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Combining recent medical discoveries
with historical and geographical
scholarship, this volume is the most
comprehensive history of human dis-
ease since the monumental Handbook
of Geographical and Historical Pathology
by August Hirsch in 1880.

Accessible to laypeople and spe-
cialists alike, The Cambridge World
History of Human Disease explores the
patterns of disease throughout the
world as well as the variety of
approaches that different medical
traditions have used to fight it. The
work includes contributions from more
than 160 medical and social scientists
from all over the globe, making it a
truly interdisciplinary history of
medicine and human disease.
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As medicine developed from an
art to a science, the idea of disease
expanded to encompass not only
plagues and epidemics but also

maladies connected with genetics,
nutrition, and substance abuse. The
History introduces the reader to
epidemiology and immunology
and examines the different medical
traditions as well as the attempts
outside medicine to control disease.
Parts V through VII then describe
the history of disease in each major
region of the world, including an
overview of global disease ecology.

The final and largest part offers
the history and geography of each
significant human disease — both
historical and contemporary — from
AIDS to yellow fever. Each entry is
divided into medical, historical, and
geographical sections, and explicit
indexes help guide the reader in
exploring a topic through a variety
of approaches.

Together with its companion
The Cambridge World History of Food
(2000), The Cambridge World History of
Human Disease provides an extraordi-
nary glimpse of what is known about
human health as the twenty-first
century begins.

Kenneth F. Kiple is Distinguished
University Professor in the history
department at Bowling Green State
University. He is the author of The
Caribbean Slave: A Biological History
(1984) and, with Virginia King, Another
Dimension to the Black Diaspora: Diet,
Disease, and Racism (1981), both pub-
lished by Cambridge University Press.
He is the editor, with Kriemhild Conee¢
Ornelas, of The Cambridge World History
of Food (2000), of the monumental com-
panion to The Cambridge World History

of Human Disease.

COVER ILLUSTRATIONS, starting at top left
image on front and then moving clockwise:

Early Dentist at Work © Massimo
Listri/CORBIS;

Ebola infection 108,000X © CORBIS;
X-ray of Carotid Arteriogram © CORBIS;
Ebola Infection 25,000X © CORBIS;

Inca Clay Figure of Man with Syphillis ©
Bettmann /CORBIS;

X-ray of Human Head © CORBIS;

The Anatomy Lesson by Pieter van Mierevelt,
Giraudon/Art Resource, NY;

Acupuncture Model © CORBIS.

JACKET DESIGN BY JAMES F. BRISSON

Printed in the United States of America



The Cambridge World History of Human Disease

Cambridge Histories Online © Cambridge University Press, 2008



Board of Editors

Arthur C. Aufderheide
Department of Pathology
University of Minnesota
Duluth, Minnesota

Thomas G. Benedek

Veterans Administration Medical
Center

Pittsburgh, Pennsylvania

W. F. Bynum

The Wellcome Institute for the
History of Medicine

London, England

Ann G. Carmichael
Department of History
Indiana University
Bloomington, Indiana

James Cassedy

History of Medicine Division
National Library of Medicine
Bethesda, Maryland

Donald B. Cooper
Department of History
The Ohio State University
Columbus, Ohio

Alfred W. Crosby

Department of American Studies
University of Texas

Austin, Texas

Philip Curtin

Department of History

The Johns Hopkins University
Baltimore, Maryland

Wilbur G. Downs
The Yale Medical School
New Haven, Connecticut

John Duffy

University of Maryland
Baltimore, Maryland, and

Tulane University Medical School
New Orleans, Louisiana

Stanley Engerman
Department of Economics
University of Rochester
Rochester, New York

Robert Fogel

Center for Population Economics
University of Chicago

Chicago, Illinois

Roger K. French

The Wellcome Institute for the
History of Medicine

London, England

Nancy E. Gallagher
Department of History
University of California
Santa Barbara, California

Jerome Handler
Department of Anthropology
Southern Illinois University
Carbondale, Illinois

D. A. Henderson

School of Hygiene and Public Health
The Johns Hopkins University
Baltimore, Maryland

Arthur Kleinman
Department of Anthropology
Harvard University
Cambridge, Massachusetts

Stephen J. Kunitz

Department of Preventive Medicine

University of Rochester Medical
Center

Rochester, New York

Judith Ladinsky

Department of Preventive Medicine

University of Wisconsin Medical
School

Madison, Wisconsin

William McNeill
Department of History
University of Chicago
Chicago, Illinois

Ronald Numbers

Department of the History of
Medicine

University of Wisconsin

Madison, Wisconsin

K. David Patterson
Department of History
University of North Carolina
Charlotte, North Carolina

James C. Riley
Department of History
Indiana University
Bloomington, Indiana

Guenter B. Risse

Department of the History and
Philosophy of the Health Sciences

University of California

San Francisco, California

Charles Rosenberg
Department of the History and
Philosophy of Science
University of Pennsylvania
Philadelphia, Pennsylvania

Todd L. Savitt

Humanities Program — School of
Medicine

East Carolina University

Greenville, North Carolina

R. Ted Steinbock
Department of Radiology
Baptist Hospital East
Louisville, Kentucky

Paul U. Unschuld

Institut fir Geschichte der Medizin
Ludwig-Maximilians-Universitéat
Munich, Germany

Cambridge Histories Online © Cambridge University Press, 2008



The Cambridge World History
of Human Disease

Editor
KENNETH F. KIPLE

Executive Editor
Rachael Rockwell Graham

Associate Editors
David Frey

Brian T. Higgins
Kerry Stewart

H. Micheal Tarver
Thomas W. Wilson
Brent Zerger

Assistant Editors

Alicia Browne
Roger Hall

Paul Henggeler
Bruce O. Solheim
Dalila de Sousa

7B CAMBRIDGE

85 UNIVERSITY PRESS

Cambridge Histories Online © Cambridge University Press, 2008



PUBLISHED BY THE PRESS SYNDICATE OF THE UNIVERSITY OF CAMBRIDGE
The Pitt Building, Trumpington Street, Cambridge, United Kingdom

CAMBRIDGE UNIVERSITY PRESS

The Edinburgh Building, Cambridge CB2 2RU, UK http: //www.cup.cam.ac.uk
40 West 20th Street, New York, NY 10011-4211, USA  http: //www.cup.org

10 Stamford Road, Oakleigh, Melbourne 3166, Australia

© Cambridge University Press 1993

This book is in copyright. Subject to statutory exception and

to the provisions of relevant collective licensing agreements,

no reproduction of any part may take place without

the written permission of Cambridge University Press.

First published 1993
Reprinted 1994 (thrice), 1995, 1999

Printed in the United States of America

Typeset in Century Schoolbook

A catalogue record for this book is available from the British Library
Library of Congress Cataloguing-in-Publication Data is available

ISBN 0-521-33286-9 hardback

Cambridge Histories Online © Cambridge University Press, 2008



In Memory of

Michael Dols
Wilbur Downs

Lu Gwei-Djen

R. H. Kampmeier
Edward H. Kass
John L. Kemink
Jerry Stannard
and

Miguel M. Ornelas

Cambridge Histories Online © Cambridge University Press, 2008



Cambridge Histories Online © Cambridge University Press, 2008



Contents

List of tables, figures, and maps page xii

List of contributors xvii

Preface xxi

Acknowledgments xxiii

Introduction

L Medicine and Disease: An Overview

I.1.  History of Western Medicine from
Hippocrates to Germ Theory 11
Guenter B. Risse

I.2.  History of Chinese Medicine 20
Paul U. Unschuld

I[.3. Islamic and Indian Medicine 27
Nancy E. Gallagher

14. Disease, Human Migration, and
History 35
David E. Stannard

II. Changing Concepts of Health
and Disease

II.1.  Concepts of Disease in the West 45
Robert P. Hudson

II.2.  Concepts of Disease in East Asia 52
Shigehisa Kuriyama

I1.3. Concepts of Mental Illness in the
West 59
Jack D. Pressman

II.4. Sexual Deviance as a Disease 85
Vern L. Bullough

II.5. Concepts of Heart-Related
Diseases 91
Joel D. Howell

I1.6. Concepts of Cancer 102
Thomas G. Benedek and
Kenneth F. Kiple

III. Medical Specialties and Disease
Prevention

II.1. Genetic Disease 113
Eric J. Devor

II1.2.

