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Chemotherapy of Malana and the Host-Parasite Interaction

WALLACE PETERS!

INTRODUCTION

Browsing through my library shelves recently,
my hand fell on a dog-eared journal just 25 years
ofd. It was the Silver Jubilee number of the
Indian Journal of Malariology, and | secalled
that il was given to me by the great malariologist,
the late Colonel Jaswant Singh shortly after my
wife and 1 returned home after helping to initiate
the antimalarial programme in the Nepalese
Terai. The articles in that journal make
fascinating reading today, and provided me with
an excellent stimulus for. reflecting vpon
problems resolved and unresolved since 1955,
and the new problems that have arisen since
then.

The first article was by Sinton (1955), who drew
attentioh to some of the gaps in our knowledge of
the malaria parasite. These are some of the
guestions he posed. Is the malaria parasite inside
or outside the erythrocyte? (This was the year
that Fulton and Flewitt demonstrated for the
first time, by electron microscopy, that the
trophozoites are intraerythrocytic). Have we a
proper picture of the cytological structiire of the
malaria parasite? What is the nature of the
changes in the erythrocytes infested by malaria

Acrepied for publication : 9 Navember 1983
iDepartment of Medical Protozoolagy

l.ondon School of Hygient and Tropical Medicine
Keppel Strest, London WCIE 7HT, England.

parasites? What is the fate of the sporozoites in
the insect host? (He might well have added —
“and the vertebrate host™). Is there a malaria
toxin? What is the nature of “antibodies” in
malaria? What is the origin of gametocytes? The
advent of electron microscopy and quantum
advances in immunoiogy have produced partial,
but not total answers to these questions, and
recent studies guided by Garnham {Krotoski ef
al., 1980) have finally thrown light on the origin
of relapses in vivax malaria. None of this,
however, has yet enabled us to overcome the
scourge of malaria, as India knows only too well.

That 1955 Jubilee number with articles also by
Jaswant Singh, George Macdonald, Pampana,
Garnham, Chrstophers, Covell, B. A. Rao,
Knipe, V.V. Rao, D.K. Viswanathan, Rajinder
Pal, M.LDD. Sharma and others, was indeed a
vintage publication. It appeared at a moment
when the great Indian DDT campaign was well
under way, when great expectations were held
that the land would soon be freed from the
burden of malana, and when “eradication”wasa
respectable and indeed revered word. Alas, the
dream was unfulfilled. From a great start that
culminated in a dramatic fall in transmission by
1960, the campaign fizzled out, and the net result
was that epidemic malaria, fulfilling all the direst
theoretical forecasts of Macdonald (1957),
returned at an exponential rate so that, by 1976,
at least 6.4 million cases had been recorded by
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v Yanhooad Malboa Riadcaucs Programn
‘W EAEP, (Ray, 1977y and an emcrpency sontrol
Aogamme had 1o be masageated {Ray, 1979)
i 1980, there were st at lcast 2.2 million cases;
it Ahe proportion of P falciparum  wos
wcreatin. Faswant Singh {195%) cautioned that,
i thab tgpe, "¢ wouls agpear that the man
orobiem  ar e lrswiment ol majuria hes
wractically heer  sebved. But oo deeper
.ensidergiion. i hecosnes evident thad shere are
-l many lacunae in ounr knowledge of the
~ifeet.” Later Be cod “{n arder to achieve this
snective (of finding new drues), t wonid be
cagenttal to understind clearly the mewhoic
sronesses  of plasmodia st all e phases,
sarticulasty the tissue aud blood torms.™

Sines 1935, we nave learned a greal deal abous
S struciure and  cell biology  of - mularia
sarasties (see reviews hy Sinden, 1978, Aikawa
and Secd, 1980, their bwochemical processes
iSherman, 1979} and the natire of the host’s
mmraune response 1o malana mfection {(Mus-
senzwerg of ql. 1978 Cohen, 1979, Kreier
and Green. 1936). New antimalarial draps have
heen developed to combat the rapidly inercasing
arablern of multiple drug resistance in P
safciparum (Feters, 1970, 1974, 1980a; Canfield
and Rorman, 1974 Razman and Canfield,
£979), and remarkable progress has been made
wwards the production of antimalarial vaccines
‘Mclregor, £979). Nevertheless, we are still far
tram winning the siruggle against Plasmodiern,
4ad have much (o learn from an analysis of past
sxperience o order to make the besf use of
soptinsousty  shrisking  omedical  research
resources in tie foture, Some of our current
knowledge is discussed in the present papet in the
hope that its consideration will throw up ideas
tor future investipations on antimalariai drug
deveiopment.

VETAMING, HOSTS AND PARASIVES

i Fdward Mellanby, in whose memory thig
aaper 15 presented, together with his mentor

Fop# s 1 G0 I T R T e U 110 auw
field of the vitamins af the bepinnimg of the
wontary, and made (mportaat contribition
wspecially tn gor knowledpge of the mode of
actiop of vitamins A and D on mammalian
ussuss, Within a few years, carly koowledpe of
S POt ab vikamins for cetlular integrity
wat aleo Being apphed o the development of
Lulture media for walaria parasites (Bass and
tobns, 1912} Interess in this topic waxed und
waned, with periods of peak activity during
Warid War ] and dering the 1970 when, at Jasg,
Trager anvd Jensen (19701 sucoreded m obtaining
comtimudns cuittres of the blood stages of P
safcdparem. ol ¢ ol (136) fad in the
TLABLOE rowh the axocrythrocvhestages of P
Zeliox in tissne cobtere. From these and the marey
nlervening sttempts o coltore ifferem stages
and different species of snalarsd parasites in vitro,
a weaith of intormation had accumaulated abowt
the bhasia vitamin requirements hoth of the
narasites and of their host cells {(Von Brana,
1973, Asg a side note, it may be mentioned that
neither of the vitamins that most interested
Mellanby, A and 1, are essentind ta Plasmodium
althongh they are, of aourse, to thesr hosts,

Fhe vitamans that are of particular importance
fus Lhe metabolism of malaria parasites and fora
number of Yinetoplastid flageliates are p-
aminobenzoic acid, biotin, pantothenate, fole
acid, nicotinamide, pyndaxing, riboflavin and
chiamine{ Trager, 1977; Taylor and Balker, 1978),
Although little attention appeard to have been
patd to vitamin K, work that will be discussed m
this paper sugpests chat this compound toa
siould be of considerable imporiance to parasite
respiration. The knowledge of the significance
of these essential growth substances to
Plasmodium gleaned from cultivation studies
has led attempts to design antimalarial
substances that can block their aplake or
atilisation by the parasites. Unfortunately, most
such compounds have proved equally effective in
blocking the vee of these essential vitamins also
by the hosts. Other, reirospective work has
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attempted to cxplain the mode of action of
various antimalarials, e.g. mepacrine, in terms
of their blockage of vitamin uptake by
Plasmodium, in this particular example,
riboflavin which Rao and Sirsi {1956) showed
was essential to the growth of P. gaflinacerm.

This, in {act, is probably not the way this drug
warks { Peters, 1970). This lack of specificity has
led to a search for differences between the
metabolic pathways of malana parasites and
their hosts, with the objective of exploiting such
points with what then might prove to be
selectively toxic agenmts. The resuits of this
approach witl be referred to later in this paper.

it 1s essentiai at this point to underhne ene factor,
fundamental to ali chemotherapy, namely that
there is perhaps no known chenmcal agent thar
will completely frec the host from an invading
organistn without the active participation of the
immune defence mechanisms of that host
{Peters, 1980b). In discussing the chemnotherapy
of malaria, therefore, 1t is necessary to consider
hboth the nature of host immunity against
Plasmodium, and the possible influence of
various drugs on those immune mechanizms, as
well as on the parasites themselves to understand
how the host immune responses are triggered, it
is essential first 1o dwel) briefly on the nature of
the host-parasite interface.

THE HOST-PARASITE INTERFACE IN MALARIA

During their life-cycle most malana parasites
pass from a poikilothermic insect host. the
female Anopheles mosquno, toa warm blooded
venenrate host (parasites of reptifes are an
exception), an ecological change that
necessitates major shifis in their metabolic
pathways (Howells er af., 1972). Moreover, the
parasites in each type of host pass through
relatively immobile growth phases, sporogony in
the mosquito, exo- and intraeryvihrocync
schizogony in the vertebrate host, with motile
phases connecting one schizogonic stage with the

next. All the moude stages, with the exception of
the microgamete, are characterised by possessing
a protective suriace layer, and a subpellicular
skeletal structure, Their energy requirements are
probabiy provided by siored substances, e.g. in
the spherical body of the erythrocytic merozoites
angd the crystalioid body of the cokinete, and any
further nutritional 1equirements are likely to be
acquired by simple diffusion. The motile stages
may thus he particuiarly insusceptible to
chemical attack until the moment arrives when
they invade 2 new host cell. They are, however,
vulnerable ino immune aitack by antibodies
(Cohen and Butcher, 1971} and perhaps aiso by
activated macrophages or other white cells.

The immomle schizonws of ihe mosquito (the
oocysts on the outside of the midgut), and of
mamimalian parasites (pnmary and secona-
ary exoerythrocytic schizonts growing in
hepatocytes) share many structural feaiures,
hoih appeanng to absorb nutrients from their
environment. They are apparently protecied
against most chemnical agents with a few notable
exceptions, namely suiphonamides and
dihydrofolate reductase inhibitors (antifols) that
block pathways leading to purine and pyrimidine
hiosynthesis, 3-aminoquinelines, and certain
naphthoquinones (e.g. menoctone) that may,
either directly or through meiabolites, interfere
with parasite respiration

These compounds also inhibit the growth
ta) of the exoerythrocytic schizonts of avian
Plasmoditem such as £ pallinaceum in cells
of ihe reticuloendotheiial system and (b)
intracrythrocytic asexual stages of all species. In
addition the laiter are acted upon by certain
compounds such as chloroquine that, for some
still incompletely defined reason, are strongly
and selectively bound to them. Recent studies by
Chou es gl. (1980) suggest that chieroguine binds
lo an intermediary product tormed during the
degradation ol haemoglobm by the parasites to
the insoluble malaria pignent, haemozoin,
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Probably ihe leasi vuincrable of all the stages of
ihe malaria ¢ycie are the hypnozoites of relapsing
vivax-type parasites of man and other pnmates
iKrotoski er al., 1980}, They remain as inactive,
unscetluiar parasites in hepatocytes for months
ur years before, 4t some unknown signai,
hursting into schizogony to produce a fresh wave
of eryptozoites that are destined to invade new
erythrocytes, i.e. a relapse, How the hypno-
roites in their state of “hibernation”™ survive
mietabolically is a mystery at present. Probably,
they are able 1o maintain the minimum level of
respiration necessary for survival, either by
continuing a low level of anacrobic glycolysis, or
Iy absorbing the essential metabolites from the
host cell. All that is known so faris that they are
affected by one tvpe of compound only, namely
the B-aminoquinohines, ¢.g. primaqguine.
Whether this drug acts directly on the parasite,
v on the host ceil, remains to be seen.

it was mentioned above that the motile stages
may be susceplible to chemical interveniion at
the moment when they invade a new host cell,
The spororoite, like the hypnozote, appears
anly to be o affected by B-aminoguinolines
(Terzian er al. 1951) which are, unfortunarely,
too toxic (o de used as causal prophylactics. The
fate of the sporozoites is one intriguing aspect of
the malaria hfe-cycle thatis currently the focus of
atiention of several investigators. In rodent
malavia, Verhave er al. (1980 and Smith and
Sinden {19813 have produced evidence serongly
suggesung that the sporezowes are actvely
removed from the peripheral cireudation after
wocuiation by the mosquito, by Kupffer celis of
the liver. Recent studies by Pirson er al. (1980)
suggest that, by "targettng™ primaquine into the
Kupffer cells  through incorporating it in
liposomes, the prophylactic activity of the drugis
enhanced and the toxicity reduced, (i.e. the
selective toxicity is improved, the therapeutic
index widened). The hiotogical implications of
this work are that {aj the sporozoites are first
wken up by the Kupffer ceils, that (b} they
subsequently pass from the Kupffer cells to the

hepatocyies and that (¢} primaquine may prevent
this passage. However, primaguine is also
concentrated in hepatocytes where it may also
exert i1s antiparasitic action.

