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SUMARY

Inbred strains of C57B1 and NIH mice infected with the A/S
strain of Plagmodium chabaudi usually d-nlopoa high paragitaemins but
infections were rarely fatal in immunocompetent mice and in most mice
the parasites could be eradicated within 53 days or less. The immune
response of C57B1 and NTH mice to infection with the A/S strain of
Bechabauydi was studied, The principle method used in this study for
investigating the immune response of the mice was to examine the immunity
conferred on syngeneic mice, either X-irradiated or non-irradiated, by
transferring to them lymphoid cells or serum from immune or semi-immune
donors, The lymphoid cell populations examined were unfractionated spleen
cells, nylon wool column enrighed subpopulations of thyms-~derived
lymphocytes (T cells) and the so-called bursa-derived lymphocytes (B cells),
bone marrow cells and phagoeytic celis. In the course of these experiments
observations were made on the effect of X=-irradiation on the subsequent
growth and multiplication of the parasite,

In addition,an in vitre assay for antibody-dependent cell
mediated cytotoxicity was used to investigste the activity of splemie
K cells during malaria infection., K eells are lymphoid cells which may
include lymphocytes of an undefinel category, but possess receptors for
the Pc portion of antibody on their surface and have the ability to non=

specifically lyse target cells coated in antibodies,

a) The adoptive transfer of immunity to P.chabaudi with immune spleen
cells.

Spleen cells from mice which had previously been infected with
Pochabaudl were able to confer some immunity on syngeneic mice which had
been irradiated with 600 or 800 rads. The protection was detected as a
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shortened patent parasitaemia in immune cell recipients compared to
controls. The early experiments indicated the value of using irradiated
recipiente rather than non-irradiabed rccipientc, In irradisted mice,
a) smeller numbers of immune cells were required to promote detectadble
immunity than in non=irradiated mice, b) there was an amplification of
the difference in the duration of primary perasitsemias in recipients of
immune cells and normal cells compared to non=irr-diated mice and

¢) ag the irradisted host is immunodepressad, the protective effesct of

donor cells can be exzuined with a reduced contribution by the hosts own

immine system.

An initial non-gpecific resistance to Pechabaudi infection was
observed in irradiated mice, although the infection in most of these mice
was subsequently more severe than in non-irradiated mice. The non-
specific resistance could be reduced or abolished by injecting lymphoid
cells into mice chortly after irradiation or by infecting irradiated mice
more than 15 days after irradiation., Other workers suggest that
following irradiation, the reticulo-endothelial system is stimulated at

the time that the non=specific resistance to P.chabaudi was observed.

b) e ive fer of t neic mice with enriched
subpopulations of splenic immune T cells, B.cellg, bone marrow cells

g!!d Qh&mc ' §e§ .
Immunity to P,chsbaudi could be adoptively transferred with

enriched spleen subpopulations of immune T cells or immune B cells in
mice which had been irradiated with 600 or 30C rads. The protective
effects of unfractionated immune cells was, however, usually better than
that of either immune T or B cell subpopulations. In most experiments
enriched immune T eall recipients were more likely to suffer relapsing

patent parasitaemias than either enriched immune D cell recipients or
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unfractionated immune cell recipients, In one experiment a cemparison
was made of the course of P,chabaudi infection in mice which had been
irradiated with either 600 rads or 300 rads and which received injections
of different immune cells. 4 dose of 600 rads permits the immune
gystem of mice to recover from the effects of irradiation, but a dose
of 800 rads is lethal to mice unless lymphoid cells are injected after
irradiation., It was found that in recipients of enriched immune T or
B cells,which had been irradisted with 600 rads,the perasitaemia becane
subpatent before their equivalents irradiated with 300 reds,but that
there was little difference in parasitaemias between recipients of
unfractionated immune cells given 600 or 300 rads. Experiments 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
subpopulations of lymphoid cell: demonstrated that the latter cells did
not enhance the protective effect of the former cells, Done marrow
cells from immune mice were able to confer some protection ongyngeneic
recipients, but were not as protective as enriched immune T cells or B
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 37°C before
harvesting the phagocytes, Using C57Bl mice, phagocytes harvested
after 16 hours incubation were as protective as unfractionated immune
cells in a cell transfer experiment, but phagocytes harvested after 16
hours incubation were not protective., Examination of NIH phagocytdc
cells after 2,5 hourg incubation at 37°G,uh1ch ware as protective us
unfractionated immune spleen cells in a cell transfer experiment,demonstrated
that the petri-dish adherent cells may have contained B lymphocytes.



