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Inbred strains of C5731 and NIH nice infected with the A/S 

strain of PlIANALM tchabeydi usually developed high paraaitasmias but 

infections were rarely fatal in im®unocoepetent mice and in most mice 

the parasites could be eradicated within 53 days or less. 'P he immune 

response of C57B1 and NTH mice to infection with the A/3 strain of 

P. chab+iudi was studied. The principle method used in this study for 

investigating the immune response of the mice was to examine the Insanity 

conferred on sy'ng+sneic mice, either X-irradiated or non-irradiated, by 

transferring to them lymphoid cells or serum from immune or semi-immune 

donors. The lrphoid cell populations examined were unfraotionated spleen 

cells, nylon wool column enr{ahed subpopulations of tlymus-derived 

lymphocytes (T cells) and the so-called buraa-derived 1 phocytee (B cells), 

bone marrow cells and phagocytic cells. In the course of these experiments 

observations were made on the effect of X-jrradistion on the subsequent 

growth and multiplication of the parasite. 

In sddition, an vitro assay for antibody-dependent cell 

mediated cytotoxicity was used to investigate the activity of splenic 

K cells during malaria infection. K cells are lymphoifi cells which may 

include lymphocytes of an unle£3nei category, but possess receptors for 

the ?c portion of antibody on their surface and have the ability to non- 

specifically lyse target cells coated in antibodies. 

a) The adoptive transfer of i ii to i, chazbau3i with iri%rjzj ,; nle 

cells. 

Spleen calls from mice which had previously been infected with 

?. ch'ibsoudi were able to confer some immunity on syngeneic mice which had 

been irradiated with 6^? or 800 rails. The protection was detected as a 



shortened patent parasitaem: L. -. in i:. rmune co11 recipients compared to 

controls. The early exncrinents ir. I. icated ti v,. iac or using irradiated 

recipien', rath-ar than nor_-i, - mice, 

sri. n. filer numbers o 5...: c -13L; : ; ra reý, a_. r r_ ýu pro . Otc -1-tact 

iinm irii', y than in non-irra +. iate l nice p b) there was an lification of 

to ; -ii ' 'crence in the duration of primary ex sitg. cri-Las in recipients of 

immure cells ;. rý. norau -. l cells co lpe red to non-Lrr . 1iated mice and 

cl.. e t rr !. d i. 
_ 
test nn st t', -otecttve eff cý of 

by the hosts own 

immune systen. 

: =. n initial non-specific resistance to . chabau: ii infection was 

ohsrrv 3 in rr=idiated m7ces a though the infection in most of these mice 

was subseý; uently more severe than in non-irradiated mice. The non- 

specific resistance cou. li be reduced or abolished by injecting lymphoid 

cells into T nice . shortly -. fier irradiation or by infecting irradiated mice 

more than 15 days after irradi., tion. Other workers suggest that 

following irradiation. the reticulo-endothelial system is stimu1, tn? at 

the time that the non-s-, necific res; stince to was observed. 

b) the adoptive transfer of izmto itv in s_yngene jc mice with enriche 

uo ulations of splenic immune T cells. B. cells, bone marrow cells 

and phagocytes. 

Immunity to r. ch,: baudi coul. 1 i, e adontivoly transferred with 

enriched spleen subpopu1ations of immune T cells or immune B cells in 

mice which had been irr Aiated with 6CC or 3CG r_ais. Th protective 

effects of unfractionated immune cells was, however, iisivaTly better than 

that of either immune T or F cell : -ubpopulations. In most experiments 

r relapsin-Z "r iched immune T cell recipients were more lies ly to ,;:::. 'e 

patent parasitaemLzs than either enriched immune 3 cell recipients or 
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unfractionated L=ane cell recipients. In one experiment a comparison 