Hommel {(personal communication) has
suggested that other anumalarials may act by
blocking the entry of merozoites into
erythrocytes. [t has been suggested that a
histidine-rich protein produced in the rhoptries
of erythrocytic merozoites (Kilejian and Jensen,
1977) may play an important role in the
attachment of merozoites to new red cells or,
more likely, in their invagination of those cells
(Dvorak et al, [975). The artachment process
which also involves red celt surface receptors and
parasite recognition of those rgceptors (Miller ef
al, 1975), and subsequent invagination are
blacked in vitfo by concentrations of chlora-
quine in the order of that found in the
serum of patients (Hommel, Joc. cit.). Another
possible mechanism by which such blood
schizontocides may act is by concentration
within the rhoptries {Warhurst and Thomas,
1975) and subsequent imterference with the
function of the rhoptry contents.

BINCHEMITAL PATHWAYS AS DRUG TARGETS

Like many bacteria and-unlike vertebrate tissues,
malaria parasites are unable to incorporate
preformed {olate and must synthesise it de novo
from p-aminobenzoic acid {PABA). This
situation offers a classical target for selective
drug toxicty and explains the potent action of
many sulphonamides and sulphones on the
actively metabolising stages of Plasmodium. 15
fortunaie that the enzymes concerned with
the later stages of folate metabolism, eg.
dihydrofolate reductase (1YHFR) differ in many
physico-chemical characters from those that
perfarm  essentially  the same f{unctions in
the vertebrate hosts. {hus the affinity of
pyrimethamine for the DHFR of P, herghei is
sote i1 times greater than (or that of the mouse
(Ferone # al., 1969). Other enzymes in the folate
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pathway have harely been exploited and almost
certainly offer other opportunities for the
development of selectively toxic inhibitors
(Ferone, 1977). A logical sequel to having twe
compounds that affect sequential steps on a
single pathway is to apply them together. Thus a
combination of sulphadoxine which blocks the
utilisation of PABA, and pyrimethamine which
blocks DHFR provides a marked degree of dmg
potentiation which has proven of considerable
practical value in malaria chemotherapy (Peters,
1970). The potentiatinn is of such a fevelthatitis
able to overcome the loss of activity by each
component when used individually against
certain drug-resistant parasites {Peters, 1968),
and to delay greatly the development of
resistance io the indwidual drugs by origin-
ally sensitive parasites (Peters, 1974a). Un-
fortunately, this is not entirely a preventive effect
but only a delay, and an increasingly large
number of strains of P. falciparum are appearing
in the field that are resistant to a currently
used mixture of this 1ype {(sulphadoxine-
pyrimethamine, Fansidar} (CDC, 1980).

Up to a poimt, apparent resistance to these
mixtures may be due not to true drug resistance,
but to a pharmacogenctic pecniliarity of the host.
Normally the effective “half-life” of cach
component of these mixtures is similar. Certain
individuals, however, metabolise and excrete
long-acting sulphonamides more rapidly than
others (so-called “fast-acetylator™ phenotypes)
{Gilles and Clyde, 1974). Thus these individuals
receive protection only from the amifol
component for part of the anticipated period,
and this may be insufficient where antifol-
resistant parasites are present. Rjorkman es af
(I9%0) have suggested, that idiosyncratic host
factors in relation to the antifo] components may
aiso give a false impression of drug resistance.

The important role of pantothenate in the
metabolism of Plasmodium has been well
documented by Trager ({977). The work of
his coliaborators and himself highlighted an

important aspect of the intimate host-parasite
rejationship between the erythrocytic stages and
the red cells, namely the dependence of the
parasites on the host for certain biosynthetic
processes. P. lophurae, for example, was found
to be deficient in coenzvme A {CoA} for which
pantothenate is a precursor (Beanett and Trager,
1967). Thus pantothenate deficiency, or
pantothenate antagonists were shown to have a
marked &ntimalarial effect against several
species of malaria parasites in vitro. As Trager
(1977) poinwed out, the detection of other
“biosynthetic lesions™ could offer new, selective
targets for drug action. The problem here, of
course, is that drugs affecting host enzymes on
which the parasites depend may also adversely
affect the hosis themselves. Nevertheless, there
may be certain situations in which a marginal
decrease in the level of host enzyme (e.p.
pyridoxine kinase) may just suffice to damage
the parasites without influencing the host
Genctic differances in the ievel of this enzyme in
the blood of Africans and whites, for example,
may contribute indirecily to the superior ability
af the African to tolerate P jfaleiparum
parasitaemia {Chem and Beutler, 1975).

Siddiqui and Trager (1964) drew attention to the
manner in which 7. lophurae may depend also
upon folate derived from the host erythrocytes
although, in this instance, the parasite does
possess, its nwn DHFR. Peters e al. (1973) has

_suggested ihat increased dependence upon the

host cell for certatn essential metabolites may be
one way in which various iypes of drug-resistant
parasites can survive in the presence of otherwise
iethal concentrations of drug. Thus, Howells and
Maxwell (1973} showed that chloroquine-
resistant P, berghei wmduce thewr host ren-
culocytes to produce enhanced quantities of
NADP isocitrate dehydrogenase which may
permit -their survival in the presence of
chloroguine. Tt may be this general ability of
intraerythrocytic, drug-resistant Plasmodium to
nduce excessive metabolic activity in their host
cells that explains apparent cross-resistance of
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s dissimifar cinspoursds as pyrisethamne
and chloroguine. Certainy the modes of action
of these two compounds against drug-sensitive
parnsites are gude different (Peters, 19700

A porentially valuable targer for selective drag
1XICITY in malaria parasites that does not appear
to have been adegaately followed up is the
ubiquinone system that iy intimately concerned
hath in methy} transfer ard in mitochondrial
respitation. Skelton #1 ai (1969) demonsirated
that several Plasmioditen species contain not
uhiguinone- [y as do their bosts, but ahiguinene.
9. and it hay been supgesied that the selective
antimalarial action of certain paphthoquinones
such ag menoctone may he related to thisfinding
(Peters. 1974b). Moreaver, there is a boady of
crulepce indicaning that Rasminoquing
s which have Pesa shown o intluence
mtachondrial wntegrity {Beaudoin and Aikawa,
1968 Howells or of | 1970Y and functinn {Skelton
et el 19HR) may in {act function through
swiaholic products. Could  these  include
qumalinedmones which also oiltuence  bi-
drvnone-97 Hore oan ares that scems 1o be
it for further caploration both by diochemists
sl medicinal chermists,

FARUAIMMUNITY INTER ACTIENS

Phe vertebrate hosy respands 10 gnfection with
malaria parasiles in several ways., depending
upor the intensity and freguency of infechon,
and the species of parasite. SporoZoite invaston
nduces a4 hhwmoral response, anti-sporosmte
antibodies  heing  produced  that, in time,
effectively neutralise homelogous reinfection
(Nussenzweig er al, 1978 Cochrane et al,
1980).  Antibodv-inactivated sporozones are
presumahbiy removed from the cireulation by
KupfTer cells of the liver inuch the same way as
has heen postulated for normal spotorostes.
Presumably the difference in the immune host 1s
that the sporozottes are destroved by ihese mac:
rophages, whereas they survive 1o penetrate and
grow in hepatocyles in the non-immune host.

Host respseise te the hepatic schizonis appears 1o
ke minimal. atthough phagocytic invasiohican he
seen at the site of ruptured, mature schizonte.
The major defences seem to be reserved for the
ntraervthrocytic parasites  which produce a
mitogenic {actor {(Greenwoed and Vick, 1975),
and apainst these the host launches bath a
humaoral response (IgM followed by IgG). and a
cell-mediated response (Cohen, (979) In this
way red cells containing parasites that have been
damaged. but not necessanly killed by drugs, are
remaved Trom the circulaiion into such organs as
the spiesn, 1 which macrophages remove and
finally dostroy the parasites, together with the
products of their metabolism {e.g. haemozoin
which 13 stored in the macrophages). The
presence ol a heavy malaria parasitacmia itself
has an immunodepressant action which has been
amply demonstrated both in experimental
maodels (Salaman ef al, 1969) and in man
iGreenwaord et gl 1972). This s, presumably, a
sunvival mechamsm evalved by the parasites,
and it is interesting to note that a stmilar pracess
has been evelved by other blood parasites such as
the African irypanosomes (Greenwood e af.,
1973). Some anitmalarial Jiugs have not only a
direct antiparasitic action, but also an effect on
vartons functiens of the host immune system.
I'hus chloroquine is a well-known suppressor of
cell-mediated immunity. The {evel at which this
is rffected, however, is far higher than that
needed to produce its beneficial antimalarial
action. The same is true of primaguine ( Thong ¢f
al., 1978). While 1t has been claimed thai
pyrimethamine is an immunopotentiator { Thang
and Ferrant. 1980}, it seems unlikely that this
plays any rofe in the antimalarial action of ths
compound since exceedingly small blood levels
are adcquate to cxert the selective blocking
action of pyrimethamine on parasite DHFR,

In recent years atientton has been focussed on
the pon-specific immunity-stimulating activity
of several polysaccharides such as those of BCG
{Clack e al., 19y, Corpnebacterium parviem
(Clark et al., 1977yand 3 i-3glucan(Gilleteral.,
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1980). Moreover, certain glycolipids used for the
producticn of liposomes were alsa found to exert
a prophylactic effect in mice against sporozeite
challenge with P. berghei {Alving er al, 1979),
Such agents produce a non-specific type of
protection agamnst a variety of parasitic protozoa,
and even some helminths (Cox, 1978). In the
tight of the intensive efforts currently being made
to produce antimalariai vaccines, perhaps these
new approaches using drugs as immunostimuiants
may offer s new road for a combined vaccine
drug attack on malaria transmission.

CONCLUSIONS .

It would be wrong to think in terms of a single-
track approach to the contro} of malaria. Drugs
can contribute enormously to the management
of infections diseases including malaria but
cannot eliminate the parasites in the individual,
much less in the community, The immunologists
like those concerned with chemotherapy think
and have tended 1o see everything through a
rose~coloured haze of vaccine, As the burden of
malaria transmission becomes Iess in a
community, so does that community require
heavier drug dosage for infections that do occur,
and so does the level of communai immunity
fatt ¢Peters, (Y8l Moreover, as immunity
decreases, the gametocyte load, and hence,
potential infectivity of the community to
Anopheles mosquitoes increases (Macdonald,
1957). Active anti-vector measures are,
therefore, demanded in addition to the
application of drugs and possible vaccination of
the community. In other words, malaria control
must be an integrated operation, tailor-made to
the needs as defined by careful malariometric
studies of particular ecological situations.

Drug development should equally be tailor-
made to fulfil the particular needs of the
individual or the community. It is nécessary to
consider the ecology of the parasites at different
stages of their fife cycle, to discover their
vulnerable points. The response of the host must

he taken into account, genetic differences in that
response, the possibility of manipulating that
response by the design of chemical or biological
immunomodulators, Optimal ways of applying
new drugs must be sought. What may be
adequate to protect an individual may be quite
inappropriate for a community. For example, a
weekly tablet suitable for a few people may be
replaced by an injectable, long -acting repository
formulation {Rieckmann, 1967) to protect whole
villages. Studies on such formulations are
currently in progress under United States Army
and WHO auspices.

Few of us have the talents or the good fortune to
progress from the detailed. meticulous appreach
of the laboratory worker, 10 a position which
permits one to take the broad view of research
such as that enjoyed later in his life by Sir
Edward Mellanby when he became the Secretary
ol the Medical Research Council. Hewould have
been the lirst o advocate taking the broad
perspective while, at the same tirmne, keeping his
eye on the {ine details of the research for which he
was responsible. We would all do well to bear his
example in mind a5 we seek to overcome the
global problem of malaria.

Malaria is a relentlcss enemy. We sec that herein
India better than anywhere. Today we have
drugs with which we can treat people if they fali
ill, but we do nor have a single preparation upon
which we vcan rely (0o protect the vast
comniunities to whom malaria is a threat, and
this is particularly true where drug resistant
malignant tertian malaria is spreading.

Thanks 10 a unique and costly effort of our
colleagues in the United States, particularly
those in the Walter Reed Army Institute of
Research; thanks to the current programme of
the WHO/UNDP/World Bank Special
Programme for Training and Disease Research;
thanks to the persistent effort of two or three
pharmaceutical research organizations in my
own and other countries; and last, but by no
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means least, thanks to the work of scientists in
your own CIDRI], we are developing several
potent new drugs with which to combat majaria,
and the appropriate formulations in which to
administer them to the masses, not just to
individuals. We must depioy the new weapons to
the best advantage, together with new
insecticides where the oid ones have fatled,
together with education of the people in simple
measures for their own prolection,

It will be a iong hard struggle to centrol maiarnia
in India, but fet us try once more; let us learn
from past mistakes and not expect miracles
through regarding a complex problem as one {fo
which there is any simple solution.
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Eftect of Chloroquine Treatment on Complement Levels in
Plasmodium knowlesi Infected Rhesus Monkeys

RN PRASAD, N.K. GANGULY', R.C. MAHAJAN! and $.K. GARG!