IIL.3.

I11.4.

IL.5.

IIL.6.

IIL.7.

I11.8.

IIL.9.

II1.10.

IIL.11.

Iv.
Iv.1.

IV.3.

Iv.4.

Immunology

Pauline M. H. Mazumdar
Nutritional Chemistry
Kenneth J. Carpenter
Diseases of Infancy and Early
Childhood

Elizabeth Lomax

Famine and Disease

Robert Dirks

A History of Chiropractic
Steven C. Martin .
Concepts of Addiction: The U.S.
Experience ’
David F. Musto

Tobaccosis

R. T. Ravenholt

Occupational Diseases

Gerald Markowitz and

David Rosner

History of Public Health and
Sanitation in the West before
1700

Ann G. Carmichael

History of Public Health and
Sanitation in the West since 1700
John Duffy

Measuring Health

Early Mortality Data: Sources and

Difficulties of Interpretation
F. Landis MacKellar

Maternal Mortality: Definition and

Secular Trends in England and
Wales, 1850-1970

Irvine Loudon

Infant Mortality

Edward G. Stockwell
Measuring Morbidity and
Mortality

James C. Riley

Cambridge Histories Online © Cambridge University Press, 2008

126

140

147

157

164

170

176

187

192

200

209

214

224

230




viii

IV.5.

v.a

V.3.

V4.

V.5,

V.6.

V.7.

V.8.

V..

V.10.

V.11.

VI

VI.1.

VI.2.

VI.3.

VI4.

VL5.

Stature and Health
John Komlos

The History of Human Disease
in the World Outside Asia
Diseases in the Pre-Roman World
Donald J. Ortner and

Gretchen Theobald

Diseases of Western Antiquity
Jerry Stannard

Diseases of the Middle Ages
Ynez Violé O’'Neill

Diseases of the Renaissance and
Early Modern Europe

Ann G. Carmichael

Diseases and the European
Mortality Decline, 1700-1900
Stephen J. Kunitz

Diseases of Sub-Saharan Africa to
1860

Kenneth F. Kiple

Diseases of Sub-Saharan Africa
since 1860

Maryinez Lyons

Diseases of the Pre-Columbian
Americas

Jane E. Buikstra

Diseases of the Americas,
1492-1700

Ann Ramenofsky

Diseases and Mortality in the
Americas since 1700

Stephen J. Kunitz

Diseases of the Islamic World
Michael W. Dols

The History of Human Disease
in Asia

Diseases of Antiquity in China
Lu Gwei-Djen and Joseph
Needham

Diseases of the Premodern Period
in China

Angela Ki Che Leung

Diseases of the Modern Period in
China

Thomas L. Hall and

Victor W. Sidel

Diseases of Antiquity in Japan
Shaji Tatsukawa

Diseases of the Premodern Period
in Japan

W. Wayne Farris

Diseases of the Early Modern
Period in Japan

Ann Bowman Jannetta

Diseases of Antiquity in Korea
Lois N. Magner

238

247

262

270

279

287

293

298

305

317

328

334

345

354

362

373

376

385

389

VLS.

VL9.

VI.10.

VI.11.

VI.12.

VI.13.

VIL.14.

VII.

VIIL.1.

VIL.2.

VIL3.

VIL.4.

VIL5.

VIL.6.

VIL.T.

VILS.

VIL9.

VIIIL.

VIIL.1.

VIIL.2.

Diseases of the Premodern Period
in Korea

Lois N. Magner

Diseases of the Modern Period in
Korea

Lois N. Magner

Diseases of Antiquity in South
Asia

Ranes C. Chakravorty

Diseases of the Premodern Period
in South Asia

Mohammed Said

Diseases of the Modern Period in
South Asia

David Arnold

Diseases of Antiquity and the
Premodern Period in Southeast
Asia

Scott Bamber

Diseases and Disease Ecology of
the Modern Period in Southeast
Asia

Keith W. Taylor

The Geography of Human Disease

Disease Ecologies of Sub-Saharan
Africa

K. David Patterson

Disease Ecologies of the Middle
East and North Africa

LaVerne Kuhnke

Disease Ecologies of South Asia
Surinder M. Bhardwaj

Disease Ecologies of East Asia
Ann Bowman Jannetta

Disease Ecologies of Australia and
Oceania

Leslie B. Marshall

Disease Ecologies of the Caribbean
Kenneth K. Kiple

Disease Ecologies of Europe
Stephen R. Ell

Disease Ecologies of North
America

Frank C. Innes

Disease Ecologies of South
America

Mary C. Karasch

Major Human Diseases Past
and Present

Acquired Immune Deficiency
Syndrome (AIDS)

Allan M. Brandt

African Trypanosomiasis
(Sleeping Sickness)

Maryinez Lyons

Cambridge Histories Online © Cambridge University Press, 2008

Contents

392

400

408

413

418

425

440

447

453

463

476

482

497

504

519

535

547

552



Contents

VIIL3.

VIIL4.

VIILS.

VIIL6.

VIIL7.

VIIL.8

VIILY.

VIII.10.

VIIL.11.

VIIL.12.

VIIIL.13.

VIIL.14.

VIIL.15.

VIII.16.

VIIIL.17.

VIII.18.

VIIIL.19.

VIII.20.

VIIL.21.

VIIIL.22.

VIIL.23.

VIII.24.

VIIL.25.

VIII.26.

VIIL.27.

VIII.28.

Ainhum

Donald B. Cooper
Alzheimer’s Disease
Joseph A. Kwentus
Amebic Dysentery

K. David Patterson
Anemia

Alfred Jay Bollet and
Audrey K. Brown
Anorexia Nervosa
Heather Munro Prescott
Anthrax

Lise Wilkinson
Apoplexy and Stroke
Jacques Poirier and
Christian Derouesné
Arboviruses

Wilbur G. Downs
Arenaviruses

Wilbur G. Downs
Arthritis (Rheumatoid)
Howard Duncan and
James C. C. Leisen
Ascariasis

K. David Patterson
Bacillary Dysentery
K. David Patterson
Beriberi

Melinda S. Meade
Black Death
Katharine Park
Black and Brown Lung
Disease

Daniel M. Fox
Bleeding Disorders
Oscar D. Ratnoff
Botulism

William H. Barker
Brucellosis

Lise Wilkinson
Bubonic Plague

Ann G. Carmichael
Carrién’s Disease
Oscar Urteaga-Ball6n
Catarrh

Roger K. French
Cestode Infections

K. David Patterson
Chagas’ Disease
Marvin J. Allison
Chlorosis

Robert P. Hudson
Cholera

Reinhard S. Speck
Cirrhosis

Thomas S. N. Chen and
Peter S. Y. Chen

561

561

568

571

577

582

584

587

595

599

603

604

606

612

616

618

623

625

628

631

635

636

636

638

642

649

VIII.29.

VIII3O0.

VIIL.31.

VIIL.32.

VIIL.33.

VIII.34.

VIIL35.

VIIL.36.

VIIL.37.

VIIL.38.

VIIIL.39.

VIII.40.

VIIL.41.

VIIL.42.

VIII.43.

VIII.44.

VIIIL.45.

VIII.46.

VIIIL.47.

VIII.48.

VIIL.49

VIIIL.50.

VIIL.51.

VIIL.52.

VIIL53.

VIIIL.54.

VIIL55.

VIIL56.