was made of the course of' in0ec VT ; >n in mice which had been 

irrad. inte1 with either 600 rads or 300 r%ds and which received injections 

of different immune cells. « dose of 6 CO r- ds pen-. its the im mane 

system of mice to recov-ur from the effects of irradiation, but a dose 

of 800 rads is lethal to mice unless ly' phoii cells _-. re injected a `ter 

irradiation. It was found that in recipients of enriched immune 0 or 

B cells, which had been irradi. , ed with 60C rads, the parasitaemia became 

raubpatent before their equivaL. nts irradiated with BOO red., but t: I<ýt 

there was little i iff-3rence in parasitaemias between recipients of 

unfractior.. ted ire une cells given 600 or 500 r~ s. xperfinents in 

which enriched immune T cells and B cells were recombined and injected 

into syngeneic mice gave inconclusive results as to whether the immune 

subpopulations acted synergistically. Similar experiments in which 

immune subpopulations of lymphoid cells were recombined with normal 

suhponulations of lvrohoii cell- demonstrated that the latter cells id 

not enhance the protective effect of the former cells. Hone marrow 

cells from immune mice were able to confer some protection onsyngeneic 

recipients, but were not as protective as enriched immune T cells or 3 

cells. The results obtained in adoptive transfer experiments using 

phagocytic cells from the spleen of immune mice depended on the length 

of time spleen cells were incubated in petri-dishes at 3700 before 

harvesting the phagocytes. Using C57E1 mice, phagocytes harvested 

after i hours incubation were as protective -is unfraetfonntei immune 

ceJ. ls in a cell transfer experir-'tent, but phagocytes harvested after 16 

hours incubation were not protective. camiiation of I'M phagocyt&c 

cells after 2,5 hours incubation at 37°U, which were as protective us 

unfractionatel immune spleen cells in a cell transfer experiment, dam©nstrated 

that the petri-dish adherent cells may have contained B lymphocytes. 



c) The passive transfer of' imym. ýnity with serum 4'rov P, Ulpeii 

infente-I Mice. 

The p issive tr . ns£er of serum from x5731 mice whi<? h had 

previously been infected w th to nor., -. al or irrtuii-ited syn?, P Pic 

mice demonstrated that the serum recipients were initially protectci from 

infection. irradiatei mice, however, were delayed longer in the onset 

of parasitaemi. a compared to non-1-'r Bated .;. e. Using 'TT rice, sera 

were collected from unfractionated im Fun sploc-i cell recipients, 

enriched immune T ce?. 1 recipients and normal spleen cell reci-dents on 

the 11th clay of sP . chabauff infection, just after peak parnsitaen. 1,1, 

anrl also on the 14th Jay of infect 
. on. On day 1-4, all im: -mane cell 

recipients and most of the enriched imaune T cell recipients had become 

subpatent but all. normal cell recipients still had patent Lifections. 

Sera collected from the different spleen cell recipients on the 11th day 

of infection and passively transferred to irradiated mice ie onstrated 

little protection. Sera collecte I on 'he 14th day of infect ion, however, 

reflected the immune status of the donors i their protective properties 

in mice infected with . cha. The serum i: 'rom unfractionated immune cell 

recipients was the most protective o' t'i- 3 sera when compared to normal 

WT1i serum and the serum from enriched i une T cel1 recipients was 

slightly protective, but the serum from normal cell recipients produced 

an enhanced infection in mice infected with P. chabau°. di. 

d) te njent e1 to ot of fiJAM eaz 

P. chabauai infected mice. 

In a prei iminary investigation of K ce 1. activttyr in the teens 

of P. chahaudi infected mice, it was founts that there wiry oin i. ncre' ei 

activ;. ty of K cells co? 2ectt? d at rnunl peak no. rrisitae? nia comparni to the 

activity of K cells in non-infected mice, r, n . that this incrcisei activity' 

could also be found in mice which had recently become subpatent. is the 
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target ce' I for sntibody+-de-. pen . ant ce11. -r i ýted cytotoxicity Vioyed 

was the thick re3 bloo: i cell, it i. ̂  not known =. heth. er the K cell is 

involve In the killing of ? _= baiz, 11 p�Lr-si+., ýS. 

These results suggest that both T cells ann B cells and 

antibody may be important in the immune response to P. chäý in mice. 

Primed T cells may act as helper cells in the production of mn. l ri. l 

antibodies, but, as enriched primed T cells could confer protection on 

immunodepressed mice, it is possible that a cell-mediated mechanism of 

immunity may also exist. 



Malaria is a major parasitic disease of man which can 

seriously influence the economy of endemic areas bfr its effect on the 

health of coammities. Ohr one aillion people the each year in 

Africa alow of Aalaria and aany nor* . xparianee morbidity as a result 

of infection. 