L3 and U Hso levels in Rhesus monkeys have been estimated during acute Plasmaodium knowlesi infection in
Rhesus monkeys and {ellowing treatment with chloroguine at Jifferent levets of parasitaemia. The depietion
i Crand U Hselevels correlated with the level of parasiiaemia. The chioroguine treatment reversed the trend
wn atiimits treated at less than 30 percent ol parasitaernia and there was recovery in the Jevel of Ciand CHs
by the 9th post drug-administration day. The probable mechanism of reversibility by chlorogquine in their
levels monfected and trealed animals is discussed.

INTRODUCTION

Luewer levels of totai complement activity have
been well documented during malaria infection
in mice (Kretth et af. 1976; June er al., 1979,
monkeys (Fogel er al., [966; Cooper and Fogel,
1966) and human beings (Greenwood and
Bructon, 1974; Adam er al, 1981). Recently,
Ward et al. (1981). obhserved that P. berghei
infection was much more severc and even fatal in
1y depleted rats thar 5 intact (control) ones,
suggesting a role of complement in the immune
status of the host. Since depletion in complement
components has been shown to correlate inversely
with the schizont rupiure {Atkinson er al., 1975),
it is important te know what happens when the
parasites are eliminated from the host after
drug-treatment  at  different levels of para-
sitaemiaand howlongthehypocomplementaemia
Accepied for publication: 12 April 1984,

'Department of Parasitology and Pharmacology
Postgraduate Institute of Medical Education and Research
Chandigarh-160 612,

persists. T'o the best of our knowledge, little is
known so far in this direction. Therefore, the
present study was undertaken to see the effect of
Jdrug-treatment on Crand CHslevels at different
levels of parasitaemia in P. knowlesi infected
Rhesus monkeys,

MATERIAL AND METHODS

rhesus monkeys and mode of infection: Twelve
normal, heaithy, tubercuiin negative, rhesus
mankeys, weighing 4 to 5 kg and without any
inicrohial infection, were included in this study,
All the animals were challenged with 10xi(5
P.hknowlesi infected erythrocytes. Parasitaemia
was monitored daily by pecipheral blood -smear
examination. This was expressed as percent of
parasitaemia, The animals were divided into 4
groups of 3 moenkeys each.

Group [: 1he animals in this group were followed
up for higher levels of parasitaemia (more than
60 percent) and no treatment was given.
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(rowp 1, TH and FV: Annmals were treated wilh
2 mg chloroquine (orzily) per kg body weght
for seven days at 8-}, 20 33 and maore than 60
percent of parasitacmia respectively (Schmidt,
TRy

isictadiont of Crand Clbaw fevels: 3 mil of cloited
plood was taken ' m each anmmal starting trom
cre-ipfection  period, at  different levels of
parasitaemia and during drug treatment. Serum
was separated and stored at - 700 until use.

{3 fevel was estimated by the method of Mancim
ot @l (1963), as described by Ganguiy ef al.
(1977, for rhesus ronkeys. The value was
sxpyessed as mg peicent.

Vhe olal nacimelytic aciivity (C'Hs) was assayed
{Ganguly ef al, 1979). The value was catculated
as anits per ol

RESTLTS

sffece of parasttgenna e Oy and CHso deveis,
Ihie pre-1niection mean kevels of Caand Ciisein
acroup § monkeys were 165 66118.20 mg/ HY) ml
and 31424254 a0l respectively, Ar 8-50
percent  parasitacmia, the  respective  lavels

T
[ VR Y-
B .
——

dropped 1o 1030.00+7.87 and 22.58+1.85. They
declined sigmificantly (P20.001) o 50,33+3.29
and 9.6+0.97 respectively, when the parasitaemia
wids more than 60 percent. The degree of
parasitaemia correlated with the decrease in the
tevels of €y and CHs {r=0,89} and -- 0.921,
vespectively),

sffect of chinroguine therapy: The decrease in
3 and CHs levels in P knowlesi infected
monkeys of group 1, Hland JV showed a similar
trendd as in group ! anunals as long as they
remained untreated. The chlorequine treatment
in these groups of animals at different levels of
parasitacmia inhibited the further decrease inthe
leveis of Cs and CHse, respectively (Fig. 1 and 2).

i group 1L N1 and IV animais, at the time of
treatmens, when 1he parasitaemia was
£. 105,20 30 and more than 60 percent, the levels
of 3 and CHwx were 114.66+19.3% and
202,07, 71.33410.20 and  15.96+1.62 and
58.313+3.3¢ and 10.73:0.89, respectively. After
chloroquine therapy, the parasites disappeared
trom the penipheral bloed and the levels of Ci
and C s recovered by the 7th to the 9th day of
freatment in group  and ifl animals (the vaiue
HEECTED NOT TREATED

‘NEECTED TREATEDAT B-iO 7

IMFECTED TREATED AT 20207
INFECTED TREATED AT 3607

/E

g

1, 4

$ $

]

A 5L 20-30

80 2 3 & % 6 7

"PEAGENTAGE OF PARASITAEMIA

A
Frg. ¢ keseis apimjected amd treated R nesus snutheys LA
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s Lticate st adose ol
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heing  IBA.0049.09 and 30.10+3.16 and
173.66+14.65 and 31 962191 of C3 and Cls
respectively with P30.05). The mean values of Ci
atcl CHso in group TH was lower (103.0047.87
and 27.27¢2.37} than i pronp i} animals
(184.00+0.05 and 3(.10:3.16), On the 7th day
after the drug treatment. the difference in the
mean value of Ciand CHea in groop IV was
statistically sigoificant (P20.01 when compared
with the pre-infection values,

DSCESSION

These resuits show thal there was a decrease in
serum Cy and CHse levels during the course of
P knowlesi infection in Rhesus monkeys and this
vorrelated with the level of parasitacmia. Similar
observations have also been made by Fogel er al.
i 1966). The hypocomplementatmia seeurs either
sine to the activation of the classical (Greenwood
and Brueton, 1974) and aitcrnate (Adam er al.,
1981) pathways or duc to utilization of
complement by the parasites {Cooper and Fogel.
1967, Adam et af, }981Y The activation of
complement is mainly by immune complexes
(Adam er al., 1981} Malaria antigen itself can
activate the complement pathway (Adam er al.,
1981). In malaria it has been shown that serum

Ca++ and Mg+ are inceeased (Gupta 2 af, 1982)
which can exaggerate the activation of the
complement pathway ({evin et af, 1953; Mayer,
1944). :

Chloronguing treatment o different pronps of
mankeys at different lcvels of paragitazmin
inhikited the further dacrease in the level of
and CHw Group I aprimals treated at a lower
{R- 10 percens) level of parasitzemia showed a
rapid recavery in their Cyand CHss levels by Tth
day post-treatment while the animals treated ata
migher level of parssitacmia (30 percent}
recovered after 9 days. Ree (1976), also, has
reported the recovery in Oy and CHa levels in
sarients where the parasifacmia is generally very
tow after chlarogninge treaiment hut the ahove
avestigatnrs did not report the effect of
anmtimalarial treatment on the complement
ievels of hosts treated at different levels of
parasitaemia, The recovery in Ciand CHwlevels,
after chloroyuine treatment is probably due to
the disappearance of the parasite and its antigen
{June er al, 1979}, dissociation of immuno-
complexes { Beneze and Johnson, 1965) orlass of
anti-complementary activity, of such
immunocomplexes (Ooyewoter, 1978) by the
drug. Chlnroquine slso caa bind and lower the
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level of calcium and magnesinm ons (Neblet e
af., 1965}, which might he inhibiting the
avtivation of the complement. Moreover, the
complement  biosynthesis may be increased
during injury or infection (Cooper and Fogel,
1967 Schur and Austen, [968). However, the
recovery in Cramd CHse level in groups B and
IV (treated at 20- 30 and more than 60 percent of
parasitaemia, respectively) was delayed and
remained unrecoverabic n the latter group
during the study period. it was probably due to
severe hypocomplementacmia at higher levels of
parasitacmia. At this stage, the highly affected
liver (Krettli of al,, 1976} and monocytes (Nelson,
[976) might be synthesising the complement at a
very low rate.
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Results of 3-Day Radical Treatment of Plasmodium vivaxin
North Arcot and South Arcot Districts of Tamil Nadu

N.C. APPAVOOD', R.G. RDY? and V. KAPALY

The adult dose prescribed for P, vivax under tYe National Maiaria Fradicatvon Programme (NMEP) of
tndia amounts to 600 mg chioroquine base and 75 mg of primaquine basc spread over 5 days for radical
treatment. In a study conducted in 1978980 in two districts of Tamil Nadu, the total dosc of chiaroquine
and primacquine was kept unchanget but the duration of the radical (reatment was reduced from 5daysto 3
days (30 mg»+ 3 me+15 mg) The revised schedule was well tolerated and the overall breakthrough rate for
1203 patients on one year follow up was onty 3.76%. Inthe group of 318 patients in South Arcot Pistrict, the
refe was only | 174, butin the North Arcat District, it was higher (18.03%). The reason for this difference is
not clear, hut as the latter arca received only focal spray, it could be partly due to higher iransmission. The
overall Tathere rate of only 3.767h compared well with the standard 5-day course followed in the Indian
programme. It gave the much needed operational advantage of reduced need for man power.

INTRODUCTION

1n the National Majaria Eradication Programme
(NMEP) of India, all fever cases are pgiven a
presumptive treatment (I’T) of 600 mg base of
Chlorequine. Should the slide show P. vivax
parasites, an anti-relapse radical treatment (R'T)
1 given at which lime the chloraquine dose (600
mg base} is again repeated, and in addition,
primaquine |5 mg base (aduit}is given daily for 5
days. The regimen is being adopted from 1960
and was kept unchanged at the time of
introduction of the modified plan of operations
in the NMEP in 1977 (Pattanayak and Roy,
1980}

Acvepred for publicanon. 24 April 1984,

Dhirectorate of Public Health and Preventive Medicine
o, 259, Anna Salai, Madras 600006, Tamil Nadu.
"Central Leprosy Teachimg and Research Insiitute
Chienpaipattn 603001, Tanut Nadu.

By the tme the health worker goes to the patient
for RT, he bcomes afebrile due to the PT given
eantier and does not see the need for RT and
hence full co-operation 15 not received. If the
pericd of RT can be reduced without any
compromise on efficacy and side effects, it would
offer a great operational advantage and, if
needed, a larger number of patients could be
covered by RT.

The resuits ol a trial with 3-day RT course as
obscrved in the districts of North Arcot and
South Arcot arc presented here.

MATERJAL AND METHODS

The study was conducted during 1978-80 in
three Primary Health Centres { P11Cs) of North
Arcot and 13 PHCs in South Arcot District. The
appraximate population was 2,70,000 and
13.00.000 respectively. The other PHCs of these
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swa districts either lad no malaria, or very lew
imported cases not avarfable far follow-up, or
nad moderately heavy transmission of malara
muaking thearea unsuitahie for a study of relapse
ahicnomenon due 10 vivax malana,

oo cotnparson ared was kept for concurrently
studving the results of 5-day course since 3-day
Radical Treatment course was adopied all over
Famul Nadu and the resuits were compared with
the garlier pubiished work.

No pregnant woman or infant or acutely il
nerson was taken up lor This sjudy.

Exstirsg svstermn of giving 600 mg chloroqume
Dase each, at the tme of PT and first day of RT
cantinued. But tix primaquine dose was changed
1 Mg base on day 9 and day fand [Smgon
day 2 (adulf dose). Children received
proporiionately smaller doses i.¢. those of 1.4
vears, 5 Rvears and 9 14 vears received 174,12
and 374 of the adult dose. respectively. The gap
hetween the PT and RT was generally within a
ocrind of T HE days.

A practised unider NMEP, hlood smicars were
wken on day 7 and thereafter, at monthly
ntervals for £2 months and one hundred thick
stears were examined, irrespective of the fact
whether the individual 1s febrile or not, though
the results have been presented here on a
quarnterly basis. The breakthrough cases were re-
freated  with the same dose and the same
schedule,

A& close watch was kept 1o note down adverse
side-affects of the modified schedule.

