiated n4ce was included. All
the n~.oe were injected i,v. with 1 x 10° P. chabaudi parasitized
rod cells on day 0, The mice had no terramyoin in their
dr{nk{itg water,

The parasitaezniaa in the various groups are given in
Figures 5 and 6.

In mice infected within 2 days of irradiation there was
some resistance: the increase in their parastiaemias was 6
depressed. The irradiated mice reconstituted with 6 x 10
apleen6oells had parastiaemiaa very similar to tho3e given

• 6 x 10 bone—marrow cells and are omitted from the graph. Mice
irradiated on day —2 and given 6 x 10 bone—marrow or spleen
cells had higher peak parastiaemias than the other irradiated

• mice,

Mice ip~adiated 9 days before infection and reconstitutedwith 6 x 10° bone—marrow or spleen cells (not shown) showed
no resistance to infection and, in fact, these mice had
enhanced parastiaemias compared with non—irradiated controls
during the first 6 days of the infection 1 In the other two
groups of mice irradiated 9 days before infection the
parastiaemia was initially depressed although less than their
day —2 counterparts, It was noticeable, however, that of
these 2 groups the mice given 1 x l0~ bone—marrow cells bad ahigher peak parastiaemia than the non—irradiated mice or those
given no cells. In the mice irradiated either 9 or 2 days before
infection and given whole blood the parastiaemias followed the
course of their irradiated counterparts given no cells.

In the second experiment in which the mice were irradiated
1 or 8 days before infection an essentially similar result was
obtained other than that the resistance of the mice irradiated
1 day beforo infection was less than that seen in the mouse
irradiated 2 days before infection.

Passive transfor of izxununo serum into irradiated mice

A preliminary experiment was described in the previous
Annual Report.

In this confirmatory experiment immune serum was obtained
from C37B1. mice which had been infected 85 days previously.
The recipient mice were 18 weeks old C57B1 males. Half the
mice were irradiated with 6oo rads 1 hour bofore they were
injected i.p, in groups of 3, along with non—irradiated mice,
with 1 mi. of either a 1 in 4 or a 1 in 10 dilution (in Hanka’ - 

-

balanced salt solution) of immune serum or with ieat normal
serum. The mice were injected i,v. with 5 x 10~ P. cliabaudiparasitized cells 3 hours later. The parasitaezniaa for each

4 group of mice after infection are given in Figure 7.

The irradiated mice given 1 in 4 dilu ted immune serum 
I -were the best protected mice, showing a patent paraaitaemia at

least 3 days after their non—irradiated counterparts. Immune
serum diluted 1 in 10 gave no protection in irradiated or non—
irradiated hosts, There was a difforenco of’ approximately
4 days between the onset of the patent parastiaomias in the
irradiated mice given 1 in 4 immune serum and the irr adiated
controls, and 2 days for the non—irradiated mice given 1 in 4
inmumo serum and the non—irradiated controls.

LJ~
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The effect of cyclophosphamide on course of P. Chaba~44~ infection

Cyclophospbamide is widely used as an imanniosuppressive
agent, Its activity depends on the time of administration in
relation to exposure to antigen. Cyolophoaphamide given before
antigen can depress humoral responses and enhance cell—mediated
responses , e.g. those of mice to sheep red cell (LagraAge et al.,
1974), Finerty and Krahl (1976) described an increased delayed
hypersensitivity response to plasmodial antigen in mice pretreated
with cyc~.ophosphcunido and this was accompanied by an increased
resistance to P. yoelii,

A preliminary experiment was carried out in which cyclophos-
• phamide was given before infection of mice with P. chabaudi.

Three months old C37B1 male mice in groups of 6 were inoculated
i.p. w~th cyclophosphamido (Kook Light) at a dose rate of’ either

• 300 or 150 mg/Kg 3 days before infection with i x 10 P. chabaudi
parasitized red cells, A control group received distilled
water and the mice wero similarly infected. The geometrical
mean parasitaeinias are given in Figure 8. One effect of the
cyclophosphamide was to depress and/or to delay the onset of
the early phase of the primary parasitaomia. In the mice
given 153 mg/Kg the course of’ the patent parasitaemia, once
established, followed a course similar to the controls. Mice
given 300 mg/Kg showed persistent, fluctuating and often acute
patent parasitaemiao, which had killed 4 of 6 mice 54 days
after infection.

Discussion

The principle experiments described in this section were
carried out to determine some of the conditions affecting the
non—specific resistance to infection in irradiated C57B1 mice.
Similar results have been obtained with NIH mice but havo not
been described .

It was found that the patent parastiaemia was marginall y
more severe in mice given 200 and 400 rads but was significantly
more severe in mice given 600 rads. A low dose of irradiation
did not increase resistance to infection and moderate the
primary parasitoomia, Suppressor cells are especially radio-
sensitive and low doses of irradiation have been reported to
erlwmoe the immune response to some antigens (Chiorazzi et al,,
1976).

The course of the infection in irradiated mice was
dependent on the time of infection in relation to the time of
exposure to irradiation . Mice challenged three weeks after
600 rade had a primary parasitaemia which increased more quicLly
than, and reached a peak 2 days before, that of the non—
irradiated controls, In mice challenged 2 or 8 days after the
same doso of’ irradiation there was an initial rosiatonce to the
parasite insofar as the parasitaemia rose more slowly. Thus
with time after irradiation there was a change from a
depressed to an enhanced x’ato of parasite increase in the
ascending primary- parasitaemia when compared with non—irradiated
mice,

- - -
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The resistance to the parasite after irradiation could be
overcome and the parasitaemias enhanced by injecting syngeneic
bone—marrow or spleen oells or as noted above by delaying
infection after irradiation, It can be assumed that in the
irradiated and not reconstituted mice the lymphoid tissues
aroropopulated from radioresistant haemopoietic stem cells
(Takada , Takada & Ambrus, 1971) and that in the irrad±ated
mice reconstituted with spleen or bone—marrow cells this
repopulation occurs earlier,

Some po8sible reasons for the non—specific resistance
to infection in irradiated mice are:

• ].) in irradiated mice substances are released from
cells damaged by irradiation which adversely
affect the paraBite’s growth;

2) the depressive effect of irradiation on
haemopoiesis may lead to a reduction in the
numbers of red cells of the age preferentially
invaded by P. oha~audi;

3) irradiation reduces the numbers of cells
regulating the imunme response;

4) there is a non—specific stimulation of’ the
reticulo—endothelial system (RiDS) following
irradiation which leads to the removal of
parasites or parasitized cells,

Examination of’ blood smears taken throughout a 24-hour
cycle from infected irradiated mice showed ns evidence (dotails
not given) that the parasite developed from ring to achizont
and reinvaded abnormally. The numbers of merozoites produced
in schizonts could have bean affected, nowever.