The parasite responsible for the disease is classified as the 

genie Plaasodina, suborder fit g na, ordr Sucoccilat subpbrlnu 

, Phylum F as revised by Honigberg, Dalamuth, Dove., 

Corliss, Goldics, Hall, IGadd, Levine, Loeblich, Weiser and Weinrich 

(1964). Parasites which are closely related to the Plasmodidae are 

the suborders Ha moproteidas and tatwocytosoidae. 

Plaamodidae are intruollulsr parasites for most of their lit. 

cycle and have 2 hosts - vertebrates and fessle anopbslins . osquitws. 

'ohs geographical distribution of astiaria is restrietod to warm, humid 

areas which are suited to the dowloprnt of the parasite in the 

®o. quito. 

In the r+artsbrate host there are 2 aohisogonic "also, one in 

fixed tissue cells and the other in red blood cells. A schematic 

diagram of the life cycle is given in F14ure 1. A feeding mosquito 

injects aporosoites into the blood of a vertebrate from its salivary 

gland., and the sporosoite. leave the blood probably within an hour 

(Fairley, 1947; Rwsenswig, Vanderberg, Senabria and Most, 1972), 

The sporozoite eaters liver pareoehyaal cells in the case of aamals 

and (initially, 1Mhoid marophage cello in the case of birds and 

reptiles. The aporosoites develop into exoerythtboytic eahisonts and 

eerosoite" are released which invade erythrocytes of the blood. The 
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earliest form of parasite sen in Gisasa's stained smears of arjthrocytes, 

resembles a signet ring and Is called the "ring stage" or young 

trophosoite. The parasite entgas, producing malarial pint, until 

it goes through an srythrocytio schisopny, and tsrosoitas we released 

into the blood stress which reinvads susceptible erythrocytes. 

Gamstocytss rather than arythroeytic sohisonts can develop 

after merosoits invasion of erythrocytes. GAmstoaytee do not develop 

further until ingested by a female mosquito. In the stomach of the 

mosquito, male gametocytes (Waroganstooytss) produce after nuclear 

division several male gautos by a process known as "sxflagsllation". 

The sale gametes swim free until they most a female gamete (aaorogamsts ). 

A single alarogaoiie penetrates the asarogaate to fora & sf Ote. The 

stete elrongates# becomes mobile (ookinste) and penetrates the epithelial 

lining of the stomach to form an ooaygt. Sporopny occurs inside the 

oocyst and it eventually bursts, and NOW liberated sporosoites disperse 

to penetrate the salivary glands, whore they remain un il the mosquito 

feeds. 

Lavsran (1340) obeorvsd the ns]. aria paraaits within the 
1 

erythrocytes of infected Iv' ns and loss (189d) first described stays 

in mosquitoes. The entire development of the vector stave of the 

parasite was observed by Grassi and colleagues in 1889 (fom tiwmham, 

1966), The szo-ssyrthrooytio stages were first observed in mammals by 

Garnhaie (1947) and Shortt and Garaheo (194, I )e 

Four species of P ym can infect pant P. faia. w rut, 

_ 
____ P-IgajuLft and P"4va". Of these four, P. faloioaru: a is 

undoubtedly the most important as it is responsible for "esU ant 

tertian" malaria or falaipares malaria which causes moat fatalities 
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and morbidity of all four species. Pv is the most widely 

distributed species, occurring in both tropical and more temperate areas, 

and is the cause of "benign tertian" malaria or vivex malaria which is 

not usually fat$1l. P. malariae is not as common as viv although it 

has a wide distr=. iution; unlike P falcina w* or F. vivex which have 

43 hour growth cycle in the erythrocytic stages, i'. malarla@ has a 

72 hour growth cycle and is known as "quartan" malaria. P. qjaJ* has 

the most restricted distribution of these species and is the rarest of 

them to infect an, The growth cycle in the blood taken 43 hours for 

P. ovale. Tike P. vivaýr, P. malarrlae and P ov e are not usually fatal. 

The symptoms of malaria infection include a high fever with 

shivering, often accompanied by body pains, vomiting and diarrhoea. 