The insecticidal spray instructions of NMEDP, as
per the modified plan of operations were
tollowed. All the three Primary Health Centres
of North Arcot district had APE less than 2 and
qualified for focal spray only around the positive
cases (i.e: not regular spray in the entire locality).

In South Arcot districy, out of 13 PHCs undet
siudy, 10 had API below 2 and, therefore.
received only focal spray. But the remaining
three PHCs were given three rounds of
malathion snray, as the APl was above 2due to
some local malaria transmission. The vector, 4.
culicifacies. was resistant to DT/ HCH in these
PHCs. These steps were helpful in considerably
reducing the transmission, though it was not
tatally eliminated.

The term “breakthrough™ has been used for any
rase where the parasites of vivax species
reappeared after the initiai clearance and does
not refer ta nnly relapse cases.

RESULTS AN DISCLSSHIN

Results are presented in Table 1. A total of 1343
P vivax cases were detected, of which 1203
{89.4%) were available for RT. Of the persons
given RT. only 425(35.3%) could be followed up
111l the end of one year. Eight out ot 713; 5 out of
629: 3 out of 3 and none out of 425 showed
breakthrough dunng 1, 11, 11T and 1V quarier
respectively.

As already pomted oo by Roy e al (1977), 4
was rather difficult to work out the break-
throvgh sate, as the number folowed up
was not constant and gradually declined. By
taking the number followed up at the time of the
12th {ollow-up, the oversll rate works out as
3. 76%.

Ummediale resutts of B Fwere very good as ail the
persons were nepative. There was no manifest
adverse reaction to the drug regimen and it was
operationaily very convenient to the ficld staff as
weil as 1o the patients,

Irrom [977, till the time of writing this note, more
than LOON vivax cases have heentreated in
Tamil Nadu with revised schedule and no
manilest adverse reaction was neted; there was
s death attnibutable o RT: of course, no
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haematological investigaion was done for minor
haemalysis.

Though the 5-day regimen is in vogue in the
NMEP of India from 1960, there are only a few
published records about the efficacy in different
parts of the country. The original work which
formcd the basis of this Indian regimen was
carried out by Basavaraj{1960) in [958-3% in
Karnataka. During a follow-up period of 678
cases for 18 months, he found a breakthrough
raie of 6.03%.

frr the Ratlam NMEDP Unit of Madhya Pradesh
in 1973, the hreakthrough rate was found to be
#.4% during one vear foilow-up (Sharma et afl.,
1973} in a group of 130 F. vivax cases,

In Tamil Nadu, more extensive wark was carried
out. Ray et af. (£979), in 1974 and 1975 studied
the results of 5-day RT of 8329 vivax cases in
IDharmapuri district and recorded a break-
through rate of only 1.28%,.

fn the present study, out of 1203 given RT, only
425(35.39%) could be followed up for one year. In
North Arcot, out of 285 pgiven RT, il cases
showed breakthrough. On the basis of the small
number fast followedup (i.c. 61), the rate comes
tu 18.03%; the maximum number (7) was during
the first quarter.

In the South Arcot distnct, out of 918 given RT,
only 5 cases showed breakthrough. The rate
works out as 1.370%.

The reason fer this great disparity in two
adjoining districts is not clear. As already stated,
in the 3 PHCs of North Arcot district—only
tocal spray was given, as the AP was low. But it
also had some areas of intense malaria
transmission in the Thenpennai river belt and it
is a distinct possibility that some of the patients

had intra-district movement, but in the absence
of epidemioiogical investigation, no conclusion
could be drawn regarding whether it was due to
treayment failure or reinfection or some other
undetected factor.

By and large, the 3-day regimen compares wetl
with the standard 5-day course given in other
parts of India.

Stmilar studies should be carried out in other
States also in properly selected areas. If the
findings are similar, it would reduce the load of
field work considerably. Besides, it is also
neeessary to know how the drug, primaquine, is
working on P. vivgx after more than 20 years of
drug pressure.
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Chloroquine Resistance of

Plasmodium  faiciparum in

Sonapur PHC Area (Assam) Detected by Micro in virro and

in vivo Tests

AN RAICHOWDHURIY S, SINHA!, BHUYYAL A, GAJANANA and K.K. BAISHYA?

Sensitivity of Plasmodium faiciperunt 1o chioroquine in Sonapur PHC Area (Assatmn) was assessed by WHO
2B-day extended i vivo lest apd micro in vitro test in pre-dosed NICD plates using sealing technique and in
WHO plates using candle jar method. Resistance was recorded in 13720 (65%) patients in vive and 4/7
(59%) in vitro. Resuits of jn vive and in vitro tests were in agreement in 6/ 7 cases, Linear regressions were
fitted scparately for responses in NICD and WHQ plates, and there was no statistically significant difference
between the regression co-efficients of the two, indicating that the two methods were comparable. The
presens study cleatly indicated the value of micro in vitro tests and identified chioroguine resistance in the
study-site which calls fer a revised drug policy for Sonapur PHC arca.

INFRODUCTION

Resistance of Plasmodium falciparum 1o
chloroquine in some parts of Assam has been
reported earlier (Sehgal er al., 1973, Pattanayak
et al., 1979), Micro in vitro test developed by
Rieckmann et al {(1978) has been adapted to
monitar susceptibility of field isolates of P
falciparum to d-aminoquinolines {(WHO
Monograph Series, 1981), and is undergoing
extensive field evaluation. This test was further
modified by introducing a sealing technigue

Aceepted for publication: 24 Apnl 1984,

‘National Institute of Communicabie hscases
22-Sham Nath Marg, Delli 054,

ACMR Monitaring Team

Natianal Malaria Eradication Programme, Shillong,
Directorare of Health Services, Assam.

mstead of using a candle jarin the test (Gajanana
et al., 1982), A study was carried out to assessthe
sensitivity of P. faleiparum to chloroguine in
Sonapur PHC Area (Kamrup District) of Assam
by ticro in vitro test employing the WHO and
the NICD methods and compare the resuits with
responses in vivo.

MATERIAL AND METHODS

Study-site  and selecion of patients: The
investigation was done in 15 villages of the PHC
Area which is cavered under modified plan of
operation of the NMEP. Epidemiological data
for 1981 of the PHC were ABER 26.13,
API 23.12, SPR 8.84 and SFR 7.47. Although
falciparum cases are recorded year round, the
peak transmission season is between May and
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July. Therefore, the study was conducted during
December, 1982, in order to minimise the
chances of re-infections during the in vivo
extended tests. Thick blood smears were made
from ai! fever cases by house - 10-house visits and
examiped after staining with Giemsa'’s siain.
Patients with only P. falciparum were selected
for studies, after ensuring the absence of 4-
aminoquinolines in their urine by the Ditl and
Glazko test.

In vivo tests: Inthe WHO 28-day extended field
test, an adult (14 years and above) received 600
mg of chioroquine base on day 0 and I} |
followed by 300 mg on > 2. Children received
proportionately smaller doses depending upon
e age. Absorption of the drug was confirmed
by the urine test on -3, Asexual parasites on
O AD 7,D Hand ) 28 werecounted on
Giemsa stained thick smears and expressed as
Bruce-Chwatt's Parasitc Density Index (PDD)
{Bruce-Chwatt, 1980).

Micro in viire tesrs: Tests were carnied oot in pre-
dosed plates supplied in the WHO Kit {Lot No.
46154 charged on 5th September, 1982 and
0381514 charged on 7th June, 982} as well asin
pre-dosed plates prepared by the NFCD. In each
plate, wells A to H contained 0,1, 2,4, 5.7, 8, 16
and 12 pmois of chloroguine base respectively.

From individual patients, approximately 100 ui
of biood was aseptically collected in heparin (10
i.u'ml of biood) and after diluting 9 times with
RPMI 1640 growth medium without serum, 50
ul of the suspension was added 10 cach well from
A to H Twe incubation procedures were
foliowed. NICD plates were sealed with
cellotape (Tixe} and incubated at 379C in a
specially designed field incubator and the WHO
plates were placed in candle jars and incubated at
370C in a water bath, Alter 24 40 hours, a thick
smear from each well was stained with 1.5%
Giemsa solution (pH 7.2} and schizonts per 200
asexual parasites were enumerated. Schizont
maturation for each drup concentration was

INDIAN J. MALAR, VOL. 2§ JUNIZ 984

eapressed as percentage of control. An isolate
was considered resistant if growth was observed
in the welt containing 5.7 pmols. of chloroquine
(WHO Monograph Series, 1981).

RESULTS AND DISCUSSION

Out of 207 fever cases examined 35 were with
Plasmodium faleiparum infection of which 20
were found suitable for conducting tests. Age of
selected patients ranged from | to 35 vears
and parasiacma on 12 0 ranged from 500
L mm?

{n vivo test on 20 patients showed chloroquine
resistance at R 1 levelin 6. R 11in5and R-11lin
2. and 5 were sensitive. The two remaining were
parasite negative on ) 7 but their D-14 and
[ 28 smears were not available for examination
and hence the results were inconclusive, Of the 6
Rl type, the D-3 smears were negative in all,
17 7 smears were positive in 5 and D- 4 smears
were positive in all the 6. The case which became
positive on D- 14 was considered to be due (0
recrudescence because the study was conducted
during non-transmission scason. The overali
response of the 20 patients (Fig. 1) indicated a
RII type of resisiance. Urine samples of 19
patients ¢xamined were positive for chloroquine
an D ), confirming drug absorption, In one,
urine sampte was not avaiable on D-3,

In the in vitro tests, the results were similar in
haoth NICTY and WHO plates. Adequate growth
was ohserved in 7 out of 16 (436) specimens
examuined. Poor success rates in micro in vitro
tests have been reported by other workers also
{(t.amont and Darlow, 1982: Smrkovski er al.,
[983). The reasons are yet (o be elucidated. Table |
gives results of  micro in vitro tests conducted in
respect of 7 successful specimens in our sertes by
the NICD and WHO methods. Schizont
matyration in controf wells of NICD plate was 8
to 66% with & mean 26.14% and that of WHQO
plate was 17 to 589 with mean 31 85%. The
difference  was  not  statisticafly  significant
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(t-test). Responses of the 7 successful isolates to
chloreguine given in Table | show that in both
the plates the same 4 specimens were resistant
and 3 sensitive, Inhibitory concentrations for the
resistant strains in the NICD plate were 8 pmols.
for one. 16 pmols. for another and 32 pmols. for
the remaining two. Whereas in WHO plate, they
were B pmels. for two and 16 pmols. and 32
pmols. for one each. However, when linear
regressions were fitted separately for the
responses in NIED and WHO plates {Fig. 2), the
regression co-efficients were -56.2 and -60.7
respectively. The difference was not statistically
significant indicating that the results in the two
plates were similar. This finding further confirms
the utlity of the sealing technique for conducting
micro in vitro tests already reported {Gajanana
er al., 1982),

Comparison of results of in vive and in vitro
tests in respect of 7 specimens showed that there
was agreement in 6 (Table t). The discrepancy in
one patient (M 5) resistant in vivo but sensitive in
vitro, might be due to improper absorption of
the drug. The urine specimen of this patient was
not available for test on -3 It was further
noted that R-II and R-IIl in vivo was associated
with inhibitory concentrations of 3.2 pmol.; ul of
blood or more in the micro in vitro test. This is
close to 2.5 pmols./ul of blood in the macro
test observed by others (Wernsdorfer and
Kouznetsov, 1980).

The present study which has clearly identified
chloroquine resistant malaria of the R-1f and
R-11I types in the study site by both in vitro and
in vivo tesis may now call for a revised drug
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(LINEAR REGRESSIONS FOR RESPONSES IN NICD AND WHO PLATES)
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policy for Sonapur PHC Area. Alternative
antimalarial drugs are indicated after assessing
¢linical responses to them.
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Changes in Concentration of Lymphocyte Subpopulations in
Rhesus Monkey during Plasmodium knowlesi Infection and
in Drug-cured Immune Monkeys

PAWAN SHARMA!, MUJTABA HUSAIN' and G.P DUTTA?

