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Summaxy
Plasmodium falociparum

A method for coryopreserving ring stages of P, falciparum
is described using glycerol at a final concentration of 17%
(v/v)se The parasitized blood with glycerol was snap frozen
in liquid N, and after thawing were washed with sorbitol
solution prior to putting the parasites into culture, (The
thawed blood is now washed with decreasing concentrations of
salt solution (li45% ——> 0,9%) as an alternmative to sorbitol,)
Trophozoites and schizonte~infected cells did not survive snap-
freezing,

P, malariae groew to the schizont stage in microcultures
but showed little if any reinvasion whercas a small
contaminating population of P, falciparum completed 2% cyoles
and overgrew the P, malariac,

Gametocytes of P, falciparum differentiated in 14 of 42
microcultures of lL~5 days! duration and 7 of 8 cultures of
10 days! duration, Morphologically mature looking gameto=
cytes tock 8~10 days to develop. Gametocytes differentiated
from rings put into culture and also from merozoites released
in culture and grew less well in cells containing EbF,

One hundred isolates of P, faloiparum from 93 patients
were coryopresorved and are being tested both for their
ability to survive coryopreservation and also to adapt to
continuous culture, Eighty-seven per cent of these isolates
completed oyole of growth and multiplication when a sample of
the blood was put into mioroculture prior to oryopreservation,
About 25% of the pationts provided a serum sample at the time
the parasitized blood was collected and a second 2-~3 woeks
later (return serum), Both sorum samples arc being tested
for in vitro antiparasitic activity against homologous and
heterologous parasite populations after the parasites had been
thawed and put into miocroculture, Preliminary results showed
highor inhibitory activity in return sera although a few

promotéd parasite growth, (Those experiments arc still in
progress.g

Rodent malarias

Proliminary experiments indicated the presence of
increased numbers of K cells in the spleons of P, chabaudi
infected mice, i,e, non~phagoocytic spleen cells which lysed
chicken red cells in the presence of specific antibody,
Increased K cells aotivity was not detectad in the peripheral
blood cells of malarious children, (These latter exporimonts
were not entirely aatisfaetory.) A role for antibody=
dependent cellular oytotoxicity in the control of malaria
infeotions 1s suggested by those results,

i i

P T

EERTN <=

GBS e Son I

B S W




3.

Mico given 600 rads irradiation showed some non~specifioc
resistance to 2, chabaudi compared with non-irradiated mice
if infected ‘vithin two weeks of irradiation but enhanced
parasitaemias if challonged 22 days after irradiation, Mice
given 600 rads and injected with syngeneic bone~marrow or
3pleon cells on the following day showed no non-specifio
rosistance to infection 9 days lator but showed enhanced
parasitaemias, The naturce of the non~speocific resistance is
thought to be indicative of a stimulated reticuloendothelial
systcome The basis of the enhanced parasitaemias in the
irradiated mice is not yet determined, Passively transferred
immune serum had enhanced activity in irradiated recipients,
Cyclophosphamide also depressed the early primary parasitaemia
in mice given 300 mg/Xg or 150 mg/Kg 3 days before infection,
In the former mice the patent parasitaemia was subsequently
prolonged compared with the controls,

Heated P, chabaudi infected red ocells, as a vaccine, gave
slightly less protcction than irradicted parasitized rod cells,

Thymectomized, leothally irradiated and reconstituted IITH
mico had more severe rolapsing parasiliaemias than controls
confirming a role for T cells in immunity to P, chabaudi,
Treatment of enrichod splecen T cell populations from immme
mice with antithymocyte sorum in one experiment sceverely, and
in another to a lossor extont, diminished their ability to
protoot syngonoic 600 rad irradiated recipients against a
P, chabaudi challengo, Passive transfer of serum from
recipionts of enrich immunc T colls, glass~wool filtered
immune cells or normal spleoen cells collected 11 or 14 days
aftor the cell reciplents werc challenged showed protective
activity in the sera of immune T and immune cell rcoipients
on day 14 but the highor activity was in the sera of the
latter mice, On day 11 only the sexra from the immune cell
recipionts had moasurable activity,. It is suggested one
of tho protective activitics of the adoptively transforred
colls is in leading to thie elaboration of protective antie-
bodies, the T cells aoting as helper cells, Adherent spleen
cells sceparated from an immune spleen ocell population by
incubating the colls for 25 hours in petri dishes at 37°C
gave good protection to irradiated recipients whereas the cells
adhering after 16 hours gave no protection,

The results and the furthor oxporiments planned are
discusseod,
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Introduction

Malaria is still a major health problem in many parts of
the world, Nearly 500 million people live in areas whereo
there are fow or no control measures against the diseasc
(WeHoO, 1977)e In somo parts of the world, such as India,
malaria is showing a resurgencc, It is thought that the
development of a vaccine agninst malaria will groatly holp
reduce thoe importance of malaria as a major causc of death
and morbidity, _

The immune responsc to an antigon is subject to roegulatory
proccesses which at any ene time can doetermine its intonsity
and naturc, It appears to be possible in some situations
to interfere with thesc rcgulatory mechanisms in order to
promote one aspect of the immune response to an antigen,
such as malaria parasites, rather than another, A detailed
knowledge of the character of the immune responses to malaria
parasites and of the ways in which immunity acts against the
parasites will indicate which aspoocts of the immune response
to the parasites should be preforentially stimulated by a
vacecirae It is on this basis that the studies reported below
were carried out,

The study has concermed thoe following areas:

1¢ cryoprescrvation of Plasmodium falciparum for
in vitro cultures

2, gamotocytogenesis of P, falciparum in vitros

3¢ 8pecific parasito inhibitory antibody response

to populations of P, falciparumj
h. mechanisms of protective malarial immunity in
rodents,

- o v —— .
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Part T

Immunity to Plasmodium falcigarum in man
Introduction

This part of tho study was carried out in cooperation
with Dr R.J.Me Wilson (Mcdical Rescarch Council) at the
M,R,Ce Laboratoriecs, Fajara, Tho Gambia, West Afrioca, with
the help of the rosident technical and modical staff,

The Gambia is a hyporondemic malarious areca,
P, falciparum accounts for almost all the cases of malaria
with tho occasional case of P, ovale and P, malariac,
Although malaria transmission occurs throughout the year in
The Gambia the majority of cases occur during, and for 2 or
3 months after, the annual rainy scason which usually lasts
from July to October, Thore is a high mortality rate from
the disecase in childron between 3 months and 3-4 yoars old,
Children who survive these carly years gradually build up an
effective immunity, Up to adolesconce this immunity, an
antitoxic immunity, frequently is only sufficicnt to prevent
children showing clinical symptoms in spite of carrying
detectable parasitaemias but by adulthood a strong immunity
has been establisihed, Even at this stage in their
development occasional parasitaemic opisodes can be detected
in tho Gambians, Even in individuals living all their lives
within one locality it takes soveral years of oxposurc to
P, falciparum before an effective immunity to the parasite is
attained and evon in immune individuals the parasite may
persist albeit at a chronic and usually sub-patont level, A
numbor of possible oxplanations can be proposed to explain
why the ostablishment of a beneficial lovel of acquired
resistance takos so long and even whon this has been achieved
why parasitos may still survive and multiply, Two possibili-
ties will bo discussed at this stago, First, it is likely
that oven within onc locality thore oxists a large number of
!strainst! of P, falciparum, ocach of which nccessitates a
spocific immune rosponsc from the host and that it is several
years before any ono individual has beon exposcd to most of
the coxisting strains within a locality, It might, however,
be anticipated that sonsitization to onc !strain! would
promotc a more rapid responsc to othors, Secondly, during
the course of the asexual blood phasc of an infoction
following the bite of a single mosquito, the parasitoe may be
ablo to change ropeatodly its antigenic character in order
to oscapc from the effocts of the host!s immune response
against it, i.e, the parasite might undorgo the pattern of
antigenic variation so characteristic of the sleeping siclkness
trypanosomes and spirochactes, It is quito clear that in the
preparation of an antimalarial vaccine it will be very
important to establish whother P, falciparum does exhibit the
degroo of antigonic variability suggostoed abovo, The study
carrioed out in The Gambia and reported here was designed to
try and give information in this areca,
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Immunity to P, falo%ggﬁg? in man, in part at least, is
humoral, Cohen et al, (1961) pooled serum from a number of
adult Gambians, scparated out the IgG fraction and showed
that this 1gG had therapeutic activity when injeotod into
ohildron with aoute P, falciparum infeotions, The immuno
IgG appeared to be antiparasitic when the parasite in red
cells reached the mature (schizont) stago, Such passive
transfor studies, however, could clearly for practical
reasons not bo readily extended to oxamine the offect of
serum from single individuals,

Tho asoxual blood phaso of tho monkey malaria,
P owlesi, can be grown through a complete cycle in vitro
(soc Trigg, 1365)e Multiplication ratos of 5-8 times can
be obtained whon cultures are initiated with late
trophozoites or early schizonts, Brown ot al, (1968, 1970)
and later Oohon and Butocher (1970) usod this culture system
to show that the serum from monkeys immmo to P, knowlesi
can reduce the rate of roinvasion of frosh red cells and
hence the multiplication rato of P, knowlesi in vitro,
The growth of P2, knowlesi from ring to schizont stagos
within thoe red cell was not affected by the immune sexrum,
This oculturc system thorofore provided a scnsitive measure
of tho antiparasitioc activity of at least one typoe of
antibody in tho sorum of immune monkoys, Phillips ot al,
(1972) oxtended those studies on simian malaria to
P, falciparum in man, Thesoe workers devised an in vitro
subeculturce technique for the asexual blood stage of
Py falciparum, Infootod blood was taken from infant
Gambians and the asexual blood stage was grown through two
and a half cyclos, Multiplication ratoes of 3-8 timos were
achioved aftor reinvasion in the first oycle of development,
It should be noted that tho in vitro culture of P, falciparum
poscs two major problems not associated with P, knowlosi.
First, the former parasitec takes 48 hours to complete its
asexual growth cycles in the blood compared with 24 hours
for P, knowlcsi and scoondly, P, falciparum but not
Pe knowlesi withdraws from the peripheral circulation at tho
late ring stagoe This nocessitates that P, falciparum
infected blood is introduced into in vitro culture at a
relatively early stage in the parasite!s asexual growth cyclo,
Phillips et al, (1972) subsequently oxamined the ability of
15 sera taken from adult Gambians to inhibit reinvasion
in _yitro by P, falciparum and of these sera 2 had clear
inhibitory activity, This was thoe position when the study
(Annual Report DAJA 37=73C~3492) was initiatod. The results
from this and Annual Roport DAJA 37-75C=1620 are summarised,

Tho sub=culture tochnique used by Phillips and his
co=workeors was carried out on a relatively large scale and
the amount of oach serum sample used in oach tost for
inhibitory activity was corrospondingly large. Only a fow
tosts would be carried out with oach sorum samplo because
limited quantities wero available,
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The in vitro culture was reduced to a microscale in
conventional 9b-woll microtissuec culture plates (sec also
Diggs ot al,,1971)s The growth and multiplication rate of
the parasiies in microcultures was monitored by Giemsa's
stained smcars made from tho cultures, by measuring the
incorporation of 3H-isolecucine or production lactate into
the supermatant, In oxcess of 100 sera from Gambians of
all agos and 86 Nigerian sera wore tested, The majority
of sera oxhibited a small degree of inhibition but only a
few weore strongly inhibitory, Some secra inhibited parasites
from somc children but not others, This variability in
activity could bo attributed to antigenic diversity in
Py falciparum coupled with thoe fact that specific antibody
responses to any antigonic type might only remain at a high
lovel for a relatively short period, In order to match
antiserum with a partiocular parasite population of
Py falciparum, infooted blood was cryopresorved vhile theo
infeocted child, aftor trcatmont, mounted an immunc rosponsco
to the population of P, falciparum of which a sample was
cyyopresorved, Subscquently, the cryopresorved blood was
thawed and in microcultures the ability of the parasites
to grow and multiply in the presence of protroatment and
convalescont sexra obsoerved, Although the cryoprosorvation
procedure was crude sufficient of the thawod parasites
survived and grow in culture to show that convalescent sera
showod both spocific inhibition of homologous parasites and
some cross—roactivity with parasites from other children,

The presont roport is concerned with the following arecas
of investigation whicih followed on from our carlier studies,

1, Attempts to improve tie mothod of cryopresorvation
of Pe falciparum for culturc purposos,

2, Attompts to culture P, malariac.

3« Difforontiation of gamotocytes of P, falciparum
in vitroe.

h. Culturoc of cryoprosorved P, falciparum in tho
presonce of pro=~ and post=troatment serum from
the donor of parasitized blood,

Cryopresorvation of P;asgodium faloigg;gm

Wilson ot al, (1977) desoribed preliminary investigations
into tho optimal froozing conditions for the oryoprescrva-
tion of rhesus monley blood infeoctod with Plasmodium knowlesi,
Their findings showed that the optimal conditions for
cryopresorvation of the red caell were not the best for
preservation of all stages of tho parasito, Ring stageo
parasitos in dimethyl sulphoxide survived well after
plunging into liquid nitrogon (Nz), a procedure which
extensively damaged trophozoitces and schizonts, The survival
of troghozoitoe and schizonts was inereasced by holding them
at «=317C for 30 minutes bofore plunging into liquid N,,

In this note the preliminary results of extending somo

of the obsorvations of Wilson et al, (1977) to P, falciparum
arco doscribod,

SRS R 7

T8 SRR




8e

Mate;ials and Methods
Parasito

Blood containing the ring stages of P, falciparum was
collocted from patients by vonepuncture into heparinized
Ringert!s solution (Goiman et al,, 1966) to give 10=17 1i,v,
of hoparin per mil, The donors wore mainly infants and
children attending the out=pationts clinic at the M,R.C,
Laboratories, Tho Gambia, and their parasitaemia varied from
0.5% to 10%, Tho infooted blood was washed twice with
modified medium 199 (Welloome) (Phillips et al,, 1972) and
the packed red colls reosuspended in compatible Caucasian
serun to give a 40% susponsion of red cells,

Tissue oculturc

The washed parasitized red cells were cultured eitheor
in 21 flasks as described by Phillips ot al, (1972) to
provide early schizonts or in microtissue trays as described
by Phillips et al, (1975)s In some cases, JH-isoleucine
(0e5 or 1 mCi ~ spocific activity 26 Ci mmol™ ) was added
to duplicate or triplicate wells, Samples for microscopic
oxamination werc taken, Blood smoars were stained with
Glomsats stain,

A sample of cach isolate, aftor washing, was put into
culture and allowed to completo onc schizogony and undeorgo
roinvasion, The parasitaemia obtained after reinvasion was
compared with that obtainod with the same isolato after
freezing and thawing,

