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ABSTRACT

The aim of this study was to investigate the presence of malarial
antigens in the body fluids (blood and urine) and consider their
application in the immunodiagnosis of malaria. One hundred and
twenty-one urine samples and one hundred and nineteen red blood
cell 'RPBC) samples collected from different localities of
Ethiopia were assayed by using antibody-binding inhibition solid-
phase radioimmunoassay (solid-phase RIA). The samples included
acute and convalescent Plasmodium faleiparum and P. vivaxr cases,

and non-malarious cases from endemic and non-endemic areas.

The results obtained demonstrate the presence of malarial antigens
in the urine of patients with an active falciparum infection. 1In
the test of urine samples of convalescent cases, the gamma-activity
bound was higher than that of acute cases, suggesting a decrease

in the amount, or elimination, of malarial antigens. Thus, the
application of detection of malarial antigens in urine for diagnos-
ing malarial infection and conducting post-therapeutic follow-ups

may be promising.

In the examination of the lysates of RBC, high antibody~binding-
inhibition activities were calculated from the results of samples
from acute and convalescent cases. The cause of high inhibition
values in the convalescent cases was not clear. It has been pro-
posed that this could be attributed to several factors, including
the presence of malarial antigens within the RBC two weeks after

treatment, or intérference by antibodies.

The antigens used for coating the microtitre plate wells were from
a Zairian isolate of P. faleiparwm . 1In the present study, this
isolate was sufficiently cross-reactive with Ethiopian strains.
This feature of cross-reactivity is important for the development
of standardized immunodiagnostic methods based on antigen detection.



CHAPTER 1
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1.1. Malaria: An Ancient Disease Defyina Solution

(o Historx

Malaria is a febrile disease caused by protozoan parasites belonging
to the cenus Plasmodium. The malarial acent was discovered by Alphonse
Laveran in 12560 (cited by Bruce-Chwatt, 1981). The host-narasite re-
lations of the nlasmodia involve twec hosts, one a vertebrate (mammal, bird,

rertile) and the other an invertebrate (a mosquito of the genus Anopheles).

The word malaria has been known in the literature since 1740. The
history of malaria, as a disease, however, is as old as man's recorded
history. Refore the name malaria came in existence it was known by names
such as 'marsh-fever','intermittent fever', or 'anue' (Bruce-Chwatt,

1951).

The name malaria is of Italian oriqin. It refers to bad or spoiled
air (mal'aria) because of the general belief. at the time before the dis-
covery of the aetiological agcent, that some noxious vapour or miasma was
responsible for the disease. Such a belief might have also existed in
Ethiopia. For example, in Tiqgrignia (a lanquage spoken in Northern Ethiopia)
the word for malaria 'asso' is derived from the verb 'assewe', which means
that an area has become humid, marshy, and smellina in the presence of flourish-
ina funai. On the other hand, the Amharic (official lanquagqe in Ethiopia)

name is 'weba' though it is also known by the name 'nidad' (burning). As

el 1 -



it can be inferred from a note aiven by Desta (1970), the word ‘weba’ was
nrobably adanted from the Arabic word 'webaa’. According to Elias' Modern
Nictionary of Arabic, ‘webaa' is defined as an infectious enidemic disease
(Clias ¢ Elias, 1972). The adaptation of this word in Amharic for malaria
possibly raflects the wide occurrence of malaria epidemics in Ethiopia at

the time the word was introduced.

1.1.2. The “alaria Problem

1.1.2.1. The Global Malaria Situation

In manv tropical countries, malaria endangers the health of both
individuals and of communities. If the areatest harm to the qreatest number
of nersons is taken as a standard of imnortance, one _of the four foms of

human malaria, falcinarum malaria, is one, if not the most (Ifediba and

Vanderbera, 1981) impertant infectious diseases of man. The effect of
malaria is not Timited to the imnairment of health but it also naralyses
the normal life of an area and has great imract on the overall socio-

economic development,

During the two decades following the end of the Second World ‘lar, areat
successes were achieved by malaria eradication orogrammes. Malaria was eli-
minated from many regions (Bruce-Chwatt, 1981), but the risk has been elimi-
nated for only about 1/5 of those livine in malarious areas. As at mid-
vear 1975, taking 1947 as a reference year, out of 143 countries or areas
(excludine China) where malaria was originally endemic and for which informa-
tion was available. 37 countries or areas have been freed from malaria, in
15 others the risk is mininal, and in the remaining 91 the risk rannes from

moderate to hiah (WHO, 1982). Furthermore, malaria control programmes based



on the aprlication of anti-vectorial and plasmodicidal agents are facing

areat obstacles.

-~

1.1.2.2. The Malaria Situation in Africa

In Africa it is estimated that more than 150 millicn malarious persons
are living (Ouinn and Plorde, 1981). In tronical Africa, because the anpli-
cation of malaria control measures has remained rudimentary (Yernsdorfer,
1979) malaria has qreat impact on the health of the population. Even though
there are no precise nor exhaustive statistical data it is estimated that
about one million African children die of malaria every year (Anon., 1980).
As to malaria's effect on socio-economic development in Africa, some exnerts

think of it as the major impediment to economic development (Maugh, 1977).

1.1.2.3. The Malaria Situation in Ethiopia

In Ethiopia 50% of the population live in malarious areas (Eyassu et
al., 1981). Ilialaria incidence ranues from the very high stability (occurrence
tRouahout the year) along the courses of permanent rivers or settlement
areas near marshy reaions in the lowiands, to the unstable (occurrina
seasorally or durinc epidemics outbreak) malaria which characterizes the

incidence in the cocler highlands.

Durina the 1952 malaria epidemic in Ethiopia, it was estimated that
more than 150,000 lives were lost (Fontaine et aZ., 1961). This led to the
establishment of the National Malaria Eradication Service (NMES) and the
onening of the Maiaria Training Centre at Mazareth in 1959. Becausc of this
programme it was possible to reduce the number of malaria epidemics and
parasite rates in some areas, but elimination of the disease from the country

has not yet been achieved. Since 1972, the name of the project has been changed



to Malaria Control! Program and it is being integrated into the general
health services (Ethiopia, Ministry of Health, 1982). The malaria out-
break in Ethicpia in 1981 is a reminder that there should be no room for

complacency about the existing malaria situation.

1.1.2.4. Malaria Resergence Stimulates a World-wide Concern

The period 1972-76 was marked by a dramatic increase in the prevalence
of malaria in the world. This included not only the tropical countries
hut also an increased number of malaria cases imported into Eurone and
the United States (E11is et al., 1979 E1lis, 1981: Gentilini et aZ., 1981:
Quinn and Plorde, 1981; Holvoet et al., 1982).

The malarial comeback has been of world-wide concern, and many have
reached the conc]ﬁsion that malaria will stay with us for some time to
come. The key problems to stress are that (a) in many of the poorest
countries of the world, people are under the scourge of malaria, (b) there
is a risk of malaria being introduced into malaria-free or malaria-frecd
areas, (c) thcre is a danger of non-immune persons being infected when
travellina or working in malarious areas, and (q) there are increasingly
difficult problems confronting malaria control programmes. To find
solutions to thesc problems or to reduce the incidence of malaria it is
reasonable enough that reorganized health nlans against malaria be under-

taken.
-

—

1.2. The Life Cycle of the Human Malarial Parasite

Features of Plasmodium species, in common with other parasites, are
molecular diversity (acnetic heterogeneity) coupled with great structural

and Tife cycle comnlexity. As shown in FIGURE 1, the malarial parasite



alternates between the female Anopheles mosquito and man. The stage that
infects the vertchrate host is the sporozoite. When an infected mosquito

bites a man, the sporozoites are introduced into the new host.

The sporozoites have never been directly demonstrated in the circulating
blooc (Meuwissen, 1379). They reach the liver and invade the parenchymal -y
cells by mechanisms that are not yet clearlv understood (Meuwissen, 1979: Per-
rin ot @1.,1982). Inside the liver cells the sporozoites undergo multi-
plication and chanoes in morphology. They develop into trophozoites which

in their turn become vedetatively dividing forms called schizonts. The pro-

from the liver cells and may invade other 1liver cells, in P. wivax and P.
ovale but not in P. faleiparumand P. malariag,or blood cells. This is the

exo-erythrocytic dovelopment.

The merozoitos that have succeeded in invadina RBC first appear as
rina-shaped, later enlarqing to become tronhozoites, which have an amoeboid
for.  This is followed by asexual multiplication forming schizonts contain-
inc erythrocytic mero;oitesf The merozoites break out of the infected cells
and rapidly inVAAC other FBC. This is the ervthrocytic development. During
this course of tho continuing cycles of asexual reproduction some parasites

convert into sexual forms, the male and female gametocytes.

Yhen a female Anopheles mosquito feeds on the blood of the gametocyte-
carryina man, the gametocytes reach the stomach of the mosquito. The micro-
camectocyte exflagellates to form motile microgametes. Fusion of a micro-
gamete and a macronamete results in the formation of a_zyaote. The zygote
is transformed into an ookinete which penetrates the qut wall and develops

into an oocyst. Sporogony (multiplication division) takes place within the
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oocysts, relcasino snorozoites that miarate to the salivary glands. These

are inoculated into a host during feedina to complete the cycle.

1.3. Hethods of Detection in Malarial Infection

In endemic areas, the common symptoms of malaria: chills., fever, head-
ache. myglgja and nausea are vell known even to a layman. Malaria mimics
many other diseases (Falisevac, 1974), however, and causes difficulties in
diagnosis. Therefor>, the clinical symptoms associated with malaria heln

in suspecting a mailarial infection but not in diagnosing it. The methods

of detection of malarial infection include direct migrg;pogy and serOIOQV.