Determination of the concentrations of T and B celis by E and EAC rosetting techniques, respectively,in 71
normal rhesus monkeys revealed that T cells constituted on average $3.42+2.64% and B celis constituted
15.6512.09%. of the lymphocytes in the peripheral blood. Following infection with Plasmodium knowlesi, an
carly increase in the perceniage vatues of both T and B cells was detected. Subsequently, concomitant with
the rise in parasitacmia, a marked decline in both T and B cells was observed. Fhus at parasilaemia ranging
from 25 1o 4045, T -ceils averaged 38.13:4.92% and B —cells 26.2912.59%, At pcak parasitacrnia (42 to 50%),
the concentration of T -cells declined to 26.4516.98% and of B-cells to 10.7+3.83%. Following radical cure of
the infeciinn at high paresitaemia (22.62412.28%), monkeys rapidiy regained the pre-infection levelsof T, B
and null cells. These levels were maintained almost unaltered even after rechailenge 10 weeks later.
Hyperimmune monkeys were found to have clevated levels of T(55.4823.2]. p<0.01) and B cells (35.4611.26;
p<@.01) which were maintained despite two chalienge infections with massive inocula.

INTRODUCTION

Plasmodium knowlesi iniection in the rhesus
monkey {(Macaca mulatta) follows a
characteristically rapid and fatal course
resulting in the death of host by day 10 post-
inoculation {Dutta er o/, 1981). Acute malaria
infections usually induce a state of generalized
depression of both humora! and celtularimmune
responses as reported in the clinical studies in
humans {Greenwood er al., 1972, Wyler, 1976) as
well as experimental studies in the rodents
(Weinbaum et ai., 1978). Current expertimental
evidence from the studies on rodent malaria
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sugpgests that the development of protective
immunity against malaria is T-cell dependent
(Gravely e¢ al, 1976) which gets implicated as
helper cell in the establishment of a humoral
response (Roberts er al, 1977). Although P.
knowlesi infection in the rhesus monkeys is
known to resemble closely the course of P

Jfalciparum infection in man, only lmited

information is available in the published
literature on the changes in the lymphocyte
subpopulations in the former infection (Taylor
et al.,, 1980: Chandanani er al., 1981). Moreover,
no information is available on the levels of T and
B lymphocytes in the monkeys which have been
cured at high parasitacmia or in immune
monkeys which are refractory to infection. The
present study deals with the determination of
lymphocyte subpopulaions in the peripheral
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hiood of rhesus monkeys during acute P
knowlesi infection and in the immunized
animals.

MATERIAL AND} METHODS

Ths study ncluded 77 normal healthy rhesus
monkeys, weighing 4-6 kg., tuberculin negative
and without any evidence of plasmodial
infection, Of these, 26 were subsequently
infected with P kmowlesi (strain W) by
inteavenous inoculation of 1x 10 parasitized red
cells from an infected monkey. The daily
parasitzemia was monitored by examination of
thin blood smears stained with Giemsa { Dutta er
al., 1981).

Another batcir of 8 monkeys showing high
parasitacmia (22.62+12.28%) was given radical
curative treatment with chloroguine (20 mg.
base/kg. daily} lrom day9to | ] and followed for
changes in the concentrations of T and B celis in
the peripheral blood. Six of these monkeys were
rechallenged on day 80 with I=10% parasitized
ervthrocytes and investipated for celiular
changes,

Seven monkeys immunized by drugcured
infections (four monkeys from the present study
and 3 monkeys immunized by Dutta and Singh
f1981] in an earlier study) were also assayed for
concenirations of T and B cells. These were then
challenged thrice at intervals of 20 days, using
mocitla of Ix107 and [xI10? parasitized
erythrocytes respectively. These monkeys were
also assayed for the concentration of T and B
lymphoevtes in the peripheral blood.

Peripherai blood lymphocytes of monkeys were
separated by density gradiemt centrifugation
according to Boyum {i968), at different levels of
parasitaemia. Their viability was checked by
trypan-blue dye exclusion. Percentage of
monocytes was determined by allowing them 1o
phagocytlose latex particles (Weir, 1978) and
excluded from the final count. Viable cells were

suspended at a concentration of 4-106
lymphocytes per ml of the Hank’s balanced sat
solution {(HBSS), pH 7.2, supplemented with
(% inactivated autologous serum.

fstimation of T and B lymphocytes was cartied
out by enumerating F-rosette forming cells
(F-RFC) and EAC rosette forming cells
({EAC-RFQ) respectively, according to methods
of Jondal er al. (1972) as modified by Malaviya
ef al (1974).

Briefly, for estimation ol T -cells, equal volumes
of lymphocyte suspension {4x10% cells per mi)
and washed sheep erythrocvtes suspension
£0.5%) in the HBSS supplemented with serum,
were mixed together and incubated at 37C for
}5 minutes. The suspension was then centrifuged
at 200-g for 5 min. Without disturbing the
sedimented ceils, the tubes were transferred to
the ice bath and kept at 4°C overnight. Next
morning the suspension was examined for
rosette-forming cells after the suspension was
fixed with glutaraldehyde and stained with
methylene blue. Any lymphocyte with three or
more sheep erythrocytes adhering to it was iaken
as the rosette forming cell. A minimum of 200
lymphocytes were counted from each
preparation. Each sample was tested in
duplicate.

For estimation of B-cells, sheep erythrocytes
coated with sub-agglutinating concentration of
antisheep haemolysin (Span Diagnostics, Surat}
and puineapig complement were used. Equal
volumes of this sheep erythrocytes suspension
{0.5%) and lymphacyte suspension (4%10¢ cells
per mi) were mixed together and incubated at
17¢C lor 1 hour. Further procedure followed was
sitnilar to that described for T -cells, except that
the rosettes were resuspended by vigorous
shaking prior to {ixation with glutaraldehyde,
Any lymphocyte with 8 or more sheep
vrythrocytes adhering 1o it was taken as the
rusettle forming cell.
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Percentage of pull cells was estimated by
subtracting the sum ol the percent T and B ceils
from [00. Results were analyzed statisticaily

L )

nsing Student’s ‘t' test.
RESVULTS

Data un six normal monkeys presented in Fable |
shows the reproducibility of the rosetting
technigues as evidenced by concentrations of
I:-rosette-forming cells (T cells) and FAC
rosette-forming cells ¢ B cells) on four different
days. These results showed that there was a slight
variztion 1n the concentration of T, B and null
cells from monkey 1o monkey or iy day 1o day
eslimations, but this varialion was not
stgniftcant statistically. Thus T cells in these
monkeys on day 0, 5, 10 and 5 averaged
52.83+3.03, 52!14+1.88, 52.83+1.16 and
52.66+1.85% ruspectively: the corresponding
vajues for B cells were 34.1611.5), 34.05£1.12,
34, 54+0.89 and 15.35¢3.64% respectively, and
for aull cells 13.01£3.12, 13.79+2.43, 12.62+1.72
and 1] 984528 respectively.

Concentrations of T celis (53.42+2.645;), B cells
(15.65+2.09%) and null cells (10.93£3.19%) in
another 71 normal rhesus monkeys (Table 23,
were comparable to those summarized in Table 1.
tollowing infection with P. knowlesi, there
was, initially, a slight increase in the percentage
of T (55.0843.74) and B celis (37.08+2,67} with
concomitant decline in the null cells (7.83+4.49).
Subsequently, however, with rise in para-
sitacmia there was a rapid decline in the
concentrations at both T and B cells. These
changes were found to be statistically significant
{p<0.001). Thus at the peak parasitaemia (range
42 to 909), T cells averaged 26.45+6.98
and B cells 19.70+£3.8300; as a consequence,
53.84+11.17¢ of the lymphocytes were {ound to
be null cells.

Results summanized i Table 3 show that
following radical cure of the infection with
chloroquine at high parasitaeria {22.62 %
12.28%,), the monkeys rapidly regained the
preinfection leveis of the T, Band null cells, these
levels were maintained subsequently. Following

Tabie £, Heproducibility of tosetting techoigues for ¢oumerstion of T snd B iymphocyie cells in periphersi biood of
normaf rhesus monkeys (mean ¢ 5. 1)

Monkev No.
Day Parameter —_ Meants.0D.
1324 1125 13126 {377 1356 1157
0 T cell {47} 49,30 50,00 Sh 40 52,60 52.35 56.34 5283+ 310
B cell (9 35,71 3130 420 1520 1} 314.22 M6 151
Nuli cell (%) 15.00 i5.7 9.4 12.2 16.31 9.44 1301+ 1312
5 T celt (%) 56,13 50 76 5534 51 .56 §1.85 5124 §2.14 + 1 BR
13 cell (%) 34.67 I1K3 1521 34,76 12.65 1382 4052 1.12
Nl eelt {Uhy 152G 15.41 9.45 13.68 6.1 1294 13.79 + 2.43
i1} T cell (75) 51.54 51 81 54.05 5234 5437 52 R4 52831 116
B cell (%) 185 3558 .54 3389 1571 3 34.54 + (.89
Nul! celk {5) 14.61 12.59 114i 1377 492 1345 1262+ 1.72
i3 T celt {90 54,14 5151 5313 5188 52.18 449 15 52.66 + |.BS
B cebl (%) 4002 I8 K4 425 LER N 060 3535+ 3104
Nul! cefl (%) 5M 745 12.62 1151 1151 085 1198+ 528
Mesn T cell %) 51.28 51.52 5473 32.39 32.68 52.89
+ 5D 242 +}.52 +1.43 1,96 +1.14 294
B cett (45) 16.08 3563 4.55 .00 13.35 12.9%
02m i RILE 1 2954 2.2 197
Nl gelh (7] 164 1284 )72 12.79 13.96 117
+4 ) 373 )87 R 1298 4 M
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Table 1. Changes in ihe concentration of T and B Lymphacytes in the periphers| blood of rhesus monkeys infected with

Plasmodiam knowlesi (mean + 8.01.)

No. of

Mull celis (5}

[*arasitacmia T -celt (45) B-cell {9)

anirals
) {PPre -inoculation) Al 5342+ )64 15,65 + 209 10,93 & 3.1
04 to 19 20 5508314 1708 + 267 781+ 449
1.2 10 8% 18 4R 77 £ 198 3546 + 2.69 15.76 + 6.03
5.1 to 209 4 4280 + 363 ARS £ 2 2634+ 5 §*
25 10 40%; ¥ g3+ 402" 26.29 + 2.59* 375712 1.4
42 to Y% 9 26.4% 1 6.98* 197 + 1.83* 5384 2 1017

* p0.004 as compared 10 the pre-inocuiation values.

Table 5. Changes in perlpheral T, B and null cell concentration (%) in rhesus monkeys infected with
P. knowlesi snd cured st high parasiteemin (mesn + S.D.}

*iase of infection

Day of Infection

Preinfection
n=4
Infectinn
n=H

Post treatment®

n=-4

Rechallenge*™
nsé& .

n=k

2t

28

49

56

0

&4

Rb

91

[t}

Parasitaemia (%)

Concentration {%) of

T cells B cells Null cells

Nit 52.65 312,73 14.6i
L4l 22.08 12.65

0.25+0.25 56,32 16.02 M
=145 +1.23 2115

226241228 44,56 2662 28.86
576 *2.40 +1.6l

Nit 54 91 3498 10.11
+1.30 AR *237

Nit 54,27 .13 i1.59
084 128 £1.61

Nii 33130 13,39 13. 31

Al 35 £2.28 H.

Ni! 52.76 428 1295
1,46 1143 18R

Nil 53.3) 13.53 131
+1.53 *1.73 2100

Ni) Sk 86 1N 15 44
1287 +2.54 +242

1.64+5.2) 51.29 1013 18.71
1176 HrL72 +2.05

77541162 49.53 LTS 18.70
+6.97 2)ES5 +10.81

Nil 55.29 umn 9.99
+0.48 079 +3.20

Nik $5.50 36.57 792
N +1.06 2.1

*Radical cure with chloroguine 20 mg. base/kp.»3 days from day 9-11.
**Chalienge with 105 parasitised RBC on day 88
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rechallenge on day 80 with 1x10% parasitized
erythrocytes, concentration of T and B cells
suffered a slight depletion which was rapidly
overcome as the animals controlled the infection
and finally cieared the parasitaemia, without
chemotherapeutic intervention, Thus
chemotherapeutic intervention. Thus concen-
trations of T and B cells on day 98 of this
respectively and these values were significantly
elevated compared to the pre-infection values
{p<0.01).

Table 4 summarises the findings about the
concentration of T and B cells in the
hyperimmune monkeys. As a resuit of the
challenge with I=x107 parasitised ervthrocytes,
fevels of T cells declined from the pre-<hallenge
value of 55.48 + 3219 to 51 .80+ 2.19 und Beells
from 35.46 + 1.26% to 32.80 + 3.45%. But this
decline was subsequently made up and the
slightly higher levels of both T and B cells were
maintained despite two additional challenges
with 1*10° parasitized ervthrocytes.

