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FOREWORD

The current prevalence of communicable diseases in many areas of the
world gives no cause for complacency. Set-backs in control strategies, the
emergence of drug resistance, the effects of environmental changes brought
on by economic development, and the recent advent of AIDS have, amongst
others, contributed to a serious resurgence of infections such as malaria
and tuberculosis. Yet the past decade has seen the development of new
modalities in the study and control of communicable diseases. Many of
these procedures are based on the use of nuclear techniques, principally
the use of radionuclide tracers. Nuclear technology is versatile in that
it can profit from sophisticated technological advances, and it is
characterized by exquisite sensitivity, and precision.

The IAEA, recognizing the important role that nuclear techniques have
in the development of control measures and aware that many aspects of
research would have to be done in endemic regions, embarked on a programme
component some years ago whose objectives are to encourage research in the
development of new tools and to transfer the technology to institutes in
endemic regions.

The programme component is entitled "Nuclear Techniques in
Communicable Diseases". It is implemented in consultation and often in
collaboration with WHO. The implementation is through a number of
vehicles, one of which is information exchange through publications,
symposia and seminars. The two most recent seminars were held for the Asia
and Pacific Region at Bombay in November 1988 and for the Latin American
Region at Belo Horizonte in November 1989. The seminars were attended by
148 clinicians and scientists from 26 Member States. Eighty papers were
presented at these meetings. A selection of these papers are published in
this Technical Document in order to disseminate information on the
nuclear-based technologies available. The publication represents a step
towards the goal of bringing the benefits of medical application of
radionuclides to the Member States.
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INTRODUCTION

Communicable diseases pose important constraints to socio-economic
progress in many Member States in the developing world. Malaria alone is
estimated to be the cause of death of a million children in Africa each
year. The prevalence of tuberculosis is on the increase complicated by
AIDS. The past 15 years has seen the development of new tools, many based
on nuclear techniques, that have led to a considerable increase in our
knowledge of the pathogens and of our understanding of some of the
mechanisms involved in immunity and clinical disease. Clinical problems
both diagnostic and therapeutic are being solved using new approaches made
possible by the advent of monoclonal antibodies and recombinant DNA
techniques. Such techniques are increasingly used in Europe and the USA
and during the 1990s are expected to become the backbone of diagnostic
laboratories, yet many clinicians and biomédical scientists in endemic
regions are unaware of the potential impact of these techniques on our
ability to control disease. Whilst there continues to be a need to develop
even better methods, it is clear that there is an equally urgent need to
develop expertise in the application of these methods by institutes in
endemic regions.

One of the roles of international organizations is to help in the
transfer of such technologies to developing countries, and with this
objective two seminars were organized by the IAEA at Bombay, India, and
Belo Horizonte, Brazil, in 1988 and 1989. At these meetings invited
lecturers and experts from the regions presented papers on their
experiences with the new techniques. A selection of these papers is
presented in this TECDOC. The important areas covered include:

Immunology
Molecular Biology
Immunoassays
Immunoscintigraphy
Two introductory papers by Professor M. Phillips (USA) provide a broad

overview of nuclear techniques used in epidemiology, diagnosis and
pathogenesis of disease, and in the elucidation of cellular immune
mechanisms. The understanding of these mechanisms is important for the
design of vaccines and the formulation of measures that would modulate the
disease.

The current focus of research in communicable diseases is on the
molecular biology of pathogens using nucleic acid techniques, in which
radionuclides are essential. The paper by Dr. N.K. Notani (India)
discusses the potential for applying such techniques in viral encephalitis,
leprosy, leishmaniasis and malaria. The application of biochemical and
nucleic acid techniques for development of a vaccine against malaria is
described by Dr. R. Ramasamy (Sri Lanka). The development of such vaccines
requires the characterization and structural analysis of protective
antigens using radiolabelled amino acids, monosaccharides and lipids.
Parasite proliferation assays, used to identify antibodies that inhibit
parasite growth in vitro, utilize radiolabelled hypoxanthine. The selected
antigens are then synthesized or produced by recombinant DNA techniques and
tested for their potential to stimulate T cell epitopes using lymphocyte
proliferation assays with radiolabelled thymidine. The use of these
techniques is illustrated in the characterization of merozoite surface
antigens of the malaria parasite.



Nucleic acid probes may be used to detect and identify a wide variety
of infectious organisms. Dr. F. Tenover (USA) discusses the use of such
probes in diagnosis. Commercially produced kits are now available for the
detection of a number of bacterial, viral and protozoan organisms in
clinical samples or tissues or growing in culture. 32--Phosphorus and
125-Iodine are used to label these probes to high specific activity. 32p_
labelling remains as one if not the most sensitive means of labelling
nucleic acid probes. The advantages of using probes to detect and identify
infectious agents include the rapid generation of results, the ability to
broaden the spectrum of organisms identified by a clinical laboratory, and
the high specificity of probe-based tests. Nucleic acid probes are making
a positive impact on the diagnosis of communicable diseases.

The sensitivity of the probe method may be further increased by the
use of the Polymerase Chain Reaction (PCR), that can amplify the test DNA a
million or more times. This method enables the detection of even a few
bacteria or viruses in a clinical sample and thus provides a more rapid
method than conventional cultures. The equipment for the PCR is modestly
priced (around US $ 4000) and is thus within the reach of many diagnostic
laboratories.

The nucleic acid probe and the PCR techniques are already being
employed in some institutes in developing countries and several papers are
presented describing their use in the diagnosis of Chagas Disease,
amoebiasis, malaria and infection with the Human Papilloma Virus (HPV).

Assays using radionuclides and other tracers provide sensitive methods
to measure previous and current exposure to infection by the assessment of
antibody and can provide evidence of active disease by the direct detection
of circulating pathogen-derived antigens. The specificity of the method is
improved by the use of recombinant antigens produced by nucleic acid
techniques, and by the use of monoclonal antibodies. The initial
production and selection of both the above reagents often involve the use
of radionuclide tracers. Experience in endemic regions of using
immunoassays for the diagnosis of filariasis, malaria, leprosy and
tuberculosis is presented by several experts.

Other experts from developing countries have presented papers on the
use of immunoscintigraphy for detecting focii of tuberculosis, and the use
of other radionuclide based methods for assessing neurological damage
resulting from tuberculous meningitis and for the study of the
pharmacokinetics of antimalarial drugs.

The TECDOC thus provides information on various new methods available
for the control of communicable diseases. In particular, nine papers on
molecular biology are very useful in apprising institutes in developing
countries of the availability of such methods in the development of control
strategies.



NUCLEAR APPLICATIONS IN PARASITIC
AND COMMUNICABLE INFECTIONS

S.M. PHILLIPS
School of Medicine,
University of Pennsylvania,
Philadelphia, Pennsylvania,
United States of America

Abstract

Nuclear techniques provide powerful tools for the study of communicable
diseases. They are used in epidemiological surveys to determine the incidence
and prevalence of disease, as well as to diagnose current infection and
monitor the efficacy of chemotherapy. The techniques provide a means to
elucidate some of the mechanisms involved in pathogenesis and resistance
resulting from host-parasite interactions, and have an important role in the
development of control strategies.

Nuclear techniques represent the broadest spectrum of approaches
available for the study of parasitic and communicable infections (1).
This contention is based on two major characteristics of nuclear
technology. The first is that this technology profits from very
sophisticated technological advancement. This technology allows the
analysis of transmitted, reflected, and emitted signals which evidence a
wide spectrum of physical and biological characteristics (2). Thus a
multifactorial analysis of a given event is possible and the results are
characterized by exquisite sensitivity, specificity, precision, and
reproducibility. Second, the technology is extremely flexible and can
therefore be applied to a wide range of organisms. This is extremely
important since infectious agents vary in size from 10~8 to 10""-'-
meters, evidence wide variations in life cycles from obligate
intercellular to extracorporial growth capabilities, reproduce within
minutes or often not for years, and represent an incredible spectrum of
challenge to man (3).

Radiobiological approaches are being applied at three general levels
of approach to parasitic and communicable infections (4): Epidemiologie;
Clinical; and Experimental.

Epidemiologie Approaches
Epidemiology, derived from the Greek, "Epidemos" or "upon the

people", is a description of interactions of the phenomenon under study
at the population level. In this case, it describes the relationship
between an infectious disease and a human host. Classically thought of
as primarily descriptive or static, the discipline of epidemiology has
recently taken up a dynamic guise, allowing for analytic and experimental
analyses as well.

Descriptive epidemiology classically dealt with the incidence,
prevalence, and intensity of disease. Here radiobiologic techniques have
been pre-eminent. For example, radioimmunoassays utilizing 125j
labelled antigens or antibodies have provided very flexible approaches



for the detection of antibodies through sandwiching techniques and solid
phase adsorption, competitive antibody labelling as well as
immunoprecipitation such as Farr technology. Similar technology has
permitted the assessment of circulating antigen utilizing
radioimmunoprecipitation with polyethylene glycol, solid-phase
adsorption, labelled antibody inhibition, and inhibition of anti-idiotype
interactions (5). In addition, evidence for active infection by a given
agent utilizing radiobiologic techniques and parasite products has also
proven feasible (6). Additional studies utilizing cell mediated immune
analysis have provided epidemiologic evidence for exposure utilizing
cellular footprints. For example, the ability of cells to proliferate in
response to antigen is measured by tritiated thymidine incorporation and
the release of biomolecules of communication such as IL-2, interferon,
IL-4, GM-CSF, etc. are detected by radioimmunoassays. In addition, the
presence of cytotoxic effector systems utilizing the inhibition of
infectious agent growth as measured by impaired uptake of precursors of
nucleic acids such as DNA (̂ H) or RNA (̂ UH) or amino acids (^H or
l^C) such as proline, etc. have provided evidence for activation at the
effector level. Direct killings can be assessed via the release of Cr or
Ru from previously labelled infectious organisms, providing an
opportunity to measure actual cytotoxic potential. Molecular biological
technology utilizing 125j or 3jj labelled RNA or DNA fragment probes
have similarly provided an opportunity to detect the presence of both
proliferating and resting organisms and/or their biological products.
Thus, radiobiological approaches have provided very sensitive indices of
incidence, prevalence and quantitative intensity of past and current
infection and have allowed an initial description of the spectrum of
disease expression on a number of levels.

Analytic epidemiology seeks to further dissect the host: infectious
disease relationship at a kinetic level. The sequential measurement of
parameters such as those described above allows for a dynamic description
of the relationship. Localization of parasites, migration through the
infected host, the production by and effects of a variety of parasite
products can be analyzed. In this vein, the induction of host morbidity
and effects of treatment fall in aegis of the epidemiologic description.

Experimental epidemiology approaches disease mechanisms. Within the
laboratory, utilizing more carefully defined animal: infectious disease
models, precise measurements of the kinetics of agent growth,
distribution, differentiation, and development can be attained. Variable
levels of analysis can be obtained. These range from extracoporal
imaging proteins utilizing intact animals, through in vitro effects which
analyze cellular and humoral constituents, and ultimately to a molecular
biological assessment with probes of nucleic acids and post translational
products.

Clinical Approaches
In many instances radionucleotide approaches represent the only

feasible modes for monitoring the impact of an infectious disease process
upon man (2, 7). As illustrated in Table I (2) a wide variety of imaging
modalities with varying properties and tissue characteristics can be
utilized.

Classically radiography, with the production of a diagnostic image
from x-rays transmitted through the body, was the first approaches and
most universally applied approach. X-rays are electromagnetic
radiations, which resemble visible light; but, because of their higher
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Table I: Imaging modalities, radiation types, and tissue characteristics

Modality Imaging
Property

Major tissue
Characteristics

Radiography Transmitted x-rays

X-ray computed tomography Transmitted x-rays
Transillumination Transmitted light
Photon absorptiometry Transmitted Y-ravs

Ultrasound

Nuclear medicine

Magnetic resonance

Thermography

Reflected ultrasound

Emitted Y-ravs

Emitted radiofrequency
signals

Emitted infrared
signals

Atomic number
Physical density

Physical density
Light adsorption
Atomic number
Physical density

Acoustic impedance
mismatches

Differential uptake
of radionuclide

Proton density
Relaxation times
Flow rates
Temperature

Adapted from Reference #2

energy spectrum can penetrate the body with greater efficiency. By
analyzing interactions of photoelectric effects and beam scattering,
precise radiographs representing characteristics of tissues varying in
density can be attained. The use of radiography in which a pencil-fan
shaped beam of x-rays is directed onto the patient from many different
angles has permitted the development of computerized tomography. The
x-rays are subsequently subjected to electric sensor analyses in
ionization chambers or scintillation detectors. The signals from the
detectors are converted into digital forms which are then reconstructed
by computer algorisms to yield an image of the patients anatomy.
Radiobiologie techniques have been utilized to detect the presence and
consequences of virtually any infectious agent. For example, many viri,
bacteria, fungi, or parasitic infection, having a pulmonary migratory
phase, results in increased inflammation which can be detected by chest
roentenography. Using this information a wide variety of parasites such
as Onchocherca or Paragonimus can be detected and differentiated from the
various other causes of tumor masses. For example, onchomas can be
differentiated from neoplastic processes. The selected injection of
"dyes" which are confined to lymphatics can permit the differentiation of
lymphatic obstruction due to filariasis, such as Wuchereria bancrofti or
Brugia malayi as opposed to lymphoma. Dracunculiasis results in linear
inflammation, often calcified, which permits the radiographie
identification of the guinea worms. These worms may reach lengths of 120
cm and when combined with venographic techniques radiobiologic studies
can differentiate the parasite from other causes of infiltrative
infectious disease or phlebitis.
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Reflected imaging, primarily ultrasonography, analyzes reflected
pulse or ultrasonic energies from the interfaces, which separate
structures with different acoustic impedances. This technology is widely
field applicable and can provide essential information relative to the
presence or absence of soft tissue densities with or without central
cavitary formation as well as complications of infectious agent growth,
such as altered heart valve movement in endocarditis or Symmers fibrosis
(8).

Emission imaging or nuclear medicine utilizes a pharmaceutical,
tagged with one or more reactive atoms, administered to a patient and
analyzed for specific accumulation of radioactivity. In this regard
6?Ga and 99i;cm are especially useful in detecting abscess formation
by infectious organisms. Positron tomography, which analyzes isotopes of
biochemically important elements of carbon oxygen and nitrogen which emit
photons, have proven especially important in the localization of
infectious processes and the evaluation of their consequences. For
example, l̂ ujĵ  has proven useful in the evaluation of hepatic
function during infection with schistosomiasis. ^-^2 has been useful
in the analysis of consequence of viral cerebritis and cysticercosis.

Thermography detects infrared radiation (heat), which emanates from
bodies of all warm blooded creatures. The amount of radiation admitted
varies with the temperature of the body surface and reflects the degree
of underlying circulation which in turn is determined by inflammatory
responses secondary to the effects of an infectious agent. Progress of
cellulitis as well as the migration and successful treatment of the
guinea worm is an example of the use of thermography.

Magnetic Resonance Imaging (MRI) represents the newest entry into
the area of diagnostic imaging. The patient is placed in a strong
magnetic field and subjected to short pulses of radio-frequency energy,
resulting in radio signals elicited from the human body. These signals
can be analyzed in terms of the distortion of their emitted pathways by
the magnet fields and compiled into images that reveal certain attributes
of body tissues. For example, images can portray the density of the
protons within tissues. Through the addition of radioisotopes such as
phosphorous and sodium, the chemical bonding of these elements within the
body can be detected. Emitted signal analysis produces the most
sensitive and specific medical imaging techniques to date. The
sensitivity of this technology is so great that it can measure millimeter
changes in lesions as a function of disease evolution. For example, the
changes within the brain detected by MRI, associated with Taenia solium
treatment with Praziquantel, have provided a very sensitive index of
efficacy of therapy as well as the established necessity for the selected
use of immunoinflammatory suppressive agents. The newer techniques can
actually detect the physical presence and quantify the presence of
individual parasites and quantitate the metabolic consequences of such
infections in specific internal organs. Clearly this more sophisticated
resonance imaging technology requires an increasing investment in
equipment, sophistication of training, support logistics, and analytic
capability; however, the approaches after tangible benefits in diagnosis
and treatment. For example, 6-8 weeks are often required for
osteomyelitis to demonstrate definitive changes in bone utilizing
traditional roentgenology. Computerized tomography can often show
changes within 2-3 weeks and MRI may be positive in 4 days.
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Utilizing this great flexibility of approaches a number of modes of
applications of radiobiological techniques have been developed. The
various technologies have been particularly valuable in a number of modes
including: DIAGNOSIS, PROGNOSTICATION, THERAPEUTICS, MORBIDITY, INDUCED
PHENOMENON, PATHOGENESIS, AND RESISTANCE.

Diagnosis
As previously described, a number of imaging techniques are

available for the detection of the presence and effect of infectious
agents within the body. In addition, serological assays utilizing a
variety of radioimmunological approaches can detect the presence of
infectious agents due to their stimulation of an immune response. This
technology can detect antibody responses, the presence of circulating
antigens of unique parasite characteristics, and evidence for cellular
sensitization. In addition, the intensity of disease can be assessed
through quantitative evaluation of antigenemia or tissue density of
antigens. The technology can be applied over a wide variety of
approaches ranging from traditional sérodiagnostic immunoassays through
molecular biological hybridization techniques. These latter techniques
carry the advantage of not requiring the presence of proliferating
organisms since resting organisms can be detected through the measurement
of their RNA or DNA as well as the detection of the transcriptional
products of the parasite. In situ hybridization techniques permit the
detection of organisms in tissue and DNA chain length extension
techniques are the most sensitive way to detect infectious agents.

Prognostication
Radiobiological techniques have been utilized to assess the genetic

propensity for disease development. Approaches have included assessment of
Class I or Class II histocompatibility antigens utilizing chromium labelled
leukocytes, and assessment of specific T cell receptors as they impact upon
the recognition of specific infectious disease determinants. These studies
have further emphasized the importance of defining the spectrum of disease
manifestations both in terms of the multiple manifestations given by
infectious agents as well as the multiple responses of hosts to the same
agent. These studies have provided essential information relative to the
relationship between immunopathologic and immunoprotective responses. Within
this concept there is tremendous variation of the clinical manifestations of
infectious diseases. The pathology resulting primarily from contributions of
both the parasite and the host. It is useful to view this phenomenon
conceptually (9). The radiobiological techniques have provided the strongest
evidence to suggest the reality of the approach. The total immune response
ranges from "hyper" to "hypoergic" poles. The spectrum of disease is
determined by the relative dominance of "helper" vs. "suppressor" modulatory
phenomenon. The relative salience of a given parameter is contingent upon the
unique aspects of the host and parasite. The hyperergic state tends to be
dominated by the immunopathologic consequences of the host dependent
mechanisms with relatively good containment of the infectious agent. The
hypoergic state is associated with relatively uncontrolled organisms growth
and the pathologic consequences are related to this phenomenon. The total
immune response can be divided loosely into two categories: those which
control disease and thus minimize organism associated pathology and those
which produce pathology per se. These two aspects need not to be consonant
kinetically or mechanistically. The clinical disease is most salient when the
two aspects of the immune response are most dissident or when the control of
the growth of the infecting organism is not attained. Immunologically, the
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body seeks to attain that homeostatic balance of immunologie responses which
will maximize resistance and minimize morbidity. Undoubtedly the goal is met
with varying success with each organism host relationship. The radiobiologic
techniques are most useful in determining: 1. unique genetically determined
host immune responses; 2. the variance of the infectious agent and relative
effectiveness of the initial host defense mechanism; 3. the development of
secondary or modulatory phenomenon; and, 4. the consequent development of
morbidity.

Therapeutics
Radioimmunologic techniques can measure the specific response to

therapy. For example, renal immunopathology can be quantitated utilizing
scans and hepatic pathology can be analyzed by ultrasound. These approaches
give an accurate description of the relative functional and anatomic
distortion caused by disease such as schistosomiasis. The resolution of
lesions and other criteria of morbidity, which occurs as a consequence of
successful treatment, or the evolution which occurs as a consequence of
reinfection, provide sensitive indices to therapy and prognosis. Finally, the
disappearance of parasitic components represents definitive evidence of cure.

Morbidity

Radiobiological technology can aid in the assessment of the various
aspects of morbidity. These include assessment of non-specific parameters of
well-being such as serum protein levels, growth specific immunological
aberrations such as hyper- and hypogammaglobulinemia or immunosuppression at
the cellular level (10). In addition, specific forms of morbidity can be
assessed and followed in a quantitative prospective mode. Thus these
parameters would define the natural history of disease.

Induced Phenomena

It is very clear that a number of complex interactions between the host
and parasite result in either the augmentation or suppression of pathology of
affected defense (11). The effects of the infection upon the host both in
terms of the direct production of morbidity as well as indirectly through the
effect of infection on the immune system can be monitored utilizing a variety
of external and internal monitoring techniques. In addition, unique pathways
of the parasite can be assessed, especially since radiobiologic techniques
allow the in vivo incorporation of precursors, in vitro precursor
incorporation, and in vitro exogenous introduction techniques. This permits a
maximum number of tools to analyze the host : infectious organism interactions
in concert.

Pathogenesis
Various modes of host morbidity can be described. This permits a

dissection of the host response to the infectious organism at several levels.
Initial afferent sensitization with recognition of parasite products,
development of central immunological potential, and the expression of various
effector pathways can be assessed (3). In addition, the direct assessment of
the effects of parasite induced morbidity is feasible utilizing a variety of
in vitro techniques. The level of these responses can be analyzed at a number
of points ranging from the intact host through selective analyses of humoral
and cellular reactivity, assessment of the various biochemical mediators of
inflammation (including products of activated lymphocytes, granulocytes, and
the arachodonic acid pathway), as well as the presence of various inhibitors
of immunological responsiveness or inflammatory capability. This context of
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radiobiological techniques can quantitate the presence of pathologic
immunological reactants, the effects on basic metabolic processes such as
nutrition, the response of various constituents of the host resistance
mechanisms, the presence of various immunological abnormalities. Thus the
modes of parasite induced morbidity may be quantitated.

Resistance
The paradox of immune reactivity in the spectral expression of disease is

critical. Radiobiologie techniques can study the resistance phenomenon at the
immunological clonal receptor, amplification and effector levels. Morphology,
function, pathophysiologic consequences and biochemical changes can be
quantitated.

Experimental Approaches
The final category of application of nuclear approaches to the study of

parasitic and communicable infections lies in experimental design. Major
categories of approach include:

1. Cell biology: The fine structure of infectious agents and
constituents and modes of interactions with host can be described utilizing a
variety of approaches: for example, electron microscopy with radiolabelled
antibody or lectin markers.

2. Pharmacological approaches: The measurement of the fate and
distribution of radiolabelled parasites, therapeutic agents, and host
reactants can be performed. Identification of unique parasite pathway is
feasible. Finally, an analysis of pathologic and resistance mechanisms is
possible at the biochemical level.

3. Immunological approaches: These techniques have been highly
developed. They include assessment of antigenic processing, presentation, and
receptor ligand interactions, the subsequent development of the central
immunological potential, differentiation into a variety of effector modes
including cellular and humoral mediators of cytotoxic reactions. Complement
mediation of cytotoxic reactions, opsinization, and direct cell killing are
examples.

4. Molecular biological approaches: This "new" technology permits the
description at a molecular clonal level of the building constituents of the
infectious agents and elucidation of important aspects of organism growth or
differentiation, and pathogenesis of disease. Many approaches provide an
opportunity to examine the basic construction and function of the infectious
agents, develop exquisite probes for the detection of a variety of infectious
products, assess the growth and differentiation of the infectious agents and
analyze the nature of the host response. These latter techniques include the
utilization of a variety of radioisotopes including 32p? 35s, and %
both in gel analyses to detect RNA, DNA, and proteins as well as in situ
hybridization techniques (12).

Summary
The flexibility and technological sophistication of radiobiological

techniques have provided a wide spectrum of approaches for the understanding
of disease processes in man. Contributing deeply to the disciplines of cell
biology, immunology, and molecular biology, the technology has provided
important insights into the epidemiology, clinical manifestations, and basic
understanding of disease processes.
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APPLICATIONS OF RADIONUCLIDES IN THE
STUDY OF CELLULAR IMMUNE MECHANISMS IN
HELMINTHIC INFECTIONS

S.M. PHILLIPS, PJ. PERRIN
School of Medicine,
University of Pennsylvania,
Philadelphia, Pennsylvania,
United States of America

Abstract

Radionuclide techniques have been utilized in a variety of venues to
elucidate the cellular basis of immunity and immunopathology. These
techniques are powerful tools in the definition of antigens or epitopes
relevant to the immune system. Incorporation labelling of living parasites as
well as external labelling of secreted or derived products has been
accomplished. These labelled antigens have been used as markers for
purification, assessment of immunological reactivity, and measurement of the
fate and distribution of epitopes.

Such techniques have also been used to study the diversity of the immune
response and to sequentially assess the stages of immunoreactivity. The
nature of the T cell repetoires responsible for resistance or the regulation
of pathology has been quantitated.

Man has developed a wide spectrum of defence mechanisms against invasion
by parasites. These defences include both static barriers to parasite evasion
as well as dynamic evolving phenomena which are based primarily on the immune
response (1). Parasite infections typically stimulate a multitude of
immunological defence mechanisms; for example, multiple antibody and cell
mediated pathways of immunity have been shown to be critical aspects of
resistance.

The response which predominates depends in part upon the specific
parasite but also upon unique, poorly defined genetically and environmentally
determined characteristics of the host. However, within this complex spectrum
of responses it has become clear that cellular immune mechanisms are highly
relevant to effective immunity to helminthic infections (2). Radionuclides
have been effectively utilized to define the constituents of this cellular
immune response, the dynamic interactions of these participants, and the
effector consequence of host immune attack upon the parasites.

In order to consider the general principles of cellular immunity to
parasites, it is first necessary to illustrate the general sequence of
cellular activity which ultimately determines the efficacy of the co-ordinated
response of the immune system to helminthic infection (3). Figure 1
demonstrates the general characteristics of a cell mediated immune response.
Antigen or immunogen, most commonly derived from the surface membrane of
invading parasites, is first processed by antigen presenting cells. These
cells, generally of the phagocytic monocyte series express class II
glycoproteins (la antigens) and can act to optimize antigen presentation to
T-cells. In general, these antigen presenting cells are coactivated by the
initial steps of the immunological process and interact with the T-cell on a
number of levels. First, they present antigen within the context of the major
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histocompatibility locus; second, they provide a number of soluble mediators
of communication, such as interleukin 1, which further stimulate T-cell
reactivity; third, the cells respond to trophic factors of the T-cells;
fourth, they mediate certain non-specific suppressive regulatory events; and,
fifth, they provide effector cells capable of responding to influences
provided by the T-cell (4).

T-cell reactivity, once initiated, is further orchestrated by the
interactions of a wide variety of subpopulations (5). Following the
stimulation of the initial immune response, T lymphocytes will proliferate in
response to a variety of other cytokines or lymphokines and produce a variety
of secondary subpopulations. Some of these populations react to antigen and
provide "positive" immune responses. These cells are generally known as
helper cells. Some of these cells (TĤ ) are servo-regulated by interleukins
such as IL-2. They express receptors of high affinity for this interleukin as
a consequence of their activation. These cells primarily determine the
intensity of subsequent cell-mediated immunity and the IgM, IgG, IgA antibody
responses. A second population of T-cell (TH2) is responsive to IL-4 and
primarily determines the IgE response. Additional T-cell populations, acting
in both inhibitory and stimulatory modes, regulate the intensity,
heterogenicity, and specificity of the immune response. These "suppressor"
cells mediate their effects through direct interactions or through indirect
inductive mechanisms.

It has been increasingly recognized that the intensity, specificity, and
heterogeneity of the immune response has been primarily derived from
genotypically defined networks of bi-directionally communicating antibody and
cell mediated circuits (6). The regulation of these networks is contingent
upon the expression and recognition of complementary receptors or idiotypes
which are subject to immunological modulation. These interactions can be
effectively regulated at the clonal level by a process of auto-anti-idiotypic
immunity (7). Idiotypic regulation has been shown to be of potential
importance in the regulation of the protective immune response to helminthic
infections such as schistosomiasis (8) and anti-idiotypic immunization can
result in the production of specific immunity to the parasite (9).

Following their initial interaction of macrophages and antigen, the
T-cell subpopulations which have demonstrated clonal expansion through cell
division are relatively undifferentiated in terms of function. Additional
maturation of these cells occurs with the subsequent development of their
direct or indirect effector functions. The process of differentiation and the
signals for this process has been analyzed utilizing nuclides especially in
the area of molecular metabolism. The effector populations include: cytotoxic
T-cells which can act directly to kill target cells; activated lymphocytes
capable of producing lymphokines which can interact with other intermediary
cells such as macrophages and stimulate these latter cells to become effector
cells; specific helper cells which are synergized with B cells to produce
effector antibody; and memory cells capable of producing anamnestic
intensified responses upon reexposure to antigen. The reactions ultimately
are mediated through the release of a wide variety of effector moleculares and
enzymes released by the activated cells (10).

An identical complex cascade of cellular interactions occurs in the
co-ordinated response of the host to a specific helminthic infection (3)
(Figure 2). In each step of this co-ordinated response, radiobiologic
technology has been utilized in a variety of venues to elucidate the cellular
basis of immunity to and immunopathology resulting from helminthic infection.
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First, these techniques have been powerful tools for the definition of
antigens or epitopes which are relevant to the immune system. Incorporation
of various radiolabels (3H, 14C, 32P, 35S, etc.) by living parasites
well as external labeling of secreted or derived products have been
accomplished using nucleic acid, aminoacids, lipids, and carbohydrate
precursors. Other selected specific isotopes such as those derived from Se,
Te, or I, have been used as markers for extracorporal or tissue level
monitoring of parasites. En toto, the approaches have facilitated antigen
purification, the assessment of immunological reactivity judged by
quantitative binding and presentation; measurement of the fates and
distributions of the epitopes both on intact migrating parasites and in the
form of solublized derivatives.

Next the diversity of the immune response has been quantitated.
Specifically the nature of the T-cell repertoires, responsible for resistance
or the regulation of pathology, have been quantitated on a population level.
The various classes of T helper and T suppressor cells have been specifically
labeled and purified. Specific cellular depletion has been confirmed and
quantitated using 51Cr release. These cell populations have subsequently
been assessed for direct effects as well as indirect or blocking regulatory
events. The specificity of these responses have been further enhanced through
the production of specific T clones, monitored in vitro for specific antigenic
reactivity by radiobiological techniques, such as nucleic acid precursor
incorporation or the release of lymphokines analyzed by RIA. Subsequently
cells have been analyzed for specific antigenic reactivity by radiobiological
techniques, such as nucleic acid precursor incorporation or the release of
lymphok^jves analyzed by RAI. Subsequently cells have been analyzed for
specific immunological effector reactivity using 51Cr or Ru release or
autoradiographic detection with 3H-labelled antibody.

Following the definition of the components of the immune response,
radionuclides have been used to sequentially assess cellular interactions
during the sequential stages of immunoreactivity. Major areas of emphasis
include kinetic analyses and stochiometric "titration" approaches. The areas
of interest include:

1. Initial antigenic binding by macrophages and B cells as well as
subsequent trafficking and antigen presentation to reactive T lymphocytes;

2. The assessment of central immunological mass potential and its
development; specifically, cellular replication, recruitment, and activation
have been quantitated through radiobiologic techniques;

3. The subsequent differentiation and function of immunologically
competent cells; assessments have utilized bacteriocidal or parasitic killing
capability, phagocytosis and activation of intracellular pathways such as the
burst of oxidative phosphorylative activity. Similar techniques have been
used in the assessment of immunopathologic potential.

Molecular biological techniques have been utilized to assess the
structural basis of the immune response. These techniques, through the use of
cloning and sequencing technology, have facilitated a revolution in the
required level of definition of target epitopes, immune reactants, and modes
of interactions. The specific production, structure, and function of
cytokines and interleukins, i.e. the molecules of molecular communication,
have been determined. Lymphokines, monokines, interleukins, growth factors,
and various monomeric mediators of regulation have been studied. In addition,
more complex regulatory products of various subpopulations of cells with
immunological and genetic restriction have been studied. For example,
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heterodimeric molecules, analogues to T-cell receptors, have been demonstrated
and are being subjected to analysis.

Utilizing a variety of radionuclides including 32P, 35S, 3H, 14C,
, 125jf etc., a wide variety of techniques have been developed. These

include: gel ID and 2D analysis of proteins (Western Blots), RNA (Northern
Blots), and DNA (Southern Blots); cloning detection technologies; expression
technologies by pro- and eukaryotic cells in situ by hybridization; etc. (11).

To provide one specific example of how radioisotopes can be used to
understand immunological regulatory phenomena, we wish to present recent data
from our studies on the importance of the previously described idiotypically
determined regulatory pathways vis-a vis resistance to schistosomiasis (12).
These investigations emphasized both quantitative and qualitative differential
regulation of the functional immune response to S. mansoni, the recognition of
specific antigen epitopes, responses of specific idiotypic phenotypes, and the
development of anti-paratopically directed anti-idiotypically regulatory
responses. The studies expand previous quantitative observations to provide
insights into the potential ability of auto-anti-idiotypic regulation to
selectively affect various functions of the immune response and/or determine
the precise patterns of dominant immunological reactivity vis-a-vis idiotypic
expression.

Mice were immunized utilizing lymphoblasts produced by cells obtained
from animals exposed to S. mansoni or other antigens. The lymphoblasts were
produced by the _in vitro stimulation of lymphocytes by that antigen used to
immunize the cell donor animal. The proliferative response of the cells was
confirmed by 3H-thymidine incorporation. The blast cells were then injected
into animals to produce an anti-lymphoblast response, i.e. a response against
cells bearing specific receptors for the schistosome or control antigens. The
animals were subsequently exposed to °®Co irradiated cercariae, a procedure
known to induce high levels of protective immunity against the parasite. The
effect of the previous lymphoblast immunization upon the quantitative
development of the immunity has been previously described (12). The anti-
lymphoblast reactivity resulted in the down-regulation of the development of
resistance to schistosomiasis and the inhibition of a number of cellular and
humoral immune responses to the parasite. Our current studies address some of
the mechanisms of these altered reactivities at a qualitative and clonal
level. The data shown demonstrates qualitative effects of the auto-anti-
idiotypic regulatory stimulation upon B and T-cell functional avidity.

Antigen binding studies utilizing 13lj labelled antigen and
quantitative binding demonstrated that the titer and functional avidity of the
antibody produced in mice immunized with anti-schistosome cercarial immunogen
directed (SCI-LBM) lymphoblasts were reduced (Figure 3). Both the intercept
and slope of the antibody binding curves were significantly reduced when
SCI-LBM sera were compared to sera obtained from mice immunized with
lymphoblasts which were directed against other antigens such as KLH or
produced by the lectin, Conconavalin A. Scatchard analyses, derived from
quantitative binding of increasing amounts of 131I-SCI antigen substrate,
confirmed the significance of these changes.

Studies utilizing antigen mediated blast transformation, assessed via the
criteria of 3H-t incorporation, demonstrated analogous changes in cellular
functional avidity and reactivity. SCI-LBM derived T-helper lymphocytes
required greater amounts of antigen for maximum antigen mediated blast
transformation than did those obtained from animals immunized with non-SCI
directed lymphoblasts (Figure 4). In addition, the range of antigen
concentration for optimal induction of antigen mediated blast transformation
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by SCI-LBM cells was broader. Scatchard analysis, utilizing increasing
amounts of l^lj-gci, showed a significant decrease in the number of binding
sites on a significantly lower functional avidity for antigen of cells
obtained from SCI-LBM (Figure 5). Both the intercept and slope were
significantly reduced.

In summary these studies suggest that lymphoblast immunization results in
both a quantitative decrease of the total immune responses, as previously
described, and also causes a qualitative decrease in the relative efficiency
of that immune response. The findings suggest that idiotypic regulation may
have a variety of very profound effects on the nature of the immune response
to schistosomiasis. Specifically by differentially regulating both
qualitative and quantitative aspects of the intensity of the immune response,
very "fine-tuning" of specific epitopic recognition is possible. The
idiotypic regulatory network might then influence the delicate balance between
protective, ineffective, modulating, or immunopathologic mechanisms. A
further understanding of the precise nature of the expression of this
symphonic regulatory matrix is necessary. This knowledge would enable the
selection of specific regulatory pathways to produce the optimal protective
immune response.

SUMMARY

Radionuclide techniques have been very important in the definition of the
components of the immune response and assessment of their subsequent dynamic
interactions and the consequences of these reactions. As a result of the
co-ordinated application of these technologies, significant advances in the
understanding of mechanisms of resistance to helminthic disease have been
accomplished.
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DNA TECHNOLOGIES FOR DIAGNOSTICS AND
VACCINES FOR INFECTIOUS DISEASES

N.K. NOTANI
Biomédical Group,
Bhabha Atomic Research Centre,
Bombay, India

Abstract

In certain parts of the world infectious diseases are still a big
problem. Although, chemotherapy and the control of the vector, where
involved, would be the methods of choice for eradication of the disease,
development of resistance to either the antibiotic or the pesticide
require, that other methods are also applied. Vaccination has been highly
successful in controlling some diseases. A potential for such applications
exists also in diseases like encephalitis, leprosy, leishmaniasis and
malaria which are caused by a virus, a bacterium and parasites
respectively. At least three of these diseases are in an epidemic form in
North India. There is a tremendous hope that the new recombinant DNA and
nuclear techniques will not only be of help in an early and swift diagnosis
of the disease-causing organism but also in the development of vaccines.
This article deals with some of the recent progress made in the diagnosis
and vaccine production of these diseases.

Introduction
The picture on the infectious disease front looks grim. In India,

during the last 3 months, there have been at least 3 killer epidemics -
from encephalitis virus, leishmania and malarial parasite. Besides,
leprosy is also endemic in certain parts of the country. These 4
infectious diseases have been chosen for discussion either because these
are currently the major health problems or they have some interesting
features making them attractive for research.

All the four diseases have a complex life history and some of the
infectious agents have more than one host for multiplication. Secondly,
these agents interact with the human system in a very intricate way. A
useful generalization may be to bear in mind that on an average a viral
genome may code for about a dozen to 300 genes, a bacterial genome for 2000
or so genes and a eukaryotic genome from 4000 genes and up. On the other
hand, mutations may occur with a very high frequency as for example, they
do in AIDS virus and influenza virus - which creates new problems for
diagnosis, vaccines and drug design.

