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Preface

®

A wise, extensive, long-term, and worldwide program of vaccination under the
guidance of the World Health Organization (WHO), and with the concerted ef-
fort of public health services in participating countries, effected the eradication
of smallpox, one of the most dangerous human virus diseases. Today, smallpox
vaccination has been discontinued, and no more cases of smallpox are reported.
Such an effort to eradicate a worldwide virus disease epidemic, needed not only
scientific and medical expertise but also substantial financial help. It should be
recognized that beside the expertise involvement of, among others, the. WHO,
and the Centers for Disease Control (CDC), the financial support of the U.S.
Department of State’s Agency for International Development (AID) was of great
importance. The smallpox eradication effort undertaken in 1966 had succeeded
in 20 countries in West Africa by 1971 and, by 1975, in India, both areas were
all important reservoirs of this virus. ; .

Undoubtedly, if such an eradication program is implemented for another
dangerous human virus disease, such as measles, poliomyelitis, or for animal

- virus diseases (e.g., foot-and-mouth disease) for which vaccines are available,
similar results could be obtained. ¢ 4

The control of virus diseases to an acceptable level, or if possible, their eradi-
cation, depends mainly on: (1) appropriate specific  diagnostic technology;
(2) availability  of highly immunogene and safe vaccines; and (3) to vector
containment and to the detailed knowledge of the epidemiology of viruses and
their interaction with the environment.

In all of these areas, tremendous progress has been made since the smallpox
eradication was certified by WHO in 1979. The virus diagnosis technology is
enriched with very sensitive tools, such' as monoclonal antibodies, nucleic acid
hybridization, or enzyme immunoassays. Vaccine production expanded to
genetic eﬁgineelihg, safe virus immunogenes are produced in bacteria, and
synthetic vaccines are envisaged. The monoclonal antibodies technology enables
detailed study of the antigen variation of viruses, and the quality control of pro-
duced vaccines is achieved more efficiently, resulting in vaccines with enhanced
specificity. In addition, the scientific community realized the usefulness of the
comparative unifying concept to study viruses or to control them.
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. Recent experience in veterinary virology in the production of immunogene
polypeptides of foot-and-mouth disease virus in Escherichia coli, using genetic
engineering technology, serves medical virology also in the case of poliovirus or
hepatitis B virus vaccine production attempts. Methods of monoclonal anti-
bodies used for*the study of the variation of influenza virus may also be used in
the diagnosis of animal or plant virus diseases. '

The present treatise, Control of Virus Diseases, is built in this spirit of unity
in virology and was prepared according to the program of the IVth International
Conference on Comparative Virology. This conference organized by the Inter-
pationmal Comparative Virology Organization (ICVO) under the auspices of the
WHO, was held in Banff, Alberta, Canada at the end of 1982. The. plenary
sessions of the conference were devoted to the evaluation of the recent achieve-
ments and progress in the prevention, control, and diagnosis of virus diseases.
Professor Edouard Kurstak, the editor of this treatise, chaired the conference
and Professor Raymond G. Marusyk, associate editor, acted as chairman of the
local o‘rqinizing committee., The eminent virologists participating in this confer-
ence, from all parts of the world, assured its remarkable success.

The present treatise emphasizes the control of virus diseases of man, animals,
fish, mollusks and plants, and reflects our efforts to bring the concept of
comparative virology into a broader practical application. The rapid progress of
virology as a science and new concepts and technology to produce safe vaccines
and to control several dangerous and economically important viruses, are
presented in 30 chapters by well known and reputed virologists. Moreover,
speeial attention is given to new developments in immunological and biochem-
ical diagnosis and containment of highly infectious viruses, to antiviral chemo-
therapy and its clinical application, and to new strategies for vaccine develop-
ment including those for hepatitis B and foot-and-mouth disease. The virus-
induced immunopathology and defense mechanisms are also reviewed, as well as
new cencepts to control viral zoonoses and plant virus infections. Special
attention is given to the variation of antigenic spectrum of viruses, in particular
of influenza viruses, which complicate the prevention and control of diseases.

The-scology and epidemiology of arthropod-, nematode-, animal-, or seed-
transmitted viruses is reviewed in connection with the control perspectives and

" new strategies. Finally, the WHO recent programs for the control of virus

diseases are presented in a separate chapter.

The uniqueness of this treatise is attested by its comparative approach to re-
solve problems of prevention and control of virus diseases and by very recent
information on the achievements, from areas of both basic research and practical
applications related to the containment of viruses.