Clonorchiasis

K. David Patterson
Croup

James D. Cherry
Cystic Fibrosis
Thomas G. Benedek
Cytomegalovirus Infection
R. H. Kampmeier
Dengue

James McSherry
Diabetes

Leslie Sue Lieberman
Diarrheal Diseases
(Acute)

Herbert L. DuPont
Diphtheria

Ann G. Carmichael
Down Syndrome
Christine E. Cronk
Dracunculiasis
Donald R. Hopkins
Dropsy

J. Worth Estes
Dysentery

K. David Patterson
Dyspepsia

James Whorton
Ebola Virus Disease
Wilbur G. Downs
Echinococcosis (Hydatidosis)
K. David Patterson
Eclampsia

Sally McMillen
Emphysema

Ronald J. Knudson
Encephalitis Lethargica
R. T. Ravenholt
Enterobiasis

K. David Patterson
Epilepsy

Jerrold E. Levy
Ergotism

John S. Haller, Jr.
Erysipelas

Ann G. Carmichael
Fascioliasis

K. David Patterson
Fasciolopsiasis

K. David Patterson
Favism

Peter J. Brown
Filariasis

Todd L. Savitt
Fungus Infections (Mycoses)
Geoffrey C. Ainsworth
Fungus Poisoning
Geoffrey C. Ainsworth

Cambridge Histories Online © Cambridge University Press, 2008

ix

654

654

657

659

660

665

676

680

683

687

689

696

696

699

703

704

706

708

712

713

718

720

721

722

722

724

730

736



X

VIIL.57.

VIIL58.

VIIL.59.

VIIIL.60.

VIIL.61.
VIIL.62.
VIIL.63.
VIIIL.64.
VIIL.65.
VIIIL.66.
VIIL.67.

VIIL68.

VIII.69.

VIIL.70.
VIIL.71.
VIIL.72.
VIIL.73.
VIIL.74.

VIIL.75.

VIIL.76.
VIIL.77.
VIIL.78.
VIIL.79.
VIII.80.
VIIL.81.

VIII.82.

Gallstones (Cholelithiasis)
R. Ted Steinbock
Gangrene

Diane Quintal and
Robert Jackson
Giardiasis

K. David Patterson
Glomerulonephritis (Bright’s
Disease)

Donald M. Larson
Goiter

Clark T. Sawin
Gonorrhea

Richard B. Rothenberg
Gout

Thomas G. Benedek
Herpes Simplex

R. H. Kampmeier
Herpesviruses

R. H. Kampmeier
Histoplasmosis

Scott F. Davies
Hookworm Disease
John Ettling
Huntington’s Disease
(Chorea)

Eric J. Devor
Hypertension

Thomas W. Wilson and
Clarence E. Grim
Infectious Hepatitis
Francis L. Black
Infectious Mononucleosis
R. H. Kampmeier
Inflammatory Bowel Disease
Joseph B. Kirsner
Influenza

Alfred W. Crosby
Japanese B Encephalitis
Edward H. Kass
Lactose Intolerance and
Malabsorption

Norman Kretchmer
Lassa Fever

Wilbur G. Downs

Lead Poisoning

Arthur C. Aufderheide
Legionnaires’ Disease
David W. Fraser
Leishmaniasis

Marvin J. Allison
Leprosy

Ann G. Carmichael
Leptospirosis

Otto R. Gsell

Leukemia

Gordon J. Piller

738

741

745

746

750

756

763

773

779

779

784

788

789

794

799

800

807

811

813

817

820

827

832

834

840

843

VIIL83.

VIIL.84.

VIIL.S85.

VIII.86.

VIIL.87.

VIII.88.

VIII.89.

VIIL90.

VIIL.91.

VIIL.92.

VIIIL.93.

VIII.94.

VIIIL.95.

VIII.96.

VIIL97.

VIIIL.98.

VIII.99.

VIII.100.

VIIIL.101.

VIIL.102.

VIIL.103.

VIII.104.

VIII.105.

VIIL.106.

VIIL.107.

VIII.108.

Contents

Lupus Erythematosus
Thomas G. Benedek
Lyme Borreliosis (Lyme Disease)
Robert D. Leff

Malaria

Frederick L. Dunn
Marburg Virus Disease
Wilbur G. Downs
Mastoiditis

John L. Kemink, John K. Niparko,
and Steven A. Telian
Measles

Robert J. Kim-Farley
Meningitis

K. David Patterson

Milk Sickness (Tremetol
Poisoning)

Thomas E. Cone, Jr.
Multiple Sclerosis

W. I. McDonald

Mumps

Robert J. Kim-Farley
Muscular Dystrophy
Thomas G. Benedek
Myasthenia Gravis
Bernard M. Patten
Nematode Infections

K. David Patterson
Onchocerciasis

K. David Patterson
Ophthalmia (Conjunctivitis and
Trachoma)

Mary C. Karasch
Osteoarthritis

Charles W. Denko
Osteoporosis

R. Ted Steinbock

Paget’s Disease of Bone
Roy D. Altman
Paragonimiasis

K. David Patterson
Parkinson’s Disease
Bernard M. Patten
Pellagra

Elizabeth W. Etheridge
Periodontal Disease (Pyorrhea)
Jeffrey Levin

Pica

Brian T. Higgins

Pinta

Don R. Brothwell

Plague of Athens

Ann G. Carmichael
Pneumocystis Pneumonia
(Interstitial Plasma Cell
Pneumonia, Pneumocystosis)
K. David Patterson

Cambridge Histories Online © Cambridge University Press, 2008

848

852

855

862

865

871

875

880

883

887

890

891

895

895

897

906

909

911

914

914

918

924

927

932

934

937



Contents

VIII.109.

VIII.110.

VIII.111.

VIIL112.

VIII.113.

VIII.114.

VIII.115.

VIII.116.

VIIL117.

VIII.118.

VIII.119.

VIII.120.

VIIL.121.

VIII.122.

VIIIL.123.

VIII.124.

VIIL.125.

VIII.126.

VIII.127.

VIII.128.

VIII.129.

VIII.130.

VIII.131.

VIII.132.

VIII.133.

VIII.134.

Pneumonia

Jacalyn Duffin
Poliomyelitis

H.V. Wyatt
Protein—Energy Malnutrition
James L. Newman
Protozoan Infections

K. David Patterson
Puerperal Fever

K. Codell Carter

Q Fever

S. R. Palmer

Rabies

K. David Patterson
Relapsing Fever

Anne Hardy

Rheumatic Fever and
Rheumatic Heart Disease
Thomas G. Benedek
Rickets and Osteomalacia
R. Ted Steinbock
Rickettsial Diseases
Victoria A. Harden

Rocky Mountain Spotted Fever
and the Spotted Fever Group
Diseases

Victoria A. Harden
Rubella

Robert J. Kim-Farley

St. Anthony’s Fire

Ann G. Carmichael
Scarlet Fever

Anne Hardy
Schistosomiasis

John Farley

Scrofula (Scrophula)
Roger K. French

Scurvy

Roger K. French
Sickle-Cell Anemia
Georges C. Benjamin
Smallpox

Alfred W. Crosby
Streptococcal Diseases
Peter C. English
Strongyloidiasis

K. David Patterson
Sudden Infant Death Syndrome
Todd L. Savitt

Sudden Unexplained Death
Syndrome (Asian)

Neal R. Holtan

Sweating Sickness

Ann G. Carmichael
Syphilis

Jon Arrizabalaga

938

942

950

955

955

957

962

967

970

978

981

982

986

989

990

992

998

1000

1006

1008

1014

1016

1017

1020

1023

1025

VIII.135.
VIIIL.136.
VIII.137.
VIII.138.
VIII.139.
VIII. 140.
VIII.141.
VIII. 142,
VIII.143.
VIII.144.
VIII.145.
VIII.146.
VIII.147.
VIII.148.

VIII.149.

VIII.150.
VIII.151.
VIIIL.152.
VIII.153.

VIII.154.

VIII.155.
VIII.156.
VIII.157.

VIIL.158.

Indexes

Syphilis, Nonvenereal
Kenneth F. Kiple
Tapeworm

K. David Patterson
Tay—-Sachs Disease
Bradford Towne
Tetanus

Robert J. T. Joy
Tetanus, Neonatal
Sally McMillen
Tetany

Kenneth F. Kiple
Toxoplasmosis

K. David Patterson
Trematode Infections
K. David Patterson
Trench Fever
Victoria A. Harden
The Treponematoses
Kenneth F. Kiple
Trichinosis

Donald E. Gilbertson
Trichuriasis

K. David Patterson
Tuberculosis

William D. Johnston
Tularemia

Patrick D. Horne
Typhoid Fever
Charles W. LeBaron and
David N. Taylor
Typhomalarial Fever
Dale Smith

Typhus, Epidemic
Victoria A. Harden
Typhus, Murine
Victoria A. Harden
Typhus, Scrub (Tsutsugamushi)
Victoria A. Harden
Urolithiasis (Renal and Urinary
Bladder Stone Disease)
R. Ted Steinbock
Varicella Zoster

R. H. Kampmeier
Whooping Cough
Anne Hardy

Yaws

Don R. Brothwell
Yellow Fever
Donald B. Cooper
and Kenneth F. Kiple

Name Index
Subject Index

Cambridge Histories Online © Cambridge University Press, 2008

xi

1033

1035

1036

1043

1046

1049

1051

1052

1052

1053

1055

1058

1059

1068

1071

1077

1080

1085

1086

1088

1092

1094

1096

1100

1109
1111
1138



Tables, Figures, and Maps

Tables

11.6.1.