1.3.1. TUicroscopic Observation of alarial Parasites

The microscopic examination of blood films which are prepared in
thick and thin forms has been the standard technioque for the diagnosis of
malaria. Detection of malarial parasite in a blood sample gives true
evidence of malarial infection and there is no accurate substitute for
this. It has, however, certain serious disadvantaqges. It is dependent
on the skill of the observer and it has technical limitations. That is,
a neqative result does not exclude the possibility of cryptic malarial

infection.

Parasites are easily confused with platelets or artefacts by the
inexperienced microscopist. Microscopic diagnosis of malaria may be a
problem not only to the unskilled technician but also to an experienced
microscopist. For example, in falciparum malaria, the parasite is not
common in the peripheral blood. This is because schizogony (asexual
multiplication) in P. faleiparmem occurs, almost exclusively, in the blood

vessels of the viscera. Furthermorc, the time at which the blood film is



rrepared with respect to the stage of multiplicatien is important. A 20-
fold increase of narasitaemia can occur over a 4S-hour period. Thus, be-
cause of the nature of falciparum malaria it is possible for a microscopist
of Tona experience to miss parasites even in a qood film from a patient

who sutsequently dies two davs later from cerebral malaria and who even

terinally has only one red blood cell parasitized in 109 (E17is, 1981).

In asymptomatic carriers with low-nrade narasitaemia, even the most
painstaking nrolongcd examination, part of the recommendation by Belding
(1265), may not disclose the infection (Heineman 1972). In the USSR the
blooc of a suspected biood donor (amona 23 others) was examined for 30
minutes more than 22 times without result. though eventually parasites were

found (see Bruce-Chwatt, 1974).

The Giemsa method is certainly the most widely used technique of
staining blood films. In many American laboratories another stain, Hright's
is the preferred stain, but this does not keep well under tropical or sub-
tropical conditions (Russel et al., 1263). The Giemsa stain works best
within a narrow ranqe of neutral pH. Variation in pH may prevent mani-
festation of parasites. Moreover, heavy losses in parasites occur during
the dehaemoqlobinization and staining of thick films. This contributes to
the shortcomings of the routine thick-film examination in the diagnosis

of scanty malaria parasitaemias (Dowling and Shute, 1966 ).

Density-aradient centrifugation, sedimentation, free-flow electropho-
resis (YHO, 1980) and high magnetic-field aradient (Paul et al., 1981)
techniques can be used for the separation of infected from uninfected
ervthrocytes and, to some extent, the stage-specific separation of infected

arythrocytes (Heidrich et qf., 1982). But these techniques have not been



widely used in the diagnosis of malarial infections.

The above shortcomings must be considered when an observer encounters
a2 natient who has typical symptoms of malaria but shown neoative results on
blood film examination. Provided the necessary precautions are taken, it
can be concluded that direct microscopy is entirely satisfactory in acute
infections and in individual cases. A problem arises when direct microscopy
is used in (1) diaonosis of many patients (e.g. in areas where seasonal
malaria occurs or when there is an epidemic outbreak) and (2) large-scale

epidemiologic} investiqations.

In many reaions, microscopists in anti-malaria proarammes and other
nealth institutions examine millions of blood slides each year. The data
obtained from such examinations have been used to measure and characterize
enidemioloaical situations. The data include malaria cases reported by
anti-maiaria programme laborateries, hospitals, clinics, and results
obtained from annual examination of blood films prepared from the popula-
tion Tiving in malarious areas. In such instances, however, direct micro-
s5cony is time-consuming, requiring highly skilled personnel and is very
tedious - especially when the vast maiority of smears are negative, and
not sensitive when the concentration of parasites is low in the blood

or parasites are absent at the time of testing (Lopez-Antunano, 1979).

Parasitacmia is influenced by the immune status and by use of anti-
malaria drugs, and often occurs only intermittently during malaria infec-
tion (i‘cuwissen, 1974). Thus, in areas with low-grade infections (a pheno-
menon common where the level of immunity is stable) parasites are often
missed (Field et q41., 1963) and consequently estimated prevalence and trans-
mission rates in endemic areas will be lTower than the rates actually existing.

Those undetected in thesc surveys may form an important reservoir, leading
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to the re-establishment of malaria in those areas where eradication had been

thought to be successful (Thomas et al.. 1980).

Cne of the conseouences of freedom from malaria is that the absence
of cases mav result in loss of skills relating to the clinical and micro-
scopical diamnosis of malaria. Also, there is no opportunity for training
based on actual cases (WHO, 1982). In areas that are vulnerable to malaria
introduction, such loss of skills would favour the re-establishment of

malaria,

1.3.2.  Serediaanostic Techniques in ifalaria

The drawbacks of microsconic observation of blood films stimulated work
on serodiaqnosis. In the opening years of this century the work of many
investigators made it clear that antibody formation was triggered by
bacterial discases. In the irmunology of malaria, following Eaton's (1937)
work (reviewed by Kuvin et al., 196Za) on passive immunization of birds
against malaria, throuah antiserum transfer, several renorts suagested that
maiarial infoction stimulates the production of immunoglobulin by inducing
the formaticn of aatibodies. Holmes et qZ. (1955) conducted a study on
sanples from Unanda o investigate the serum protein pattern in relation to
dict and malaria. Rased on their observation, they suagested that the
aammaalobulins renresented the humoral element of malarial immunity or
products of hypersensitization of the 1ymohoid-macrophage system. Kuvin et
al. (1962a, h) showed that antibody production correlated with the initial
abpearance of malarial parasites in the blood. The study of seroloqy in
malaria had then roached an important point and it offered a new hope for

the development of improved methods of detection of malarial infection.

Serological tests have been useful tools for research and for indi-
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vicual and community diaanosis, Serological methods can be of great

help in situations where there is a low-grade malarial infection/transmission
and ospecially where the transmission has been disturbed by the use of
insecticides or druas (Meuwissen, 1974). The clinician who is concerned

with individual natients and public health officials who are interested

in the prevalence of malaria in the population, would appreciate the bene-

fits from such improved tests.

The aims of scrodiaqnosis (MHO, 1974b; Lobel and Kagan, 1972; ililson,
1579) are:

1. Diaonosis of individual patients
= arriving at the correct diagnosis and identification. if prssible,
of the Plasmodium species responsible for the infection.
- for the exclusion of the probability of malaria in patients with fever
of unknown origin, hepatosnlenomegaly, anaemia, and nephrotic syndrome .
- for the screening of blood donors.

- for post-trcatment follow-up of natients.

ii. Epidemiolonical investigation
= for the cstablishment of the aeographic distribution of malaria, the
degree of stability and species prevalence in an area.
- to assass the effect of an eradication proaramme or to indicate the
establishment of malaria in malaria-freo or malaria-freed areas.
= to identify arcas or communities which require priority action with

reqard to malaria.

These objectives may be achieved by performing tests that can
detect: a. antibodics in serum
b. immune complexes

. parasite antiqens.

«
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1.3.2.1.. The Pemonstration of Antibodies in Serum

As mentioned above, the malarial infection generates a viaorous humoral
inmune response, about a week after the completion of the prepatent period
(interval of time between infection and appearance of initial detectable
parasitaemia). This is marked by an increase in the total levels of the
inmunoglobulins IqG, IoA, and IgM, in parallel with serum antinalarial

antibodies (lleva et al., 1570).

Serolooic examination for antibodies gathers neriod prevalence data
because of the persistence of antimalarial antibodies for Tona after an
infection has been oliminated. It thus provides information about the
total infection of groups with malaria. Since the individual's immune
resnonse is affected by several factors such as age, immunoloaic competence,
cumulative exposture to malaria antigens. and the kind and amount of specicific
therapy, the interprotation of scrologic data requires detailed knowledge

of the local enidemiology of malaria (Meuwissen, 1974),

In the early 1960's, it was shown that the antibodies produced in
response to malarial infection could be reliably detected (Draper, 1979).
tlow there are several seroloqgical methods for the detection of malaria
antibodies (reviewed in Voller and Houba, 1980: Voller and Draper, 1982).
Some of the most extensively used antibody-detecting tests include gel
precipitation tests. indirect haemagglutination test and indirect fluore-
scent antibodv test. IaC, Igit and to a Tesser extent Igh are involved in

these interactions.

Ladgal- 1, Gel-precipitation tests

Among the techniques of nrecipitation tests in gel are the double-

diffusion-in-qal (D) technique and crossad immunoelectrophoresis (CIE).
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Precinpitin tests were used for studying the changina patterns of antibodies
in relation to age in infants (“olincaux et al., 1978): in the study of
antibodies formed against soluble antigens (McGreqor et al., 19628 Wilson
et al., 1976): and for quantitative studies of antimalarial antibodies

(Jepsen and Axelsen, 1930).

Gel-precipitation tests have the following basic advantages (WHO, 1974b-
dilson, 1979):
- they are technically simnle and inexpensive to perform,
- suitable for comrarative burposes owing to the visual appearance of pre-
cipitation lines which are easy to evaluate,
= when dried ard stained they can be kept for future reference, and

- make possible the study of a large number of sera daily.