The contributors to this treatise are well known for their expertise in their
chosen field. Each has prepared a thoughtful and well-documented treatment of
the subject. Personal interpretations and conclusions of the authors, as well as the
numerous illustrations and unpublished material, provide a large body of infor-
mation which lﬁnﬁs into sharp focus current findings and new directions and
strategies in the control of virus diseases. [
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It is our hope that this treatise. will provide a ﬁeﬁll tool for all concerned
with viral diseases, particularly in hospitals;*veterinary clinics; centers of in-
fectious discases; medical, veterinary, and.agricultural schools; plant prptection
institutes; departments of public health and agriculture, and authdrities in-
volved with the prevention, control, and quarsptine measures of virus diseases.
We also hope that virologists working in isolation, mainly in developing
countries, will appreciate this treatise containing the newest information in con-
trol and diagnosis technology of virus diseases. 3
We wish to express our sincere gratitude ‘to the contributors for the effort
and care with which they have prepared their chapters and to the staff of Marcel
Dekker, Inc. for their part in the prpduction of this treatise.
Edouard Kurstak
Raymond G. Marasyk



Acknowledgments

Ul

The 1Vth International Conference on Comparative Virology, devoted to the
control of virus diseases, was organized by the International Comparative
Virology Organization under the auspices of the World Health Organization.

The organizers of this conference wish to express their sincere thanks to the
following sponsors: the Alberta Heritage Foundation for Medical Research, De-
partment of Health and Welfare Canada, Medical Research Council of Canada,
Natural Sciences and Engineering Research Council of Canada, the Faculty of
Medicine of the University of Alberta, the Faculty of Medicine of the Université
de Montréal, The University of Alberta Conference Fund, Albeita Agriculture
and Alberta Culture Departments, Merck Sharpe and Dohme Ltd., Hoffman
LaRoche Ltd., Beckman Instruments Inc., the Connaught Laboratories Ltd.,
Genentech Inc., Burroughs-Wellcome Inc., Flow Laboratories, Caltec Scientific,
Air Canada and CP Air, the Canadian Society of Microbiologists, the Canadian
College of chrobm}oglsts, and the Canadian Association of Medical
Microbiology. '

Gl



Contributors

F. Aséaad, M.D., M.P.H.. Division of Communicable Diseases, World Health Or-
ganization, Geneva, Switzerland

L. A. Babiuk, M. Sc., Ph.D. Department of Veterinary Microbiology, University
olf Saskatchewan, Saskatoon, Saskatchewan, Canada
George M. Baer, D.V.M.,, MP.H. Division of Viral Diseases, Center for Infec-
tious Diseases, Centers for Disease Control, U. S. Department of Health and
Human Serviccs,Lawrencevﬂle, Georgia

F. Brown, B.Sc., M.Sc., Ph.D,* Biochemistry Department, Arimal Virus Re-
search Institute, Pirbright, Surrey, England :

Dean E. Cress, Ph.D. Cell Culture and Nitrogen Fixation Laboratory, Agri-
cultural Research Service, U.S. Department of Agricuiture, Beltsville, Maryland

Erik de Clereq, M.D., Ph.D. Departﬁnent of Human Biology, Division of Micro-
biclogy, Rega- Institute for Medical Research, Katholieke Universiteit Leuven,
Leuven, Belgium '

Theodor O. Diener, Dr. Sc. Nat. Plant Virology Laboratory, Agricultural Re-
search Service, U.S. Department of Agriculture, Beltsviile, Maryland .

Frank J. Dutko, Ph.D.+ Department of Immunology, Scripps Clinic ‘and Re-
search Foundation, La J olla, California

Thomas H. Flewett, M.D., F.R.C.P., F.R.C. Path. Regional Virus Laboratory,
East Birmingham Hospital, Birmingham, England

»

*Present affiliation: Virology Department, Wellcome Foundation, Beckenham, Kent,
England '

+Present affiliation: Department of Microbiology, Sterling-Wint‘Hrop Researcir-lnstitute,
Rensselaer, New York

XV



Xvi CONTRIBUTORS

R I. B. Francki, M.Sc., Ph.D. Department of Plant Pathology, Waite Agri-
‘cultural Research Institute, University of Adelaide, Adelaide, South Aus-
tralia

Glynn H. Frank, D.V.M., M.S., Ph.D. Virological Research Laboratory,
National Animal Disease Center, Ames, lowa