Table 4. Concentration (%) of peripheral T and B
iymphocytes in rhesus monkeys immunized against P.
knowlesi {meantS.D.}

Chaltenge Day alter Concentration (%) of
Inoculum Challenge
T cells B celis

HES iy 0 $5.48+3.21 35460126
n=7 b SLR0+2.19 12,803 45
HEN 1y f S4. 71 (] 34.74:3.52
n=7 & 5470+ 1.55 3421+ 36
Ry it 55,060 1.51 36.00+1.59
n=7 & 55364195 35.51+1.02

values on day 0 represent prechalicnge values for respective
challenpge.

DISCUSSION

Our results regarding concentration of T and B
cells in the peripheral biood of normal rhesus
monkeys are in broad agreement with those
reported by Malaviva er af (1974) and

Chandanani et al. {1981). However, slightly
higher values {or T cells (57.7 + 6.99) were
reported by Ganguly er al (1977) while
drastically low values for both T (18.87 £ 7.8)
and B cells (5.8 + |1.8) have been reported by
Bazaz Malik (1981).

Results of the present study also indicate thatin
naive monkeys there exists an inverse
carrelation between the number of T and B cells
and the development of acute parasitaemia.
These findings confirm the similar observation
made by Chandanani es al. (1981), However,
Taylor e al (1980), reported preferential
depletion of T cells alone during acute P.
knowlesi infection in the rhesus monkeys. It
appears that massive depletion of T and B cells
which are considered to be of prime importance
for establishing effective immune response
severely curtails the host’s capability to
withstand P. knowlesi infection. Althoughexact
mechanism of the processes invelved in
depletion of lymphocyte subpopulations is not
yet understood, the role of massive antigenemia
and lymphocytotoxic antibodies has been
implicated {Wells ef af., 1980; Chandanani et al,
1981).

Our observations on the monkeys cured at high
parasitaemia suggest that the depletion of
lymphocytes resulting from acute malaria
infection is not permanent. Chemotherapeutic
measures instituted 1o cure acute infection give
an opportunity to the host to regain the normal
level of T and B cells. Recovery in the levels of
these cells was remarkably rapid, the normal
levels being regained within a couple of days
after radical treatment, Unlike normal monkeys
which succumb to infection, the hyperimmune
monkeys resist challenge infections gven with
massive inocula of parasites. Consequently, the
hyperimmune monkeys did not show depletion
of Tand B cells (Table 4). On the other hand the
levels of T and B cells in these monkeys remained
significantly elevated (p<0.01).
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Experimental Malarial Infection li—Plasmodium berghei
Infection in Normal and B-cell Deficient Mice

V. PADMAVATHL, R. KUMAR, AN MALAVIYAZ snd L.N. MOHAPATRA!

Experimental malarial infection in normal swiss mice with 105 P. berghei infected RBC resulted in a fatal
disease which lasted for about 4 weeks. B -cell deficient mice suffered Irom a more serious disease in
comparison to ihe normal animals during the primary infection. However, after radical cure of the primary
infection, the B-ceil deficient animals displayed no handicap in dealing with the reinfection. The results
suggested that czll-mediated immunc responses alone are sulficient to deal with malanial reinfection,
Funthermore, the B-cel} deficient animals showed. better resistance to reinfection than normal animals,
suggesting that antibndies may actvally be harmful in chronic malaria.

INFROPHICTION

The precise contribution by humoral antibodiex
and cell -mediated 1mmune responses in
protection against malanal infection remains
undefined. In the preceding paper, we have
shawn that the T-cells are reguired for recovery
during primary malarial infection as well as for
immunity against reinfection ( Padmavathi et af.,
1983). The T-celis are necessary not only {or
the establishment of cell-mediated immune
responses, but also as helper cells for adequate
antibady production (Jayawardena er al, 1977,
Weinbaum et al., 1976). Further experiments
were, therefore, pianned to study the course of
cxperimental malarial infection in normal and
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B-<cell deficient mice. The present paper
describes these results,

MATERIAL AND METHODS

The methods for infecting the mice with
Plasmodium berghei and follow up of the course
of infection by studying PCV, mortality and
parasitaemia have been described previously
(Padmavathi er af., 1983}

Preparation of B-ceil deficient mice

Sheep anti-mouselg M One mitligram of mouse
igM (Myeloma Protein MOPC 104} in 2.5 m]
distilled water was emulsified with an equal
volume of Freund’s complete adjuvant (FCA). It
was given to sheep intramuscularly four times at
15 days intervals. The sheep was bled 7 days after
ihe last injection and the serum was tested
against mouse lgM in Quchterlony.. The gel
diffusinn titre of anti 1gM was found to be
12-64.
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New born mice received intraperitoneally .p ) 7
daily injections of 0.05 ml of sheep anti- mouse
1gM starting (rom the day of birth. Thereafter,
the treatment was continued by injecting 0.1 ml
antiserum on alternate days tll the end of the
experiment. Control mice were freated with
normal sheep serum in the same way.

Establishment of B-cell deficiency

Five mice from cach group were chosen and
examined lor splenic B cells, gammaglobulin
concentration in the serum, humoral immune
{HI) response 1o sheep erythrocyres (SRBC) and
skin allograft rejection. The HI response to
SRBC was assessed by enumerating the number
of direct hemolysin producing cells in the spleen
by the Jerne Plague method and measuring the
serum antihody concentration. Splenic
B cells were counted by direct membrane
immunofluorescence technigue (Holborow,
(970} and serum gammaglobulin levels
by paper electrophoresis (Straus, 1960). The
cell-mediated immunity (CM]) was assessed by
following skin allogralt rejection pattern as
described in the previous communication.

Histology

Tissues were collected and {ixed in 109 formalin
in physiological saline, Sections of 5 u thickness
were cut and stained routinely with hematoxylin
and eosin.

RESULTS
Establishment of B-cefl deficient mice

B-cell deficient mice were prepared by treatment
with sheep antimouse 1gM (see Material and
Methods). The antiserum treated mice showed
about 50¢% reduction in the serum gamma-
globulin and a phenomenal decrease in
the number of surface immunoglohulin positive
cells in the spleen (Table ). Further, in the

antiserum treated mice, there were no plague
forming cells in the spleen and verylow antibady
in the serum (Table 1),

Tuble I. Establisbment of Becell deficient mice

Serum  Spierac Anui HA

Giroup gamma- B cclls SRBC  titre
globulin (%) PFC/  {reci-
(%) i* procal
WwaC Unats)
Normal Mice 19.4 48 N0 160
Anti gV
treated mie 799 2 0 i0

New born mice received 7 daily injections of 0.05 ml
anti- lgM and laver0.1 ml on alternate days for six weeks. The
serum gammaglobulin concentration and membranc
immunoglobulin bearing B-celis in the splecn were measured.
Normal mice served as controls. Groups of normal and
antiserum treated mice were immunized with 10 SRBC and
the splenic PFC and serum antibody responses were
measured 5 days after immunization. Fach figure represents a
mean of ten animals,

Histology

The spleen of normal mice showed abundant
germinal centre formation after immunization
with SRBC. By contrast, in mice treated with the
anttserum and immunized with SRBC, the
germinal centres inthe spleen did not appear and
the B-dependent areas were depleted of
tytnphocytes, but with normal cellularity in the
T -dependent area.

Skin Allograft

The mean survival time for skin aliograft in

ts-cell deficient mice was 9.40 + 0.55 days,
whereas, in r ontrol animals it was 10+0.71 days.
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Tuble 2. PCY folowing iniravenous mfection wiih 10
P_ berghei infecied RBC

Drays after Normai B-cel] deficien
nfection mice mice

il 42,37+1.40 40.97+2.94

i 1911+ 98 27284470
9 %

14 25.50+46,77 12.20+0.57
(6} (5

7l 12,60 NT ®
{

&[

Parentheses indicaie the number of animals tesied.
b Animals were not available for wsting,

Table 3. Mortality following intravenous infection with jo*
P, berghei inlected RBC

Days sster miecunn

Normal mice  B-cell deficient mice

(o (1o’
Mean monality raie i5.4+5.12 12.2+3.8
UL maortaliy 16 i3
10405 morality 23 17

2. Parentheses indicate the number of animals testad.

The above results indicate that treatment with
sheep anti-mouge 1gM leads 1o the depletion of
B-cells in the spleen and abrogation of B -cell
function alone, Therefore, these mice are
hitherto referred as B-cell deficient.

Course of primary infection

FCV: The PCV at weekly intervals following i.v.
injection of 105 infected R BC is shown in Table
2. Both the deficient as well as the normal
controd groups of animals developed progressive
anaemia, However, the rate of anaemia
development was faster in deficient mice than in
the normal animals.

Moriality: The monality igures for the two
groups of animals following infection are shown
in Table 3. The B-ceil deficient animals died of
P. bherghei induced infection earlier than the
normal mice.

Parasitaemia:  All 1hrough the course of
infection, the B-cell deficient animals
maintained a much higher level of parasitaemia
in companson to the normal animals (Table 4).

Table 4, Parasitaemia following intravenows infection with 10° P. berghei infected RBC

Mcean Parasitaenua: {0 RBC

| hyys

alker [

infeclion Normal mice B -cell deficient mice P Value

t 149 S0xi(2.20 935,442 207 79 <0.001

o' (9

i 101322549666 2754 3%+ HITH 6] <{L1
(%) (&)

12 1339.00+345.10 2970.50+612.72 <000
%) 1]

ts 1877.50£427 45 JR06 (644 40 <001
(4) {6

1% I6TR0GE2T153 NT®
(2)

n 1444.40+24) 93 NY
(2)

a. Parentheses indicate the number of animals tested

b. Animals were not available for festing,
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Course of secondary infection

In a series of further experiments, the infected
normal {control) and B-cell deficient mice were
cured at 10-15% level of parasitaemia with
chloroguine. Ten days later, the cured
ammals were reinfected iv. with 105 infected
RBC,

srortality: As many as 309 normal animals
survived more than 4 wecks during secondary
infection (Table 35), while dunng primary
infection all animals died within this period. The
mortality during the first 4 weeks after
secondary infection was almost the same in
normal and B—cel) deficient mice (Table 5). In
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Table S5 Mortality following primary and  seconaary
infection with 10* P. berghei infected RBA

B cell delicient
e

Normal
nice

Primary Secondary Primary Secondars

mfection intection mfection infechon

{10} (1) (1) (o

{had within 4+ k] b 4
3 weeks

| Hed hetween 6 2 5 1]
T 4 weeks

Survived more - k! — f

than 4 weeks
Igures in parentheses indicate total number of amimals
iestenl
*Ntber ol animals dead

{ NO. OF ANIMALSA10)
401 - .
< q0- . .
< 30
LLJ L]
£
g
20 ed
£ .
l~...
& . ‘
o 10" o o’. . L, .
Iz -
L o * .
o
aensany o5 |
N‘EGAT‘VE. a o g LY
3 g 18 27 36 45 54

DAYS AFTER SECONDARY INFECTION

fago 1t

Cqrgse of seceidany nection e nerinadiniee eloaing pomiveten w1

2 herghed infected RBC, Horizontab biary indicale te meiy parasitaemii of primary

drectinn.
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(N OF ARIMALS:10)
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L L AT T SR T T T T N kel N ] dae

4.0
<
p:3
w30
2
g
200 |,
Z
W |
o .

L . * *
0. 3 "- . . .
NE.GAT}VE . . [ET LYY

K

18 27 36 45

%4 B3 72 A1 950 99

DAYS AFTER SECONDARY INFECTION

Fip. 2 Course ol secondary inlection in B cell deticient mice following i.v. infection
with 108 P herghet inlected RBC. Horizontal hars indicale the mean pasasitaemia of

prinary inlection,

the long run, however, all normal animals dicd
within 52- 58 days after secondary infection. By
contrast, in the B-cell deficient group after
secondary infection, six out of ten animals
survived a period of 4 weeks (3 of them survived
ior more than 100 days).

Parasitgemia: During secondary infection,
parasitaemia in normal mice varied from animal
te animal. Therefore, parasitaemia in each
animal at different periods afier infeciton is
shown in Fig. 1. Although several animals died
carly, the parasitaemia in most of the animals
was less after secondary infection than after
primary infection. Similar results were obtained
in B-celi deficient mice (Fig 2).