I1.6.2.

I1.6.3.

11.6.4.

I11.8.1.

I11.8.2.

111.8.3.

I11.8.4.

HI.8.5.

Iv.2.1.

Iv.3.1.

Iv.3.2.

Ten most common invasive neo-
plasms, and estimated new cases
as percentage of all new cases in

the United States, 1990 page 104
Deaths due to cancer as

percentage of all deaths

according to sex and age group,

United States, 1986 104

Most common cancers as causes of
death from cancer, according to
sex and age group, United States,
1986

Five-year survival rates by race
in two time periods from principal
malignant neoplasms in the
United States

U.S. tobacco production and
consumption, 1900-88

Per capita adult consumption of
cigarettes, by country, 1985
Percentage of U.S. adults who
smoked regularly, 1945-85
Deaths and mortality rates among
smoking U.S. veterans, 1980
Estimated number of deaths
caused by cigarette smoking in
the United States, 1980
Birthrates and maternal deaths I
in England and Wales, 1851
1980 -

Infant mortality rates for income
areas in metropolitan Ohio,
1979-81

Infant mortality rates by broad
cause-of-death group for income
areas in metropolitan Ohio,
1979-81

104

105

180

181

182

183

184

214

227

228

IV.4.1.

V.8.1.

V.9.1.

V.9.2.

VI3.1.

VI1.3.2.

VIL.3.3.

VIL.8.1.

VIIL.10.1.

VIIL.10.2.

VIIL.10.3.

VIII.11.1.

VIIIL.19.1.

Abridged life table for Sweden,
1751-90

Healed fracture frequencies for
North American prehistoric
remains

Diseases suggested to have been
introduced to the Americas

Viral, bacterial, and protozoal
agents introduced to the
Americas

Leading causes of death, selected
cities and counties of Shanghai,
1957 and 1984

Leading provincial causes of
death in China, 1985
Communicable diseases in China,
1985

Incidents of serious contamination
in U.S. work sites and residential
areas

512 recognized arboviruses listed
by family and subcategories, with
totals

Size, morphology, structure, and
composition of selected virus
families or genera that contain
arboviruses

Twenty-nine selected arbo-
viruses important in

causing human and/or animal
diseases, with data on vectors,
hosts, and geographic
distributions

History and natural occurrence of
arenaviruses

Types of Clostridium botulinum,
susceptible species, and sites of
outbreaks

Cambridge Histories Online © Cambridge University Press, 2008

232

308

322

324

363

364

365

531

588

590

591

596

623



Tables, Figures, and Maps

VIIL.19.2.

VIIL.28.1.
VIIL.30.1.

VIIIL.34.1.

VIIL.34.2.

VIIL.34.3.

VIIL.35.1.

VIIL.35.2.

VIIL36.1.

VIII.42.1.

VIIL.46.1.

VIIL58.1.

VIIL.63.1.

VIIIL.63.2.

VIII.63.3.

VIII.63.4.

VIIL.63.5.

VIIL.69.1.

VIIL.69.2.

VIIL.69.3.

VIIL.75.1.

Reports of botulism from
various countries in recent
years

Etiology and incidence of
cirrhosis

Classification of crouplike
illnesses

Causes and suspected causes
of, and risk factors for,
diabetes

Prevalence of diagnosed diabetes
in representative populations,
1960-85

Diabetes mortality trends by
country and geographic area,
1970-2 and 1976-83 (rates per
100,000 population)
Commonly identified etiologic
agents in diarrheal disease
Etiologic agents of diarrhea,
characteristically identified in
special settings

Diphtheria mortality rate per
100,000 population

Ebola serosurveys

Time interval from encephalitis
to parkinsonism to death in six
patients

Causes of gangrene
Occurrence of nephrolithiasis
with gout

Prevalence of hyperuricemia
Prevalence of gout in relation
to serum uric acid content in
men

Serum uric acid in two
American Indian tribes

Serum uric acid in South
African black and white
populations

Prevalence of hypertension in
20- to 59-year-olds, by region, in
ascending order by prevalence:
52 populations, INTERSALT
Study, 1988

Relationship between blood
pressure and mortality:
Northwestern Mutual Life
Insurance Company, 1907-14
“Normal” and “unacceptable”
systolic blood pressures by
age: Northwestern Mutual
Life Insurance Company,

1914

Lactose absorption and
malabsorption correlated with
degree of Indian blood

624

650

654

668

671

672

678

678

683

700

711

742

765

768

769

769

771

790

793

793

VIIL.75.2.

VIIL.76.1.
VIIL.81.1

VIIIL.81.2.
VIIIL.85.1.
VIII.86.1.

VIII.110.1.

VIIL.117.1.

VIIL.117.2.

VIII.117.3.

VIIL.134.1.

VIIL.154.1.

VIII.154.2.

Figures
I1.5.1.

IL.5.2.

IIL.1.1.

II.1.2.

I1.1.3.

II1.1.4.

IL.5.1.

(children = 4 years, and
adults)

Distribution of the adult
lactase phenotypes in human
populations

Lassa fever outbreaks: West
Africa, 1969-88

Serologic classification of
leptospires

Symptoms occurring in
leptospiroses

Malaria in 1984

Serologic studies of Marburg
virus in humans and other
primates

Comparison of paralysis of
lower limbs in temperate and
developing countries

Age distribution of admissions
for acute rheumatic fever
Cases of rheumatic fever per
1,000 admissions, various
hospitals

Signs of acute rheumatic fever
worldwide

Etiology, epidemiology, and
clinical manifestations of the
human treponematoses
Mayjor features differentiating
bladder and renal stone
disease

Paleopathological specimens
of renal and bladder stones

Rate of coronary heart disease
per 100,000 people in the
United States

Annual change in mortality
from ischemic cardiac disease,
1968-77

Mixed model of liability for
complex human disease

A representation of metabolic
pathways involving the amino
acid tyrosine

The original two-dimensional
chromatographic spreads of
normal and sickle-cell
hemoglobins

G-banded chromosome spread
of a man with Down
syndrome and ideogram of
human chromosome 21
Relation of social cooperation
to ecological stress in a social
action system

Cambridge Histories Online © Cambridge University Press, 2008

x1ii

815

815

818

841

842

857

863

946

972

973

975

1026

1089

1091

96

96

114

119

121

123

159



Xiv

II1.8.1.

I11.8.2.

I11.8.3.

Iv.al.

Iv.2.2.
Iv.23.

IvV.24.

IV.2.5.

IVv4.1.
IvV.4.2.

IvV.4.3.
IV.4.4.

V.1.1.

V.1.2.

V.1.3.

V.14.

V.1.5.

V.1.6.

V.8.1.
V.8.2.

V.8.3.
VIL1.1.

Annual consumption of
cigarettes by U.S. adults,
1900-88

Cigarette consumption and
tobaccosis mortality in the
United States, 1900-87

The price of pleasure: deaths
from addictive substances and
AIDS in the United States,
1980s

Birthrates and maternal
mortality rates for England and
Wales, 1851-1980

Maternal mortality rates for
England and Wales, 1851-1980
Maternal mortality rates in
different countries, 1880-1950
Maternal mortality rates in
Scotland, England, Wales, and
Sweden, 1870-1950

Maternal mortality rates in
England, Wales, and the United
States, 1910-50

Survival curves

Mortality risk for medieval
Hungary, England (1871-80), and
the United States (1979-81)
Morbidity rates for nineteenth-
century Britain

Mortality schedules for Sweden,
1816-40 and 1979-83

Probable unhealed ax wound in
an adult male skull, 1100-655
B.C.

