Immunology :
and Immunization



NALARIA

Volume 3
Immunology and Immunization

Edited by

Julius P. Kreier

Department of Microbiology
The Ohio State University
College of Biological Sciences
Columbus, Ohio

ACADEMIC PRESS 1980
A SUBSIDIARY OF HARCOURT BRACE JOVANOVICH, PUBLISHERS
New York London Toronto Sydney San Francisco



CoPYRIGHT © 1980, BY ACADEMIC PRESS, INC.

ALL RIGHTS RESERVED.

NO PART OF THIS PUBLICATION MAY BE REPRODUCED OR
TRANSMITTED IN ANY FORM OR BY ANY MEANS, ELECTRONIC
OR MECHANICAL, INCLUDING PHOTOCOPY, RECORDING, OR ANY
INFORMATION STORAGE AND RETRIEVAL SYSTEM, WITHOUT
PERMISSION IN WRITING FROM THE PUBLISHER.

ACADEMIC PRESS, INC.
111 Fifth Avenue, New York, New York 10003

United Kingdom Edition published by

ACADEMIC PRESS, INC. (LONDON) LTD.
24/28 Oval Road, London NW]

Library of Congress Cataloging in Publication Data
Main entry under title:

Malaria.

Includes bibliographies and index.

CONTENTS: v.2. Pathology, vector
studies and culture.——v. 3. Immunology, immunopathology
and immunization.

1. Malaria. I. Kreier, JuliusP. [DNLM: 1.
Malaria——Congresses. WC750 R432]
QR201.M3R47 616.9°362 80—-19569
ISBN 0-12-426103—-5 (v. 3)

PRINTED IN THE UNITED STATES OF AMERICA

80 81 82 83 987654321



List of Contributors

Numbers in parentheses indicate the pages on which the authors’ contributions begin.

J. C. Armstrong (317), Department of Immunoparasitology, Naval Medical
Research Institute, Bethesda, Maryland 20014

R. L. Beaudoin (317), Department of Immunoparasitology, Naval Medical
Research Institute, Bethesda, Maryland 20014

Robert G. Brackett (325), Clinical Immunology, Biological Research and De-
velopment, Warner-Lambert/Parke Davis Company, Detroit, Michigan
48232

Richard Carter (263), Laboratory of Parasitic Disease, National Institutes of
Health, Bethesda, Maryland 20014

A. H. Cochrane (163), Department of Microbiology, Division of Parasitology,
New York University Medical Center, New York, New York 10016

Carter L. Diggs (299), Department of Immunology, Walter Reed Army Institute
of Research, Washington, D.C. 20012

James M. Erickson (331), Malaria Research Office of Health, Development
Support Bureau, Agency for International Development, Washington, D.C.
20523

Theodore J. Green (111), Warner-Lambert/Parke Davis Company, Detroit,
Michigan 48232

Robert W. Gwadz (263), Laboratory of Parasitic Diseases, National Institutes
of Health, Bethesda, Maryland 20014

Joseph Hamburger (1), Department of Protozoology, The Hebrew University,
Hadassah Medical School, Jerusalem, Israel

Thomas W. Holbrook (203), Department of Laboratory Medicine, Medical
University of South Carolina, Charleston, South Carolina 29403

Julius P. Kreier (1, 111), Department of Microbiology, The Ohio State Univer-
sity, College of Biological Sciences, Columbus, Ohio 43210

ix



X List of Contributors

E. McConnell (317), Department of Immunoparasitology, Naval Medical Re-
search Institute, Bethesda, Maryland 20014

J. H. E. Meuwissen (67), Department of Medical Parasitology, University of
Nijmegen, Geert Grooteplein Zuid 24, Nijmegen, The Netherlands

E. H. Nardin (163), Department of Microbiology, Division of Parasitology,
New York University Medical Center, New York, New York, 10016

R. S. Nussenzweig (163), Department of Microbiology, Division of Parasitol-
ogy, New York University Medical Center, New York, New York 10016

Karl H. Rieckmann (321), Division of Tropical and Geographic Medicine,
University of New Mexico School of Medicine, Albuquerque, New Mexico
87131

W. A. Siddiqui (231), Department of Tropical Medicine and Medical Mi-
crobiology, University of Hawaii, Honolulu, Hawaii 96816

Edgar A. Smith (331), Technical Assistance Bureau, Agency for International
Development, Department of State, Washington, D.C. 20523

J. P. Verhave (67), Department of Medical Parasitology, University of Nijme-
gen, Geert Grooteplein Zuid 24, Nijmegen, The Netherlands

A. Voller (67), Nuffield Institute of Comparative Medicine, Zoological Society
of London, Regents Park, London NW1 4RY, England

Kenneth S. Warren (335), Health Sciences, The Rockefeller Foundation, New
York, New York 10036



Preface

The last major effort to review our knowledge of malaria was by Mark F. Boyd
whose ‘‘Malariology’’ published by W. B. Saunders of Philadelphia in 1949 is
still a valuable resource. The exquisite volume ‘‘Malaria Parasites and other
Haemosporida®’ by P. C. C. Garnham published by Blackwell Scientific Publica-
tion of Oxford in 1966 is also a valuable review of malariology but in the author’s
words ‘‘is about malaria parasites and not malaria.’’