Six out of ten B-cell defictent mice survived
sccondary infection for more than 4 wecks.
However, three of these survivors died of
chronic infection (Tabie 6). The other three mice
received Lp. 0.25 mt anti-thymocyte globulin
(ATG) (Padmavathi et al., H83) on alternate

days. One of these mice developed 1-2%
parasitacmia on the 106th day and died two days
tater. The other two mice remained negative for
parasitacmia tiill the 125th day. 1t was of interest
to note whether these two animals had any
residual parasites. Spleen cells from the animals
were transferred to normal recipients. The
recipients developed no parasitaemia upto as
long as 90 days after transfer. 1t is suggested that
there were no residual parasites in the donor.

DHSCUSSION

There has been a greater emphasis on the role of
antibodies against cxperimental malanal
infection {Brown, 1969; Brown and Phillips,
1974; Brown et g, 1971 Diggs and Osler, 1969).
The cell -mediated immune responses have
received scant attention{Roberts and Weidanz,
1979; Rank and Weidanz, 1976; Spira and
Silverman, [969; Stechschulte, 1969, Our earlier
studies had indicated that T-cells were
required for the development of aocquired
immunity during primary and secondary
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malarial iMections (Padmavathy er i, 1983
However, it s not clear whether T-cells were
tequired as heiper cells for artibody production
ar for the establishment of T-effector
mechanisms. In order to clearly delineate the
involvement of T cells, the use of B-ceil
deficient animals became promising.

[tu: results of the present study show that after
primary infection, the B vell deficient animals
with intact T -cell system, developed 2 more
severe disease than the control animals, This
indicates that antibody is requited for immunity
apainst blood induced primary infection. It has
been shown earlier that T -cel deficient mice also
Jid  not develop  immenity  after  primary
infection {Padmavathi er af., 1983, Jayawardena
et al.. 1977 Weinhaum ef al., 1976}, From these
results ope may conclude fthat the role of T-cells
i primary infection is perhaps restricted to the
production of antitbodies.

Qur stuates on e course oF reinfection in
normal and B cell deficient mice after radical
cure of the primary infectinn are more
mformative. Indirect immunoflucrescent fest
showed no anfibodyv against malarial parasite in
B —cell deficient mice; whereas, normal animals
showed an antibody titse of 40 to 320(reciprocal
wnitsy, Firstly the B-cell deficient animals
resisted the reinfection quite well. Thus, in the
tetal absence of antibodies, the T-cells alone
could generate tmmunity against reinfection by
ihe blood stages of malarial parasite. Similar
ohservations were reported in P.yoelii infection
i mice (Roberts angd Weidanz, 1979). Secondly,
i the long run, the B-cell deficient animals
proved to be able 10 wesist retnfection even better
than the normal animals. Several B-cell
deficient anmimals were still surviving when all
rormal animals had died. Thirdly, there was no
viable malarial parasite in several surviving
B cell deficient mice following reinfection,
These animals remained healthy even alter ATG
treatment and had no residual parasite in their
body, Therefore, we suggest that antibodies

nroduced in normal armimals heip in protecting
the malarial parasite from deleterious effects of
the CML The parasites continue to survive n
such immunized normaj hosis and maintain a
chronic state of the disease. Further work is
neided 1o confirm this contention.

Me overall conclusion that can be drawn from
the present study iy that antihodies may be
wnporfant ta check the progress of infection in
the early stages. Perhaps the CMI develops
slowly in comparison to antibndies and,
thereflore, in carly stages of primary infection it is
unable to show its effect. However, the CM!
plays a dominant role in immunity in the later
stages of infection and antibodies may inhibit
the development of CML In {he absence of
antibodies, the protecuve rote of CMI is well
pronounced. These results may. be important
with regard to the efforts for vaccine
dzvelopment, particularly the merozoite
vaccine. bt appears that the merozoite vaccine
must induce CMI rather than antibodies, in
arder tn be protective.
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Experimental Malarial Infection 1li~Protective Role of
Antibodies in Plusmodium berghei Infection in Mice

V. PADMAVATHD, R. KUMAR", AN MALAVIYA? aad [.N. MOHAPATRA?

The ellect of adoptive transfer of specific antihody on the course of expenmental malarial infection in
normal. T cell deficient and B-ceil deficient mice was stiudied. 1n normal and B cell deficient mice, the
administration of immune mouse serum siightly delayed the onset of parasitaemia; but once it appeared, its
lurthes progeess was comparable to parasitaemia in normal animals given aoTmal mouse serum {controls).
However, in T -cell deficient mice, 1he administration of immune serum made no diffecence to the course of
tnfectinn in comparison 1o the controls. 1t 15 concluded that immune mouse serum may be protective only

when the T -cell system is intact.

INTRODUCTION

The pattern ol acguired immuatty 1o the
erythrocytic stage of malaria vanes widely in
different host- parasite species. Observations in
humans (Cohen ¢r gl 1361, monkeys
{Coggeshall and Kumm, (937, Brown er al.
1971} and rodents {(Ihggs and Osler, 1969;
Brown and Phillips, 1974; Briggs et al, 1970;
Bruce Chiwats and Cabson, 1955) have indicaicd
that passive transfer of immune serum can cause
a fall in the existing parasitaemia or prevent
parasitacmia from rising after challenge with
infected erythrocyies. These studies were carried
out  using immunocompetent animals. By
contrast, our recent studies have shown that
B-celt deficient animals can withstand the blood

Accepted for publication: 2 June 1984,
Departmens of Micromology
All-india lnstitute of Medical Sciences
New Delhi- 110029

Department of Medicine

All-India Tnstitute of Meadical Sciences
New Delhi -1 10026

induced malanal seinfection better than the
pnormal intact animals {Padmavathi et al,
1984). Therelore, we were interested to
investigate in more details the role of antibody in
protection. In the present paper, the effect of
administration of immune mouse servm on
experimental £ berghei infection m normal,
T-cell deficient and B--cell deficient mice was
studied.

MATERIAL AN METHODS

The details about the experimentai animals
used, the maintenance of P. herghei, preparation
of T-cel! deficient and B-cell deficient mice, the
infection of animals, and the methods used to
follow the course of infection, have been
previously descrihed  (Padmavathi er al., 1983
Padmavathi er af., 1984}

Preparation of immune mouse serum (1M5):
The IMS was prepared following the methad of
Pacls er al. {(1977). Normal adult mice were
infected intravencusly (i.v.} with 105 P. berghei
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infectedd RBC. The course of inlection was
tollowed by determining parasitaemia every
alternate day. At 10-15% level of parasitaemia,
the animals were cured with chloroquine (320
mg/litre in drinking water given continuously
for 7 days). Ten days later, the cured animals
were repeatedly reinfected and cured five times,
At this stage, ali the animals showed a very high
degree of immunity against a rechallenge
infection. Ten days after the last curative
regimen, all the animals were bled and their sera
pooled. The pooled sera was filter sterilized and
stored in aliguots at -70°C  without any
preservative.

The titre of the pooled immune serum was
determined by indirect immunofluorescence
technique using P. berghei infected smears and

flusreseeln  Bothiocyanate  conjugated  ant
mouse gammaglobulin antiserum (Voller, 1964).
Yhe titre was [ound to he 12 1000, The protective
patential of IMS was assessed by injecting into
normal and delicient mice.

RESVULTS

The affect of immune serum on the course of
infection in normal and T-cell deficient mice:
Groups of normal and T-cell deficient mice (age
and sex matched) received ip. 0.25 mi IMS or
NMS (control). One day later, they were
challenged i.v. with 10% P. herghei infected R BC.
The treatment with IMS: NMS was continued in
the respective groups by twice a week injections
till the end of the experiment. The course of
infection was followed by studying packed cell

6 -
] nwms
Normad rure
1M
o k M ws
M oume
T - dchesnt mice
N ImMs
L1 k
 wk
2u
3
-5
FL
w | \
a T 14 Fi

DAYS AFYER INFECTION

Fag & Batect ob immooc serom an PCY in U cell deficieno miee. Normaland 1 eelt
delicien miee were treated with IMS or NMS (see materizl and methodsy. Phey were
challenged iv. with 10 F perphed infected RRC and PCY was measured on dif(ereny
days alter challenge. Values represent the arhmene mean £ standard deviation, Zero
values denote no animal was alive on that day.
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vojume (PCVY, mortality and parasitactmia on
different days after imfection

POV The development of anacmia was siightly
defayed in normal mace recetving I1MS in
comparison with normal mice given NMS, In

T-cell defictent mice, the developmenm of

ataemia was {aster than the normal intact mice,

However, the admiustration o IMS did not
make any difference (Fig. ).

Morraliey. The anfected B ocell delicient mice
died carfier than the infected normal mice, The
admumstratton of 1MS made no difference in
martaiity within the normal nr T-cell deficient
groups (Table 1),

Parasitgeniig: The parasiaemnia on different
days following infection with P. berghei in
diffcrent groups of mice is shown in Fig, 2.
Administration of IMS to normal mice delayed
the onset of parasitaemia by about 3 days; but
once o appeared, the raie of increase was
comparable to that 1n pormal ammals given
NMS. The difference in parasitaemia in the
initial phases of the infection was statistically
significant. The 1 -cell deficient animals had a
higher level of parasitacmia in comparison to
norma} animals all through the course of the
infection. Moreover, within the T -cell defictent

group ol anmimals, the administration of IMS
made no difference in the course of infection
(Fig. 2).

The effect of immune serum on the course of
infection in normal and B-cell deficient mive:
The experimental protocol of infecting the
animals with P berghei, administration of
IMS/NMS and follow up of the infected
animals was the same as described above for T-
cell deficient animals.

The resuits i normal animals with or without
IMS were more or less similar 10 what was
previonsly observed and described above,
Therefore, the foHowing description is restricted
to the results obtained in the B-cell deficient
animals only, even ihough the results in normal
animals are shown in the tables and figures for
comparison.

PCV: In B-cell deficient animals given {MS,
there was only a stight delay in the development
of anaemia (Fig. 3).

Mortafity: The B-cell deficient animals died of
infection earlier than the normal animals (Table
2). Within the B-cell deficent group of animals,
administration of IMS slightly delayed the
mortality (Table 2).

Tuble t. Effect of immune serum on mortality in F-cell deficient mice following £. berghei inlection,

Mortality in days after infection in

Normal mice
treated wath

T -cell deficient
mice (reated with

NMS

S

NMS M5

0}
Mean martality 20204475
W% Mortality 22
i3, Morialiny 25

20,9045 83

(i) {10}
12.90+1,79 12,4042 .41
12 11
17 it

igures v Parentheses indicate the number of animals tesied
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Fig. 2 Elfevt of immuone serum an Parasitaemia in T cell deficient mice: Normat and
{"-ceil) deficient mice were treated with IMS or NMS {sce material and methods). They
were challenged i.v. with 10* £ berghei infected RBC ard parasitsentia was measured
vn different days alier chollenge. Values represent the arivhmetic mean + standard
deviation Zero values denaie no animal was alive an that day.
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Fig. 1o Effect ol invouene seoum on POV an 3 cetl deficient imce. Normal and B-cell
del.iciunl mice were Hrcaled with IMS or NMS (see materiat und methods). They were
challenged v, with 10° 1 perghes infected RAC and MOV measured on different days
after challenge. Values represent the anthmetic mean » siandard deviation. Zero
values denote no ammal was alive on that day.
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Table 2. Effect of immune serure on mortality in B-cell deficient mice foliowing P. berghes infection

Muortabhiy in days alter inijechion i

Normal mice B-cell deficient

trealed with mice treated with
NMS 1Y NMS - - IMS_
{in (1 I (1
Mean Mortaliy fre+l s 1540+7 0 Ed+ah 11.9+4.5
S Muortality 18 21 K 12
1N Muartality 22 25 [ I¥

Prgures in Patentheses indicate the nomber of anipmals fested.