Partial antemortem destruction of
the fourth lumbar vertebral body
from the skeleton of a young
adult, 3100 B.C.

Chronic inflammation of the left
tibia and fibula in an adult
woman, Early Bronze Age
Dental caries in an adult male,
Early Bronze Age

Benign tumor in the area of
fusion between the pubic and iliac
bones of an adult woman, ¢. 1990
B.C.

Malignant tumor of the proximal
left humerus of a Celtic warrior,
800-600 B.C.

Model time line for prehistoric
eastern North America

Model time line for prehistoric
Peru and Chile

Different methods of trepanation
Oracle-bone and bronze terms
specifying disease entities

179

184

185

215

215

216

217

219

231

234

235

236

249

251

252

255

257

257

306

307
307

346

VI.3.1.

VIII.2.1.
VIIL.2.2.
VIII.20.1.

VIIL.22.1.

VIIL.22.2.

VIII.22.3.

VIII.22 4.

VIIL.25.1.

VIIL.46.1.

VIII.60.1.
VIIIL.60.2.
VIIIL.60.3.
VIIL.62.1.

VIII.62.2.

VIIIL.62.3.

VIIL.62 4.

VIII.62.5.

VIII.62.6.

Tables, Figures, and Maps

Mortality rates for the urban
population of Shanghai, 1949
83

Glossina palpalis

Glossina morsitans

Graphs illustrating the dramatic
reduction in the incidence of
brucellosis in the British garrison
in Malta from 1905 to 1907,
following the ban on the use of
goat’s milk

Bartonella bacilliformis within
red blood cells stained by Giemsa
and Romanovsky stains
Verrucose eruptions: miliary
form, diffuse and generalized;
nodular form, two intradermic
nodules; and mular form
Intracellular reproduction cycle of
the Bartonella bacilliformis in the
cytoplasm of a histiocytic bone
marrow cell and the endothelial
cells of a lymph node
Erythrophagocytosis of
parasitized erythrocytes in
peripheral blood and spleen
Megaesophagus from a case of
possible Chagas’ disease from the
Tarapaca Valley in northern
Chile (c. third century A.D.)
Encephalitis lethargica,
influenza-pneumonia, other
pneumonia/bronchitis deaths in
Seattle-King County,
Washington, 1918-26
Urine-secreting structure
(nephron)

Normal glomerulus

Acute glomerulonephritis
Gonorrhea incidence in selected
countries, 1940-83

Gonorrhea rates in men and
women, aged 20—4, United States,
1956-85

Gonorrhea: age-specific rates for
men and women, United States,
1985

Distribution of gonorrhea in
Denver, Colorado, 1974—6
Occurrence of gonorrhea in
Buffalo, New York, 1975-80;
distribution of core and adjacent
tracts

Penicillinase-producing Neisseria
gonorrhea (PPNG) as a
percentage of total gonorrhea, by
zip code analysis in Miami,

Cambridge Histories Online © Cambridge University Press, 2008

363
552
552

627

632

633

633

634

638

709
746
746
747

758

759

759

761

762



Tables, Figures, and Maps

VIIIL.64.1.

VIII.64.2.

VIIIL.64.3.
VIIL.77.1.
VIIL.79.1.

VIIL.81.1.
VIIL.81.2,

VIII.100.1

VIII.102.1.

VIIIL.110.1.

VIII.110.2.

VIII.110.3.

VIII.110.4.

Florida, March 1985 to
February 1986

Percentage distribution of
antibodies to HSV-1, HSV-2,
and intermediate form (types
1 and 2) in 239 patients of
various age groups

Number of consultations, all
five office visits, and first of
five visits for genital herpes,
United States, 1966—-83
Schematic graph of the
clinical course of primary
genital herpes

World lead production during
past 5,500 years

The uta form of leishmaniasis
Leptospires on dark field
Phases and relevant
diagnostic procedures of
leptospiroses

Severe Paget’s disease of the
bone in a 66-year-old male
Scheme illustrating the
mechanism of MPTP toxicity
at nigral dopamine neurons in
primates

Cases of paralytic
poliomyelitis in Malta, 1920—
64 943
Case-fatality rates for
poliomyelitis based on records
from England and Wales,
1947-50 (average of male and
female rates; 28 notified
cases); Denmark, 1947-50 (28
paralytic cases); France, 1952
(average of male and female
rates; 28 notified cases);
Sweden 1935—-44 (28
confirmed paralytic cases);
Eskimos, Chesterfield Inlet
(14 cases); Cutter vacinees (27
cases); West Virginia, (18
cases); Malta, 1942-3 (service
cases, 20-30 years of age,
number of cases not specified);
Sweden, 1911-13 (5 cases)
Numbers of publications
about polio by year, 1890 to
1986; the Current
Bibliography of Poliomyelitis,
Index Medicus, and the
Bibliography of Infantile
Paralysis

Age of onset of cases of
poliomyelitis in developing

762

774

774

776

822

833
840

841

912

916

944

947

VIIL.122.1.

VIII.134.1.

VIII.134.2.

Maps

IvV.2.1.

Iv.2.2

VIL3.1.

VIIL.3.2.

VIL3.3.
VIL3.4.
VIL8.1.
VIIL.8.2.
VIIL.8.3.
VIL.8 4.

VIIL8.5.

VIIL.2.1.

VIIL.2.2.

VIIIL.38.1.
VIIL.80.1.

VIII.120.1.

VIII.124.1.

countries, compared with
Miami, Florida, United
States, 1948-9

Woodcut of St. Anthony by
Johannes Wechtlin

Two hypotheses as to the
possible evolution of the
organisms responsible for
human treponematoses
Infectious diseases considered
as a dynamic triangular
interaction among host,
parasite, and environment

Differences in maternal
mortality rates in England
and Wales, 1924—-33
Differences in maternal
mortality rates in the United
States, 1938—-40

General endemicity of cholera,
malaria, and “kangri burn”
cancer

Malaria: annual parasite
index (API), per 1,000
population, for selected years
Leprosy: prevalence rate
percentage, 1974-5

General distribution of
filariasis and goiter

Diffusion of smallpox among
native Americans, 1928
Diffusion of smallpox among
native Americans, 1983
Malarial disease deaths per
1,000 population, 1870
“Consumption” deaths per
1,000 population, 1870
Leprosy area of New
Brunswick, predominantly in
the nineteenth century
Distribution of African
sleeping sickness (palpalis
group)

Distribution of African
sleeping sickness (morsitans
group)

Areas in which dracunculiasis
is reported or probably exists
Estimated endemicity of
leprosy in the world, 1983
Epidemiological map of Rocky
Mountain spotted fever in
Bitterroot Valley, Montana,
1902

Distribution of Schistosoma

Cambridge Histories Online © Cambridge University Press, 2008

Xv

949

990

1027

1029

218

219

466

469

471

472

524

525

527

528

529

553

563

687

835

983



xvi

VIII.124.2.

VIII.124.3.

VIII.124.4.

haematobium in Africa and
the Middle East
Distribution of Schistosoma
mansoni in Africa and the
Middle East

Distribution of Schistosoma
mansoni in the Western
Hemisphere

Distribution of Schistosoma
Japonicum and Schistosoma
mekongi

993

993

994

994

VIIL151.1.

VIII.153.1.

Tables, Figures, and Maps

Outline map of the world (c.
World War II), showing the
approximate geographic
distribution of epidemic
(exanthematic) louse-borne
typhus, murine (endemic)
flea-borne typhus, and Brill’s
disease

Known geographic
distribution of mite (scrub)
typhus in Asia, July 1948

Cambridge Histories Online © Cambridge University Press, 2008

1082

1086



Contributors

Geoffrey C. Ainsworth
Commonwealth Mycological Institute
Kew, England

Marvin J. Allison
Medical College of Virginia
Richmond, Virginia

Roy D. Altman

University of Miami School of
Medicine

Miami, Florida

David Arnold

School of Oriental and African
Studies

London, England

Jon Arrizabalaga

Consejo Superior de Investigaciones
Cientificas

Barcelona, Spain

Arthur C. Aufderheide
University of Minnesota
Duluth, Minnesota

Scott Bamber

The Australian National University

The Research School of Pacific
Studies

Canberra, Australia

William H. Barker
University of Rochester
Rochester, New York

Thomas G. Benedek

Veterans Administration Medical
Center

Pittsburgh, Pennsylvania

Georges C. Benjamin
Department of Human Services
Washington, D.C.