Three or four general strategies are adopted for the control of
infectious diseases. Early diagnosis, vaccination and chemotherapy. In
the situations where there is transfer through mosquitoes or ticks from
alternate hosts, control of the vector and of the infection in the
alternate host are additional measures to be taken. This paper looks at
the problems of disease control from the perspective of genetics, since
molecular genetics now provides powerful tools in the form of radiolabelled
DNA probes and clones of selected segments, useful for diagnosis as well as
for vaccine design.
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Molecular techniques in DNA diagnostics
DNA (Southern) blot technique is a very versatile one. In this

technique, DNA is first digested with a restriction nuclease which may
yield a number of fragments but of fixed size. These can be separated by
agarose gel electrophoresis and blotted on to a membrane-filter. These are
denatured and form the target sequence for a ^^P-Ial>elled or
35s-labelled DNA probe. The probe or the detector DNA molecule is
usually a segment of cloned DNA. Its hybridization with the target
molecules indicates the presence of sequences homologous to the probe.
Sensitivity of detection is so high that the DNA of a single hair or a
small volume of blood, lysed and bound to filter membrane, can be used as
the target for diagnostics.

DNA sequence analysis is accomplished either by the so-called dideoxy-
nucleotide method or by chemical breakage induced at specific nucleotide
sites. In the dideoxy method, a synthethic end-labelled oligonucleotide is
used as a primer. Four different chain-extending reactions are set-up,
each containing the identical primer and the template to be sequenced mixed
with three deoxynucleotides mixed with one of the chain-terminating
dideoxynucleotides. When separated on polyacrylamide gels by
electrophoresis, chain lengths are separated lengthwise differing in a
single nucleotide length forming a kind of zigzig ladder from which the
sequence can be read after autoradiogrphy (1).
Japanese Encephalitis (JE):

It has a fairly wide distribution and is prevalent in Asia, southern
USSR, much of China, Japan, Taiwan, Philippines and India. It has a
mortality rate of 8%, neurological residual effect on 30% and persistent
mental disturbance in 10% of the cases. A recent epidemic in North India
has already killed more than 1400 persons.

JE virus belongs to Flavivirus arthropod - borne virus group B. This
group includes also the Dengue and Yellow Fever virus. These viruses can
replicate both in invertebrate (mosquito/tick) and vertebrate (man) hosts.
It is a RNA virus (2). The invertebrate host of the JE virus is generally
a species of Culex mosquito. Man •» mosquito •» man cycle probably does
not occur on any significant scale, and although swine are implicated as an
alternate host, it has been proposed that the 'Basic Cycle' goes through
birds in India. The inactivated Nakayama strain of the virus grown in
mouse brain, is used as a vaccine of which only about 2 million doses are
being produced in India (3). Inactivation with radiation of JE virus is
being tried in a collaboration between ICMR Virus Research Centre, Pune and
FT&EE Division of BARC.

Leprosy;
The prevalence worldwide of leprosy has been estimated to be between

ten and twelve million cases, the disease being endemic in Asia, Africa and
Latin America. The causative organism Mycobacterium leprae can develop
resistance to the commonly used chemotherapeutic drug to Dapsone, and thus
a vaccine would be useful. Although both humoral and cellular immune
responses to the infection occur, cellular immunity apparently determines
the outcome of the infection. In lepromatous leprosy patients, there is a
specific deficit in Cellular Immune Response (CIR) which then allows an
unlimited replication and spread of the mycobacteria. Tuberculoid leprosy
patients suffer from enhanced CIR resulting in the destruction of nerve
endings (5).
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An important 65 kD antigenic protein of M. leprae has been
characterized. It is somewhat similar to heat shock proteins. This
protein contains an M. leprae B cell epitope and a number of T cell
epitopes. A HLA-DR2 restricted, M. leprae-reactive T cell clone 2F 10 has
been isolated from a human tuberculoid leprosy patient which seems to
proliferate in an in vitro situation specifically in response to
M. leprae. At low concentrations only Dharmendra lepromin or Armadillo-
derived M. leprae induce a good proliferation response. Only M. vaccae at
high concentration induces a fair response. None of the other 18
mycobacterium species tested including M. tuberculosis induced any response
(5).

In order to characterize the epitopes involved in inducing this
response, 65 kD protein of M. leprae produced from E. coli was tested. It
gave a good response along with Armadillo-derived M. leprae. However, 65
kD protein from M. bovis BCG from E. coli gave no response. Sequence of
the minimal peptide (the so-called peptide 17) for stimulation of clone 2F,
10 has been determined and shown to be L Q A A P A L D K L. It is flanked
by leucine at either end and omission of either leucine results in the loss
of stimulatory activity. A specific monoclonal antibody III E9 also
inhibits this activity. Similarities have been noted between peptide 17
and an HLA DR2 peptide. It is from the third hypervariable region of the
DR2 B3 chain that stimulates proliferation of 2F10 although with a 100-fold
lower efficiency. DR2 allele is apparently present only in about one third
of most populations. Its role in pathogenesis of tuberculoid leprosy is
suggestive (5).
Leishmaniasis:

Leishmaniasis is caused by at least 14 different species or subspecies
of leishmania^ There are 3 types of leishmaniasis: i) simple cutaneous,
which is often self-limiting, ii) mucocutaneous, involving destruction of
nasal tissue and iii) visceral disease, a systemic infection which is fatal
if not treated. The parasite is transmitted by a sandfly vector.
Generally the diagnosis is done by direct examination of tissue biopsy or
by a delayed type of hypersensitivity reaction (Montenegro test). Direct
treatment requires that the strain is identified.

DNA probes are useful in that first of all it eliminates the need for
culturing of the parasite. The major new world species of leishmania can
be distinguished by DNA probes of total kinetoplast DNA (kDNA). Sample
from the lesions can be directly applied to a nitrocellulose filter and
processed further. In a. comparison of tests (Montenegro, DNA
hybridization, culture and histopathology), DNA hybridization test was more
sensitivive than either culturing or histopathology tests. It was positive
in about 80% of the patients detected by Montenegro test. Montenegro test
is an immunological test. So there is a possibility that it is positive
even in patients with previous infection or cross-reacting antigen. On the
other hand, kDNA probes used may not be appropriate for all patients. For
old word leishmania, even the species cannot be distinguished. Subcloning
or some other constructs may help in distinguishing old world species and
subspecies. Sandflies can be directly squashed on nitrocellulose filters
and checked for the presence of leishmania by suitable DNA probes (6).
Malaria;

Malaria parasite Plasmodium falciparum has a complex life cycle with
stages in the female anopheles mosquito and in the liver and blood
(erythrocytes) of the intermediate host (man). Symptoms are caused by
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asexual parasites and these proliferate in erythrocytes. Sporozoites
released by mosquito in the human system enter hepatocytes and form
schizonts which release merozoites into the blood. Merozoites infect
erythrocytes. Merozoites multiply in erythrocytes and rupture them. Some
of these differentiate into male and female gametocytes. These are picked
up by the mosquito and these develop into male and female gametes.
Fertilization occurs and the zygotes develop into ookinetes which invade
the gut where Sporozoites form within oocyte. Sporozoites next migrate to
the salivary gland of the mosquito and will infect humans (7) during the
next blood meal.

The detection of malaria is possible by microscopic examination of a
blood smear. This is adequate for diagnosing acute malaria but is time-
consuming and requires a trained technician when low numbers of parasites
are present. ELISA is being developed but has the disadvantage that
antibodies might be present even after disappearance of the malarial
parasites (6).

DNA probes have been developed which detect the current infection in
the blood. Even parasite density is measurable and the method is adaptable
to field use. Blood sample obtained by a digital puncture can be directly
applied to nitrocellulose filter.

A Plasmodium falciparum genomic DNA library has been constructed which
was screened by colony hybridization using nick translated P. falciparum
DNA. From one thousand colonies, 7 were selected for their hybridization
intensity. DNA of these was digested, electrophoresed and transferred to
nitrocellulose. Filters were probed either with human DNA or P. falciparum
DNA. pPF14 showed intense hybridization suggesting the presence of highly
repeated DNA sequences. P. falciparum. P. vivax and P. cynomolgi DNAs were
all probed with pPF14. Of these, only P. falciparum hybridization was
positive, indicating specificity of the probe. The detection level was
down to 10 pg which is equivalent of about 100 malarial parasites. It is
estimated that whereas one microscopist can read 60 slides per day, with
DNA hybridization, almost 1000 samples can be examined per day (7).

Making of malarial vaccines has been greatly facilitated by the
development of technology for culturing of P. falciparum. Antigens
involved in protective immunity could be identified, and the immunity is
both species- and stage-specific. Several ideas for making vaccines have
been tried, three of which are discussed. The first one is a vaccine
prepared by synthesis of a peptide consisting of 4 amino acids Asp - Ala -
Asp - Pro (NANP) repeated 3 times (9). It is a dominant epitope of
P. falciparum and monoclonal antibodies to sporozoite react with it (10).

(NANP>3 sequence is repeated 37 x in circumsporozoite (CS) protein
of Brazilian P. falciparum but only 23 x in Thai P. falciparum. This
vaccine is being tried in humans in Africa.

Yet, another potential vaccine has been prepared by fusing the immuno
- dominant repetitive epitope of CS protein to the pre-S2 region of the
surface antigen of hepatitis B virus. Such hybrid proteins assembled into
particles induce a high-titre antibody response (11).

Finally, a model oral vaccine has been prepared and shown to induce
cellular immunity in mice (12). A Salmonella typhimurium WR 4017 avirulent
strain with impaired ability to multiply in macrophages is transformed with
plasmid pMGB2 which consists of a plasmid with P. berghei CS protein
expressed constitutively. Female BALB/c mice 6-8 weeks old were immunized
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by the subcutaneous (10̂  bacteria) or oral (10̂  - lO-^ bacteria)
route. Only subcutaneous treatment induced low levels of antibodies at 4
weeks but not at 5 weeks. Mice that were given bacteria orally made no
antibodies. Mice challenged between 4-9 weeks with sporozoites
(apparently) induced cell immunity. Thus, this technique is also important
for T-cell epitope identification.
Discussion;

Life cycle, DNA diagnostics and potential vaccines has been reviewed
for 4 infectious diseases. These are Japanese Encephalitis, leprosy,
leishmania and malaria. At least 3 of these are in an epidemic form at
present and need the attention of researchers and health authorities.
There is very little or no characterization of pathogenic strains that
cause encephalitis. Vaccines can be effective only when these are specific
to the particular strain. Thus, initial effort on a large-scale should be
directed towards identification and characterization of pathogenic strains.

Leishmania is currently raging in North India. Although, the new
world species can be distinguished by kinetoplast DNA (kDNA) probes, this
is difficult for the old world species. Probably a set of subclones of
kinetoplast DNA or RFLP (Restriction Fragment Length Polymorphism) analysis
of genomic DNA may be of help.

Research on malaria is quite advanced. Specific probes like pPF14 are
already available and perhaps that identify drug resistance strains probes
can also be made. The malaria parasite's epitopes consisting of repetitive
amino acid sequence are intriguing. Their number can vary as has been
shown for Thai and Brazilian strains. The significance of this is not
clear nor is the mechanism of generation understood.

With regard to malaria vaccines, perhaps the induction of cell-
mediated immunity may turn out to be more efficacious. Although there are
two other vaccines, viz. synthetic and as fused protein, their usefulness
remains to be demonstrated. The mouse model system has the added advantage
that some antigen genes may be introduced to make transgenic mice and their
expression seen.

Leprosy is endemic in India and elsewhere. Recent researches have
provided new insight that cell-mediated immunity may be more important.
Specificity of peptide 17 (or a. 10 amino acid epitope of it) of 65 kD
protein in inducing proliferation of T-cell 2F10 cell line derived from
tuberculoid leprosy patients suggests that for diagnosis, DNA sequence
corresponding to it may provide a useful probe. Because 10 other
mycobacterium species failed to stimulate the proliferation of 2F10 cells,
it may be assumed that it will also be a distinguishing probe. The
similarity of this epitope to HLA-DR2 B3 hypervariable region suggests that
this may have a role in the pathogenesis of tuberculoid leprosy.
Possibilities for further sophisticated research are abundant both in
malaria and in leprosy.
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Abstract

Advances in DNA technology have benefited every area of biological research in the past
several years. A wide variety of new techniques are being developed that will enable researchers
to address old and unsolved problems. The polymerase-catalyzed chain reaction (PCR) and the
exponential replication of recombinant-RNA hybridization probes using the RNA Replicase of the
bacteriophage Qp are two of these techniques. Both methods offer powerful means of amplifying
specific nucleic acid sequences and can render it possible to perform tasks which will be very
useful in studies related to communicable diseases. Among such applications is the development
of extremely sensitive molecular reagents for diagnosis of infectious agents.

1. INTRODUCTION

The very high specificity inherent in nucleic acid hybridization has provided powerful
analytical tools for molecular biologists. There has been considerable interest in new techniques
that permit the amplification of hybridization signals to achieve extremely high levels of
sensitivity . Such levels should enable one to detect the presence of a single 100-base pair (bp)
DNA molecule in a crude biological extract. In December 1985 a paper by a group of
researchers from Cetus Corporation appeared in Science describing a technique that would permit
the amplification of double strand DNA sequences (Saiki et al., 1985). The announced amplification
factor was 2 x 105. The in vitro enzymatic amplification or amplification by the Polymerase Chain
Reaction (PCR) was born. After a quite long latent period the scientific community came to
recognize the existence of a technique capable of revolutionizing some of the classical molecular
research strategies. In December 1988 a system described by Paul Lizardi (Research Center for
Genetic Engineering and Biotechnology, Cuernavaca, Mexico) and Fred Kramer (Public Health
Institute. New York, USA) provided an alternative for PCR which seems extremely promising.
However, the RNA amplification obtained with the Qß replicase still needs that some technical
details be worked out before it becomes available for general use (Lizardi et al.. 1988).

2. THE POLYMERASE CHAIN REACTION

In the PCR method a nucleic acid sequence can be exponentially amplified in vitro (Saiki et al..
1985: Mullis & Faloona, 1987). The process has been employed to amplify DNA segments ranging
from 20 to 1000 bp in length using template DNA which can be totally unpurified single-copy gene
in whole human DNA. The specificity of the overall reaction is intrinsically high due to the
requirement that two separate and coordinated priming events occur at each cycle of this
multiple-cycle polymerase reaction. In simple terms the PCR method involves successive cycles of
DNA polymerization using the target DNA, dNTPs, synthetic oligonucleotides to act as primers and
a DNA polymerase which can be the Klenow fragment of the E_. coll DNA Polymerase I or the DNA
Polvmerase from Termophilus aguaticus (Tag Polymerase). Each cycle performed with the Klenow
fragment consists of a 1-2 min denaturation step at 95-100*C, a 1-2 min primer hybridization step
at 37CC. and a 1-2 min polymerization step at 25-37'C. Before each polymerization reaction more
enzyme is added at each cycle. There is no need for adding more enzyme at each cycle if the
thermostable Tag polymerase is used.

The PCR technique has now several applications which have been developed in several
laboratories. A procedure for the construction of general PCR-based cDNA libraries was
described which is based on the amplification of total cDNA in vitro. The first cDNA strand is
synthesized from total RNA using an oligo(dT)-containing primer. After oligo(dG) tailing the total
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cDNA is amplified by PCR using two primers complementary to the oligo(dA) and oligo(dG) ends of
the cDNA. For insertion of the cDNA into a vector a controlled trimming of the 3' ends of the
cDNA by Klenow enzyme was used. Starting from 10 myeloma cells, total cDNA was synthesized
and amplified approximately 10^ fold. A library containing 10° clones was established from 1/6 of
the amplified cDNA. Screening of the library with probes for three genes expressed in these cells
revealed a number of corresponding clones in each case. The longest obtained clones contained
Inserts of 1.5 kb in length. No sequences originating from carriers or from rRNA was found in 14
randomly picked clones (Belyavsky et al., 1989).

The application of whole genome PCR to the identification of sequences bound by gene
regulatory proteins was also developed. The strategy allows the isolation of DNA sequences that
can bind to gene regulatory proteins. Total genomic DNA is first converted to a form that is
suitable for amplification by PCR (Whole Genome PCR), and the DNA sequences of interest are
selected by binding to the regulatory protein and immune precipitation. Because sequences
recovered from the selection step can be amplified by PCR, the selection process can be designed
for maximum enrichment with little concern about recovery. Furthermore, the selection process
can be repeated as often as necessary. Sequences recovered after amplification can be cloned
and/or used as hybridization probes. As a test of this strategy, human sequences were selected
that bind to the Xengpus transcription factor IIIA (TFIIIA). Seven clones were Isolated that were
on the average 94% identical to the previously described 61 bp binding site of TFIIIA. This
strategy could be adapted to isolate sequences that can be selected by any physical or biological
method (Kinzler & Vogelstein, 1989).

Direct amplification of cDNA inserts from Lambda libraries using the cloning-adapter as
primer for PCR was obtained, reducing the classical 3-day long procedure of obtaining inserts
from Lambda cDNA libraries to a mere 4-hour long period with a 20-fold higher yield. One strand
of the initial cloning adaptor is used as primer for PCR in both directions. Without further
purification the amplified inserts can be labeled by nick-translation or random-priming and used
as probes for Northern blots and plaque lifts. Inserts can also be cut in the
cloning-adaptor/PCR-primer sequence and directly subcloned into another vector. It takes 2-3
davs between locating a potentially Interesting plaque and obtaining an autoradlograph of the
probed Northern/plaque lift or a subclone. Furthermore, the PCR-DNA can be directly seauenced
(Rasmussen et al., 1989).

A simple method was designed for the construction of fusion genes using PCR in which the
desired Join between the genes or deletions within a gene can be at any chosen location. The PCR
contains two cloned DNA fragments carrying the sequences to be fused and three oligonucleotides.
The "outer oligonucleotides" anneal to different fragments of DNA. The "linking oligonucleotide",
a fourty-mer (40-mer) is present at a much lower concentration (about O.Ol^M) and carries
sequences homologous to both DNA fragments around the desired join. Initially the PCR produces
an intermediate until the linking oligonucleotide is exhausted from the reaction mixture. Then the
PCR can only proceed once interstrand annealing between strands a and b^, elongation and second
strand synthesis have occurred. After the PCR is carried for 30 cycles, the desired fusion product
predominates. The Join is created according to the sequence specified by the linking
olignucleotide. This fast and simple method has proved useful in creating gene fusions and
deletions, and additional changes can be introduced at the join by modifying the linking
oligonucleotide (Yon & Fried, 1989).

A method for synthesizing double-stranded DNA fragments from oligonucleotides ("gene
synthesis") has been developed which involves a combination of a single-step ligation of
oligonucleotides and PCR amplification of the ligation mixture. All the overlapping
oligonucleotides comprising the entire gene are synthesized, phosphorylated (except the two
5'-end oligonucleotides of the top and bottom strands) and ligated in a single reaction and then an
aliquote of this crude ligation mixture is used as a target for PCR amplification. The two 5'-end
oligonucleotides of the gene are used as primers for PCR amplification. This approach was
successfully applied to the synthesis of tuna and horse cytochrome c genes (104 and 103 amino
acids, respectively) (Jayaraman & Fyles, 1989).

Now that the PCR technique is gaining wide use, some of the artifacts that can happen are
being carefully tracked down and precautionary measures have been outlined. Some investigators
may not be using adequate care in experimental design and execution when using PCR to detect
only a few molecules of a target DNA sequence. A false positive or mistyping may occur when the
majority of the molecules to be detected arise from exogenous sources rather than from the
sample itself. The fewer molecules one is trying to detect, the more one should guard against this
possibility. The use of PCR for sensitive detection is complicated by the fact that the product of
the amplification serves as the substrate for the generation of more product. A single PCR cycle
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produces very large numbers of amplif iable molecules that can potentially contaminate subsequent
amplifications of the same target sequence. This kind of contamination has been termed "PCR
product carryover" to differentiate it from contamination by naturally arising DNA. To control
contamination, one must prevent the physical transfer of DNA between amplified samples, and
between positive and negative experimental controls. Tips for better PCR include: (1) physically
isolate PCR preparations and products; (2) autoclave solutions; (3) aliquote reagents; (4) use
disposable gloves; (5) avoid splashes; (6) use positive displacement pipettes; (7) use premixed
reagents; (8) add DNA last; and (9) choose positive and negative controls carefully.

3. RNA-DIRECTED RNA REPLICATION

The RNA replicase of the bacteriophage QB possesses some unique features which are useful
in the amplification of probe sequences rather than target sequences as in the PCR method. RNA
synthesis by the replicase is literally autocatalytic. Highly specific single-stranded RNAs serve
as templates for the synthesis of complementary single-stranded products. After the completion
of the synthesis of the new RNA strand, the template and the new strand are released from the
replication complex. Both strands can therefore serve as templates in the next round of
synthesis. Consequently in the presence of an excess amount of replicase, the number of RNA
strands increases exponentially. A bifunctional RNA that is both a specific hybridization probe
and a template for the replicase has been designed (Chu et al., 1986). This was done by inserting
the probe sequence within a hairpin loop occurring on the MDV-1 RNA, a natural template for the
QB polymerase. Such recombinants hybridize specifically to DNA containing sequences
complementary to the probe portion of the molecule and are replicated at the same rate as M'DV-1
RNA. The replicase reaction can produce a billion-fold amplification, generating enough product
from femtogram amounts of recombinant RNA as to be measured by simple colorimetric techniques.
Practical assays employing recombinant RNAs are not available yet but the expected advantages
of the method have been enumerated by its developers: (1) sensitivity; (2) speed, amplification
occurring during a single incubation step of less than 30 minutes; (3) convenience; (4) wide dinamic
range permiting the quantitation of levels of target over six orders of magnitude (Lizardi et al.,
1988). There is one obstacle that must be overcome before the full potentialities of the
amplification by the Qp replicase can be realized: the replication of non-specifically bound probes.
Methods involving DNA capture, such as sandwich hybridization, or those based on a
conformational change of the probe-containing MDV-1 that is coupled to capture or
signal-generation, have the potential to dramatically reduce the background caused by such
non-specific replication. When this problem of signal-to-noise ratio is solved, the Qp
amplification system will represent a new and powerful approach to nucleic acid probe-based
diagnostics.
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Abstract

Nucleic acid probes can be used to detect and identify a
wide variety of infectious organisms from bacteria to helminthic
worms. Commercially-produced kits are now available for the
direct detection of Legionella species in clinical samples, for
identification of Mycobacterium species growing on solid media or
in broth, and for detection of a variety of other bacteria and
viruses directly in clinical samples or tissues. 3 P and '"I,
which are used to label probes to high specific activity,
continue to be used in commercially-prepared kits. P-labeling
remains as one of the most sensitive means of labeling nucleic
acids probes. The advantages of using probes to detect and
identify infectious agents include the rapid generation of
results, the ability to broaden the spectrum of organisms
identified by a clinical laboratory, and the high specificity of
probe-based tests. The disadvantages of using probes include the
high cost of the assays, the additional equipment required, and
the inability to readily perform ancillary tests, such as
antimicrobial susceptibility testing, which require having a pure
culture of the organism available. None-the-less, nucleic acid
probes already are having a very positive impact on the diagnosis
of infectious diseases both in the industrialized and developing
nations.

1. INTRODUCTION

The techniques of molecular biology are now making
significant inroads into many areas of the clinical microbiology
laboratory. These include molecular methods of strain typing,
such as plasmid fingerprinting, the use of DNA hybridization
tests for organism identification, and the use of the polymerase
chain reaction to detect pathogens present in clinical samples in
very low quantities. Herein, I will focus on the application of
nucleic acid hybridization techniques for the detection and
identification of infectious organisms.

2. CURRENT METHODS USED FOR DETECTION OF INFECTIOUS ORGANISMS

At present, the first analysis of clinical material by the
Microbiology laboratory usually is done by light microscopy after
staining by Gram's method. While helpful in guiding therapy for
acutely ill patients, microscopic techniques lack in both
sensitivity and specificity and are frequently non-diagnostic.
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Thus, culture remains the gold standard for the microbiology
laboratory. Yet, it is clear that in some cases the gold
standard is not 100% sensitive. Cultures for the detection of
Chlamydia trachomatis from genital sources are probably the best
example of this, where a single culture without blind passage is
perhaps only 80-90% sensitive. Culture techniques, in general,
are slow and laborious. Yet there is an increased desire from
physicians to have results more rapidly.

This need for rapid results is partially filled by antibody-
based tests, such as latex agglutination tests, direct
fluorescent antibody tests and ELISA (enzyme linked immuno
sorbent assay) tests. However, these tests are expensive to run
and often require additional expertise to perform and cannot
detect latent infections, such as those caused by many Herpes
Viruses.

The second format for rapid testing is nucleic acid
hybridization. Moseley and colleagues [1] were the first to
demonstrate that the genetic information contained within an
organism could be exploited as a means for its identification.
Since that early report, where enterotoxigenic Escherichia coli
were identified in stool samples after growth of the sample on
agar plates, there have been numerous reports on the
effectiveness of DNA probes for the identification of pathogenic
microorganisms ranging from picornaviruses to helminthic worms
[2]. The success of nucleic acid probes stems from the fact that
the probe DNA (or in some cases RNA) can be labeled with
radioisotopes of high specific activity that allow the
microbiologist to detect the binding of the probe to the target
nucleic acid contained within a specific organism. Thus, probes
can be defined as pieces of nucleic acid, labeled in some
fashion, that can seek out and bind to their complementary
sequences, even in complex samples such as sputum and stool, in a
manner that allows the rapid detection of infectious organisms.

3. REASONS TO USE PROBES IN THE DIAGNOSTIC LABORATORY

Probes offer the laboratory the opportunity to identify
fastidious organisms, such as Mycobacteria, quickly, even if used
only for identifying organisms already growing in culture.
Probes also allow laboratories the opportunity to broaden the
spectrum of infectious agents that they can detect. For
instance, laboratories that do not have facilities to grow
viruses and do not have ready access to a reference laboratory,
could use DNA probes to screen for Herpes Simplex Virus in
samples from patients with genital ulcers. This expands their
diagnostic capabilities without the need for much in the way of
additional space or personnel. For those laboratories that send
specimens to reference laboratories, the additional of probe-
based tests could lead to a reduction in the number of samples
and tests sent to other laboratories, which could in turn save
the laboratory money.

From the clinician's point of view, probes can provide a
rapid, definitive answer regarding the presence of certain
infectious agents, which can lead to the use of less toxic or
less expensive antibiotics that are directed against the cause of
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the disease, as opposed to the use of broad spectrum
antimicrobials. Probes also can be used to determine whether or
not patients have Mycobacterium tuberculosis and thus require
isolation rooms when admitted to a hospital for treatment.
Probes are also being used to screen samples from bone marrow
transplant patients to detect pathogenic microorganisms rapidly.
This technique may well decrease the morbidity and mortality
associated with this procedure by identifying infections earlier
so that appropriate therapy can be instituted without delay.

4. DETECTION SYSTEMS FOR PROBES

Although several labeling systems are now available for
probes, P remains the most sensitive detection method for non-
amplified probes. Other radioisotopes, such as '̂ 5I, continue to
be used in commercially-prepared diagnostic kits, and thus,
continue to have an important role as a means of detecting the
products of hybridization reactions. The use of radioisotopes
has been replaced in some kits, however, by non-isotopic
detection systems, such as chemiluminescent reporter molecules or
biotin-based methods.

5. REVIEW OF COMMERCIALLY-AVAILABLE PROBE KITS

5.1 RESPIRATORY PATHOGENS

There are several kits that are commercially available for
the detection of respiratory pathogens. Dpebbeling et al. [3]
have reviewed their experience with the '25I-labeled probes for
Legionella species, which can be used to detect these organisms
directly in clinical samples. While the probes compared
favorably to the direct fluorescent monoclonal-antibody based
test widely used throughout the United States, the probe was not
sensitive enough to replace culture. Thus, the recommendations
of the study were to use the probe test to screen samples, but
that culture was still required. The advantage of the probe test
was that it detected all species of Legionella and not just
Legionella pneumophila, which is the organism to which the direct
fluorescent antibody test is directed.

There have been several reports that have appeared
describing the utility of the I-labeled probes for confirming
the identity of Mycobacterium tuberculosis, Mvcobacterium avium.
and Mycobacterium intracellulare grown in culture [4,5], These
probes have reduced significantly the time necessary to identify
mycobacteria after they have grown on solid media, and have
become a standard method of identifying these organisms in many
clinical laboratories.

5.2 PROBES FOR STOOL PATHOGENS

Although the first probes to infectious agents were
directed against an enteric pathogen, enterotoxigenic E. coli
[1], there are no commercially-available probes for the common
diarrheal pathogens, Salmonella, Shigella, and Campylobacter,
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although probes to enterotoxigenic E. coli are available, and
have proven effective, particularly when used in conjunction with
the polymerase chain reaction technique [6]. That is not to say
that nucleic acid probes have not been described for a wide
variety of enteric pathogens. Probes to Clostridium difficile.
rotavirus, and a number of pathovars of E. coli, including
enterohemorrhagic, enteroinvasive, enteropathogenic, and
enteroadherent varieties, all have been reported in the
literature (see [2] for review), they are just not yet available
commercially.

Part of the problem of developing probes for diarrheal
pathogens is the non-specific reactions frequently encountered
when hybridizations are performed directly on stool [7]. The
high content of carbohydrate and protein present can inhibit the
binding of probe to target nucleic acid. This has led at least
one company to develop a system for the rapid extraction of
nucleic acids directly from stool as the initial step in
hybridization reactions. This method, called the Extractor
column (Molecular Biosysterns, San Diego, California) has proven
quite effective [8] and is ready to be coupled to a series of
diagnostic probes for enteric pathogens.

5.3 PROBES FOR SEXUALLY TRANSMITTED DISEASES
The next area where probes could have major impact is in

the detection and identification of sexually transmitted
diseases. The data on two such kits, one for Neisseria
gonorrhoeae [9], and the other for Chlamydia trachomatis [10],
are now available. The results of the study of Franz and
Granato, who evaluated the '"i form of the test kit in a highprevalence population, looks very promising as an alternative to
culture for detecting gonococci. A low number of false positive
and negative results were noted. The test for C. trachomatis
also looked very promising. These kits are packaged in volumes
of 100 tests and may well be cost effective for the large
outpatient clinic and sexually transmitted disease clinic where a.
high volume of tests would be conducted.

5.4 PROBES TO VIRUSES
There are a variety of commercially-available kits for the

detection of viruses, particularly for Human Papillomavirus
(HPV) . One kit, in particular, the Vira-Pap test (Lrfe
Technologies), uses 3 P to label the probe. The kit is quite
successful in detecting the presence of HPV in clinical samples.
A second kit can be used to type the HPV that were detected by
the screening method.

A variety of other probes to Herpes Simplex Virus,
Cytomegalovirus, Epstein-Barr virus and Human Immunodeficiency
virus, and others are commercially available for use in research
studies.
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6. PROBLEMS ASSOCIATED WITH USING PROBES IN THE CLINICAL
LABORATORY

Nucleic acid probes are attractive alternatives to many of
the slow and tedious methods currently used to identify
infectious agents. However, when such a technique is used
directly on a clinical sample, it must be remembered that the
organism will not be readily available for antimicrobial
susceptibility testing or strain typing unless the sample is then
cultured to recover the organism. This can be a problem,
particularly for organisms such as Salmonella and Neisseria
gonorrhoeae, where susceptibility testing and serotyping are
important for treatment and contact tracing, respectively. One
solution to the problem would be to use the probes as a screening
test, and to continue to culture those samples that are positive
with the probe. In this way, the laboratory could discard 80-90%
of its samples as negative and only culture 10-20% of the
samples. This would probably be a cost-saving undertaking for
the laboratory. Some authors have considered the use of probes
to antimicrobial resistance genes as an alternate means of
susceptibility testing to be used in conjunction with probes,
such as those of N. qonorrhoeae [11]. Although there are
instances where this strategy may prove effective, overall, the
number of antimicrobial resistance genes that can cause
resistance and the problem with random mutations that result in
resistance phenotypes, make that general use of probes for
susceptibility testing unfavorable.

The final comment about probes focuses on the types of
organisms that one can detect with a probe. While there is a
wide range of pathogens that can be detected, the laboratory
currently is limited to those agents for which probes have been
described. For instance, if one uses a battery of probes to
detect Salmonella, Shigella, and Campylobacter, then the
occasional Yersinia enterocolitica will be missed, unless
additional culture media is inoculated along with the probe test.
This may mean that some important outbreaks will be missed if
samples are screened for a limited set of known enteric
pathogens. Thus, knowledge of the types of pathogens common to a
geographic region is important to the successful use of probes in
the laboratory.

7. CONCLUSIONS

Nucleic acid probes offer several advantages over
conventional methods of detecting pathogenic microorganisms.
These advantages include speed, specificity, and the capability
to detect a broader range of organisms. Radiolabeled probes
continue to be used with great frequency and offer high levels of
sensitivity. There are some drawbacks to using probes, such as
the delay in getting results of antimicrobial susceptibility, yet
these seem to be outweighed overall by the rapid definitive
identifications made feasible by hybridization technology.
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Abstract

A species specific DNA probe (pßmlS) was used in a field area
where two filarial infections coexist: Brugia malayi in man and Brugia
pahangi in cats.

In our laboratory at Jakarta, this DNA probe proved to be sensitive
enough to detect 500 pg of purified Brugia malayi microfilarial DNA. One
to two infective larvae of Brugia malayi could be detected with ease.
This DNA probe did not react with infective larvae of Brugia pahangi.
Wuchereria bancrofti and Dirofilaria spp.

Non-specific binding caused by undefined mosquito components was
overcome with the Proteinase K and Chitinase treatment. This additional
step made it possible for whole body mosquitoes to be squashed directly
onto the nitrocellulose paper.

A comparative study of experimental infections of laboratory bred
mosquitoes infected with Brugia malayi, showed no difference in infection
rate between the group analysed conventionally by dissection or by the
DNA probing.

Mosquitoes, which are vectors in Riau were collected and fed on
microfilaremic patients of Riau. The set of mosquitoes were tested in
parallel with mosquitoes infected with Brugia pahangi from cats. All fed
mosquitoes were tested after 10-12 days. Only mosquitoes infected with
Brugia malayi reacted with the assay.

This study shows that we have succeeded in applying the DNA probe
technique in Jakarta. Further application in the field should be
encouraged, with some modification of the DNA probing techniques, for
cheaper and easier implementation.
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Introduction
The assessment of transmission of lymphatic filariasis depends on

measuring the annual biting rate of the vector and the number of
infective larvae found in the vector. It is obvious that the
identification of the infective larvae is very important. Failure of
identifying the infective larvae will result in the wrong mosquito being
incriminated as vectors, which further resulted transmission studies and
control programs being based on false premises (1).

The infective larvae of different genus can be differentiated by an
experienced scientist. Distinguishing infective larvae within genus by
morphological criteria is difficult or even impossible, which then
necessitates infecting laboratory animals for identification of the
characteristic adult worm of the species.

In areas where Brugia malayi and Brugia pahangi. which are
transmitted by the same mosquito vector, coexist, differentiating the
infective larvae become a very important issue.

A DNA clone, pßmlS produced from microfilaria of the subperiodic
BruRia malayi (maintained in laboratory animal), was shown to be
sensitive enough to detect two infective larvae or 300 pg purified Brugia
malayi microfilarial DNA (2). Labelled clone pßmlS hybridized with
infective larvae of Brugia malayi. but not to that of Brugia pahangi. It
cross hybridized with microfilaria Brugia timori at a lower level than to
microfilaria of Brugia malayi (3). Cross hybridization of this clone to
Brugia pahangi was at least 1000 times less sensitive than to DNA of
Brugia malayi (2). All the above mentioned hybridization was done with
infective larvae revealed from individually dissected mosquitoes and
blotted onto nitrocellulose paper.

For further use of this DNA probe in the field it is necessary to
get rid of the non specific binding of the undefined components of
mosquitoes squashed onto the nitrocellulose paper (3).

This species specific DNA probe pßmlS was used for examining the
presence of larvae of Brugia malayi in mosquitoes caught in the field and
compared the results with the mosquito dissection method.
Materials and methods
Study location;

This study was carried out in the village of Teluk Sejua and Dusun
Tuo, in Riau province, where the microfilarial rate of Brugia malayi in
human was 21% and microfilarial rate in cats was 16% test samples.

The extract of microfilarial DNA and infective larvae Brugia malayi.
infective larvae of Brugia pahangi, Wuchereria bancrofti and Dirofilaria
spp., non-infected Mansonia uniformis. Mansonia dives/bonneae and Aedes
togoi, were tested for hybridization with clone pßml5 to measure the
sensitivity and specificity of the test carried out in our laboratory and
ensure that non-specific binding did not occur.

Aedes togoi was fed with blood containing microfilaria of Brugia
malayi (30 mf/20 mm cu blood) by membrane feeding.
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Wild caught Mansonia uniformis and Mansonia dives/bonneae were fed
to individuals harbouring microfilaria of Brugia malayi and to cats
harbouring microfilaria of Brugia pahangi from Teluk Sejua and Dusun Tuo.

These mosquitoes mentioned above were then kept for 10 - 12 days
before examination by mosquito dissection or by DNA hybridization.
Mosquitoes were divided randomly into two groups. The first was
dissected, infective larvae counted, followed by blotting the infective
larvae recovered onto nitrocellulose paper. In the second group,
mosquitoes were squashed directly onto nitrocellulose paper.

Spotting infective larvae and squashing mosquitoes onto
nitrocellulose paper.

The infective larvae recovered in mosquito dissection was spotted
onto nitrocellulose paper (prewetted with 6 x SSC buffer: 0:9 M NaCl and
0.09 M Na citrate) using minifold vacuum filtration apparatus (Bio-rad).
Mosquitoes were squashed on prewetted nitrocellulose as well. These
papers were air dried. DNA extracted from microfilaria of Bruaia malayi
and non-infected mosquitoes served as positive and negative control in
every test.

Samples were denaturated with 0.5 M NaOH and neutralized with 1.0 M
Tris HG1 pH 7.4 and 0.5 M Tris HC1 pH 7.4 plus 1.5 M NaCl. These filters
were baked for 90 minutes at 70° Celsius.
Enzymatic treatment;

Prepared filters were treated with 150 ug/ml Proteinase K
(Boehringer Mannheim 161 519), for 2 hours at 37° Celsius, washed
with 2 x SSC, dried and further treated with 100 ug/ml Chitinase
(Sigma, G1525), for 24 hours at room temperature, washed with 2 x SSC and
dried before hybridization.
DNA hybridization;

Samples were prehybridized for two hours at 42° Celsius in
Denhart's (0.02% ficoll, 0.02% BSA, 0.02% poly-vinylprolidone), 2.5 x
SSC, 100 ug/ml herring sperm DNA, 50% formamide and 0.1% SDS. The
filters were then hybridized for 16 hours with nick translated 32 P
labelled pßmlS. After washing with 0.1 x SSC, 0.5% SDS for 3 x 30
minutes at 50° Celsius and then air dried. Filters were then left in
minus 20° Celsius exposed onto XAR- Kodak for 12 - 14 hours using an
intensifying screen. Results seen on the x-ray film, were evaluated.
Results;

Figure 1 shows the results of the DNA probing of infected and
uninfected mosquitoes with clone pßmlS. Non-specific bindings were
shown by the uninfected mosquitoes.