Parpsitaentia: Inthe B celldeficient animals, the throughowl the course ol andection in com-
onsel of parasitacmiie was carber and the level of parison to detierent ammals given NMS (Fig. 4y,

parasitaecmia was higher 10 comparison to

normal animals {Fig. 4). Within the B cell DISCUSSION

deficient animals, adminisiration ol IMS The role of antibody in protection against
considerably delayed the onset of parasitaemia malarial infection remains controversial.
and the level of parasitacnia was  lower However. passive transfer of immune serum has
b
I |
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Fago A RITZCE 0D IH00NG Wi ol ParamEemia i Boceil e bsoen: ey, Sormal and
Hocell detwneng mice were treated with TMS o NM s tsee maeenal and methods). hey
were chaltenged o with 1Y 2 Perhes indecied R und parasitacsmia was measuted
anditferent days after challinge. Valoes represent the arithmetic mean + standard
fes st Zero vadnes denote ne amovil wa: slive on tan day
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heen shown to offer a eenain ievel of protection
agamst plasmodial infection in rais (Bruce
Chwatt and Gibson, 1955; Fabiani and
Fulchiron, 1953). Administration of hyper-
immune-serum, reduced parasitaemia in
¢ falciparum-infected children {Cohen ¢t af.
196 k).

I the preseni study, there was a delav in
development of anaemiz (Fig. 1 & 3) and
parasitaemia {Fig, 2 & 4) when normal animals
were given hyperimmune serum. However, the
effect of hyperimmune serum was seen only. in
the beginning of the infection; later on the
parasitacmia had gone up despile the continued
administration of hyperimmune serum. Also the
admanistration of hypertimme:ne serum had only
a shght effect on mortahty in normal animals
{Tables | & 2). Inthe B cell deficient animals,
the primary infection was more serious
compared (o normal animals (Padmavathi
et al., 1983 Weinbaum er al, 1976). The
adminigiration of hyperimmune serum
reconstituted the deficiency to a significant
exient, as expected (Fig. 3, Table 2 and Fig. 4).
In T-cell deficient animals also the primary
infection was more severe than normal animals
iPadmavathi et af, 1984; Weinbaum er al,
1976, Jayawardena ef af., 1977; Jayawardena ef
al, 1978, Jayawardena et al., 1979). However,
the administration of the hyperimmune serum
made no difference in the course of infection,
Fig. I, Table | and Fig. 2).

Recently, it has been reporied that admins-
rration of hyperimmune serum  protecied
mtact mice completely, from a normally
resolving P. yoelii infection, but caused only a
5-6 days delay in the onset of infection in T—cell
deprived mice given hyperimmune serum
(Jayawardena et al., 1978). It was proposed that
hyperimmune serum given to normal animals
exerted an inhibitory effect, providing the intact
host with a sufficient interval of time during
which it could moupt an active protecilive
response againsi the parasite. 1t seems that 2.

voefii induces massive T-ceil activation feading
to protective immunity {Javawardena er al,
1975). In contrast, this T cell activity elicited
during the fatal P berghei infection was
proportionately much less than observed in a
resolving P voelii infection. This lack of T-cell
agtivity explains the inabtiity of IMS 10 provide
substannal immunity in normal mice,

Aithough the precise functionai significance of
Tcell mitosis observed in these infections
{Jayawardena er al., 1975) 1s uncertain, but such
mitasis could be indicative of the development of
cytotuxic, helper or some other T-cell-
dependenteffectoractivity such as lymphokine
lymphatnxin production etc.

From these studies, one may conclude that
(I} antibodies protect by delaying early
parasitaemia; (2} antibodies act only in the
presence of functionally intact T-cell systemiand
{3) antibodies are unabic to provide absohie
protection because finally all the infected
4nimals developed lethal disease.

So far no mechanism has been postuiated where
antibodies provide help to T-cells in their
cffector function. [t would appear that
cell mediated immune responses are dominating
in providing immunity. This calls for further
work on cell-mediated effector mechanisims,
particularly with lethal malarial infections.
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Chloroquine Resistant P. falciparum Malaria in Assam and

Meghalaya

BN, BARKAKATY!, P.C, KALITAL SILP! DMAS! and A.C. TALUKDAR!

{pvestigation on chlorogquine resistance in P
falciparum was undenaken in Sonapur PHC of
Kamrup district and Galeki PHC of Sibsagar
district of Assam during October 10 December,
198k Bt was also conducted in Baghmara PHC
ol west Garo Hitls district of Meghalaya dunng
November, 1979 to January, 1980, Jn vivo test
for chloroguine resistance was carred ocut on
persans  selected after mass  blood survey
vonducted in the above three places. Test
procedures and interpretation of data were as
per the recommendation of WHO. Urine was
examined for the presence of chloroguine by the
ill and Glazko method. (Lelijveld and
Kortmann, 1970). A seven-day field test was
carried omt in Kamrup district of Assam,
whereas in the other two places the field tests
were extended to 28 days.

The results of the jesis are givenin lable i, From
the table it can be seen that B cases out of 23
examined, showed R resistance 1o chloroquine
in Sonapur PHC. In Galeki PHC, 16 out of I8
-::irr;p';gr}mfor pub."im-rian.' 12 March 1984

‘Regonal Office {or Health and Family Weifare

Felli- Ville, Lumshopob
Shillong- 7934,

and in Baghmara PHC, 5 out of 14 showed R:
tesistance to chloroguine,

10 the Khasi Hills district of Meghalaya, which is
adjacent to Kamrup district of Assam, Ra
resistanve was detected in 1978 {Chakraborty ¢1
af.. 1979). CGaleki PHC study area was adjacent
10 Nagaland where chloroqguine resistance was
detected earlier. Baghmara PHC is bordering
Dalu PHC of Garo Hills district of Meghalaya,
where chioroquine resistance has already been
reported {Chakraborty er al., 1979).

Thus, it can he seen that the area under
chloroquine resistant P. fafciparum is gradually
increasing.  Tuckily, 61l now most of the
resistance is of Ry grade in both Assam and
Meghalava
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Tabtt 1. Reaudts of in vive tesis with Chioroguine in Assam and Meghalayn
No. pasitive for asexual stages of P. falciparum
Localdy !_\in. .of Pay 0" Day "2 Day ‘4" Duy '7 Day "I0° Day *14° Day ‘2]" Day 28
[ L0
*Sonapur PHC 2 iy 1 2 £
Kamrup Dist. (Assam) - b 7 2 23 ND ND ND ND
Galeki PHC 8 18 4. 5 1o, 3 2 £ Al
Sibsagar [hstrict 18 18 1] I8 b 5 3 3
{Assam)
Baghmara PHC W oM o2 s 2 a0 3
West Garo Hills 14 14 14 14 12 11 12

District {Meghalaya)

* 7 day Field test Numerator -- No. positive
Denominator -— No. examined

NE) = Not donc

.carred out with the financial support of the
Indian Council of Medical Research, New
Dethi.
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The Anophelines of India(Revised edition) 1984

by T. Ramachandra Rao

C.P. Pant?

This is a scholarly 2nd monumental work full of
information on the subject based on
comprehensive review of over 1000 references
and the author’s entire Hfe experiences on the
study of the mosguitoes, disedse transmission
and comrol. There are very lew specialists like
Dr. Ramachandra Rao who have devoted theis
entire lifetime to these studies. Starting from
some very intercsting information about the
origins of the name Anopheles through ancient
Greek and Sanskrit, the author follows up the
work on the Anophelines of India since the
publication of “Anophelint™ in the Fawna of
British India series by Sir Rickard Christophers,
I3r. Ran has dealt with, in a masterly fashion,
several subjects of current importance. In a well-
batanced presentation, he describes the biology
of Anophelines, their distribution, concepts of
speciation and genetics, role as vectors of human
and amimal diseases, and introduction to
mathematical epidemiology. This is followed by
the principles of malaria control and the history
of the campaign against malana in India,
probiems which were faced, resistance to
insecticides and the nced for a halanced and
integrated approach towards the control of
malaria vectors, Information has been given on

'Chief, Ecology and Control of Vectors
¥vision of Vector Biology and Control
WHO, 1211 Geneva

27 Switzerland.

the Anophelines of neighbouring countries. In
Part I1, the author gives a detailed review of 51
individual species which are not only of great
value to the student but also to the specialist and
the person interesied in the contro) of the species.
1he importane species Arnopheles culicifucies,
occupies more than 50 pages of this chapter and
15 indeed very comprehensive.

The up- dated key to the Indian Anophelines will
no doubt be of great value to the field workers.
As Professor Ramalingaswamy has pointed
out in his foreword, this book should he
instrumental 1 encouraging many a future
student of zoology to undertake research on
Anophelines, understand better the Anophelines
in general and malaria vectors in view of the
problems heing faced in the control of malaria
globally, the appearance of this book is most
timely.

Some typing errors remain in the text and there
could have been more illustrations, figures and
maps, etc,, but these hardly detract from the
usefulness of the book. At the reasonable price
listed, this book should find a place in the
personal library of those concerned with the
Anophelines of India and, of course, every major
reference library on medical entomology.

The Indian Council of Medical Research
deserves praise in encouraging and bringing out
this publication.
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references. Abstracy, wables and captions ol the figures should be typed on a separate sheet of paper.
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Rao, T.R. {1981} Anophelmes of India (W Q. Judge Press, Bangalare).

tandau, | and Y. Boulard {1978). In Rodent Malaria, edited by R, Killick-Kendric and W. Peters [Academic Press Inc.,
L.andon): 53-84,

Paper presented at Symposivm/Conference
Subbarao, $.K. Cvieplasmic incompatibility in mosquitoes. Paper presented at the Internatiomal symposium on recent
developments in the genctics of inseet discase vectors, Rellagio, Ttaly, 20-24 April, 1981

8. Short notes should be prepared in & manner similar to the research papers and will have title,
name(s) of author(s}) with address of Institute/ University as footnotes, acknowledgement and
references.

9. Reviews would be published of the invited papers only. Book reviews may be published at the end
of the journal.

19. Galley proofs of the articles will be sent to the anthors for correction. Corrected proofs must be
returned promptly to the editor or else the article will not he printed in the current issue or may be
printed as it stands.

11. Reprints will be mailed to the sentor author. Twentyfive reprints will be supplied {ree of charge
to single author and thiny for joint authors to be distributed on an equal basis, Additional reprinis may
he ordered on payment when the proofs are returned. A reprint order form will be supplied with the
proofs,

Note: All rorrespondence regarding contriation and sabacription skould be sddressed (o the Editor, Indinn Joumal of
Malariology, 22, Sham Nath Marg, Delhi- 118 §54.



ANNOUNCEMENT

Electronmicroscope Facility at the
All India Institute of Medical Sciences, New Delhi

Scientific research requires highly sophisticated and expensive
equipment. lLis a fact that such equipment, when acquired, very often
is not put to maximurn utilization due o various constraints. in order to
utilize the resources/and equipments rmaxirnally, the Departrment of
Science and Technology has initialed a programme by setting up
"Regional Sophisticated Instrumentation Centres™ (RSIC) in the
country.

The RSICs facilities that have been established and which are
operational are located at Bormnbay, Calcutta, Madras, Lucknow,
Barngalore, New Delhi, Magpur. Chandigarh and Shillong. A wide
range of sophisticated instrumenis is now available for use at the
vanious RSICs.

This announcernent pertains to the £lectronmicroscope Facilitythat
is operaticnal at the All India Institute of Medical Sciences (AIIMS),
New Dethi, under the RSIC programme of Depariment of Science
and Technology. The EM Facility at the AlIMS will cater for scientists
and investigators of all disciplnes from educational and research
institutions, R & D laboratories and industries on nominal charges,
The faciliies inchude a Scanning Electronmicroscope (Philips EM
501), Specimen Coating Unit and a Transmission Electron-
microscope {Philips EM 300). The scientists are requested to
rnake full use of the opportunities now available at the ANMS for
vitrastructural studies,

Besides offering research facilities, a training programme in the use
and application of electronmicroscopy is being organized bi-annually.

For further details, kindly wwite to:

Dr. G.FX. David

Regional Electronmicroscope Facifity
Room Mo. 1012, Depanment of Anatomy
All India Institute of Madical Sciences
New Dethi 110 029, India

Tel : 665995/66183)



Announcing
the Release of

THE ANOPHELINES OF INDIA

Reuvised Edition, March, 1984,
by

T. Ramachandra Rao

AN AUTHORITATIVE AND COMPRIZHENSVE PUBLICATION WHICH BRINGS
YOGETHER ALL THAT 15 KNOWN ABOUT DISTRIBUTION,
BIONOMICS, FCOLOGY. RELATION TO DISEASE AND
BASIC PRINCIPLES OF CONTROL OF

ANOPHELINE MOSQUITOES.

Pl oresglaplt can e obteinesd By sending MO bank, drafl, postal order; cheque in favours of
e Bdito, Indian Jounal of Malanotodgy, Malara Research Centre (ICMRY

A2 Sy Nath Mag, [ |1 05 N