This three-volume treatise is appearing in a period of rising activity in
malaria research. In the 1950s and 1960s and even into the 1970s funds for
this research were scarce and only the hardiest of individuals remained in the
field. At present malaria research is again receiving the attention it deserves. The
mistaken belief common in the 1950s and 1960s that malaria would soon be
eradicated by vector control and chemotherapy and that research was therefore
rather pointless has been abandoned in the face of a widespread resurgence of
this disease.

A variety of national and international agencies are now funding malaria
research. Many individuals attracted by the possibility of funding are turning
their efforts to malaria research. Biochemists, immunologists, biophysicists, and
molecular biologists among others are entering the field. Many of these individu-
als, skilled in their specialities, know little or nothing about malaria. It is perhaps
to such individuals particularly that this broad review of malariology will be of
most value. Even those of us who have worked in some aspects of malaria
research for some time may find the reviews of the state of the art in areas other
than our own speciality of interest. Those of us actively working in a particular
area may find few new facts in the reviews of the areas of our own speciality. I
have, however, encouraged the authors to write critical reviews and to relate the
facts reported in the literature to each other. Interpretation and speculation are
discouraged by the reviewers of most scientific journals in the United States. A
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Xii Preface

book such as this is thus naturally a convenient vehicle for individuals to present
their thoughts as well as the facts.

The authors of the reviews of malaria research included in these volumes met in
May 1979 in Mexico City with individuals doing research on the closely related
disease babesiosis. Babesiosis has an effect on the development of animal hus-
bandry somewhat similar to the effect of malaria on human societies. At this
conference current research on malaria and babesiosis was reported and the
similarities and differences between malaria and babesiosis were discussed. As
an outgrowth of this conference a volume on babesiosis was developed, which
will complement these volumes on malaria.

I extend my thanks to the co-organizers of the conference, Dr. Miodrag Ristic
of the College of Veterinary Medicine of the University of Illinois with whom I
edited the volume on babesiosis, and Dr. Carlos Arellano-Sota of the Instituto
Nacional de Investigaciones Pecuarias in Mexico City. I particularly wish to
thank the sponsors of the conference for their encouragement and help. Their
support made the conference possible and made the preparation of these volumes
on research in malaria and babesiosis a more pleasant task.

I particularly wish to thank John Pino, Director of Agricultural Sciences of the
Rockefeller Foundation without whose early support the conference and the
babesiosis volume would have been impossible. I also wish to thank Kenneth
Warren, Director of Medical Sciences of the Rockefeller Foundation, Edgar A.
Smith, Health Services Administrator, James Erickson, Malaria Research Offi-
cer of the United States Agency for International Development of the Department
of State for their support of the conference.

In addition to the Rockefeller Foundation and the United States Agency for
International Development several other organizations contributed to the support
of the conference and the development of these volumes. These were The Pan
American Health Organization, Parke-Davis Corporations, Merck Sharp &
Dohme, Anchor Laboratories, Sandoz Ltd., Pfizer Corporation, and the
Wellcome Trust.

Last but by no means least I wish to thank all the authors of the reviews that
make up these volumes and Academic Press for their unfailing support.

Julius P. Kreier
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Their Constituents*
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I. INTRODUCTION

The malaria parasite is a complex eukaryotic organism. It is described
by the morphologist in terms of plasma membranes, pelicule complexes, micro-
tubules, nuclei, ribosomes, and a multitude of other structures; the biochemist
talks about proteins, lipids, and carbohydrates; the physiologist discusses
enzymes, and the immunologist and serologist are concerned with antigens.
They are all of course talking about the components of the same organism,
only their terminology is different, reflecting their specific interests and training.
Despite the differences in terminology they all require sufficient quantities of the
parasite and its constituents in forms suitable for their specific purposes.

Until recently the only source of parasites was the infected host. Practically
speaking this source still remains a dominant one. However, the recent develop-
ment of continuous in vitro culture of Plasmodium flaciparum is important and
will soon lead, no doubt, to large-scale production of the blood forms in vitro.

The problem of obtaining sufficient quantities of the parasite is complicated by

*This chapter is a revised version of a review by J. P. Kreier published in 1977 in the Bulletin of
the World Health Organization 55, 317-331.
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