Enzymatic treatment with Proteinase K and Chitinase avoid
non-specific binding caused uninfected mosquitoes (figure 2).

Hybridization to extract DNA of microfilaria and infective larvae of
Brugia malayi. infective larvae of Brugia pahangi. infective larvae of
Wuchereria bancrofti and larvae Dirofilaria spp. uninfected Mansonia
uniforms. Mansonia dives/bonneae and Aedes togoi mosquitoes showed that
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Figure 1: Infected B. malayi mosquito (A, B and C) and uninfected mosquito
were squashed onto nitrocellulose paper and hybridized with
radiolabelled pßmlS. Non-specific binding of the pßmlS probe
with uninfected mosquito was shown (D).

B

Figure 2: Infected B. malayi mosquito (A and B) and uninfected mosquito were
squashed onto nitrocellulose paper. Samples were treated with
proteinase K (150 ug/ml, 2 hours, 37°C) and chitinase (100
ug/ml, 24 hours, room temperature) and hybridized with
radiolabelled pßmlS. The enzymatic treatment avoids non-
specific binding (C).
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Figure 3: Sensitivity and species specificity of pßmlS for B. malayi. The
different concentrations of B. malayi DNA, varying number of B^_
malayi infective larvae, B. pahangi. W. bancrofti. Dirofilaria spp
and mosquitoes were spotted onto nitrocellulose paper and
hybridized with radiolabelled pßmlS. Row A and B, different
concentrations of B. malayi DNA, lane 1, 10 ng; lane 2, 5 ng; lane
3, 2 ng; lane 4, 1 ng; lane 5, 500 pg and lane 6, 250 pg. Row C,
varying number of B. malayi infective larvae (5-1 infective
larvae). Row D, B. pahangi. W. bancrofti. Dirofilaria spp. Ae.
togoi r Ma. uniformis and Ma. dives/bonneae.

hybridization occurs only on Brugia malayi samples and had a sensitivity
of 500 pg purified Brugia malayi microfilarial DNA and 1-2 infective
larvae of Brugia malayi. These samples were treated with proteinase K
and chitinase and no specific binding to uninfected mosquitoes was
detected.

Two hundred ninety two alive Aedes togoi. 10-12 days after being fed
with Brugia malayi microfilaria were divided into two groups. One
hundred forty six were examined by the mosquito dissection method
followed by DNA hybridization of the infective larvae recovered. The
other 146 mosquitoes were squashed onto nitrocellulose paper for DNA
hybridization only. Sixty out of the 146 (41.1%) mosquitoes dissected
showed the presence of infective larvae. Labelled clone pßmlS
hybridized with all dot blotted infective larvae was found by
dissection. In the test performed one infective larvae was detected by
the DNA probe as shown in Table 1. No clear cut difference was seen in
the autoradiograph that could show relationship of density of infective
larvae and the spots on autoradiograph. Fifty three out of 146 (36.3%)
mosquitoes squashed directly onto nitrocellulose paper showed
hybridization with clone pßmlS (Table 1). No significant differences
was observed between these two approaches (p<0.05).

Eighty one out of 162 wild caught mosquitoes fed on to individuals
harbouring microfilaria of Brugia malayi were dissected individually.
Nineteen out of those 81 (23.5%) showed the presence of infective
larvae. All 199 specimen showed hybridization with clone pßmlS.
Fifteen out of 81 (18.5%) mosquitoes squashed and hybridized with clone
pßmlS. No significant difference between these two observations was
seen (p<0.05).
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Table 1. Results of the presence of infective larvae of Brugia malayi by the
mosquito dissection method and hybridization to clone DNA pßmlS in
mosquitoes infected with Brugia spp.

Positive for the presence of infective
Number of infective Number of larvae
larvae/mosquito mosquitoes Dissection method Squashed mosquitoes

and hybridization hybridization
(146) (146)

0 86 0
1 24 24
2 12 12
3 10 10
4 12 12
1 1 2 2

146 60/41.1% 53/36.3%

Six mosquitoes out of 22 (27.3%) fed on cats infected with Brugia
pahangi were found to harbour infective larvae but none of them show any
hybridization with clone pßmlS. Mosquitoes fed on cats infected with
Brugia pahangi. which was squashed onto nitrocellulose paper, did not
show any hybridization with this clone.
Discussion;

Enzymatic treatment with 150 ug/ml of Proteinase K and 100 ug/ml
of Chitinase showed to be sufficient to avoid non-specific binding. This
treatment is very important when this technique would be used for
examination of a large number of mosquitoes in the field. Without this
treatment, infective larvae should be released from the individual
dissected mosquito before the dissection fluid transferred to
nitrocellulose paper, which is quite cumbersome and ill-suited for field
condition (3). With the enzymatic treatment, mosquitoes could be
squashed directly onto nitrocellulose paper in the field and carried back
to the laboratory with ease.

Sensitivity and specificity of clone puml5 were established in our
laboratory and 500 pg of microfilarial DNA or 1-2 infective larvae of
Brugia malayi were detectable. Sim et al (2) could detect 300 pg of
microfilarial DNA or 2 infective larvae. With this level of sensitivity
this test could be used for epidemiological studies as it is known that
the vector of brugia malayi mostly harboured 1-10 infective larvae (4).
The test was shown to be specific and it did not hybridize to other
filarid parasites other than Brugia malayi and Brugia timori (3).

The results of this study where several hundreds of mosquitoes had
been examined confirmed the report of Sim et al (3). The DNA probe was
100% sensitive (table 1) and 100% specific and all infective larvae
revealed from mosquitoes fed to cat harbouring Brugia pahangi did not
react. Brugia pahangi cross hybridize in such a low level to this probe,
that no mosquito harbouring infective larvae of Brugia pahangi should be
detected by this DNA probe, since hardly ever more than 40 infective
larvae of Brugia pahangi would be found in nature. This is a very
important breakthrough, since by using this probe it is possible to
differentiate Brugia malayi from Brugia pahangi. where in some areas in
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Indonesia these two species coexist. The cross hybridization of this
probe to Brugia timori would not be of a problem in Indonesia, since
until now there is no report that Brugia malayi and Brugia timori coexist
in an area.

The percentage of mosquitoes showing hybridization in the group of
mosquitoes, that was squashed directly onto the nitrocellulose paper, was
lower than the group that was dissected, followed by dot blotting the
infective larvae onto nitrocellulose paper, though the difference was not
of any significance. This difference might be caused by hindrance of the
infective larvae to stick onto the nitrocellulose paper by the mosquito
components.

Infective larvae of Brugia spp could be found anywhere in the body
of the mosquito, while the first stage and second stage larvae would be
found in the thorax (5). In the dissection method to find infective
larvae the whole mosquito should be dissected.

Clone pßmlS is not stage-specific, thereby it does not
differentiate infective larvae from the first stage larvae and second
stage larvae. Thus, the DNA probing using clone pßmlS alone would not
give the accurate information on the discovery of the vector responsible
for the transmission of malayan filariasis in man in a particular area.
For the purpose of discovering the vector, mosquito dissection is needed,
infective larvae looked for and then tested it with clone pßmlS. Once
the vector has been identified, for further monitoring of transmission,
the use of clone pßmlS would be of great advantage compared to the
conventional mosquito dissection method.

With the fact that clone pßmlS differentiate Brugia malayi from
Brugia pahangi f it is imperative to apply the DNA probing with the
mosquito dissection method in areas where both parasites are present in
an area in discovering the vector as well as in monitoring transmission.
It would be of preference if DNA clone which is specific to Brugia
pahangi (6) could be used simultaneously in transmission studies in such
areas.

This DNA probe would be a valuable tool for the study of
transmission and monitoring control programme. Special effort should be
given to modify the technique so that it could be easily applied in the
field and or a modestly equipped laboratory e.g. the use of 32P replaced
by enzyme.

Conclusion
1. Enzymatic treatment using 150 ug/ml of Proteinase K and 100

ug/ml of Chitinase for retrieving infective larvae in mosquitoes
is a very important treatment to avoid non specific binding.
Mosquitoes could be squashed directly to the nitrocellulose paper in
the field without any effort of dissecting the mosquito.

2. The high sensitivity and specificity of clone pßmlS enables the
detection of one infective larvae of Brugia malayi and the
differentiation from Brugia pahangi in areas where both species
coexist.

3. Clone pßmlS can be used for monitoring control programme in Brugia
malayi areas. In discovering the vector in an endemic area,
mosquito should be dissected, infective larvae revealed and used the
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probe to identify the larvae found. This approach enables the
entomologist to identify the species of the infective larvae, thus
no further effort to develop the adult worm for characterization is
needed.

4. This hybridization method using clone pßmlS need further
modification to achieve a method which is cheap and easily to
implement.
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Abstract

The development of molecular vaccines against the human malaria parasite
Plasmodium falciparum requires the characterization of putative protective
antigens. The characterization and structural analyses of the small amounts
of antigens present in the parasite is made possible by the use of
radiolabelled amino acids, monosaccharides and lipids. Parasite proliferation
assays, used to identify antibodies that inhibit parasite growth jji vitro,
utilize radiolabelled hypoxanthine. The determination of T cell epitopes is
dependent on measuring lymphocyte proliferation with radiolabelled thymidine.
Radiolabelled antibodies are routinely used in Western blots and epitope
analysis. The use of these techniques is illustrated in the characterization
of two new merozoite surface antigens.

1. Introduction

Malaria is responsible for considerable human mortality and morbidity in
the tropics. It has been estimated that the malaria mortality rate was 6.3
per 1000 per year in infants and 10.7 per 1000 per year in children aged 1-4
years in rural Gambia (Greenwood et al. 1987). These figures represent 4% and
25% of the total deaths in the respective age groups. Of the four species of
parasites that cause human malaria, Plasmodium falciparum is responsible for
much of the mortality, especially among children. P. falciparum has also
developed resistance to common drugs such as chloroquine and sulphadoxine/
pyrimethamine in many parts of the world. These and other reasons have
provided the impetus for research into the development of a malaria vaccine
(Miller et al. 1986; Ramasamy 1987a). Indeed preliminary vaccine trials have
been performed in man using synthetic peptides (Herrington et al. 1987;
Pattoroyo et al. 1988) and recombinant proteins (Ballou et al. 1987). While
our knowledge of the immunology of human falciparum malaria is still
inadequate, it is clear that immunity to three stages of the parasite viz.
sporozoites, asexual blood stages and the sexual stages in the mosquito have a
humoral component. Cellular immunity has been implicated in protection
against sporozoites, liver stages and asexual blood stage parasites. The
development of molecular vaccines against malaria is therefore critically
dependent on the characterization of parasite antigens that are targets for a
protective host immune response and the identification of epitopes recognized
by both T and B lymphocytes on such antigens.

The use of radionuclides has proved invaluable for many aspects of
antigen characterization studies and these are detailed below. In addition,
radioactively labelled antibodies used in radioimmunoassays are providing
valuable information on the epidemiology of malaria. Radioactively labelled
DNA probes are also being evaluated for their use in the diagnosis of malaria.

* Present address: Institute of Fundamental Studies, Kandy, Sri Lanka.
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2. The use of radiolabelled amino acids for trace labelling parasite
proteins

Many parasite antigens are present only in small quantities eg.
approximately 200 yg (1 nmole) per 1010 late stage parasites of a
185-200 kDa percursor to major merozoite surface antigens or PMMSA (Siddiqui
et al. 1987) or 5 yg (0.2 nmole) per 1010 late stage parasites of a 26
kDa antigen (Ramasamy et_al. 1988). These are probably some of the more
abundant antigens in the parasite. 1010 late stage parasites are, at
best, obtained from several hundred mis of parasite culture, which is an
expensive and time consuming process. Hence the study of parasite antigens
has been only made possible by the use of radioactive amino acids for trace
labelling. Successful radiolabelling has depended on the development of
techniques for growing the asexual blood stages of the parasite in long term
in vitro cultures in a medium containing human serum and red blood cells
(Trager & Jensen 1976). Incorporation of labelled amino acids into parasite
proteins is made easier by the fact that malaria parasites appear to
synthesize only alanine, glutamate and aspartate from carbohydrate, and have a
relatively restricted range on amino acid interconversions. They derive most
of their amino acids from the host plasma and by degrading red cell
haemoglobin.

S-^^-methionine has been widely used as an amino acid for labelling
parasite proteins. This is partly due to the relative lack of interconvert-
ability of the S^5 radiolabel and its availability at high specific activity
at a reasonable cost. S^5 is also readily detected by autoradiography and
fluorography of labelled antigens separated on polyacrylamide gels (Ramasamy
1987b & c) because it is a beta particle emitter of medium strength. The
short half life of S^5 (87 d) is also an advantage in disposal. Early
studies on asexual blood stages using S^^-methionine showed, as might be
expected, that the mature stages of the parasites viz. the trophozoites and
schizonts were more active in protein synthesis than the ring stages.
Proteins that were synthesized in particular stages were identified and it was
shown that many schizont proteins were not carried into ring stages by
invading merozoites (Howard & Reese 1984). Labelling in these studies was
performed by adding S-^-methionine directly to the parasite cultures for
varying lengths of time. The fate of pulse labelled proteins in the parasites
was followed by washing the parasites to remove excess radiolabelled
methionine and "chasing" in normal medium containing non-radioactive
methionine for defined periods.

However, there are a number of reasons why the use of a single radio-
labelled amino acid is not recommended for trace labelling all P. falciparum
proteins. Except for a small asexual blood stage 23kDa protein that shares an
epitope with the circumsporozoite protein, referred to as the cross-reacting
antigen or CRA (Coppel et al. 1985), all parasite proteins that have been
sequenced to date have tandem repeates of amino acid sequences. All amino
acids except for cysteine and the aromatic amino acids phenylalanine, tyrosine
and trypathophan have been found in repeats. The presence of large regions of
repeats, of limited amino acid composition, can give rise to unusual amino
acid incorportation patterns. For example, a protein composed of 73%
histidine was first described in P. lophurae (Kilejian 1976) and subsequently
a class of histidine rich proteins (PfHRPl-3) have been found in
P. falciparum. These are readily labelled with H^-histidine. PfHRP2 and
PfHRPS have the predominant repeat sequences AHHAAD and AHHAAN respectively.
The latter has been reported, not surprisingly, to fail to label with
H-'-isoleucine (Wellems & Howard 1986), which is also commonly used for
labelling parasite proteins. Our unpublished observations indicate also that
a 45 kDa glycosylated and myristilated smaller surface antigen on merozoites
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(GYMSSA), although containing 4 out of 254 residues of methionine, is very
poorly labelled with S3-"-methionine.

The functions of the unusual repeat sequences in parasite proteins is not
clear. They may be a reflection o the very biased base composition of
parasite DNA. P. falciparum DNA is very AT rich being 81% A+T overall and 70%
A+T content even in the coding region. It has been suggested that the repeat
regions form extensively cross-reacting epitopes that may prevent the adequate
maturation of a host immune responses, resulting in the production of low
affinity antibodies (Anders 1986). We have observed that the amino acids
frequently found in the repeat regions, e.g. only glycine, alanine,
asparagine, glutamine, aspartic acid, arginine, proline and glutamic acid in
the repeats of the circumsporozoite proteins (Galinski et al. 1987), are the
ones that are reported to favour the formation of surface loops on proteins
(Leszczynski & Rose 1986). Such surface loops may, because of their relative
flexibility and accessibility and the presence of multiple binding sites,
readily bind to low affinity and cross-reactive B cell antigen receptors thus
leading to the formation of low affinity cross-reacting antibodies. It has
been observed that a monoclonal IgM antibody that recognizes a putative
surface loop sequence STNS in the GYMSSA antigen cross-reacts large number of
asexual stage antigens (Ramasamy & Geysen, submitted). The presence of large
numbers of such hydrophillic surface loops will also increase the solubility
of the parasite proteins, a phenomenon that has been observed previously as an
increased stability to heat induced coagulation (Wilson et al. 1969).

3. The use of radiolabelled monosaccharides for labelling parasite
glycoproteins and glycolipids

Antigens located on the membranes of sporozoites, merozoites, infected
red cells and gametes are particularly relevant for vaccine development
because of their accessibility to host antibodies (Ramasamy 1981).
Glycoproteins and glycolipids are largely membrane located molecules with the
oligosaccharide moieties protruding from the hydrophobic environment of the
lipid bilayer into the hydrophillic medium of the exterior. Among the many
parasite proteins, most of which are irrelevant to protective immunity,
glycoproteins and glycolipids may form an antigenically important subset. It
has also been shown that the carbohydrate moieties of parasite glycoproteins
react with antibodies in immune human sera (Ramasamy & Reese 1985, 1986) and
possibly with antibodies from normal human sera (Ramasamy 1988). Considerable
effort has therefore been directed towards characterizing parasite glyco-
proteins and glycolipids. H3-glucosamine, which is converted into [EP]-
N-acetyl glucosamine, found in N-linked oligosaccharides, and [H-^J- N-acetyl
galactosamine, an essential part of O-linked oligosaccharides, has been widely
used as a label for glycoproteins. H3-massose and H3-galactose have also
been used for this purpose. The labelled monosaccharide precursors are
converted into nucleotide-sugars before being incorporated into
oligosaccharide chains by well established pathways. Glycoprotein synthesis
mainly occurs at the trophozoite-schizont stage in asexual blood stages.
Glycoproteins have also been reported in the sexual stages of the parasite.

Among the large number of glycoproteins labelled with H^-glucosamine
(Fig. la) in the asexual blood stages are PMMSA and its processed products
(Fig. 2) and GYMSSA (see below). Labelling can be performed by adding
H3-glucosamine to parasite cultures of 1-4% parasitaemia. However, we take
advantage of the late synthesis of glycoproteins in the parasite cycle by
isolating trophozoites from synchronous cultures by gelatine sedimentation and
labelling 80% trophozoite parasitaemia cultures for 6h or longer with
H3-glucosamine at 1 mCi/ml (Ramasamy & Resse 1986). This leads to a more
efficient incorporation of labelled glucosamine and also permits the
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Fig. 1. Flurograph of SDS-PAGE analysis of parasite proteins labelled with
a) H'-glucosamine and b) H'-myristic acid. Migrations
positions of molecular weight markers in kDa are indicated. (from
Ramasamy 1987b).

200k-

Fig. 2. Fluorograph of SDS-PAGE analysis of immune-precipitates of
Hs-glucosamine labelled PMMSA and its processed products with
two specific monoclonal antibodies that react with (a) PMMSA and
non- glycosylated products and (b) PMMSA and its glycosylated
processing products, respectively. Migration positions of molecular
weight markers in kDa are indicated.
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subsequent immune-precipitation steps to be performed at higher antigen
concentrations. Since H3 is a weaker beta particle emitter (Emax=0.018Mev)
its detection requires more prolonged fluorography than S" (Emax=0.167Mev).
H3 however has a longer half life (12.3 yrs) and therefore labelled
parasites may be stored for long periods before analysis.

The antigenicity of parasite glycoproteins is influenced by the
oligosaccharide side chains (Ramasamy & Reese 1986). Fig. 3 shows the results
of an experiment where S-^-methionine labelled parasite proteins were
immune-precipitated with a monoclonal antibody against a 120 kDa glycoprotein
(arrowed in Fig. 3), with and without treatment with selected glycosidases.
The results show that sequential digestion with a-galactosidase,
a-mannosidase, ß-N-acetyl hexosaminidase and ct-fucosidase led to
decreasing precipitation of the 120 kDa protein. A slight increase in the
precipitation of breakdown products was observed with decreasing precipitation
of the 120 kDa protein. These results suggest that the oligosaccharide side
chains of the glycoprotein, which probably contains terminal a-linked
galactose residues, influence antigenicity of the glycoprotein. This may be
due to an altered conformation of the deglycosylated protein, reaction of the
antibody with a carbohydrate epitope or increased sensitivity to proteolysis.
Similar results were observed with PMMSA previously (Ramasamy & Reese 1986).

200K-

66K-

50K-
43K-

29K-
d.f.-

1 2 3 4 5 6 7 8 9 1 0

Figures. THE EFFECT OF GLYCOSIDASE TREATMENT ON THE
PRECIPITATION OF THE 120 kDa GLYCOPROTEIN BY McAb. The migra-
tion position of the 120 kDa antigen is indicated by an arrow. 1. A. niger
a-galactosidase. 2. a-mannosidase. 3. a-fucosidase. 4. /J-N-acetyl hex-
osaminidase. 5. A. niger a-galactosidase, a-mannosidase, a-fucosidase,
and ß-N-acetyl hexosamanidase. 6. a-mannosidase, a-fuctosidase, and
/3-N-acetyl hexosmanidase. 7. Mixed glycosidase. 8. PBS. 9. A. niger
a-galactosidase and a-mannosidase. 10. A. niger a-galactosidase,
a-mannosidase, and ß-N-acetyl hexosaminidase.

55



A single report describes the labelling of parasite glycolipids with
radiolabelled monosaccharides including H^-glucosamine (Sherwood et al.
1986). Although a variety of glycolipid types appear to be synthesized by
P. falciparum, there is no evidence as yet to suggest that they are antigenic
in man (Ramasamy & Reese 1985).

4. Radiolabelling of acylated proteins with H-*-myristic acid

H3-myristic acid added to parasite cultures is incorporated into
several parasite proteins (Fig. Ib). Nearly all glycoproteins labelled with
H^-glucosamine are also labelled with H-*-myristic acid (Fig. la & b),
consistent with the presence of a glycosyl phosphatidyl inositol moiety
anchoring the glycoproteins to the membrane as in the rat brain Thy-1
glycoprotein (Romans et al. 1988) and the variant surface glycoprotein of
African trypanosomes (Fergusson et al. 1988). The sensitivity of many
H^-myristic acid labelled parasite proteins to cleavage of the label with
phospholipase C is consistent with this possibility (Ramasamy 1987b).
However, some H^-myristic acid labelled proteins are not glycosylated e.g. a
20 kDa protein (arrowed in Fig. 1) that is now known to be identical to CRA
and has been located to the parasitophorous vacuole membrane of the parasite
(Simmons et al. 1987). The myristilation of this protein may occur directly
on the polypeptide chain e.g. on free N-terminal amino or internal sulphydryl
groups. While a putative anchor sequence has also been identified in the
middle of the CRA sequence (Simmons et al. 1987), the hydrophobic acyl group
is the one that may serve to anchor the protein to the membrane.

The possible relevance of a glycosyl phosphatidyl inositol moiety in
anchoring the merozoite surface antigens are not known. However, mammalian
cell molecules possessing a similar anchor have been shown to possess higher
diffusion coefficients in the membrane (reviewed in Low & Saltiel 1988). The
lipid anchor may therefore permit a more rapid aggregation of the merozoite
surface molecules to form a patch of adhesion to erythrocyte membranes during
invasion. It is also known that diacyl glycerol, produced by the action of
phospholipase C on the anchor, is capable of activating membrane bound protein
kinase C in mammalian cells and this can in turn trigger a series of metabolic
and other changes in the cells. Similar events could take place in
merozoites. Furthermore, the action of a phospholipase C or D frees the
attached protein from the hydrophobic diacyl glycerol or phosphatidic acid
respectively, so that the proteins may then be shed from the parasites. These
are likely events during merozoite invasion since GYMSSA is reported to be
shed from merozoites (Ramasamy 1987c), there is an endogenous phosphatidyl
inositol specific phospholipase C in P. falciparum (Braun-Breton et al. 1988)
and phospholipase D is also present in human plasma.

5. Analysis of radiolabelled antigens

This is usually performed by extracting the labelled parasites with
suitable detergents and then adding a monoclonal or polyclonal antibodies of
interest. The antigen-antibody complex is precipitated with antiglobulin or
more usually with Protein-A-Sepharose. The precipitate is washed, extracted
in sodium dodecyl sulphate (SDS) and separated by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE). The dried gel is then autoradiographed or
fluorographed. Details of these standard procedures are reported elsewhere
(Ramasamy & Reese 1986; Ramasamy 1987b & c).

However, extraction procedures may need to be optimized for each
antigen. For example, PMMSA is readily extracted in a non-ionic detergent
Triton X-100 but immune-precipitation with a specific monoclonal antibody in
this medium leads to a co-precipitation of a large number of other proteins

56



(Fig. 4a). Extraction and immune-precipitation from a buffer containing
either 0.5% deoxycholate or a mixture of Triton, deoxycholate and SDS gives a
"cleaner" pattern of PMMSA (arrowed in Fig. 4) and its smaller molecular
weight processed products (Fig. 4b, c & d). In contrast, a complex of
proteins of approximate Mr 82, 70, 67, 39 and 37 kDa present in paired
secretory organelles in merozoites known as rhoptries (Howard et al. 1984) are
poorly extracted in Triton (Fig. 4e) and more readily extracted and immune-
precipitated from the buffer containingg Triton, deoxycholate and SDS (Fig.
4f-h).

29kdf

Fig. 4. Fluorograph of SDS-PAGE analysis of immune-precipitates of S35-
methionine labelled PMMSA (a-d) and a low molecular weight rhoptry
complex (e-h) with specific monoclonal antibodies. The labelled
parasites were extracted in the following buffers for
precipitation. a,e- 1% Triton x-100, 5mM Tris-HCl, pH 7.4, 50 mM
Nacl, 5mM EDTA and 2mM phenyraethysulphonyl fluoride (PMSF); b,f-
0.5% sodium deoxycholate, 5mM EDTA, 5mM EGTA, 50mM Tris-HCl pH 8.2,
ImM PMSF; c, d, f, g - 10 mM Tris-Hcl pH 7.4, 1% deoxycholate, 1%
Triton X-100, 0.1% sodium dodecyl sulphate, 20 mM EDTA, 150 mM NaCl
and 1 mM PMSF (low salt RIPA buffer). c,f immune-precipitates were
washed in low salt RIPA buffer while d,g were washed in RIPA buffer
containing high salt (1.5M NaCl). Migration positions of molecular
weight markers in kDa are indicated.

As an alternative to the immune-precipitation of radiolabelled antigens,
Western blots of parasite proteins separated by SDS-PAGE and transferred to
nitrocellulose can be probed with specific antibodies followed by ilzs

labelled antiglobulin or protein A (Ramasamy 1987c). We have found that the
reaction of mouse antibodies is often usefully amplified by IgG rabbit
anti-mouse immunoglobulin before reaction with I125-Protein A
(Ramasamy 1987c). I125 (half life 60d) emits weak beta (Emax=0.035
MeV), X and gamma radiation and is therefore readily detected by
autoradiography.

6. Assays for inhibition of parasite growth in vitro

The characterization of putative protective antigens of P. falciparum has
relied on the use of sera from immune individuals (adults from hyperendemic
areas), immune monkeys or murine monoclonal antibodies. The protective
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function of the antigen may be assayed in vitro by the ability of a specific
monoclonal or monospecific polyclonal antibody preparation to inhibit parasite
growth in vitro (see Epping et al. 1988; Ramasamy et al. 1988). Quantität ion
of parasite growth by counting parasites in Giemsa stained blood films is
tedious and prone to inaccuracies. A more convenient method is to measure the
rate of nucleic acid synthesis in parasite cultures with radiolabelled
nucleotide precursors. H3-thymidine is commonly used to measure DNA
synthesis in mammalian cells, but thymidine salvage appears not to be
important in P. falciparum. In contrast, the parasite is unable to synthesize
purines de novo and has an active salvage pathway for hypoxanthine.
Incorporation of H-^-hypoxanthine is therefore used to measure nucleic acid
synthesis in the parasite (Ramasamy et al. 1988). Incorporation of
S35-methionine into proteins has also been used to measure parasite
growth (Epping et al. 1988).

7. Identification of recombinant clones by colony immunoassay

Once an antigen has been identified as being important for protective
immunity, further progress towards designing a synthetic vaccine is dependent
on elucidating the amino acid sequence of the antigen. This is most easily
achieved by identifying and DNA sequencing a recombinant clone coding for a
part or whole of the antigen. The procedure for screening a P. falciparum
cDNA library in phage lambda gtll has been described in detail elsewhere (Kemp
et al. 1983). Briefly the procedure involves growing recombinant bacterial
colonies on nitrocellulose filters, induction, lysis of the colonies and
fixation the bacterial proteins onto nitrocellulose. The filters are then
incubated with antibody followed by Il25-labelled Protein A. Positive
colonies are identified by autoradiography. Fig. 5 shows the results obtained
by screening immune serum selected clones in a triplicate array on a filter
with a monoclonal antibody that reacts with a heat stable antigen of
P. falciparum termed the S-antigen (Coppel et al. 1983). We have observed
that I *2'-labelled Protein A results in a higher sensitivity than the
use of a non-radioactive Streptavidin-Peroxidase system.

8. Identification of T-cell epitopes on vaccine candidate antigens

Immunization with a 155 kDa antigen present on the red cell membrane of
ring stage parasites termed RESA/Pfl55 has been reported to produce immunity
in own monkeys (Collins et al. 1986). Immunigy appeared to correlate with
antibody levels against a 11 amino acid repeat in the middle of the molecule
and an 8 amino acid repeat but not a 4 amino acid repeat towards the C
terminus of the molecule. The design of a synthetic peptide vaccine based on
this result depends also on identifying regions of RESA that stimulate
T cells, since T cell recognition is also necessary for antibody formation.
Such T cell epitopes have been reported to be regions capable of forming alpha
helical amphipathic structures (Delisi & Berzovsky 1985). Peptides from the
repeat regions, those predicted to form amphiphathic alpha helicies and some
other peptides based on the RESA sequence were synthesized by solid phase
techniques and tested for their capacity to stimulate the multiplication of
peripheral blood leukocytes from immune donors, in order to identify such
T cell epitopes (Rzepcyzk et al. 1988). The proliferation in peripheral blood
cells is largely due to primed T cells and is conveniently measured by the
rate of incorporation of H^-thymidine into DNA.

The results have led to the identification of T cell epitopes in RESA,
both within and outside the repeat regions, as shown in Fig. 6 (Rzepcyzk et
al. 1988). A synthetic peptide vaccine based on RESA, that will be subject to
natural boosting during an infection, could therefore include one or more of
these T epitopes outside the repeats linked to the llmer and 8mer repeats. It
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Fig. 5. Autoradiograph of a colony immunoassay where an array of recombinant
clones, plated in triplicate, were probed with a monoclonal antibody
against the S-antigen followed by rabbit anti-mouse immunoglobulin
and Il25-Protein A. The colonies expressing portions of the
S-antigen stand out against the weak background reaction seen with
negative colonies.

23 4 5
N * 3'

Fig. 6. Diagrammatic representation of Pfl55/RESA showing the location of
peptides 1-5 with T cell stimulating activity. Peptides 6 and 7,
corresponding to the predominant repeat sequences in the middle of
the molecule (5' repeats) and at the C terminus (31 repeats), were
also found to have some T cell stimulating activity. N and C
represent the N and C terminii of the protein. 5' and 3' blocks
show the respective repeat regions in the protein (adapted from
Rzepcyzk, Ramasamy et al. 1988).
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is also important to determine the HLA restriction pattern of the T epitopes
before their use in a vaccine. However, natural boosting may not be an
important consideration to aim for in an asexual stage vaccine, unlike in a
sporozoite vaccine, since the presence of blood stage parasites necessary for
boosting to take place is detrimental to the individual.

Similar studies have been performed with peptides based on the sequence
of GYMSSA and PMMSA. The results show that T cells are able to recognize many
peptides that do not conform to a sequence motif present in T epitopes
(Rothbard 1986) or form amphipathic alpha helicies and other amphipathic
structures. However, some of the strongly reacting peptides were predicted to
conform to the Rothbard motif and/or form amphipathic alpha helicies (Rzepcyzk
et al. 1988); Rzepcyzk, Ramasamy et al. unpublished observations).

9. Use of immunoradiometric assays (IRMA)

The use of Il25-labelled monoclonal antibodies against parasite
antigens in one and two-site immunoradiometric assays has proved useful in
determining the presence of repeating epitopes in an antigen (Zavala et al.
1983) and for demonstrating that different monoclonal antibodies react with
different epitopes in the same antigen (Carter et al. 1985).
10. Characterization of novel merozoite surface antigens of P. falciparum

using radionuclides

The importance of merozoite surface antigens in protective immunity is
illustrated by the ability of purified PMMSA to protect monkeys to protect
monkeys against falciparum malaria (Siddiqui et al. 1987). Two novel
merozoite surface antigens have been recently identified (Ramasamy 1987c and
unpublished data). These antigens were located on the merozoite surface by
virtue of the reaction of monoclonal antibodies with the merozoite surface in
fixed late schizont stage parasites, giving rise to a typical grape like
immunofluorescence pattern (Fig. 7). One monoclonal antibody reacted with an
S35-methionine labelled 35 kDa antigen by immune-precipitation, but did not

Fig. 7. Grape like immunofluorescence pattern characteristic of antibodies
reacting with antigens on the merozoite surface (adapted from
Ramasamy 1987c).
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react with parasite proteins in Western blots indicating that epitope
recognized by the antibody was sensitive to denaturation (Pig. 8). The
antigen was not labelled with H-^-glucosamine suggesting that it may not be a
glycoprotein. Because the antibody does not react with denatured antigen
present in recombinant E. coli, it has not been possible to identify a clone
folr the antigen. Attempts to purify the antigen for the production of
polyclonal antibodies or for N-terminal amico acid sequencing have not been
successful.

•200
•93

•68

•*-14

Fig. 8. Fluorograph of immune-precipitates of S35-methionine labelled
parasite proteins with a) control monoclonal antibody and b)
antibody to a 35kDa merozoite surface antigen. A number of non-
specifically precipitated labelled proteins was observed in this
experiment. The migration position of the specific antigen is
indicated by an asterisk. The migration positions of molecular
weight markers in kDa are also indicated.

The other merozoite surface specific-antibody failed to react with a
distinct S-^-methionine labelled molecule by immune-precipitation but
Western blotted a 45 kDa molecule in late stage parasites (Fig. 9). However,
this antibody precipitated a 45 kDa labelled protein from parasites labelled
with H^-glucosamine and H^-myristic acid (Fig. 10). This second antigen
was termed the glycosylated and myristilated smaller surface antigen or GYMSSA
(Ramasamy 1987c). It has also been referred to as QF122 (Epping et al.
1988). One monoclonal antibody that reacted with it produced upto 96%
inhibition of parasite growth as measured by H^-hypoxanthine incorporation
at an antibody concentration of 121 pg/ml.

That GYMSSA was an integral membrane protein was demonstrated by it
partitioning into the detergent phase on Triton-X114 phase separation (Fig. 11
and Smythe et al. 1988), while GYMSSA, identified by immune-precipitation with
a specific monoclonal antibody (Fig. 11, arrowed lane c), partitioned into the
detergent phase (Fig. lia), PMMSA, presumably by virtue of its large
hydrophillic nature, partitioned into the aqueous phase (single asterisk in
Fig. lib). That GYMSSA (arrowed) was different from the processed products of
PMSSA (double asterisks in Fig. lid) is shown by their different molecular
weights after immune-precipitation with specific antibodies (Fig. lie & d).
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Fig. 9. Autoradiograph of a Western blot of parasite proteins probed with a
specific monoclonal antibody to GYMSSA. S, T, and R indicate tracks
containing schizont, trophozoite and ring stage parasite proteins.
The migration positions of molecular weight markers in kDa are
indicated (adapted from Ramasamy 1987c).

Fig. 10. Fluorograph of immune precipitation of H*-glucosamine (a, c) and
H*-myristic acid (b, d) labelled parasite proteins, a, fa-
control precipitate with Protein A-sepharose beads without
antibody, c, d- immune precipitates with specific anti-GYMSSA
monoclonal antibody. The migration positions of molecular weight
markers in kDa are indicated (adapted from Ramasamy 1987c).
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Fig. 11. Fluorograph showing immune precipitations of H5-glucosamine
labelled parasite proteins with c) anti-GYMSSA monoclonal antibody
and d) rabbit anti-PMMSA antibodies (with a longer exposure to
demonstrate the weakly labelled fragments of PMMSA. a) total
labelled proteins partitioning into the detergent phase of Triton
xll4 solution and b) total labelled proteins partitioning into the
aqueous phase of Triton xll4 solution. The migration positions of
PMMSA (asterisk), GYMSSA (arrow) and the PMMSA fragments (doulbe
asterisk) as well as the molecular weight standards in kDa are shown
(adapted from Ramasamy 1987c).

The complete amino acid sequence of GYMSSA was determined from the DNA
sequence of a recombinant clone identified with specific polyclonal and
monoclonal antibodies (Smythe et al. 1988). The sequence was compatible with
a membrane protein and linkage to a glycosyl phosphatidyl inositol moiety was
indicated by the presence of a consensus sequence for linkage to such a moiety.

The delineation of continuous epitopes recognized by the anti-GYMSSA
monoclonal antibodies was performed as described in detail elsewhere (Epping
et aJ. 1988); Ramasamy & Geysen, submitted). Briefly, the sequentially
overlapping octapeptides corresponding to the entire sequence of the protein
were synthesized and scanned for reactivity with the antibodies by ELISA. One
of the epitopes identified was determined by the linear sequence of amino
acids STNS and was recognized by an antibody that inhibits parasite growth
in vitro (Ramasamy & Geysen in preparation). This epitope was shown to be
highly cross-reactive with several ser, thre and asn rich sequences found in
other asexual blood stage antigens (Ramasamy & Geysen, submitted). Since T
cell epitopes have also been identified in GYMSSA (Rzepcyzk, Ramasamy et al.
in preparation) it may now be possible to design a synthetic peptide vaccine
based on GYMSSA.

63



REFERENCES

1. Anders, R.F. 1986. Multiple cross-reactivities amongst antigens of
Plasmodium falciparum impair the development of protective immunity
against malaria. Parasite Immunology 8, 529-539.

2. Ballou, W.R., Sherwood, J.A., Neva, P.A., Gordon, D.M., Wirtz, R.A.,
Wasserman, G.F., Diggs, C.L., Huffman, S.L., Hollingdale, M.R.,
Hochmeyer, W.T., Schneider, I., Young, J.F., Reeve, P. and Chulay, J.D.
1987. Safety and efficacy of a recombinant DNA Plasmodium falciparum
sporozoite vaccine. Lancet 1277-1281.