Limitations o the wide annlication of gel-precipitation techniques
include:
consumption of a large amount of antigen,
time-consuming process of antibody titre determination,
- relative dogrea of insensitivity, and

- Occurrencc of false negatives in voung children (WHO, 1374b),

1.3.2.1.2. Indirect haemagalutination (IMA) test

Stein and Desowitz (1964) used the indirect haemagqlutination test
for measuring antibody titres from P. vivar patients against homoloqous
and heterolosous antiaen preparations. Based on their findings, these
authors suggested the anplication of the test for followina the immuno-
lonical phenomena during the course of a malarial infection and for deter-
mining the interspecies antiqenic relationshin in Plasmodium species. Since

then it has been evaluated hy many authors (Roners et al., 1968; Kagan et al.,



Py AR

1969 Kagan, 1972- Meuwissen, 1974 !lathews et al., 1275) under different
workino conditions and the results were in favour of its usc for work in

enidemioloqgical studies of malaria.

The IHA tochnique has been widely used in a Targe number of application
areas. It has been used for establishina the dagree of malaria endemicity
and the state of immunity in an arca (Desowitz and Saave, 1965; Mathews et
al., 1970b- ileuwissen, 1974: Hamtani et al.. 1979): to study the chanaing
natterns of antibodies in rzlation to age (Bagchi et «Z., 1978: Holineaux
et al., 1978) and in relation to malaria control measures (Broager et al.,
1578), for studyvinn the level and persistence of antibodies in relation
to curative treatment (MYilson et al., 1971), and to detect re-introduction
of malaria in an area where eradication had been successful (Mathews et

al., 1970a).

The IHA test is simple to carrv out and it can be used easily for
large numbers of samples. It has medium to high sensitivity, and it is
suitable for ficld use where action can be taken in accordance with results
cbtained the day the sera are collected (WHO, 1974b). It can show, however,
false-negatives in parasite carriers. Examples are children, individuals
toested during the initial attack, and those patients readily treated
(Mleuwissen, 1974 ‘euwissen et al., 1974: Collins et al., 1975). Children
are epidemiologically often the most important age-group (Draper, 1979).
False-positivity 21so occurs in IHA tests duc to nonspecific agglutination
factors (Meuwissen, 1974). KA further nroblem with IMA test also related to
technical aspocts is that small variations in the sample collection and
test procedures can drastically affect the results (Voller and Houba, 1980).
The availability of antigens suitable for the test from only a few centres

(WFO, 1974b) is a serious disadvantage, especially for underdeveloped countries.



-5 -

1.3.2.1.3, Indirect fluorescent antibody (IF2) test

Indirect fluorescent antibody test was first described for the detec-
tion of malarial infection by Kuvin et al. (1962a). Initial problems related
to the antiaens have been overcome by using a thick smear and antigen pre-
pared from washed, narasitized erythrocvtes (Sulzer et al., 1969). The
availability of p. faleiparum from in vitro culture (Lonez-Antunano, 1974-
Thomas and Ponnampalam. 1975; Hall et ai., 1978) has also facilitated the

preparation of antigons.

Until very recnatly, IFA test offered the highest deqgree of sensitivity,
snecificity, and reproducibility (Lopez-Antunano, 1979). In children and in
individuals with primary infection, antibodies are detected earlier and more
cfficiently by usipa IFA than INA (Wilson et aZ., 1971 Meuwissen, 1974
Collins et aiz., 1975). A further advantage is that antigen preparation is
relatively simple and sometimes this test can be used to indicate specics
prevalence (!0, 19746).  Another great advantace of IFA test is that air-
dried finner nrick blood is used. Papers can be easily stored, then air-

mailed to recognisad test centres.

IFA has been the most widely used technique for epidemiological work
(Draper, 1573). In non-malarious areas it is uscful for the serodiagnosis,
post-therapeutic follow-un and study of certain immunopathological aspects
of malaria. In endemic areas its arplication is in epidemiology (Ambroisc-
Thomas, 1974, 1576). It has been applied to the investination of:

malarial cxnericnce of the pooulation, the local levels of endemicity
and transmission, and effect of control measures (Collins et al., 1568b;
Voller and Bruce-Chwatt, 1963: Jeffrey et al., 1975; Grogger et al.,
1978: Thomas et al., 1980),
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- the pattemn of malaria antibodies with respect to age (Collins et al.,
1967+ Molincaux et al., 1978) ,
- the pattern and ncrsistence of antibodies after chemotherapy (Collins et
al., 1968a: Wilson et al., 1970),
= the return of malaria to an area from which it had disappeared
(Ambroise-Thomas , 1976), and
the disapncarance of malaria from an area (Bruce-Chwatt and Draper, 1973).
In individual cascs it has been used for detecting previous infection
(Bruce-Chwatt et al., 1972), and for detectina antibodies in kidney tissue
(Bhamarapravati et al., 1973). It has alsc been used for determining

serologic relaticnships between isolates of P, Zmui (Collins et al., 1970).

The use of IF/ is not Timited to diagnostic or field work. It has been
a very impertant tool in laboratory-based research work, for example in
selection of monoclonal antibodies. It has, however. certain disadvantages.
The necessity for cxpensive microscope equinment is one disadvantage. Another
Timitation is that the reading of results has to be done critically by a
skilled person with axperience of the test system (Nilson, 1979). Further-
more, the evaluation procedure is time-consuming in that a relatively small
number of samples can be examined bv one worker in a day (Collins et al.,
1975). Malaria parasite carriers can occasionally give seronegative reactions

(Wilson et al, 1971).

1.3.2.1.4. Concluding noints on demonstration of antibodies in serum

The various techniques developed and investigations undertaken in the
past have been of scientific and practical importance. Their contribution
to the understandina of immunological phenomena in malaria and their use as

diagnostic and epidemioloaical tools have been very encouraqing.
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The deaonstration of serum antibodies, however, has certain inherent
limitations from a diaanostic noint of view, since the mere presence of
antibodies irdicates oxperience of malaria but does not distinquish between
current and recent  or remotely nast but burnt-out infections. Duec to the
kinetics of the immune response, antibodies may persist lonq after the
disease has been cured. After repcated attacks, malaria antibodies my be
detectable for even un to 30 years after the last enisode of malaria (Draper
and Sirr, 1980). FEver after a single infection they may persist for 13

years (Kagan, 1972).

Yoreover from the practical noint of view, the presently available
tests for detecting malaria antibodies arc inadequate for many reasons.
According to Voller et al. (1580) the exact role of serology /Based on

detection of antibodies/ is debatable.

Thus . the ncea is evident for a battery of simple tests to show (1) the
existence of an active infaction, (2) a past host-parasite contact, and
(3) the deqrez of prrotective immunity. The present study was planned with
the hope that it would shed some light towards a solution to the first

two needs.

1.3.2.2. The Demonstration of Immune Complexes

Immune complaxcs are formed durina malaria infection and they may be
found both free in the serum and bound in tissues. Sensitive methods have
recently been developed for the detection and purification of immune comp-
lexes (Lambert et al., 1979). This aspect of scroloay may make possible

the development of now immunodiagnostic tests.

1.3.2.3. The Dumonstration of Antiqens

Halarial antigens are a very complex aroup. They represent structural
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clements of the parasite in its various stages, host elements expressed as
antinens becausc of the nresence of parasites or metabolites, or secretions

of narasitic orinin which include soluble antigens.

Structural Comnonents: FEach of the developmental stages shown in
FIGURE 1 is associatod with specific antigens. Moreover, there is antiqenic
variation in a chronic infection and amongst different strains of a Plas-
modiwm pooulation in an area. However, there is also an extensive antigenic
cross-reactivity botween sporozoites, exoerythrocytic forms, blood stage
rorms, variants and strains. At the species level, some antigens are
species-specific while others cross-react between species. There are
about 100 species of Plasmodium affecting a variety of vertebrates. Some
of the publications indicating the diversity of Plasmodiwm antigens as

well as their cross-reactivity are given in TABLES 1 and 2.

Soluble “ialarial Antigens: McGregor et al. (1968) detected soluble
antinens of P. faleiparum in the sera of Gambian children suffering from
acute falcinarum malaria. The antigens arz a heteroaenous qroup. At least
29 different serum antigens have been demonstrated by matching very large
series of patients' sera and immune sera (McGreqor and Wilson, 1971). The
antinens could be placed into three groups on the basis of their sensitivity/
resistance to heat treatment (Wilson et al., 1969). The groups are; the
lLabile (L) antigens - destroyed or precipitated by heating at 56°C for
30 minutes. the Resistant (R) antigens - stablc at 56°C but are destroyed
at 100°C, and the Stable (S) antigens - not destroyed by boiling at 100°C
for 5 minutes. These major qroups are further divided into subdivisions,
examnle, into La, Lb etc. ilost studies have been carried out on the S

antigens (Wiison et al., 1575a, 1975b: Wilson, 1980). WNilson and Ling (1979)
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d Yilson (1980) sugaested that the S antigens miqght serve as markers
r serotying isolates of P. faleiparum. On the basis of aminoacid
corporation studies, Wilson suqggested that antisens of the S

oun might represent altered components of host tissues (McGreaor, 1974).