Surinder M. Bhardwaj
Kent State University
Kent, Ohio

Francis L. Black
Yale University School of Medicine
New Haven, Connecticut

Alfred Jay Bollett
Yale University
New Haven, Connecticut

Allan M. Brandt

Department of Social Medicine
University of North Carolina
Chapel Hill, North Carolina

Don R. Brothwell
University of London
London, England

Audrey K. Brown
SUNY Health Science Center
Brooklyn, New York

Peter J. Brown
Emory University
Atlanta, Georgia

Jane E. Buikstra
University of Chicago
Chicago, Illinois

Vern L. Bullough
State University College
Buffalo, New York

Ann G. Carmichael
Indiana University
Bloomington, Indiana

Kenneth J. Carpenter
University of California
Berkeley, California

K. Codell Carter
Brigham Young University
Provo, Utah

Ranes C. Chakravorty
Veterans Medical Hospital
Salem, Virginia

Peter S. Y. Chen

University of Massachusetts Medical
School

Worcester, Massachusetts

Thomas S. N. Chen
New Jersey Medical School
Newark, New Jersey

James D. Cherry
UCLA School of Medicine
Los Angeles, California

Thomas E. Cone, Jr.
The Children’s Hospital
Boston, Massachusetts

Donald B. Cooper
The Ohio State University
Columbus, Ohio

Christine E. Cronk
Southern Illinois University
Carbondale, Illinois

Alfred W. Crosby
University of Texas
Austin, Texas

Scott F. Davies
Hennepin County Medical Center
Minneapolis, Minnesota

Cambridge Histories Online © Cambridge University Press, 2008




xviii

Charles W. Denko

Case Western Reserve University
Hospitals

Cleveland, Ohio

Christian Derouesné
Centre Hospitalier
Universitaire Henri Mondor
Créteil, France

Eric J. Devor
University of Iowa
Iowa City, Iowa

Robert Dirks
Illinois State University
Normal, Illinois

Michael W. Dols

The Wellcome Institute for the
History of Medicine

University of Oxford

Oxford, England

Wilbur G. Downs
The Yale Medical School
New Haven, Connecticut

Jacalyn Duffin
Queen’s University
Kingston, Ontario, Canada

John Duffy

University of Maryland
Baltimore, Maryland, and
Tulane University Medical School
New Orleans, Louisiana

Howard Duncan
Henry Ford Hospital
Detroit, Michigan

Fredrick L. Dunn
University of California
San Francisco, California

Herbert L. DuPont

University of Texas Health Sciences
Center

Houston, Texas

Stephen R. Ell
University of Utah Medical Center
Salt Lake City, Utah

Peter C. English
Duke University Medical Center
Durham, North Carolina

J. Worth Estes
Boston University School of Medicine
Boston, Massachusetts

Elizabeth W. Etheridge
Longwood College
Farmville, Virginia

John Ettling
University of Houston
Houston, Texas

John Farley
Dalhousie University
Halifax, Nova Scotia, Canada

Wayne W. Farris
University of Tennessee
Knoxville, Tennessee

Daniel M. Fox
State University of New York
Stony Brook, New York

David W. Fraser
Swarthmore College
Swarthmore, Pennsylvania

Roger K. French

The Wellcome Institute for the
History of Medicine

London, England

Nancy E. Gallagher
University of California
Santa Barbara, California

Donald E. Gilbertson

James Ford Bell Museum of Natural
History

Minneapolis, Minnesota

Clarence E. Grim

Hypertension Research Center

C. R. Drew University of Medicine
and Science

Los Angeles, California

Otto R. Gsell
University of Basel
Lenzerheide, Switzerland

Lu Gwei-Djen
The Needham Research Institute
Cambridge, England

Thomas L. Hall
University of California
San Francisco, California

John S. Haller, Jr.
University of Colorado
Denver, Colorado

Victoria A. Harden

NIH Historical Office and
Dewitt Stetten, Jr., Museum of
Natural Research

Bethesda, Maryland

Contributors

Anne Hardy

The Wellcome Institute for the
History of Medicine

London, England

Brian T. Higgins
Toledo University
Toledo, Ohio

Neal R. Holtan

St. Paul-Ramsey Medical
Center

St. Paul, Minnesota

Donald R. Hopkins
The Carter Presidential Center
Atlanta, Georgia

Patrick D. Horne
York County Hospital
Newmarket, Ontario, Canada

Joel D. Howell

University of Michigan Medical
Center

Ann Arbor, Michigan

Robert P. Hudson
University of Kansas
Kansas City, Kansas

Frank C. Innes
University of Windsor
Windsor, Ontario, Canada

Robert Jackson
University of Ottawa
Ottawa, Ontario, Canada

Ann Bowman Jannetta
University of Pittsburgh
Pittsburgh, Pennsylvania

William D. Johnston
Wesleyan University
Middletown, Connecticut

Robert J. T. Joy

Uniformed Services University for
the Health Sciences

Bethesda, Maryland

R. H. Kampmeier

Vanderbilt University School of
Medicine

Nashville, Tennessee

Mary C. Karasch
Oakland University
Rochester Hills, Michigan

Edward H. Kass
Channing Laboratory
Boston, Massachusetts

Cambridge Histories Online © Cambridge University Press, 2008



Contributors

John L. Kemink

University of Michigan Medical
Center

Ann Arbor, Michigan

Robert J. Kim-Farley
World Health Organization Ex-

panded Program on Immunization

Commugny, Switzerland

Kenneth F. Kiple
Bowling Green State University
Bowling Green, Ohio

Joseph B. Kirsner

University of Chicago Medical
Center

Chicago, Illinois

Ronald J. Knudson

University of Arizona School of
Medicine

Tucson, Arizona

John Komlos
University of Pittsburgh
Pittsburgh, Pennsylvania

Norman Kretchmer
University of California
Berkeley, California

LaVerne Kuhnke
Northeastern University
Boston, Massachusetts

Stephen J. Kunitz

University of Rochester Medical
Center

Rochester, New York

Joseph A. Kwentus

The Dartmouth Hospital
Dayton, Ohio

Donald M. Larson

University of Minnesota
Duluth, Minnesota

Charles W. LeBaron
Centers for Disease Control
Atlanta, Georgia

Robert D. Leff
University of Minnesota
Duluth, Minnesota

James C. C. Leisen
Henry Ford Hospital
Detroit, Michigan

Angela Ki Che Leung
Sun Yat-Sen Institute for Social
Sciences and Philosophy

Nankang, Taiwan, Republic of China

Jeffrey Levin
Phipps and Levin Dentistry
Bowling Green, Ohio

Jerrold E. Levy
University of Arizona
Tuscon, Arizona

Leslie Sue Lieberman
University of Florida
Gainesville, Florida

Elizabeth Lomax
University of California
Los Angeles, California

Irvine Loudon
Green College
Oxford, England

Maryinez Lyons
University of London
London, England

W. 1. McDonald
Institute for Neurology
The National Hospital
London, England

F. Landis MacKellar

Unité de Planification de la
Population

Lome, Togo

Sally McMillen
Davidson College
Davidson, North Carolina

James McSherry
Queen’s University
Kingston, Ontario, Canada

Lois N. Magner
Purdue University
West Lafayette, Indiana

Gerald Markowitz

John Jay College of Criminal Justice
City University of New York

New York, New York

Leslie B. Marshall
University of Iowa
Iowa City, Iowa

Steven C. Martin

Albert Einstein School of Medicine
Bronx, New York

Pauline M. H. Mazumdar
University of Toronto
Toronto, Canada

Melinda S. Meade
University of North Carolina
Chapel Hill, North Carolina

Xix

David F. Musto
Yale University School of Medicine
New Haven, Connecticut

Joseph Needham
The Needham Research Institute
Cambridge, England

James L. Newman
Syracuse University
Syracuse, New York

John K. Niparko

University of Michigan Medical
Center

Ann Arbor, Michigan

Ynez Violé O’Neill
University of California
Los Angeles, California

Donald J. Ortner

National Museum of Natural History
Smithsonian Institution

Washington, D.C.