These symptoms are caused by the release of toxic products from ruptured 

red blood cells. The infection is accompanied by anaemia, comrionly the 

cause of death in falciparum malaria. The blood flow to body organs is 

decreased during infection. The spleen and liver become enlarged and 

many red blood cells and parasitized red blood cells are removed from 

the circulation by phagocytes. Malarial pigment in also removed from 

the circulation by the spleen and liver which oaases these organs to be 

discoloured. FJecrosis occurs in the kidneys ,.. h. irh may be the result 

of a combination of a reduced blood flow to the organs and the deposition 

of antigen-antibody complexes. Haemorrhaging also occurs in the kidneys 

due to the rupture of blood capillaries caused by the blockage of 

oapill aries by late trophozoites and schizonts. The blockage of blood 

capillaries throughout the body by parasites also increases the anoxia 

already resulting from a decreased blood flow an ! is tart ]-y respons l le 

for the pathogenicity of P. falciparum. 

For practical and ethic. reasons it is often difficult to 
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experiment with human malarias. There are problems in adapting human 

malarias to different hosts, such as monkeys, because malaria parasites 

are host specific. Several non-human aalarias, therefore, have been 

used for research purposes. For example, two primate malarias which 

naturally infect monkeys ( oaca irua), g. cZgMlzt and P, knodgei, are 

commonly used. Both of these species are able to infect man. 

F. seUinaceus,, a parasite of jungle fowl, is often used in experiments 

with chickens. 

1. ät. Roäent svea ie s of maim ie. 

The first species of rodent malaria parasite to be identified 

gras named P. ber he by Vincloe and Lips (1948), This parasite was 

found in T euraater and was infective to laboratory mice and 

rate with a preference for development in immature erythroa ha ý\ yteýn wing a 

24 hour growth cycle in the blood. lour years later another rodent 

malaria, P kei (Rodhat, 1952 ), gras identified from the eporoaoites of 

the mosquito Aao hale . duzeni. Rodhain believed the natural host of 

aka to be 
, 
T. eur r and in fact an infection in these animals , 

and laboratory aiee, vaa often fatal. For P. vlwkei to be adapted to 

Laboratory rats and haastersp it was usually necessary to spianectoaiss 

animals. PP. yigckei has a 24 hour growth cycle in the blood but, unlike 

Peru i, it has no preference for iaaature red blood cells. Landau 

(1965) described a further two rodent parasites in the blood of 

Thawwancs rntilang, one parasite resembling P. berý and named p er hsi 

welii and the other was named -c . P. b"roe` differed from 

P er in aspects of both the exo-erythrocytic and mosquito 

development (Landau and Killick-Kendrick, 1966) and was later renamed 

P. soelii roelii (Killick-Kendrick, 1974). P. chabaudi1 as described by 
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Landau, differs from Pgb. rghoi by its preference for mature erythrocytes, 

its larger nuclei and by the smaller numbers of nuclei in erythroc tic 

sahisonts. Also, as with P., y + ei, it was difficult to establish 

infections in laboratory rats and hamsters. g. c band1, in fact, so 

resembled P. iwk that it was classified as a subspecies of P. wt. no i 

(P. vinckei chabaudi) by Bafort (1963). Carter and Wa111ker (1975) 

showed by morphological and enzymic differences that in cloning the 

parasites of Pchabaudi described by Landau, it couli be shown that there 

were actually 2 different parasite populations present, a species named 

P. chabewdi and a subspecies named Pa; iwkei 2etteri. Both of these 

parasites have been found in T. rutilane, unlike F-TIAgkl ei. P. yýteri 

is morphologically similar to the X. viwjai group, the erythrocytic 

trophosoite having a regular outline, few aaioeboid forms, golden pigment 

and similar charaoterietic enzyme fore.. P ; gbi usually has a 

smaller trophosoite than the P. v kei group, is more often amoeboid, 

with little pigment and a denser blue cytoplasm. Schisonts of 

P. o bau31 are different morphologically from those of Z. vckei and are 

usually smaller, as are the eporosoitee. The eusyw forms of z�, ghLb 

are also different from that of the f ei group. 

The discovery of rodent malariae has been used to great 

advantage in malaria research and undoubtedly they have contributed 

such to progress in this field in recent years. Apart from financial 

considerations, rodents are easier to maintain than higher animals and 

can be used more readily for large scale investigations in chemotherapy 

and immunology. It should be pointed out, however, that extrapolation 

of results using a rodent malaria model to the human situation should 

be done with caution, and it is probable that investigations with simian 

malarial are often more suitable for this purpose. 