Re*istance to P~~berghei in irradiated mice has been
ascribed to the reduction in the numbers of roticulocytes in the
circulation which follows irradiation (Singer, 1953). P. berghe4.
has a preference for the8e immature red cells, Our observations -

~~ -

and those of Ott (1968) indicate that P. chabaudi has no - 
-

preference for roticulooytes (as detected by cresyl blue or
Giemea’s stain) but it may have a preference for young mature

• coils , The observation that injection of 1.0 ml whole blood - - -

into the irradiated mico did not reduce the non—specific
resistance does not support the latter suggestions injection 4
of whole blood would be expected to provide some of the younger
red cells deficient in irradiated mice,

Resistance to Lietoria monocyto,~enes and Brucella abortus
infection has been demonstrated in irradiated mice an~ in athymicnude mice (Campbell , Martene, Cooper & McClatchy~ 1974; Cheers
& Wailer, 1975; Chan, Longehawn & Skamene, 1977). Chan et al,
~ostu1ated that the loss of regulatory suppressor T cells
(Baker, 1975 ) may be reaponsiblo for resistance to bacterial
infection since they are radiosensitive and are also depleted
in nude mice (Olcumara & Tada, 1971; Baker, 1975). A role
for suppressor P cells in malarial immunity has yot to be
demonstrated, 
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SlJivic (1970a) demonstrated that the phagocytic function of
the RiDS as measured by carbon clearance test, was increased by
irradiation of mice, The clearance rate was increased with
increased doses of irradiation and could be reduced by injecting
lymph node cells or bone—marrow cells into irradiated mice or
by introducing antibiotics into the drinking water (Sljivic ,
l970b), Since bone—marrow or spleen cells also reduced or
abolished the partial resistance to infection with P. chabaudi,
it is possible that the mechanism causing an increase in carbon
clearance in irradiated mice is similar to that causing resistance
to P. chabaudi, Irradiated mice given the antibiotic, torx’anzycin,
in this study were still partially resistant, however, to the
infection, Cheers and Wailer (1975) observed an initial
increased resistance to bacterial infection in irradiated mice,
and that macrophages from these mice had an enhanced capacity
to ingest bacteria in vitro. Both Sljivic and Cheers and

• Wailer suggest that stimulation of the RiDS was brought about
by the leakage of bacteria or bacterial endotoxin from the gut.
It is likely that increased maotophage activity following
irradiation could provide some non—specific resistance to
P. chabaudi since experiments in which mice were injected with
RES stimulators, such as Corynebaoteriuin parvtun, conferred on
the mice some resistance to other rodent plasmodia (Nuasenzweig,
1967; Clark, Cox & Allison, 1977; Cottreli, Playfair &
de Sousa, 1977). If phagocytosis of parasites is involved in
the non—specific resistance to infection, a fall off with time
in this resistance followed by enhancemont of the parasitaemia
may result from a blockade of the RiDS caused by the eventual
uptake of’ dead cells and cellular debris by fixed macrophagos
after irradiation . Such a blockage of the RiDS could rosult
in a reduced phagocytosia or in a suppressed cellular or
humoral response to antigen (Sabot , Nowlin & Friedman, 1969).

Immune serum showed enhanced activity in recently irradiated
mice, probably the result of the combined effects of opsonizing
antibody in the serum and the radiation—induced increased macro—
phage activity, Opsonizing antibody in serum of immune monkeys,
rats and mice has been described (Brown , 1971; Criswell, Butler,
Rossan & Knight, 1971; Chow & Kreier, 1972). In an earlier
report it was noted that small numbers of’ imrmme spleen cells
conferred a greater level of’ immunity to P~ ohabaudi on irradiatedthan non—irradiated mice . One possible explanation for this - 

-

observation is that the antimalarial antibodies subsequently
produced in tho cell recipients would be made more effective
because they are being released in an irradiated animal.

Immunization a~ainst rodent plasmodia

D Antouio (1972), in a report lacking important technical
details, noted that ~~ borghei after exposure to temperaturesabove 370C, could induce immunity in mice, In the last
Annual Report a preliminary experiment was described in which
irradiated and heated P. chabaudi infected rod cells wore
compared for their inmzwiizing ability. The result of’ this

• experiment , in which irradiated blood was given 40 krad and the
heated blood was exposed to 45°C for 45 minutes, and in which
the mice were given two immunizing inocula 6 days apart, both
irradiated and heated blood protected the mice to some degree.
The peak paraaitaemias in the mice given irradiated parasitized
red cells was lowor than in the recipients of’ heated parasitized ‘

~ I
U --
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Two fur ther experiments have been carried out with essentially
similar results and only one experiment will be described below
in detail. Preliminary oxperiments showed that placing the - 

-

parasitized blond (parasitaemia 19—35%) at 45°c fox’ 24 minutes
ox’ longer prevented further parasite multiplication, Parasitized
blood kept for 20 minutes at 45°C could still contain viable
organisms.