3. Braun-Breton, C., Roseberry, T.L. and Da Suva, L.P. (1988). Induction
of the proteolytic activity of a membrane protein in Plasmodium
falciparum by phosphatidyl inositol specific phospholipase C. Nature,
332, 457-459.

4. Carter, R., Bushell, G., Saul, A., Graves, P.M. and Kidson, C. 1985.
Two apparently non-repeated epitopes on gametes of Plasmodium falciparum
are targets of transmission blocking antibodies. Infection and Immunity,
J50, 102-105.

5. Collins, W.E., Anders, R.F., Pappaioanou, M., Campbell, G.H., Brown,
G.V., Kemp, D.J., Coppel, R.L., Skinner, J.C., Andrysiak, P.M., Favaloro,
J.M., Corcoran, L.M., Broderson, J.R., Mitchell, G.F. and Campbell, G.G.
1986. Immunization of Aotus monkeys with recombinant proteins of an
erythrocyte surface antigen of Plasmodium falciparum. Nature, 323,
259-262.

6. Coppel, R.L., Cowman, A.F., Lingelbach, K.R., Brown, G.V., Saint, R.B. ,
Kemp, D.J., and Anders, R.F. 1983. Isolate specific S antigen of
Plasmodium falciparum contains a repeated sequence of eleven amino
acids. Nature, 306, 751-756.

7. Coppel, R.L., Favaloro, J., Crewther, P.E., Burkot, T.R., Bianco, A.E.,
Stahl, H.D., Kemp, D.J., Anders, R.F. and Brown, G.V. 1985. A blood
stage antigen of Plasmodium falciparum shares determinants with the
sporozoite coat protein. Proceedings of the National Academy of
Sciences, USA, 82, 5121-5125.

8. Delisi, C. and Berzovsky, J.A. 1985. T. cell antigenic sites tend to be
amphipathic structures. Proceedings of the National Academy of Sciences,
82, 7048-7052.

9. Epping, R.A., Goldstone, S.D., Ingram, L.T., Upcroft, J.A., Ramasamy, R.,
Cooper, J.A., Bushell, G.A. and Geysen, H.M. 1988. An epitope
recognized by inhibitory monoclonal antibodies that react with a 51 kDa
merozoite surface antigen in Plasmodium falciparum. Molecular and
Biochemical Parasitology 28, 1-10.

10. Fergusson, M.A.J., Romans, S., Dwek, R.A. and Rademacher, T.W. 1988.
Glycosyl-phosphatidyl inositol moiety that anchors Trypanosoma brucei
variant surface glycoprotein to the membrane. Science 239, 753-759.

11. Galinski, M.R., Arnot, D.E., Cochrane, A.H., Barnwell, J.W., Nussenzweig,
R.S. and Enea, V. 1987. The circumsporozoite gene of the Plasmodium
cyanomolgi complex. Cell, 48, 311-319.

64



12. Greenwood, B.M., Bradley, A.K., Greenwood, A.M., Byass,'P., Jammeh, K.,
Marsh, K., Tulloch, S., Oldfield, F.S.J. and Hayes, R. 1987. Mortality
and morbidity in a rural area of the Gambia, West Africa. Transactions
of the Royal Society of Tropical Medicine and Hygiene 81, 478-486.

13. Herrington, D.A., Clyde, D.F., Losonsky, G., Cortesia, M., Murphy, J.R.,
Davis, J., Baqau, S., Felix, A.M., Heimer, E.P., Gillessen, D., Nardin,
E., Nussenzweig, R.S., Nussenzweig, V., Hollingdale, M.R. and Levine,
M.M. 1987. Safety and immunogenicity in man of a synthetic peptide
malaria vaccine against Plasmodium falciparum sporozoites. Nature, 328,
257-259.

14. Homans, S.W., Ferguson, M.A.J., Dwek, R.A., Rademacher, T.W., Anand, R.,
and Williams, A.F. 1988. Complete structure of the glycosylphosphatidyl
inositol membrane anchor of rat brain Thy-1 glycoprotein. Nature, 333,
269-272.

15. Howard, R.F. and Reese, R.T. 1984. Synthesis of merozoite proteins and
glycoproteins during the schizogony of Plasmodium falciparum. Molecular
and Biochemical Parasitology 10, 319-334.

16. Howard, R.F., Stanley, H.A., Campbell, G.H. and Reese, R.T. 1984.
Proteins responsible for a punctuate fluorescence pattern pattern in
Plasmodium falciparum merozoites. American Journal of Tropical Medicine
and Hygiene, 33, 1055-1059.

17. Kemp, D.J., Coppel, R.L., Cowman, A.F., Saint, R.B., Brown, G.V. and
Anders, R.F. 1983. Expression of Plasmodium falciparum blood stage
antigens in E. coli; detection with antibodies from immune humans.
Proceedings of the National Academy of Sciences, USA, 80, 3787-3791.

18. Kilejian, A. 1976. Does a histidine rich protein from Plasmodium
lophurae have a function in merozoite penetration? Journal of
Protozoology 23, 272-277.

19. Leszcznski, J.F. and Rose, G.D. 1986. Loops in globular proteins: a
novel category of secondary structure. Science, 234, 849-855.

20. Low, M.G. and Saltiel, A.R. 1988. Structural and functional roles of
glycosyl-phosphatidyl inositol in membranes. Science 239, 268-275.

21. Miller, L.H., Howard, R.J., Carter, R., Good, M.F., Nussenzweig, V. and
Nussenzweig, R.S. 1986. Research toward malaria vaccines. Science 234,
1349-1356.

22. Patarroyo, M.E., Amador, R., Clavijo, P., Moreno, A., Guzman, F., Romero,
P., Tascon, R., Franco, A., Murillo, L.A., Ponton, G. and Trujillo, G.
1988. A synthetic vaccine protects humans against challenge with the
asexual stages of Plasmodium falciparum malaria. Nature, 332, 158-161.

23. Ramasamy, R. 1981. Surface antigens on haemoparasites and their
relevance to protective immunity. Biochemical Society Transactions, Ç),
535-536.

24. Ramasamy, R. and Reese, R.T. 1985. A role for carbohydrate moieties in
the immune response to malaria. Journal of Immunology, 134, 1952-1955.

65



25. Ramasamy, R. and Reese, R.T. 1986. Terminal galactose residues and the
antigenicity of Plasmodium falciparum glycoproteins. Molecular and
Biochemical Parasitology, 19, 91-101.

26. Ramasamy, R. 1987a. Progress towards a malaria vaccine. Indian Journal
of Malariology, 24, 1-7.

27. Ramasamy, R. 1987b. Studies on glycoproteins in the human malaria
parasite Plasmodium falciparum-lectin binding properties and the nature
of the carbohydrate-protein linkage. Immunology and Cell Biology, 65,
147-152.

28. Ramasamy, R. 1987c. Studies on glycoproteins in the human malaria
parasite Plasmodium falciparum-identificat ion of a myristilated 45kDa
merozoite membrane glycoprotein. Immunology and Cell Biology, 65,
419-424.

29. Ramasamy, R. 1988. Binding of normal human immunoglobulins to
Plasmodium falciparum. Indian Journal of Medical Research 87, 584-593.

30. Ramasamy, R., Simpson, R.J., Dexter, A., Keeghan, M., Reed, C., Bushell,
G., Ingram, L.I., Henderson, T., Moloney, M.B., Moritz, R.L., Rubira,
M.R. and Kidson, C. 1988. Isolation and partial characterization of a
26 kDa antigen from Plasmodium falciparum recognized by an inhibitory
monoclonal antibody. Molecular and Biochemical Parasitology, 29, 125-132.

31. Rothbard, J.B. 1986. Peptides and the cellular immune response. Annals
of the Institute Pasteur, 135E, 518-526.

32. Rzepcyzk, C.M., Ramasamy, R., Ho, P.C., Mutch, D.A., Anderson, K.L.,
Duggleby, R.G., Doran, T.J., Murray, B.J., Irving, D.O., Woodrow, G.G.,
Parkinson, D., Brabin, B.J. and Alpers, M.P. 1988. Identification of T
epitopes within a potential Plasmodium falciparum vaccine antigen. A
study of human lymphocyte response to repeat and nonrepeat regions of
PF155/RESA. Journal of Immunology 141. In press.

33. Sherwood, J.A., Spitalnik, S.L., Aley, S.B., Quakyi, I.A. and Howard,
R.J. 1986. Plasmodium falciparum and P. knowlesi: Initial
identification and characterization of malaria synthesized glycolipids.
Experimental Parasitology, 62, 127-141.

34. Simmons, D., Woolette, G., Bergin-Cartwright, M., Kay, D. and Scaife, J.
1987. A malaria protein exported into a new compartment within the host
erythrocyte. EMBO Journal 6, 485-491.

35. Siddiqui, W.A., Tarn, L.Q., Kramer, K.J., Hui, G.S.N., Case, S.E., Yamaga,
K.M., Chang, S.P., Chan, E.B.T. and Kan, S.C. Merozoite surface coat
precursor protein completely protects Aotus monkeys against Plasmodium
falciparum malaria. Proceedings of the National Academy of Sciences,
USA, 84, 3014-3018.

36. Smythe, J.A., Coppel, R.L., Brown, G.V., Ramasamy, R., Kemp, D.J. and
Anders, R.F. 1988. Identification of two novel integral membrane
proteins of Plasmodium falciparum. Proceedings of the National Academy
of Sciences, 85, 5195-5199.

37. Trager, W. and Jensen, J.B. 1976. Human malarial parasites in
continuous culture. Science, 193, 673-675.

66



38. Willems, T.E. and Howard, R.J. 1986. Homologous genes encode two
distinct histidine-rich proteins in a cloned isolate of Plasmodium
falciparum. Proceedings of the National Academy of Sciences, USA, 83,
6065-6069.

39. Wilson, R.J.M., McGregor, I.A., Williams, K., Hall, P. and Bartholomew,
R. 1969. Antigens associated with Plasmodium falciparum infections in
man. Lancet, 201-205.

40. Zavala, F., Cochrane, A.H., Nordin, E.H., Nussenzweig, R.S. and
Nussenzweig, V. 1983. Circumsporozoite proteins of malaria parasites
contain a single immunodominant region with two or more identical
epitopes. Journal of Experimental Medicine, 157, 1947-1957.

Next page(s) left blank 67



THE USE OF DNA PROBES IN THE DETECTION OF
P. falciparum IN ASEXUAL BLOOD STAGE

L. PRAPANTHADARA
Research Institute for Health Sciences,
Chiang Mai University,
Chiang Mai

S. PANYIM, P. VILASENEEKUL
Department of Biochemistry,
Mahidol University,
Bangkok

Thailand

Abstract

A clone, pUN Kl-45, containing a 3.9 Kb fragment from the
P. falciparum Thai isolate Kl, was constructed. This clone was
specifically hybridized with P. falciparum DNA and not with other
plasmodial species, e.g., P. knowlesi? P.. cynomolgi. P. chabaudi and P.
vivax nor with man and mosquito. It was able to detect P. falciparum
infected blood at parasitemia levels of 0.005%. Dot blot hybridization,
using pUN Kl-45 as DNA probe revealed that this clone could detect 17
isolates of P. falciparum infected blood from nothern Thailand.

Introduction
To date malaria transmission research has focussed on studies either

in patients or vectors. Laboratory diagnosis of malaria most commonly
involves the identification of P. falciparum in blood films by light
microscopy. This technique is time-consuming and tedious for use in
large-scale epidemiological investigations. There is, therefore, a
widely recognised need for improved rapid tests for the field assessments
of malaria vaccines (2). Recently, the DNA hybridization assay has made
it possible to detect P. falciparum in blood samples (1, 5, 8). The
technique could be used in large epidemiological research (3).

A specific DNA probe was constructed in our laboratory (7). This
probe consists of a 3.9 kb DNA fragment3 from P. falciparum. Thai
isolate Kl, inserted into pUN 121 at the EcoRI site (Fig. 1). The
estimated copy number of inserts in plasmid was about 120. In the
hybridization assay, DNA from other plasmodial species, e.g., P.
chabaudi. P. knowlesi. P. cyanomolgi. and P. vivax did not hybridize with
pUN Kl-45 neither with man nor mosquito (7). In a dilution experiment,
parasitemia at the 0.005% level could be detected in a sample of 20 ug
of infected blood.

This experiment was to check hybridization assay of pUN Kl-45 with
P. falciparum infected blood from various geographic locations. Here we
report the results of our investigation on positive reactions using the
hybridization assay from various isolates of P. falciparum in Northern
Thailand.

a 1 Kb = 103 base pairs
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Fig. 1 Cloning strategy of Plasmodium falciparum, Kl isolates,
in Escherichia coli.

Materials and Methods
Parasite Cultures:

P. falciparum 17 isolates were collected from 9 provinces in
Northern Thailand. The parasites were kept in continuous culture using
the method described by Jensen & Trager (4) . Cultures were harvested at
parasitaemia levels of about 10-12% infected red blood cells. The blood
samples were diluted 100 fold before use.

DNA Probe:
A clone, pUN Kl-45, containing a 3.9 kb fragment from P. falciparum

Thai isolate Kl, was used as probe in the assay. This was ^^
by nick translation (6) to a specific activity of l-3x!07
counts/min/ug before using hybridization assay.
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Dot Blot Hybridization:
Twenty ul of in vitro culture P. falciparum were applied

duplicately onto nylon membrane, using a Manifold II vacuum filtration
apparatus (Schleicher & Schuell). Red blood cells were lysed with TET
buffer pH 10 (100 mM Trus 10 mM EDTA 0.4% Triton X-100). After that the
membrane was incubated with 200 ug/ml pronase (protease). After
digestion, DNA wad denatured by placing on a few drops of 1.5 M NaOH for
10 min and then neutralized by placing on a few drops of 2 M ammonium
acetate. The hybridization was carried out by incubating with denatured
probes for 2 days at 65°C before being autoradiographed overnight
using Fugi-RX 100 film and intensifying screens.
Results and Discussion

The autoradiographic results of dot blot hybridization is shown in
Fig. 2. The known number of parasites in infected blood and the
extracted DNA from pUN Kl-45 were used as positive controls. This result
indicated that pUN kl-45 could detect as low as 5 x 103 parasites in a
20 ul sample parasites. The autoradiogram of blood samples were all
positive according to the black spot appearance on X-ray film. It
revealed that PUN Kl-45 can hybridize with all isolates of P. falciparum
used in the experiment. Different intensities of each spot indicates
different numbers of parasites in the blood samples.

auoeöC' r" .CLONE

'̂•7;̂ iÉM-P̂ vis;'

Fig. 2 Autoradiogram of dot blot hybridization of asexual blood stage
P.falciparum in blood sample with pUN Kl-45 probe. The known
number of parasite in infected blood and extracted DNA from
clone 45 were used as controls.
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The sensitivity and specificity of pUN kl-45 has been reported
previously (5) and should prove a useful DNA probe in detection of P.
falciparum in Thailand. This report shows that the pUN kl-45 could be an
effective probe in the detection of P. falciparum in Northern Thailand.
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Abstract

Epidemiological studies have long indicated that dysplasia and
cancer of the cervix uteri are of venereal origin and the sexually
transmitted infective agent is the human papilloma virus (HPV). Various
hybridization methods for the detection and typing of HPV are presented.
Also a comparison of the 3 detection methods carried out by our
laboratory is reported.

Cervical cancer is the second most frequent cancer in women and
contributes up to approximately 10% of the worldwide tumor burden^-.
Although cervical cancer carries a high morbidity and mortality rate,
since a majority of patients progress in an orderly fasion from
preinvasive, through several stages of dysplasia to an invasive lesion, a
screening program can effectively control the disease as it is nearly
always curable if treated in the premalignant and early invasive stages.

For more than a century, it has been suspected that cervical cancer
and its precursors are caused by a sexually transmitted agent, which is
now believed to be the Human papilloma virus or HPV2>3>4.

Papilloma virus belongs to the family Papovaviridae. They are a
goup of species specific viruses that infect man and a wide range of
animals, causing warts and other epithelial proliferations. It is
non-enveloped and has a diameter of 55 nm and an icosahedral symmetry.
The viral genome is a double- stranded, circular molecule about 8 Kbp
long. The organisation of the genomes is well conserved between types
with a number of open reading frames which can potentially code for
approximately 10 proteins. HPV's are a group of highly heterogenous
viruses. They are divided into types depending on the sequence homology
of their DNA. A newly isolated HPV, having less than 50% homology with
all other known HPV genotypes is designated as a new genotype. To date
more than 50 distinct genotypes have been isolated with additional
divisions into subtypes for HPVs with different enzyme digest patterns.
Different genotypes of HPV are associated with lesions of specific
morphology and at specific anatomic sites.
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TABLE 1 HPV TYPES

Histological
Classification

Keratinizing SCC**

Large cell non-
keratinlzing SCC

Small cell non-
keratlnlzing SCC

Undifferentlated
carcinoma
Adenocarclnoma

Unclassified
Total

%

No.

12

34

1

1

5

7

60

IN INVASIVE CERVICAL CARCINOMA*

HPV-16

9(3-40)***

15(3-150)

1(10)

1(150)

-

1(1)

27

45.0

HPV-18

-

5(<10-160)

-

-

5«10-160)

2(10,160)

12

20.0

HPV-16/18

1(10,160)

3(2-10,40)

-

-

-

-

4

6.7

* All tested and found negative for HPV-6 and HPV-11
** Squamous cell carcinoma
*** Estimated genome copy no. per cell In parenthesis

HPV's are suspected as the possible causative agents of cervical
cancer because premalignant and malignant tissues possess koilocytotic
cells containing virus particles^»^. Also, a majority of cervical
cancers and several cancer - derived cell lines contain HPV DNA?»8; HPV
capsid protein is found in a high percentage of dysplastic, precancerous
tissue9. Lastly, the ability of HPV DNA to transform cells in vitro iswell documented-^.

The severity of the disease and the risk of development into cancer
depends on the HPV type infecting the genital tissue. HPV 6 and 11 are
considered as a low cancer risk1!, being isolated mainly from genital
warts or condylomata acuminata which may persists, but the majority will
regress with time. They are rarely if ever found in cervical cancers.
In contrast, HPV types 16 and 18 carry a high cancer risk and are
detected in a majority of carcinomas, usually integrated into the
cellular genome^> 1^< These findings indicate that women infected with
HPV 16 or 18 carry a higher risk of developing cancer, compared to those
with HPV 6 or II13. HPV types 31, 33, 35 are considered as
intermediate risk. The state of the HPV genome also seems to be related
to the severity of the disease. The HPV DNA is free and unintegrated in
benign condylomata and in premalignant lesions, however it is integrated
in a majority of malignant lesions1̂ . Smoking, age of the patient and
the presence of other infecting agents may also influence the course of
the disease.

Since these viruses cannot be grown in vitro, they are not
differentiated serologically as there is a lack of purified virus
particles. Virus particles may be purified from infected epithelium,
however in the majority of the genital HPV types, particle production is
minimal. Hence typing must be done exclusively by characterization with
molecularly cloned DNA in hybridization experiments. This has so far
proved to be most sensitive method for detecting virus infection in
clinical specimens.
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Preparation of the HPV probe
Most of the HPV DNA's have been cloned into plasmid vectors like

pBR322 which is in turn transformed into bacterial hosts. The plasmid is
amplified and purified and the HPV insert is separated from the vector
with the appropriate restriction enzyme and purified by electrophoresis.
The probe may be labelled by non-radioactive means with fluorochrome or
biotin, but these probes are usually less sensitive and results in higher
background. It has been estimated that biotinylated probes are 100 times
less sensitive, compared with radioactive probes. Labelling of the HPV
insert with radioactive isotopes may be accomplished by nick translation
or Klenow DNA polymerase.
Hybridization techniques for the identification and typing of HPV

In Reverse Hybridization, the DNA from infected tissue is extracted
and purified. It is then labelled with a radioactive isotope and
hybridized across to whole panel of available HPV DNAs. This method
allows us to test for different types in one experiment. The
sensitivity, however, is at least 100 times less than that of Southern
blot hybridization.

TABLE 2 PREVALENCE OF HPV BY VARIOUS DETECTION METHODS

HPV type Dot Blot (%) Southern Blot (%) FISH (%)

HPV 16
HPV 18
HPV 16/18
Negative
Total

18
11
4
8

41

(43
(26
(9.
(19

.9)

.8}
8)
.5)

18
11
4
8

41

(43
(26
(9.
(19

.9)

.8)
8)
.5)

16
3
2
20
41

(39
(7.
(4.
(48

.0)
3)
9)
.8)

Other methods of hybridization involve using individually labelled
HPV DNAs as probes. Southern blot hybridization is probably the most
commonly used and sensitive method. The characteristic pattern seen
after restriction enzyme cleavage allows the differentiation of different
virus subtypes. This method also permits the assessment of the
integration status of viral genomes.

In dot/slot blot hybridization, the cellular DNA is concentrated
onto a filter in either a "dot" or a "slot" pattern before being
hybridized to radiolabelled HPV DNA. Determination of virus subtypes
cannot be performed and differentiation between HPV types requires
repeated rounds of hybridization with individual probes.

The screening of large numbers of samples can be done by filter in
situ hybridization, a technique which does not require priod DNA
extraction. Exfoliated epithelial cells taken from the cervix are
filtered directly onto a membrane. Alkali treatment of the filter leads
to the denaturation of cellular proteins, as well as the DNA, which thus
becomes accessible for hybridization.
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The last technique is in situ hybridization of tissue sections or
cell smears. Tissue sections are adhered onto glass slides and labelled
probes are used to detect for the presence of HPV DNA.

In general, it can be seen that Southern blot hybridization is the
most sensitive method, yielding maximum information on the status and
type of the HPV genome. It is however expensive, lengthy and requires
highly trained personnel. It is not suitable for large studies. Dot
blot hybridization is easier to perform but cannot distinguish between
closely related HPV types or give details on the state of the HPV genome
in the cell. Filter in situ hybridization is the easiest method and
since it is non-invasive (requiring only cell swabs) is suitable for
large scale screening studies. Cell clusters or high concentrations of
cellular debris may lead to false positive results and for cells with a
low copy number of HPV, false negative results may be obtained as the
weak signals are sometimes indistinguishable from non specific
background. In situ hybridization in the only method that allows for the
localization of virus DNA to specific cell types and location of the
virus within the cells. It also permits a retrospective study of
routinely collected materials preserved in paraffin blocks. It is
however difficult to perform and does not allow differentiation between
different subtypes. In general, methods involving the extraction of DNA
(Southern and dot/slot blot) are more sensitive when there is a low copy
number of viral DNA per cell, as appears to be the case in cervial
tumours, while the in situ methods are more sensitive when copy number is
high in relatively few cells, as is found in condylomata or normal
cervices.

In our study a total of 60 invasive cervical carcinoma were tested
for the presence of HPV, by dot blot hybridization. No HPV 6 or 11
sequences were detected in any of the cases as these represent low risk
HPV groups and are mainly found in premalignant lesions and warts. HPV
16 was by far the most common, being present in 45% of the cases and HPV
18 was second with 20%. Mixed infections with both HPV 16 and 18 were
found in 6.7% of the cases. In 41 of the 60 biopsies examined, there was
sufficient DNA for Southern blot analysis and the results of the
coincided exactly with those of dlot blot. Filter in situ hybridization
appeared much less sensitive and only 63.5% of the HPV positive cases
were detected. A filter in situ hybridization study was also performed
on normal women and of the 56 patients examined, only 2% were found to
harbour HPV sequences.
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Abstract

The genes of Trypanosoma cruzi, the causative agent of Chagas Disease,
were cloned in the expression vector lambda gtll, and screened with a
trypamastigote antiserum. Twelve clones expressing fusion proteins reacting
to the antiserum were selected and further analysed in the western blot. One
clone (7/2) expressing an antigen present in the cytoplasm of the parasite was
found to react specifically with chagasic sera and may have potential as an
imtnunodiagnostic reagent.

Trypanosoma cruzi, the causative agent of Chagas
Disease (1), is a parasitic protozoan displaying a rather
complex life-cycle. The parasite alternates during its
life-cycle between two intermediary hosts and three
morphologicallly and functionally distinct forms. Epimasti-
gotes replicate inside the midgut of the triatomine
invertebrate host and are not infective to the mammal host.
Upon migration to the hindgut, epimastigotes transform into
the infective metacyclic trypomastigotes which are released
with the excreta upon feeding of the bugs on the mammal
host. These metacyclic forms penetrate the vertebrate host
through the wound or muccosa being then able to infect
macrophages or muscle cells. Inside the cells, these forms
transform into the amastigotes which after several cycles of
replication transform into trypomastigotes and are released
to the blood. Trypomastigotes can now infect new cells or
are transformed into epimastigotes upon ingestion by the
insect vector (2,3).

Chagas disease is an important endemic disease in South
America where more than 12 million individuals are
seropositive (4). As yet, no vaccine or safe chemotherapy is
available and even the diagnosis of this disease poses some
problems in view of the cross-reactivity between Chagas
disease and other parasitic infections.

Hence, in order to get further insight into the antigen
make up of the parasite, the structure and function of
antigen coding genes and in an attempt to develop new
reagents for the specific serodiagnosis of Chagas disease,
we have cloned T.cruzi genes in the expression vector lambda
gtll (5) and screened the library with a trypomastigote
antiserum. This screening resulted in the selection of 12
clones expressing fusion proteins (6).

These fusion proteins were further analysed in view of
their reactivities with chagasic and non-chagasic sera.
Figure 1 shows a western blot analysis of some recombinant
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Figure 1- Western blot analysis of T.cruzi recombinant
antigens produced in E.coli (a to e) hybridized with (A and
B) human chagasic sera, (C) Normal human serum, (D) Serum
from a human malaria patient and (E) serum from a human
visceral leishmaniasis patient. Recombinant bacteria
proteins were electrophoresed in SDS-polyacrylamide gels,
transferred to nitrocellulose and allowed to react with thedifferent sera. The immunocomplexes were detected using 125-
iodine labelled protein-A. The dot on the button of each gel
corresponds to the reaction of each serum with a T.cruzicytosolic crude extract.

fusion proteins with panels of chagasic and non-chagasic
sera. The dot on the bottom of each gel is a crude extract
of T.cruzi, as normally used in conventional serodiagnosis.
As it can be seen, some non-chagasic sera react with the
parasite extract, which would result in a false positiveresult.

Following western blot analysis with more than 100
chagasic and non-chagasic sera, we could conclude that clone
7/2 was specific for the diagnosis of Chagas disease.
Indeed, we have further analysed the use of this antigen in
diagnosis. The fusion protein was purified and applied onto
nitrocellulose strips along with T.cruzi extract and
bacterial beta-galactosidase as shown in Fig.2 . Following
reaction with human sera the strips were reacted with
iodinated protein-A and analysed by densitometry. The
analysis of the height of the recombinant antigen peak in
relation to the beta-galactosidase peak allows to
discriminate between chagasic and non-chagasic sera.
Analysis of more than 300 sera from different endemic
regions in Brazil demonstrated an association coefficient of
more than 98%. Hence, this clone was further investigated.
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?:.siot-bl°t analysis of (A) T.cruzi crude extract,
purified recombinant protein from clone CRA (7/2) and

(C) bacterial beta-galactosidase, with sera obtained in
different regions endemic for Chagas' disease. The proteins
wîS SÏ" ?̂ °ntV nitrocel̂ l°Be membrane and incSatedwith the different sera. The immunocomplexes were detectedWi?h ̂ S-̂ dine labelled protein-A. DeSsitometrîS anaïysisallowed the identification of positive sera

The nucleotide sequence of clone 7/2 showed that it
composed of repetitions of 42 nucleotides, resuîtiS in a
ef̂ iô 1̂  a rePetitive aotif of 14 aminoacidsT SLSoelectron microscopy showed that this antigen is located in
toe cytoplasm of the parasite. Hence toi/antigen Sas nâ edCRA for cytoplasmic repetitive antigen (6).

The study of the expression of CRA shows that thissrss t̂Sssass^antigen is weakly detected in amastigote forms
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The expression of CRA during the metacyclogenesis
process (the transformation of epimastigotes into metacyclic
trypomastigotes) is presented in Figure 3. In panel A is
presented an ELISA of T.cruzi extracts taken at different
times of the metacyclogenesis process. The black boxes
represent the CRA antiserum raised in rabbits and the white
boxes the pre-immune serum. It can be observed that the
expression of the antigen decreases as the epimastigotes
transform into trypomastigotes. Accordingly, the messenger
RNA for CRA can not be detected in trypomastigotes as shown
in the slot-blot of panel B which was probed with CRA. These
results indicate that the CRA gene is developmentally
regulated at the level of mRNA accumulation.

A

(2) (3) (4) (5) (6) (7)

CRA RRNA

B*
A

4 8

A|

M M
Figure 3- Study of the expression of the cytoplasmic
repetitive antigen (CRA) during T.cruzi differentiation. (A)
ELISA of total T.cruzi extracts obtained during the
transformation of (1) epimastigotes to (7) metacyclic
trypomastigotes. Solid boxes refer to the CRA-antiserum and
open boxes to the rabbit pre-immune serum. (B) Slot-blot
analysis of the CRA mRNA during the differentiation process.
E, A and M refer to epimastigotes, differentiating
epimastigotes and metacyclic trypomastigotes, respectively.
Total T.cruzi RNA was applied onto a nitrocellulose membrane
and probed with the 32p- labelled CRA gene. Following
hybridization the filters were washed and exposed. rRNA
refers to a control filter probed with a ribosomal RNA gene.
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It has been generally described that T.cruzi is very
heterogeneous in terns of biological behavior (8), antigen
make-up (9), molecular karyotype (10) and zymodeme and
schizodeme patterns (11). Figure 4 shows the analysis of CRA
expression in different T.cruzi strains. From the left to
the right are shown extracts of strains Y, Dm28c, G-49 and
F. It can be seen that while some strains display two
polypeptides reacting with the CRA antiserum (Y and 6-49)
others present one reactive polypeptide (strains Dm28c and F)

Figure 4- Western blot analysis of different T.cruzi strains
with the CRA antiserum. Protein extracts from T.cruzi
strains Y (A), F (B), G-49 (C) and clone Dm28c (D) were
electrophoresed on SDS-polyacrylamide gels and transferred
to nitrocellulose. The filter was incubated with the CRA
antiserum and the immunocomplexes were detected with 125-
iodine labelled protein-A. The numbers on the left refer to
the position of 14C-labelled protein molecular weight
markers.

In order to understand the polymorphism of CRA, we
compared the strains Dm28c and G-49 by Northern and Southern
blot analysis since they display, respectively, one and two
polypeptides reacting with CRA antiserum. In addition, these
strains have been both isolated from opossum and belong to
the same schizodeme and zymodeme group. Northern blot
analysis of total RNA from these strains probed with the CRA
gene resulted in different profiles indicating that the
polymorphism exists at the RNA level. In fact, the CRA gene
itself is polymorphic. This was confirmed by Southern blot
of T.cruzi G-49 and Dm28c probed with CRA (7).
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We have also investigated another T.cruzi gene screened
from the expression library. This gene is also composed of
repetitive motifs. However, in the case, the basic repeat
unit consists of 204 nucleotides. This gene encodes an
antigen of more than 300 kilodaltons composed of at least 14
repetitions of a 68 aminoacids motif. It is expressed in
both epimastigotes and trypomastigotes and immunoelectron-
microscopy showed that this antigen is located in the
portion of the flagellum that faces the body of the
parasite. This antigen was named FRA for flagellar
repetitive antigen (6).

Southern blots of T.cruzi Dm28c and G-49 probed with
FRA showed that this gene is also polymorphic. In addition,
our results with the FRA gene suggest that the polymorphism
also occurs within the repeat (7).

The results described above show that at least some
T.cruzi antigenic proteins display a repetitive epitope
structure. The study of the structure of these genes shows
that they are polymorphic, in agreement with the generally
described heterogeneity of the parasite. However, despite
this polymorphism, at least one of the antigens (CRA) might
be used for the diagnosis of Chagas' disease in view of its
specificity for T.cruzi.
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Abstract

Entamoeba histolytica adhesins were detected by the
generation of monoclonal antibodies (MAbs) inhibitors of
adhesion. In ot§er experiments trophozoites were radiolabeled
with IZ-'i or with [ S]-methionine and incubated with red blood
cells (RBC's) or epithelial MDCK cells. Labeled amebic proteins
of 210, 160, 112, 90, 70, 50 and 24 kDa were detected adhered on
RBCs. lodinated MDCK proteins formed ligand-receptor complexes
with amebic proteins of 112 kDa, 90 and 48 to 50 kDa, when
incubated with amebic proteins separated by gel electrophoresis.
When RBC's interacted with adherence-deficient mutants, used in
this work as highly negative genetic controls, proteins of 112
and 90 kDa appeared diminished on RBC surface, in comparison
with wild type strain. The 112 kDa adhesin was not detected in a
monoxenic nonpathogënic E. histolytica strain, isolated from an
asymptomatic carrier. An E. histolytica DNA library was
constructed in lambda gt-11, and recombinant clones were selected
using polyclonal antibodies against the 112 kDa adhesin. In
spite of the fact that DNA of the parasite was cloned, production
of the hybrid protein in Escherichia coli was relatively
efficient. Correlation of the presence of adhesins with the
virulence of E. histolytica trophozoites encourage us to propose
these proteins and their antibodies as good candidates in the
design of reliable and unexpensive diagnosis and vaccine methods.

1.- INTRODUCTION
Entamoeba histolytica is the protozoan parasite responsible

for human amebiasis. This infection probably affects 10% of the
world population, causing at least 60,000 deaths each year [1].
E. histolytica trophozoites usually live in the lumen of the
large intestine where they adhere to the mucose, multiply and
differentiate into cysts, the form resposible for the
transmission of the infection [2]. Adherence of pathogenic
trophozoites to epithelial cells is a crucial event in
colonization and invasion of tissues, and membrane proteins of
pathogenic trophozoites play a fundamental role in the adherence
process.

Adhesion of trophozoites to target cell is a prerequisite
for cytopathic effect and phagocytosis to occur. Adhesion
mediators molecules (adhesins) are necessary for the initial
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recognition of target cell by trophozoites. To identify
accurately a molecule as amebic adhesin this must fulfil several
requisites: a) Adhesion should be inhibited by antibodies against
this molecule, b) Antibodies inhibitors of adhesion should also
inhibit cytopathic effect and phagocytosis, c) An adhesin must be
a surface molecule, d) It must adhere to target cells. e) It
should be absent or modified in adherence-deficient mutants, d)
It also should be altered or absent in strains showing
alterations in adhesion.

Recently, we presented evidence which supports the idea
that surface proteins of 24, 45, 50, 70, 90 and 112 kDa are
involved in the target cell-trophozoite relationship [3]. Two
other lectin-like proteins of 170 and 220 kDa have also been
reported as participating in trophozoite adherence to target
cell [4,5]. As part of our studies on the molecular basis of
amebic virulence we have found that certain adhesion- and
virulence- mutants present alteration in the 112 and 90 kDa
proteins 13,6,7Î. Mutants are not recognized by certain
monoclonal antibodies (MAbs) against the 112 kDa adhesin,
although polyclonal IgGs against the adhesin, recognize the
mutants [3,7].

The knowledge of the biology of the adherence and
pathogenicity E. histolytica molecules is important because
adhesins represent excellent candidates for diagnosis methods
and vaccine development, due to their interference with an
initial key step during the tissue invasion. The present study
was undertaken in order to identify, partially characterize, and
clone biofunctional trophozoite adhesins. To accomplish this
aim we use radiolabeled trophozoites and target cells, and
antibodies against them.

2.- MATERIALS AND METHODS

2.1 E. histolytica cultures and cell radiolabeling. Virulent
clones A, and virulence-deficient clones L-6 and C-23 were
isolated from strain HMlzIMSS [8, 6] and axenically cultured in
BI-S-33 medium [9], Clone MAV-I [10] was isolated from an
asymptomatic patient and cultured under monoxenic conditions in
BI-S-33 medium supplemented with Fusobacterium symbiosum in
stationary phase culture. Trophozoites were harvested during the
logarithmic growth phase. For metabolic labeling trophozoites
were grown for 12 h at 37°C in amebic5medium lacking cysteine
and supplemented with 20 uCi/ml of [ S]-methionine (Amersham,
U.K.). Epithelial and trophozoite surface proteins were labeled
by the lactoperoxidase-catalyzed reaction [11] using 1 uCi I
(Amersham, U.K.) and 2 X 10 live trophozoites in one ml of
phosphate buffered saline (PBS) at 4°C.
2.2 Protein extraction, gel electrophoresis and immunoblottinq.
Trophozoites were washed and lysed in the presence of 100 mM N-
ethylmaleimide (Sigma St. Louis Mo., U.S.A) by incubation in 2
volumes of glacial acetic acid and 1 volume of 0.1 M MgCl2 for 1
h at 4°C. Cell lysates were centrifuged at 10,000 X g for 15
min and supernatants were dialyzed against acetic acid and
distilled water [12]. Protein concentration was determined by
Lowry technique [13], and aliquots were subjected to sodium
dodecyl sulfate-polyacrilamyde gel electrophoresis (PAGE).
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Proteins were transferred to nitrocellulose (NO and incubated
with the antibodies according to the technique described [14].
In other experiments gels were incubated with iodinated proteins
of the target cells.
2.3 Antibodies. MAbs were obtained by inoculation of live
trophozoites into BALB/c mice as described [15,7]. IgGs against
both total amebic proteins and 112 kDa adhesin were obtained in
rabbits as described [3]. IgGs against other amebic adhesins
were generated in BALB/c mice by inoculation of their own RBC's
covered with amebic proteins [3].
2.4 Virulence in vivo and virulence-related properties in vitro.
Virulence of trophozoites was measured in vivo by intraportal
inoculation of trophozoites into one month old hamsters [16].
Adhesion efficiency of trophozoites to RBC's, erythrophagocytosis
rate, and ability of trophozoites to destroy cell culture
monolayers was measured also as described [8].
2.5 Interaction of live trophozoites and soluble amebic proteins
with RBC's and epithelial cells. These experiments were carried
out based on the methodology described by Thomas et al. [17],
and Snabes et al. [18] and modified by us for E. histolytica.
Experiments were carried out in different ways a) Live
trohozoites labeled with [ S]-methionine were incubated with
RBC's (1:20) for 20 min. Trophozoites were lysed by adding 0.1
volume of 1 % NP-40 in 0.1M Tris-HCl pH 7.5 and 100 mM p-
hydroxymercuribenzoate to the cell mixture at 37 C, for 10 min.
After interaction and lysis, fixed RBC's were recovered and
washed five times with 0.1% NP-40 in PBS, boiled in Laemmli
buffer and subjected to PAGE. Gels were transferred to NC and
proteins were detected by specific antibodies or by
autoradiography. b) Iodinated or metabolically labeled amebic
proteins were used to cover glutaraldehyde-fixed RBC's. Amebic
proteins specifically adhered to RBC's were detected as described
above. c) Amebic proteins were separated by PAGE, gels were
incubated with iodinated MDCK cell surface proteins. Ligand-
receptor complexes, formed with the amebic proteins in the gel,
were detected by autoradiography.
2•6 Preparation of E. histolytica nucleic acids, Southern and
Northern assays and construction of DNA library. DNA was
prepared on a cesium chloride gradient as described [19] and RNA
was obtained after lysing the trophozoites in guanidinium and
centrifuging through a cesium chloride cushion [20]. Southern
and Northern assays were carried out according to Maniatis
[21]. Amebic DNA was Eco Ri digested and fragments from 300 to
10,000 base pairs (bp) were obtained from agarosa gels and
ligated to lambda gt-11 arms purchased from Promega Biotec
(U.S.A.). Recombinant DNA was packaged using extracts from
Promega Biotec. and packaged recombinant phages were used to
infect E. coli, strain GAG-456 [22] and to produce hybrid
proteins. DNA library- was evaluated by hybridisation of the
recombinat phages with P-dCTP-amebic DNA [21], Recombinant
phages producing amebic adhesins were obtained by induction of
the hybrid protein by IPTG and selected by antibodies [23]
against the amebic adhesins.
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3.- RESULTS AND DISCUSION
3.1 Production of MAbs against adhesins of E. histolytica. In
order to identify MAbs directed against the amebic surface, MAbs
were assayed first by indirect inununofluorescence by using either
fixed or live trophozoites (data not shown). Several MAbs
reacted with the trophozoite surface. To define which MAbs were
directed against amebic proteins involved in adhesion of
trophozoites to RBC's, adherence assays were carried out in the
presence of different concentration of MAbs. Among 16 MAbs
assayed only two of them, Mabs Adh-1 and Adh-2 inhibited adhesion
(Table I). Inhbition was time and concentration dependent (data
not shown). It is currently accepted that trophozoite-adherence
is a prerequisite for phagocytosis and cytopathic effect to
occur. Therefore, if this hypothesis is true, blockage of
adherence must result in inhbition of cytopathic effect and
phagocytosis. Interaction experiments of trophozoites with RBC's
and MDCK epithelial cells were carried out; results showed that
as postulated, both MAbs 1 and 2 inhibited phagocytosis and
cytopathic effect (Table I). Other MAbs did not inhibit
adhesion but they inhibited phagocytosis or cytopathic effect,
indicating that although there are molecules participating in
the three functions, there are other different amebic molecules
involved only in phagocytosis or in cytopathic effect.