Abduflah Gera, M.Sc., Ph.D. Virus Laboratory, Agricultural Research Organiza-
tion, The Volcani Center, Bet Dagan, Israel

Pekkﬁ., Halonen, M.D. Department of Virology, University of Turku, Turku,
Finland

Y

iB. D. Harrison, Ph.D. Virology Department, Scottish Crop Research Institute,
“Invergowrie, Dundee, Scotland

B: J. Hill, B.Sc., Ph.D. ' Fish Diseases Laboratory, Directorate of Fisheries Re-
gearch, Ministry of Agnculture Fisheries and Food, Weymouth, Dorset England

Warian C. Horzinek, D.V.M., Ph.D. Institute of Virology, Vetenmry -Faculty,
State University, Utrecnt, The.Netherlands

ColmR Howard, #.Sc., M.1: Biol., Ph.D. Department of Medical Midrobiology,
‘London Schoci of Hygiene and- Tropical Medicine, University ‘of» -T,gndon,
London, England

Osku-liﬁger Kaaden, D.M.V. [nstitute for Virology. Hannover Vetefinary
School, Hannover, Federal Republic of Germany

J. M. Koper, Ph.D. Plant Virology Laboratory, Plant Protection Institute, Agri-
cultural Research Service, U.S. Department of Agriculture, Beltsville, Maryland

Chnstme Kurstak, M.D., M.Sc., D.Sc. Laboratory of Virology, Service of
,Microbiology, Hospital Hotel-Dieu de Montreal, University of Montreal.
Montreal, Quebec, Canada

Edodard Kurstak, Dr. d’Etat, M.Sc., Ph.D., F.H.M.(M.S.M.E.) International
.Comparative Virology Organization, Comparative Virology Research Group,
Department of Microbiology and Immunology, Faculty of Medicine, University
of Montreal, Montreal, Quebec, Canada

Ivan D Ladnyi, M.D.* World Health Organization, Geneva, Switzerland

r P

*Present affiliation: State Institute of Medical Information, Moscow, Union of Sgviet
Socialivt Republic 4




CONTRIBUTORS xvii

Susanne Lange Institute for Virology, Hannover Veterinary School, Hannover,
Federal Republic of Germany

Gad Loebenstein, M.Sc., Ph.D. Virus Laboratory, Agricultural Research Organ-
ization, The Volcani Center, Bet Dagan, Israel

Timo N-E. Lovgren, Ph.D. Research Department, Wallac Biochemical Labora-
tory, Wallac Oy, Turku, Finland

Peter D. McKercher D.V.M., D.V. Sc. Department of Im-muholosical Research,
U.S. Department of Agriculture, Plum Island Animal Disease Center,  Greenport,
New York

Raymond G. Marusyk, M.Sc., Ph.D., R.M. (CCM) Neurovirdidgy Research Unit,
Department of Medical Microbiology, Faculty of Medicine, University of
Alberta, Edmonton, Alberta, Canada

Joseph L. Melnick, Ph.D., D.Sc. Department of Virology and Epidemiology,
Baylor College of Medicine, Houston, Texas

Thomas C. Merigan, M.D. Department of Medicine, Stanford Umvemty School
of Medicine, Stanford, California

Olii Meurman, M.D. Department of Virology, University of Turku, Turku, Finland

Thomas P. Monath, M.D. Division of Vector-Borne Viral Disegses, U.S. Depart-
ment of Health and Human Services, U.S. Public Health Service, Centers for
Disease Control, Fort Collins, Colorado

Douglas M. Moore, Ph.D. Immunological Investigations, U.S. Department of
Agriculture, Plum Island Animal Disease Center, Greenport, New York

Donald O. Morgan, D.V.M., Ph.D. Immunological -Investigations, U.S. Depart-
ment of Agriculture, Plum Island Animal Disease Center, Greenport, New York
Frederick A. Murphy, D.V.M., Ph.D. Division of Viral D1seascs Center for
Infectious Diseases, Centers for D1sease Control, Atlanta, Georgia

Robert A. Owens, Ph.D. Plant Virology Laboratory, Agricultyral Research
Service, U.S. Department of Agriculture, Beltsville, Maryland

Ulf G. Petterson, M.D. Ph.D. Department of Medigal Genetxm, The Biomedigal
Center, University of Uppsala, Uppsala, Sweden -