Three months old female C57B1 mice were used. Blood
was collected from parasitized and control mice into heparin
Hank’s solution and placed on ice. Whole blood was either
heated in a 45°C waterbath fox’ 20 or 30 ~inutes or irradiatedwith 40 krads from a gamma ray emitter ( °Co). The parasitized

• blood contained ring stages of P. chabaudi and 19.5% and 17.5%
of the rod celia were infected for day 0 and day 15 irmnunizing
inooula respectively, Groups of 3 mice were set up and treated

• as indicated in Table 14, Two mice in Group 1 were found
to be infected on day 11 and this group was thereafter excluded
from the experiment, All the remaining mice were challenged
with 1 x 1O~ parastizod red cells i.v. on day 26. The course
of the parasitaemias are shown in Figure 9.

All the groups given irradiated or beated blood were
protected to some degree in that the patent parasitaemia declined
before that of the controls. Mice given two immunizing inocula
were better protected than those given a single inoculuin.
Irradiated blood was marginally more effective than the heated
blood insofar as the (peak ) parasitaomia on day 7 ‘was lower
in the mice given irradiated blood. A similar finding was noted
in the previously reported experiment. The infected blood
heated on day 15 was apparently fully inactivated by 20 minutes
at 45°C~ Infected blood heated for either 20 or 30 minutes
was equally immunogenic (Groups 6 and 7 respectively ).

Discussion

- It was confirmed that P. chn.baudj infected blood heated at
45 C for 30 minutes was immunogenic and its immunogenioity
compared favourably with that of’ irradiated blood, Irradiated
parasites do continue to metabolize for some time after
irradiation (Trigg , Phillips & Guttoridge, 1972) although
division is prevented and in the process may release important
immunogens. It is likely that following relatively gentle
heating some metabolic processes in the malaria parasites may
continue . It would be interesting to compare the irnrnunogenioity
of’ heated parasitized rod coils with that of parasites killed
with fox’malin, p propriolactono or similar agents.

D’Antonio (1972) found heated P. berghoi parasitized red
cells to immunize mice as eff’ootively as disintegrated parasites.
Spitalny & Nuasonzwoig (1972), however, found that heat
inactivated P. berFthoi aporozoitea protected mice less well -

. - :
than X—irradiatod sporozoites. Although our results indicate -~ 

.

that heat—inactivated L chabaudi may be marginally less
effective than irradiated parasites the convenience of heat—
inactivation recommends its f’urthor examination. -;

_ 
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TABV~ 14

Lzmnmizirig inocula* Heated

Group Irradiation

- 

Day 0 Day 15 20 mm 30 mm 
—

1 + + +p — —
2 + + — -4-P —

3 + + — — +P

4 + + — +0 —

5 + + — —

6 — + —
7 — + — -i-P —

* 8Day O — Groups l , 2 a nd 3— S x l O
arasitizod cells/mouse

x io9 rod cells)

— Groupa4and5— 2.5x109

red cells

Day 15 — Groups 1, 2, 3, 6 and 7 —
2,1 x 100 parasitized cells/mouse
(12 x io~ rod cells)

— Groupakond3—l .2x109

red cells

P parasitized blood; C control blood

j 
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Role of differont lym~thoid cells in inunun.ity
to P. chabaudi in mice

Immunity to ~~ chabaudi in mice can be passively transferred
with serum and spleen cells. In last yoar1s report (Annual
Report DMA 37—75 C1620) experiments wore described in which
immune spleen cell populations were separated into enriched
thymus dependent lymphocyte populations (T cells), enriched
bursa—dependent lymphocytes (B cells) and strongly adherent
cells and their ability to confer immunity in recipient syngeneic
mice compared. T and B cell populations were prepared on nylon
wool columns, The cell recipients were irradiated with 600
or 800 rads shortly before cell transfer. In bx’it~f, these
oxperiments6showod as follows, Immunity could be transferred
with 1 x 10 or more spleen cells. enriched immune T cells
usually gave poorer protection than spleen cells depleted of

— macrophagos only by filtration on a glass—wool column and this
was most clearly seen in the recipients given 800 x’ads. For a
fuller expression of their protective activity therefore tiLe
immune P cell population was at lea8t partially dependent on the
presence of radiosensitive cells in the recipient mice.
Nevertheless, the immune P cell population was usually protective
to some degree and this might be attribut ’~d to the P cells

¶ themselves acting as mediators of’ cellular immunity, the
residual B cells, or the unidentified cells present (such as
null coils or theta negative P cells) or combinations of all
those cells, The enriched immune B cells gave protection which
was never less than that given by the corresponding enriched
P cells and more often was significantly better ond compared

• well with the glass—wool filtered immune spleen cells. Where
the enrithed B cells gave better protection than the enriched
P cells it could be concluded that the protection provided by
enriched B cell population was not merely emanating from the 1:3%

• -~~ identifiable T cells present in this population. Although
the glass—wool filtered ininune spleen cells, which contained
appro~riputtely 30% identifiable P cells and 30% B celle,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i.~~~ b
-
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null cells ox’ theta negative P celia) or combinations of all
F 

those cells, The enriched imzmme B cells gave protection which
was never less than that given by the corroapon1” g enriched
T cells and more often was significantly better and compared

— 
- well with the glue s—wool filtered immune spleen cells • Where

the enrithed B cells gave bettor protection than the enriched
P celia it could be concluded that the protection provided by
enriched B cell population was not merely emnnnting from the 13%
identifiable P cells present in this population. Although
the glass—wool filtered inumme spleen cells, which contained

0 appror-LmnLteiy 30% idontifiablo P cells and 30% B cells,
consistently gave the beat protection, our attempt. to show
synergy between P and B cells or bone—marrow cells were
inconclusive.

Pabgooytic cells of tho retiouloendothelial system play an
important role in the removal of malaria parasites from the

• peripheral circulation (Taliafex’ro & Cannon, 1936). In an
earlier report it was shown that parasitizod red cells
containing late trophozoites or achizonts were phagooytosed
in mice which were inimwxe or were becoming ininune to 

~~ 
obabaudi.