TABLE I

EFFECT OF MABS ON ADHESION, PHAGOCYTOSIS AND CYTOPATHIC EFFECT

OF E. HISTOLYTICA TROPHOZOITES

M A b I N H I B I T I O N O F

ADH PHAG CYP

1 + + +

2 + + +

7 - + +

10,11,13,15 +

16,17,18 +

6 +

1 4 , 2 2 , 2 3 , 2 4 , 2 5 -

ADH.-adhesion, PHAG.-phagocytosis. Cyp.-Cytopathic effect on
MDCK cell monolayers. Positive inhibition was taken when
results were 50% or less than the ones obtained in the absence of
MAb. All MAbs recognized by indirect immunofluorescence,
surface antigens of trophozoites of clone A.
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3.2 Subcellular localization of the amebic protein recognized by
MAbs 1 and 2. In order to know whether the antigen recognized
by the MAbs 1 and 2 was localized at the amebic surface,
immunofluorescence experiments were carried out on thick
cryosections of trophozoites. In these experiments, virulence-
deficient mutants, clone L-6 and C-23 were used as highly
negative genetic controls. Fig 1 shows that MAbs recognized not
only the surface, but they also reacted with membrane vesicles.
Reaction with clone L-6 was almost negative, only about 3% of
trophozoites were stained, while in trophozoites of clone C-23
fluorescence was less intense. Presently we do not know which

Figure 1.- Indirect iiranunofluorescence of trophozoites from
wild type clone A and virulence-deficient clones L-6 and C23.
Trophozoites were glutaraldehyde-fixed, included in gelatin,
protected with 2.3 M sacharose and frozen down in liquid
nitrogen. Thick cryosections were obtained, sections were
incubated with the antibodies inhibitors of adhesion, and then
with a flourescein-labeled second antibody. Preparations were
observed under fluorescence microscopy.

89



kind of function these vesicles are carrying out, but E.
histolytica trophozoites present a high plasmatic membrane
exchange, therefore we postulate that some of them could be
phagocytic vesicles.

To determine the nature of the molecule recognized by MAbs 1
and 2, we carried out immunotransference experiements using
total amebic proteins separated by PAGE. Both MAbs strongly
recognized a 112 kDa protein in the wild type strain, however, in
mutants, recognition was weak (Fig 2).

Figure 2.- Immunoblot of total proteins of E. histolytica
with MAbs 1 and 2. Total amebic proteins from clone A (A) and
from adherence-deficient mutants (8, 19, 23) were transferred to
NC, incubated with mAb-1 (1) or mAb-2 (2) and revealed by labeled
second antibody. C.- Supernatant from an irrelevant hybridoma.

The next step in this study was to define whether the 112
kDa amebic protein had affinity for epithelial cell surface and
RBC's surface, and to localize other amebic proteins involved in
the contact of trophozoites to target cells.t S]-methionine
labeled live trophozoites were incubated for 20 min at 37 C with
glutaraldehyde-fixed RBC's. Trophozoites were osmotically lysed
and RBC's exhaustively washed as described in Material and
Methods. Fig 3 A shows that amebic proteins of 24, 50, 70, 90,
112, 160 and 210 kDa appeared specifically adhered to the fixed
RBC's. Similar bands were detected when trophozoite surface
proteins were iodinated (Fig 3, C). When mouse RBC's were
covered with amebic proteins and re-injected in the same hosts,
mouse IgGs recognized amebic proteins of 24, 50, 70, 90, 112, 160
and 210 kDa (Fig 3, B).

Interaction experiments of trophozoites with RBC's were also
carried out using clone L-6, virulence- and phagocytosis-
deficient, and clone C-23, virulence- phagocytosis- and adhesion-
deficient. Amebic proteins 'adhered to RBC's were separated by
PAGE, transferred to NC and developed using IgGs anti-112 kDa
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Figure 3.- Identification of E. histolytjca proteins
involved in the contact with RBC's. Panel A.- [ S] methionine
labeled trophozoites were incubated with RBC's, trophozoites were
lysed and amebic proteins attached to them separated by PAGE
(10%) and autoradioghraphed: 1.-Total amebic proteins. 2.-
Amebic proteins attached to RBC's. Panel B.- Total amebic
proteins were separated by PAGE and transferred to NC and
developed with: 1.- Serum obtained from BALB/c mice inoculated
with mouse RBC's covered with amebic proteins. 2.-,Mouse
preimmune IgGs. 3.- Rabbit IgGs anti-112. Panel C.- [ 1"l]-
labeled trophozoites were lysed and proteins were acetone-
precipitated. rBC's were incubated with amebic proteins and
those adhered to RBC's were separated by PAGE (10%) and
autoradiographed.

adhesin. Fig 4, A shows that anti-112 IgGs recognized a strong
band in the wild type strain, while, in mutants recognition was
faint. However in the supernatant of the cell mixture (Fig 4,
B), IgGs recognized a band of similar intensity in the three
types of trophozoites, indicating that the 112 kDa adhesin is
present in the mutants, but it is not functional, because it does
not adhere efficiently to RBC's. IgGs anti-total amebic proteins
were used in these experiments to detect other proteins adhered
to RBC's previously incubated with trophozoites. IgGs recognized
again proteins of 112, 90, 70, 45-50, and 24 kDa in the wild type
strain. When RBC's interacted with clones L-6 and C-23
recognition of the 112 and 90 kDa bands was weak. Interestingly
a strong band of 24 kDa was detected in RBC's in interaction withclone C-23.

Experiments were addressed in order to investigate whether
the 112 kDa adhesin and other proteins, detected by experiments
with RBC's, were also involved in the interaction of the
£r.ophozoites with epithelial cells. Proteins were obtained from

I-labeled MDCK cells and were incubated with amebic proteins
separated by PAGE. Autoradiography (Fig 5) shows that MDCK
proteins formed complexes with amebic proteins of 112, 90, and
45-50 kDa. Radioactivity was also present in the high molecular
weight region of the gel, suggesting that MDCK proteins
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Figure 4.- Detection of amebic proteins adhered to RBC's
incubated with virulence-deficient mutants. Incubation of wild
type and mutant trophozoites was carried out as described in
Material and Methods. Proteins adhered on RBC's were separated
by PAGE (10%), transfered to NC and developed with IgGs against
the 112 kDa adhesin (Panel A) or with IgGs against total amebic
proteins (Panel B). Lanes 1.- proteins from clone A. Lanes 2
proteins from clone L-6, (phagocytosis- and virulence-deficient).
Lanes 3.- proteins from clone C-23 (adherence-, phagocytosis-,
and virulence-deficient). Lanes 5, 6, and 7, lysates of clones A,
L-6 and C-23; panel A.- developed with anti-112 and panel B
Coomassie blue stain.

recognized high molecular weight amebic proteins which could
correspond to the 160 and 210 kDa lectins detected in other
experiments and reported by other workers as amebic lectins
[4,5]. In conclusion, amebic proteins of similar molecular
weight were detected by different type of experiments, as
involved in trophozoite-target cell interaction, indicating that
the 24, 50, 70, 90, 112, 160 and 210 kDa proteins participate in
the trophozoite-RBC interaction, and proteins of 112, 90, and 45-
50 in the trophzoite-epithelial cell interaction,
cannot discard whether some of these molecules
interaction with other amebic adhesins which at the
direct contact with target cell receptors.

Although we
could be in
time, are in
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Figure 5.- Recognition of amebic proteins separated by PAGE
by iodinated MDCK proteins. Amebic proteins were separated by
PAGE (10%). Lane 1.- Coomassie blue stain. Lane 2.-
Autoradiography of the gel incubated with [ I]-labeled MDCK
proteins.

3.3 Virulence in vitro of a nonpathogenic clone MAV-1, with a
zymodeme type I. In order to know whether nonpathogenic amebic
strains, isolated from asymptomatic carriers were able to express
functional 112 kDa adhesin, we isolated strain MAV-CINVESTAV from
a human asymptomatic carrier without history of amebiasis. This
strain was cloned and the clone MAV-1 with nonpathogenic zymodeme
type I (data not shown) was characterized. MAV-1 trophozoites
adhered and phagocytosed 12% of the RBC's adhered and ingested by
trophozoites of clone A (Table II). In addition, MAV-I
trohozoites were unable to destroy cell culture monolayers, even
when 10 trophozoites were incubated with MDCK cell monolayers
for l h at 1:1 ratio (Table II). In addition, 1 X 10 MAV-1
trophozoites were unable to produce hepatic abscesses in any of
the inoculated hamsters (Table II), while 2.5 X 10 trophozoites
of clone A produced abscesses in 83 to 100% of the animals.
3.4 Recognition of proteins from MAV-1trophozoites by
polyclonal IgGs directed to the 112 kDa adhesin.
Immunotransference assays using polyclonal IgGs against the 112
kDa adhesin and to total amebic proteins were carried out.
Protein patterns of both clones were very similar, although two
main differences were detected in 31 and 50 kDa proteins (Fig 6,
A) . A band of similar thickness commigrating in the 112 kDa
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TABLE II
VIRULENCE PROPERTIES OF NONPATHOGENIC CLONE MAV-1

Adh
A MAV-1

Phag
A MAV-1

Cyp
A MAV-1

Vir (in vivo)
A MAV-1

100 12 100 12 100 0 100 0

100% corresponds to the values obtained by trophozoites of clone
A. Adhesion and phagocytosis were carried out by incubation of
RBC's with trophozoites (1:100), 15 min at 0 and 37 °C,
respectively. Cytopathic effect was measured as the ability of
trophozoites to destroy MDCK cell culture monolayers upon
incubation at 37
intraportal inoculation of 2.5 X 10" trophozoites of clone A and
10 trophozoites of MAV-1 in one month old hamsters.

Virulence,, in vivo was measured by
of 2.5 X 1

HE

Ï £ S I 2
Figure 6.- Absence of recognition by polyclonal IgGs

directed to the 112 kDa adhesin in proteins from MAV-1
trophozoites. Proteins from trophozoites of clones A (lanes 1)
and MAV-1 (lanes 2) were separated by PAGE (7.5-12%) and stained
with Coomassie blue (Panel A), or transferred to NC and developed
with polyclonal IgGs against the 112 kDa adhesin (Panel B) or
with polyclonal antibodies against total amebic proteins (Panel
C). Lanes 3 in panels A and B are proteins from F. symbiosum.
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region was evident in both clones. However, nor IgGs against the
112 kDa adhesin, neither IgGs against total amebic proteins
recognized this band in MAV-1 trophozoites (Fig 6,B,C), while
they reacted strongly with the 112 kDa protein in trophozoites of
clone A.
3.5 Cloning and expresion of the hybrid 112 kDa adhesin. E.
histolytica DNA was cloned in lambda gt-11. E. coli was infected
with recombinant phages and amebic DNA was expressed in hybrid
proteins. Several clones were recognized by the polyclonal
antibodies against the 112 kDa adhesin. One of the recombinant
phages (lambda gt-11-19) produced a hybrid beta-galactosidase-
amebic protein of 164 kDa (Fig 7, A) that was recognized by the
IgGs anti-112 in inununotransference assays (Fig. 7, B). However,
IgGs did not recognize a prominent band, but several bands from
78 to 250 kDa was apparent. This could be due to the fact that
this high molecular hybrid protein is unstable, and it was
degraded during the experimental manipulation or after it was
produced in the bacteria. The radiolabeled amebic DNA fragment
from the recombinant phage, lambda gt-11-19, recognized a
transcript of 3,800 nucleotides in E. histolytica RNA (Fig 7, C),

2 3

Figure 7.- Induction of a hybrid protein recognized by IgGs
against the 112 kDa adhesin. Southern and Northern assays. E^
coli, strain GAG 456 was infected with the recombinant phage
lambda gtll-19, proteins were extracted, separated by PAGE and
transfered to NC. Panel A.- Coomassie blue stain: lane 1.-
E.coli. Lane 2: E. coli, infected with lambda gt-11. Lane 3.- jîr_coli, infected with the recombinant phage lambda gtll-19. Panel
B.- Gels were transferred to NC and developed with IgGs against
the 112 kDa adhesin and a labeled second antibody. Panel C.-
Bam Hi restricted amebic DNA (lane 1) and total RNA (lane 2) were
separated in agarose gels, transferred to nylon membranes and
hybridised with the fragment of the recombinant phage lambda
gtll-19.
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a fragment of sufficient length to express a protein of 112 kDa
or of higher molecular weight. This fragment also hybridised
with a 8.3 kb fragment in the amebic DNA digested with Bam Hi
(Fig 7, C) . Presently, the hybrid protein is being characterized
in order to know whether it is able to adhere to RBC's and
epithelial cells and to inhibit by competition, the functions
that have been proposed to adhesins, such as adherence,
phagocytosis and cytopathic effect.

In conclusion, in this work we demonstrate that target-cell-
trophozoite relationship is a multifactorial phenomenon in which
several proteins are involved. The 112 kDa adhesin seems to play
a relevant role in amebic adherence and virulence. Although more
experiments need to be carried out in order to define the role of
each one of the other molecules, we propose that these proteins,
their antibodies and probably their genes could be used in the
future as diagnostic tools to differentiate between pathogenic
and nonpathogenic E. histolytica.
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Abstract

Immunoradiometric assays (IRMA) and immunofluorence tests were used
in combination with entomological techniques to study malaria
epidemiology in areas in the Amazon Basin where non-immune migrant
individuals have settled in recent years.

Anopheles darlingi was found to be the most important vector
accounting for 77% of the anophelines positive for sporozoites by the
IRMA.

The prevalence of anti-sporozoite and anti-blood stage antibodies
was low and decreased with time after the last episode of malaria.
Anti-sporozoite antibodies did not indicate immune status of the
individual but may reflect malaria transmission.

INTRODUCTION

Studies performed more than forty years ago in the Rondonia State,
as well as in other scattered localities in the Amazon Basin indicated
that the only important local vector of malaria was Anopheles darlingi
(1). Since then, huge uncontrolled immigration, mostly from malaria free
areas from Northeastern and Southern States, has been stimulated and
remarkable change in the environment has occured due to human activity.
This led to a marked increase in the incidence of malaria in Brazil,
reaching about 560 thousands cases in 1988, about 50% of the patients
being from Rondonia. Recent investigations in another Amazonian State
(2), have led to the incrimination of other four anopheline species
besides An. darlingi as malaria carriers by finding them naturally
infected with human malaria sporozoites, although their epidemiological
importance is yet to be properly assessed. The landscape alteration in
several areas in the Amazon might have led to a greater contact of man
with anopheline species which previously fed on animals which disappeared
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or decreased with deforestation. Are there really other species, besides
An. darlingi, which became important vectors in the Amazon, particularly
in Rondonia State, due to the changes in the environment?

In addition, the migration of individuals from areas where malaria
has never existed or has been erradicated a long time ago generated the
necessity and gave the opportunity for studying the process of
acquisition of immunity in non-immune populations and to define the
priority target populations for the immunoprophylatic campaignes in the
Amazon in the near future.

The aims of the present work are: to determine the local vectors of
P. falciparum and P. vivax malaria and their respective relevance to
malaria transmission and to evaluate the degree of anti-sporozoite
immunity in populations from malaria endemic areas through the
determination of the level of antibodies against (NANP)4 the
immunodominant epitope of the CS protein of P. f alciparum.

To study these points, the most malarious muncipalities in the
Rondonia state, Ariquemes and Porto Velho (capital of the state) were
chosen. The town of Ariquemes and the settlements of Machadinho and
Cujubim and the locality of Itapoa do Oesta in the municipality of Porto
Velho were selected. Ariquemes is a town with 100.000 habitants, 200 km
from Porto Velho. The other are much smaller settlements.

The ratio number of positive thick smear/number of inhabitants is
very high and in some cases (such as in the villages of Machadinho and
Cujubim) there were more cases of malaria than inhabitants; 195% and 116%
in 1986 and 185% and 12% in 1987 respectively, showing that several
inhabitants have more than one malaria attack per year (SUCAM, Ministry
of Health). The P. falciparum malaria is predominant in all localities.

The Mosquito Survey

The mosquito study consisted of an anopheline survey to determine
the local species, their prevalence and their natural infection rate by
the two human plasmodia diagnosed in the area P. vivax and
P. f alciparum. For this purpose, we used the immunoradiometric assay
(IRMA) employing species specific anti-sporozoite monoclonal antibodies
(3). Observations on the habits of the local species in relation to the
malaria transmission were also done.

As we can observe in Table I, it was in Machadinho that the highest
rate of collected Anopheles was recorded. In a total of sixteen species
An. darlingi was by far the most abundant (80% of the total Anophelines),
followed at some distance by An. triannulatus (7.5%), An. evansae (3%),
An. albitarsis (2.8%), An. oswaldoi (2.3%), all remaining species being
scarce (4.2%). The transmission was occurring outside rather than inside
the houses and in the close vicinity of the dwellings (Table II). On
human bait An. darlingi was abundant, 113 specimens per 10 hours of
capture, accounting for 92.8% of the total, the remainder being An.
triannulatus and An. albitarsis. Inside houses, An. darlingi was found
in small numbers, an average of 29 specimens per 10 hours of capture, but
represented 97.6% of the total anophelines in this type of capture and
was also the most frequently collected biting man.

The Anopheline density was higher between the sunset and the first
hours of the day (88.8% of the captured Anopheles) with the peak in the
first half of the night between 18 and 24 hours (78.8%).
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Table I. NUMBER OF TESTED AND OF POSITIVE ANOPHELES PER 10 HOURS OF CAPTURE
BY IMMUNORADIOMETRIC ASSAY USING ANTI-SPOROZOITE
MONOCLONAL ANTIBODY ACCORDING TO THE LOCALITY

SPECIES SPECIFIC

Species

An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.

darlingi
triannulatus
evansae
albitarsis
oswaldoi
strodei
braziliensis
galboi
rangeli
nuneztovari
argyritarsis
mediopunctatus
matogrossensis
fluminensis
minor
peryassui

Ariqueines Machadinho
Exam POS Exam POS

48.
8.
3.
3.
2.
1.
1.
0.
0.
0.
0.
0.
0.
0.
0.
—

7 0.24 138.1 0.33
0 0.24 0.4
O _ _ _

0 0.03 0.0
5 0.01
8 0.02 0.0
2 0.02
4 -
4 _
o _ _ _

1 -
1 -
o -
0 -o -

— _ _

Cujubim Itapoa Total
Exam POS Exam POS Exam POS

54.8 0.56 98.5 0.16 61
0.4 - - 5
- - 2
_ _ _ _ O

0.1 - - - 1
0.1 - - - 1
- - - 0- - - - o
- - 0
0.2 - 0.2 - 0
_ _ _ — Q

- - - - 0
- - 0
- - - - 0
- - - - 0
- - 0.2 - 0

.6

.8

.3

.2

.8

.3

.9

.3

.3

.2

.1

.1

.0

.0

.0

.0

0.29
0.03
-

0.02
0.01
0.01
0.01
-
-
-
-
-
-
-
-
—

TOTAL 69.8 0.36 138.9 0.33 55.6 0.56 98.9 0.16 76.9 0.37

Table II NUMBER OF COLLECTED ANOPHELES PER 10 HOURS OF CAPTURE IN DIFFERENT
SITUATIONS IN RONDONIA STATE, BRAZIL

Biting Man
Species

An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.
An.

darlingi
triannulatus
evansae
albitarsis
oswaldoi
strode!
braziliensis
galboi
rangeli
nuneztovari
argyritarsis
mediopunctatus
matogrossensis
fluminensis
minor
peryassui

Inside Close to
Houses Houses

29.0 113.
0.2 3.
0.0 1.
0.4 1.

0.
0.0 0.

0.
0.1 0.

0.
0.
0.
0.

_
-

0.
0.

4
5
3
8
7
3
3
2
2
3
0
0

0
0

48
27
4
0

21
1
1
5

1
1
0

Far from In On
Houses Forest Animal

.3

.9

.8

.7

.7

.4

.7

.2
-
-
.0
.4
.3
-
-
—

0.0 71.
3.2 85.
0.0 45.

33.
1.7 21.

31.
19.
3.
5.

0.0 2.
_ -j

0.1 0.
-
0.0
-
— —

2
9
8
5
2
2
1
4
4
4
7
2

Total 29.7 122.0 114.4 5.0 321.0
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The Anopheline density was also higher in the localities where
malaria was present than in those that were free of the disease. This
was particulary so with An. darlingi, 56.4 specimens compared to 4.7 per
10 hours of capture.

The immunoradiometric assay/ performed to evaluate the rate of
sporozoite infection in the Anopheline, recorded that from a total of
12340 tested mosquitoes of 16 species, 61 belonging to six species, were
positive: 47 An. darlingi, 5 An. triannulatus, 4 An. albitarsis, 2
An. strodei, 2 An. braziliensis and 1 An. oswaldoi. As concerns the
Plasmodium species, 41 Anopheles harboured P. falciparum and 20 had
P. vivax; none of them was found carrying both parasites. An. darlingi
was the most frequent species found infected, mainly in the vicinity of
the houses.

In conclusion, An. darlingi seems to be still the most important
malaria vector in Rondonia state. It was found to be the most abundant
and to present the highest percentage of infected specimens, to transmit
malaria chiefly outdoors in the close vicinity of houses and during the
first half of the night. Infected mosquitoes were observed in all four
localities studied. The importance of An. triannulatus, An. albitarsis,
An. strodei, An. oswaldoi and An. braziliensis still needs to be
evaluated. However, it must be kept in mind that anti-sporozoite
monoclonal antibodies have also been shown to react with oocyst
sporozoites (4, 5) and as we have tested the whole mosquito (and not
thoraces and abdomen separately), positive specimens do not necessarily
mean malaria vectors and do not necessarily reflect a role in malaria
transmission since not all species of Anopheles support parasite
development up to the infective salivary gland state (4).

Serological Survey

The presence of antibodies (Ab) specific to antigens expressed at
the surface of P. falciparum sporozoites or of Ab directed against
P. falciparum blood stage antigens were studied in sera from individuals
living in the same area of the entomological survey in the Rondonia State.

The population studied consisted mainly (79.0%) of migrants from
southern and northeast states attracted to the region by settlement
projects and prospecting. Two thousands sera from 1781 individuals, not
selected for malaria, were collected during b visits from 1986 to 3989.

The prevalence of anti-sporozoite antibodies was studied by the
Immunoradiometric Assay (IRMA) described by Zavala et al. (6). The
NANP4 used in the present work was synthesized by the solid phase
method of Merrifield (7). IgG and IgM antibodies to blood stage antigens
were assessed by the classical Immunofluorescent Antibody Test (IPAT) (8)
using air dried P. falciparum infected erythrocytes grown in vitro
according to the technique by Trager & Jensen (9).

A partial relationship between prevalence of anti-NANP4 antibodies
and rate of infected AnopheJes was observed when we considered the number
of collected and of P. fa]ciparum infected mosquitoes caught per 10 hours
of capture, as indicators of P. falciparum malaria transmission (Table
III). Machadinho and Cujubim presented the highest frequencies of
anti-NANP^ antibodies (Machadinho followed by Cujubim) and also the
highest rates of P. falciparum infected Anopheles (Cujubim followed by
Machadinho) followed by Ariquemes and Itapoa (in this order for both
parameters). Although the prevalence of anti-sporozoite antibodies in
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the population studied was very low (5.6%) it seemed to be related to the
frequencies of IgG and IgM antibodies to blood stage P. falciparum
antigens. The localities with the highest prevalence of these antibodies
presented also the highest frequencies of anti-sporozoite antibodies. In
the same way the prevalence of positive thick blood smears was higher in
the localities that presented the highest rates of infected Anopheles
(Table III).

Table III FREQUENCY OF P. FALCIPARUM SPOROZOITE INFECTED ANOPHELES AND OF
SUBJECTS POSITIVE FOR THE PRESENCE OF ANTI-NANP4 ANTIBODIES, THICK
BLOOD SMEARS AND FLUORESCENT (IgG and IgM), ANTIBODIES ACCORDING TO
THE LOCALITY IN THE MUNCIPALITY OF ARIQUEMES - RONDONIA

Ar iquemes

Machadinho

Cu jubim

Itapoa

Total

Anti-NANP4
Antibody

58/1089
(5.3%)

22/289
(7.6%)

16/292
(5.5%)

1/72
(1.4%)

97/1742
(5.57%)

IgG IFA IgM IFA Thick blood
smear

160/680
(23.53%)

129/215
(60.00%)

75/127
(59.06%)

35/61
(57.38%)

399/1083
(36.84%)

88/419
(21.00%)

85/210
(40.48%)

46/127
(36.22%)

22/65
(33.85%)

241/821
(29.35%)

41/367
(11.2%)

6/62
(9.7%)

21/234
(9.0%)

10/55
(18.0%)

78/718
(10.8%)

Infected Anopheles
(%) Per 10 hours

26/8041
(0.32)

6/2551
(0.24%)

8/1175
(0.68%)

1/603
(0.17%)

41/12370
(0.33%)

0.22

0.33

0.38

0.16

0.36

IFA: Immunofluorescent Antibody

The frequency of anti-NANP4 antibodies, was related to the
referred number of past attacks of malaria (PAM), the prevalence of
antibody increased with the increasing referred number of PAM. This
phenomenon was also observed when anti-blood stage IgG and IgM antibodies
were considered but no relationship was registered between referred
number of PAM and prevalence of positive thick blood smears (data not
shown). We would also like to emphasize the observation of some
individuals (2.2%) positive for the presence of anti-NANP4 antibodies
among those that did not refer to PAM. Although, the meaning of this
data is not known, several hypothesis could be considered; a) this
positivity at the IRMA could represent technical errors at the assay,
this hypothesis seems unlikely since the same phenomenon was observed
when anti-blood stage antibodies were considered; b) anti-NANP4
antibodies could appear in individuals who have never had malaria as a
result of cross-reactions between NANP4 and other exogenous agents; c)
the anti-NANP4 antibody positivity could be explained by the existence
of individuals presenting malaria for the first time at the moment of
blood collection, this hypothesis cannot be ruled out at the present time
since thick blood smear of all individuals with no referred PAM have not
yet been read, moreover, the same percentage of positive thick blood
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smear 2.1%) is observed among the already examined thick smears (40.0%)
of this group (O PAM); d) the last hypothesis considers that some
individuals could have presented a mild self cured P. falciparum
infection.

The prevalence of P. falciparum sporozoite and of blood stage
specific antibodies were also found to be related to age (Table IV).
This relationship is quite surprising since in the population we studied
(migrant individuals) age does not necessarily reflects time of exposure
to malaria infection. However, an indirect relationship between age and
prevalence of antibodies could occur through the existence of age related
occupations with more or less exposure to the risk of contracting malaria.

TABLE IV PREVALENCE OF P. FALCIPARUM ANTIBODIES SPECIFIC TO SPOROZOITE, BLOOD
STAGES (IgG and IgM) AND POSITIVE P. FALCIPARUM THICK BLOOD SMEARS
ACCORDING TO AGE

Age

1-5

6-10

11-20

21-30

31-30

> 40

Total

Anti-NANP4
antibody

4/157
(2.55%)

13/319
(4.08%)

22/444
(4.95%)

17/376
(4.52%)

22/238
(9.24%)

19/247
(7.98%)

97/1781
(5.45%)

Iga IFA

29/82
(35.37%)

62/149
(41.61%)

104/200
(52.00%)

84/170
(49.41%)

54/107
(50.47%)

66/120
(55.00%)

399/828
(48.19%)

IgM IFA

14/83
(16.87%)

32/150
(21.33%)

58/197
(29.44%)

62/166
(37.35%)

33/106
(31.13%)

42/120
(35.00%)

241/822
(29.32%)

Thick blood
smear

7/75
(9.33%)

7/137
(5.11%)

15/186
(8.06%)

13/139
(9.35%)

4/92
(4.35%)

15/87
(17.24%)

61/716
(8.52%)

IgG IFA: IgG Immunofluorescent
Antibody

Antibody; IgM IFA: IgM Immunofluorescent

The frequency of individuals carrying anti-NANP^ antibodies was
slightly higher in individuals that have been living in the endemic area
for more than one year (6.2%) comparing to the frequency (3.9%0 observed
among those with less than one year of residence in the area, but the
prevalence did not increase with the increasing number of years even when
individuals who have been living in the area for more than 9 years were
considered (6.4%). For antibodies to blood stage antigens the
frequencies were only significantly increased in individuals with more
than 9 years in the region (54.9% for IgG and 34.3% for IgM) when
compared to those recorded among individuals with less than one year in
the area (41.3% and 26.7% respectively).
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The prevalence of anti-sporozoite and anti-blood stage antibodies
seems, however to decrease with time after the last episode of malaria,
from 7.1% for less than one year to 3.4% for more than one year and from
68.2% to 42.7% respectively.

In conclusion, the population studied here, that consisted mainly of
nonimmune migrant individuals in low endemic areas, the presence of
anti-NAN?4 antibodies does not seem to reflect immune status. However,
because of its cumulative aspect, the antibody response to sporozoite
surface antigens appears to be a complementary means to estimate malaria
transmission and seems to reflect contact with the sporozoite stage of
Plasmodium rather than protection against malaria.
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Abstract

The immunodiagnosis of filariasis has been a major challenge to the
parasite immuno-chemist. Studies using in. vitro and in vivo released
antigens in imraunoradiometric assay (IRMA) and Enzyme linked
immunosorbent assay (ELISA) have shown good immunodiagnostic potential.
Biosynthetically labelled Wuchereria bancrofti excretory-secretory (ES)
antigen has been used in radio-immunoassay and compared with the ELISA
system. As little as 60 pg ES antigen protein was found to be sufficient
in detecting filarial antibody by stick ELISA. Similarly, an antigen
fraction UFA C2A isolated from filarial patient's urine was found to be
highly sensitive requiring as little as 500 attogram antigenic protein
per test. IgG fraction of human serum immunoglobulin (FSIgG) has been
successfully used for the detection of filarial antigen in immune
complexes, hydrocele fluid, filarial urine and sera.

1. Introduction
Bancroftian filariasis is a major public health problem in India.

Around 24 million people harbour microfilariae in blood while 18 million
suffer from filarial disease manifestations. A definite diagnosis of
filariasis is still based on the demonstration of microfilariae in
peripheral blood by parasitological examination of thick smear collected
at night. This is not useful in low microfilaraemia, occult or chronic
infection. There is an urgent need for a sensitive and specific
immunodiagnostic test which should be simple to perform, economic
costwise and should be easily adaptable for field studies in endemic
areas.
2. Materials and methods

2.1 In vitro and in vivo released antigens

The culture fluid containing mf excretory-secretory (ES) antigen was
obtained by in vitro maintenance of about 5000 W. bancrofti microfilariae
in medium 199 supplemented with organic acids and sugars of Grace's
medium for 3 to 4 days. The culture fluid was dialyzed, concentrated by
freeze drying and labelled as Wb ES antigen (1). Twenty-four hour urine
samples were collected from parasitologically confirmed filarial cases
after administration of DEC (6 mg/kg body wt), pooled, concentrated 100
fold by Ultrafiltration and dialysed for 72 hours against the sodium
phosphate buffer (SPB) 0.01M pH 7.2 and labelled as urinary filarial
antigen (UFA). Gel filtration of UFA was carried out on ultrogel AcA 44
(LKB Sweden) with bed dimensions of 1.6 x 82 cm. The second protein peak
fraction, UFA C2 (83-99 ml) had high antigen titre. The absorption of
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albumin from UFA C2 using the rabbit anti-human albumin further enhanced
its antigenic activity and the antigen fraction is labelled as UFA C2A (2)

2.2 Filarial serum immunoglobulin G (FSIeG)
Filarial serum immunoglobulin (FSIg) was isolated from the pooled

clinical filarial sera by 33% ammonium sulphate precipitation and the IgG
fraction (FSIgG) was isolated from it by DEAE cellulose (Whatman DE52)
column chromatography (2).
2.3 Biosynthetic labelling of ES antigen

W. bancrofti microfilariae were separated from microfilaraemia blood
samples by nucleopore membrane filtration and to about 5000 mf in 1 ml of
medium 199, 2 uCi of D - [U-14G] glucose was added and incubated for
8 hrs at 28°C. 14C-labelled ES antigen protein was isolated by
Sephadex G-25 filtration of the culture fluid (3).
2.4 Serum and urine samples

Serum and urine samples were collected from filarial patients
(microfilaraemic) and clinical filariasis cases with clinical
manifestations such as hydrocele and elephantiasis and healthy normal
subjects (non-infected from endemic and non-endemic regions).
2.5 ELISA

The conjugation of penicillinase to FSIgG, anti-human IgG or ES
antigen was achieved by the single step glutaraldehyde method. The
substrate in ELISA consisted of soluble starch (150 mg) in 27.5 ml of
0.25M sodium phosphate buffer pH 7 containing 10.64 mg of penicillin V
and 100 ul of 0.08M iodine in the 3.2 M potassium iodine solution. The
solution was prepared fresh before use.

Indirect ELISA was carried out using cellulose acetate squares
attached to the plastic strips (Stick ELISA system). Wb mf Es antigen
(60 pg) per stick, sera sample (1:300), pencillinase labelled antihuman
IgG conjugate (1:32000) and starch-iodine-pencillin substrate were used
in the assay. The disappearance of blue colour denoted a positive
reaction (4).

The sandwich ELISA was carried out in PVC microtitre plates using
hundred microlitre volumes of FSIgG (25 ug/ml) or rabbit anti UFA serum
(0.1 ug/ml), 100 ul of the urine sample containing antigen and FSIgG
penicillinase conjugate (1:800). A positive reaction was indicated by
the disappearance of blue colour (5).

The inhibition ELISA was also carried out in PVC microtitre plates
using FSIgG (50 pg protein/ml), serum samples containing antigen and ES
antigen- penicillinase conjugate (1:1000). A positive reaction was
indicated by the persistance of blur colour (6).
2.6 Radioimmunoassays

Radioimmuno precipitation polyethylene glycol assay (RIPEGA) for
detection of filaria antibody was carried by addition of sera to the
l̂ c- labelled ES antigen and precipitation by polyethylene glycol. The
precipitate was dissolved in the scintillation fluid and the
radioactivity was measured in a liquid scintillation counter (3). In
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radioimmunoassay for detection of antigen to FSIgG coupled CNBr Sepharose
4B beads, sera containing antigen and l^C-lablled ES antigen were added
step by step. The dpm in the sample beads is inversely proportional to
the amount of antigen concentration in the test serum (6).

Immunoradiometric assay (IRMA) similar to the sandwich-type immuno
assay was performed using rabbit anti BmA. sepharose, serum or urine
sample and ^25l-rabbit IgG anti BmA (affinity purified) step by step
incubation. Bound radio activity was measured in a gamma counter (7).
3. Results
3.1 In vitro released antigens

The immunodiagnosis of filariasis has been a major challenge to the
parasite immuno-chemist. Studies have been made to explore the use of
somatic, circulating and excretory-secretory antigens in detecting
filarial antigen in infected sera. The use of soluble W. bancrofti mf
antigen or microfilariae was explored in Indirect haemagglutination test
(IHAT), Indirect fluorescent antibody test (IFAT) and Enzyme linked
immunosorbent assay (ELISA) but with little success. About 45-65%
endemic normal sera showed the presence of filarial antibody by these
tests (8). W. bancrofti mf excretory-secretory (ES) antigens were
obtained by maintaining W. bancrofti microfilariae in medium 199
supplemented with certain organic acids and sugard but without serum
(1). The ES antigen thus collected was found to be highly sensitive and
relatively specific in detecting filarial infection (9). The field
evaluation of ELISA using W. bancrofti mf ES antigen was done by
screening filter paper blood samples of 462 persons residing in the area
endemic for bancroftian filariasis. The assay system, when compared with
the night wet blood smear examination for microfilariae, gave a relative
sensitivity of 98% and specificity of 86%. This assay system was also
compared favourably with stained blood smear examination which is
routinely employed in large scale field surveys. The day time sample can
also be used in this test and thus it can replace tedious night blood
examination in field surveys in endemic areas (10). As little as 60 pg
ES antigen protein per test was found to be sufficient in detecting
filarial antibody by stick ELISA (4).