Freozing and thaving procodures

The washed and rosuspended red colls wore aliquoted in
0625 ml amounts into 2 ml sorew=capped storilin propylene
tubes which wore lzopt on ico, An equal volumo of an ico=
cold solution of the cryoprotective agont was added to cach
0,25 ml sample of parasitized blood, The cryoprotectants
usod wore 34% glycerol (v/v) (38 gm glycerol, 2,9 gm sorbitol
and 0,63 gm NaCl in 100 ml distilled wator) (lMitchell ot al,,
1972;, and dimethyl sulphoxide (DMSO) at 20%, 24% or 30%
(v/v) in Ringort!s solution (Geiman ot al,, 1966), The
glycorol solution was added drop-~wisc with gentle agitation,
DMGO was added rapidly to the red cells, Ring stage
parasitos wore plungoed into liquid N, within 10=15 minutes
of addition of the oryoprotectant, Red cells containing
carly schizonts, in ono case (Exporiment 30) the parasitos
in oithor glycorol at 17% or DMSO at 10, 12 and 15% wore
frozon at approximatoly 1°C per minuto to =70°C and wore
then plungod into liquid N, and in the other case
(Experimont 74) tho parasi%os in either glycerol at 17% or
DMSO at 10% wore eithor plunged into methanol at =25°C and
wore held at this temporature for 15 minutes whoreupon the
ampoulos wore plungoed into liquid NZ' or were plunged
direoctly into liquid N,, Thawing was carried out by
transferring the tubes from liquid N, to a 37°C wator=bath
o3 rapidly as possible and gontly agitating the tube for
one minuto, Aftor thawing the tubes wore spun at 250g foxr
3 minutes, the supornatant romoved and the colls were washed
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by rosuspension and centrifugation, Thore were 5 washing
stops as indicated bolow during which the concentration of
sorbitol was gradually reduced from 17.,5% to zero. Each
addition of tho washing solution was made drop-wiso with
gontle agitation of the red cells, In each stop the
washing solutions wore added in sequenoco, The sorbitol was
made up in phosphate buffor saline, pH 7,2, and sterilizod
by filtration, Between each step the red colls were
deposited by centrifugation at 250g for 3 minutos, Theo
washing solutions werc kept ice cold,

Step 1 2 ml 17,5% sorbitol (S) + 2 ml i0% S
+ 2 ml 7.5% S,

Step 2 1 ml 10% S + 2 ml Te5% S + 2 ml 5% S,

Step 3 1 ml 7,54 S + 2ml 5% S + 2 ml 2,5% S
Step 4 1 ml 5% S + 2 ml 2,5% S + 2 ml medium 199,
Step 5 1 ml 2,5% S + 4 ml medium 199,

After thesc five stops the parasitizod cells wore washed
once more with modifiocd medium 199 and the paclked cells
resuspondod in compatible Caucasian sorum to 40% haomatocrit,
The optical density (at 412 nm) of the supornatant was
measured aftor each centrifugation,

Scintillation counting
The prooceduro described by Wilson ot ale (1977) was used,

Rosults
D
Cryvopresec tion of ring stage parasites

More than 100 isolates of P, falciparum have boen
oryopreserved as part of a study on the effects of serum
antibody on the growth and reinvasion of tho parasito in b
mioroculturos (Wilson and Phillips, 1976), To date, 18 3
isolates (stored in glycorol at 17% or DMSO at 10% ~ soo
bolow) have been thawod and introduced into culture over a
poriod of 12 months, Of those, 13 isolatos have givon
adequato growth and reinvasion rates insofar as the §
parasitaemias aftor reinvasion in the microoculturo woro g
comparablo for the samples of the isolatc cultured before
and after freozing, In those isolates ostimates of theo
viability of the thawed ring stages by oxamination of the
morphology of tho parasites (in Giomsa's stainod blood smoars)
immediatoly aftor thawing and aftor a poriod of growth in .
culturo indicatod that LO=50% of rings survived tho froozing b
and thawing procoss and grow normally, A proportion of |
the rings wore apparontly sublothally damaged and woro 3
morphologically abnormal aftor a poriod of growth in vitro ‘
(sce Tablo 3)¢ Imn 3 of theso 13 isolates, immaturo
gamotoocytos difforontiatod in ocultures of tho thawed blood,
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In the remaining 5 isolates less than 10% of the rings
were able to complete schizogony with subsequent reinvasion,

Cryopreservation of red cells infected with early schizonts

Infected red cells with ring stages were put into bulk
culture (Phillips et al,, 1972) and grown to the early
schizont stages, The blood cells were then washed with
medium 199 and resuspended in compatible Caucasian serum
prior to freezing samples of the isolate, /. sample of the
resuspended blood cells was not frozen but was cultured in
microtitre trays,

In both attempts to freeze schizont infected cells,
the parasites after thawing showed no growth in culture,
The parasites when harvested from bulk culture and after
washing put directly into microculture continued to grow,
completed schizogony and roeinvasion took place,

In Table 1 is given the optical density at 412 nm for
the supernatants after thawing and during the washing
procedure for Experiment 74, together with the red cell
count after the washing cells had been resuspended in
sorum, It can be scon that plunging the schizont-
infectod blood into liquid N, preserved almost 70% more
red cells than freozing to -3500 before plunging into
liquid N2.

Cryoprotectant

Comparison of glycorol at 17%, and DMSO at 10% or
12% as cryoprotoctant for ring stage parasites has not
shown any significant diffoeronco betwecen thom, DMSO
at 15% gave tho poorest viability, Meoasuremont of the
optical density of tho supornatant during washing showed
that consistently there was morc lysis associated with
DMSO than the glycerol although the amount of lysis in all
cases was small, Lysis in the DMSO prescrved colls
appearod to be a consoquonce of the red cells clumping
after tho first and soccond wash, The clumped red colls
required more vigorous pipetting in ordexr to resuspend
thenm,

B G A Al =

The rosults of one experiment are given, Isolate
29 (parasitaemia 5,2% mid-ring stagos) was collected, the
rod cells washed and resuspended in Group B serum, A
sample was put into microculture and the parasites went
through schizogony approximately 35 hours later. After
43S hours of culture reinvasion had taken place and the
moan parasitaomia of § microcultures was lt,3%, Samples
were snap frozon in DMSO or glycerol as shown in Table 2,

S SR AR

Five days aftor froozing a samplc each of 29-1->4
were thawed, washed and put into microculturs, Schizogony
occurred approximatoly 36 hours lator. Parasitaomias
aftor 71 hours in culturc (scc Tablo 2) suggostod a highor
roinvasion rate in garasitos cryopresorved in glycorol
and DMSO at 10%, Heisolcoucino incorporation was also
highest in thoso parasitc samplos, It has to bo notod
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that obsorvation on thawed parasites has shown that someo
ring stage parasites grow only slowly aftor thawing and
fail to roach tho mature schizont stago, It is very
likoly tha§ those parasitos do tako up 3H-isolocucino

and honce -H=isoloucine uptake can only be an approximato
moasurce of parasite viability aftor froozing and thawing
and has to be combined with an asscssmont of viability by
morphological appoarance (soc Tablo 3).

Discussion

Thosc preliminary rosults show that snap froozing

of ring stago parasitos of P, falciparum in 17% glycerol
or 10% DMSO followod by sorbitol washing to romove the
ocryoprotoctant in about 70% of tho samplos tostod oenabled
up to 40-50% of the rings tc continue growth up to tho
schizont stagos and undorgo reinvasion, Similar
rosults wore obtainod by Wilson ot al, (1977) with
P, knowlosi in DMSO at 10%, Snap froozing has tho
advantages oi tochnical simplicity and of causing little
lysis of rod colls, It is not possible to say why

in a small number of isolatos froozing and thawing

causod the doath of 90% or more of tho ring stage
parasites, It will bo nocossary to makoc a more dotailed
oxamination of the optimal froozing conditions, rato
of addition of cryoprotoctant, tomporaturo at which
parasites are hold whon cryoprotectant is added, and

the intorval betwoon addition of cryoprotectant and
plunging into liquid N2.

Our vory preliminary attempts to cryoprescrve eearly
schizonts were unsuccossful but furthor studies arc
nocded before any conclusions can be drawn,

Wilson et al, (1977) roviowed the literaturc on
froozing and thawing intra orythrocytic malaria parasitos
and thoy point out that systomatic study of the various
factors involved in oryoprosorvation of malaria parasitos
has not boon carried out, Pavanana ot al, (197L4)
washed ring stagos of P, falciparum with Tyrodos solution
and cryopresorved thom diroctly in liquid H2 with 8%,

12% or 15% DIISO as cryoprotectant, The paFfasites woro
somi-thawed in a 559C wvaterbath and thon added to 5%
glucose in salino, fashing was comploted in isotonic
saline, Theso workors, from thoir published figuros,
indicate almost 100% survival of tho parasitos aftor
froozing in 12% DMSO and thawing although thoy do note
finding dogonorato parasites in some culturos, Haynos
ot al, (1975) also used a high glycorol concentration for
eryoproserving P, falciparum and froze the parasitos to
=709C in a mochanical freczor before transforring to
liquid N,. Thoy ostimatod that 20-50% of ring stago
parasitos survivoed froozing and thawing, a figuro moro
similar to thoso roported by oursolvos. Tho advantage
of plunging into liquid N2 rathor than slower froozing
ratos is tho rolatively small dogroo of red coll lysis
associatod with it,
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Furthor work is dirocted towards developing a moreo
rapid washing procodurc using sorbitol or altornatively
E using hypertonic salt solution (Moryman & Hormblower,
1977), and to oxamining procedurces which pormit survival
of larger intracollular stages,
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3 . .
i % Viable Parasitos (by morphology)
< : Isolate No, T -
| z 0 (hours) 18 (hours)
113 5 58 41
114 43 45
115 33 42
115 , 55 %9

Viability of frozon and thawed
P, falciparum parasitos
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In vitro culturo of Pi malariac

In the Gambia clinical cases of malaria arc prodominantly
causod by P, falciparum, A sprinkling of cascs of
P, malariac arc scon and in thosc cascs tho parasitaomia is
rarely above 0,025%, A case of quartan malaria proesontod
in which tho parasitacmia was unusually high, approximatoly
0.25%, and tho opportunity was taken to obsorve the growth
of tho parasitc in microculturc, The pationt, an 8 yoar
old girl, was subsequontly found to be infected with
P, falciparum at a baroly dotoctablo lovel,

Tho pationt was blod, the blood washod and resuspoended
in compatible scrum as doscribed carlior and 5 or 10Kl of
rosusponded rod colls put into wolls of microtissuc culture
trays containing 250481 of supplomonted modium 199 with S5SmiM
Hopos addod, Thgvtrays wore incubatod at 37°C in 5% co,
in air, 0,58Ci “ll=isoloucine was added to two wells
containing 10pl of blood at 2320h on day O and tho cells
worce harvostod on day 1 at 1200h, Tho. growth of theo
parasites in culturc is shown in Table 4 . Thoe growth of
the parasitos followed a similar coursc in wells containing
5 or 10Kl of washed red colls, I+ can be scon that
P, malariac parasitos complotod growth to the maturo schizont
stage whon individual merozoitos wore clearly discormible
(daisy=hoad or rosotto), over a poriod of 3 days, Nono of
the maturc schizonts scen had moro than 8 merozoitos. At
tho start of the culturc a singlo P, falciparum ring stage
was scecn in 8000 red colls and lator on day O two oarly
trophozoitos of P, falciparum woro scon in tho tail of the
smear, At 2200h on day 1 young rings worce presoent, ofton
more than one ring por rod cell, indicating reinvasion had
occurrod, It was not possible to determinc for surc at
that timc whothor the young rings woro those of P, malariao or
P, falciparum, 48 tho culture continuod it bocamo cloar
that the majority of the young rings woroc P, falciparum.
This brood of parasitos subsequently wont through schizogony
between days 4 and 5 to give a third genoration of
P, falciparum rings in tho cultureo, On days 4 and 5, of theo
parasites to bo soon, an small proportion woro 2, malariao,
mainly trophozoito stages, It was impossiblo to say
whothor these P, malarinc parasiteos wore a socond genoration
dorived from tho schizont-~infoctod colls seon to bo
maturing ocarlicr in the culturo or if they wore vory slowly
growing P, malariac parasitos introducod into culturo as
rings, It was cloar that any roinvasion by 2, malariac was
minimal, Trom day 3 tho culturos doclined, By day 10
only a vory fow P, falciparum parasitos of all stagos,
including gamotocytos, wore to be found in tho smoars,

The incorporation of 3H-isoloucino is givon in Tatle 5.
Thoe amount of incorporation was vory similar to that in a
parallel culturo of P, falciparum sot up at the samo. time,
In this lattor culturc the infoctod blood coantainod 4,4%
young rings,
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TABLE

Incorporation of 3H-1aolouoino by 2, malariao

.'..'180

e

B ——

CePoeMe 2 X 10

Incorporation of 3H-isgloucino

!

A

‘o

!

g

Culture
! 1 2
!
;
P, malariac 2.9 362
P, falciparum 3.0 3.3

¥0e5 BCi added Day O 2245 hrs, and
colls harvostod Day 1 1200 hrs




Discussion

This onc attompt to culturoc P, malariae demonstrated
that conditions which wore satisfactory for the culturoc of
P, falciparum (the multiplication rate for P, falciparum
after its first achizogony in vitro was more than ten times)
pormitted growth of P, malarino to tho maturo schizont stage
but fow of the morozZoitoes on rolecasoc wore able to invadeo
Sed cells, It is vory lilzely that tho incorporation of

H-isolcoucino was prodominantly by 2, malariac as a parellel
P, falciparum culturc with a highor parasitaomia (4,4%
comparcd with 0,275%) gave a similar dogroe of incorporation
and oach P, malariac parasito incorporatod moro radiolabel
than individual P, falciparum,

The author has not found any rocord of othor attompts
to grow P, malarisc in vitro., Trigg (1968) roported
attompts to grow 2, inui in culturc, P, inui, a simian
parasito, liko P, malariac has a 72~hour asoxual growth
cycle in the red colls, Trigg found growth of P, inui
to tho schizont stago but little reinvasion took place,

P, malariae is said to invade mature rod cells
proferontially, It is unlikely thoroforce that tho failure
to invado is tho rosult of unsuitablo rod colls being
available in culturo, Two attempts by the author to

grow P, vivax in vitro in potri dishes following Trager

and Jensont!s proccdure (Tragor & Jonson, 1976) gavo growth
of the parasite to tho schizont stage but with little
invasion, P, vivax has a proforonco for immaturc red ceolls
and for this reason may be difficult to grow in cultureo
withcut a supply of blood with a high roticulocyte count,

Samples of tho P2, mnalariac infoctod blood used above
woro cryopresorved and at a lator date will bo thawed
and culturod by tho Tragor and Jonson procodurc (1976).
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Differentiation of ggggtocxtes in microcultures
of human blood infected with Plasmodium fulcigarum

(with Dr R,J,M, Wilson)

As the ocarly stages of gametocytogonesis of Plasmodium
falciparum are scquestered in the spleen and bone-marrow
(Thomson & Robertson, 19353 Garnham, 1965) and are rarely
scon in poripheral blood smears, observations on gametocytc
dovelopment in cultures of infocted peripheral blood are of
especial interest,

Row (1928) first described the appocarance and early
development of the gamotocytes of 2, falciparum in blood
cultures using the tochndquo of Bass and Johus (1912),

Since then scvoral workers (Tragor, 19713 Haynes ot al,,
19753 Mitcholl et al,, 19753 Phillips ot al.,, 19753

Smalley, 197563 Trager & Jonson, 1973) have briefly reported
the appoarance of gametocytes in other forms of cultures of

P, falciparum infected blood, Observations on thoe devclopment
of gamotocytos in microtissue culturcs (Phillips ot al., 1975)
of periphoral blood from Gambian childron infeocted with

P, falciparum were roported by Phillips ot al, 21976) and
Smalloy %1975) and in a provious Annual Roport (DAJA 37-73
C3492), Smalloy (1975) notod that tho development of ring
stages to morphologically mature gamctocytea took about 10
days in vitro as scoms also to be the caso in vivo (Garnham,
19763 Hawking et al,, 1971), In tho following account,
oxperiments aro describoed which show that gametocytes of

P, falciparum can dovolop both from ring stage parasitos
introducod into culturc and also from morozoites roloascd
during subsequont schizogonics in vitro. Preliminary
obsorvations on tho incorporation of Jli~isoloucine by
gametocytos of P, falciparum in vitro arc also described,

During the rainy scason months of August, Soeptomber
and Octobor, blood containing ring-stage parasites but not
dotoctablo gametocytos of P, falciparum wore collected by
vonepuncturoc from Gambian childron into hoparinizod Ringor's
solution (17 i,v,/ml blood),

Uninfoctod blood was colloctod from tho umbilical cord
of Gambian nowborns at the Royal Victoria Hospital, Banjul.
Those samplos contained 90-95% rod cells with haemoglobin F
(Hb F), as dotormined by the acid-olution technique of
Kleihauer ot al, (1957).