Phagocytosis occurred in the liver, spleen and occasionally
in the peripheral blood. Removal of spl.enic phagocytes on a
glaas~wool colunni did not reduce the ability of the spleencells to confer i~ nnmity on syngenoic recipients: in one
oxperiment 9 x 10 spleen cells depleted of macrophagos gave
slightly bettor protection than a similar number of cells
of the same eploo~i cell population not depleted of macx’op~hagoa.
In two experiments (Annual Report 37—73 03492) aplenio
phagocytic cells from immune mice were adoptively transferred
to irradiated syngeneic recipients in order to examine the
activity of these cells in protecting recipients against
P chabaudi. Splonic inacrophages wore separated from the
spleen cell population (as being thoae0oella which adhered
to petri dishes after incubation at 37 C f or either if hours
or 16 hours) and were then injected into irradiated recipients.
The adherent cells collected after if hours gave a comparatively
high degree of protection to the recipients whereas those
collected after i6 hours conferred little protection on the
recipients.

- - em
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Figure 10. Course of 1. chabaudi infection in thymectomized

NIH mice. (a) Parasitaemia of one

thymectomized and one control mouse. (b)

Geometrical mean parasitaemia of thymectomized - 

- i
and control mice.
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The current set of experiments have fallen into four parts.
First , experiments were carried out to show further the important
role of T cells in immunity of’ mice to P. chabaud~ by exs~

m4~i1l~?lg
the course of infection in P cell—deprived mice, Scoondly,
we have started a series of experiments in which the enriched
spleen cell populations are being treated with specific antisera
which will kill P cells or subpopulations of P cells ox’ B cells
prior to adoptive transfer. Thirdly, the ability of’ splenic
macrophages to confer immunity on recipients has been examined
further. Fourthly, the protective activity in passive transfer
teats of serum for the recipients of immune T cells and glass—
wool filtered (g,w,) immune spleen cells has been examined,

1. Plasmodiujn chabaudi in thyinootomized mice

Female NIH mice were thymectomized or simm thyn2ectomized
at 12 weeks old, given 800 r~da irradiation at 25 weeks, and
injected i.v. with 1,25 x 10” syngeneic bone—marrow cells
immediately afterwards, The mice were each given 5,000 units
of penicillin ip, and for 2 weeks after irradiation terramycin
in the drinking water.

When the thymectomized control mice were 37 weeks old they
were infected with 1 x ~~~ P. chabau4~ parasitized 

red cells
from a C57B1 mouse. The geometrical mean parasitaemias in
9 thymectomized and 7 control NIH mice are given in Figure 19,
together with the parasituemia of one mouse selected at random
from each group. The primary parasitaemia was considerably
more severe and persisted longer in the thymectoniized mice.
Relapse parasitaemiae were also moro severe in tliymectomized
mice.

2. Adoptive transfer of imzmmit~ by spleen cells 
after treatment

with onti—thymocyto serum

Anti—thymocyte serum for detecting and killing P cells ~
was prepared in rabbits and used following the method of’ Rose,
Parx’ott & Bruce (1976). Anti—theta serum was prepared following
the procedure of Leif’ & Allen (1964) by immunizing AKR mice
with 7 weekly doses of’ CBA thymocytes.

• Three experiments have been carried out to date, two of
which will be summarised and the third described in full,

In the first e~puriment in male 057B1 mice, the imname
donors had been infected 275 days and reinfected 148 days before
sacrifice, The recipients were 8 weeks old. Enriched imnnme
and normal P cell populations and g1aas~wool filtered (g.w.)
immune and normal spleen cell populations were prepared as
described previously (Annual Roport 1)AJA 37—75 01620), The
inununoglobulin bearing cells (B cells) were detected as follows.6
Cell s~speneions were washed once and resuspended to give 5 x 10 —

1 x 10’ cells in 0,25 ml phosphate buffered saline (PBS) ,
pH 7.2. To each 0,25 ml of cells was added 25 j~l of 1/10
fluorescein conjugated horse omit—mouse inmnmoglobulin (Pr ogressivo 4
Laboratories, Incorporated, Baltimore) diluted in PBS. After
45 minutes incubation on ice, the cells were washed three times
in PBS and resuspended to 0.1 ml in PBS. The cells were then -

~ 
-

viewed wider a Leitz Ox’tholux II microscope set for U.V. —

illiim4nn tion, The numbers of B cells in the cell populations
were 27%, 23%, 3% and 28% in g.w. normal and g.w. immune spleen
cells, and normal and inmiun~cs P cell populations respectively. 

--— -~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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The cell populations were treated with anti—thymocyte serum
(ATs) diluted to 1/40 in PBS, or normal rabbit serum (1/40)
and cog~piement (Rose , Parrott & Bruce, 1976), washed and2 x 10° of the treated cells injected i,v, into each recipient
mouse which bad been given 600 rada 2 hours before cell transfer.
Treatment with ATS and complement killed 73%, 67%, 27% and 31% of
the immune P, normal P, g,w, immune sploen cells re~peotively.The recipient mice were challenged i,v, with 1 x 10” P. ohabaudi
parasitized cells within one hour of’ cell transfer. The
course of the parasitaeiniaa is summarised, All the recipients
of normal spleen cells had acute relapsing parasitaemiaa
which in the majority of m~.ce became subpatent around day 36
after challenge although most subsequently relapsect: in a
small number of mice the paraaitaemia was briefly subpateut
around day 23, In the recipients of normal spleen cells
treated with ATS, the initial parasitaemias were higher than
in the recipients of NRS treated cells. In the g.w. immune• oell reoipienta , in both recipients of ATS and. NRS treated
cells , the parasitaeznia was eubpaterzt by day 14 and remained
so throughout the 51—day observation period. In the ATS
trea4~~. -~ .w, immune cell recipients, however, the mean peak
paras~.:~~~mja reached was 17,3% whereas in the NRS treated
group ~~ was 4.7%. In the immune P cell recipients the
primary patent parasitaomias were subpatent by day 16 and
in the case of the zecipeints of NRS treated P cells remained
aubpatent throughout the observation period. In the ATS
treated group, 3 of 6 mice relapsed between days 27 and 30
and the mean peak parasitaemia was considerably higher than
in the NRS treated group (24% vesus 2.1%). It was suspected
that the significantly higher parasitaoinias in the recipients
of cells treated with ATS might be the result of inadequate
washing of the treated cells prior to cell transfer and that
consequently small amounts of ATS were carried over into the
recipients which effectively inactivated residual T cells in the
irradiated mice. This experiment showed that treatment of
the immune P coil population only impaired the protective
activity of these cells insofar as half’ the mice showed
patent relapse parasitaemina,