S. R. Palmer

Centre for Communicable Disease
Surveillance

London, England

Katharine Park
Wellesley College
Wellesley, Massachusetts

Bernard M. Patten
Baylor College of Medicine
Houston, Texas

K. David Patterson
University of North Carolina
Charlotte, North Carolina

Gordon J. Piller
Leukaemia Research Fund
London, England

Jacques Poirier

Centre Hospitalier
Universitaire Henri Mondor
Créteil, France

Heather Munro Prescott
Cornell University
Ithaca, New York

Jack D. Pressman

Institute for Health, Health Care
Policy, Aging Research

Rutgers-Princeton Program in
Mental Health Research

New Brunswick, New Jersey

Cambridge Histories Online © Cambridge University Press, 2008



XX

Diane Quintal
University of Ottawa
Ottawa, Ontario, Canada

Ann Ramenofsky
University of New Mexico
Albuquerque, New Mexico

Oscar D. Ratnoff
University Hospitals of Cleveland
Cleveland, Ohio

R. T. Ravenholt
World Health Surveys Incorporated
Seattle, Washington

James C. Riley
Indiana University
Bloomington, Indiana

Guenter B. Risse
University of California
San Francisco, California

David Rosner

Bernard Baruch College and
Mt. Sinai School of Medicine

New York, New York

Richard B. Rothenberg
Centers for Disease Control
Atlanta, Georgia

Mohammed Said
Hamdard Foundation
Karachi, Pakistan

Todd L. Savitt

East Carolina University School of
Medicine

Greenville, North Carolina

Clark T. Sawin
Veterans Administration
Boston, Massachusetts

Shigehisa Kuriyama
Emory University
Atlanta, Georgia

Victor W. Sidel

Montefiore Medical Center/Albert
Einstein College of Medicine

Bronx, New York

Dale Smith

Uniformed Services University of
Health Sciences

Bethesda, Maryland

Reinhard S. Speck
University of California
San Francisco, California

David E. Stannard
University of Hawaii
Honolulu, Hawaii

Jerry Stannard
University of Kansas
Lawrence, Kansas

R. Ted Steinbock
Baptist Hospital East
Louisville, Kentucky

Edward G. Stockwell
Bowling Green State University
Bowling Green, Ohio

Shoji Tatsukawa
Kitasato University
Kanagawa-Ken, Japan

David N. Taylor

Walter Reed Army Institute of
Research

Washington, D.C.

Keith W. Taylor
Cornell University
Ithaca, New York

Contributors

Steven A. Telian

University of Michigan Medical
Center

Ann Arbor, Michigan

Gretchen Theobald
Smithsonian Institution
Washington, D.C.

Bradford Towne

Southwest Foundation for Biomedical
Research

San Antonio, Texas

Paul U. Unschuld

Institut fir Geschichte der Medizin
Ludwig-Maximilians-Universitit
Munich, Germany

Oscar Urteaga-Ballén
University of San Marcos
Lima, Peru

James Whorton
University of Washington
Seattle, Washington

Lise Wilkinson
University of London
London, England

Thomas W. Wilson

Charles R. Drew University of
Medicine and Science

Martin Luther King, Jr., General
Hospital

Los Angeles, California

H. V. Wyatt
University of Leeds
Leeds, Yorkshire, England

Cambridge Histories Online © Cambridge University Press, 2008



Preface

Over the past few decades or so, scholars and the
public alike have been made increasingly aware of
the role pathogens have played in shaping the his-
tory of humankind — an awareness now underscored
by Quincentenary literature and exhibitions, which
depict disease as a potent ally of the Spanish explor-
ers and conquerors of the Americas. Certainly the
swath that disease cut into the ranks of the Indians,
and the chain of events the thinning of those ranks
set in motion, constitute a vivid example of the im-
portance of epidemiology in the unfolding of the his-
torical process — a process that quickly spilled over
from the Western Hemisphere to influence pro-
foundly events in Africa, Europe, and ultimately the
entire globe.

Yet this example, however compelling, can be as
misleading as it is instructive when it creates the
impression that the forces unleashed by pathogens
in the Americas were products of circumstances that
render them discrete. In fact, as the pages that fol-
low demonstrate, pathogens have wielded (and are
wielding) a similar dramatic and decided power over
the history of all peoples everywhere throughout the
whole of humankind’s stay on the planet.

To make such a demonstration in substantial de-
tail and from many different angles is one of the
major purposes of this work. Another is to provide a
place to start for others who wish to elaborate a
biological dimension for their own research. A final
purpose is to encapsulate what this generation

knows or thinks it knows about disease and history
as an artifact for generations to come.

One of the most striking features of world health
today that scholars of those generations (as well as
our own) will doubtless struggle to explain is the
widely varying differences in infant, child, and adult
mortality rates from region to region (as well as
within regions) and the causes that generate those
rates. In those less developed areas that embrace the
majority of the world’s population, the diseases that
winnow human ranks remain, for the most part, the
very killers that brought death to distant ancestors.
In the world’s more developed portions, however,
new maladies of old age, such as heart diseases,
cancer, and Alzheimer’s disease, have supplanted
communicable and deficiency diseases as the great-
est outlets of human life.

Such differences confront us with political, eco-
nomic, social, and certainly moral questions-
questions that make the study of health in the less
developed world a very pressing matter indeed. For
this reason we have endeavored to bring the epide-
miological history of that world right up to the pres-
ent. Yet because of a certain “sameness” in the his-
tory of disease of the developed countries we felt no
such obligation, but rather permitted these regional
treatments to “trail off” and let topical entries such
as “Alzheimer’s Disease,” “Concepts of Cancer,”
“Concepts of Heart-Related Diseases,” and the like
continue the story into the twentieth century.
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Introduction

Between 1860 and 1864, August Hirsch published his
monumental Handbuch der historisch-geographi-
schen Pathologie in two volumes. In 1881 he finished
an introduction to an updated edition, which Charles
Creighton translated from German into English.
This opus, published by the New Sydenham Society
in three volumes, appeared during the years 1883 to
1886 and was entitled Handbook of Geographical and
Historical Pathology. The Handbook represented a
Herculean effort to detail the distribution of diseases
of historical and geographic interest in time and in
place.

Our work represents a similar undertaking, but
with a major difference. In the second half of the
nineteenth century, the dawn of germ theory, it was
still possible (as Hirsch proved) for an individual
working alone to produce a compilation of this sort.
Today even the contemplation of such an attempt
boggles the mind. The Cambridge World History of
Human Disease project was launched in 1985 as a
collective effort of some 160 social and medical scien-
tists to provide at the close of this century something
of what the Hirsch volumes provided at the end of
the preceding century. We hope that, like the Hirsch
volumes, our own effort will aid future students of
health and disease in grasping our present-day un-
derstanding of diseases in their historical, spatial,
and social dimensions.

Another important purpose of the project is to
make available an understandable and accessible
history of disease to social scientists and humanists
in their many varieties. As historians, geographers,
anthropologists, and other researchers have become
increasingly aware of the importance of adding a
biological dimension to their work, they have found
the usual medical tomes, with their unfamiliar ter-

minology and concepts, daunting indeed. We do not,
however, ignore the needs of specialists in the many
fields our work encompasses. Most of the following
essays have been written by specialists, and all have
been refereed by one or more of our board members,
who are also specialists.

Parts I Through VIII

Part I of the work presents the major historical roots
and branches of medical thought from ancient times
to the twentieth century, and introduces the reader
to the interplay of human migration, epidemiology,
and immunology. Some may be interested to learn
that despite popular notions about the antiquity of
Chinese medicine, it actually trailed behind medi-
cine in the West as a systematic discipline.

Part II deals with concepts of disease in the East
and in the West, as well as with concepts of complex
physical and mental ailments, the emphasis being
on how those concepts have changed over time. As
medicine has become more a science and less an art,
it has helped to tame yesterday’s plagues, which
capriciously brought sudden death so frequently to
s0 many. As a result, many now have the question-
able privilege of living long enough to develop can-
cer or heart-related illnesses, which have sup-
planted infectious disease and malnutrition in the
developed world as the most important causes of
death. Increasing life expectancy has also contrib-
uted to the growth of that branch of medicine that
deals with disorders of the mind and that, as Vern
Bullough points out, has tended over time to appro-
priate for itself the right to decide what is deviant in
sexual as well as other matters.