Blood was cultured in 96-well flat-bottomed microtissue
culture trays (sce 1 below) or in 2-litre flasks (sce 2 below).
The medium was TC-~199 supplemonted as described by Phillips
et al, (1972). Hopos at 5mil was also added to the modium in
somc exporimoenta, Thoe culturcs worce gassod with 5% CO,
in air,

In culturos of h-5, Gy or 10 days duration, gamotocytcs
woro obsorved at tho ond of the culture in 14 out of 42,
2 out of 3, and 7 out of & culturos roespoctivoly,
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1) Ring stago parasitos transforred dircctly into microculture

In initisl oxporiments, 10pl of whole hoparinizoed blood was
added to 25011 supplomonted TC=199 in cach well of the tray.
Our rocommended practice now is first to romove the plasma,
wash the rod cells twice with Hepes~buffored TC-199, and
resuspond the packed washed colls to the approximate 2lood
i volumo (40% hacmotocrit) in Caucasian AB, A or B sorum as
appropriatc, Subsequently, 10pl of the washed and resuspended
cells are addod to cach woll,

2) Subculturo into microculturcs

Largor volumos of infocted blood wore first cultured for
12-2l hours in 2-litre flasks (Phillips ot al,, 1972). At
the schizont stage the cells were rcemoved and schizont-infocted
rod cells were concentratod using Plasmagel (3% w/v gelatin -
Laboratoirc Roger Bollon,Houilly§ (Pasvol ot al,, 1973) as
follows, Zrythrocytes and schizonts, soparated from the
culture medium by contrifugation,(zsog for 5 min), wore
rosusponded to a haomatocrit of 40% with supplemented TC-199
in a 15ml contrifuge tube, The rasuspended cells wore mixed
with half their volume of plasmagel and loft to stand for 15
min at 37°C, Aftor sodimentation two distinct phasos woro
visiblo with the schizont-infected red cells concentrated
(50~90%) in the upper layor, The concentrated parasitizod rod
colls woere washed wit medium 199 and rosuspcended in
Caucasian sorum as doscribed above before addition to the
microculturcs,

3) Addition of cord blood colls

In ordor to domonstratc that gamctocytos difforentiateo
from merozoites rolecased during schizogony in vitro, washod
cord blood colls woro added to infocted blood shortly beforeo
schizogony in vitro. Parasites, including gametocytes,
subscquontly found in Hb F-containing cclls must dovolop from
morg§oitos roloased in vitro (Diggs et al., 19713 Pasvol et al,,
1976).

Incorporation of 3H-isoloucine

Small and mid-ring forms of parasites were roesuapondod
in AB serum and 10Kl wore placed in microtissuc culturc weolls
containing 200Kkl supplomontod TC-199, 40l AB sorum, and 10R1l
TC=-199 containing 0,5KCi “H-isoloucine (26 ci/mmol -
Radiochomical Centre, Amersham)., Smoars woro made of the
cultured colls at intorvals until tormination of the culture, :
The smcars wore fixed, washod twice in methanol, and . a2
autoradiographod by dipping in Ilford Nucloar omulsion (XS) :
as doscribod by Wilson (1974). The autoradiographs were
devolopod after onoe weck!s oxposurc and woro stained with
Giomsa's stain, Dostaining of tho omulsion was assistod by £
dipping in a 1:3 mixturc of othanol and phosphatoe buffer, g
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Size distribution of gametocytes

Giemsa-stained parasites were photographed on 35 mm film
(Recordak !'Microfilet) at a magnification of approximately X530,
Infected cells were photographed at random in successive
microscopical 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 al,, 1977).

Results

Development of gametocytes from ring-stage parasites introduced

into microculture

The time course of the development of gametocytes from mid-
ring forms of parasites in a microculture is summarised in
Table 6, Immature gametocytes could be distinguished from
late trophozoites after 42 hours of culture, when schizogony and
reinvasion was complete and immature gametocytes were easily
recognisable as oral-shaped parasites with pigment
characteristically splinter<~like, The chromatin was apparently
dispersed along the longitudinal axis, The subsequent Al
development of the gametocytes was one of elongation,
maintaining an oral shape although in some cases one side of
the gametocyte was straight rather than bowed, By 113 hours
both elongate gametocytes and shorter, less mature ones were
present, After 220 hours morphologically mature gametocytes
were seen,

Development of gametocytes 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 gametocytes increascd between days 4 and 8 of the culture,
Both these observations suggested that gametocytes could
develop from merozoites released in vitro,. An experiment
that shows this is summarised in Table 7. Gametocytes were
not detected until 125 hours when the parasites had undergone
two asexual cycles in vitros the gametocytes were immature
and so scanty that they could only be detected in the tail of
the smears, As gametocytes that develop in culture from
ring stages can be distinguished within 50-50 hours, it is
likely that immature gametocytes first seen at 125 hours had
developed from merozoites released at the first schizogony
and reinvasion in vitro, The increased numbers of immature
gametocytes seen at 191 hours could be attributed to
differentiation of gametocytes from merozoites released after
about 100 hours of culture,
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TABLE 6

Developmont of gamotocytes directly from rings
introduced into microculture 1

fﬁ:? : Stf:e of Parasito No;edOf Payigétes
S G cells r.b.c.'s
o 28 L85 5.7

30 6 36 765 5.5

y2 Schizogony and reinvasion

su(2) 5 + 313 17.25
66(3) 13 . i ot
90(#) 18 25 2 425 10,6
11305) 16 13 7 4 488 8.2

+ = gametocytes presents

= ringss
trophozoitesg

= schizontsg

Q@ »n 13 9
n

= gametocytes. £l

(1) Each parasite count is ropresentative of 2 or 3
microcultures,

(2) 7Two early gametocytes detected in 40 fiolds (approximately
4,000 red cells),

(3) Occasional schizont and trophozoite present. Gametocytes
easily detocted - G gamotocytes in 5,100 red cells,

(4) Gamotocytes present - 7 in 6,400 red cells,

(5) Gametocytes present - some clearly more mature than
others -~ 30 in 9,400 red cells,
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i
TABLE 7 . |
Development of_ﬁgmetoqytes from merozoites
released in vitro
Time Stage of Parasite No.edof Pn7?gztes
s (h!‘) b of
b R T s G cells reb.Ce's
[ 2 21 538 holt
36 Schizogony and reinvasion
81 1 27 496 5.5
101 Schizogony and reinvasion
125(1) a3 2 ¥ 449 3.3
150 Schizogony and reinvasion
.i
192(2) 10 1 320 5.9

Parasite stages abbreviatoed as in Table 6

M i oy i SNl

(1) No gametocytes in 50 fields in middle of smears:
occasional immature gametocyte in tail of smear.

(2) Eleven gamotocytes in 50 fieldss mainly early
gametocytes with a few moro mature forms,
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Development of gametocytes in IbF=containing cells

In the exporiment summariscd in Table 8, schizont-
infected blood prepared by plasmagel concentration was mixed
with cord blood to give a 1:20 ratio of IIbA:HbF containing
red cells, Schizogony and reinvasion commenced within a few
hours of tho culture boing asot up, By 77 hours a second
schizogony had occurred and carly gametocytes were prescnt,
both in red coells containing HbA and in thoso containing HbLF,
After 170 hours in culture, 20041 of medium was replacod
when the supernatant fluid in the cultures were clearly acid,
At 170 hours and 210 hours gamotocytes at different stages in
development could be distinguishedy frequently two gameto-
cytes, and vory occasionally three, wore present in a single
red cell, At this time, all the asexual forms in this
particular oxporimont had died, The gamctocytes in the HbA
red cells were frequently bigger and further developed than
those of HbF cells (sce Fig. 1), This provides further
evidence that foetal red coells provide a less favourable
onvironment for the growth of the parasite (Digga et al,, 1971
Pasvol ot al,, 19763 Wilson et al,, 1977). The possibility
that the larger gametocytes in the HbA cells were derived
from the original inoculum and not from the parasites that
invaded HbF-containing cells can be excluded for the following
two rocasons, First, the oulture (sce Table 8) was inoculated
with a plasma gel layer and no immature gamotocytes were
evident amongst the concontrated schizonts, Secondly, even
if gametocytes had been prescnt in the plasma gel layor they
would have becn morphologically distinguishablo by the time
of the first schizogony in vitro and no such forms were seen,

Incorporation of 3H-isoleueine by difforontiating gametocytes

Gametocytes differentiated from mid-ring -stage parasites
in a culture containing 3H~isoloucine, At intervals up to
81 hours smears were made and autoradiographed. Grain counts
at seloctod timos (Table 9) indicatod that the isotope was
incorporated into both asexual and soxual stages. During
the first 60 hours of culture, less isoleucine was incorporated
por coll by gametocytes than by asexual forms,

After 81 hours of culture many asoxual forms appearod to
be dead but grain counts for intact schizonts at this time
differed little from maximum valuos rcachod by schizonts at
carlier timos, By contrast, gamotoocytes and a slowly
growing new brood of rings had continued to incorporate

H-sioloucino, The proparations did not permit morphological
distinction betwoon micro-~ and macrogamotocytes,

Discussion

Tho early stages in tho differontiation of gamectocytes
of P, falciparum from merozoitos do not usually occur in the
poriphoral blood but in tho sploon and bone marrow and
morphologically maturo or nearly mature gametocytes arc only
released into the periphoral circulation aftor 9 or 10 days
(Garnham, 1966), After 9 days in culturo, gamotocytos were
presont that had assumed the appearance of mature gametocytos
(although thoir infectivity to mosquitoos and the ability of
the microgamotocytoes to oxflagollatoe wore not tostod).
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TABLE 8

Microculturoe of P‘ falcigarum in the

proescnce of red colls containing HbF

No, of Parasites
?i:; red /100
R T S G cells r.b.c,!s
0 18 531 3.4

Schizogony and reinvasion

17 1283 : 1064 12,0

56 5h 532 10,2

Schizogony and reinvasion

R 15 6 .0 878 649
| 89 8 11 3 ‘9 852 3.6
} 170 (Asoxual stagos doad) 16 2000 0,8
f 215 " " " 17 - 2000 0.9
f - " . n g 1000 0.8 E

Parasite stages abbreviated as in
Tablo O,
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TABLE 9
Grain counts from autoradiographs showing the
incorporation of Jli~isoloucing by differentiating
gggotocxtes
Timo Stage of Parasite :
(hr) Gonoration 1 Goneration 2
. R T S G R
- 9 3.6 x .73 .
17 Te5 £ 2430 ‘
57 35,7 + 6439 22,9 & 5.26 3.6 1 0,70

7.43 30,1 & 3.80 6,8 & 1,94

81 34,5

I+

(Each grain count is mean of 10 parasites i standard
deviation)

Parasite stages abbroviated as in Table 6 %
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Although gamotocytes may grow morc slowily. in vitro, our
results suggest that the estimate of about 9-12 days (Garnham,
19663 Smalley, 1976) for the maturation of 2, falciparum
gamotocytes is rcasonablo, A shorter maturation period

has beon suggosted by Mitchell et al, (1976), It is clear
from Smalley's (1976 and our observations that the first
24-30 hours of gametocyte growth occurs in the peripheral
blood and that at the end of this poriod sexual forms in
common with late rings withdraw to the docper tissues,

The morphology of the doveloping gamotocytes in Giocmsa's
stained smcars ies broadly similar to that described by
eariier workers (Thomson & Robertson, 1935), although we
have not noted any so-called Garnham bodics, i,o, thick
filaments occasionally present as inclusions in the red cell,
togothor with doveloping gamotocytes (Garnham, 196G),

Despite their stunted growth in fotal red colls, gamctocytc.
characteristics, such as clongation and splintor-like
pigment formation were apparcont,

None of the parasitce donors for tho oxperimonts
doscribed above carried detoctable gamotocytes in thoir
periphoral blood whon thoy wore bled (whoro gametocytos
wore present in peripheral blood at bloeding further
gamotocytes difforentiatod in culture), In some of our
cultures, gamctocytes difforontiatod directly from rings
put into culturo and a furthor gonceration of gametocytes
subsoequently doveloped from morozoitos rcloased during the
complcetion of an asoxual cycle in vitro, In othor culturecs,
gamotocytes were detected aftoxr 7 or & days incubation but
not carlier, Thorofore in the former group of cultures it
is likely that tho initiation of gametocytogonesis occurred
in vivo and once startod tho process continued in vitro.