In a second similar experiment in male C37B1 mice immune
sploen cells came from immune donors 112 days after infection

• and the cells were treated with NUS or ATS diluted to 1/20
and were washed twice with 15 ml of medium 199 before cell
transfer, Treatment of imzmme P., g.w. Lmimme arid g.w. normal

• spleen cells with APS killed 82%,48.6% and 43% respectively.
Reoipi9nt mice were giv-en 6oo rada 2 hours before each received
3 x 10° spleen cells, and the mice were challenged with 5 x 105 —

P. chabaudi parasitized cells, The results showed that the
immune P cells treated with ATS conferred no protection on
their recipients whereas the NRS treated imm une P cells were
significantly protected. The recipients of’ g.w. iimmme cells
gave an anomalous result in that no protection was evident
in tho recipients of NRS tr eated celia but 4 of 6 mice given
ATS treated cells were protected . - -

In a third experiment in female NIH mice immune donors
were infected 192 days before sacrifice. The procedure was
was described in the two previous experiments . The cells
were treated with APS a~ 1/20 and each 6oo rad irradiated
mouse received 2,5 x 100 cells i,v. The. number. of coils —

killed by the ATS treatod was 81%, 71%, 7,4% and 41% in the
immune,?, normal T, g.w. immune arid g.w. normal respectively,

-- — . --- --- —- , - -&— - - -.- -- -- - — - ---_- - -—- -- —-- -- -- -- --- - -



Figure 11. Course of P. chabaudi infection in mice

i rradiated with 600 rads and injected i.v.

with either 2.5 x 10 immune T cells treated

with either antithymocyte serum (ATS) (. —

or nornnl rabbit serum (Nns) (o — o), 2.5 x
glass—wool filtered immuiie cells treated

with either ATS (~~~~ 
— a) or ~ i~s (s — a) ,

2.5 x 10° normal T cells treated with
either ATS (~~~~ 

— or NRS (6 — £) ,  or
2.5 x 10° glass—wool filtered normal spleen

cells treated with either ATS (v — V) or - -

NR~ ( a— A).
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The oe~.l recipients in groups of 6 mice were challenged with1 x 10° P,. chabaudi. parasitized cells immediately after cell
transfer’. Tho parasitaemias are shown in Figure 11. It
can be seen that the iianune T cells and the g.w. immune
spleen cells treatod with NRS conferred some protection on
the recipients. This was ovident as a suppression of the
relapse parasitaemias seen in the control groups: none of
the g,w, immune cell recipients relapsed during a 36—day
observation period where 2 mice in imnumo P cells relapsed,
on days 29 and 36 respectively, In the recipients of immune
1’ cells troated with ATS the parasitaemias followed those of
the control groups, The ability to confer protection on
recipients had been abolished by treatment with ATS. In the
mice given g,w, inumme spleen cells treated with APS, 2 mice
relapsed on days 22 and 24 respectively , at a time when control
mice relapsed, 3 mice relapsed on day 36, 10 to 17, days after
control mice, and the sixth mouse in the group remained
subpatent throughout the observation period .

In summary, the experiments to date indicate that
treating immune spleen cells with ATS at 1/20 ond 1/40 and
complement depressed or even abolished the protective activity
of the etz’icbed immune P cell population in irradiated
recipients confirming the role of P cells in immunity to
P. chabaudi. The effect of MS treatment in g.w. immune
spleen oell8 was loss clear cut but it appeared that it could
only reduce the protective activity of this cell population,
suggesting a significant role for the surviving cells in this
population, perhaps memory of cells.

Role of phagocytic cells in immunity to P. chabaudi

Phagocytosis of parasitized rod cells containing late
trophozoitea or achizonts in the spleen and liver and
occasionally in the peripheral blood has been observed in
hyperimmune mice arid in mice in which the primary parasitaemia
was going into remission. Removal of’ adherent cells from an
immune spleen cell population, by passage through glass—wool
columm, did not impair the ability of these cells to confer
immunity in recipient mice : in one experiment it enhanced the

• protection given, In two other experiments reported earlier, —~ -

adherent cell populations from immune spleen cells were
prepared and transferred to non—immune mice which were subsequently

• challenged. Li one experiment the adherent cells were
prepared by colleoting cells adhering to petri dishes after 2
1,5 hours incubation at 37°C ~nd in the other after incubation
for 20 hours at 37°C. The protection conferred on the
recipients by these populations was quite different. In the
former case a strong degree of protection was conferred arid
in the latter case little protection. Two further experiments
examining the ability of adherent cells to confer immunity
on recipient mice have been carried out ,

Enriched populations of strongly adherent cells were - • -

• obtained by incubating 1 x i~
7 spleen cells in 10 ml of

medium 199 containing 10% foetal calf’ serum and 20 inN Hepos
in 9 cm petri dishes. Th. cells wero inoubatod for either
1,5 hours or 16 hours (see below) at 370C in 95% air/3% C0~
in a desiccator. After incubation, non—adherent cells we~ e
removed by repeated washing of the surface of the petri dish
‘with medium ~nd the adherent oeUB were released by a rubber
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policeman. The cells were washed three times with medium prior
to injection into the recipients. The number of phagocytic
cells in the coll populations was determined by the following
procod~ro. A drop of cell suspension containing approximately
5 x lO~ cells/mi was mixed with a drop of polystyrene latex
particles containing 2 x i~9 particles/mi (l.8~ diameter, Dow
Chemicals) on a clean glass slide. A oovora].ip was placed on
top of the mixture and the slide incubated for 10 minutes at
370C. The phagocytic cells which took up latex particles were
then counted.