O. W. Prozesky, M.B.Ch.B., M.D. Department of Medical Microbiclegy, Institute
of Pathology, University of Pretoria, Pretoria, South Africa



xviii ) CONTRIBUTORS

Marjut ‘Ranki, M.D.* Department of Virology and Recombinant DNA, Uni-
versity of Helsinki, Helsinki, Finland

Betty H. Ro-bertspn, Ph.D. U.S. Department of Agriculture, Plum Island
Animal Disease Center, Greenport, New York

G. C. Schild, Ph.D. Division of Viral Products and WHO Collaborating Center,
National Institute for Biological Standards and Control, Hampstead, London,
England 2
Adina Stein, M.Sc., Ph.D. Virus Laboratory, Agricultural Research Organiza-
tion, The Volcani Center, Bet Dagan, Israel

Peter Tijssen, Ph.D. Comparative Virology Research Group, Faculty of Medi-
cine, University of Montreal, Montreal, Quebec, Canada

Charles A. Timpone Department of Immunology, U.S. Department of Agricul-
ture. Plum Island Animal Disease Center, Greenport, New York

David L J. Tyrrell, M.D., Ph.D., F.R.C.P. Departments of Medicine and Bio-
chemistry, University of Alberta, Edmonton, Alberta, Canada

Albert van Kammen, Ph.D. Laboratory of Molecular Biology, Agricultural
University, Wageningen, The Netherlands

M. H. V. van Regenmortel, Ph.D. Department of Virology, Institute of Molecu-
lar and Cellular Biology, Strasbourg, France

Tadeusz J. Wiktor, D.V.M. The Wistar Institute, Philadelphia, Pennsylvania

Ken Wolf, M.Sc., Ph.D. National Fish Heaith Research Laboratéry, U.S. De-
partment of the Interior, Fish and Wildlife Service, Kearneysville, West Virginia

Arie J. Zuckerman, M.D., D.Sc., F.R.C.P,, F.R.C.Path., Dip. Bact. .Department
of Medical Microbiology, World Health Organization, Collaborating Center for
Reference and Research on Viral Hepatitis, London School of Hygiene and
Tropical Medicine, University of London, London, England

* Present afﬁliation: Orion Genetic Engineering Laboratory, Helsinki, Finland



Introduction

Virus diseases remain a world-scale problem by contributing enormously to
human disability and mortality, and causing severe economic losses by affecting
livestock and crops in all countries. The ‘estimated annual cost due to a few
selected virus diseases, such as hepatitis, influenza A, measles, poliomyelitis and
rubella, in the absence of immunization would be more than $1 trillion in the
United States alone. Personal misery, serious sequellae, and economic losses can
be staggering. Even with all the preventive measures taken in the United States,
costs exceed billions of dollars annually. Worldwide, an estimated 200 million
persons are chronically infected with hepatitis B and mortality due to measles is
estimated at 1 million children per: year, of which about 90% were under-
nourished. Acute gastroenteritis, mainly due to rotaviruses, is estimated to be
the cause of death of 5 million persons annually, and the list goes on and on,
even poliovirus continues to kill children in developing countries. On the other
hand, smallpox virus has been eradicated, a feat which could be repeated with
several other viruses which depend on human-human transmission.

“New” viruses inducing hemorrhagic fevers, such as Ebola, Lassa, Junin,
Machupo, and Hantaan are recognized with increasingly advanced technology.
These viruses cause a most complex zoonotic syndrome ‘affecting man and have a
variable geographic and ecologic specificity with endemic spots in Africa and
South America. Recent data show that hemorrhagic fever with renal syndrome
due ‘to Hantaan virus may have worldwide epidemiological implications. As
expected, the discovery of this virus, once again renewed the interest in this
important group of viruses.

‘Economic losses due to animal and plant viruses are enormous and are a
major factor for the high percentage of the world population which still suffers
from chronic malnutrition. The cassave crop, essential in Kenya, was reduced by
as much as 75% due to the infection of 90% of the plants by cassave mosaic
virus. In-Ghana, more than 100 million cacao trees were lost due to an infection
by swollen shoot virus, and in several countries millions of citrus trees are lost
~annually due to the aphid-transmitted tristeza virus.

‘Some animal viruses (e.g., Rinderpest; Rift Valley fever) may in addition to
their economic importance also be a threat to the health of the population. The
viruses just mentioned recently caused thousands of human deaths, especially in
the Middle East and North Africa.