In the lattor culturcs, although the stimuli for gamotocytos
dovolopmont again may have beon roceived in vivo, it is also
possible that it occurred in vitro. o havo no information
as to the nature of the initiatory process othor than to
comment that tho conditions in some of the long torm
cultures bocame advorse to parasites in the asoxual cycleg
the culture modium became vory acid and the asexual stagos
of the parasito wore either decad or their numbers had fallen
substantially, Recently, Cartor & Boeach (1977) reported
that gametocytes which doveloped long torm cultures of

P, falciparum could be inducecd to oxflagollate. The numbers
of the maturc gamcetocytos werc particularly high in cultures
in which the sorum contont of the culture medium had been
changed from 10% to 50%., They suggost that high serum
contont and prolonged maintonancoe of culturos for at loast
two weeks may boe important in the production of mature
gametocytos,

It is not cloar from our preliminary oxporimont with
3H-ieoloucina whether gamotocytes roquiroc less isoleucine than
asexual forma oxr if tho lattoer simply grow morce quickly,.
Miecrocultures, howover, provide a means to compare such
aspects of tho motabolism of both forms as woll as to
invostigate othor aspocts of the biology of gametocytes,

0.8 an analysis of tho processces which initiate gamotocyto=
gonosis or of tho changos in the maturing gametocytos which
result in theoir roloase into tho poriphoral circulation,
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Further, if mature gamotocytes could be grown in vitro, they
could be usced for infecting mosquitoes for sporozoite
production,

It was reported by Haynes et al, (1976) and elsowhore
in this roport that tho gametocytes of P, falciparum can
diffoerontiate in culture from cryoprecsorved blood,
Cryopreserved blood, thoroforec, could be used to carry out
some of the investigations outlined above,

SRS P B Bt Wl IR 3L




Experiments with Plasmogium falcigarum

In the two previous Annual Reports short—=term culture of
P, falgiggggg from Gambian children was described, Microtissue '
culture. trays were used for examining the effect of sera from
immune agult Gambians on the growth and multiplication of the
parasite in vitro,. A high proportion of the sera had relatively
little inhibitory activity on P, falciparum parasites from
various infected infants and children, It was suggested that
one possible reason for the lack of inhibitory antibody activity
in so many sera was that within the locality in the Gambia where
parasites and sera were collected populations of P, falciparum
existed which represented a range of antigenic types and that
the detectable antibody response of an individual to specific
populations of P, falciparum may be short lasting. In order
to relate an antibody reponse to a particular population of
: v parasites, P, falciparum infected blood was cryopreserved while
3 the patient®s parasitaemia declined following minimal chloroquine
administration and the antibody response to the parasites
developed, Two or three weeks after 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 against
the cryopreserved blood after it had boen thawed out and put
into microcultures, 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 these observations, First, the
procedure for cryopreserving P, falciparum infected blood was
improved as described below, Seandly, about 100 samples
(isolates) of infected blood were cryopreserved and serum
samples obtained at the time the infeeted blood was collected,
The patients were usually given chloroquine (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
cells in Caucasian serum is described below, For each isolate
collected samples wore cryopreserved and a sample was put into
microculture and the growth of the parasito followed by its
morphological appearance in Giomsa'!s stained blood smears and
by the level of incorporation 3H~isoloucine over a l1l2-hour
period before and after reinvasion (Wilson and Phillips, 19763
Annual Report DAJA 37~75 C1620).

0f the 100 isolates of P, falciparum infected blood
collected, which included two isolates from each of two
individuals on different occasions, 87% grew from ring to
schizont stage and underwont reinvasion and made significant
incorporation of 3H~isoleucine before and after reinvasion,
Of the remaining isolates, 80% made little growth and the rest
grew up to the schizont stage but failed to reinvade.
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Shortly before this period of investigation was started,
Trager and Jonsen (1975) described thoir procedure for the
contunous culture of P, falciparum using the candle jar technique,
Dr Wilson and I decided, thorefore, that it would be useful
to gain oxperience with Trager and Jonson!s culture procedure
and in due coursc assess tho ability of many of our samples
to adapt to continuous culture as well as test the inhibitory
activity of sera from children beforc and after recovery from
their malaria infoction. After a numbor of attempts over a
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period of months, Dr Wilson 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 L
established further Gambian samples can now be tested. -

Relatively few of the isolates have so far been tested,
The procedure was similar to that described in the previous
Annual Report, The cryopreserved infected blood was thawed,
washed, and the blood colls rosuspended in compatible Caucasian
sorum, Ton microlitres of the resuspended were put into
microtissuc culture trays in supplemented medium 199, Serum,
either 50 Kl or 100 kl, was added to the wells in tho tray at
the start of the culturc or when the parasites had grown to
trophozoite or early schizont stage, The total volume of
cach microtissue was 260 pl, Parasites wore grown in sera
from the donor of the parasites (homologous sora) or sera
from other donors (heterologous sera), The sera from patients
2 or 3 weeks after treatment are referred to as return sera.
The effect of the various sera on the parasites was determined
by measuring the rmultiplication rate from Giemsa'!s stained
bloogHsmoars aftor schizogony and reinvasion and by measuring
the ~isoloucine uptake in the cultures over a 12-18 hour
poriod after reinvasion has occurred,

The rosults to date are summarised in Table 10 and they
show a similar picture to the previously reported preliminary
results, Many of the returan sera showed some inhibitory
activity both against homologous and heterologous parasite
populations, There were again some unexpscted results, .
With parasite populations 80 and 87 (both thawed and cultured
on the samc day) four of the return sera tested gave enhanced
3H~isoleucine uptake after reinvasion,

Teating of further return secra is in progress,
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TABLE 10
Sera_ndded to the wells at the start of tho
microcultures or within 19 hours before f
reinvasion had commenced
3H-isoloucine 3H-isoleucino
*i incorporation incorporation
Colls Serum (p1) as % of Colls Serum as % of
homologous homologous
gsoexrum sexrum
L8 48=1 100 100 102 102-=1 100
48=2 100 38,5 102-2 69,2
75=2 100 38,5 96=1 176.9
B control (100 T 962 88,5
v 26=1 115.3
62 62-1 21003 100 26-2 A00. -
48-2 100 7645 80 80-1 100
51 31-1  (100) 100 gg:i ;28
ﬁi‘l H0 87-2 260
-2 7709
61-1 &100; 102.1 23-1 360
61-2 100 40,0 87 87-1 100
*s52 52-1 100 gz:i igg 5
522 68 742 136.5 A
AB serum 90 23-2 3#-5
* 82-1 17.3
75 75=1 100
752 108 82=-2 117.3
AB 108 52 521 120
96 96-1 100 ;2:? hg:?
96-2 234 76-2 40,5
102=~1 71.0 27_1 12507
102-2 38.7 272 85,1
109=1 T1.
26~2 38.7 109-2 7844
66=1 7546
56=2 43.2

—

*
Sera added when roinvasion underway

*#
50 ul1 unless otherwise stated
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Part IT
Inmmunity to Rodent Malaria Parasites

Introduction

The work described in this roeport is a continuation of
the study described in the Annual Report for Contract DAJA
37~73-C3492 and Contract DAJA 37-75~C1620, Four lines of
investigation have been »nursued:

a, 1investigation of the lymphoid cells
involved in immunity to murine malariaj

- be the offects of irradiation on the course
of Plasmodium chabaudi infectionsg

» ces antibody~mediated cellular cytotoxicity in
malarious miceg

d, further experiments on immunization,

The results from cach arca of investigation will be described,
and the conclusions arising from each will be drawn togeother
in a concluding section,

Matorial and methods - general considorations

Parasite Plasmodium chabaudi (A/S strain) was cloned and
suppliced by Dr D, Walliker, University of IEdinburgh. In
C57B1 and NIH mice of 6 wecks and oldor this parasitce produces
a primary parasitacmia lasting 10-1lL days with a poak parasitacmia
in the range of 25 to 75%. Following the primary parasitaemia
therc aro occasional patent relapses and 8-10 weoeks after
infection most of the mice achieve a sterile cure. In our
laboratory the asexual blood stage of the parasite grow
synchronously, schizogony occurring around midnight,. Late
3 trophozoite and schizont stages tend to leave the peripheral
circulation,

Parasitized blood is stored at -70°C or at é198°C using=
. glycerol at a final concentration of 17.5% as a cryoprotective
agent. Cryopreserved blood was thawed in a 37°C water bath
and injected into mice. Subpassages were subsequently made
i ' every 3 or 4 days until the parasitaomia was patent.
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Heparin at a final concentration of 10~17 i.u./ml blood
was used as the anticoagulant and dilutions of infected blood
were made in Hanks! balanced salt solution or tissue culture
medium as indicated,

AN .

4 Parasitaemias were assessed by examination of tail blood
smears stained w&th Gie?sa‘s stain and recorded as parasitized
red cells per 10% or 10- red cells, Mice were injoected with

arasitizod red cells intraperitoneally (i.P-) or intravenously
i,v.) as indicatod in the text, All infections were
initiated with infected red cells,
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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 Bueh, East Lothian, and NIH mice by Anglia Laboratorics,
A_G mice are bred in the Department of Zoology, University of
GIasgow,

All mice were fed on Oxoid diet 41B and food and wateg
were given ad libitum. They were 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 (4ADCC),
a non-specific cytotoxic reaction of lymphoid cells on target
cells in the presence of antibody directed against the target
cell (MacLlennan & Harding, 19703 Perlmann & Perlmann, 1970;
Perlmann, 1975). The effector cells are apparently non-
phagocytic, non-adherent lymphocytic cells (Perlmann &
Perlmann, 19703 Calder et al., 19743 Sanderson & Taylor,
1976) amd are referred to as K cells, There is evidence
that K cells arc neither B cells (Wisloff & Freland, 1973;
Calder et al., 1974) not T cells (Van Boxel oi al., 1972)
and may belong to the population of null cells (Greenberg
et al., 1973) which exists in the lymph nodes and spleen of
normal animals (Stobo, Talal & Paul, 1972;. IgG antibody
is required for ADCC (Calder et al., 197L). Immune complexes
cont§ining IgG may inhibit the reaction (Jewell & MacLlennan,
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 for
evidence of altered K cell numbers in the spleens 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 (Ghaffer,
Calder & Irvine, 1976) and were used in our study.

Assay procecure for K cell activity

Suspensions of mouse spleen cells in Medium 199 containing
5% foetal calf serum (5% FCS=199) were prepared as described
previously (Annual Report DAJA 37-75-C1620), and incubated
in 9 cm sterile plastic petri dishes (Sterilin) for 2 hours
at 37°C in air, At the end of this period the non-adherent
cells were removed from the petri dishes, washed and
resuspended in 5% FCS-199,

Blood was drawn into a heparinized syringe (10 i.v.
heparin/ml blood) from 6-12 weeks old Leghorn chickens and
the blood cells washed three times in phosphate buffered
saline (PBS), pH 7.2 A suspension of 2 x 10° CRBCS/ml in
PBS was prepared agg O,1 ml of this suspension was added to
O¢l ml of 100 pCi Cr labelled sodium chromate (Radiochemicals,
Amersham, specific activity in the range 100-350 pCi/mg
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dilution of antiserum
Figure 2, Antibody-dependent cytotoxicity of pooled spleen cells
from two C57B1l mice, Cultures containing 2 x 106 splenic
lymphoid cells were incubated at 37°C with 5 x 10h CRBCS

labelled with 5lCr, in the presence of rabbit anti-CRBC

|
serum at concentrations of 10-3, 10_h, 10~ and 10-6, or

-!
normal rabbit serum at 10 . The % cytotoxicity of the

spleen cells was calculated as %SlCr release in the

presence of antiserum minus %?}Cr release in the

presence of normal serum (o —— o). The %510r release
g in the presence of normal serum ( e ) was the same as

k
[ \ in controls containing CRBCS and antiserum or normal serum
& Q’ but no spleen cells,
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chromium), After incubation for 1 hour at room temperature
the labelled CRBCS were washed three times in PBS and resuspended
to 5 x 107 CRBCS/ml in 5% FCS-199,

Cultures were carried out in 15 ml glass screw top tubes
(Flow Laboratories). Each culturg was of a total volume of
O.4 ml which was made up of 5 x 10% CRBCS in 0.1 ml, 0,1 ml
5% FCS=199, 0.1 ml (varying numbers) spleen cells and 0,1 ml
of either diluted (see below) rabbit anti-CRBCS serum or &
diluted normal rabbit serum. Control tubes contained 1 a 10
unlabelled CRBCS in 0,2 ml 5% FCS-199, 5 x 10%* labelled CRBCS
in 0,1 ml, and 0,1 ml diluted antiserum or normal rabbit serum,
Unlabelled CRBCS were added to the control tubes (which had
no spleen cells) in order to prevent the spontaneous lysis of
the labelled CRBCS, The cultures were incubated at 37°C in
5% CO, in air for 16 hours. After incubation the cells were
centrifuged (250g for 5 minutes) and 200 Wl of the supernatant
removed, Both supernatant and pellets were counted on a
gamma counter (I.C,N. Autogamma 500) and cytotoxicity was
calculated as follows:

% cytotoxicit _ 2 x supermatant count x 100
¥ i A ipellet + supernatants 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 o 10% suspension of washed CRBCS
in PBS on alternate days over 18 days and were exsanguinated
on day 21, The control rabbit serum came from the same
rabbits before immunization started, All the rabbit sera
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- ected
C57B1 mice, Cultures were set up containing 2 x 10° splenic
lymphoid cells, 5 x 1ol labelled CRBCS (spleen cell to
CRBCS 40:1) and rabbit anti-CRBC serum or normal rabbit gerum
dilHted with 5% FCS-199 to a concentration of cither 1077,
1077, 10=3 or 10-°, The percentage cytotoxicity with anti-
serum at these concentrations is given in Figure 2, It can
be seen that the highest 51lcr release occurred in antiserum
diluted to 10=3 but at 10~S the cytotoxicity declined
considerably,. The cytotoxicity associated with antiserum
diluted to 10~ and 103 was similar, and although bolow that
given with 10=5 antiserum, in all subsequent experiments an
antiserum dilution of 10‘& was used, Spleen cells with
normal rabbit serum at a dilution of 107 gave the lowest
cytotoxicity,

51

In all the experiments described below the Cr release

in the controls was similar,
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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 were prepared from mice either just before 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 an increase
in the non-specific ADCC of spleen cells of infected mice.

p—

Further experiments were subsequently carried out and 1
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 parasitaemias 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 i
were only significant at p = 0.1, If the unrepresentative g
culture is omitted the cytotoxicity of tne infected cells is |
significant at the 0,05 level. In the third and fourth 3
experiments, the infected mice being killed on day 5 and 11 :
of the infection respectively, there was no significant |
difference in sytotoxicity between infected and control spleen :
cells, In both these experiments, however, there was an
unusually high 31Cr 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 lysed with 0,83% NH4C1
before the cultures were set up. No differences were noted
between the cytotoxicity observed in the cultures with oxr
without accompanying mouse red cells, In the fifth
experiment in which the spleen cells came from two mice with a 3
declining parasitaemia on day 13 after infection there was 3
a significantly higher cytotoxicity level with the infected i
spleen cells,

Some very preliminary experiments were carried out with
lymphoid cells isolated from the peripheral blood of children
infected with P, falciparum,. Monocytes were isolated by
centrifugation of blood on Ficoll/Triosil gradients
(standard published procedure used), The optimal
lymphoid cell: CRBCS ratio was found to be 2:1 for a rabbit
antiserum dilution of 10=", The results of 1l experiments
are presented in Table 13 where it can be seen that there was
no significant different between the cytotoxicity wvalues
obtained for infected children Caucasian controls, The
net percentage cytotoxicity (% 21Cr relecase in the presence
of antiserum = % 520r release in the presence of normal serum)
gives values (50-70%) for most of the subjocts examined which
arc within the range of most of 58 control subjects examined
by Calder et al. (1974) in their study, A problem encountered
with this study on infected children was a tendency for the
CRBCS to lyse spontaneously. This could have been the
result of using red cells 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,
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3 ¢ ’ TABLE 13
Antibody-dependent cell-mediated cytotoxicity of peripheral lymphoid ce
infected or uninfected donors, A lnggpid cell:;CRBC ratio of 2:1 was

T

Blood loucocytes from infected Blo
donors
Age of No. of parasites per %slcr release in %510r release in %5
donor field (approx. 5000 presence of presence of
(years) cells/field) antisorum (10~%) nor.serum (10=1)
- 25/1 67.3 & Teh . 53
1.5 20/1 80,1 + 2,0 28,6 1 16,7
- 100/1 83-5 + 7.1 Il105 o 6.1
- 50/1. 60.1 + ko2 11.4 ¢+ 0.9
12 45/1 42,9 + bk Bel + Lol
- 80/1 62.8 + k9 2.9 + Oul
: 1e5 .ll5/1 Sooh L, h03 ho65i 201
2,0 10/1 66,8 + 5.2 2,45 &+ 0.7 \
570%
0e5 50/1 65,6 4 11,7 10,0
2.0 300/1 64,9 + 8.3 11,95+ 5.86
3.5 40/1 7649 £ 946 9.6

(& |
ool -

2,0 200/1 51,6 + 0,2 13.4 £ 25
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TABLE 13

:-city of peripheral lymphoid cells from P! falclggggg
poid cell:CRBC ratio of 2:1 was used.