In the first experiment, phagocytic cells were collected
after 16 hours incubation from the pooled immune spleena of
2 female C57B1 mice which had been infected on three occasions ,
the last occasion being 55 days before sacrifice. ~ighty
per cent of the adherent cells took up latex particles.
Recipient female C57B1 mice, 12 weeks ole, were irradiated with
60o rads and ~njected with either 1 x 10 immune phagocytic6cells, 1 x 10 unfractionated immuno spleen cells or 1 x 10
unfractionated normal spleen 9ella . The cell recipients were
all injeoted i.p. with 5 x lO~ P. chabaudi parasitized red
cells 48 hours after’ irradiation. The course of the
paraaitaomias are shown in Figure 12 where it can be aeon that
the phagooytic cells conferred little protection on recipients
compared to immune unfractionatod spleen cells although around
day 14 of infection there appeared to be a transitory protective
effect.

In a second experiment with NIH female mice, adherent
cells were collocted after’ 2,5 hours incubation arid contained
68% cells which took up latex in the inmnme cell population and
72% Lu Lon—inmiune population . The immune cell donors had
been infected twice, the last time being 118 days before
sacrifice. The recipient mice yore given 600 rads and were
injectpd i,v. with either 1 x lO” immune adherent ce~ la ,
1 x lO~ tmfractionated immune spleen cells or 1 x 10 non—imm une
adherent cells. Inunodiate~.y after cell transfer all the mice
were challenged with 1 x 100 P chabaudi parasitized red cells.
In this experiment (Figur e l3fimmune adherent cells clearly
conferred some imnumity on the recipients.

• The different in proteotive properties of immune adherent
cells which were harvested after 2.5 hours and 16 hours may
be attributed to a loss of’ activation of’ immune macrophagea
after prolonged incubation ~u vitro, As iunmnie adherent cells
were 80% phagocytic after 16 hours incubation, it is unlikely j
that a defect in phagocytosis is responsible for such a loss
of activation, - 

-
‘

The immune adherent cells from the spleena of NIH mice
were examined for numbers of inimunoglobulin—beciring cells after2.5 hours incubation at 37°C, and it was found that 25.5%
of those cells were ininunoglobulin—becmriug compared with 28%
of the unfraotionated spleen cell population, The fluorescence,
however, of many of the adherent cells were clearly not as
bright as that shown by unfraotionated immune cells. Cytophilic
antibodies adhering to macrophagee may have been at least
partially responsible for the fluorescence observed with
adherent cells , but it is also possible that B cells were
preeent,and if so, they may have ooutributod to the protection
conferred by immune adherent cells. Phagocytic cells which
secrete inmiunoglobulin lmve been detected which adhere to
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glass surfaces (iA~wy et al., 1975), Th. inability of C57B1
immune adherent celle to confer much protection after 16 hours
incubation at 37°C may be due to the fact that lymphocytes die
rapidly in culture (Trowell , 1965), 50—70% cells dying within
24 hours in culture at 370C.
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The antiparasitic activity of serum from irradiated
recipients of ininune spleen cells or normal

spleen cells. durin~~ infection

Passive transfer experiments have demonstrated that ininune
serum provides a degree of protection against malaria infection,
in particular, the IgG fraction of immune serum (Cohen et al.,
1961; Digga & Osler, 1969; Butcher et al., 1970; Phillips &
Jones~ 1972). In the previous report (Annual Report DAJA 37—75
C1620) the passive transfer of immunity with serum was
demonstrated with P. chabaudi infections in non—irradiated and
more effectively in irradiated mice . Irradiated mice,
there~ore, were used to examine the protective effect of serum
taken at different times during infection from irradiated
recipients of’ either unfractionated immune spleen cells,
enriched immune P cells or normal spleen cellu,

Groups of 20 eight months old NIH female mice were
irradiated with 800 rads and one hour later injected i.v. with
g.w. immune spleen cells enriched immune P cells or g.v. normal
spleen cells. The number of’ inummoglobulin bearing cells
(B cells) in the enriched inununo P celia and the g.w. itnniufle
cells was i.% and 34% respectively. The iinminie colls caine
from two NIH female donors which had been infocted 35 days
before spleens bad been removed. Normal cells came from age

V and sex mnatghed mice. The cell recipients were injected i.p,
with 2 x 10 P. chabaudi parasitized rod coils within two hours
of cell transfer.

The course of the parasitaemia in the cell recipients was S

monitored in five ox’ six mice in each group (800 Figure h i) .
On days 11 and 14 of infection half’ the mice in each group
were sacrificed and bled for serum.0 Sera from mice in each
group were pooled and stored at -.20 C until the protective
activity of’ each pool was tested as follows, Twelve weeks old
NIH mice werp given 600 radu and 20 hours later wore infected

V i,v, with 10” P. c]~wbaudi parasitized red cells of the sameparasite population used for infecting the spleen cell
recipients . Within 30 minutes of infection the mice wex’e -

V injected iv. with 0.5 ml of sera collected on days 11 arid 14
from either the g,w, immune cell recipients, the enriched
immune P cell recipients or the normal spleen eel] recipients. - -

A control group of irradiated mice received NIH serum from
non—imnnme mice .

It can be seen from Figure 14 that the primary parasitaemia 
V

declined first in the g,w. immune coil recipients followed
by that in the immtuie P cell, mice and the moat persistent 

V

parasitaomia was in the control mice. 
V

The results of the passive transfers are given in
Figure 13. Mice Which received serum from day 1.1 of infection
showed little protection although on day 3 four out of five
mice which received serum from g.v. immune coils were still
subpatant whereas all but one of the mice from the other two
groups vero showing patent paraaitaemias. In the mice
given day lit serum, there was good evidence of protective
activity in the serum from the g,w. immune cell recipients:
none of these mice showed a patent paz’asitaemia on day 3
whereas all four normal serum controls were patent and
throughout the observation poriod the course of the
paraeitaomia was depressed compared with ti-is controls. Serum
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from t~e immune P cell recipients gave some protection insofar
as four of six mice were subpatent on day 3 but thereafter
the parasitaomia rose to control levels. Serum from normal
spleen cell rocipienta appeared to enhance the parasitaomia
in the irradiated recipients although 2 of the 5 five mice in
this group were subpatent on day 3.