3.2 RIPEGA. RIA and ELISA
The W. bancrofti mf ES antigen was biosynthetically labelled using

l^C- glucose in the culture medium. The use of l^C-labelled W.
bancrofti mf ES antigen in penicillinase ELISA and radioimmuno
polyethylene glycol precipitation ASSAY (RIPEGA) for detection of
antibody showed that penicillinase ELISA was more sensitive than RIPEGA
(3). Inhibition ELISA for detection of antigen was compared with RIA
using biosynthetically labelled ES antigen and observed that ELISA was
found to be requiring less antigen compared to Radioimmunoassay (7). The
ES antigen analysis by SDS-PAGE gave an antigen fraction ESA-12 showing a
higher geometric mean of the reciprocal of IgM antibody titre (Table 1)
in microfilaraemic sera (GMRT 3351) compared to clinical filariasis (GMRT
396) and the difference was statistically significant (p < 0.01) (11).
An EIA test kit named 'FILACHEK' has been prepared and is under field
evaluation.
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Table 1: Distribution of filarial IgM antibody titre in microfilaraemia and
clinical filariasis using ESA-12 antigen fraction

Sera

Reciprocal of filarial IgM
_______antibody______
n 300 1200 4800 19200

No. showing
positive

GMRTa reactionb

Microfilaraemia (mf+ve) 27 4 7
Clinical filariasis (mf-ve) 26 20 5

3351*
396

23
5

n = Number of sera examined. aGeometric mean of reciprocal of antibody
titre. bSera showing positive reaction at 1:1200 dilution (five endemic
normal sera were used as controls). *p < 0.01 in comparison with clinical
filarial sera.
(Ramaprasad et al.. Med. Sei. Res., 16, 635-637, 1988).
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Figure 1: B. malayi antigen immune-reactivity analysis of paired urine (U) (top
panel) and serum (s) (bottom panel) collected from 4 groups of
individuals: North American (NA) non-endemic controls,
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Prasad et J. Immunoassay, i, 351-365 (1987)
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3.3 Excretory filarial antigens
Filarial antigen has been detected in immune complexes (12), sera

(13) and hydrocele fluid (14) of filarial patients using IgG fraction of
human filarial serum immunoglobulin (FSIgG) in sandwich ELISA. Filarial
antigen was also detected in the neat urine samples of microfilaraemia
patients by double antibody Sandwich ELISA using FSIgG and anti-rabbit
urinary filarial antigen immunoglobulin (14) and by radioimmunometric
assay (15) using 125i_;Labelled rabbit IgG antibody to B. malayi
antigen. The analysis of paired serum and urine by immunoradiometric
assay showed the presence of antigen in 9 sera and 6 urines from the 10
paired serum-urine samples (Figure 1) collected from microfilaraemic
patients (7). Antigen was isolated from filarial urine samples and
fractionated by gel chromatography on ultrogel AcA 44 (2). An antigen
fraction UFA C2A isolated from urine was highly sensitive and as little
as 500 attogram antigenic protein per test was found to be sufficient for
detecting filarial antibody by stick ELISA.
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Abstract

A solid phase radioimmunoassay (RIA) to study antibody response in
leprosy was set up with natural trisaccharide-octyl-bovine serum albumin
(NT-O-BSA), a Mycobacterium leprae (M. leprae)-specific synthetic
antigen. Both IgM and all immunoglobulin (Igs) antibodies in sera of 62
lepromatous (28 new and 34 old LL/BL), 18 tuberculoid (TT/BT), 25
tuberculosis (TB) patients and 33 normal controls/ were studied for their
reactivities to the antigen using l"I-labelled anti-human IgM and
anti-human Igs, respectively. Binding activities and positivity rates
(based on X+3SD of normal controls) of IgM antibodies were the highest in
new LL/BL and moderate in TT/BT sera. Tuberculous and normal sera were
devoid of IgM antibodies to the antigen. The same pattern of binding
activities and positivity rates were also found for all Igs to the
NT-O-BSA. However, positivity rates of all Igs were higher than those of
IgM, particularly in sera of LL/BL and TT/BT. Only one out of fourteen
TB and no normal sera were positive. Our results suggest that the RIA
with this synthetic antigen is highly sensitive and specific to M. leprae
infection and should be useful for serodiagnosis and also
seroepidemiology of leprosy.

INTRODUCTION

Early diagnosis of leprosy and the verification of a clinical
diagnosis of leprosy could be achieved by the development of appropriate
sérodiagnostic tests. The tests should be able to show satisfactorily
high sensitivity and specificity for Mycobacterium leprae (M. leprae). A
number of immunological tests related to leprosy has been reported. Some
utilized crude M. leprae sonicate antigen, and others used purified
M. leprae-specific antigen (reviewed by Buchanan et al. , 1984).
Radioimmunoassay (RIA) with a M. leprae sonicate containing a protein
antigen with a molecular weight less than 300Kd (Ag4) was developed by
Harboe et al (1978). In the test, sera had to be preadsorbed with BCG in
order to remove cross-reactive antibodies. An indirect immunofluorescent
antibody test (PLA-Abs) was described by Abe et al in 1980. They used
trypsinized whole M. leprae surface antigen and the sera had to be
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preadsorbed with BCG as in the RIA by Harboe. They found that IgG and,
to a much lesser extent, IgM and IgA in patient sera were recognised.
Recently, a M. leprae specific antigen called phenolic glycolipid-I
(PGL-1) has been discovered and shown to have no cross-reactivity to
other mycobacteria (Hunter and Brennan 1981, Cho et al 1983).
Subsequently, carbohydrate containing neoglycoproteins were synthesized,
based on the basic structure of a specific epitope on the PGL-I molecule,
by coupling these synthesized epitopes to a protein carrier (bovine serum
albumin) (Chaterjee et_al 1985, Brett et_al 1986). One of the
neoglycoproteins, namely natural trisaccharide-octyl-bovine serum albumin
(NT-O-BSA), has been shown to be reactive with leprosy sera. It was
found that this NT-O-BSA is superior to PGL-I in terms of specificity and
sensitivity (Dr. Brennan, personal communication). These M. leprae
specific antigens have been employed in the application of serodiagnosis
of leprosy, primarily on those household contacts who are living with
leprosy patients. Most of the studies with PGL-I and its
neoglycoproteins were carried out using an ELISA technique and showed
high sensitivity on lepromatous leprosy and moderate sensitivity at the
tuberculoid pole. It would be of interest to see if we could achieve a
better sensitivity and positivity rate of antibody detection with a
radioimmunoassay (RIA) than with the ELISA. In the present study, a
solid phase radioimmunoassay using the NT-O-BSA antigen was set up.
Subsequently, specific antibodies of both IgM class and immunoglobulins
of all classes (all Igs) against the NT-O-BSA in sera of leprosy,
tuberculosis and normal controls were determined.

MATERIALS AND METHODS

Sera
Sera of 80 leprosy patients attending the McKeen Rehabilitation

Center, the major leprosy treatment center in Northern Thailand, were
collected from 62 lepromatous (LL/BL) and 18 tuberculoid (TT/BT)
patients. Classification of the patients was done clinically and
histopathologically according to criteria described by Ridley an Jopling
(1966). Most of the patients were under treatment with diamino diphenyl
sulfone (DDS), clofazimine (B663) and Rifampin. The lepromatous patients
were arbitrarily divided into 2 groups: (a) 28 new LL/BL who were
untreated or treated less than 1 year and (b) 34 old LL/BL who were
treated for more than 1 year. Sera of 25 tuberculosis (TB) patients were
collected from the patients who had been diagnosed by positive acid-fast
smears and cultures. Also included were sera of 33 normal healthy
individuals.

Antigen

A M. leprae specific antigen, namely Natural-trisaccharide-octyl-
bovine serum albumin (NT-O-BSA) was kindly supplied by Dr. Patrick J.
Brennan of Colorado State University, USA.

Each vial of NT-O-BSA contained 50 yg of sugar (as glucose
equivalent) and 200 pg of BSA, and represented 0.5 ml of lyophilized
material. After adding 0.5 ml of distilled water for reconstitution,
this solution was diluted with coating buffer (Carbonate buffer, 0.05 M,
pH 9.6) to the required dilution for working solution.
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Antibodies to human IgM and Igs

Both antibodies to human IgM and all Igs were available commercially
(Cappel Laboratories).

lodination of antibodies
Antibodies to human IgM and all Igs were iodinated using the iodogen

(1, 3, 4, 6-tetrachloro-3a/ 6a-diphenyl-glycouril) (Pierce) as described
by Fraker and Speck (1978).

Solid phase radioimmunoassay (RIA)

Briefly, NT-O-BSA antigen diluted at 1/5000 in coating buffer
(Carbonate buffer 0.05 M, pH 9.6) was coated onto polyvinyl microtiter
plates (Dynatech) at 37°C overnight. The plates were washed 3 times
with phosphate buffer saline, pH 7.4 (PBS) and non-specific sites were
blocked with 1% BSA in PBS for 1 hour at room temperature. The plates
were emptied and then test sera diluted at 1/300 (for all Igs
determination) or 1/600 (for IgM determination) were added into duplicate
wells. After a 2-hour incubation at 37°C the plates were washed 3
times with PBS and 125I-labelled goat anti-human Igs or IgM (105
cpm/well) was added. The plates were incubated for 2 hours at 37°C,
then washed with PBS, dried, cut and finally counted with a gamma counter
(1277 gammamaster, LKB). Binding activity of antibodies in the test sera
was expressed in count per minute (cpm). Positive and negative controls
of pooled sera from lepromatous leprosy and normal healty individuals,
respectively, were included in every each plates to correct the sample
counting between plates. Antigen-specific binding activity was expressed
as difference between bindings (in cpm) to wells coated with antigen and
to wells without antigen.

Statistical analysis
A student's t-test was used to compare binding activities in sera of

the patients and to determine degree of correlation of IgM and all Igs
activities.

RESULTS

Optimum conditions for NT-O-BSA RIA

According to our systematically set up RIA using the NT-O-BSA
antigen, all results reported here were obtained when the following
conditions were employed: NT-O-BSA at 1/5000 of stock solution, 1% BSA in
PBS as blocking solution, serum dilution at 1/300 for all Igs and 1/600
for IgM antibodies, and l^I-labelled goat anti-human Igs (or IgM) at
1 x 105 cpm/well.

Antibodies reactivities to NT-O-BSA in sera of leprosy, tuberculosis and
normal controls

After a solid phase RIA with M. leprae-specific antigen (NT-O-BSA)
has been set up (see the Materials and Methods), sera collected from
leprosy, tuberculosis and normal controls were studied for IgM and all
Igs reactive to the NT-O-BSA antigen. Results of the study are shown in
Table 1. Binding activities of IgM antibodies to the NT-O-BSA were
highest in sera of new LL/BL (179 ± 249 cpm) (x + SEM), and moderate for
sera of tuberculoid (TT/BT) (390 + 85 cpm) leprosy. Tuberculous sera
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Table 1: Binding Activity of Antibodies in Sera against NT-O-BSA
IgM All Igs

Sera Binding (cpm) +ve no/total Binding (cpm) + ve no/total
(X + SEM) % (X + SEM) %

LL/BL new

old

TT/BT

TB

Normal

1794 + 245
(p< 0.001)

ND

390 + 85
(p< 0.005)
106 ± 12

150 + 13

22/28
(79%)
ND

4/18
(22%)
0/25
(0%)
1/33
(3%)

3254 + 363
(p< 0.001)
1302 + 223
(p< 0.001)
1351 + 328
(p< 0.001)
167 + 59

(NS)
267 + 36

26/28
(93%)
21/34
(62%)
9/18
(50%)
1/14
(7%)
0/15
(0%)

were devoted of IgM antibodies to NT-O-BSA (106 + 12 cpm) and found to
have the same levels as that of normal controls (150 + 13 cpm). Based on
a cut-off value calculated from X+3SD of normal controls, it was found
that positivity rate was high for new LL/BL patients (22/28; 79%) and
lower in TT/BT patients (4/18; 22%). Only 1 out of 33 (3%) normal
controls showed marginally increased level of IgM antibodies higher than
the cut-off limit. There were no false positivity from tuberculous sera.

The same approach was used for the determination of all Igs
reactiveto NT-O-BSA in an attempt to increase the positivity rate in
leprosy sera. As expected, binding activities were highest in new LL/BL
(3254 + 363 cpm), and became lower in old LL/BL sera (1302 ± 223 cpm).
Tuberculoid (TT/BT) sera showed moderate levels of all Igs to the
NT-O-BSA antigen (1351 + 328 cpm) and were comparable to that of old
LL/BL sera. Tuberculous and normal control sera showed no activity to
NT-O-BSA and were equal to the background binding to wells without
NT-O-BSA antigen (167 + 59 and 267 + 36 cpm, respectively). Positivity
rates for all Igs were found as follows: new LL/BL (26/28; 93%), old
LL/BL (21/34; 62%), TT/BT (9/18; 50%), TB (1/14; 7%) and normal controls
(0/15; 0%).

Correlation on reactivities of IgM and all Igs in leprosy sera

Binding activities of IgM and all Igs to NT-O-BSA were analysed with
sera of 28 LL/BL and 18 TT/BT patients. There was a significant
correlation between the results of IgM and all Igs to the NT-O-BSA
antigen in these sera (correlation coefficient r = 0.728, p < 0.001).
(Figure 1).

DISCUSSION

Sérodiagnostic methods for infection with M. leprae, of both
specific and non-specific, have been intensively studied. The usefulness
of any sérologie test should be designed to permit the early diagnosis of
new leprosy cases and even persons who are newly infected with
M. leprae. This ability to predict which individual will subsequently
develop clinical leprosy is crucial for a test used in
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FIG. 1. Correlation between binding activities of IgM and all Igs
to NT-O-BSA in sera from 46 leprosy (LL/BL and TT/BT) patients.

seroepidemiological studies and in the control of this disease. In this
regard, the ELISA procedure of Young and Buchanan is apparently the most
promising approach (Young and Buchanan 1983) and has been subsequently
studied by various groups. On the other hand, radioimmunoassay in
leprosy, has been studied only by Harboe et al in 1978, possibly for two
reasons: (a) complicated procedures requiring preadsorption of test sera
with sonicated BCG; and (b) cross-reactivity to M. avium or to
M. nonchromogenicum, since rabbit antisera to the two mycobacteria were
positive in the test. In our study, we merged the elements of high
sensitivity found in RIA with a M. leprae specific antigen used in ELISA
and not requiring preadsorption of the test sera. Our results show that
the RIA technique gave satisfactory sensitivity and specificity. As
compared to our results on positivity rates by ELISA (82% new LL/BL, 28%
TT/BT, 4% TB, and 0% normal controls) (unpublished data), the RIA gave
considerably higher positivity rates (Table 1) especially on both LL/BT
and TT/BT groups (93% and 50%, respectively) whereas only 7% (1/14) of
tuberculous sera and none of normal control sera was positive.

It is noteworthy that some of the test sera, especially those in the
leprosy and tuberculosis groups, showed considerably high levels of
non-specific or background binding to well uncoated with the NT-O-BSA
antigen. This should be kept in mind. If one wants to measure only
specific binding activity of subtracting the binding counts to specific
antigen with non-specific binding counts to uncoated wells. In our study
the false positivity rate was found at a high level in tuberculosis ser
(43%) when it was based on only binding counts to NT-O-BSA coated wells
without considering non-specific binding counts to wells uncoated with
the antigen.

After comparing positivity rates of IgM and all Igs to NT-O-BSA, our
results reveal that using ^Sj-igbelled goat anti-human Igs as a tracer
gave significantly higher degree of positivity rates than 125I-labelled
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goat anti-human IgM. This is probably due to the fact that some test
sera were positive only for all Igs and negative for IgM antibodies (data
not shown). Only one of the test sera was positive for IgM and negative
for all Igs. This is another reason why we tried to use anti-human Igs
as a tracer, instead of anti-human IgM. In addition, a significant
correlation between determinations forJM. leprae-specific IgM and all Igs
(Figure 1) put more emphasis on using ^-^I-labelled anti-human Igs as
the tracer in RIA technique. Finally, the RIA technique with M. leprae-
specific synthetic antigen (NT-O-BSA) should be considered as another
approach, especially in seroepidemiological study of leprosy, in attempts
to control the disease effectively by detecting and predicting a person
who might have been preclinically or subclinically infected with
M. leprae.
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Abstract

Mouse monoclonal antibodies to M. tuberculosis were produced by
conventional techniques where spleen cells from hyperimmunized Balb/c mice
were fused with a Sp2/0 myeloma cells using polyethylene glycol. Five clones
were isolated designated as HGT1, HGT2, HGT3a, HGT4 and HGT6. Specificity and
reactivity of these antibodies were tested by ELISA and immunoblot studies.
HGT1 and 2 reacted with multiple epitopes present on antigenic molecules of
45-60KDa and showed broad cross reactivity among mycobacterial species. HGT3a
reacted with a 38KDa molecule present only on M. tuberculosis and M. bovis
(BCG). HGT4 reacted with antigens of 28-60KDa and HGT6 with 43-45KDa antigens
both exhibiting broad reactivity among the mycobacterial species. HGT3a
represented the most specific of the monoclonal antibodies produced and it
was decided to isolate the antigen by affinity chromatography and study its
humoral and cellular reactions. The specificity of the antigen was tested in
a vertical study by immune detection on western blots reacted with hyperimmune
sera against M. tuberculosis, M. bovis (BCG) and 10 other Mycobacterium
species. The antigen was detected only by antisera to M. tuberculosis and
M. bovis (BCG). Specificity in cell mediated immunity was tested by skin
tests in guinea pigs sensitized with M. tuberculosis, Mycobacterium
intracellulare and Mycobacterium kansasii and by lymphocyte proliferation
tests. The 38 KDa antigen induced positive skin test reactions regardless of
the Mycobacterium species used to sensitize the animal. Lymphocyte
proliferation was observed in the presence of 38 KDa antigen, M. tuberculosis
sonicate antigen, tuberculin purified protein derivative and to M. kansasii
and M. intracellulare. The 38 KDa antigen appears to contain a specific
epitope detected by serology but also contains epitopes that are
cross-reactive for cell mediated immunity.

INTRODUCTION

Diagnostic, sérologie and delayed type skin tests for tuberculosis are
often complicated because of cross reactions induced by sub clinical
infections with mycobacteria other than Mycobacterium tuberculosis. Until
recently efforts to isolate single antigens serologically specific to
M. tuberculosis include antigen - 5 by Daniel et al and a 10 kDa antigen
isolated by Minden et al. These antigens, however, were not species
specific. The introduction of the hybridoma technology has revolutionized the
possibilities in immunologie techniques and monoclonal antibodies (MAbs) to
M. tuberculosis have the potential of providing pure antigens which can be
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used as skin test reagents. In this report we describe our efforts in making
specific MAbs to M. tuberculosis and the isolation of a sero specific antigen
using a MAb.

Materials and Methods;

Antigens: Antigens were prepared from culture specimens obtained from
Trudeau Mycobacterial collection (currently housed at ATCC). These included
M. tuberculosis H37Rv and Erdman, M. bovis (BCG), M. intracellulare, M. avium,
M. kanasasii, M. sacrofulaceum, M. vaccae/ M. fortuitum, M. marinum, M. phlei/
and M. cheloni. Details of the preparation of antigens have been described
elsewhere^' . Antigens were also obtained from Escherichia coli and
Nocardia astéroïdes.

Polyclonal antibodies; Polyclonal antibodies to these antigens were
produced in rabbits by conventional immunological techniques.

Hybridoma procedure; MAbs were produced by fusing SP2/0 myeloma cell
lines with spleen cells from female Balb/c mice immunised with antigens of
M^ tuberculosis, cloned by limiting dilution and ascitis produced by injecting
10^ cells in prestante primed mice.

ELISA; For the selection of hybridomas a ELISA technique was used to
screen the supernatants. For this, antigens were adsorbed on to polystyrene
plates, reacted with culture supernatants and antimouse alkaline phosphatase
conjugate and color developed.

SDS-PAGE and Immunoblotting; Antigens were subjected to SDS-PAGE and
transfered electrolytically to nitro cellulose and after blocking reacted with
polyclonal and MAbs.

Affinity Chromatography; For isolation of one of the antigens an immuno
affinity column was prepared by reacting precipitated Ig from HGT 3a ascitic
fluid to CNBr - activated sepharose. After reacting with crude antigen, the
antigen of interest was eluted by stepwise elution using 5 different buffers
(urea - acetate buffer from pH 6.8 to 3.0). Specific antigen was eluted at pH
3.0.

Skin testing; Guinea pigs sensitized with M. tuberculosis,
M. intracellulare and M. kanasasii antigens were tested by intradermal
injection of 100 ng of different antigens. Skin test reactions were measured
24 hours later.

In vitro Lymphocyte Proliferation Test; Auxiliary and inguinal lymph
nodes were obtained from unsensitized, M. tuberculosis and M. intracellular
sensitized guinea pigs. Lymphocytes were cultured in the presence of
different antigens including the 38-kDa antigen and pulsed with H^ -
Thymidine. Cells were harvested and H-^ - Thymidine uptake measured by
counting for 5 minutes in a liquid scintillation counter.

Lymphocyte proliferation test in mice sensitized with 38-kDa antigen;
Five male mice (Strain BIO 02) were each sensitized with 25 ug 38-kDa
antigen. Inquinal and politeal lymph nodes were removed 8-10 days later and
lymphocyte proliferation tests were done with various mycobacterial antigens
as bove.

For more details of the various techniques used in this study, please
refer to papers by Kadival et al (4, 5).
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RESULTS;

Mabs; Five MAbs designated as HGT 1, HGT 2, HGT 3a, HGT 4 and HGT 6 were
produced. One of the MAb (HGT 3a) was and IGM and the remaining were of
subclass IgGl. The molecular weight of the antigens detected by the MAbs is
shown in Table 1. Specificity of the MAbs was tested by ELISA and
Immunoblot. It was observed that HGT 3a wa sthe most specific of the
antibodies as it reacted to a 38-kDa antigen present in M. tuberculosis and
M_^ bovis (BCG) and this epitope represented by HGT 3a was not present in any
of the other atypical mycobacteria. HGT 6 reacted to two epitopes of 43 -
45-kDa and others were broadly reactive. These 4 MAbs cross reacted with
atypical mycobacteria.

Table 1. Inimunoglobulin subclass and molecular weight of antigens
recognized by MAbs

MAb Immunoglobulin Mol.wt.
subclass

HGT1
HGT2
HGT3a
HGT4
HGT6

IgGl
IgGl
IGM
IgGl
IgGl

45,000 -
45,000 -

38
28,000 -
43,000 -

60,000
60,000
,000
60,000
45,000

Isolation of 38-kDa antigen; As the epitope represented by HGT 3a MAb
was the most specific, we decided to isolate this antigen by affinity
chromatography and study its immunological characteristics. Figure 1 shows
the immunoblot pattern of 3 such preparations only one band at 38-kDa was
observed when reacted with the polyclonal antisera and MAb HGT 3a, indicating
the high purity of this antigen.

Reactivity of 38-kDa antigen with haterologous antisera; In a vertical
study of mycobacterium species, the specificity of the antigen was tested by
immunoblot. M. tuberculosis sonicate antigen and the 38-kDa antigen were
subjected to SDS-PAGE and transferred to nitro cellulose paper. 0.5 cm strips
were then reacted with polyclonal antisera raised in rabbits against
M. tuberculosis, M. bovis (BCG), M. intracellulare, M. avium, M^ kanasasii ,
M_^ sacrofulaceum, M. !_or_tuitum, M. yaccae, M. phlei, M. smegmatis, M. marinum
and M. cheloni. Figure 2 shows the reaction between M. tuberculosis sonicate
antigen and all these antisera. This result serves to illustrate the
tremendous degree of cross reactivity among mycobacterial species. In
contrast the 38-kDa antigen reacted only with antisera to M. tuberculosis and
M. bovis (BCG) and failed to show a visible reaction with other antisera
(fig. 3).

Response of 38-kDa antigen in skin tests; Unsensitized guinea pigs and
ones sensitized (Fig. 4A) with M. tuberculosis (Fig. 4B), M. intracellulare
(Fig. 4C) and M. kansas i i (Fig. 4D) were tested for skin reactions by
intradermal injection of 100 ng of 38-kDa antigen and various other antigens
including those of M. tuberculosis, M. intracellulare and M. Kansasii. This
is in contrast to the results of tests with antisera.
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figure 1 Immunoblots of three preparations of 38-kDa antigen A
phosphate-buffered saline without antibody. B, mAb HGT 3a C mouse
antl-(M fubercu/osis) serum Molecular weight markers correspond to.
from top to bottom phosphorylase B 92.500 bovine serum albumin
66200 ovalbumln 45000 carbonicanhydrase 31 000 soybean trvpsln
Inhibitor 21 500 and Ivsoryme 14.400 (Bio-Rad Laboratories Rlrh
mond CA) Source Kadival, et al, J Immunology 139, 2447 (1987)

0 Î 2 3 6 ? 8 9 1011 13

Figure 2 Immunoblots of M tuberculosis crude sonicate antigen t=ep
arated on SDS-PAGE. transferred to nitrocellulose and reacted w i t h the
following antlsera Lanes 0 to 14 correspond to 0 negative control 1
HGT 3a mAb 2 antl-(M tubercutoi(s) 3. antl-(M bouts BCG) 4 anti (M
IntraceUulare) 5 antl-(M autum} 6. antl-(M kansas(f) 7 anil (M scro
fulaicum] 8 anil (M Jortultum) 9 antl-(M uaccae) 10 antl (M smcg
matls] II antl (M phfel) 12 antl-(M mar(num) and 13 antl-(M ehe
tonet} Source Kadival, et al, J Immunology 139, 2447 (1987)
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Figur«.'3 Immunobtot of 38-kDa antigen separated on SDS-I'AGE.
transferred to nitrocellulose, and reacted with the following antisera.
Lanes 0 to 13 correspond to 0. molecular weight standards of 92.50O.
66.200 45.0OO. 3I.OOO. 21.5OO. and 14.400: 1. serum-free control. 2.
antl-(M (uberfufosls). 3. antl-(M bouts BCG): 4. antl-(M Jmraoojlutarc).
5. anti-(M auiurn), 6. dntl-(M. katisasli]. 7. antl-(M. scro/utaci-um). 8
anti-(M forluiium). 9 antl-|M. uaccae], 10. antl-(M. smegma/i.s). l / . a i i t i -
(M. pt\lel\. 12. anti-(M marlnum). and 13. anl!-(M. chelonet]
Source: Kadival, et al., J Immunology 139, 2447 (1987).
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Figure 4 Guinea pig skin test results: A, unsensitized (control); B,
sensitized with M. tuberculosis. C. sensitized with M. Intracellulare-, and
D, sensitized with M. kansasll. The skin test antigens were: 1, normal
saline, 2, M. tuberculosis sonicate; 3. M. Intracellulare sonicate; 4, M.
kansasH sonicate, 5, tuberculin PPD, and 6. 38-kDa antigen.
Source- Kadival, et al., J. Immunology 139, 2447 (1987)

Lymphocyte proliferation test; The ability of the 38-kDa antigen to
induce proliferation of lymphocytes was tested in 3 groups of guinea pigs,
namely controls (unsensitized), M. tuberculosis and M. intracellulare
sensitized. The 38 kDa antigen again induced proliferation of lymphocytes
from guinea pigs sensitized both with M. tuberculosis and M. intracellulare
(Pig. 5).

Lymphocyte proliferation test in mice; Mice were sensitized with 38-kDa
antigen. Figure 6 shows the responses of mouse lymphocytes to various antigen
preparations. The 38 kDa antigen and M. tuberculosis sonicate antigen save
the highest responses, whereas lesser but significant cross-reactions were
detected with sonicate antigens of M. intracellulare and M. kansasii.
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Figure 5. In vttro proliferation test for lymphocytes from three groups
of guinea pigs: A. unsensltlzed (control): B. sensitized with M. tubercu-
losis: and C. sensitized with M. Intracellulare. Responses (mean of three)
to the following antigens were determined: M. tuberculosis sonicate (O):
M. IntraceMutare sonicate (O); M. kansasll sonicate (A): tuberculin PPD
(V): 38-kDa antigen (O): antigen-free control (O): and concanavalln A
(control, not shown). Responses to the antigens at each dose were pooled,
and the mean Is Indicated. ±2 SD (n - I), by an arrow and uertlcaf bars,
respectively. 3H-TdR. |3H|thymldine.
Source: Kadh/al, et al., J. Immunology 139, 2447 (1987).
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Figure 6. In vitro proliferation test for lymphocytes from mice sensi-

tized with 38-kDa antigen and stimulated with: M. tuberculosis sonicate
(O); M. Intracellulare sonicate (O): M. kansasll sonicate (A): tuberculin
PPD (V); 38-kDa antigen (O): antigen-free control (O); and concanavalln A
(control, not shown). Error bars Indicate ±2 SD. The significance of the
responses to mycobacterial antigens was tested by analysis of variance
which showed that the responses to antigens were not equal to the
response in the absence of antigen, even when confidence limits were
reduced below 90%. 3H-TdR. pHJthymidine.
Source: Kadival, et al., J. Immunology 139, 2447 (1987).

DISCUSSION:

Five MAbs have been described for M. tuberculosis sonically treated
antigen. The cross-reactivity of these antibodies with other mycobacterial
antigens and E. coli and N. asteroides have been studied by ELISA and
immunoblot.

MAbs to M. tuberculosis some of which appeear to be similar to those
described in the present study, have been described by other investigators.
It has been observed that MAbs detect 12-, 14-, 19-, 38-, 40-, 65-, and
71-kilodalton antigen (World Health Organization Workshop, Letter, Infect.
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Immun. 51; 718-720, 1986). Our HGT 3a antibody appears to be similar to TB 72
described by Coates et al.(7) and HYT 28 described by Andersen et al (6). The
immunoglobulin class, however, was different. HGT 6 which recognizes two
molecules of 43,000 and 45,000 molecular weight has not been previously
described.

Monoclonal antibodies have the potential of providing means of obtaining
antigens of high purity from mixtures of components. Single antigens which
have been isolated from M. tuberculosis include antigen 5 by Daniel et al (14)
and a 10 kDa antigen by Minden et al (15). Recently, Young et al (16) have
reported on some immunologie characteristics of 38,000-Da antigen which was
isolated using MAb TB 71 in an affinity column. The authors have shown that
the antigen (38 kDa) reacts with antisera to M. tuberculosis and M. boyis
BCG. Similarly, lymphocyte proliferation tests were done on lymphocytes from
patients with tuberculosis and healthy individuals vaccinated with bacillus
Calmette-Guerin and skin tests were done in guinea pigs sensitized with
M. tuberculosis and M. bovis. Their intention was to determine whether the
antigen (38 kDa) could be used to distinguish between M. tuberculosis
infections and vaccination with M. bovis BCG. However, the MAb used for the
isolation of the antigen is now known to react with M. tuberculoses and
M. bovis BCG. They also studied two species of non-tuberculous mycobacteria
by enzyme-linked immunosorbent assay, but were unable to indicate specificity
for the tuberculosis complex. In the present study, HGT 3a recognized a 380
kDa antigen which appears to be present only in M. tuberculosis and M. bovis
BCG (4) and was used for the purification of a 38-kDa antigen. This antigen
was isolated in a highly pure form and examined for its suitability as a
potentially useful sérologie and skin test specific reagent. Antisera raised
against 10 species of non-tuberculous mycobacteria were each shown to react
with more than 40 components of M. tuberculosis separated by SDS-PAGE, but
none of these antisera reacted with the 38-kDa antigen. Although this a
verticle study using limited bacterial strains, the 38-kDa antigen appears to
be serologically specific. Confirmation of this will require studies using
hyperiinmune sera produced to large numbers of strains of each species and
testing the specificity of the 38-kDa antigen with each (Pig. 3). In in vivo
results from skin tests or in vitro results from lymphocyte transformation
assays with cells from guinea pigs sensitized with M. tuberculosis and other
mycobacterial species, the 38-kDa antigen reacted significantly. Furthermore,
sensitization of mice with the purified antigen resulted in cross-reactions to
sonicate antigens of non-tuberculous tnycobacterial species.

Much has been learned recently about the requirements for T cell
activation by antigen. It is not surprising that epitopes recognized by cells
participating in T cell activation may be different than those recognisedd by
antibody. Antibodies require a relatively intact three-dimensional
configuration of the epitope for a positive reaction. Such a configuration
may not be necessary for the activation of the T cell upon its presentation by
antigen-processing cells. The multi-determinant nature of most antigens
suggests that the cross-reactivity in cell mediated immunity may be due to
epitopes other than those which react with MAb HGT 3a. In studies for the
activation of T cell clones Matthews et al. (17) used a 38-kDa antigen
isolated by affinity chromatography with MAb TB 68, which recognizes a 38-kDa
antigen of M. tuberculosis. They concluded that the 38-kDa antigen has
multiple epitopes capable of inducing proliferation of T cell clones, some of
which were specific to M. tuberculosis and some of which were cross-reactive.
More complete answers await elucidation of the amino acid sequence of the
antigen and th examination of the reactivity and specificity of its segments.
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Abstract

A comparison between conventional sandwich 2 site- 2 step IRMA and
Liquid phase Radioimmunoassay (LPRIA) system in the detection of
tubercular antigen in the various body fluid was attempted using the
antibody tracer (murine monoclonal antibody WTB-J2) in IRMA and antigen
tracer in LPRIA using Anti-M duvelli. The positivity in pulmonary
tuberculosis in the IRMA was 90.47% while in LPRIA it was 43.3%. Bone
T.B. showed 60% positivity with IRMA and 71.47% with LPRIA. TBM cases
showed 87.5% positivity with IRMA and 93.3% with LPRIA. In tubercular
pleural effusion the positivity was 66.6% in IRMA and 85.7% in LPRIA
while in tubercular ascites the positivity was 70% in IRMA and 85.7% in
LPRIA. The comparison of sensitivity and specificity showed that in
serum this IRMA works better while in pleural and ascitic fluid LPRIA is
superior.

Introduction

As because circulating antigen in body fluids believed to reflect
the active infection, an attempt has been made to quantitate the
tubercular antigen instead of older attempts to detect and measure
antibodies. The traditional limited reagent competitive labelled antigen
method of isotopic assay was RIA. However, the excess reagent labelled
antibody immunoradiometric methods have been claimed to have several
advantages including higher specificity and sensitivity in the
measurement of hormonal analytes (Hazra et al 1977). The results of both
assay methods - RIA and IRMA have been compared for detecting the
mycobacterial antigen.
Material and methods;

The study material comprised 94 samples of serum, CSF pleural fluid
and ascitic fluid from cases clinically diagnosed as Pulmonary
tuberculosis (21), Bont T B (5), Control serum (10), Leprosy (5), TBM
(16), Septic meningitis (3), Control CSF (10), Tubercular pleural
effusion (60, Non-tubercular pleural effusion (4), Tubercular ascites
(10), non-tubercular ascites (4).
IRMA:

Microtitre plates were coated with diluted (1:500) monoclonal
antibody WTBy2 in 0.1 (M) bicarbonate buffer pH 9.6 and incubated at
4°C followed by hypercoating with 2% bovine serum albumin (BSA) in
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0.1 (M) phosphate buffer pH 9.4. Then the plate was incubated overnight
with diluted (1:100) test sample and incubated at room temperature.
After washing with phosphate buffer radiolabelled WTBy2 (prepared by
solid phase enzyme bead lactoperoxidase method) was added and incubated
overnight at room temperature. After incubation these were washed as
before and counted in IDIS II counter (John Gaunt, U.K.). B/Bo% (percent
binding as compared to buffer with zero antigen) of all the samples were
calculated and the cut off level used was mean of control + 2 SD.
LPRIA;

Diluted (1:5) test sample in 200 ul volume was mixed with diluted
(1:25,000) antisera (Rabbit-anti M. duvelli) in 200 ul volume and 100
ul radiolabelled mycobacterial sonicate antigen and incubated
overnight. After first incubation diluted (1:26) donkey anti-rabbit IgG
with 1% normal rabbit serum (NRS) was added and incubated overnight at
room temperature. These were centrifuged and radioactivity was measured
in the pellets. B/BO% of all the samples was calculated and inhibition
of binding (100 - B/Bo%) was calculated. The cut off level used was mean
of control + 1 SD.
Results;

The positivity in pulmonary tuberculosis in IRMA was 90.47% with a
mean antigen equivalent level 4.64 ° 4.85 ug/ml, while in LPRIA the
positivity was 73.3% with mean antigen equivalent level 53.38 ± 26.45
jig/ml. Bone TB showed 60% positivity in IRMA with a mean antigen
equivalent level 1.3 + 0.61 ug/ml, while in LPRIA the positivity was
71.4% with a mean antigen equivalent level 40.39 + 29.43 ug/ml. The
cross reactivity with leprosy serum in IRMA was 40% while it was 60% in
LPRIA. IRMA showed no false positive results in healthy control serum
while LPRIA showed 25% false positive reactions.

The CSF from the cases of TBM showed 87.5% positivity in IRMA with a
mean antigen equivalent level 1.16 ± 0.41 ug/ml while in LPRIA the
positivity was 93.3% with a mean antigen equivalent level of 136.0 ±
52.38. IRMA showed no false positive result in healthy CSF while LPRIA
showed 10% positivity. 1 out of 3 cases from septic meningitis showed
positive reaction with both IRMA and LPRIA.

In tubercular pleural effusion the positivity was 66.5% in IRMA with
a mean antigen equivalent level 1.37 ± 0.77 ug/ml, while 85.7% in LPRIA
with a mean antigen equivalent level 124.83 ± 64.15 ug/ml.
Non-tubercular pleural fluid showed no false positive result with IRMA
while LPRIA showed 25% false positive reaction.