TABLE 1

Antiaenic Diversity in Plasmodiumparasites

aimed

scription Findings Suppofting the Description Source
Antigen
riant- Five antigenic variants isolatcd from successive Voller & Rossan
associated rclapses of a P. knowlesi infected monkey (1969)
fintigenic variation demonstrated in six stabilates Brown & Brown
isolated from relapses following a parental (1965)

infection of P. knowlesi
Failure of protective effect of antiserum of known Brown et al.

protoctivity against the homoiogous antigenic (1968)
variants of P. knowlesi in M. mulatta
btage- Antisporozoite antibodies testcd against sporo- Hardin &
specific zoites and infected red biood cells of P, Nussenzweig
berghei, P. knowlesiand P. falciparum (1978)
detected snorozoite-specific antinens
Progressive degree of antinenic maturation was Nussenzweiqg &
observed in salivary gland sporozoites Chen (1574)
Study of 11 P, knowleszantigens obtained from Deans & Cohen
ring-, trophozoite-, and schizont-infected (1579)

rod blood cells showed trophozoite~, schizont
and merozoite-dependent antiaens

Monociconal antibodies exclusive to antigens on Freeman et al.
P. yoelii merozoite were raised (1980)

Three, five, and five polypeptides believed to Perrin et al
be either predominant or soccific for stages (1981a)

in ring forms, trophozoitcs and schizonts
of P. faleiparum,respectively wore isolated

Strain- Agalutination mediated by antigens on surface Miller et al.
specific coat of P. knowlesi merozoites was qreatest (1975)
against homologous strains of P, knowlest:
falaysian and Philippines

Species- Out of 11 P, knowlesi antigens studied against Deans (1979)
specific P. aynomolgi bastianellii one was P. knowlesti specific
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TABLE 2

Antigenic Cross-reactions in Plasmodium parasites

Jescription of
intigen

Findinas Supportina the
Nescription

Source

ross-reacting
between stages

ross-reactina
between strains

"0Ss-reactina

between species

Most of the 0 TabelTed polyneptides identi-
7ied were common to the different erythro-
cytic stages of P. faleiparum

Antigens common to sporozoites, exoerythro-
cytic and blood stage schizonts

Antiaens common to snorozoites, blood
stages and gametes in P, berghet,
P. knowles? and P. faleiparum
were detected

The same antibody titres were obtained
when sera from two volunteers infected
with Chesson strain P. »ivar and two
others with Venezuelan strain P. vivar
were allowed to react with the homoTloqous
and heterolocous strains of P. vivar

leaction between antigcns of an antiserum
against snorozoites of p, faleiparum
strains of Burma and ‘fark and of other
species showed cross-rcactivity

Antigens expressed on surface knobs of
human and monkey erythrocytes parasi-
tized with Southeast Asian and two
African strains of P. faleiparum
were cross-reactive

Intigen prepared from mature schizonts
of P. knowlesi reacted with antibodies
produced against 10 species of primate
plasmodia

“Yiore than four proteinaccous antigens on
the surface of erythrocytes with schizonts
of P, faleiparum and P. knowlest

Reaction between B strain of P. cynomolyg:
and the Chesson and Venezuelan strains
of P. vivaxr with sera from five normal
volunteers infected with the B strain
of P, cynomolgi was cross-reactive

Perrin et al.
(1981a)

Deans & Cohen
(1979)

Nardin &
Nussenzweiq
(1978)

Tobie et al.
(1962)

Nussenzweiq &
Chen
(1574)

Langreth &
Reese
(1979)

Rogers et al.
(1968)

Schmidt-Ulrich
et al
(1982)

Tobie et al
(1962)
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The scluble malarial antigens might be excretory-secretory products
of the parasite or host-cell components. Excretory-secretory antinens
have heen isolated from in vitro cultures of P. faleiparum (Thelu et al.,

1382) and P. berghei (Weissberger et al., 1979).

As to the chemical nature of the antigenic determinants they may involve
proteins or glvcoproteins (Bannister, 1977 Kilejian, 1980; WHO, 1980),

alveolinids or other comnlex macromolecules (WHO, 1980).

The diversified nature of malarial antigens poses a problem to the de-
velorment of an improved diagnostic test. It entails much labour and time
for identificatior and characterization. Nevertheless, at present, detection
of antiaens is considered to be preferable to detection of circulating anti-

bodies.

One reason why antigen detection is prefered to circulating antibody
detection is (Houba, 1980) that the detection of antigens is associated with
a nrasent or rocent infection, since the time for elimination of malarial
antigens could be exZpected to be shorter than that of antibodies in circulation.
~esides, tcGrenor et al. (1968) have suggested the presence of soluble anti-
gens which are possibly of weak immunogenicity. Some of the soluble antinens
may then be freely circulating, not forming antigen-antibody complexes, and
would then be easier to detect. Urine is another body fluid in which anticens
may be detected. This would be a further advantage obviating the need for

blood samples.

Malarial Antigens Excreted in the Urine: The occurrence of malarial

antiqens in the urine of infected individuals has not been investigated.

Some work has been done to demonstrate antisens in several parasitic

infections, for examnle, malaria, schistosomiasis, onchocerciasis, and
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toxerlasmosis. ialaria antigens have been detected with a relatively

hinh degree of sensitivity in a prenaration of lysed RBC from malaria

natients (Hackey et al., 1986a). Circulating antigens have been demonstrat-

ed by Capron and co-workers in the serum and in the urine, and also in the

miTk of mothers infected with Schistosoma mansoni (Deelder, 1982) and in

the bedy fluids of animals infected with S. mansoni, &. Japonicum and S. haema-
tobiun (Santore et al., 1973; Deelder, 1982). In the sera of onchocerciasis
patients, circulating Onechocerca volvulus anticens have been demonstrated by
Quaissi et al. (19€1). Toxoplasma gondii antinens were detected in Toxoplasma
iysate, in peritoneal fluid of mice, and in sera from humans acutely infected

with 7. gondii (Araujo et al., 1980).

If fully developed, a test based on antigen detection could provide a
method for dotecting active, and possibly, recent infections. It could also
be: used te menitor chemotherany, and if applicable on a large scale, such as in
antibody-surveys, could be a useful sero-cpidemiological tocl. One of the
main problems in detecting circulating antigens is that the concentration of
these substances in body fluids (serum, milk, urine) is usually very low, and

hichlv sensitive techniques are needed for their measurement (Houba, 1980).

Enzyme~Tinked immunosorbent assay and radicimmunoassay tests are the
nresent candidates for a new and improved immunodiagnostic techniquc to be

used in the detection of antigens.

1.3.2.3.1. Enzyme-linked immunosorbent assay (ELISA)

The enzyme-linked immunosorbent assav was studied and developed as an
alternative to radioimmunoassay (vide infra) for the detection of soluble

antigens and antibodies (Enqvall and Perlman, 1971, 1972: Engvall et al.,
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quirements of specialized equipment. Though FLISA has been found to be

of Tow sensitivity for malarial antibody detection (Voller et al., 1975,
1375, 1960~ Bidwz11 and Veller, 1981), recently. Mackey et aZ. (1982)

have used ELISA for the detection of P. faleiparum antigens from infected
red blood cells and found promising results. Parasites were detected at a
level of 8 narasit$5/106 RBC. These authors fecl that creater nrecision
can bc expected wren purified malaria antigen and antibody reacents

become availahle.

1.3.2.3.2. Solid-phase radioimmunoassay (RIA)

Solid-phase radioimmunoassay emnloys isotopc-labelled reaaents for
the measuremont of antigen-antibody reactions. In this test, the antigen
or antibody is immobilized most often to a plastic surface (solid-phase RIA).
The radiclabclled reactant is applied either directly or indirectly. The
antigen-antibody reactions which have occurrcd on the surface of the supnort

can be detected by measuring the amount of radioactivity fixed.

There arc various test procedures for carrying out solid-phase RIA
These include competitive binding RIA technique, noncompetitive (direct)
RIZ binding technique, noncompetitive (indirect) RIA bindina technique, or

antibody-binding-inhibition RIA technique.

Antibod -binding-inhibition RIA technique was used in the present
study. This test is based on the ability of malarial antigens in the test
samnles to combing with radiolaballed antibodies and thus prevent the

subsequent interaction of the later with antigens fixed on the surface of

microtitre plates.
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The Inhibition Method of RIA
for Assay of Antigen



The tube method of solid-phase RIA was first develoned by Kevin and
Treoear (1967).  The application of solid-phase antibody-binding-inhibition
RIA for the detection of intraerythrocytic malarial antigens of the rodent
parasite P. berghei has been reported (Avraham et al., 1980: Mackey et al.,
12309, In a Tater report (Avraham et al., 1982b) the sensitivity of the
invibition test for the detection of intracrythrocytic malarial parasites
was found to be superior to that of the standard microscopical procedures.
fin infection corresponding to 0.00005% parasitaemia of P, berghei could be
detected. This assay has been adapted from the rodent model to the detection
of P, faleiparum infections (Mackey et al., 1980a; Avraham et al., 1981).

Py introducing some modifications inte the procedure, the sensitivity of P.
faleiparumdetoction was increased by a factor of 10-100 (Avraham et al.,
158¢a). These autﬁors believe that further improvements could be obtained
by purifyinag the major parasite antigens to a higher deqree (Avraham et al..

1¢32a).

7 rreliminary field trial of a RIA for the diaanosis of malaria (fvraham
et al., 1923) has been carried out. N Miaerian strain of P. faleiparum was
used as anticen and a nool of sera from African patients as the source of
antitocdy. These werc used for detecting intraervthrocytic antigens of Thai
P. faleitparum strains. The strains were sufficiently cross-reactive and
almest all cases confirmed microsconically could be detected by the antibody-

birdinc-inhibition RIA technique (Avraham et al., 1983).