A confirmatory experiment was carried out with day 14
serum remaining from the g.w. immune and immune P cell recipients.
The serum recipients, 22 week old female NIH mice, were not
irradiated.~ In groups of 5 or 6 mice they were challenged
with 1 x 10 P. chabaudi parasitized cells and immediately
afterwards by the same route injected with 0.5 ml of normal
NIH serum ox’ day lit serum from either the g,w. inamtuie cell
recipients or inunune P cell recipients . The resultant
parasitaemnias are showa in Figure 16. Again the serum from
the g.w. immune cells was the most protective and the serum
from the immune P recipients gave a measurable although small

V degree of protection.

Discussion

The protective effect of passively transferred sera
isolated from irradiated mice which had been the recipients
of g.w. immune spleen cells, enriched immune T cells, or g.w.
normal spleen cells reflected the immune status of the serum
donors when the serum was collected. Serum collected from
tho recipients of g,w. normal spleen cells showed little or
no protection in the recipients 3 days after challenge and as
the infection developed in the serum recipients appeared to
enbaiice the parasitaomnia, Serum collected on day lZ~ wasmore effective in the passive transfer test than day 11 serum
for the g,w, izxumme coil recipients and to a lesser degree for
the immune P cell recipients .

It remains to be showa that the protective activity in the
sera from the two groups of immune cell recipients (g.w.
inimnune and immune T) is in one or both cases antibodies. If
the low—level of protective activity in the sera from the immune
P cell recipients is antibody, it suggests that a role of the

• T cells ia that of he~.per cells and that there are sufficient
B coils in the irradiated mice with which the P memory helper
cells may cooperate. The g,w. imnnnme spleen cell population V

would be expected to include both P and B memory cells which
together would have the potential to produce antibodies of
various epecificities. If we assume that P. chabaud~ canundergo antigenic variation, then the more persistent activity
of the day 14 g.w. immune cell serum may only reflect the
presence in it of antibodies which react or cross—react with a
larger number of variant populations which might arise in the
serum recipients. Phillips (1970) and Phillips & Jones (1972)
clearly showed that in the adoptive transfer of immunity to
P. be~ghei in rats with spleen cells the elimination of theparasite in the recipients after challenge was associated with
the appearance of high levels of protective IgG, in the serum.
Further experiments are in progress to compare antibody
produoti~~. in iznmnuno P and g.w. immune spleen cell recipients.
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Recommendations and future work

Trager & Jensen (1976 ) and Haynea et al, (1976) reported
that it was pos~ib1e to culture the asexual stages of
P. fploipa~’um on a continuous baaie. This was an important
step forward, both with regard to the production of parasites
f or incorporation into a vaccine and f or their use in
immunological studies. It z’emn tns to be seen if all ox’ at
least the majority of wild populations of P.. falci~arum canbe growa in culture on a continuous basis, My colleague,
Dr R.J.M, Wilson, after several months frustration, has now
succooded in growing two of our Gambian isolates on a
continuous basis and we intend to exs~m Lne the ability of a
large number of samples of infected blood from Gambiane to

• adapt to continuous culture, We have samples of infected
blood from 100 Gambians cx’yopreserved in liquid nitrogen of
which 87$ grew from ring to schizont stage end tuidex’went

• reinvasion in microculturo when a sample of the freshly
collected infected blood was washed, resuspended in serum and
introduced into culture. The procedure for cryopreserving
and subsequently thawing ring stages of P. faloii ax’um
described above gave a satisfactory recovery rate although
the washing procedure was drawa out and “equirod care.
Snap freezing gave good red cell px’esex’~ration, At the
present time we are examining the use of high concentrations
of salt solution (Meryman & Hornblower, 1977) as an
alternative to sorbitol for washing the cryopreserved blood.
In the procedure under investigation, the thawed blood is
first centrifuged and the supernatant removed, the blood
cells are resuspended in 0,5 ml of £t.5% saline to which is
added 4,5 nil of 3.5% saline, The cells are centrifuged and
washed twice in physiological saline, The amount of lysis
during the washing process compares well with the sorbitol
method and baa the advantage of being completed more quickly.
The cryopreservation of trophozoites and schizont stages of
P. fa.jpjparum is more difficult and needs to be excmIi~ed in
detail, The procedure described by Wilson and colleagues
(1977) fro cryopreservation of the larger intracellular
forms of P. biowlesi may be applicable to P. falciparum
although our preliminary attempts were not encouraging.

The development of gametooytee in cultures of P. faloiivarum
from freshly collected and oryopreaerved blood is an important
observation, This was first reported in Annual Report DMA 37—
73 C3it92 and further work is reported above. Since this
work was carried out, Carter & Beach (1977 ) have described
the development of gametooytea of P. falciparum in vitro
which are able to exflagellate in vitro, Clearly , the
in vitro growth of go.metooytes to a stage when they are
infective to the mosquito may provide the means of producing
sporozoites of P. fa3oi~arum in the laboratory for vaccination,inmiunological and biochemical studies without recourse to - 

-

human volunteers as gametooyt o carriers , It is recommended
that Carter & Beach t a observations be confirmed and that
investigations of the factors which initiate gametooytogwieeis
be undertaken.

It is clear that the izanune response to malaria parasites
is complex and that both hunioral end cell—mediated mechanisms - - 

-

are involved, Our investigations of immunity to ,~~ falciparumin this study have concentrated on humoral imunme mechanisms,
in particular, on the effect of antibody on reinvasion.
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~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•
~~~



— —V— -V.-——- — - V V_ .V-V S VS*~•YS~~~ ’-V-V~ ..r ~r V 
~~~~~~~~~~~~~~~~~~~~~~~ ~V V - S _ - V V V V  ~•-V-—- -- __ _ V -V~V~-V - -V W~~ V-•V-’~~~

V- - VV V -V~ V~ •~VV -V -- 

~
IIIII!