Blood leucocytes from uninfected
donors

%510r release in %510r release in %510r release in

. of presence of preseace of presence of
20°%) nor.serum (10=%) antiserum normal serum
o 12,4 &+ 3.3 55¢1 3 3.3 15.6 £ 546
20 28,6 + 1647 78.3 £ 2.12 20,3 + 3.8
1 51,5 + 6.1 82,1 & 11,6 40.2 & Te5
02 11.4 + 0.9 66,0 + 2.9 6.5 + 2.0
A Bel £ hob 501 4 17.5 6.7 £ Sek
9 2.9 & Ouk 54.5 & 11,6 Te2 + 10,4 :
3 h065l‘_,'_ 201 56.3 i 9c8 8.ll- i 2.1
2 2,45 X 0.7 ‘
- 575 > 9¢5 13.5 % ko5
o7 10,0

11. .86 5 g
r sl 70.4 + 6.8 16.7 &+ h4e5 :
.6 9.6 3
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Discussion

Our investigations with P, chabaudi infected mice suggest
that there is no decrease in ADCC, although other types of
immme responses, e,g. hunoral responses to heterologous
antigens can be depressed during malaria infection in mice
(reviewed by Wedderburn, 19743 McBride et al., 1977). In
6 of the 8 experiments described above, with the spleen cells
coming from mice 6-~15 days after infection, there was an
increase in K cell activitye This increase in cytotoxicity
of non-adherent spleen cells from infected mice, to CRBCS
in the presence of rabbit anti-CRBC serum could be found in
spleen cell:CRBC ratios of between 1,25:1 and 40:1, Oon the
basis of spleen size, there would have been a much greater
K cell activity from between days 6 and 15 because the spleens
of infected mice became much larger (3-4 times larger at
peak parasitaecmia) 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 infected with P, rfalciparum and non~infected
controls, The experimental conditions used were not
entirely satisfactory, Recently Greenwood, Oduluju &
Stratton (1977) have reported an increased K cell activity in
the peripheral blood 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 (Xretti &
Nussenzweig, 19743 Gravely, Hamburger & Kreier, 1976) and in
the peripheral blood of children infected with P, 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 X cells (Greenberg,
Hudson, Snen & Roitt, 1973).

There is, howover, no evidence from these experiments that
K cells are effector cells in the lysis of parasitized red
cells or free malaria parasites, There is only one report of
immune spleen cells being cytotoxic to malaria éP. berggei)
infected red cells in the presence of antibody (Coleman et als,
1975) and this observation needs to be confirmed in other
systems, It has also to be noted that monocytes and
polymorphonuslear leukocytes can also act as antibody-mediated
cytotoxic cells (Holm et al,, 19743 MacDonald et al,, 1975).
Sanderson, Lopez & Bunn Moreno (1977) report that eosinophils
and not K cells are mainly responsible for the lysis of

Irypanosoma cruzi in the presence of antiserum,

The presence of immune complexes in serum can inhibit X
cell activity in vitro (Jewell & Maclennan, 1973). Imnune
complexes in the plasma have been described in the plasma of
malarious monkeys (Houba et al., 1976), It is possible that
the presence of these complexes could limit the activity of
K cells in vivo in the control of a malaria infection,

It is also possible that K cells are involved in the
excessive annemia which occurs during acute malarial infection,
Auto-antibodies to red cells may be partly responsible for
the destruction of non-parasitized red cells (Zuckerman, 1960}
McGhee, 19763 Lustig, Nussenzweig & Nussonzweig, 1977) and
this destruction may be brought about by K cells in the
proesence of these antibodies,
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Figure 3, Course of P, chabaudi infections in A2G mice
previously exposed to no irradiation (A— A ),
200 rads (e —e), 400 rads (gQ—q), 600 rads
(0 — o), and 800 rads (@ —H)-
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4
days aofter infection

Course of P, chabaudi infections in mice

irradiated with 600 rads and injected with
105 parasitized red cells either 22 days

(e — @), 15 days (o0 —™ o), 8 days (A —A) or
1 day (O— Q1) after irradiation. A non-

irradiated control group was included (A — ‘).
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Non-specific resistance in irradiated mice

In a previous report (Annual Report Contract No, DAJA 37-
75C=1620) 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 were 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 different doses of X-irradiation

Ten months old male A2G mice were irradiated in groups
of 6 mice with either 200, 400, 500 or 800 rads. A non-
irradiated group was included.5 Twenty=two hours later the
mice were infected with 5 x 10° P, chabaudi parasitized red
cells, The geometrical mean parasitaemias are given in
Figure 3, The mice given 800 rades were sacrificed on day 8
to comply with Home Office Regulations, It can be seen that
the primary parasitaemia went into significant remission in
the control mice 6 or 7 days before that in mice given 200 or
400 rads, and 11 days before the 600 rad mice, The severcst
parasitaemias 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 GOO rads
had significantly higher parasitaemias than non-irradiated
mice, In a second experiment 10 weeks old male C57Bl mice
in groups of 7 mice were given 600 rads either 22, 15, 8 or
1l day before infectiom, A non-irradiated group wga also

All the mice were infected with 1 x 10° P, chabaudi
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' l parasitaemias were seen in the latter mice in this experiment,

]
Infection of mice at different times after irradiation

F 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 C57Bl1l 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

; included, All the mice were infected with 1 x 10° P, chabaudi
infected red cells, The mice received no terramycin in
their drinking water, The course of the infection in five

1 groups is shown in Figure I, In mice irradiated 22 days

‘ before infection, the infection was not delayed in onsect

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 enhance the early course of the infection
depending 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 C57Bl mice,

each containing 6~7 mice, were irradiated with 600 rads either

9 or 2 days beforeginfection (on day 0) and reconstituted 16v.

with either 1 x 10” or 6 x 10° bone-marrow cells, or 6 x 10

spleon 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 infoection. Another two groups, irradiated

L WA o




per cenf parasitized cells

40 ' \ o

r a \

/ X
20+ é/ >
il

’
/
4
4
/
/7
’
’
¢

’
: /g
. #E7
.
'y //

(e

0 b1 4 3 L] 10

days ofter infection

'Figure 54 Course of P, chabaudi infection in C57B1l mice

irradiated with 600 rads 2 days before infection
and injected i.v, with either 6 x 106 bone-marrow
cells (o — o), 1 x 10° bone marrow cells
(A—4A4), or with no bone-marrow or spleen

cells (o — 0), Another group of mice

received no cells and was not irradiated i

(-a--a-). The mice were challenged with {

10 P, chabaudi parasitized cells i.v.
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Figure 6., Course of P, chabaudi infections in C57B1 mice

irradiated with 600 rads 9 days before infection
(§)

and injected i.ve with either 6 x 10 bone-
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! marrow cells (o — o), 1 x 10° bone-marrow cells

(Aﬂ"lS), or with no bone-marrow or spleen cells

(o B o). A non-irradiated group given no
cells was included _(D --0). The mice were

challenged with lO6 P’ chabaudi parasitized cells
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either 9 or 2 days before infection, received no lymphoid cells
and a further group of non-irradiated mice was included, All
the mice were injected i.,ve, with 1 x 10° P, chabaudi parasitized
red cells on day O, The mice had no terramycin in their

drinking water,

The parasitaemias 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
spleen.cells had parastiaemias very similar to those given
6 x 10 bone-marrow cells and are omigted 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 igradiated 9 days before infection and reconstituted
with 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. 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 10° bone-marrow cells had a
higher 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 beforc infection was less than that seen in the mouse
irradiated 2 days before infection.

Pagsive transfer of immune serum into irradiated mice

A preliminary experiment was described in the previous 2
Annual Report, 1

In this confirmatory experiment immune serum was obtained
from C57Bl1 mice which had been infected 85 days previously,
The recipient mice were 18 weeks old C57Bl males, Half the
mice were irradiated with 600 rads 1 hour before they were
injected i.ps in groups of 3, along with non-~irradiated mice, |
with 1 ml of either a 1 in 4 or a 1 in 10 dilution (in Hanks! &
balanced salt solution) of immune serum or with neat normal [ 3
serum, The mice were injected i,v., with 5 x 10% P, chabaudi 3
parasitized cells 3 hours later. The parasitaemias for each o
group of mice after infection are given in Figure 7.

The irradiated mice given 1 in 4 diluted immune serum :
were the best protected mice, showing a patent parasitaemia at i
least 3 days after their non-irradiated counterparts. Immune i

s o - .
R A Ty,

serum diluted 1 in 10 gave no protection in irradiated or non~
irradiated hosts, There was a difference of approximately

L days between the onset of the patent parastiaemias in the
irradiated mice given 1 in 4} immme serum and the irradiated
controls, and 2 days for the non-irradiated mice given 1 in 4
immme serum and the non-irradiated controls,
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L3.
The effect of cyclophosphamide on course of P, chabaudi infection
Ry e i i = SESNEERSNR I M LY

Cyclophosphamide is widely used as an immunosuppressive
agent, Its activity depends on the time of administration in
relation to exposure to antigen. Cyclophosphamide given before
antigen can depress humoral responses and enhance cell-mediated
responses, e.ge. those of mice to sheep red cell (Lagraage et al.,
197%). Finerty and Krahl (1976) described an increased delayed
hypersensitivity response to plasmodial antigen in mice pretreated
with cyclophosphamide 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 C57B1 male mice in groups of 6 were inoculated
i.ps. with cyclophosphamide (Kock Light) at a dose raje of either
300 or 150 mg/Kg 3 days before infection with + x 10° P, chabaudi
parasitized red cells, A control group received distilled
water and the mice were similarly infected. The geometrical
mean parasitaemias 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 parasitaemia, In the mice
given 150 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 parasitaemias, which had killed 4 of 6 mice 54 days
after infection,

Discussion

The principle experiments described in this section were
carried sut to determine some of the conditions affecting the
non-specific resistance to infection in irradiated C57Bl mice.
Similar results have been obtained with NIH mice but have not
been described.,

It was found that the patent parastiaemia was marginally
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 parasitaemia, Suppressor cells are especially radio-
sensitive and low doses of irradiation have been reported to
onhg?ce the immune response to some antigens (Chiornzzi 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 rads had a primary parasitaemia which increased more quickly
than, and roached 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 resistance to the
parasite insofar as the parasitaemia rose more slowlye. Thus
with time after irradiation there was a change from a
depressed to an enhanced rate 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 cells or as noted above by delaying
infection after irradiation, It can be assumed that in the
h irradiated and not reconstituted mice the lymphoid tissues
arerepopulated from radioresistant haemopoietic stem cells
(Takada, Takada & Ambrus, 1971) and that in the irradiated

i mice reconstituted with spleen or bone-marrow cells this
repopulation occurs earlier,

Some possible reasons for the non-specific resistance
to infection in irradiated mice are:

: 1) in irradiated mice substances are released from
cells damaged by irradiation which adversely
affect the parasitel!s growthj

2) the depressive effect of irradiation on
haemopoiesis may lead to a reduction in the
nunbers of red cells of the age preferentially
invaded by P, chabaudij;

3) irradiation reduces the numbers of cells
regulating the immune responsej

L) there is a non-specific stimulation of the
reticulo-endothelial system (RES) following
irradiation which leads to the removal of
parasites or parasitized cells,

Examination of blood smears taken throughout a 2L-hour
cycle from infected irradiated mice showed no evidence (details
not given) that the parasite developed from ring to schizont
and reinvaded abnormally,. The numbers of merozoites produced
in schizonts could have beon affected, however,

Resistance to P, berghei in irradiated mice has been
ascribed to the reduction in the numbers of reticulocytes in the
circulation which follows irradiation (Singer, 1953). P, berghei
has a preference for these immature red cells, Our observations
and those of Ott (1968) indicate that P, chabaudi has no
preference for reticulocytes (as detected by cresyl blue or
Giemsats stain) but it may have a preference for young mature
cells, The observation that injection of 1,0 ml whole blood
into the irradiated mice did not reduce the non-specific
resistance does not support the latter suggestion: injection
of whole blood would be expected to provide some of the younger
red cells deficient in irradiated mice,

Resistance to Listeria monocytogenes and Brucella abortus
infection has been demonstrated in irradiated mice and in athymic
nude mice (Campbell, Martens, Cooper & McClatchy, 19743 Cheers
& Waller, 19753 Chan, Longshawn & Skamene, 1977). Chan et al,

ostulated that the loss of regulatory suppressor T cells
Baker, 1975) may be responsible for resistance to bacterial
infection since they are radiosensitive and are also depleted
in nude mice (Okumara & Tada, 1971; Daker, 1975). A role

for suppressor T cells in malarial immunity has yet to be
demonstrated,
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Sljivic (1970a) demonstrated that the phagocytic function of
the RES as measured by carbon clearance test, was increased by
irradiation of mice, The clearance rate was increased with
incroased 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,
1970b). 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, chahaudi, Irradiated mice given the antibiotic, terramycin,
in this study were still partially resistant, however, to the
infection, Cheers and Waller (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
Waller suggest that stimulation of the RES was brought about
by the leakage of bactoria or bacterial endotoxin from the gut,
It is likely that increased mactophage activity following
irradiation could provide some non-specific resistance to
P, chabaudi since experiments in which mice were injected with
RES stimulators, such as Corynebacterium parvum, conferred on
the mice some resistance to other rodent plasmodia (Nussenzweig,
1967; Clark, Cox & Allison, 19773 Cottrell, 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 enhancement of the parasitaemia
may result from a blockade of the RES caused by the eventual
uptake of dead cells and cellular debris by fixed macrophages
after irradiation, Such a blockage of the RES could result
in a reduced phagocytosis or in a suppressed cellular or
humoral response to antigen (Sabet, Newlin & 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 irmmune monkeys,
rats and mice has been described (Brown, 19713 Criswell, Butler,
Rossan & Knight, 19713 Chow & Kreier, 1972), In an earlier
report it was noted that small numbers of immune spleen cells
conferred a greater level of immunity to P, chabaudi on irradiated
than non~irradiated mice, One possible explanation for this
observation is that the antimalarial antibodies subsequently
produced in the cell recipients would be made more effective
because they are being relcased in an irradiated animal,

Immunization against rodent plasmodia

D!'Antonio (1972), in a report lacking important technical
details, noted that P, borghei after exposure to temperatures
above 37°C, could induce immunity in mice, In the last
Annual Report a preliminary experiment was described in which
irradiated and heated P, chabaudi infected red cells were
compared for their immumnizing ability, The result of this
experiment, in which irradiated blood was given 40 krad and the
heated blood was exposed to 459C 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 parasitaemias in the mice given irradiated parasitized
red cells was lower than in the recipients of heated parasitized
blood,
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Two further experiments have been carried out with essentially
similar results and only one experiment will be described below
in detail, Preliminary experiments showed that placing the
parasitized blood (parasitaemia 19-35%) at 45°C for 24 minutes
or longer prevented further parasite multiplication, Parasitized
blood kept for 20 minutes at 45°C could still contain viable
organisms,

Three months old female C57Bl1l mice were used, Blood

{ was collected from parasitized and control mice into heparin
Hank'!s solution and placed om ice. Whole blood was either
heated in a 459C waterbath for 20 or 30 utes or irradiated
with 40 krads from a gamma ray emitter (°CCo), The parasitized

. blood contained ring stages of P, chabaudi and 19.5% and 17, 5%
of the red cells were infected for day 0 and day 15 immunizing

1 inocula respectively, Groups of 5 mice were set up and treated

- as indicated in Table 1%, 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 10° parastized red cells i,ve on day 26, The course

f of the parasitaemias are shown in Figure 9,

All the groups given irradiated or heated 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 inoculum,
Irradiated blood was marginally more effective than the heated
blood insofar as the (peak) parusitaemia 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 respectivoly).