"lackev et al. (198Ca) and Avraham et al. (1983) arrived at the conclusion
that maxirum sensitivity would be obtained depending on the availabilitv of
definad reaqgents. In this resmect, a judiciously selected sinale-specificity

antibody, nrocduced usina the hybridoma technioue of Kehler and Milstein
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(1975) mav have areat value (SWe, 1981).

An emphasis of the research of the develorment of monoclonal anti-
hodies anainst malaria narasites has been on the identification and
characterization of the protective antinens (Mussenzweiq, 1982). A
aurber of monoclonal antibodies against various stades of different
Plasmodium species have been produced (Freeman et al., 1980, Rener
et al., 1930 Yoshida et al., 1980. Cox, 1381 Frstein et al., 1981
Holder an¢ Freeman, 19€1. Perrin et al., 1981b- Er-Hsiana, 1932
deSride et al., 1972), Characterization of apnronriatc antiqens for
immunodinanostic reocuvirements will add to the efforts in develoring

snecific, sensitive sercloaic tests in malarial infections.



CHAPTEP 2

OBJECTIVES OF THE PRESFNT STUpY

The present study was undertaken to establish:

the arnlicability of solid-phase PIA to the detection of
intraerythrocytic parasite antigens of the Cthionian strains
of P. faleiparum, circulatina malarial antinens, or parasite

anticens present in urine,

the possible apnlication of the test for cvaluatina the

curative effect of antimalarial drugs. and

estimate parameters of sensitivity and snecificity.



CHAPTER 3
MATERTALS AND METHODS

3.1. Collection of Test Samples

3.1.1. Sampling Areas

The names and locations of the sites where samples were collected

are indicated in FIGURE 3.

—
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FIGURE 3
Map of Ethiopia with Location of Sampling Areas

‘rba Minch lies in the lower region of the Great Rift Valley, which bisects

o 28 e
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e Ethierdan highlands, at an altitude of about 1200 m (305 Kns south of

~¢cis fhaba). ilazareth is located in the central reaion of the kift vallev

at an averate altitude of about 1600 n (99 Kms south-east of Addis Ababa).
5ilic and Shelie (of about the same altitude as Arba Iinch) are cotton
astate farms Tocated at about 13 and 20 Kms. respectively  south-west of
arba Hinch, Hetahara (about 950 m altitude) is one of the three sugar

factorics (Menji, Shewa and ifetahara) located along the Awash River.

“letahara is about 95 Kms east of liazareth.

3.1.2. Case Detection and Subjects

Test samnles from natients with acute falciparum malaria were collected
between Auqust 31 and December 31, 1982, by active case search and nassive
cetection. Active case search was carried out in Silie and Shelie. The
samnle cellecting arour canvassed from house to house, takine blood films
for examination from febrile or acutely i1l individuals. Since a micro-
scone was *taken to these areas, case detection was made on the same day
bilood films were taken, at a temporarv examination post under a big tree.

In the other localities - Addis Ababa, Arba Minch, Mazareth, and fletahara -

(@)

ascs were detocted passively by waiting for patients seeking treatment

Y

for acutz malarial illness at the Malaria Control Service Arba itinch Zone,

ralaria Control Service Hazarath Zone, lletahara Mospital, and Malaria

Control Service fddis Ababa Main Office laboratories.

Thick blood films stained by the Giemsa technique for identification
of malarial narasites were examined on the daysof collection before any

treatment was qiven. Out of 1320 patients screened for falciparum malaria,

95 wera found to be nositive. Samnlas were not collected from some patients

because of tha serious health condition which required immediate treatment
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The followine sannles were taken from cach of 43 falcinarun malaria
atients (36 males and 5 females: ane ranaing from 9 to 60 with a mean of
- {+11): thick-thin hlood films, venous klood, canillary blood, and
urine. The natients were asked to come back 12-16 days after the completion

~

of treatrent, for follow-up sampling.

Information recorded for each subject included name, ane, sex, type
of trecatment, date when symptoms started, prebable aconraphical area

vhere malarin was acquired, and localitv of residence.

Contrel samnies were collected from 10 individuals without known ex-
necure to maiaria from a malaria-free area of Addis Ababa (5 males and 5
fomates), 10 healthy individuals livine in malarious areas of Arba Minch
an Jlazareth (males) and 12 individuals infected with P. vivaxr from riazareth
nost (© males and 3 females). Of these 12 ratients, 6 came back for follow-

un sampling.

TARLE 3 nresents a summary of the number of subjects in relation to

robable site of infaction ard collection area.

3.1.3. Treatment

The formulations of the therapy used for the treatment of acute falci-

narum malaria were d¢ifferent in different places. Some ratients were treated

with onlv chlorocuinz, others with chloroauine and primaquine, and a third

groun with amodiaguine and nrimaquine. The vivax natients were given a treatment

of amodiacuine and primacuine.
Chloronuine Treatment: This involved administration of 1000 ma of
chloroouine (4 tablats) jmmediately after sample collection, to be followed
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hv 50C ma (7 tablets) 6 hours later and 500 mg daily for 2 days follow-

inc the first dav of treatment.

TABLE 3

Humber of Falcinarum Cases Included in the Study
with Resnect to Collection Area and Probable
Site of Infection

Sample Collection Site  Probable Site of Infection MNo. of Patients Sampled

Shelie Shelie
Sitie Silie
Frba Hinch Arba Minch
Shelie
Elgo
etahara Metahara Sugar Factory
Nazareth folenchity
Dencore
¥
Nazareth?
Yonji

Helka Sedi
Koka Dam
Kucurfa
Feto
3orcheta
Cuta
Chercher
Kobo Lite
Addis Ababa Kutaber

-t emd wnd ad ed awd wd wmd el et wd DN W W e PO P W OO

TOTAL
“ may have been infccted out of Nazareth.

. : . is i ¢ administration of
Chlorcquing and Primaquine Treatment: This involved adm
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chioroquine as outlined above nlus 75 ma (10 tablets) base of primaquine

taken in divided doses of 15 mg (2 tablets) base per day over a period of

5 days.

fmodiaquine and Primaquine Treatment: Immediately after sample col-
lection the patient took 600 ma (4 tablets) of amodiaquine to be followed
by 30C me (2 tablets) € hours later and 300 mq daily for 2 days following
the first day of treatment. Toaether with this, 75 mg (10 tablets) of
nrimacuine base was taken in divided doses of 15 mg (2 tablets) each over

a neriod of 5 days.

1.4, Collection of Serum

W

Five mis of venous blood were collected by withdrawina into disposable
rlastic syringes. Immediately, the blood sampie was transferred into sterile
test tubes and allowed to clot at room temperature for about 6-8 hours.

Tha tube was transferred to 4°C and left overnight. The next dav the blood
samle was centri’uged at setting 2 (Phywe A.G., Cottingen) and the serum
renoved with a sterile Pasteur pipette, into individually marked Nunc(R) or
nolycarbonate tubes. Sodium azide (Naﬂ3) was added to the serum samples to

make a 0.1% ?aN3 solution. The tubes containing serum samples were stored

at -20°c,,

i

3.1.5, Collection cof Blood into Capillary Tubes

The finoer was cleaned with an alcchol-moistened swab and dried with
a piece of drv cotton. The finger was then punctured with a disposable
lancet and the first drop of blood wiped off. Blood was collected into
neparinized capillary tubes.

The canillary tubes were sealed at one end by plugging with plasticine.
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These capillary tubes were allowed to stand at room temperature (RT) to let
cells scediment. After this, the open ends were sealed. These were put

into labelled Fa1con(R) tubes and stored at -20°C.

3.1.6. Preparation of Blood Films

The finger was prepared for puncture as described above for collection
of capillary blood, A thick blood film and a thin blood film were made on
the same slide. The bloed films were air-dried in a horizontal position,
after which the thin films were fixad in 100% methanol. The slides were

dricd, marked and kept in a slide box.

The blocd films were prepared for future reference of species identi-
fication checking and to find out the extent of agreement between the para-

sitaemia and amount of malaria antigen detected by RIA.

3.1.7. Collection of Urine Samples

Abnut 25 mls of urine were collected in a clean beaker. The urine was
centrifuged at setting 2 (Phywe A.G., Cottingen) to remove any obvious
dabris. To this sample sodium azide (Mal;) was added to make 0.1% sodium
1zide solution. About 10 mls of this urine was transferred into marked

' 0
nlastic bottles. The bottles were screwed tightly and stored at -20°C

2

3.1.3. Storage and Transport

During the sample collection process the serum, capillary blood and
urinc samples were stored at .20°C at Arba Minch, 'lazareth (Haile-Mariam

“amac), and Metahara Hospitals, after which they were transported in a

nortable ice-box to the Armauer Hansen Rescarch Institute in Addis Ababa,

where thev were stored at _20°c or -70°C until the immunoassay tests were

carried out.
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3.2. Laboratory Methods

3.2.1. Hicroscopic Determination of Parasite Density

Blood films for parasite density determination were stained with Diff

Ouick Stain Set (Dade Diagnostic, Inc. Aguada PRO0602 - American Scientific
Products).

Diff-Cuick Stain Set is a modification of the Wright Stain technique,
which provides speed. The Stain Set consists of Diff-Quick Fixative (metha-
nolic fixative), Diff-Cuick Solution I (a buffered solution of cosin Y - an
anionic dye). and Diff-Cuick Solution II (a buffered solution of thiazine
dves - cationic dyes). Since the thin blood films were fixed in 100% methanol
durina the sample collection process, there was no nced of using the Diff-
Muick Fixative. The blood films were dipped in Sclution I for 25 sec and
in §olution II for another 25 sec. The slides were rinsed in tap water in
hetween the two steps and after staining in Solution II. The stained slides

were air-dried.