~

— response in a patient to a specific population of parasites,
a procedure which controlled for any axitigenic variability
within and between strains of P. falciparuni, Although it irns
still to be demonstrated that P. falciparum is able to undergo

V antigenic variation the indirect evidence suggests that
antigenic variability by the parasite should be taken into
consideration (Wilson & Phillips, 1976). It is recommended
that more research be devoted to devising teohniquea for
determining whether antigenio variation occurs within strains
of P. fplcjparuzn and that the immune responses, both cellular
and humnoxal, to specific populations of P. faloiparumn be
oxaminod using cryopresex’vod parasites as described in this
report , Lymphocytes can also be cryopresex’ved (Icnight ot a]..,
1977) and retain their immunological activity. It would,
therefore, be possible to collect a series of samples of
peripheral blood leukocytes from patients during a patent
parasitaemia and at intervals thereafter, and subsequently
examined the activity of these cells in in vitro correlates
of coil—mediated immunity, such as lymphocyte proliferation
in the presence of specific malarial antigen, maoropliage
migration inhibition and K cell activity. Cryopresorvatioxi
would allow all the cells to be tested on the same occasion
thereby making possible a strict comparison of the activity
of the leukocytos collected on different occasions.

Although there is currently considerable interest in the
immunization of primates with asexual erythrocytic stages of
P. idnowlesi and P. falciparum, in particular, with merozoites,
it seems to the author that the rodent malarias still have
an important role in investigation of potential inmumization
schemes. In the present report it appeared that parasitized
red cells , inactivated by minimal heat treatment , are only
marginally less effective than irradiated parasitized red
cells. The convenience of’ heat—inactivation recommends its
further investigation and comparison with other forms of
parasite inactivation, such as formalin (Playf air et ai.,
1977), or Beta propriolactone treatment. The value of
merozoites when compared with other stages in the development
of erytbrocytio stages could al8o be evaluated in rodent
plasmnodia, It is possible to grow both P. obabaudi, P. ber~hei
and P. yoelii to the schizont stage in vitro from which it
should be possible to collect mox’ozoites. The rodent system
should also be used for evaluating the potential of different
adjuvants in malarial vaccines. In the author’s view a
neglected aspect of malarial immunization is the possibility - 

—of using adjuvants to enhance the immunity which follows
chemotherapy perhaps by administering an adjuvant at the same
time as, or immediately after~ chemotherapy.

Our investigation into the mechanisms of immunity to
P. chabaudi are at a very interesting stage and should be
continued. Our preliminary observations indicating an
Increase in K cell activity in malztrious mice suggests that —

intibody mediated cytotoxicity may be a mechanism for
- -introlling ~~ lnria infections. Our attempts to show

in K cells in the peripheral blood leukooytoa of
-~~ I rt’~u• children were not successful although Greenwood

s i .  (1977) were able to do so. As noted in the report,
‘i.iI t.el mtc&l problems with the target cells which made
.tis.tii t I~~ of the results difficult. Our observations
.11. Ia ~~ 1sr ioua mice and those of Greenwood et al.

. ‘- ~~ai -!~i tdren indicate a detailed investigation into

~ : lul,tr cytotoxicity, with and without antibody,
..,,a ~~ i .1a—4”~ti m  of malaria infections.

V - V V
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The adoptive transfer studies involved the use of irradiated
recipients. An incidental observation arising from the use
of irradiated mice was that irradiation induced resistance to
P. chabaudi if infection followed irradiation by less than
7 days or enhanced the course of the infection when infection
was delayed for 2—3 weeks, The pcmrasitaemia was e,ihimced in
mice challenged within 7 days of irradiation if the mice were
given bone—marrow or spleen cells immediately after irradiation.
Asimilaz depression of the parasitaemia followed cyclophosphfllTttde
administration. It seems worthwhile ex~mi-n{ng further the
nature of the depression and enhancement of the paraaitaemia
notod above.

The results of’ the cell transfer studies suggest that
this line of investigation should continue aud,in particular,
P. chabaudi or P vinckei parasites which have no preference
fox inunature red cells, should be used where the cell
recipients are irradiated, It is our intention in trying to
idontify the active lymphoid coils to examine further the

V 
relative role of T abd B coils end, in particular, to try
and identify the role of individual subclasses of T cells,
i.e. helper, cytotoxic, and suppressor coils. More emphasis
is to be given to examining spleen cell and lymph node
populations from mice which are recovering from a primary
and/or a secondary challenge infection. Recently Clark and
colleagues (1977) have emphasised the role of’ non—antibody
cytotoxic factors perhaps lymnphokines which are responsible
fox’ the appearance of degenerate crisis forms in mice
recovering from rodent babesia and plasinodial infections.
In view of these observations the incidence of’ these
degenerato forms in immune cell recipients should be determined.
Our preliminary results reported above showed that in
irradiated mice given immune spleen coils protective activity
could bo detected in the serum suggesting one role of the
transferred cells is in the elaboration of’ protective
antibodies in the recipients although it has to be
demonstrated that this protective activity resides in the
gamma globulin fraction. This observation should be followed
up.

A feature of malaria infections is that in many  hosts
the infection is persistent if the host survives the acute

• phase of’ the disease. In P. laiowlesi infections in the
rhesus monkeys it is known that the parasite undergoes - 

V

V repeated antigonio variation and this facility probably
• contributes to the parasite surviving in the semi~immune

host. It still remains to be aeon if repeated axitigenic - 
- -

variation is a feature of most malaria parasites including
the human malarias and to ascertain whether the continued
survival of parasites in tho semni~ imm~me host may also be a
consequence o±~ constraints on the immune response of the

V host to the parasite. This is clearly an area worth
investigation.

In last year’ a Annual Report I said that I felt malaria
• rosoarch at the present time was moving forward at an

exciting rate and that not only will this eventually lead V

V to the control of malaria but will reveal many biologically
intoresting phenomena. This I still feel is the case

• and I and my staff are grateful to the U.S. Army f or allowing
us to aharo in this exciting time in malaria research. 
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