Discussion

It was confirmed that P, chabaudld infected blood heated at
45 % for 30 minutes was immunogenic and its immunogenicity
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 immumogenicity
of heatod parasitized red cells with that of parasites killed
with formalin, B propriolactone or similar agents,

D'Antonio (1972) found heated P, berghei parasitized red
cells to immunizo mice as effoctively as disintegrated parasites.
Spitalny & Nussenzweig (1972), however, found that heat
inactivated P, berghei sporozoites protected mice less well
than X-irradiated sporozoites. Although our results indicate
that heat-inactivated P, chabaudi may be marginally less
effective than irradiated parasites the convenience of heate-
inactivation recommends its further examination,




7.
TABLE 14
Immmizing 1nocu1a*l} Heated
Group 1 Irradiation
Day O Day 15 20 min 30 min
T
2 + + - +P -
3 + + - - +P
L + ﬁ + - +C -
5 + + - — +C
6 - + +P - =
* 8
Day O Groups 1, 2 and 3 - 5 x 10
arasitized cells/mouse
2,5 x 109 red cells)
Groups 4 and 5 = 2,5 x 10°
red cells
Day 15 Groups 18 2, 3, 6 and 7 =~

2,1 x 10° parasitized cells/mouse
(12 x 107 red cells)

Groups I and 5 = 1,2 x 10°
red cells

P = parasitized bHloody C = control blood
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Role of differcnt lymphoid cells in immunity
to P‘ chabaudi in mice

Immunity to P, chabaudi in mice can be passively transferred
with serum and spleen cells, In last yeart!s report (Annual
Report DAJA 37-=T75 01620) experiments were described in which
immune spleen cell populations were separated into enriched
thymus dependent lymphocyte populations (T cells), eariched
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 columms, The cell recipients were irradiated with 600
or 800 rads shortly before cell transfer, In brief, these
experiments showed as follows, Immmity could be transferred
with 1 x 10 or more spleen cells, Enriched immune T cells
usually gave poorer protection than spleen cells depleted of
macrophages only by filtration on a glass~wool column and this
was most clearly scen in the recipients given 800 rads. For a
fuller expression of their protective activity therefore the
immune T cell population was at least partially dependent on the
presence of radiosensitive cells in the recipient mice.
Nevertheless, the immune T cell population was usually protective
to some degree and this might be attributed to the T cells
themselves acting as mediators of cellular immunity,  the
residual B cells, or the unidentified cells present (such as
null cells or theta negative T cells) or combinations of all
these cells, The enriched immme B cells gave protection which
was never less than that given by the corresponding enriched
T cells and more often was significantly better and compared
well with the glass~wool filtered immune spleen cells, Where
the enriéhed B cells gave better protection than the enriched
T cells it could be concluded that the protection provided by
enriched B cell population was not merely emanating from the 13%
identifiable T cells present in this population, Although
the glass=wool filtered immume spleen cells, which contained
approximately 30% identifiable T cells and 30% B cells,
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null cells or theta negative T cells) or combinations of all
these cells, The enriched immme B cells gave protection which
was never less than that given by the corresponding enriched

T cells and more often was significantly better and compared
well with the glass-wool filtered immune spleemn cells, Where
the enriéhed B cells gave better protection than the enriched

T cells it could be concluded that the protection provided by
enriched B cell population was not merely emanating from the 13%
identifiable T cells present in this population, Although

the glass=wool filtered immune spleen cells, which contained
approximately 30% identifiable T cells and 30% B cells,
consistently gave the best protection, our attempts to show
synergy between T and B cells or bone-marrow cells were
inconclusive,

Pahgocytic cells of the reticuloendothelial system play an
important role in the removal of malaria parasites from the
peripheral circulation (Taliaferro & Cannon, 1936)., 1In an
earlier report it was shown that parasitized red cells
containing late trophozoites or schizonts were phagocytosed
in mice which were immme or were becoming immune to P, chabaudi.
Phagocytosis occurred in the liver, spleen and occasionally
in the peripheral blood, Removal of splenic phagocytes on a
glass=wool columm did not reduce the ability of the spleen
cells to confer igmunity on syngeneic recipients: in one
oexperiment 9 x 10° spleen cells depleted of macrophages gave
slightly better protection than a similar number of cells
of the same spleep cell population not depleted of macrophages.
In two experiments (Annual Report 37=T73 03h92) splenic
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, Splenic macrophages wore separated from the
spleen cell population (as being thoseocella which adhered
to petri dishes after incubation at 37 C for either 1% hours
or 16 hours) and were then injected into irradiated recipients.
The adherent cells collected after 11} hours gave a comparatively
high degrce of protection to the recipients whereas those
collected after 16 hours conferred little protection on the
recipients,
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Figure 10, Course of P, chabaudi infection in thymectomized !

NIH mice. (a) Parasitaemia of one
thymectomized and one control mouse. (v)
Geometrical mean parasitaemia of thymectomized

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, chabaudi by examining
the course of infection in T cell=deprived mice, Seoondly,
we have started a series of experiments in which the enriched
spleen cell populations are being treated with specific antisera
which will kill T cells or subpopulations of T cells or 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 tramnsfer
tests of serum for the recipients of immune T cells and glass-
wool filtered (g.w.) immumne spleen cells has been examined,

1, Plasmodium chabaudi in thymectomized mice

Female NIH mice were thymectomized or sham thymectomized
at 12 weeks old, given 800 rads 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 i.p. 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 10° P, chabaudi parasitized red cells
from a C57B1 mouses The geometrical mean parasitaemias in
9 thymectomized and 7 control NIH mice are given in Figure 19,
together with the parasitaemia of one mouse seiected at random
from each group, The primary parasitaemia was considerably
more severe and persisted longer in the thymectomized mice.

Relapse parasitaemias were also more severe in thymectomized
mice,

2. Adoptive transfer of immunity by spleen cells after treatment
with anti-thymocyte serum

Anti-thymocyte serum for detecting and killing T cells i
was prepared in rabbits and used following the method of Rose,
Parrott & Bruce (1976). Anti-theta serum was prepared following
the procedure of Leif & Allen (196%4) 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 expuriment in male C57Bl mice, the immune
donors had been infected 275 days and reinfected 148 days before
sacrifice, The recipients were 8 weeks old, Enriched immune
and normal T cell populations and glass=wool filtered (g.w.)
immune and normal spleen cell populations were prepared as
described previously (Annual Roport DAJA 37-75 €1620). The
immunoglobulin bearing cells (B cells) were detected as follows.g

Cell s?spensiana 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 Bl of 1/10

fluorescein conjugated horse anit-mouse immmoglobulin (Progressive

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 under a Leitz Ortholux II microscope set for U.V.
illumination, The numbers of B cells in the cell populations
were 27%, 23%, 3% and 2,8% in g.w, normal and g.w. immune spleen
cells, and normal and immune T 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 cogplement (Rose, Parrott & Bruce, 1976), washed and

2 x 10° of the treated cells injected i,v, into each recipient
mouse which had been given 600 rads 2 hours before cell transfer,
Treatment with ATS and complement killed 73%, 67%, 27% and 31% of
the immune T, normal T, g.w, immune spleen cells regpeotively.
The recipient mice were challenged i,v, with 1 x 10° P, chabaudi
parasitized cells within one hour of cell transfer, The

course of the parasitaemias is summarised, All the recipients
of normal spleen cells had acute relapsing parasitaemias

which in the majority of mice became subpatent around day 36
after challenge although most subsequently relapsed: in a

small number of mice the parasitaemia was briefly subpatent
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 gew, immune
cell recipients, in both recipients of ATS and NRS treated
cells, the parasitaemia was subpatent by day 14 and remained

so throughout the 51-day observation period, In the ATS
treats 4w, immune cell recipients, however, the mean peak
parasi:ssmia reached was 17,3% whereas in the NRS treated

group i% was 4,7%, In the immune T cell recipients the
primary patent parasitaemias were subpatent by day 16 and

in the case of the recipeints of NRS treated T cells remained
subpatent 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 parasitaemias in the recipients

of cells treated with ATS might be the result of inadequate
washing o»f 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 T cell population only impaired the protective
activity of these cells insofar as half the mice showed

patent relapse parasitacmias,

In a second similar experiment in male C57B1 mice immune
sploen cells came from immune donors 112 days after infection
and the cells were treated with NRS or ATS diluted to 1/20
and were washed twice with 15 ml of medium 199 before cell
transfer, Treatment of immune T, g.w., immune and g.w, normal
spleen cells with ATS killed 82%,48,6% and 43% respectively,
Recipignt mice were given 600 rads 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
immme T cells treated with ATS conferred no protection on
their recipients whereas the NRS treated immune T cells were
significantly protected, The recipients of g.w, immune cells
gave an anomalous result in that no protection was evident
in the recipients of NRS treated cells but L 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 ATS at 1/20 and each 600 rad irradiated
mouse received 2,5 x 10° cells 1i,v. The number. of cells
killed by the ATS treated was 81%, 71%, LL4% and L41% in the
immune,T, normal T, g.w. immune and g.w. normal respectively,




Figure 11, Course of P, chabaudi infection in mice

irradiated with 600 rads and injected i.v,.
with either 2.5 x lO6 immune T cells treated
with either antithymocyte serum (ATS) (e — o)
or normal rabbit serum (NRS) (o — 0}, 25 x 10
glass-wool filtered immune cells treated
with either ATS (@ — @) or NRS (8 — ®),
2o X% lO6 normal T cells treated with

d either ATS (% ~— @) or NRS (A — M), or

2.5 x 10 glass-wool filtered normal spleen
cells treated with either ATS (¥ — ¥) or
NRS (A — 8).
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The cell recipients in groups of 6 mice were challenged with
E . 1 x 10° P, chabaudi parasitized cells immediately after cell
, transfer, Thoe parasitaemias are shown in Figure 11, It
can be seen that the immune T cells and the g.w, immune
spleen cells treated with NRS conferred some protection on
the recipients, This was evident 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 immume T cells relapsed,
on days 29 and 36 respectively. In the recipients of immune
T 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 gew, immune spleen cells treated with ATS, 2 mice
relapsed on days 22 and 2L respectively, at a time when control
mice relapsed, 3 mice relapsed on day 36, 10 to 14 days after
: control mice, and the sixth mouse in the group remained

b subpatent throughout the observation period,

In summary, the experiments to date indicate that
treating immune spleen cells with ATS at 1/20 and 1/40 and
complement depressed or even abolished the protective activity
v of the ernriched immumne T cell population in irradiated
? roecipients confirming the role of T cells in immumity to

P, chabaudi, The effect of ATS treatment in g,w. immune
spleen cells was less 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

3 Phagocytosis of parasitized red cells containing late
trophozoites or schizonts in the spleen and liver and
occasionally in the peripheral blood has been observed in
hyperimmune mice and 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
colum, did not impair the ability of these cells to confer
immmity in recipient mice: in one experiment it enhanced the
protection given, In two other experiments reported carlier,
3 adherent cell populations from immune spleen cells were
prepared and transferred to non-immune mice which were subsequently
challenged, In one experiment the adherent cells were
prepared by collecting cells adhering to petri dishes after
1.5 hours incubation at 37°C and 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
3 former case a strong degree of protection was conferred and
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,
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Enriched populations of strongly adherent cells were
obtained by incubating 1 x 107 spleen cells in 10 ml of
medium 199 containing 10% foetal calf serum and 20 mM Hepes
in 9 cm petri dishes, The cells were incubated for either
1.5 hours or 16 hours (see below) at 37°C in 95% air/5% co,
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o in a desiccator. After incubation, non-adherent cells were
: , removed by repeated washing of the surface of the petri dish

¢ with medium and the adherent cells 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 cell populations was determined by the following
procedyre, A drop of cell suspension containing approximately
5 x 10° cells/ml was mixed with a drop of polystyrene latex
particles containing 2 x 109 particles/ml (1,8p diameter, Dow
Chemicals) on a clean glass slide, A coverslip was placed on
top of the mixture and the slide incubated for 10 minutes at
37°C. 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 spleens of
2 female C57Bl mice which had been infected on three occasions,
the last occasion being 55 days before sacrifice. Eighty
per cent of the adherent cells took up latex particles.
Recipient female C57Bl mice, 12 weeks old, were irradiated with
600 rads and jnjected with either 1 x 10° immune phagocyticg
cells, 1 x 10° unfractionated immuneo spleen cells or 1 x 10
unfractionated normal spleen gells. The cell recipients were
all injeoted i.pe with 5 x 10° P, chabaudi parasitized red
cells 48 hours after irradiation. The course of the
parasitaemias are shown in Figure 12 where it can be seen that
the phagocytic cells conferred little protection on recipients
compared to immme unfractionated 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 collected after 2,5 hours incubation and contained
68% cells which took up latex in the immune cell population and
72% in ron-immmme population. The immme cell donors had
been infected twice, the last time being 118 days before
sacrifice, The recipient mice gero given 600 rads and were
inJectgd i,ve with either 1 x 10° immune adherent ce%ls,