Xix



XX INTRODUCTION

Based on the premise of whether the host has an immune system and can be
immunized (man, animals) or not (plants) two general approaches can be taken.
Although plants cannot be“vaccinated and diseased plants cannot as yet, be
cured with chemotherapy, many cultivation factogs can be undertaken to de-
crease the incidence “of disease. These include: (1) starting with virus-free
material and selection of more resistant varieties; (2) vector and diseased plant
control (removal); and (3) taking epidemiologic phrameters into account (plant
spacing, crop rotatien).

The last decade has been exciting in the development of very powerful and
relatively simple technifues which should have a great impact on diagnosis and
preventive immunization with noninfectious vaccines, namely, development of
monoclonal antibodies, enzyme immunoassays, and genetic engineering. These
techniques will have an enormous impact on virus control, but at the same time.
it should be emphasized that these advances may be delayed significantly if the
technology transfer and the training of local virologists and auxiliary personnel
in countries with the most urgent need is not increased, International organiza-
tions may aid greatly in furthering this purpose, for mstance by stimulation of
scientific exchange, such as with appropriate regional conferences in Asia,
Africa, and Latin America, and the organization of frequent educational work-
shops in developing countries. The International Comparative Virology Organ-
ization (ICVO), which is an umbrella group of scientists, was created to promote
the transfer and acquisition, of knowledge on recent development and practical
field expertise in the area of virology, especially for developing countries. It
cannot be overrated that the emphasis for developing countries should be on the
applied, practical side of virology and its interrelationship with the environ-
ments, and not on basic research. In fact, basic research is a:form of world aid
from countries which have the economic means to advance thls field. However,
most countries will and should have other priorities. In or&b to promote this
transfer, I organize regularly with the aid of both local and international organ-
izations (WHO, ICVO, UNEP), highly successful international conferences on
topics of special interest for developing countries of those regions. It is hoped
that these meetings help to break down the isolation of vnologxsts in developing

:ountries from those in the industrialized countries.

Production of vaccines is entering a new era with the development of genetic
engineering. This technology enables the production of one or Several antigens of
the virus, which, without the presence of the viral genome, are noninfectious.
Eventually, when costs are lower .and natural variations of the virus in the en-
vironment have been adequately studled thls will provide the commumty with
hitherto utopian synthetic vaccines. Thek Vnccmes would probably contain
several immunogens to prevent thé ‘escape of an fhfectxjigs variant. On the other
hand, the possibility of mass production of vaccines int 9ell culture has been in-
creased by the development of njore efficient cukture niethods demonstrated by
the replacement of bottles by beads. The tendency for developing:tissue-culture

" prepared vaccines is to. use killed instead of attenuated viruses singg live vaccines

could revert. Nevertheless, live vacc1r$s sontmue to ,serve/ in the control of
several virus diseases.
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Other control concepts involve: (1) understanding of the complex ecosystem
in which the virus occurs, and (2) a complex interdependent system for disease
diagnosis and information gathering. These elements of the programs seem to
suffer in many parts of the world (see Chapter 21), their costs are escalating,
while the costs and quality factors of vaccines improve.

The development of chemotherapeutic agents in the control of viral diseases
is becoming more feasible due to the increasing understanding of the chemical
nature of the virus and its replication. A detailed knowledge of the biochemistry
and the way of multiplication of each group is necessary for a rational approach
to treat the diseases they cause. The high hopes placed on interferon have not
yet been fulfilled and its use for specific clinical applications need to be further
investigated. Several antiviral agents have been found to be specific without or
with only negligible side effects on the host. It is, therefore, expected. that this

field will expand considerably in the next few years.

; The rapid progress in the development and concepts of the control of virus
diseases has been the subject of the Fourth International Conference on Compar-
ative Virology, conferences we have organized regularly in Canada since 1969.
Eminent leading virologists from all parts of the world, and from all disciplines,
contributed to the success of this conference by the high standing of the
presentations and the fruitful and animated exchange of ideas and developments
from usually isolated areas. This cannot fail to have an important influence on
the virologists’ community. Some of the topics discussed were virus diseases of
man, animals, fish, mollusks, and plants from a comparative point of view, with
an emphasis on new developments in diagnostic methods and the containment of
viruses. This large, exciting body of information, so sharply brought into focus
at this conference, has been compiled in a thoughtful and systematic way so
that, as is our hope, it may serve virologists and other scientists in related areas
everywhere, both in the field and the laboratory.

Edouard Kurstak
Director ICVO
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