Parasite density was determined from the thick films and thin films.
When using the thick films, the parasites and white blood cells seen in a
ficld were counted and then the field changed until the number of white
blood cells counted reached 200. This was recorded as the number of
narasites per 200 WBC. The second mcthod of determination of parasitaemia
involved counting the number of parasitized red blood cells per 15,000~
25,000 erythrocytes of the thin blood films, and expressed as percentage

arasitacmia. A x100 oil-immersion objective and x10 eye piece were used.



3.2.2. RIA Test for the Detection of Malaria Antigens

Test nr;parations of RBC or urine were mixed with lzsl-labelled
IaG (Iqﬁ*) and incubated for one hour at 37°C followed by 30 minutes at
2%C.  The mixtures were centrifuged at 1600q for 15 minutes and the super-
nate transferred into microtitre plate wells coated with malarial antigen.
ffter incubaticn for 12 hours at 4°C the wells were washed three times
with borate buffer solution (BBS, 0.2M, pH 8.6), cut out and put inte
samma-vials for counting of gamma-activity in a 1270 Rackgamma II gamma
counter LKB-Wallac, The antibody-binding-inhibition caused by antigens in
+est samnles was calculated by comparing with that of antibody alone
suspended in gsxﬁnggaiﬁgg?ég?“Bﬁé1§g?52§?S%ﬂe results obtained for acute

and convalescent cases was done by using a t test for paired samples.

2.2.2.1. Preparation of Lysate of RBC

The volume of the capillary tubes used for ccliecting blood samples
was 0.1 ml in the total length of 7.5 cm. The lenqgth of the capillary
tube with sedimented RBC was measured and the volume calculated. The RBC
from cach capillary were lysed with BBS + 0.3% NP40 (a non-ionic deterqgent)

to obtain a 1:10 dilution of RBC.

3.2.2.2. Preparation of Urine Samples

The pH of the urine was adjusted by addina 10 w1 of 10x concentrated
PBS to 00 ul of cach urine sample to be tested.
3.2.2.3. Preparation of Antigen-coated Plate Wells

A preparation of P. faleiparum (M25, an isolate from Zaire - kindly
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srovided by Dr. Renu Dayal) was sonicated three times for 15 to 30 sec
at 50% in an ice-bath using 2 B12 sonifier (Branson sonic power company -
Danbury, Connecticut). The sonicate was diluted with BBS to a concentra-
tion of 50 ug protein/ml BRS. 50 ul of the solution was used to coat
each well of floxible polyvinyl chloride microtitre plates (Dynatech

1-220-29).

Microtitre plates containing the coating antigen were incubated at
0
37°C for 3 hours. These plates were used immediately or left at 4°c.
"icrotitre plates containing the coating antigen could be stored for at

teast 2 weeks (Mackey et al., 19802, b).

*
3.2.2.4. Reconstitution of IgG -

*
An aliquet of Iofi prepared by Dr. Renu Dayal from pooled sera of
immune individuals was diluted 30 times in BBS + 0.05% Tween 80 + 2%
*
bovine serum albumin (BSA). The specific activity of the diluted IgG

7

used was 2.4 x 107 cpm/ml for the RBC assay and 1.16 x 10° cpm/ml for

the urine assay. The different specific activities were a result of

the radicactive decay of the labelled IgGC.

3.2.2.5. Assay Procedure

The assay procedure is illustrated in the flow chart, FIGURE 4.

3.2.2.6. Control Rcagents

(&%
™o
%)

.6.1. MNegative control antigen

The nenative control antigen was prepared from washed normal RBC

lysed in BBS + 0.3% NP40. This preparation was used to determine the

non-specific inhibition of binding and alsc as a diluent itk thidies

antinens. In addition to this, urine from a healthy person was used to
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determine the non-specific inhibition of binding and also as a diluent for
mirasite anticens in the assav of the urine samnles.

r

3.2.2.6.2. Positive control anticen

N

Infected RPBC from in vitro cultures of P. faleiparum of known para-
sitaemia were lysed in 9 volumes of BBS + 0.3% NP20. The lysate was used
for nreparing eight five-fold dilutions. The dilutions were made in the

MRBC lysate or normal urine (negative contrel antigens).

Hicrotitre nlate 70 U1 of control or . 70 ¥1 of antl-
containing coating test preparation malarial InG
antigen
! !
' Empty ' Incubate
Centrifuge
4 v
Add 100 w1 BBT + 0.5% BSA Add 50 ul of the supernate
ner well into the washed coated
Empty and wash 3x wells in duplicate
M //.-’
o, N e
b ,/‘/f;;ubate

j i v | Fmnty and wash 3x

| with BBS

i
R

Cut out wells and
put in gamma-vials

p— |

\/
NDetermine

radicactivity

FIGURE 4
Assay Procedure



CHAPTER 4

4.1. RIA of Urine Samples

RIA test of the control antigen serially diluted in urine gave
the results shown in FIGURE 5. The level of parasite detection cor-

responded approximately to 170 parasitized cells/lo6 RBC (500 cpm).

cpmi % inhibition

400

200

80

—
>

01 *‘w'ﬂ 7 T Y T Y

T T T
Urine 1.36 6.8 34 170 848 4,24 2,12 1.06

X X X
Ry
No. of parasitized cells/10°%R8C 107 10" 10
FIGURE 5

RIA Carried Out on Control Antigen Diluted in Urine

- 38 -
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sfter this dilution, there was inconsistency in the mattern of bound qamma-

activity suggesting a decrease in the sensitivity of the RIA test.

and FICURE 6. It can be seen that the number of crossing lines in the
experimental group (FIGURE 6) is 40 and not 41 (TABLE 4). This dis-
crenancy 1S due to a missing sample of one acute case. But the number of
dots representing each group corresponds to that in the table, though

an overlap between counts may not make this clear. If the 500 com
(corvesponding to the antigen concentration of 170 parasitized cells/

6RBC) is taken as the separation line between the positive and neqative,

10
many of the subjects studied would fall below it and thus be RIA positive.
There seems to be so much nonspecific binding that the controls would

also be diagnosed as positive.

It can be seen in FIGURE 6 that upon testing of the follow-up
sarnles, most samples showed a decreasc in inhibition value. Moreover,
nine of the samples from acutely i11 patients had a high capacity of
antibody-binding-inkibition, which was above 70.0% (TABLE 4). Out

of the control group two acute vivax, one convalescent vivax, one

- 4 3 . -l
endemic case, but none of the non-endemic cases had an inhibition value

above this level.



TABLE 4

40

Antibody-bindina-inhibition

by

121 Urine Samnles

Ranae of %

Control Group

Experimental Group

inhibition' 17

Z 3 4 5 6
<9.9 0 0 0 0 0 ]
6.0 - 19.9 0 0 0 0 0 0
20,4 = 28.8' 0 0 0 0 0 3
36.0 - 39.9 1 0 1 0 0 2
0.0 - 49.9 1 1 1 0 6 4
56.0 - 59.9 4 3 4 4 8 20
60.0 - 69.9° 3 ] 3 6 20 10
70.0 - 79.9 : 1 1 0 8 1
30.0 - 85.9 © 0 0 0 1 0
> %0.0 0 0 0 0 0 0
TOTAL 11 6 10 10 43 41
¥ % inhibition calculated in comparlsgnwglfznggmigbzsggggt:ith Ig6 in BBT
) ¥ Cg‘rﬁCa#%Kt%?SZx cases 5 = Acute falciparum cases
3 = Endemicusubjects 6 = Convalescent falciparum cases
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inhibition

Rk svne

L >y »

Control Group

Acute vivax
cases

Endemic cases

Non-endemic cases

Convalescent
vivax cases

FIGURE 6

r_gxperimental Group

Acute falciparum Convalescent
cases falciparum
cases
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4.2. RIA of RBC Lysate Samples

In the RIA test of RBC lysates, serial dilutions of the control anti-
gen preparation were tested in order to determine the sensitivity of the
parasite detection. The control antigen was diluted in normal RBC lysate.

The detectability of the present system was approximately 34 parasitized
ce1}5/106 RBC. Following this dilution, the expected trend of an increase
in bound gamma-activity was not observed. The results are shown in FIGURE 7.

A
cpm % inhibition
400 - 40
60
200.
. 80
r—>
01100 T v : .
o A T T » ‘%
34 10 848 4,24 2.12
NRBC 1.36 6.8 Xa Xg

6 >3
No. of parasitized cells/10° RBC 10 10 10

FIGURE 7

1.1, T . VT .
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1t can be seen that
the number of crossing Tines in the experimental
ental group

camples of thr i
mp ee acute falciparum cases. But the number of dot
ots represent-

ing each group d
. group corresponds to those in the table, though
counts may not make this clear. s ugh an overlap between

A
cpm| % inhibition

L
[ew]
@

A\

£

(@)

ql)
¥

W

e

N2

]
iy
i{

\
\
4

J

\/'\

200 “'-"‘<-..i=~,,;—"'

0

b ~ Control Group V0% F_ﬁxperimental Group

Acute vivax Convalescent Acute falciparum Convalescent
cases yivax cases cases falciparum

Endemic cases cases

Non-endemic cases

FIGURE 8

s of RIA carried Out on RBC Lysates

Result
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TABLE 5

Antibody-bindina-inhibition by 119 RBC Lysates

uan?g.of A* ” Control firoup Experimental Group
Inhibition 1% 2 3 4 5 6

£29.9 0 0 0 0 0
30.0 - 39.9 o 0 2 0 2
40.0 - 49.9 7 4 1 7 5
50.0 - 59.9 Z 1 4 2 1 1
60.C ~ 69.9 3 1 2 1 13 9
70.0 - 79.9 0 0 e 0 7 10
80.0 - 89.9 0 0 0 0 1

>90.0 0 0 c 0 0 0
TOTAL 12 6 9 10 41 4

. - . - . . - . . * *

¥ % irhibition calculated in comparison with cpm obtained with IgG in BET.
a1 = Acute vivax cases 4 = Non-endemic subjects

2 = Convalescent vivax cases 5 = Acute falciparum cases

3 = Endemic subjects 6 = Convalescent falciparum cases

The problems of specificity encountered during the test of urine samples
scem also to be involved in the test of RBC lysates. Taking 280 cpm as the
demarcation 1ine (FIGURE 7), many of the test samples, including the controls,

would fall below this Tine (FIGURE 8).