In tubercular ascites IRMA showed 70% positivity with a mean antigen
equivalent level of 1.83 ±0.82 ug/ml, and LPRIA showed 85.7%
positivity with a mean antigen equivalent level of 125.9 ± 89.62
ug/ml. Non-tubercular ascitic fluid showed 25% false positive reaction
with IRMA while LPRIA showed no false positive reaction.
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Table 1. The result of serodiagnosis of Tuberculosis by IRMA and LPRIA

I R M A
S. No. Study groups

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Pulmonary Tuberculosis
Bone Tuberculosis
Leprosy
Control serum
Tubercular Meningitis
Septic Meningitis
Control CSF
Tubercular Pleural Effusion
Non-Tubercular " "
Tubercular Ascites
Non-Tubercular Ascites

Types of
sample

Serum
Serum
Serum
Serum
CSF
CSF
CSF
PI. Fluid
PI. Fluid
As. Fluid
As . Fluid

No. of
cases

21
5
5
10
16
3
10
6
4

10
4

L P R I A
% of +ve Mean Antigen Zof -fve Mean Antigen
Result Equivalent Result equivalent

level in ug/ml level in ug/ml

90.47
60.0
40.0
0.0

87.5
33.3
0.0

66.6
0.0
70.0
25.0

4
1
0
0
1

1
0
1
0

.64

.3

.87

.68

.16

.37

.92

.82

.79

±
±
±

±
±

±
±
±
±

4.85
0.61
0.19
0.29
0.41
0.83
0.74
0.77
0.07
0.82
0.66

73.3
71.4
60.0
25.0
93.3
33.3
10.0
85.7
25.0
85.7
0.0

53.38
40.39

20.19
136.0
64.13
52.74
124.83
62.32
125.9
43.77

± 26.45
± 29.42
97.72

± 15.35
± 52.38
± 22.45
± 47.05
± 64.15
± 16.09
± 89.62
± 21.17

Table 2. Comparison of sensitivity and specificity of IRMA
and LPRIA in the diagnosis of Pulmonary tuberculosis
and Bone tuberculosis

2-site IRMA LPRIA

Pulmonary I
tuberculosis ! 90.5% 73.3%

)f Sensitivity
Bone ï
tuberculosis I

Specificity 100% 75.0%
(86.7%) (64.7%)

* When Leprosy serum was included in the non-tubercular group.

133



Table 3. Comparison of sensitivity and specificity of IRMA
and LPRIA in the diagnosis of TBM

2-site IRMA LPRIA

Sensitivity 87.3% 93.3%
Specificity 100.0% 90.0%

(88.9%)* (84.6%)*

* When septic meningitis was included in the non-tubercular
group.

Table 4. Comparison of Sensitivity and specificity of IRMA
and LPRIA in the diagnosis of Tubercular Pleural
effusion

Sensitivity
Specificity

2-site IRMA

86.6%
100.0%

LPRIA

85.7%
75.0%

Table 5. Comparison of sensitivity and specificity of IRMA
and LPRIA in the diagnosis of Tubercular ascitis

2-site IRMA LPRIA

Sensitivity 70.0% 85.7%
Specificity 75.0% 100.0%
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Discussion;
The estimation of antigen in the serodiagnosis of communicable

disease with the help of radio-isotopic assay methods is a significant
approach. An attempt has been made to compare the sensitivity and
specificity of IRMA and LPRIA in antigen estimation, based on their
sensitivity and specificity as applied to clinical materials. The
sensitivity was assessed for all the body fluid, but specificity
assessment could only be performed in relation to sera and CSF. As
regards pleural and ascitic fluid, it is difficult to assess these
because healthy pleural and ascitic fluids are not available. Using
malignant ascitic and pleural fluids as control an attempt has been made
to calculate the specificity.

As regards the diagnosis of pulmonary tuberculosis and bone
tuberculosis by examining the serum, IRMA showed 90.5% and 60%
sensitivity respectively while LPRIA showed 73.3% and 71.4%. This is
comparable to the 84.3% sensitivity reported by Shriniwas (1984) by SAFA
test and 95.4% in KAT (Kaoline agglutination test) of Takahashi (1962)
and 92.1% reported by Kadival (1982). As regards the specificity, IRMA
showed 100% specificity while LPRIA showed 75% when leprosy sera was not
included in the non-tubercular group. This result indicates the
superiority of IRMA system in case of serum examination.

Regarding the CSF examination, in case of TBM, IRMA showed 87.5%
sensitivity with 100% specificity, while LPRIA showed 93.3% sensitivity
and 90% specificity. This result is similar to the 88% sensitivity
reported by Chandramukhi (1984) by haemagglutination test.

As regards tubercular ascites and tubercular pleural fluid, the
sensitivity varies between 66.6% to 85.7% and specificity from 75% to
100% which is much higher than that of Samuel (1984) who reported only
44% positivity. Although it is difficult to determine firm conclusion
from a statistically inadequate clinical sample LPRIA system works better
in cases of ascitic and pleural fluid.
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Abstract

The conventional 2-site immunoradiometric assay (IRMA) for the
detection of tubercular antigen in various body fluids of 94 tubercular
patients was developed using anti-tubercular murine monoclonal antibody,
WTB-72- The positivity in sera of pulmonary tuberculosis was 90.4%
only, and in bone, T.B. 60% with no false positive reaction in sera. CSF
from the cases of Tubercular meningitis (TBM) showed 87.5% positivity
with no false positivity in healthy control CSF, but one CSF from
pyogenic meningitis showed a positive result. In tubercular pleural
effusion, the positivity was 66.6% with no false positive result, while
in Tubercular ascites positivity was 70% with 25% positivity in control
ascites. The mean antigen equivalent levels in sera of pulmonary
tuberculosis were 4.68 ± 4.85 ug/ml, in bone T.B. 1.3+0.61 ug/ml,
control sera 0.68 + 0.29 ug/ml, CSF in TBM 1.16 ± 0.41 ug/ml, while
in control CSF levels were below 0.74 ug/ml. In tubercular pleural
effusion levels were 1.37 + 0.77 ug/ml, control pleural fluid 0.92 +
0.07 ug/ml and in tubercular ascites 1.82 +0.82 ug/ml and control
ascites 0.79 + 0.66 ug/ml.

Introduction
Tuberculosis is a significant infectious disease related to the

socio-economic status and quantitatively has become the world's most
important communicable disease. In many cases, particularly in the
extra-pulmonary tuberculosis diagnosis of tuberculosis is not possible by
radiological methods, or demonstration of Mycobacterium tuberculosis.
The detection of antibodies for the serodiagnosis of tuberculosis has
long been studied, but antibody detection is less useful than the antigen
detection in communicable diseases (Hazra 1982, 1985), because (a) the
presence of antibodies does not differentiate between present or past
infection, especially in places where inhabitants are exposed to a high
dose of the antigen, as in the third world, (b) the humoral antibody
develops with a lag period and therefore very early stages of infection
may be missed, (c) in an immunosuppressed individual antibody may fail to
develop even at a high load of antigen.

The detection of the antigen in the body fluids may be expected to
reflect the active stage of disease. With this view, an attempt had been
made to detect the antigen in the body fluids of various types of
tuberculosis.
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Materials and methods
The study material comprised 94 samples of serum, CSF, pleural fluid

and ascetic fluid from cases categorized as pulmonary tuberculosis sera
(bacteriologically and radiologically proved) - 21, bone tuberculosis
sera (radiologically or biopsy proved) - 5, control sera (without any
evidence of tuberculosis) - 10, leprosy sera (bacteriologically proved) -
5, CSF from IBM (based on biochemical and microscopic examination of CSF
and clinical findings) - 16, septic meningitis (based on biochemical and
microscopic examination of CSF) - 3, control CSF (routine surgical cases
undergoing spinal anaesthesia) - 10, tubercular pleural effusion (present
or past history of pulmonary tuberculosis and biochemical and microscopic
examination of pleural fluid) - 6, non-tubercular pleural effusion
(presence of malignant cells in pleural fluid) - 4, tubercular ascites
(present or past history of pulmonary tuberculosis, biochemical and
microscopic examination of ascetic fluid) - 10, non-tubercular ascites
(presence of malignant cells in ascetic fluid) - 4.
Conventional sandwich 2-site - 2 step IRMA

Dynatech microtitre plastic plates were coated with 1:500 dilutions
of the monoclonal antibody WTBy2 in 0.1 (M) bicarbonate buffer pH 9.6
incubated at 4°C and hypercoated with 2% bovine serum albumin (BSA)
in 0.1 (M) phosphate buffer pH 7.2. After coating plates were incubated
overnight at room temperature with diluted test samples or standards*.
After 3 washes with phosphate buffer, radiolabelled WTB72 (10,000
count/100 sec.) was added and incubated overnight at room temperature.
After incubation plates were washed as before and radioactivity was
counted in an IDIS II counter (John Gaunt, U.K.).
Results

B/Bo% (per cent binding as compared to buffer with zero antigen) of
all the samples were measured and positivity calculated using different
cut-off levels. Mean of control + 2 SD in serum and CSF, and mean of
control + 1 SD in pleural and ascitic fluid were selected as the cut-off
limits of normal because they showed the best discrimination between the
patient and control groups. The cut-off B/Bo% level used for serum was
825, in CSF, pleural fluid and ascetic fluid 730, 875 and 780
respectively.

The number of cases classified as positive was 90.4% in pulmonary
tuberculosis and 60% in bone TB, with no false positive reaction.
Similarly, the positivity was 87.5% in cases of TBM, with no false
positive result with healthy controls, but 1 CSF sample from the septic
meningitis group (3) cases showed a false positive result. In tubercular
pleural effusion 66.6% of cases were positive with no false positive
result, while in tubercular ascites it was 70% with 25% positive reaction
in control ascites.

The mean antigen equivalent level in serum of pulmonary tuberculosis
was 4.64 + 4.85 ug/ml, and in bone TB 1.3 ± 0.61 ug/ml, while in
control serum it was 0.68 ± 0.29 ug/ml. As regards CSF from TBM the

* Mycobacterial sonicate - heat killed E^yRv in 0.1 (M) phosphate buffer
pH 7.2 were subjected to ultrasonic disintegration for 45 min followed by
ultracentrifugation for 30 min. and serially diluted to prepare standards
ranging from 0.24 ug to 240 ug total protein/ml.
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Table 1 : Results of Conventional 2-site IRMA

S. No. TYPES OF PATIENTS TYPES OF NO. OF RANGE OF B/Bo%
SAMPLES SAMPLES

POSITIVE RESULTS AT DIFFERENT
CUT OFF LIMITS

MEAN + ISO

1.
2.
3.
4.
5.
6.
7.
8.

9.

10.
11.

Pulmonary Tuberculosis
Bone Tuberculosis
Leprosy
Control Serum
T.B.M.
Septic Meningitis
Control CSF
Tubercular Pleural
Effusion
Non-Tubercular
Pleural Effusion
Tubercular As cites
Non-Tubercular As cites

Serum
Serum
Serum
Serum
CSF
CSF
CSF
Plueral
fluid
Pleural
fluid
As. Fluid
As. Fluid

21
5
5
10
16
3
10
6

4

10
4

769.7
690.7
704.6
231.25
655.8
231.25
188.3
674.4

443.75

423.2
300

to
to
to
to
to
to
to
to

to

to
to

2039
1034
869
818
1065
753
723
1151

812

1206
893

.5

.8

.7

.75

.1

.7

.2

.1

.9

.75

21
5
5
2
15
1
1
4

0

7
1

(100Z)
(100Z)
(100Z)
(20. OZ)
(93.75Z)
(33. 3Z)
(16. 6Z)
(66. 6Z)

(70. OZ)
(25. OZ)

MEAN + 2SD

19 (90.47Z)
3 (60. OZ)
2 (40. OZ)
0
14 (87. 5Z)
1 (33. 3Z)
0
0

0

3 (30. OZ)
0

MEAN + 3SD

15 (71.42%
2 (40. OZ)
0
0
5 (31.2%)
0
0
0

0

0
0

U)



Table 2 : Antigen equivalent concentration of samples in conventional 2-site IRMA

s.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10
11

No. TYPES OF PATIENTS

Pulmonary Tuberculosis
Bone Tuberculosis
Leprosy
Control Serum
T.B.M.
Septic Meningitis
Control CSF
Tubercular Pleural Effusion
Non-Tubercular Pleural Effusion

. Tubercular As cites
„ Non-Tubercular As cites

TYPES OF
SAMPLE

Serum
Serum
Serum
Serum
CSF
CSF
CSF
PI. Fluid
PI. Fluid
As. Fluid
As. Fluid

NO. OF
SAMPLE

21
5
5
10
16
3
10
6
4
10
4

ANTIGEN EQUIVALENT
•ug'/ml

RANGE

0.83 to 19.50
0.67 to 1.95
0.68 to 1.09
0.05 to 0.68
0.59 to 2.04
0.05 to 0.83
0.05 to 0.74
0.63 to 2.75
0.05 to 0.92
0.97 to 2.51
0.05 to 0.79

CONCENTRATION IN
MEAN + SQ

4.64 ± 4.85
1.3 ± 0.61
0.87 ± 0.19
0.68 ± 0.29
1.16 ± 0.41

0.83
0.74

1.37 ± 0.77
0.92 ± 0.07
1.82 ± 0.66
0.79 ± 0.66



mean antigen equivalent level was 1.16 ± 0.41 ug/ml while in control
CSF it was less than 0.74 ug/ml. Similarly, the mean antigen
equivalent level in tubercular pleural effusion was 1.37 + 0.77 ug/ml,
in non-tubercular pleural effusion 0.92 ± 0.07 ug/ml, while in
tubercular ascites 1.82 + 0.82 ug/ml and in non-tubercular ascites 0.79
+0.66 ug/ml. Leprosy sera showed 40% cases reactivity (without any
correlation to the type of leprosy) with a mean antigen equivalent level
0.87 + 0.19 ug/ml.
Discussion

The use of radio-isotopic assay methods for the detection of the
antigen in the serodiagnosis of communicable disease is an emerging
frontier area. With the help of the monoclonal antibody tracer an
attempt had been made to detect the antigen in the body fluid of
tuberculosis patients using an excess reagent conventional 2-site IRMA.
IRMA showed encouraging results so far as the sensitivity was concerned.
The pulmonary tuberculous gave 90.47% positivity with a mean antigen
equivalent level 4.64 + 4.85 ug/ml, which is similar to the report of
Kadival et al. (1982) by RIA method. In TBM the positivity was 87.5%
which is much higher than that of Samuel et al. (1983), using a RIA
method based on the polyclonal anti-BCG sera, who reported only 5.5%
positivity in TBM. Moreover, in the present study, the mean antigen
equivalent level was much higher in TBM (1.16 ± 0.41 ug/ml) as compared
to control GSF (less than 0.74 ug/ml). Samuel (1983) observed only a
small difference between the diseased and control group with respect to
the antigen level.

The positivity in tubercular pleural effusion was 66.6% with no
false positive reaction, and in tubercular ascitis it was 70% with 25%
(1/4) false positive reaction. Even though the pleural and ascetic fluid
showed less positivity, it was more than that reported by Samuel et al
(1984) (44%).

Table 3: The sensitivity & specificity in different study groups

Study Group Sensitivity Specificity

Pulmonary tuberculosis
Bone tuberculosis
TBM

Tubercular pi.effusion
Tubercular ascites

90.5%

60%
87.5%

66.6%

70%

100%

(86.7%)*

100%
(88.9%)**

100%

75%

* Specificity, when leprosy sera was included in the non-tubercular group.
** Specificity, when septic meningitis was included in non-tubercular group.
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As far as specificity is concerned, a false positivity was noticed with
leprosy sera and in one case of septic meningitis. The former can be related
to cross-reactivity to a general mycobacterial antigen, but does not create
significant clinical problems, as the diagnostic pattern of pulmonary
tuberculosis and leprosy are quire distinct.

As regards septic meningitis the one case with pseudo-positivity is
worrying. Problems in clinical diagnostic categorization cannot be entirely
ruled out. Cross-reactivity and double pathology are other possibilities
which need to be assessed by a long-term follow up of a large number of cases.
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RADIOIMMUNOASSAY IN THE DIAGNOSIS
OF TUBERCULOSIS

M.D. ASHTEKAR, A.M. SAMUEL
Radiation Medicine Centre,
Bhabha Atomic Research Centre,
Bombay, India

Abstract

A solid phase radioimmunoassay developed at the institute was evaluated
for its ability to measure TB antigen and anti-TB antibody in patients with
pulmonary and extrapulmonary tuberculosis. The TB antigen as well as the
anti-TB antibody levels were significantly elevated in patients with
tuberculosis in comparison with controls. Following treatment, the antigen
levels fell in some of the patients with a concomitant rise in antibody.

INTRODUCTION

The diagnosis of pulmonary tuberculosis based on conventional techniques
like clinical examination, radiological findings, microscopy, culture and skin
test is time consuming and therefore delays the diagnosis. The diagnosis of
Tubercular meningitis and other extra pulmonary forms of tuberculosis pose
problems due to variations in the clinical manifestations. Also, there is an
urgent necessity in starting the right treatment at earliest in case of TBM.
A need for standardizing a new diagnosis technique which would provide a
specific diagnosis in a shorter period was felt. This led us to develop a
radioimmunoassay to detect the TB antigen from various biological samples
collected from TB patients. Radioimmunoassay thus developed was further
evaluated for its diagnostic potentials in various forms of tuberculosis. The
effect of anti Koch's treatment on TB antigen/TB antibody was also studied in
pulmonary TB patients.

Materials and Methods;
Patients;

I. Pulmonary Tuberculosis
Sera were obtained from patients attending the TB clinic. These patients

had undergone detailed investigations like clinical examination,
investigations of family members, radiological investigations of chest,
haematological tests like ESR, blood counts, etc. and sputum culture for
M. tuberculosis.

Pulmonary TB patients were classified as Group I - radiological 1 y
positive with tubercular lesions in the lung and AB'B positive by smear and/or
culture for M. tuberculosis and Group II - radiologically positive with
tubercular lesions in the lung but AFB negative by smear and/or culture lor
M. tuberculosis. A total of 100 pulmonary TB patients and 40 normal healthy
controls were included in the study.

II. Tubercular meningitis
84 patients with tuberculous meningitis were selected on the basis of the

following criteria: (a) clinical evidence of meningitis, (b) history of
contact with tubercular patients, (c) x-ray evidence of primary complex or
progressive tubercular disease, (d) typical biochemical and cellular changes
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in CSF observed in TBM and (e) the identification of M. tuberculosis on smear
and culture from CSF.

30 patients with various CNS disorders other than TBM (Pyogenic
meningitis, viral meningitis, febrile convulsions, encephalitis, etc.) served
as a control group.

III. TB lymphadenili s

21 cases of lymphadenitis suspected to have TB lymphadenitis based on
clinical and laboratory investigations were studied.

TB antigen and TB antibody RIA: The technique has been described
previously1 and is shown in brief here:

Antigen: Sonicates of heat inactivated ï^^RV strain of
M. tuberculosis used as standard and for labelling purposes.

I^^labelled antigen: The above-mentioned antigen was labelled with
I125 by the iodogen method2 and the peak tube of first peak used as a
tracer.

Anti BCG antibody: Commercial preparation of the anti-BCG antibody
supplied by Dakopatts was used.

Staphylococcal protein A: 10% (W/V) suspension of heat killed cowan A
strain of staphylococcus aureus was used as the solid phase.

The sensitivity of TB antigen RIA was 1.5 ng/ml with specificity against
M. tuberculosis and M. boyis and minimal cross-reactivity with other
mycobacterial antigen-*. The sensitivity of antibody detection was less than
2.1 yg%.

Pretreatment of samples; The CSF samples were evaluated directly for TB
Ag and Ab estimations while the serum samples were subjected to the isolation
of CIC1. Lymphnode biopsy samples were collected aseptically in sterile
normal saline. The biopsy specimen was homogenized using a tissue
homogenizer. A part of homogenate was treated with equal parts of ether so as
to concentrate mycobacteria present in the sample, smears were prepared from
the skum and processed for AFB staining. The remaining part of homogenate was
directly processed for the TB antigen by RIA.

Statistical analysis; All results were expressed as Mean + Standard
error x ± SE) and the Student's 't1 test was applied for significance tests.

Results;
TB antigen and TB antibody levels in CIC of pulmonary TB patients

classified as Group I and Group II and in controls are illustrated in Table
I. It was clearly seen that both TB antigen as well as TB antibody levels in
Group I and II were significantly elevated as compared to controls (P <
0.001). Group I patients however, showed higher TB Ag and antibody levels
than Group II (P < 0.001).

The effect of anti-tubercular treatment on TB antiyen and TU Antibody
levels is depicted in Table II. TB patients undergoing an t i-TU treatment were
further sub-divided into (1) untreated, (2) treated for less than 12 weeku and
(3) treated for 12 weeks to 2 years. It was observed that in Group 1, deapite
chemotherapy, sputum remained positive for M. tuberculosis for more than 12
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weeks and there was no significant change in TB antigen or TB antibody levels
in CIC. In Group II on the other hand, where sputum samples were negative for
M. tuberculosis, a gradual fall in TB antigen with a concomitant rise in TB
antibody levels was observed.

Prevalence of TB antigen and TB antibody in CIC of Group I and Group II
patients is demonstrated in Table III. % false negative cases showing normal
levels of TB antigen and antibody in Group I and Group II were observed to be
4% and 17% respectively.

TB antigen and TB antibody levels in both CSF as well as CIC of TBM
patients were significantly elevated (P < 0.01) as compared to controls (Table
IV). The false negative rate for TB antigen and TB antibody in CIC was 14%,
in CSF 10% and CIC & CSF was 5%. In other words, 86% cases were detected as
tubercular on the basis of abnormal levels of TB antigen and/or antibody in
CIC alone, 90% detected in CSF alone and as high as 95% detected considering
antigen and/or antibody abnormality in CSF and CIC.

Table VI demonstrates TB antigen levels in lymphadenitis patients. In 9
cases of TB lymphadenitis proved on histopathological examination, 77% showed
abnormal levels of TB antigen in the lymphnode biopsy sample. In 5 patients
reported as chronic non-specific lymphadenitis on histopathological
examination, AFB was detected in 3 cases (termed as definite TB) and all of
them showed abnormally elevated levels of TB antigen in lymphnode biopsy. The
remaining 2 patients where AFB was not detected showed normal levels of TB
antigen.

TABLE I. TB ANTIGEN AND TB ANTIBODY LEVELS IN CIC OF PULMONARY TB PATIENTS

TB antibody Circulating total TB
TB antigen detected from CIC antibody from serum

detected from CIC Ratio of titres Ratio of titres
(ng/ml) control/sample control/sample

Disease state (mean +s. e.) (mean +s.e.) (mean +s.e.)

Pulmonary TB
sputum +ve for
M. tuberculosis
X-ray lesions
seen (n=57)

Pulmonary TB
sputum -ve for
M. tuberculosis
X-ray lesions
seen (n=37)

Controls
(n=40)

19.1+2.3

9.9+1.9-f

2.2+0.3

11.7+1.48

5.1+1.51

0.6+0.1

145.5+62.2

72.5+34. 7+"

1.4+0.2

P < 0.001 controls significantly different from sputum +ve and
sputum -ve cases.

tp<0.001 sputum +ve and sputum -ve cases.

+P<0.01 sputum +ve and sputum -ve cases.
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TABLE H. EVALUATION OF ANTI-TUBERCULAR TREATMENT ON CIC TB Ag AND Ab IN
PULMONARY TB PATIENTS

Untreated cases
Anti TB treated for

12 weeks
Anti TB treated for

_______________ ____ __________ 12 weeks - 2 years______
CIC CIC antibody CIC CIC antibody CIC CIC antibody

antigen (ratio titre antigen (ratio titre antigen (ratio of titre
TB patients (ng/ml) control /sample) (ng/ml) control/sampleXng/ml) control/sample)

Group I 19.2+5.4 8.3+4.1* 18.2+2.1* 9.5+5.3* 22.1+6.0 14. 8_+5. 7*
(n=16) (n=16) (n=14) (n=14) (n=23) (n=23)

Group H 14.8+5.8*
(n=8)

1.1+0.4
(n=8)

11.4+4.2
(n=13)

4.9+2.6
(n=13)

6.2+1.7*
(n=16)

7.85+3.1
(n=16)

P < 0.001 controls significantly different from Group I & Group II.

TABLE HI. PERCENTAGE POSITIVITY OF TB ANTIGEN AND ANTIBODY IN CIC OF
PULMONARY TB PATIENTS

Both TB Ag Only TB Ag Only TB Ab Both TB Ag
Disease & Ab in detected in detected in & Ab

State CIC CIC CIC not detected
% cases % cases % cases % cases

Group I 56 21 19

Group II 36 25 17

TABLE IV. LEVELS OF TB ANTIGEN AND TB ANTIBODY IN CSF AND CIC OF TBM PATIENTS
AND CONTROLS

TBM

Controls

CSF antigen
ng/ml

(mean +s. e.)

51.1+5.1*
(n=70)

3.7+0.54
(n=30)

CSF antibody

(mean +s. e. )

30.3+7.6*
(n=84)

1.28+0.19
(n=30)

QIC antigen
ng/ml

(mean j+s.e.)

11.6+2.7*
(n=65)

1.61+0.34
(n=21)

CIC antibody

(mean +_s.e.

71.04+15.5*
(n=59)

2.52+0.1
(n=21)

P <0.01 as compared to controls.

Cut off point (Mean +3 S.D.) : CSF TB Antigen - 12.5 ng/ml;
CIC TB Antigen-6.2 ng/ml; CSF TB Antibody - 4.4 /tg% and
CIC TB Antibody -4 .8 /ig% .
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TABLE V. TB ANTIGEN/ANTIBODY DETECTION IN CSF AND CIC AND ITS DIAGNOSTIC
POTENTIAL

CIC
n=54

CSF CIC & CSP
n=70 n=43

Antigen detected 29 (54%)

Antibody detected 38 (70%)

Antigen & Antibody 21 (39%)
detected

Antigen & Antibody 8 (14%)
not detected

55 (79%)

27 (38%)

19 (27%)

7 (10%)

14 (33%)

18 (42%)

5 (12%)

2 (5%)

TABLE VI. TB ANTIGEN LEVELS IN LYMPHADENITIS PATIENTS

Histopathological exam
TB Antigen
ng/ml

(Mean +s.e.)
% Positive

T B lymphadenitis
(n=9)

Chronic Nonspecific
lymphadenitis

(a) definite T B
n=3

(b) Non Tubercular
n=2

> 100 77

> 25

Undetectable

100

None

Discussion;

Various serological Lests like complement fixation, enzyme linked
immunosorbent assay etc., have been developed since last three decades.
However, since Bardana el al4 has shown the universal occurrence of TB
antibodies in normal healthy individuals, all these tests detecting
antibodies in the serum rosed the problems of non-specificity. The dete.-ction
of antigen in the serum, on the other hand, would be very specific and useful
in the diagnosis of various diseases. RIA developed for the detection oi TB
antigen has been shown to be specific and therefore can be applied not only
for the diagnosis of tuberculosis but for also monitoring the efficacy of
anti- tubercular treatment.

Our present and earlier studies1' 5 and those of Bal et al6, Sada e_t
a_l' and Chandramukhi et al^ have shown the presence of TB antigen in CSF
by ELISA or RIA methods in Tuberculous Meningitis. The detection rate of
antigen varied from 77 to 81%9. Also our present and earlier studies5 and
those by Kuo10, Kalish et al11 and Chandramukhi et al8 demonstrated
detectable anti TB antibody in CSF. The detection of circulating anti TB
antibody and TB antigen levels in TBM has not been reported earlier. Our
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study shows that when CIC are isolated, the presence of antigen and/or
antibody can be demonstrated in 86% cases. It was also observed that TB
antigen and TB antibody persistently remained elevated in CSF of TBM patients
even after 4-6 weeks anti-tubercular treatment. This persistent elevated
antigen/antibody levels however correlated with the demonstration of
M. tuberculosis by cultures of CSF.

Laboratory diagnosis of tuberculous lymphadenitis is difficult since it
is not easy to demonstrate mycobacteria in the lymphnode either by smear
and/or culture, or by modified Ziehl-Neelsen's staining of the tissue
sections. Histopathological reports can sometimes by confusing. An
alternative test for the quick diagnosis of such cases will be a great help.
Shriniwas et al12 in 1976 described modified soluble antigen fluorescent
antibody test (SAFA test) for the diagnosis of TB lymphadenitis. This
technique however detects only antibody from the blood of suspected TB
lymphadenitis cases and thus does not provide specific diagnosis. The
detection of TB antigen from the target lymph node biopsy by our RIA on the
other hand confirms the diagnosis along with Ab'B data. Also, greater
positivity by TB Ag RIA in TB lymphadenitis cases over AFB detection by umear
and/or culture makes the technique of RIA more sensitive and specific.

In conclusion, RIA developed in our laboratory for the detection ot TB
antigen is highly sensitive, specific and has greater diagnostive potentials
not only in pulmonary but extrapulmonary tuberculosis also.
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Abstract

The potential use of radiolabelled antibodies as an _ijni vivo targeting
agent in immunoscintigraphy for tuberculoma lesions/ was studied in rabbits
with experimentally induced lesions in the thigh. 300 ugCi of l^I-anti-
BCG antibody was injected i.v. and scintiscans taken 1 to 9 days later using a
medium energy collimatory on GE Gamma Camera. Localization of the antibody
was seen from the third day but significant concentration of the antibody was
also noted in the background and major organs. By day 6, most of the
background was clear with a minimum uptake in liver and kidneys. Non-specific
scans using -^IJ-BSA or 99mTC-RBC blood pool did not show any concentration
at the site of lesion.

INTRODUCTION

M. tuberculosis, the causative agent of tuberculosis in man is known to
infect virtually any organ of the body (lung, bone, skin, brain, kidney, G.I.
tract, etc.) (1).

Pulmonary and extra-pulmonary tuberculosis still persists as the most
widely occurring forms of tuberculosis. The diagnosis of tuberculosis has
been a major health problem.

RIA or ELISA for the detection of the circulating antigen may not always
be positive, particularly if the disease involves deeply situated organs
because of the fast excretion and degradation of circulating antigens. Also
Zieth - Neelson acid fast staining, histopathology or culture requires tissue
biopsy which is invasive in nature and may at times be difficult to perform as
in the case of brain tuberculoma.

The use of radiolabelled antibodies as an in vivo targetting agent is
being vigourously persued for the detection of tumours and malignancies (2),
(3). The extension of such studies for the diagnosis of tuberculosis has been
the primary aim of the following work.

The prerequisite for such a study was the development of animal model of
tubercular lesion presenting the tubercular antigen which persists over a long
period of time as in the case of an active infection. We have been able to
develop a rabbit model using killed cells with accompanying cellular changes
parallel to that seen in tuberculosis (i.e. formation of epitheloid cells and
multinucleated giant cells), presenting the tubercular antigen upto 6 months
after injection (to be published separately). The present study describes the
use and application of radiolabelled antibodies in tuberculosis using this
model.
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Materials and methods;
Mycobacter ial cells and antigens; Mycobacterium tuberculosis £[37 Rv

strain NCTC 7416, obtained from the Haffkine Institute/ Bombay, was
sub-cultured in synthetic youmans medium for 4-6 weeks. This was subjected to
a dose of 2.5 M.rads. using 60Co source. The whole cells were separated by
centrifugation at 3500 rpm. and referred to as 'Irradiated cells' an aliquot
of it was subjected to ultrasonication for 30 mins. on ice, ultracentrifuged
at 102,000 x g and supernatant was collected and referred to as 'sonicate
antigen1 .

Production of tuberculoma; Four Belgium rabbits weighing 3-4 kgs were
hypersensitised to the tubercular antigen using sonicate antigen. 0.5 mg
irradiated cells in 0.5 ml PBS and an equal part of Freund's Incomplete
Adjuvant (IFA) (Difco laboratories, Detroit, Michigan, USA). 1 ml of this
suspension was injected subcutaenously in the two test rabbits in the thigh
region. The two other rabbits were injected with 0.5 ml of normal saline
suspended in 0.5 nil of IFA as above and were referred as the control rabbits.
These lesions were followed up to study their external characteristics and
were used for scintiscanning at 4 months after blocking their thyroid with 2-4
drops of Lugol ' s iodine.

Radiolabelling procedures

a) lodination of anti-BCG antibody: The anti-BCG antibody was obtained
commercially (Dakopatts Incorp., Copenhagen, Denmark). Na131I, iodination
grade supplied as reducing agent free was obtained from the Radiopharmaceu-
tical Division, Isotope Group, BARC, Trombay, Bombay-85. lodination was
performed using the iodogen method (4). lodinated protein was separated using
Sephadex G - 75 gel chromatography. The specific activity of the protein
obtained was 2.4 pCi/ug.

b) lodination of bovine serum albumin: Bovine serum albumin mol wt. 66,000
(Sigma Chemical Co., St. Lousis, M.A. , Cat. No. A-75177) was labelled using Na
131j as described above. The specific activity of 131j _ gg^ so obtained
was 0.3

c) In. vivo labelling of RBCs with 99mTc-pertechnatate: ^n vivo labelling
of RBCs was done as described (5). Briefly, a cold kit of stannous DTPA
obtained from the Radiopharmaceutical Section, RMC, was injected intravenously
in rabbit. Next day the rabbit was injected i.v. with 400 uCi of 99mTc04.

Imaging of tubercular lesion

a) Imaging of localisation of 131I-antiBCG: 300 pCi of 131I - anti
BCG antibody was injected i.v. in the test rabbits showing the development of
tubercular lesion at 4 months, scintiscans were taken at day 1, 3, 5, 6 and 9
using a medium energy collimatory on GE Gamma Camera.

b) Non-specific scintigram using 131I-BSA: 200 iaCi of 99mTc04 was
injected i.v. in test rabbits after background radiation in them was
negligible. Static images were taken at day 1 and 2 using a medium energy
collimator .

c) Blood pool scintigraphy using 99mTc-RBC: 400 yCi of 99mTc04
was injected in primed rabbits as described earlier and a blood pool image was
obtained under gamma camera after 10 mins using a low energy collimator.
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In vivo kinetics of antigen, studies using 131I-anti BCG: 1-2 mg of
irradiated cells were placed intradermally in one of the test rabbits at 6
months followed by i.v. injection of 131I-anti BCG antibody after 30 mins.
Dynamic images were obtained at 5 mins. interval immediately after, for 40
mins. These were followed by static scans at day 1, 2 and 3.

Results;

Delayed type hypersensitivity (11-14 mm, diameter) was observed in all
four rabbits, after pre-sensitization, on injection of 5 ug of sonicate
antigen intradermally. The test rabbits showed progressive shift from
hypersensitivity reaction to necrotic caseation and cyst formation by the end
of 2 months. Whereas control rabbits did not show any of these and site of
injection healed completely by 2 months and hence control rabbits were not
followed up further.

Localization of 131I-anti BCG was observed at the site of tuberculous
lesion from the third day onwards but significant concentration of -'•̂ -'-I-anti
BCG was also noted in background and major organs like heart, liver, spleen
and kidneys. By day 6 most of the background was cleared with a minimum
uptake in liver and kidneys (Fig. I). A scan could also be obtained on day 9
with a prolonged exposure time of 45 mins., faint localization could be seen
in tubercular lesion, the only other organ concentration radioiodine at this
time was kidney. Non-specific scan using 131I-BSA or "mTC-RBC blood pool
scan did not show any concentration at the site of lesion (Fig. II).

In vivo kinetics of antigen;

It was observed that radiolocalization could be achieved for the
irradiated cells within 30 mins. But most of the activity leached into the
ascending lymphnodes following from day 1 to day 3 (Fig. III).

Discussion;

Most of the work done in immunoscintigraphy has been directed towards
detection of malignancies (2) (3). There have been few reports on
immunoscintigraphic advances in diagnosis of infectious diseases. The recent
paper by Rubin et al (6) speculates on the ease of accomplishing such studies
in relation to microbial antigen, because of the ease of developing specific
antimicrobial antibodies as compared to that of developing tumour associated
or tumour specific monoclonal antibodies, also in acute inflammatory processes
there is increased perfusion at the site of infection, thereby permitting
greater scope for antigen-antibody reaction (i.e. faster increase in target to
bacground ratio), in contrast with variable microcirculation to tumours.

The extension of such studies in tuberculosis required an appropriate
animal model. In the rabbit model we have shown persistence of antigen at the
site of the tuberculoma beyond six months. We used anti-BCG antibody for this
study because Minden et al (7) have shown extensive homology between
M. tuberculosis and M. bovis (BCG). Also a reference system has shown sharing
of major antigenic determinants between the two (8). It was nos also possible
to show localization of the 131I-anti-BCG antibody in the tubercular
lesion. lodinated BSA was injected to observe distribution of a nonspecific
protein in extravascular spaces. The 131I-BSA and the 99mTc_RBC blood
pool images showed no activity at the site of the lesion. Additionally,
persistence of 131-anti BCG at the site of lesion upto day 9, in the absence
of any concentration in other organs indicates the immunological nature of the
reaction.
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a. Tubercular lesion at 4 months

b. 131I-anti BCG scan at day 6.

Fig. I
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a. Non-specific scan with 131I-BSA

b. Blood pool image with 9^mTc-RBC

Fig. II
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In vivo kinetics of antigen 1) Day 0, 2) Day 2, 3) Day 3.
Arrow shows the site of injection of mycobacterial cells.

Fig.Ill

In vivo kinetic of the antigen could also be studied where
M. tuberculosis cells were placed intradermally. Drainage of antigen and
antigen-antibody complexes into lymphnodes probably by immune mechanisms could
be observed. Also as a large amount of 131]>ant:i. BCG was mopped up by the
antigen placed intradermally, very little localisation could be seen in the
tuberculous lesion. This observation also highlights the need of inducing
tuberculoma in which antigen would persist at the site of the injection.

It was however surprising to note in the present study that
radiolocalisation could be achieved despite high levels of circulating
antibodies as in hyperimmunised animals. This was probably because of
differences in the nature of antibody repetoire and their affinity constants.

The present study is by no means the development of a specific test for
the diganosis of tuberculosis, for the reason that the crude polyclonal anti-
BCG antibody was used. The next step would be the use of affinity purified
polyclonal antibody or specific monoclonal antibodies.

Hazra et al (9) in a mouse model of tuberculosis have shown localization
of •'-^-'l-labelled monoclonal ML-34 for imaging of tuberculoma. We chose
rabbit for the ease of obtaining better scans. 131j ^as been the isotope of
choice for the gamma camera imaging over 12Î>I. This study however has not
elaborated up on the cellular pattern seen in the tubercular lesion and on the
persistence of antigen. Also 2-4 weeks were required before a fairly good
distinction of target to non-target could be made. We have found that ML-34
monoclonal antibody (10) cross-reacts with inflammatory tissue, as in a
turpertine induced sterile abscess (personal observation). Whereas we found
no cross-reaction with HGT 3a monoclonal antibody in such lesion. HGT33 has
been shown to be specific for M. tuberculosis complex group of organisms (11)
and its use in such efforts would be more rewarding.
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Hence, in conclusion we infer that immunoscintigraphic techniques can be
applied for the study of deeply situated tuberculous lesion and with greater
advantage in lesions away from vascular pool as in brain tuberculoma provided
that the lesion is of size greater than the resolving ability of gamma camera
and the use of specific monoclonal antibodies would be of great advantage.
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Abstract

The blood brain barrier (BBB) plays an important role in the regulation
of homeostasis of the CNS. The effect of tuberculous meningitis (TBM) on the
BBB was studied using a ratio of serum albumin/CSF albumin levels. During the
acute stage of meningitis 80% of the patients had moderate to severe
disturbances in the BBB that persisted 1 to 3 months post therapy.