¢) The passive transfer of immnity with serum from P,chabandi

infected mice.
The passive tranafer of serum from C5731 mice which had

previously been infected with Peghabandl to normal or irradiated syngeneic
mice demonstrated that the serum reciplents were initially protected from
infection, Irradiated mice, however, were delayed longer in the onset
of parasitaemia compared to non=irradiated mice, Using "Il mice, sera
were collected from unfractionated immune spleen cell recipients,
enriched immune T cell recipients and normal spleen cell recipients on

the 11th day of a P,chabaudi infection, just after peak paragitaemia,

and also on the 14th day of infection, On day 14, all immune cell
recipients and most of the enriched immune T cell recipients had become
subpatent but all normal cell recipients still had patent infections.

Sera collected from the different spleen cell recipients on the 1lth day
of infection and passively transferred to irradiated mice demonstrated
little protection, Sera collected on the 1l4th day of infection, however,
reflected the immune status of the donors in their protective properties
in mice infected with Pychabaudi. The serumfrom unfractionated immune cell
recipients was the most protective of the 3 sera when compared to normal
NTH gserum and the serum from enriched immune T cell recipients was
slightly protective, but the serum from normal cell recipients produced
an enhanced infection in mice infected with P,chabagudi.

Pochabaudi infected mice.

In a preliminary investigzation of K cell activity in the spleens
of P,chabaudi infected mice, it was found that there was an incrensed
activity of K cells collected at around peak parasitaemia compared to the
activity of K cells in non-infected mice, and that this incressed activity
could also be found in mice which had recently become subpatent, As the



target cell for antibody-dependent cell-nmediated cytotoxicity employed
was the #hick red blood cell, it iz not known whether the K cell is
involved in the killing of Pychabaudi parasites,

These results suggest that both T cells and B cells and
antibody may be important in the immne response to Pychabaudi in mice.
Primed T cells may act as helpar cells in the production of malarial
antibodies, butyas enriched primed T cells could confer protection on

immunodepressed mice, it is possible that a cell-mediated mechanism of
imminity may also exist,.



JNTRODUCTION

lsl. General
Malaria is a major parasitic disease of man which can

seriously influence the economy of endemic areas by its effect on the
health of communities, Over one million people die each year in
Africa alone of malaria énd many more experience morbidity as a result
of infection.

The parasite responsible for the disease is classified as the
genus Plagmodium, suborder Haemogporins, order Eucoccids, subphylum
Sporogoa, phylum Protogoa as revised by Honigberg, Balamuth, Bovee,
Corliss, Gojdics, Hall, Kudd, levine, Loeblich, Weiser and Weinrich
(1964). Parasites which are closely related to the Plasmodidae are
the suborders Haemoproteidse and lLeucocytozoidae.

Plasmodidae are intracellular parasites for most of their life
cycle and have 2 hosts - vertebrates and female anopheline mosquitces.
Tne geographical distribution of malaria is restricted to warm, humid
areas which are suited to the development of the parasite in the

mmito.

In the vertebrate host there are 2 schigogonic cycles, one in
fixed tissue cells and the other in red blood cells. A schematic
diagram of the life cycle is given in Figure 1, A feeding mosquito
injects sporozoites into the blood of a vertebrate from its salivary
glands,and the sporosoites leave the blood probably within an hour
(Fairley, 1947; lussensweig, Vanderberg, Senabria and Most, 1972).
The sporoszoite enters liver parenchymal cells in the case of mammals
and ,initially, lymphoid macrophage cells in the case of birds and
reptiles, The sporosoites develop into excerythfbeytic schizonts and
merozoites are released which invade erythrocytes of the blood, The
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earliest form of parasite seen in Giemsa's stained smears of erythrocytes,
resembles a signet ring and is called the "ring stage" or young
trophosoite, The parasite enlarges, produging malarial pigment, until
it goes through an erythrocytic schizogony, and merogoites are released
into the blood stream which reinvade susceptible erythrocytes.