The nossibility of falciparum antigen detection, however, cannot be

excluded. Ten of the acute and eleven of the convalescent falciparum

malaria cases had an antibody-binding-inhibition capacity of >70% in contrast

to ncne of the control samples.
4.3. wicroscopic Counting in Relation to Results in
RIA of Urine and Lysed RBC Samples

Both the thick and thin blood films were used to determine parasitaemia
in order to cross-check the percentage parasite counts RN Taary ey
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b ciandfd
a highly significant degree of correlation between the results (FIGURE 9

Spearman’s rank correlation coefficient, R = 0.89: peg 01)
» R = 0.89; P<0.01).

When the values obtained by microscopy were related with those by
RIA test of RBC and urine the degree of correlation was low (R = 0.12
for % parasitaemia vs % inhibition by urine and R = 0.08 for %
3 para-

sitaemia vs % inhibition by RBC lysate

% parasite count

Pl
1.6
X
1.2 | .
0.8 |
x!
0.4 |
Y = 0,011 + 0,002X
5 R = 0.89
23
0.0 £
0 200 400 600

Number of parasitized cells/200 WBC

FIGURE 9
Correlation of Percentage parasite Counts and



CHAPTER 5
Dl o R &8 0N

5.1. RIR dn the Detection of Malarial Antisen in Urine

The RIA counts obtained have shown that urine taken from P. falei-
rarun infected individuals appears to react differently with the labelled
I5% from that of normal subjects. (1) There were a greater number of
samples with higher antibodv-binding-inhibition capacity (>70%, TABLE 4)
in the acute falciparum cases (9/43 = 20.9%) than in the combined control
arour and convalascent falciparum cases (5/78 = 6.2%). These values were
siqnificantly difforent (X2 = 5,68: P<0.05). It is of interest that none
of the sammlas from non-endemic areas had such a high inhibitory capacity.
(?) Urine samples from acutely i11 patients gave significantly lower radio-
activity than with those from treated patients (t = -6.37; P<0.05).

(2) In previcusly reported experiments using in vitro cultures malarial antigens
with Tow molccular weights (e.q. polypeptides of 45 K-daltons specific for
schizont) have heen identified (Perrin et al., 19312). (4) Acute transient
lerhritis has been renorted in P. faleiparuminfections in man (Bungee o

al.. cited by Voller, 1974; Mukherjee et al.. 1971) and casts composed of
hemoglobin, cpithelial debris, erythrocytes and yranular hyaline material

arc frequently observed in “blackwater fever’ (Rosen et al., 1968).

evidence that malarial antigens could be

These findinas may be taken as

: i » findi at there is a decreasc in
found in urine. Hore important is the finding that

{ cahahdti aci the falciparum convalescent
the antibody-bindina-inhibition capacity of th p

1 i e oli i mala ial
(i.¢. follow-up) samples. This could indicate the climination of r
¢ ‘ p ri mple te ted howed that the

) i . acute as compared
inhibition was significantly different (P<0.05) in the ¢




to the convalescent samples. According to Sitprija et 41 (1967), 78%
of the ratients with malaria have nomal renal function, and if this is
the cas2, the detection of malarial antinens may not be attributed to

leakage due to renal abnormalities,

Hinh antibody-binding-inhibition results were obtained with urine
sarples taken from natients with low parasitaemia. This may indicate that
malarial anticens nresent in low concentration mav be detected bv RI/ with

high sensitivity.

There was, however, a great range of overlan between the antihoy-
bindine-inhibitio capacity of the acute test sariples and the control
samnies.  For the occurrence of false-necatives or low antibodv-binding-
inhibiticn, the exnlanation may lie in one or more of several factors:
antigenic differances among the Ethionian isolates of P, faleiparum, differences
between cultured varasites used for the nrenaration of antisen for the coating
of the wells and the narasites in the test bleod, the staae of infection, or

the naturs of the roagents used (Mackey et al., 1980a).

The occurrence of false-positives renresents a further problem. Anti-

A

‘ycobacterium leprae antibody-1ike activity in urine interferred in 2
i (2] -
mveobactorial antincidetecting RIA assay (Olcen et al., 1983). The

) n
veeurrence of Ig in the urine from normal nersons (Berggard and Peterson,

N : AR PR, ) ! Henriksen
77") and npatients with non-renal infectious c¢iscases (Jensen and Henriksen,

—-— aiial ‘ e control
1970) are well known. In the nresent exneriment, three of the ¢

’ from endemic
arouns which aave an antibody-binding-inhibition above 70% are :

. ) .
reas. This may lead to the assumption that these subjects could have been
A - ciparwn
Wnfocted with p . falciparum in the past and developed anti-p. fal

interference by falciparum
ftibedies which could be excretad in urine, though interference by

fection is ancther
Mtincns associatad with a current inapparent or recent infe




nossibility.

In P. faleiparum infections, a mild to severe proteinuria develops

between one and two weeks after infection (Voller, 1974) and qlomerular
Iy (Ief. Io¥ and Igh) deposits can be shown in ronal biopsies (Bhamaranra-
vati et al., 1973). The latter investigators demonstrated that an eluate
of immunoglobulin from renai tissue of malaria patients showed 2 strong

antimalarial oroporty.  In the present case, however, interference due to

antimalarial antibodies did not appear to be a major problem. Had it been
50, the number of convalescent samnles having a higher capacity of antibody-
biinding-inhibition would have been greater than the results indicate (TABLE
4}. I therc ware interfering antibodies they could compete with the lgG*
for the coatad anticens and give lower counts of bound radicactivity. The
nresence of nonspecifically binding urine components might have been a
crucial problem. A malarial infection is well known for its polycional
B-cell activation (Wigzell, 1982). The presence of such non-specifically
binding urine compnnents and non-specific antibodies, including auto-

%
antibodies in the I~ used, could decrease the efficiency of the present

RIA system.

It is hopod that production of monoclonal antibodies will disclose

N Ly

the comnlexity of such a study system. The present findings seem to

demonstrate that the principle of antigen detection in urine for the

; i ot icable he detection
immunodiagnosis of malarial infection 15 practicable. Thus, the .

jaanosina an active infection and for

of malarial antigens in urine for d

. : ; : the
determining the offect of therapeutic drugs s very e M

. 2lari i 1d be improved
immunoassay methods for the detection of malarial antigens cou i

o ifici 1d be
to achieve a higher degree of sensitivity and specificity, they wou



extremely advantaceous for large malarial field surveys in ¢cpidemiological

studies and malaria contral programmes.

5.2. RIA in the Detection of Intraerythrocytic Antioens

This study supports the findinas of other investigators (Mackey et al.
1936a  fvraham et al., 1983) in that RIA may be used to detecte falciparum
malaria antiqgens in infected human blood. Samples of a high antibody-
hindinc~inhibition capacity were found amongst those from falciparum malaria
patients. The bound gamma-activity was siqnificantly higher in the con-

valescent arour than in the acute falciparum group (t = -1.97; P<0.05).

o=y

n the vivax cases, no significant difference was found. This may indicate

2 decrease in the amount of antigen present in convalescent falciparum RRBC.

When all the results of the RIA are considered, however, in addition
the Tow laval of detectability in differentiating the malaricus from

the non-malarious subjects, the number of samples falling in the rance of

antibody-binding-inhibition above that of the control qroup is thc samc in
the ncute samples apst convalescent sampies. Besides this, in contrast tc
what was expectod, many samples showed a docrease in the amount of radio-
activity bound, for which there are a number of possible explanations.

Onc explanaiion to this problem may be related to. the immune status

of the subject. Antibodies present in plasma may form complexes in the

§ 7 p R W h the
acute samples and thus decrease the inhibition value or compete wit

e LUk Ak add . in the convalescemt samples.
165 and incraase the relative inhibition value in the

L i S : hole
Yackey et al. (1980b) reported that in their murine malaria model, whole

3 ity of antibody-
REC incubated with hyperimmune serum had & good capacity

(=}
5 o o . samples not treated with
binding, thoush it was not as cfficient as thos p

cp i+ 4 i > to the
hyperimmune seyum. This needs further study if it 1s apphcablt. ¢
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human malaria situation. When adapting the method for the detection of P.
faleiparum irfections, iHackey et al. (1980a) used washed RBC. In the
prosent study, unwashed RBC were used and therefore the presence of
antibodies could interfere with the RIA results. Another clue which
favours this assumption of an interference dye to antibodies, was given
by ratient records. Many of those samples with hiah antibody-bindina-
inhibition capacity were collected from Silie and Shelie. Many of the
natients were new labourers in the agricultural development project, and
many were hichlanders coming from nen-malarious areas. It could have
been their first oxposure to malarial infection and thus antibodies might

nave not developed when the first sampling took place.