1 x 10° unfractionated immune spleen cells or 1 x 10Y non-immune
adherent cells, Immodiate%y after cell transfer all the mice
were challenged with 1 x 10° P, chabaudi parasitized red cells,
In this experiment (Figure 13; immume adherent cells clearly
conferred some immmity on the recipients,

The different in protective properties of immune adherent
cells which were harvested after 2,5 hours and 16 hours may
be attributed to a loss of activation of immme macrophages
after prolonged incubation in vitro. As immme adherent cells
were 80% phagocytic after 18 hours incubation, it is unlikely
that a defect in phagocytosis is responsible for such a loss
of activation,

The immune adherent cells from the spleens of NIH mice
were examined for numbers of immunoglobulin~bearing cells after
2,5 hours incubation at 37°C, and it was found that 25.5%
of these cells were immumoglobulinebearing compared with 28%
of the unfractionated spleen cell population, The fluorescence,
however, of many of the adherent cells were clearly not as
bright as that shown by unfractionated immune cells, Cytophilic
antibodies adhering to macrophages may have been at least
partially responsible for the fluorescence observed with
adherent cells, but it is also possible that B cells were
present,and if so, they may have contributed to the protection
conferred by immune adherent cells. Phagocytic cells which
secrete immunoglobulins have been detected which adhere to
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glass surfaces (L3wy et al,, 1975), The inability of C57Bl
immune adherent cells to confer much protection after 16 hours
incubation at 37°C may be due to the fact that lymphoocytes die
rapidly in culture (Trowell, 1965), 50-70% cells dying within
24 hours in culture at 37°C.
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The antiparasitic activity of serum from irradiated

recipients of immume spleen cells or normal
sple cells dur infection

Passive transfer experiments have demonstrated that immune
serum provides a degree of protection against malaria infection,
in particular, the IgG fraction of immune serum (Cohen et al.,
19613 Diggs & Osler, 1969; Butcher et al,, 19703 Phillips &
Jones, 1972), In the previous report (Annual Report DAJA 37-75
016205 the passive transfer of immunity with serum was
domonstrated with P, chabaudi infections in non-irradiated and
more effectively in irradiated mice. Irradiated mice,
therefore, 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 T cells or normal spleen cells,

Groups of 20 eight months old NIH female mice were
irradiated with 800 rads and one hour later injected i,ve with
g.W, immme spleen cells enriched immune T cells or g.w. normal
spleen cells, The number of immunoglobulin bearing cells
(B cells) in the enriched immume T cells and the g.w, immune
cells was 1% and 34% respectively, The immune cells came
from two NIH female donors which had been infocted 35 days
before spleens had been removed, Normal cells came from age
and sex matghed mice, The cell recipients were injected i.pe.
with 2 x 10° P, chabaudi parasitized red cells within two hours
of cell tramsfer,

The course of the parasitaemia in the cell recipients was
monitored in five or six mice in each group (see Figure 1&).
On days 11l and 1 of infection half the mice in each group
were sacrificed and bled for sexrums . Sera from mice in cach
group were pooled and stored at =~20 C until the protective
activity of each pool was tested as follows, Twelve weeks old
NIH mice werg given 600 rads and 20 hours later were infected
i.,ve with 10% P, chabaudi parasitized red cells of the same
parasite population used for infecting the spleen cell
recipients, Within 30 minutes of infection the mice were
injected i,ve with 0,5 ml of sera collected on days 11 and 1l
from either the g.w. immune cell recipients, the enriched
immune T cell recipients or the normal spleon cell recipients,
A control group of irradiated mice received NIH sexrum from
non-immme mice,

It can be seen from Figure 14 that the primary parasitaemia
declined first in the gew. immune coll recipients followed
by that in the immune T cell mice and the most persistent
parasitaomia was in the control mice,

The results of the passive transfers are given in
Figure 15, Mice which received serum from day 1l of infection
showed little protection although on day 3 four out of five
mice which received serum from g.w. immune colls were still
subpatent whereas all but one of the mice from the other two
groups were showing patent parasitaemias, In the mice
given day 14 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 parasitaemia on day 3
whereas all four normal serum controls were patent and
throughout the observation period the course of the
parasitaomia was depressed compared with the controls. Sexrum
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Repeat of experiment shown in Figure 15
except that non-irradiated NIH mice were
used as recipients, Mice were injected
with 0.5 ml of sera collected on day 14
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from the immune T cell recipients gave some protection insofar
as four of six mice were subpatent on day 3 but thereafter

the parasitaemia rose to control levels, Serum from normal
spleen cell recipients appeared to enhance the parasitaemia
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 gews immme and immune T cell recipients.
The serum recipients, 22 week old female NIH mice, were not
irradiated.h 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 or day 14 serum from either the g.w. immune cell
recipients or immune T cell recipients, The resultant
parasitaemias are shown in Figure 16, Again the serum fronm
the gewe immune cells was the most protective and the serum
from the immune T recipients gave a measurable although small
degree of protection,

Discussion

The protective effect of passively transferred sera
isolated from irradiated mice which had been the recipients
of gewe immune spleen cells, enriched immune T cells, oOr g.we
normal spleen cells reflected the immune status of the serum
donors when the serum was collected, Serum collected from
tho recipients of ge.we 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
enhance the parasitaemia, Serum collected on day 14 was
more effective in the passive transfer test than day 11 serum
for the g.we immune cell recipients and to a lesser degree for
the immune T cell recipients,

It remains to be shown that the protective activity in the
sera from the two groups of immune cell recipioents (g.w.
immune and immune T) is in one or both cases antibodies. If
the low=level of protective activity in the sera from the immune
T cell recipients is antibody, it suggests that a role of the
T cells is that of helper cells and that there are sufficient
B cells in the irradiated mice with which the T memory helper
cells may cooperate, The geWe immune spleen cell population
would be expected to include both T and B memory cells which
together would have the potential to produce antibodies of
various specificities, If we assume that P, chabaudi can
undergo antigenic variation, then the more persistent activity
of the day 14 gewe 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, berghel in rats with spleen cells the elimination of the
parasite in the recipients after challenge was associated with
the appearance of high levels of protective IgG, in the soerum,
Further experiments are in progress to compare antibody
production in immune T and g.w. immune spleen ocell recipients,
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Cryopreservation of P, falciparum was used to relate an immune
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Recommendations and future work

Trager & Jensen (1976) and Haynes et al, (1976) reported
that it was possible to culture the asexual stages of
P, falciparum on a continuous basis, This was an important
step forward, both with regard to the production of parasites
for incorporation into a vaccine and for their use in
immmological studies, It remains to be seen if all or at
least the majority of wild populations of P, falciparum can
be grown in culture on a continuous basis, My colleague,
Dr R(J.M, Wilson, after several months frustration, has now
succeeded in growing two of our Gambian isolates on a
continuous basis and we intend to examine the ability of a
large number of samples of infected blood from Gambians to
adapt to continuous culture, We have samples of infected
blecod from 100 Gambians cryopreserved in liquid nitrogen of
which 87% grew from ring to schizont stage anc underwent
reinvasion in microculture 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, falciparum
described above gave a satisfactory recovery rate although
the washing procedure was drawn out and required care,
Snap freezing gave good red cell preservation, At the
present time we are examining the use of high concentrations
of salt solution (Meryman & Hormblower, 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 L4.5% saline to which is
added 4,5 ml 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 has the advantage of being completed more quickly.
The cryopreservation of trophozoites and schizont stages of
P, falciparum is more difficult and needs to be examined in
detail, The procedure described by Wilson and colleagues
(1977) fro cryopreservation of the larger intracellular

forms of P, knowlesi may be applicable to P, falciparum
although our preliminary attempts were not encouraging.

The development of gametocytes in cultures of P, falciparum
from freshly collected and cryopreserved blood is an important
observation, This was firast reported in Annual Report DAJA 37=-
73 C3492 and further work is reported above, Since this
work was carried out, Carter & Beach (1977) have described

the development of gametocytes of P, falciparum in vitro
which are able to exflagellate in vitro. Clearly, the
in vitro growth of gametocytes to a stage when they are
infective to the mosquito may provide the means of producing
sporozoites of P, falciparum in the laboratory for vaccination,
immunological and biochemical studies without recourse to
human volunteers as gametocyte carriers, It is recommended
that Carter & Beach's observations be confirmed and that
investigations of the factors which initiate gametocytogenesis
be underxrtaken,

It is clear that the immune response to malaria parasites
is complex and that both humoral and cell-mediated mechanisms
are involved, Our investigations of immmity to P, falciparum
in this study have concentrated on humoral immune mechanisms,
in particular, on the effect of antibody on reinvasion.
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response in a patient to a specific population of parasites,

a procedure which controlled for any antigenic variability
within and between strains of P, falciparum, Although it has
stiil to be demonstrated that P, falciparum is able to undergo
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 techniques for
determining whether antigenic variation occurs within strains
of P, falciparum and that the immune responses, both cellular
and humoral, to specific populations of P, falciparum be
cxamined using cryopreserved parasites as described in this
report, Lymphocytes can also be cryopreserved (Knight et al,,
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 cell-mediated immunity, such as lymphocyte proliferation
in the presence of specific malarial antigen, macrophage
migration inhibition and K cell activity, Cryopreservation
would allow all the cells to be tested on the same occasion
thereby making possible a strict comparison of the activity

of the leukocytes collected on different occasions,

Although there is currently considerable interest in the
immunization of primates with asexual erythrocytic stages of
P, knowlesi and P, falciparum, in particular, with merozoites,
it secems to the author that the rodent malarias still have
an important role in investigation of potential immmization
schemes, In the present recport 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 (Playfair et ai.,
1977), or Beta propriolactone treatment. The value of
merozoites when compared with other stages in the development
of erythrocytic stages could also be evaluated in rodent
plasmodia, It is possible to grow both P, chabaudi, P, berghei
and P, yoelii to the schizont stage in vitro from which it
should be possible to collect merozoites. The rodent system
should also be used for evaluating the potential of different
adjuvants in malarial vaccines, In the authorts 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
baudi are at a very interesting stage and should be
continued, Our preliminary observations indicating an it
increase in K cell activity in malarious mice suggests that i
antibody mediated cytotoxicity may be a mechanism for di
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esomntrolling malaria infections. Our attempts to show O
inereases in K cells in the peripheral blood leukocytes of bl
we larious children were not successful although Greenwood 2ﬂ

«* al. (1977) were able to do so. As noted in the report,
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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 wecks, The parasitaemia was enhanced in
mice challenged within 7 days of irradiation if the mice were
given bone~marrow or spleen cells immediately after irradiation.
Asimilar depression of the parasitaemia followed cyclophosphamide
administration, It seems worthwhile examining further the
nature of the depression and enhancement of the parasitaemia
noted above,

The results of the cell transfer studies suggest that
this line of investigation should continue and,in particular,
P, chabaudi or P, vinckei parasites which have no preference
for immature red cells, should be used where the cell

: recipients are irradiated, It is our intention in trying to
identify the active lymphoid cells to examine further the
relative role of T abd B cells and, in particular, to try
and identify the role of individual subclasses of T cells,
i,e. helper, cytotoxic, and suppressor cells. 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 lymphokines which are responsible
for the appearance of degenerate crisis forms in mice
recovering from rodent babesia and plasmodial infectionse.

In view of these observations the incidence of these

degenerate forms in immune cell recipients should be determined,
Our preliminary results reported above showed that in
irradiated mice given immune spleen cells protective activity
could be 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
UDe

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, knowlesi infoctions in the
rhesus monkeys it is known that the parasite undergoes
ropeated antigenic variation and this facility probably
contributes to the parasite surviving in the semi~immune
host. It still remains to be seen if repeated antigenic
variation is a feature of most malaria parasites including
the human malarias and to ascertain whether the continued
survival of parasites in the semi-immme host may also be a
consequence of constraints on the immme response of the
host to the parasite, This is clearly an area worth
investigation,
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In last year's Annual Report I said that I felt malaria
rosearch at the present time was moving forward at an
exciting rate and that not only will this eventually lead
to the control of malaria but will reveal many biologically
interesting phenomena. This I still feel is the case
and I and my staff are grateful to the U.S, Army for allowing
us to share in this exciting time in malaria researche

g peaien 2 Lo
C Wi givg Ml i g

g AT




—

59.

Baker, P.J. (1975)e Homeostatic control of antibody responsest
a model based on the recognition of cell associated
antibody by regulatory T cells,

Transplant, Rev, 2063 3,

Bass, C.C. & Johns, F.M, (1912), The cultivation of malarial
plasmodia (Plasmodium vivax and Plasmodium falciparum)
in vitro,.
Je exp, Med, 16: 567,

Brown, KeNe (1971)s Protective immunity to malaria parasites
provides a model for the survival of cells in an
immunological hostile environment,

Naturo' Londg glg: 163.

Brown, I.N,, Brown, K.N., Trigg, PsI. & Fhillips, R.S. (1968).
The effect of antiserum on the erythrocytic stage of
Plasmodium knowlesi in vivo and in vitro,

Parasitology jgx 17P,

Brown, K.N,, Brown, I.N., Trigge P.I., Phillips, RS, &
Hills, L,A, (1970) Immunity to malaria., II.
Serological response of monkeys seasitized by drug-
suppressed infection or by dead parasitized cells in
Freund!s complete adjuvant.

Expl, Parasitol, 28: 318,

Butcher, G..i,, Cohen, S, & Gornham, P.C.C. (1970)s Passive
immmity in Plasmodium knowlesi malaria.
Trans, Roy. Soc. trop. Med. Iiyg. Sli: 850,

Caldexr, E.,A,, Penhale, W,J., MclLennan, D,, Barnes, E.W. &
Irvine, W.J. (1973)s Lymphocyte-dependent antibody=-
mediated cytotoxicity in Hashimoto thyroiditis,

Clin, oxp, Immunol, 1l4: 153.

Calder, EA‘A.' Urbaniak’ S.J.' Penha.le’ WeJoe & Imle’ WeJde
(1974)., Characterization of human lymphoid cell=-
mediated antibody-dependent cytocoxicity (LDAC).

Clin, exp, Immunol, 18: 579,

Campbell, P,A,, Martens, B,L,, Cooper, H,R, & McClatchy, J.
(1974)¢ Requirement for bone-marrow derived cells in
resistance to Listeria.

Je¢ Immunol, 112: 1407«

Chan, C,, Longshawn, P,A,C, & Skamene, E. (1977). Enhanced
primary resistance to Listeria monocytogemes in T cell
deprived mice,

Immunology 32: 529.

Cheers, C, & Waller, R. (1975)e Activated macrophages in
congenitally athymic "nude" mice and in lethally
irradiated mice.

Je Immunol, 115: 844,

Chiorazzi, N. (1976)., Hapten specific IgE antibody responses
in mice. VI. Selective enhancement of IgE antibody
production by low doses of X~irradiation and by
cyclophosphamide,

Jo Immunol, 117: 1629,

oy 2

sl

e

AT

S e AN e

g L L b LS T o
RBTOTES I e FF TP Ay £ ey




v e -

7 -

60,

Chow, J.S. & Kreier, J,P, (1972), Plasmodium berghei:
adherence and phagocytosis by rat macrophages in vitros
Expl. ParasitOJ-. 2‘ 13.