Gametocytes rather than erythrocytic schisonts can develop
after merosoite invasion of erythrocytes. Gametocytes do not develop
further until ingested by a female mosquito. In the stomach of the
mosquito, male gametocytes (#iarogametocytes) produce after nuclear
division several male gametes by a process known as "exflagellation".

The male gametes swim free until they meet a female gamete (mscrogamete).
A single microgaméte penetrates the macrogamete to form a sygote. The
sygote elongates, becomes mobile (ookinete) and penetrates the epithelial
living of the stomach to form an cocyst. Sporogony occurs inside the
oocyst and it eventually bursts, and many liberated sporosoites disperse
to penetrate the salivary glands, whore they remain unvil the mosquito
feeds.

Laveran (1330) observed the malaria parasite within the
erythroaytos of infosted lumens and Nosn (1098) firet desoribed steges
in mosquitoes. The entire development of the vector stages of the
parasite was observed by Grassi and colleagues in 1339 (from Gmmnham,
1966), The exo-erythrocytic stages were first observed in mammals by
Garnham (1947) and Shortt and Garmham (1943).

Four species of Plagmodium can infect man: P,faleiparum,
Puvivax, Pomalarise and Poovale. Of these four, P.faloivarup is
undoubtedly the most important as it is responsible for "malignant
tertian"” malaria or faleiparum malaria which causes most fatalities



and morbidity of all four species, Pyyivax is the most widely
distributed species, occurring in both tropical and more temperate areas,
and is the cause of "benign tertian® malaria or vivax malaria which is
not usually fatal. Pemalarise is not as common as P,vivax although it
has a wide distribution; unlike P,falciparum or P,vivax which have

43 hour growth cycle in the erythrocytic stages, Pemalarige has a

72 hour growth eyecle and is lmown as "quartan" malaria. P.ovale has
the most restricted distribution of these species and is the rarest of
them to infect man, The growth eyele in the blood takes 43 hours for

P,ovale, Tike P,vivax, Pymalarise and Pyovale 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, commonly the
cause of death in falciparum malaris. 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 is also removed from
the circulation by the spleen and liver which camses these organs to be
discoloured, Necrosis occurs in the kidneys which 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 hlood capillaries caused by the blockage of
capill 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 anl is partly responsible

for the pathogenicity of P,falciparum.

For practical and ethical reasons it is often difficult to



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-humsn malarias, therefore, have been
used for research purposes., For example, two primate malarias which
naturally infect monkeys (Macaca irus), P.cynomolgi and P.kmowlegi,ave
commonly used., Both of these species are able to infect man,
P.gallinaceum, a parasite of jungle fowl, is often used in experiments
with chickens.

1.2, Rodent gpecies of malaria.

The first species of rodent malaria parasite to be identified
was named P,berghei by Vincke and Lips (1948). This parasite was
found in Thamnomys gurdaster and was infective to laboratory mice and
rats with a preference for development in immature orythrocm.f:\\iving .
24 hour growth cycle in the blood. Four years later another rodent
malaria, P,vinckei (Rodhain,1952), was identified from the sporozoites of
the mosquito Anopheles dureni. Rodhain believed the natural host of
Povinckei to be T,gurdagter and in fact an infection in these animals,
and laboratory mice,was often fatal., For P,vinckei to be adapted to
Laboratory rats and hamsters, it was usually necessary to splenectomize
animals, P, vinckei has a 24 hour growth cycle in the blood but,unlike
Pyberghei, it has no preference for immature red blood cells, Landamn
(1965) deseribed a further two rodent parasites in the blood of
Zhamnonys rutilang, one parasite resembling P,borghei and named P,berghel
Yyoelii and the other was named P,chabaudi. [E.b.ycelii differed from
P.berghei in aspects of both the exo-erythrocytic and mosquito
development (Landau and Killick-Kendrick, 1966) and was later renamed

Poyoelii yoelii (Killick-Kendrick, 1974). P.chabaudis as described by