Another exzlanation relates this problem to the effect of treatment.

mechanism, {reviewed by Wyler, 1983),by which chloroquine causes the

One
dzath of the narasite, is that chloroquine-ferriprotonorphyrin IX complex
(FP IX is a product of the degradation of hacmoglobin by the parasites)

annears to be toxic to the parasite. To the knowledge of the present

investigator nothing is known about the longevity of thc RBC with dead

parasite matorial in the cells. If thesc RRC remain in circulation over

a Tong period, lysad RBC examined after two weeks for the presence of

antigens would have a high capacity of antibody-binding-inhibition. In this

i : ol o ( iaanosing a current or
case . antigen detection in blood may be used for diagnosing

< -

recent past infection, but not for following up the effect of treatment

after just two woeks.
Alternatively, if the RBC haemolyse immediately after treatment or
excrete  the parasite antigens, it s possible that residual antigen present
in the plasma may attach to the membranes of non-infected RBC and that

' ' be
‘ i which antigen ceases to
these react in the RIA system. The rate at
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detectablie in plasma was found to vary (McGregor et al., 1968). Circulating

immunc comnlexes occur in the blood of malarious patients and can be detected

up to two weeks aftor treatment (Perrin et al., 1979).

finother imnortant and critical factor is the purity of the reagents
usec. It has been mentioned above that the malarial antigens associated
with the erythrocytic stages include integral components of the various
staces of the parasite itself. parasite antigens expressed on the membrane
of infected RBC, 2nd host antigens expressed because of an invasion by
the malarial parasite. The antibody preparation used in the test must be
carable of recacting with ail the blood forms, to be of a high degree of
sensitivity. Yet. to be of high specificity it must be free of nonspeci-
fically bindina antibodies. This would not be easy to achieve if the anti-
votly preparation is made from the sera of immune persons, when it is
known that malaria is characterized by hypergammaglobulinaemia which in-
cludes auto-antibodies like anti-RBC antibodies. In the presently used

RIA system, the NRBC used caused 46.8% of nonspecific inhibition. To make

3

matters more comelicated, the RBC of the patients and controls may react

difforently and have more non-specifically binding antigens than the

1
necative centrol antigens used.

o : v inf i joen
The possihility of cross-reactivity with rther infections or antigens

bresent in the blood cannot be completely excluded. Mackey et al. (1980a)

n he samples
reported that no falsc positive results were found by RIA among t

: | ted from Cambia,
from Geneva blood donors. When testing blnod samples collected

‘ra riwere RIA positive out of 398 samples considered to be
LIO Y ’

however, 234 ¢

-ported that no
negative by microscopy. Again, Avraham et al. L1y e :

- d‘ i 9 e th'/
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persons in Israel. Yet, they are of the opinion that the question of

faise-positives remains to be proved. The possible existence of any other

antigens cross-reacting with malaria reouires investigation.

2.3. RIA in the Detection of Scrum fintigens

Previous investigators have studied soluble malarial antigens with an
analytical approach and found that they are of a wide diversity (McGreqor
et al.. 1962 Wilson et al., 1969; McGregor and Wilsen, 1971). One of the
aims of this study was to examine malarial anticens in serum with the hope
probing tneir application in immunodiagnosis of malaria. The problem
was that antibodies are present in the serum of most people living in
malarious areas. In non-immune patients, specific antimalarial antibodies
could be detected 5-7 days after starting treatment in the case of a first
infection (Pervin et al., 1979). The antibodies would compete with the
I9f  for the anticons. This would mean antigen-binding-inhibition instead
of antibody-bindina-inhibition giving false-positives.

Preliminary tosts carried out during this study appeared to support

) hus not
this. The RIA mothod used for urine and lysed RBC samples was thu

. ‘ VA
it ) malarial antigens in scru
found to be suitable for measurement of ¢

TABLE 6

amples
preliminary RIA Assay of Serun Samplé

Type of Serum Rit Average cpm 1-1000
Sample TN 1:100
680
~ 570 s
Hormal human serum 486 556 8;8
Endemic control (64) 466 568
Non-endemic ®  (22) 500 -
Acute falciparum - 0 ‘
Case 11 (54) 340 oy 566
Case 2 (74) 198

' 574
Convalescent ¥ - AnE "



5.%. Cross-reactivity of the Ethiopian
P. faletparum strains with the
Lairian Strain

A

Although P. faletparumappears to be a sinqle species, considerable
qeograshic antigenic variations occur (Co1%ins et ql., 1370: Homme) of
al:: 1982; McBride et al., 1982). The distribution of different antigenic
tvpes, however. did not appear to be related to geographic origin
(4cBride et al., 1262). Raffaele and Lega (1937) had suggested establish-
ine an aethiopicum variety ¢f P. faleiparum, bas:zd on their observations

of certain diffs

wntial characteristics of the parasite. It is important

that the present findings appear to suggest sufficient cross-reactivity

betweon the Fthicnian strains and the Zairian strain. In 2 study made by

licGresor et al. (1983) to assess the serological identity of the P. falei~

parum parasite in two different parts of Africa, he used the therane?tic e

effect of Mest African gammaglobulin in East - o dollens M. i

the existence of antigenic similarity between the plasmodia of HhaRe

regions. ‘

- as-

The occurrence of a wide range of cross-reactivity cogantas

i deV(‘]Oment of
P : - aaina for the
modia in different localities 1S encouraagin’

ic ¢ tion.
: antiqgenic detec
standardized immuncdiagnostic methods based on g




CHAPTER &
CONCLUSTOH AND RECOMMEMDATT0liS

5.1, Theoretical Considerations

6.1.1. Research Activities on Plasmodia

This study was designed to investigate the immuncdiagnosis of P.
faletparum infection. by means of antigen detection.

The fatality of P. faleiparum infection prompts investigators to
direct their greatest attention to this parasite. It would also be desirable
to investinate tho other species:; P. vivax,P. malarice and P. ovale. If it
were possible to isolate cross-reacting antigens, these would facilitate the

work of settina un improved imaunodiagnestic assays with the use of, for

axample, moncclenal antibodies.

5.1.2. Studies on Urine from Malaria Patients

The results obtained suggest that detection of malarial antigens in

. : A
urine appears to be of promise for diagnosing 2 falciparum infection an

(9 =
: ; ‘ ies which
for follow up of the therapcutic effect of drugs. Some studies

o ~fa D d-
would make the present understanding more comnlete can be propose

. 4 = 10 i inc
Antigenic analysis of malaria antigens in urine

. : 1 age
. Detection of malaria antigens in relation to A

of infection
¢ . nsible
Identi€ication of urine components which may s Bt

for nonspacific binding.

5.1.3.  Studies on Halarial Intraerythrocytic Antigers

IE res tgi ‘f'! 1 h .”“,d("y ro y i m ]aria] antiﬂz‘ns
{1c cgey TN ( h th t
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be detected before treatment and for two weeks following treatment.
The orinin of the antigens after treatment is not known. Further
irvestigations that are needed include:

The fate and longevity of RBC with dead parasites

and intact antigens
. The affinity of binding between scluble malarial

antigens and the surface membrane of RBC

[&n
-

4. Studies on Malarial Serum Antigens

Previous invastigators have shown that soluble malarial antigens are
of a wide diversity. Further understanding in this field is required
and includes:

Identification of soluble antigens which are of Tow
immunoaenicity and are common to plasmodia in various

malarious regions.
6.2. Technical Aspects

6.2.1. fpplication of RIA in the Diagnosis_of Malarial Infections

h . . f‘ 0
Development and use of antimalarial monoclonal antibodies would solve

1

’ g ; in this study.
the problems of sensitivity and specificity experienced 1n Y

; 4 i i imple, rapid,
If defined roagents are available, the technique is simpie, rap

reproducible and free of subjectivity.

i . j dynamic
Parasite-host interactions in malaria are sO y

iz7od by an antigenic
and complex that they are characterizet BY

variation. If application of monoclonal antibodies 1is

; ifferentia-
+ried . monoclonal antibodies to antiqens of all diffe

immuno-
: .11 be necessary for i
tion stages of the parasites il
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ciagnosis. By use of balanced mixtures of different
monocional antibodies, the inherent danger of loss of
sensitivity, when using only one antigen, might be
overcome,

. If RIA is to be developed as an immunodiagnostic tech-
nigque, 1t is with the view that samples collected will
be examined in well-equipped central laboratorics. It
is not feasible under field conditions. Other dis-
advantages to the wide application of RIA include the
hazard of using radioactive reagents which also are
costily and of short life. For these reasons, it has
been nroposed that ELISA is preferrable to RIA in

developing countries.

Preparation of RBC

S
[
L -

In this study, RBC from whole capillary blood were used unwashed.

Horcover, though the cellular components were scdimentod, the laver of

serum was not cut off before storage.

The offect of washing the infected RRC in human malaria

W
of

hefore the antibody-binding-inhibition test requires

investigation.
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Preparation of Sera

detects both antigens and antibodies. For

The assay used presently
atain antibodies can be

al that doos not co

antigen detection only materi .
avoided, they must be in

used. If the presence of antibodies cannot be

et i > is minimal.
offoct in the assay

low concentration so that their
ring soluble malarial

liethods that are suitable for measu
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