Neurological damage was assessed using Myelin Basic Protein (CBP) as
marker. Over 62% of patients with TBM had a significantly high level of MBP.

INTRODUCTION

The blood brain barrier (BBB) is an important protective mechanism of the
Central Nervous System-'-. Anatomical and physiological studies have shown
that the cerebral microvasculature permeability is affected by several factors
of which inflammation of the méninges is a major contributory factor. The aim
of the present study was to evaluate changes in the BBB which takes place in
tubercular meningitis and to show how long changes persist.

Myelin Basic Protein (MBP) has been demonstrated to be present in a
variety of demyelinating disorders of the CNS^~^. Attempts have been made
to correlate MBP immunoreactivity in serum & CSF with the degree of damage
produced in various neurological disorders'. The aim of the study was to
evaluate MBP as a marker of neurological damage in TBM and to relate changes
in MBP if any to clinical parameters of neurological dysfunction.

Materials and Methods;
70 patients of TBM were selected on the basis of the following criteria

(a) clinical symptoms suggestive of meningitis, (b) biochemical changes in CSF
indicative of TBM, (c) demonstration of AFB on smears and cultures in 75% of
cases, (d) contact w i t h Koch's infection, (e) x-ray changes of pulmonary
tuberculosis.

21 control sample-« wuiu obtained from patients suf.f.er i ny from febrile
convulsions, tetany, epilupty and other non-inflammatory disorders. The aye
range of patients studied was between 6 months - 45 yrs. Except for 3
patients who have only meningeal signs, all others had involvement of the
meningis as well as the brain tissue of which 50% had presented with
hemiplegia while remaining had altered sensorium/ decerebrate rigidity or
hemiballismus.
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Methods;

CSF and serum samples were obtained from patients and controls for
evaluation.

Total proteins from CSb' arid serum were estimated by Lowry's method**.

CSF Albumin was estimated by radial irnmuno-di t fusion Maricini et al^.
Anti-human albumin antiseca were produced in rabbits serum protein standards
(E. Behr ingwerke ) were used ror calibration.

Serum Albumin was estimated by Bromocresol green technique of Ingervasan
et

IgG from CSF and serum was measured by radioimmunoassay techniques.
Purified human IgG and anti-IgG serum were obtained from (E. Behringwerke) .
Radioiodinat ion of IgG was done by the chloramine T method of Greenwood &
Hunter11. Staphylococcus Protein A (prepared in our laboratory) was used as
the separation medium. The sensitivity of assay was a ng/ml with specificity
against IgG.

Blood brain barrier changes
According to the assumptions made by Tourtellotte12 the following

formula was used for calculations of BBB.

mg % Albumin in serum >23Q
mg % Albumin in CSF

Values below 230 indicate increased leakiness of the Blood Brain Barrier.

IqG/total protein % was calculated as % of the ratio of CSF IgG mg/100
ml/Total Protein mg/100 ml.

Myelin basic protein was estimated by kits obtained from Diagnostic
System Laboratories, U.S.A. The sensitivity of the assay was 0.2 ng/ml.
Recoveries of the Q.C. samples were 103-104.8%. The assay range was between
0-32 ng/ml. The interassay and intra-assay variations were < 10%.

Results:

Table 1 Shows general parameters of serum and CSF proteins in TBM and
controls. It was observed that CSF, IgG, Albumin and total proteins were
significantly elevated in TBM patients. However, serum albumin and IgG were
unchanged. The IgG/total protein ratios in CSF were also elevated.

Table II Normal BBB values were estimated to be > 230. Patients with TBM
were categorized into 3 grades. (1) Alb/CSF Alb ratio 230-150, (2) S Alb/CSF
Alb ratio 150-50, (3) < 50 indicating progressive leakage of the BBB. It was
observed that in all except 6 cases there were varying degree of disturbances
of BBB indicating that 91.2% of cases have altered permeability due to
inflammation. Of the 6 cases with normal values, 4 studies were done on a
sample of CSF obtained from ventricular puncture.

Table III was an attempt to correlate the degree of inflammatory changes
in méninges as assessed by cell count of CSF and the above mentioned
parameters. The table shows that IgG/Total protein % and BBB changes were
unrelated to the degree of cellularity observed in CSF.
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Table I: Study of CSF and serum proteins in Tubercular Meningitis

CSF IgG CSF Alb Total proteins Serum IgG Serum Alb IgG/total
Cases protein in CSF

mg* mg% mg% mg% mg% rag%
X ± SD X ± SD X i SD X t SD X ± SD X + SD

IBM 20.5 ± 36.6 52.1 t 36.6 114.7 + 103.6 1214.2 ± 561 3315 ± 90S 19.4 + 14.9
(n=70)

Controls 0.5 ± 0.7 B.4 ± 3. B 34.2 + 9.6 1730 ± 766 3649 + 648 1.29 + 1.86
(n=21)

Signifi-
cance
tests p < .001 p < .002 p < .002 not signif. not signif. p < .001

Table II: Blood brain barrier disturbance in tubercular meningitis

s.Aib/CSF Alb S.Alb/CSF Alb S.Alb/CSF Alb S.Alb/CSF Alb
> 230 230 - 150 150 - 50 < 50

No. of patients 6 (8.8) 7 (10.3) 38 (55.8) 17 (25)

Table III: Cellular reaction in TBM and its correlation with BBB (Blood Brain
Barrier) IgG/Total Proteins

10 Cells
in CSF
n = 7

10-100 cells 100-200 cells > 200 cells
in CSF in CSF in CSF
n = 15 n = 13 n = 16

Increased IgG/Total
Prot.%
No. of patients
Blood Brain Barrier
disturbance
No. of patients

12

12

11

11
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Table IV shows the levels of MBP in TMB and controls. The MBP levels
were significantly elevated (p <.001) in patients as compared to controls.

Table V indicates that MBP levels persistently remained elevated in a
large number of patients who either died or showed no signs of improvement.
In those who recovered partially or completely, the MBP levels tended to come
down to normal levels.

Table IV: Myelin basic protein levels in tuberculous meningitis

Tuberculosis meningitis Controls

Myéline Basic
Protein ng/ml 13.3 ± 18.8

(p «c.OOOl)
1.34 + 0.55

Table V: Myelin basic protein levels and its relation to progress of disease

Myelin Basic
Protei

Fully
recovery
% of cases
n = 3

Partial
recovery
% of cases
n = 28

No Died
recovery
X of cases X of cases
n = 8 n =18

Elevated MBP

Normal MBP
0

100
20
80

75

25

78

22

Discussion;

The BBB restricts the passage of polar compounds and macromolecules from
the blood into the brain interstium. The anatomical and physiolobical
evidence indicates that the cerebral microvascular permeability is responsive
to normal and humoral influences as also inflammation which disrupts the brain
microvasculature and results in the breakdown of the BBB with consequent
leakiness of the membrane1-*. Changes in the brain and meningeal
microvasculature in TBM have been described by several workers14"1?. This
study shows that during the acute stage of meningitis the BBB is disrupted and
an arbitrary gradation of the degree of the change in permeability indicates
that in the majority of patients there was a moderate to severe affectation of
the BBB. A follow-up study on a smaller group of 30 patients who were given
anti-tubercular treatment over a period of 1-3 months shows that these changes
persist even upto 3 months and perhaps longer. Similar observations1^ were
made when BBB changes were studied by using other techniques. Even when the
biochemical and cellular abnormalities had returned to normal, the BBB
permeability persisted to be abnormal indicating that there was no correlation
between these parameters. Since CSF biochemistry and cytology are routinely
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used by clinicians as an index of meningeal involvement it appears from the
present study that physiological changes in the brain and méninges cannot
solely be interpreted on CSF biochemistry. The persistence of BBB
permeability for a long period of time indicates that meningeal inflammation
and cerebral microvascular changes take a long time to heal and perhaps a
return of the BBB to normal is a more definitive indication of therapeutic
response as well as a better prognostic indicator of progress of disease.

The CNS is in direct contact with CSF and one might expect that
pathological changes in CNS may be reflected in CSF. Radioimmunoassay for MBP
is helpful in clinical assessment of many neurological disorders in which
mylin breaks down, such as in demyelinating diseases, leukodystrophies,
myelopathies, encephalopathies due to irradion on chemotherapy^"".
Neurotuberculosis is many faceted and involves formation of basal exudates,
tuberculomas, endarteritis, encephalopathies brain endema with or without
demyelination and glial reactions. These latter changes have been postulated
to be due to a chain of immune reactions initiated by tuberculoprotein of
mycobacteria producing microangiopathic changes in blood vessels leading to
demyelination, haemorrhage and brain edema^. Parenchymal necrosis is
further perpetuated by antigens like myelin, reticulin and others which induce
the development of antibodies.

Several factors may determine the release of MBP into CSF e.g. the
location of myelin breakdown or the direction and rate of the CSF flow.
Hence, lesions closer to the ventricular system would have a higher
probability of access to CSF. It was observed that MBP was elevated in TBM
indicative of demyelination as a pathological change and these changes were
observed in about 70% of the patients studied. However, the elevated levels
did not correlate with neurological deficits. It was observed that comatosed
patients had higher levels of MBP indicating greater cerebral involvement.
The most significant value of MBP was its ability to indicate the progress of
the patient. When levels returned to normal, the probability of clinical
improvement was high. Persistent levels were associated with higher mortality
and morbidity.

Hence, BBB changes are important parameters of changes in permeability of
cerebral microvasculature and is a more important index of pathological
involvement than routine biochemistry and cytology in evaluation of TBM. Also
tissue damage can be assessed by MBP levels in CSF and these two parameters
may prove to be good indices of prognosis and progress of the disease.
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MURINE T-LYMPHOCYTE ACTIVATION
BY MYCOBACTERIAL ANTIGENS

D. HUSSONG, A. MALIK, S. MORRIS, S.D. CHAPARAS
Center for Biologies Evaluation and Review,
United States Food and Drug Administration,
Bethesda, Maryland,
United States of America

Abstract

There has been renewed interest in the diagnosis of tuberculosis and
other mycobacterial infections in the United States. Effective immunity to
mycobacterial infections, as well as diagnosis by the skin test, involves T
cells rather than antibodies. Studies currently underway use the new
technologies of monoclonal antibodies and recombinant DNA to better define
mycobacterial antigens for T cell activation, in the hope of identifying
species specific antigens. Lymph node cells from mice sensitized to
Mycobacterium intracellulare and Mycobacterium avium were assayed for
activation by mycobacterial fractions, and cell lines and clones were
generated. Comparing BALB/c and BIO mice indicated better responses to
M. avium sonicate by BIO mice. A recombinant gene product containing a
M. intracellulare peptide was assayed with lymph node cells and indicated
excellent T cell stimulation in BALB/c lymph node cells and cell lines.
However, assays using BIO T cell clones have yet to detect responders to the
recombinant protein. Assays of solid phase M. avium antigens separated
SDS-PAGE, indicated activation of a T cell line by proteins of about 50 and 27
kDa. Future research efforts require continued antigen purification by and
monoclonal antibody technologies. Future studies using -synthetic epitopes
produced by recombinant DNA and defined by monoclonal antibodies are necessary
for identification of reactive T cell epitopes which are potentially species
specific.

In the United States, tuberculosis had been steadily declining until
recent years. Its resurgence is due to immigrants from countries with a
high incidence of tuberculosis and to individuals with reduced immunity,
such as the increasing elderly population and those with acquired
immunodeficiency syndrome (AIDS). Additionally, infections due to other
mycobacteria such as those of the Mycobacterium avium-complex (MAC) are
more frequently diagnosed, particularly among the HIV infected. Skin
test results are not adequately differential between MAC and
tuberculosis, and early diagnosis is essential to proper treatment of
serious infections.

T cell immunity provides the major host defense to mycobacterial
pathogens. This is an important response since mycobacteria tend to
survive inside of phagocytic cells and are shielded from the effects of
serum antibody. Sensitized T cells induce a delayed-type
hypersensitivity (DTK) in the presence of localized antigens,
particularly mycobacterial proteins. This is the basis of the "skin
test" used to identify those persons previously exposed to tuberculosis
and certain other mycobacteria. Since protein extracts of many different
Mycobacterium species activate DTH reactions in skin tests for
tuberculosis, more specific antigens are sought. Although T cell

163



Exogenous Pathway Q Class II * Antigen

Class II
/>;.-;, Y Phago-
' '•' j lysosome

Class I * Antigen

Class I

Endogenous Pathway

Figure 1. Antigen processing as depicted by S.H.E. Kaufman
(1988. Immunology Today, 9(6):168) showing antigen pathways to
the site of presentation, including a suggested pathway for
exogenous antigen to stimulate CDS T cells as well as CD4 T
cells.

technology is rapidly growing, the new techniques remain very labor
intensive and frequently do not provide the desired cell lines or
clones. Better antigens for immune studies have come from monoclonal
antibody and recombinant DNA technology, which provide well defined
antigens for T cell studies.

T cell activation offers unique diagnostic capability, not only
because of skin test DTK responsiveness, but also due to the small
portion of antigen that T cells respond to. Antigens are "processed" by
macrophage or possibly certain B cells, and an appropriately charged
short portion of antigen's amino acid chain is exposed on the cell
surface, as shown in Figure 1 (from S.H.E. Kauffman, Immunology Today,
£(6): 168). In this way, single protein antigens may contain many
antigenic sites, both species specific and non-specific. Typically, T
cells with CD4 protein (helper T cells) are thought of as most effective
during bacterial infections, and cells with CDS protein are associated
with suppressor or cytotoxic lymphocytes.

Following antigen processing, contact between the antigen presenting
cell (APC) and the T cell occurs through an antigen specific T cell
receptor complex and a major histocompatibility complex-defined receptor
for CD4 or CDS protein. Figure 2 (from F. Emmrich, 1988) illustrates the
association of APC to T cell as mediated T cell receptor complex (TCR and
CD3) binding to processed antigen.

Although the best approach for T cell study would be to start with a
minimum of antigens and epitopes, our laboratory has used disrupted
mycobacteria in our initial studies, as we have only recently obtained a
suitable candidate antigen from recombinant DNA technology (Morris et
al.. 1988). Studies presented here, describe our efforts to prepare T
cell cultures reactive to mycobacterial antigens, and to assess the
activity of T cells in response to different antigen preparations.
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CDS

Figure 2. Antigen presentation as depicted by F. Emmrich (1988.
Immunology Today, a(10):296) showing antigen interacting with
cellular receptors that control lymphocyte stimulation by
antigen. In this presentation a T cell CDS protein is binding to
a macrophage MHC class I protein, while the T cell receptor (TCR)
complex with CDS proteins bind to the processed antigen. The CDS
protein could just as well be CD4 if the MHC protein were
replaced with MHC class II.

Methods
Mycobacteria were grown in broth medical, centrifugea, washed and

disrupted by ultrasonic treatment. The soluble fraction was retained
after centrifugation and protein content was measured by either the Lowry
method or the Bradford method. Recombinant DNA in Lambda phage gtll was
used generate a beta-galactosidase fusion protein (rj), with an apparent
molecular weight of 190,000 (Morris et al. 1988). The assay of SDS-PAGE
separated fractions of mycobacteria on nitrocellulose was performed by
the method of Young and Lamb (1986).

For T lymphocyte production, mice were sensitized by injecting their
rear foot pads with 25 ug (protein) antigen in a buffered saline
emulsion with mineral oil. Regional lymph nodes (LN) were removed and
cells were suspended in RPMI medium supplemented with 10% fetal calf
serum. For certain preparations, LN cells were passed through columns
containing nylon wool to remove adherent cells (macrophage, B cells and
some T cells), and suspensions of irradiated spleen cells were added to
reconstitute APG function, or to rest the cells between antigen
challenges.

Cell lines were generated by culturing nylon wool treated LN cells
(5 x 10^ per ml) in medium containing equal APC's and 10 to 20 ug
antigen per ml. After culture for 4 or 5 days, cells were separated by
density gradient centrifugation with Ficoll Hypaque, and the activated
cells were rested for 7 to 10 days at 10^ per ml with APC but without
antigen. This cycle of stimulation and rest was continued until cloning
or assay. For cloning, T cell lines were diluted and plated at about 0.7
cell per well in 96 well plates with antigen and 10^ irradiated APC.
Reactive cultures were then cultured with 10 to 30 units per ml of IL- to
accelerate cell growth.
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For lymphocyte transformation assays, total LN cells, nylon wool
treated LN cells, T cell lines or T cell clones were cultured with
antigen for 4 days. At this time, 1 uCi 3H labelled thymidine
(̂ H-Tdr) was added to each well and incubation was continued for 18
hr. The cells were then harvested and the ^H incorporation measured by
liquid scintillation.
Results and Discussion

To estimate the ability of our system to assay antigen preparations,
we used cells prepared by different methods. As shown in Figure 3, a
cell line derived from a BALB/c mouse is shown to respond well to
recombinant protein rJ and M. intracellulare sonicate, but less with a
wild type lambda gtll lysate lacking the recombinant mycobacterial insert
(WT). Also evident was the toxicity of intact M. intracellulare cells
(killed by formalin and dialyzed). Repeated assays always a showed
greater response with rJ than its WT control.

1 -

ug (agn)
Figure 3. Lymphocyte transformation of a cell line from
sensitized BALB/c mice. The cells were cultured with APC and
antigen and then rested before culture in the presence of M-
intracellulare sonicate (crosses), M. intracellulare intact cells
(diamonds), E. coli lysate containing recombinant mycobacterial
antigen rJ (X) and wild type lysate without recombinant proteins
(triangles).

To assess the response of freshly collected T cells, LN cells from
sensitized BALB/c mice were treated with nylon wool before incubation
with APC and antigens. ConA was added as a positive control for T cell
activation. As shown in Figure 4, the response to the bacterial sonicate
was great. Again the recombinant protein rJ activated T cells, but the
response to the WT control was insignificant. Here also, the whole M.
intracellulare cells were toxic. LN cells not treated with nylon wool
were also used to assay the recombinant protein. Figure 5 shows the
results of these unfractionated LN cells incubated with sonicate MiFS276
from M. intracellulare. rJ and WT control. Most interesting is the great
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Figure 4. Lymphocyte transformation of a cell line from
sensitized BALB/c mice. Lymph node cells were incubated in
columns containing nylon wool to remove adherent cells and enrich
the T cell population. The APC population was reconstituted with
spleen cells from naive mice before the addition of M.
intracellulare sonicate (diamonds),,M- intracellulare intact
cells (X), E. coli lysate containing recombinant mycobacterial
antigen rJ (squares) and wild type lysate without recombinant
proteins (crosses). The effects of the T cell mitogen ConA as a
positive control are also shown (triangles).

"l

Antigen (ug/ml)
Figure 5. Lymphocyte transformation of the total cell population
from regional (popleteal and inguinal) lymph nodes from
sensitized BALB/c mice. The LN cells were washed and cultured in
the presence of M. intraoellulare sonicate (squares), E. coli
lysate containing recombinant mycobacterial antigen rJ (crosses)
and wild type lysate without recombinant proteins (diamonds).
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response of these LN cells to both sonicate (8 or 9 fold) and rJ (5 fold)
while the response to the WT control was insignificant.

Since T cell enrichment by nylon wool seemed to reduce activity in
response to these antigens, mice of strains BIO and BALB/c were
sensitized and assayed for response to M. avium sonicate. Table 1
indicates the results of nylon wool passaged T cells incubated with the
antigens. The response of the BIO LN cells was much greater than the
response with the BALB/c cells. For this reason, future cell lines were
derived BIO mice.

Table 1. Response of nyclon wool passed LN cells from
sensitized BALB/c and BIO mice, to optimum doses
of M. avium sonicate antigen
3H-Tdr Uptake (CPM)

Strain____ Blank ____________Antigen_____
BIO 2596 49069 (20 pig)

BALB/C 700 7141 (10 ug)

Approximately 20 cell clones have been derived from MAC antigen-driven
cell lines. Although screening is still in progress, none have yet been
responsive to the rJ protein. Figure 6 shows an example of the data from
stimulation assays, in this case comparing sonicate and rJ to unstimulated and
using IL- for positive control. The T cell line did not respond to rJ and so,
not surprisingly, subsequent clonings did not respond to rJ. One clone had
lost M. avium responsiveness as well, while the other retained the response to
M. avium. While it is possible that BIO derived T cells are not able to
recognize rJ epitopes, these results are premature for such conclusions.

An additional method of assaying T cell antigens was recently
developed by Young and Lamb (1986). This method separates the antigens
by SDS-PAGE and then binds antigens onto nitrocellulose following western
blot procedures. Portions of the nitrocellulose containing antigens with
known molecular weight may be cut from the membrane and added to cultures
of APC and T cells. Figure 7 shows the results from one such experiment
with a BlO-derived T cell line twice driven by antigen and rested. A
good stimulation resulted from soluble sonicate. Of the separated
proteins, the best response came from those regions representing the 17,
27, and 50 kDa antigens.

Although no definitive findings may be put forth from these data
now, these observations demonstrate the capabilities of T cells as tools
to probe mycobacterial antigens. The data suggest strategies to be
employed in future studies, and clearly indicate the value of
co-operative work such as monoclonal antibody affinity purifications and,
in particular, recombinant proteins which may be assayed after
purification or against an E. coli antigenic background. Additional cell
lines need to be started and cloned, driven by purified antigens. Thus,
the key to our future success will be our ability to purify antigens
selected as candidates for containing specific antigenic regions.
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Figure 6. Lymphocyte stimulation of a BIO mouse cell line and
two clones. The cells were rested and reconstituted with APC
from BIO spleen suspension, and then incubated with M- avium
sonicate (20 ug per ml), £. coli lysate with recombinant protein
rJ (20 ug per ml), or interleuken 2 (IL-2).
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Figure 7. Lymphocyte stimulation of a BIO mouse cell line
cultured in the presence of APC from BIO spleen suspension and
either M- avium sonicate (10 ug per ml), or M- avium sonicate
antigens separated by SDS-PAGE and immobilized on
nitrocellulose. Molecular weights indicated shown are
approximate. Nitrocellulose (NC) control indicates background
response due to the membrane without antigens.
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USE OF RADIONUCLIDE TRACERS IN PHARMACOKINETIC
STUDIES OF ANTIMALARIAL COMPOUNDS

A. JAMALUDIN, V. NAVARATNAM
National Drug Research Centre,
Pinang, Malaysia

Abstract

To conduct pharmacokinetic and metabolic studies, there is a need
for the development of sensitive analytical methods. The analytical
methods frequently used to analyse antimalarials are High Performance
Liquid Chromatography with UV or Fluorescence Detector; Gas
Chromatography with Mass Spectrometry, Infra-Red Detector, Flame
lonization or Electron Capture Detector; Thin-Layer Chromatography with
Spectrofluorodensitometry or Spectro-photodensitometry and
Radioimmunoassay methods.

However, in vivo studies that need more specific and sensitive
methods to measure major metabolites present in the blood or urine
require the use of l^C- or -^-labelled compounds. This method
requires the use of a Liquid Scintillation Counter to measure the
labelled compounds from blood, urine as well as the tissues. The
information generated from these studies will assist in the proper
utilization of these compounds. However, in metabolism the parent drug
may be so extensively bio-transformed that the amount of intact drug may
be well below the practical sensitivity limits of the most sensitive
chemical assay methods available. It is therefore crucial for new
antimalarials that in vitro biotransformations by microsomal enzyme
preparations and or in vivo studies using labelled compounds be run in
parallel with chemical assay developments. This will ensure that the
dosage calculation are not masked by the lack of data.

A review of antimalarials that have been studied using labelled
compounds will be discussed together with their practical limitations as
well as problems commonly encountered. One example is primaquine where
extensive metabolic information was obtained when radiolabelled compounds
were used in studies of the metabolism of this compound in mammals. The
distribution of primaquine in rat tissues was determined by the use of
l^C-labelled primaquine diphosphate. Other pharmacokinetic parameters
were obtained when HPLC methods were used to measure primaquine in blood
and the metabolites that were not detected were determined in another
study where radiolabelled primaquine was administered.

Introduction
The chemotherapeutic management of malaria involves an understanding

of the pharmacokinetics of antimalarials to ensure that the appropriate
dose and dosage regimens are used. The pharmacokinetics of a compound
refers to the absorption, distribution, metabolism and excretion of that
compound.
Information of the pharmacokinetics of the compound will help us in
planning appropriate doses to give therapeutic concentrations as well as
how frequently the dose has to be repeated. In the past, little was
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known of the pharmacokinetics of antimalarials and this lack of knowledge
may have contributed to ineffective management of malaria and also cases
of untoward toxicities.

This lack of knowledge was due to the unavailability of sensitive
and specific analytical methods to detect these compounds in biological
fluids and tissues. At our centre in Penang, the Division of Drug
Development studies have the task of developing sensitive and specific
analytical methods to allow pharmacokinetic studies in vivo and in vitro
of some antimalarials.

Antimalarials are used as a prophylactic or for curative purposes
and the varying responses of the species or strains of the parasite,
Plasmodium falciparum determines their success. When there is no success
it may be due to inadequate concentrations of the active drug or active
metabolites of that drug. However, even if there are adequate amounts to
attack the parasite, it may have adapted to survive the introduced
antimalarial and is therefore resistant to the compound. The presence of
drug resistance has made many of the available antimalarials
ineffective. Hence, because of the prevailing problem of drug resistant
strains of Plasmodium falciparum. there is a need to screen and study new
antimalarials.
Pharmacokinetic Studies and Analytical Methods

To conduct pharmacokinetic studies with antimalarials, sensitive and
specific methods for detecting these compounds must be available. The
assay method must be able to distinguish between the intact administered
drug and its metabolites as each particular compound has its own volume
of distribution and rate of elimination and metabolites have different
rates of formation. The analytical method must also be sensitive enough
to measure the concentration of the compound during the later time
periods when the terminal slope represents the rate of elimination of the
compound (See Figure 1).

The analytical methods used in our laboratory to analyse
antimalarials are High Performance Liquid Chromatography (HPLC) with
ultra-violet (UV) or Fluorescence detection; Gas Chromatography (GC) with
Mass Spectrometry, Infra-Red Detection, or Flame ionization of Electron
Capture detection; and Thin Layer Chromatography (TLC) with
spectrofluorodensitometry or spectro-photodensitometry. To further
strengthen our analytical expertise we are now in the process of
developing analytical methods using radiolabelled compounds. This paper
reviews the use of radiolabelled compounds in pharmacokinetic studies
with antimalarials. The information obtained from this review will help
in planning the use of radiolabelling methods in screening pyronaridine,
a new antimalarial.

To initiate the work with radioisotopes or any analytical methods,
the objectives of the study must be considered first. As mentioned
before, the plasma concentration of the antimalarial and its active
metabolites with time profile is necessary to give some indication of how
sensitive and specific an analytical method is needed. For compounds
that have low volumes of distribution (Vd) for example, sulphadiazine
that has a Vd of 0.35 L/kg body weight, the concentration in the blood
circulation is rather high i.e. in the ug/ml level and not in the ng/ml
level when approximately 500 mg doses of sulphadiazine are administered.
This low volume of distribution indicates that these may be less
distribution into the tissues and measurement of blood samples for the
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Figure 1: Mean (± Standard dev ia t ion) plasma concentrations
of mefloquine (•——•) , pyrimethamine (x -— x)
and sulphadoxine (o .. ol fo l lowing admin is t rat ion
of 2 tablets of Fansimef . Each tab le t contained
250 mg mefloquine base, 500 mci sulphadoxine base
and 25 mo pyrimethamine base (n = 10) .
(Ref: Sharif et al, 1988).

compound is fairly easy. For compounds that have a large volume of
distribution, the concentration in blood may be low and the analytical
method must be sensitive enough to measure blood concentrations of ng/ml
and evel less.

For a new antimalarial there is a need to also know the pattern of
distribution of the compound. Therefore, not only blood and urine
concentrations are necessary but also its content in tissues. Whole body
autoradiography is necessary to determine the distribution of the
labelled compounds upon administration into the body. This is just a
qualitative determination of distribution and indicates where the
compound is most likely to accumulate. The targeted organs can then be
removed for quantitative estimation. With radiolabelling techniques the
radioactive label is tagged on to one or more sites of the chemical
molecule which do not readily exchange and when the compound undergoes
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metabolism there is no loss of radioactivity. For efficient and
meaningful data, the radiolabel should be tagged on to the basic crystal
so Sat there will be no loss of radioactivity due to side chain
cleavage. This means that the total radioactivity measured is an
îndilatiôn of the radioactivity of intact drug and metabolites and does
not allowthe detection of the intact drug alone. For example the work
ïone by Strother et al (1987) measured the radioactivity in the blood and
bile following 20 mg/kg 3H-primaquine administered intravenously.
Figures 2 and 3 show the radioactivity with time in blood and bile
respectively. The figures show the distribution of radioactivity in
blood anlble with tfme but does not allow any calculation of half-life
of elimination of primaquine as the radioactivity measurements does not
distinguish from intact primaquine and metabolites of primaquine. The
route of administration of the compound labelled compound also determines
the sampling times for measuring radioactivity. In pharmacokinetic
studied good sampling times are necessary to provide meaningful data.
If the intervals between sampling times are too far apart or not
initiated early enough, the concentration time profile may not be a true
representation of the actual drug profile. If an intravenous
administration is performed, radioactivity is detected as early as 1 mm
following administration while oral administration only show
radioactivity 15 mins after the administration.
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Fiq 2a and b. Radioactivity in the blood (a) and bile (b) of the rat
at various times postdosage with 'H-primaquine.

Since total radioactivity measurements do not distinguish between
intact drug and metabolites of that drug, several separation techniques
must be performed together with radioactivity measurements.
Radioactivity techniques by Liquid Scintillation Counting is considered
only as our laboratory has LSC available. Paper chromatography can be
used for the separation of intact drug and metabolites when this cannot
be acMeved by ?LC or other techniques. Following separation by paper
chromatolraphy, representative portions of the paper chromatogram can be
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cut up into small sections and then placed into a scintillation vial
containing liquid scintillator. The amount of radioactivity can then be
determined by using the LSC. This method is particularly useful for %
determinations, for compounds that are soluble in the scintillator and
for counting low concentrations of l̂ C. paper Chromatography however
may be rather laborious and time consuming if there are a lot of
chromatograms to analyse. Another disadvantage is that when paper
chromatograms are added to liquid scintillator some degree of quenching
occurs.
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Figure 3: Distribution and Elimination of intact pyrimethamine from plasma
and tissues following a single oral dose (1.0 mg/kg) of carbon-14-
pyrimethamine in male Spraque - Oawley Rats.
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For pyronaridine which is insoluble in toluene, analysis with paper
chromatography will require the addition of water to the paper
chromatogram. Table 1 shows that the addition of 1 ml of water to the
paper chromatogram increased counting efficiency by 34% (Roberts, 1978).
Though paper chromatography is not used that often now, it may prove
useful for very polar compounds and those that are bound to sugars, amino
acids and peptides.

Table 1
Effect on Counting Efficiency of Treated Chromatography Papercontaining toluene-insoluble Carbon-14 labeled material

Paper + Treatment

Paper alone + no
treatment

Paper + 1 ml water
Paper + 0.5 ml methanol

Counting Efficiency %

47.9

81.7
75.9

Ref: Roberts, T.R., JournalRadiochromatography, 1978,
Company, New York.

of Chromatography Library Vol 4 -Eisevier Scientific Publishing

Thin Layer Chromatography is another useful separation technique
that can be used with radioactivity measurements. Following adsorption
on the chromatograms, the different zones are cut up and the labelled
material measured for radioactivity. The use of radiolabelled
pyrimethamine, one of the three compounds in Fansimef, an antimalarial
drug combination, to study the distribution and elimination of
pyrimethamine has been conducted by Cavallito et al (1978). Schemes 1
and 2 show the determination of total radioactivity by LSC and
radioactivity of the intact pyrimethamine following separation of its
metabolites by TLC. Table 2 shows the distribution of the primaquine
concentration overtime. The radiolabelled technique permits us to
compare the concentration time profiles in both blood and tissues which
show similar trends. The work by Caballito et al (1978) is a good
example where radiolabelled drug can be assayed to provide information on
the tissue distribution and extent of metabolism when radioactive
techniques are coupled with an efficient separation method like Thin
Layer Chromatography.

Table 3 shows the work performed by Fletcher et al. (1987) where
14C-Primaquine was given to Rhesus monkeys. Each monkey received 1.1
mg/kg orally of 14C-Primaquine of specific activity 15 juCi. 200 mg
samples were treated with tissue solubilizer and total radioactivity in
the tissues were counted. The tissues samples were also separated by TLC
and radioactivity of the fractions measured by LSC. GC-MS assay were
also carried out and the results in Table 3 shows that the values
obtained by TLC and LSC for primaquine were close to those obtained by
GCWS. The results also showed that primaquine was rapidly metabolized
and there was little accumulation in the tissues thought it persisted in
whole blood for four hours after administration.
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Scheme 1

Assay of Carbon-14-pyrimethamine in the CSF, plasma and tissues of the rat
using Liquid Scintillation Counting (LSC)_________________________
Sample Preparation

Ig of tissue samples were homogenized in 8 ml of 2N lactic acid

Some homogenates removed
Centrifugation at 60,000 g
for 20 min and supernatent
removed.

For LSC Counting
100 ul of whole homogenate (before centrifugation)
100 ul of supernatent fraction
100 ul of plasma or CSF
15 ml Biofluor
Carbon-14-toluene as internal standard

Counting by Liquid Scintillation
Counter

Specific activity of Carbon-14-pyrimethamine is 14-7 mCi/mmol

Ref: Cavallito, J.C., Nichol, C.A., Brenckman Jr., W.D., DeAngelis, R.L.,
Stickney, D.R., Simmons, W.S., and Sigel, C.S. (1978), Drug Metabolism and
Disposition, 6 (3), 329.
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Scheme 2

Assay of Carbon-14-pyrimethamin.e in rat tissues by TLC
Autoradiography and LSC

1 ml tissue homogenates and 1 ml plasma was adjusted to
pH 12 by O.lml 8N NaoH

Extract with 6 ml ethylene chloride

Centrifuge at 600 g for 10 min 5 ml of the organic portion
was removed and evaporated to dryness under a gentle

streat of N

The residue was dissolved in 100 ul CHC13 and 15-50 ul
aliquots were spiked onto scored silica gel plates.

The plates were developed in 2-propanol/methanol/conc.
(50 : 40 : 1, v/v) and then air dried.

A sheet of Industrial AA film was placed directly on the
plate, sealed with foil and exposed for 2 weeks.

Location of radioactivity on the plates were determined by
comparison with the autoradiograms

The plates were coated with strip-max, the radioactive
zones marked and then separated by cutting the strip-

mix/silica gel matrix.

The radioactive sections were placed in scintillation
vials with 10 ml Econofluor and their radioactivity
counted by LSC. Carbon-14-toluene was used as the

internal standard.

Ref: Cavallito, J.C., Nichol, C.A., Brenckman Jr., W.D., DeAngelis,
R.L., Stickney, D.R., Simmons, W.S., and Sigel, C.W. (1978), Drug
Metabolism and Disposition, 6 (3), 329.
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Table 2

Distribution and elimination of intact pyrimethamine from plasma
and tissues following a single oral dose (l.Omg/kg) of Carbon-14-
pyrimethamine in male Spraque-Dawley rats.

Concentration in nmol/g

Time Brainhr

5 9.07 + 0.5
21 0.46 ± 0.16

Lung

35.3 + 6.8
1.98 ± 0.48

1Pancreas | Plasma
1
1

6.29 + 0.36 |2.90 + 0.32
10.35 + 0.08 JO. 33 + 0.09

30
45
53
72

0.22+0.03 JO.91 ± 0.16 JO.21 + 0.014 |0.13 + 0.01
0.093 + 0.017|0.32 + 0.08 |0.085 + 0.022(0.036 + 0.011

I ~ I ~ I0.032 ± 0.017|0.12 + 0.05 |0.040 + 0.015|0.020 + 0.013I I !0.008 + 0.003)0.02 + 0.003 |0.008 + 0.002J0.004 + 0.001

Ref: Cavallito et al. (1978).

As discussed before, the metabolites can be separated from the
parent compound by paper, TLC or HPLC but further identification of the
metabolites may be time consuming. To distinguish the major metabolites
from the minor, Cohen and Roth (1976) suggest that metabolites that
account for 40-60% of the total radioactivity be considered as major
metabolites. This use of radioactivity technique can screen for the
major metabolites which can then be further studied.

In the planning for an effective dose for antimalarial activity, the
pharmacokinetic information obtained on distribution, absorption,
metabolism and secretion are used to study the bioavailability of a drug
after administration. The rate and relative amount of the administered
drug reaching the blood circulation is termed the bioavailability of the
drug. Measurement of the percent radioactivity found in the urine over
the total drug radioactivity is not a good measure of bioavailability.
The total radioactivity measurements alone do not distinguish between
administered intact drug and its metabolites as metabolism may have
occurred during the absorption phase and the radioactivity measurements
indicate radioactive molecules present only. Some of the intact drug may
have also undergone biliary excretion and ended up in the feces. To
present a true picture of bioavailability, bile samples in animals should
be collected to determine whether there is a possibility of the cycling
of the drug enterohepatically via metabolite back into the body. Also
intact drug and metabolites may be excreted into the stomach or
intestinal contents thus affecting the urine to feces ratio.
Radioactivity measurements must be coupled with a separation technique to
distinguish between intact drug and metabolites and bioavailability
calculated with data of the intact drug only.
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Another point to consider is whether the radiolabelled compound can
be administered with adequate specific activity to allow radioactivity
measurements during the terminal phase of the concentration time curve.
Roberts (1978) found that with tritiated compounds of high specific
activity (200 nCi/mmole) it was possible to identify 1 ng quantities of
drug metabolites. The radiolabelled intact comnpound must possess
sufficient specific activity to allow its detection for a sufficient
length of time, even when metabolites are present.
Conclusion

In Pharmacokinetic studies that use radiolabelled compounds, there
is a need to be sure that the physico-chemical properties of
radiolabelled compound and nonradiolabelled compound are similar. If
they are not, differences in metabolism, binding to plasma proteins etc.,
will occur and the results obtained from radiolabelled studies will not
be a useful indication of the behaviour of the nonlabelled drug. Also
radioactivity measurements alone are not sufficient to provide kinetic
data of the intact drug. There is a need to couple the radioactivity
measurements with good separation techniques like paper chromatography,
TLC, HPLC and GC-MS.
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