Clark, I.A., Cox, FeE.Ge & Allison, A.C. (1977). Protection
of mice against Babesia spp. and Plasmodium spp, with

killed Co ebacterium parvum.
Parasitology EES 9
Cohen, S, & Butcher, GeA. (1970). Properties of protective

malarial antibody,.
Immunology 19: 369,

Cohen, S,, McGregor, I,A. & Carrington, S.C. (1961), Gamma
globulin and acquired immunity to human malaria,
Nature, Lond, 192: 733,

Cottrell, B,J,, Playfair, J,H,L, & de Sousa, B. (1977).
Plasmodium yoelii and Plasmodium vinckei: the effects
of non-specific immunostimulation on murine malaria,
Expl, Parasitol, 43: 45,

Criswell, B,S,, Butler, W,T,, Rossen, R.Ds & Knight, V. (1971).
Murine malariag the role of humoral factors and
macrophages in the destruction of parasitized erythrocytes,
Je Immunol, 107: 212,

D'Antonia, L.E, (1972). Plasmodium bergheit vaccination of
mice against malaria with heat-inactivated parasitized
blood,

Expl, Parasitol, 31: 82,

Diggs, Cele & Osler, A.G. (1969)., Humoral immunity in rodent
malaria, II, Inhibition of parasitaemia by serum
antibody.

Je Immunol, 102: 298,

Diggs, CeL., Pavanand, K., Permpanich, B,, Numsuwamlsijkul, V.,
Haupt, Re & Chuanak, N, (1971). Penetration of
human foetal erythrocytes by Plasmodium falciparum in vitro.
Je. Parasitol. 57:¢ 18,

Finerty, J.F. & Xrehl, E,P, (1976), Cyclophosphamideo
pretrecatment and protection against malaria,.
Infect, Immun, 14: 1103,

Garnham, P.C.C. (1966). Malaria Parasites and Other
Haemosporidia,
Blackwell!s Scientific Publications, Oxford, Dngland.

Geiman, Q.M,, Siddiqui, W,A, & Schell, J,V. (1965).
In vitro studies on erthrocytic stages of plasmodia:s
medium improvement and results with seven species of
malarial parasites,
Military Medicine 131 (Supplement): 1015,

Ghaffer, A,, Calder, E,A, & Irvine, W.J, (1976). K cell
cytotoxicity against antibody coated chicken erythrocytes
in tumour bearing mice - its development with
progressively growing tumour and effect of immunization
against the tumour,

Je Immunol, 1163 315,




l 61,

Gravely, S,M., Hamburger, Je. & Kreier, J.P., (1976), T and B
cell population changes in young and in adult rats

infected with Plasmodium berghei.
Infect, Iummun, 1§: 178,

Greenberg, A,H., Hudson, L., Shen, G, & Roitt, I.M., (1973).
Antibody-dependent cell-mediated cytotoxicity due to a

"null" lymphoid cell,
‘ Nature, llew Biol, 242: 111,

Greenwood, B,M., Oduluju, A.J. & Stratton, D. (1977).
: Lymphocyte changes 3in acute malaria,.
! Trans, R, Soce trop. lMed. Hyg. 71: 408,

: Haynes, J.D,, Diggs, Ce.L., Hones, F.,A,, Desjardins, R,E, (1976).
Cryopreserved malaria (Plasmodium falciparum) erythrocyte
specificity, merozoite production, and iong-term culture

N in vitro.

Nature, Lond. 263t 757,

Hawking, F,, Wilson, M,E, & Cammage, K. (1971)., Evidence
for cyclic development and short-lived maturity in the
gametocytes of Plasmodium falciparuam.

Trans, R. Soc, trop. Med, Hyg. &5t 519,

Holm, G, & Hammarstrom, S. (1973). Haemolytic activity of
human blood monocytes, Lysis of human erythrocytes
treated with anti-A serum,

Clin. exp, Immunol, 13: 29,

Houba, V., Labert, P.li., Voller, As & Soyanwo, M,A.D, (1976).
Clinical and experimental investigation of immune complexes
in malaria,

Clin, Immunol, & Immunopathol, 63 1.

Jewell, D,P, & MacLeonnan, I.C,M, (1973)s Circulating immume
complexes in inflammatory bowel disease,
Clin, cxpe Immumol, 1lh: 219,

Kleihauer, E., Braun, H, & Betke, K, (1957). Demonstration §
von fetalem Hamoglobin in den erythocyten eines :
blutausstrichs,

Klin, Wochemschr., 35: 337,

Knight, S.C., Farrant, J, & McGann, L.E. (1977). Storage of g
human lymphocytes by freezing in serum alone. 3;
Cryobioclogy 1lhs:s 112, %

-
X

Krottli, A,V, & Nussenzweig, ReS. (1974). Deplotion of T
and B lymphocytes during malaria infections,
Cellular Immunol, 13: 44O,

- N

Lagrange, P.H., Mackaness, GeB, & Miller, T.Z. (1974).

1 Potentiation of T cell mediated immunity by selective

3 suppression of antibody formation with cyclophosphamido,
J. pr. I'Ied. m; 1529.

ngy, I,, Teplitz, ReL, & Bussard, A.L. (1975). Secretion
of IgM antibodies by glass adherent fraction of immune
'* spleen cells,
i Cellular Immunol. 16: 36,

i




627

Lustig, H.J., Nussenzweig, V. & Nussenzweig, R.S. (1977).
Erythrocyte membrane~associated immmumoglobulins during
malaria infection of mice,

Je Immmel, 119: 210,

McBride, J.S., Micklem, H.S, & Ure, J.M, (1977). Immmo~
suppression in murine malaria, I, Response tc type III
pneumococcal polysaccharide,

TImmunology 32: 635,

MacDonald, H,R,, Bonnard, GeD., Sordat, B. & Zawdonik, S.A,
(1975). Antibody dependent cell-mediated cytotoxicitye.
Heterogeneity of effoctor cells in human peripheral
blood, .

Scande J. Immunol. 4: 487,

McGhee, R.B. (1975). Plasmodium gallinaceum: response of
maiarious chicken embryos to injection of serum from
hyperimmunized chickens,

Expl, Parasitol., 39: 88,

MacLennan, I.C.M, & Harding, B. (1970). The role of
immmoglobulins in lymphocyte mediated cell damage
in vitro. IT, The mechanism of target cell damage by
lymphoid cells from immunized rats,
Immunology 18: LO5,.

Meryman, HeT. & Hornblower, M, (1977). A simplified
procedure for deglycerolizing red blood cells frozen in
high glycerol concentration,

Transfusion 17: 438,

Mitchell, G,H,, Butcher, GeAs & GCohen, S, (1976). A note
on the rapid development of Plasmodium falciparum
gametocytes in vitro.

Transe R, Soc, trope. Med, Hyge J0: 12,

Mitchell, R, & Muir, W, (1972), Storage, retrieval, and
inventory control of donor red cells in liquid nitrogen.
Jo Clin, Pathol. 25t 487,

Nussenzweig, R.S. (1967)s Increased non-specific resistance
to malaria produced by administration of killed
Corynebacterium . .

Expl, Parasitols 21t 2214,

Okumara, K¢ & Tada, T, (1911). Regulation of homocytotrophic
antibody formation in the rat, VI. Inhibitory effect
of thymocytes in the homocytotrophic response,
J. Immunols 107t 16824,

Ott, K.Js (1968), Influence of reticulocytosis on the

course of infection of Plasmodium chabaudi and
Plasmodium berghei.,

Je Protozool. 158 365,

Pasvol, G., Weatherall, D.J., Wilson, ReJ,M., Smith, D,H, &
Gillies, II,M, (1976)s Fetal hemoglobin and malaria.
Lancet i: 1269,

Pasvol, G., Wilson, Re.J.M., Smalley, M,E, & Brown, J. (1978).
Separation of viable schizont infected red cells of
Plasmodium falciparum from human blood.

Ann, trop, Med, Parasitols J2: 87.

i B R I

C A 3y o




L
qf

63,

Pavanand, K., Permpanich, B,, Chuanak, N, & Sookto, P, (197h)¢
Preservation of Plasmodium falciparum - infected
erythrocytes for in vitro culture,

Jo Parasitol, 50: 537,

Perlmann, P, (1976), Cellular immunity: antibody=-dependent
eytotoxicity (K-cell activity),
Clinical Immunobiology 3: 107.

Perlmann, P, & Perlmann, H, (1970). Contactual lysis of
antibody~coated chicken erythrocytes by purified lymphocytes,
Cellular Immunol, 1l: 300,

Phillips, R.S. (1970). Plasmodium bergheit passive transfer
of immmity by antisera and cells,
Expl, Parasitol. 27t L479.

Phillips, R.S, & Jones, VeE. (1972), Immmity to Plasmodium
berghel in rats: maximum levels of protective antibody
activity are associated with eradication with the
infection, L
Parasitology 64: 117,

Phillips, R.S., Rahman, A,I,C, & Wilson, R.J.M. (1975),
Invasion of human red cells by Plasmodium falcipazum
in vitro.

Trans, R, Soc. trop. Med., Iyge 69: 432,

Phillips, R‘SQ’ Trigg’ P.I" SOOtt—FiImigaIl, T.J. &
Bartholomew, ReI.Ce (1972)s Culture of Plasmodium falc
in vitro: a subculture technique used for demonstrating
anti-plasmodial activity in serum from some Gambians,
resident in an endemic malarious areaes
Parasitology 55:¢ 525,

Rose, M«L,, Parrott, DsM,V, & Bruce, R.G, (197G). Migration
of lymphoblasts to the small intestine. I, Effect of
Trichinella spiralis infection on the migration of
mesenteric lymphoblasts and mesenteric T lymphoblasts
in syngeneic mice,

Immunology 31t 723,

Row, R, (1928). Observations sur le paludisme et la formation
des gametes de Plasmodium en cultures.
Bull, Soc, Path, exot, 21t 507,

Sabet, Te, Newlin, C, & Friedman, H, (1969)., Effects of
reticuloendothelial system !blockade! in antibody formation,
I, Suppressed cellular and humoral haemolysin responses
in mice infected with carbon particles.
Immmunology 16: 433,

Sanderson, C,J., Lopez, A,FF, & Bunn Moreno, M.M, (1977).
Eosinophils and not lymphoid K cells kill Trypanosoma cruzi
epimastigotes,

Nature, Lond, 268: 340,

Sanderson, C,Js, & Taylor, G.A. (1976)s Antibody-dependent
cell~mediated cytotoxicity in the rat, The role of
macrophages,

Immmology J30: 117,

5 v ate T5 s

A A SIS 37

R N et

e SR

<




64,

Singer, I, (1953), The effect of Xeirradiation on infection
with Plasmodium berghei in the white mouse,
J. inf. DiSQ %3 970

Slijvic, V.S, (1970a). Radiation and the phagocytic function
of the reticulo-~endothelial system, I, Enhancement
of the reticuloendothelial system in X-irradiated mice,
Brit, J. exp, Pathol, 51: 130,

Slijvic, V.5, (1970b). Radiation and the phagocytic function
of the reticuloendothelial system. IT, Mechanism of
reticulocndothelial stimulation after irradiation.

Brite J. exps Pathol, 513 14O,

Smalley, M.E, (1976). Plasmodium falciparum gametocytogenesis
in vitro.
Nature, Lond, 264: 271,

Spitalny, G.L, & Nussenzweig, R.S. (1972)., Effect of various
routes of immumnization and methods of parasite attenuation
in the development of protection against sporosoite=-
induced rodent malaria.

Proc, Helminth, Soce. Wash. 39t 506,

Stobo, JDe, Talal, N, & Paul, W.E, (1972)s Lymphocyie classes
in New Zealand mices II, Decreased frequency of
lymphocytes lacking detectable © or immunoglobulin
determinants,
Je Immunol, 109: 701,

Takada, Ae., Takada, Yo & Ambrus, J.L, (1971)., Proliferation
of donor spleen and bone-marrow cells in the spleens and
bone=marrows of unirradiated and irradiated adult mice.
Proc, Soc, exp., Biol, & Meds 136t 222,

Taliaferro, Wel, & Cannon, P¢R. (1936)s The cellular
reactions during primary infections and superinfection of
Plasmodium brazilianum in Panamanian monkeys.

Jo Inf, Sice 59t 72

Thomson, J,Cs & Robertson, A, (1935), The structure and
development of Plasmodium falci gametocytes in the

internal organs and peripheral circulation.
Trans, Re Soce trop., Meds Hyg. 29t 31,

Trager, W, (1971). A now method for intraexrythrocytic
cultivation of malaria parasites (Plagmodium coatneyi

and P, falciparum).
Je Protozool, 18: 239,

Trigg, P.I, (1968), A new continuous perfusion technique
for the cultivation of malaria parasites in vitro.
Tra.n.SQ I{. Soc. trop. I’Ied. I:Yg. _é_g‘ 371.

Trigg, PsI. (1969), The uso of proprietary tissue culture
media for the cultivation in yitro of the erythrocytic
stages of Plasmodium Imowlcsie

Parasitology 59t

925,

Trigge Peley Phillips, R,S,

& Gutteridge, W.T. (1972).

The effects of X -radiation on Plasmodium knowlesie.

Int, J, Parasitol, 2t

13i.

- . . " ' T E—————————

4:["’.%'3}:‘1 Ll g,




65,

Trowoll, O.A, (1965)s Cells and Tissues in €Culture.
Academic Press, London and New Yorl,

Van Boxel, JoA,, Stobo, JeD., Paul, W,Z, & Green, I, (1972).
Antibody-dependent lymphoid cell-mediated cytotoxicity.
No requirement for thymus derived lymphocytes.
Science 175: 19k.

Wedderburn, N, (197#). Immunodepression produced by malarial
infection in mice,
Ciba Symposium llew Series 25t 123,

WeH,0s (1978)a The malaria situation in 1976,

Wilson, RoJ.M. (197h)s The production of antigens by
Plasmodium falciparum in vitro.
Int. J. Pal‘asitol. = 5370

Wilson, ReJ,M,, Pasvol, G¢ & Weatherall, D¢Jo (1977).
Invasion and growth of Plasmodium falciparum in different

types of human erythrocytes,
Bull, Wild, Hlth Org.

Wilson, ReJ,M, & Phillips, R.S. (1976). Method to test
inhibitory antibodies in human sera to wild populations

of Plasmodium falciparume

Nat‘.‘ro' Lond. 20 2: 132.

Wisloff, F, & Fraland, S,S. (1973). Antibody=-dependent
coell-mediated cytotoxicityt mno requirement for membrane
bound immumoglobulin,

Scand, Js Immunol, 2: 151,

Wyler, DeJs, (1975). Peripheral lymphocyte subpopulations
in human falciparum malaria,
Clin, exp, Immumol. 23t 471,

Zuckerman, A, (1950), Auto~antibody in rats with

Plasmodium berghei,
Nature, Lond. EEE: 189,

{8
i o8
i3
3
§ 9
i

1 3