Some chapters in Part IIl deal with the inheritance
of disease. Certainly one can inherit genetic diseases
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just as one can inherit disease immunities. Some
disease immunities are acquired, but even these can
be viewed as a heritage of the disease environment of
one’s birth. Children “inherit” what might be consid-
ered special illnesses because of their age, and the
heritage of human-modified environments has fre-
quently been famine, illnesses of malnutrition, and
illnesses triggered by occupation. In addition, the
“heritage” of habits can often produce illness, as is
made clear in the essays on substance abuse and
tobaccosis (along with those on cirrhosis and emphy-
sema in Part VIII). The remaining chapters of Part
III deal with efforts outside mainstream medicine to
prevent and control disease; these include public
health projects and the rise of chiropractic —a sys-
tem of alternative medicine.

Part IV is essentially demographic. It focuses on
measuring the health of various groups by nutri-
tional status, by morbidity, and especially by mortal-
ity. An extremely important contribution of this sec-
tion derives from the methodological questions that
are raised.

The following three parts provide regional histo-
ries of disease around the globe from prehistory to
the present. Part V concentrates on Europe, the Mid-
dle East, Africa, and most of the Americas, whereas
Part VI is devoted to Asia. We have employed two
types of historical division in these sections—
Western idiosyncratic divisions in Part V and the
more straightforward (and convenient) divisions of
“ancient,” “premodern,” and “modern” for Asia in
Part VI. Part VII completes the regional treatment
by presenting a larger picture of changing disease
ecologies. In addition to encapsulating the more de-
tailed discussions of Europe, the Americas, Africa,
and Asia that appear in Parts V and VI, this section
deals with two more geographic areas — the Carib-
bean and Australia/Oceania. Because of their diver-
sity and relatively small populations, they were
omitted from the history sections.

Collectively, the essays in Parts V through VII
reveal how much more is known about the history of
disease in Europe and the Americas than in the rest
of the world. There are a number of reasons for this,
but three stand out. One is that anthropologists and
other investigators of diseases that afflicted our dis-
tant ancestors have been considerably more active
in the West than elsewhere. The second is that West-
ern medical observers have historically been more
empirically oriented than their philosophically in-
clined counterparts elsewhere. The third reason is
that Western observers have had greater opportuni-
ties to observe a greater variety of illnesses. From
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the Renaissance onward, increasing urbanization
created more and larger breeding grounds for dis-
ease in Europe. In addition, the expanded travel of
Europeans into the larger world — travel fraught
with pathogenic peril — introduced them to still
more diseases. All of this seems to have stimulated a
compulsiveness in the West to give names to ill-
nesses, which was not shared by medical practitio-
ners elsewhere.

Part VIII discusses the history and geography of
the most notable diseases of humankind in alphabeti-
cal order, from AIDS through yellow fever. Most
essays are divided by the subheadings definition,
distribution and incidence or prevalence, epidemi-
ology, etiology, clinical manifestations and pathology,
and history and geography. However, because of the
variable nature of illnesses, some essays are orga-
nized in a way that is more suitable to the topic
under discussion.

In Part VIII readers will encounter some disease
entities discussed under archaic names, because
they occur with some frequency in historical works.
In certain cases we know what disease entity or
entities they were intended to describe. The term
catarrh, for example, was used in the past (and occa-
sionally is still used) to label a variety of conditions
that produced an inflamation of the mucous mem-
branes of the head and throat. In other instances,
such as chlorosis, which was proabably often ane-
mia, we kept the name because it specifically signi-
fies a “disease” recognized in the past as one that
struck mostly young women. However, in the case of
other ephemeral diseases such as sweating sickness,
typhomalarial fever, and the plague of Athens, we
had no choice but to use the archaic terms because to
this day we can only guess what they were.

Most of these ailments are found in Hirsch under
their now archaic names. He did not, of course, dis-
cuss AIDS or other newly discovered, extremely
deadly infections such as Ebola virus disease, Lassa
fever, or Legionnaires’ disease, or illnesses such as
Alzheimer’s disease that were not recognized as spe-
cific clinical entities when Hirsch wrote. Others,
however, like poliomyelitis are treated in his work
under a different name (in this case, epidemic
cerebrospinal meningitis). Indeed, what is striking
about a comparison of the illnesses discussed in our
volume and those dealt with by Hirsch is how few
diseases have disappeared and how few new ones
have arisen to take their places in the century that
divides the two efforts. Perhaps most striking of all,
however, is the change in emphasis. When Hirsch
wrote, the world was still ignorant of the causes of
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epidemic diseases. Today, it is the chronic diseases
such as cancer, Alzheimer’s disease, and heart-
related ailments about which we are most ignorant.

Indexes, Overlap, and Illustrative
Materials

By means of two detailed indexes we have attempted
to make the information in this work as useful, and
accessible, as possible. The larger, general index pro-
vides many cross-references and historical syn-
onyms for diseases. The second index lists proper
names and supplies the dates and a brief biographi-
cal sketch of all historical figures in medicine men-
tioned by more than one author. Thus, it is possible
to consult an entry on, say, the perception of disease
in Asia during the eighth century (Parts I and II); to
turn to another entry on the impact of smallpox and
other epidemic diseases in eighth-century Japan
(Part VI); to read another entry that discusses small-
pox as a disease entity and provides its history; to
discover something about Edward Jenner in the in-
dex of names; and then, using the general index, to
trace the course of smallpox over time and around
the globe.

The fact that this is possible means that there is
some overlap. Yet from the outset it was decided that
each essay should stand on its own. Thus, some repe-
tition was not only inevitable but even desirable.
Indeed, given the variety of methods and approaches
employed by the contributors, what might be
thought to be duplication is often scrutiny of a ques-
tion with different lenses. Still, much overlap has
been avoided because of the different approaches.
Medical scientists tend to emphasize subjects that
social scientists do not, and among the latter, anthro-
pologists, demographers, economists, geographers,
and historians all manage to disagree (not always
cheerfully) about what is important. The various
disciplines have also dictated an uneven deployment
of illustrative materials. Geographers use maps; de-
mographers, charts and graphs; anthropologists, dia-
grams; whereas historians all too often believe that
their words are descriptive enough.

Overview
Despite the diversity, some consensus can be gleaned
from the essays, and the epidemiological overview
presented here is an attempt to highlight some new
findings and old answers as well as the many peren-
nial questions that remain unanswered.
Hunter-gatherers and early agriculturalists of the
Old World, although hardly disease free, are gener-
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ally held to have been free of epidemic diseases as
well as of many other illnesses now regarded as
“diseases of civilization.” In fact, there is some agree-
ment that the cradle of many epidemic viral ail-
ments, such as smallpox, was ancient South Asia,
which was among the first regions to develop civiliza-
tions large enough to support these ailments. From
there the diseases traveled east to China and then
accompanied Buddhist missionaries to Korea and
Japan.

Much evidence suggests that the West was rela-
tively free of eruptive fevers such as smallpox, mea-
sles, and rubella until the first millennium A.D.,
when they finally settled in. These fevers are not
mentioned in Greek texts, and as Stephen Ell points
out in his study of the disease ecologies of Europe,
the military fortunes of the Romans and their ene-
mies do not seem to have been influenced by the
kinds of diseases that decimated later European
armies — or at least this influence was not felt until
very late in the Empire’s decline. But at that time,
the eruptive ailments had apparently taken root, as
is indicated by a change in Roman strategy and by
the fate of wave after wave of invaders who enjoyed
initial success only to go finally into sharp decline.

It is now clear that leprosy was a serious health
problem for Europeans during much of the Middle
Ages. Excavations of leper cemeteries leave no doubt
that those interred were suffering from that disease
and not something else such as yaws, as earlier
writers have argued. The reason or reasons for the
disappearance of leprosy remain subject to dispute.
Some researchers believe that it had to do with the
rise of tuberculosis — a disease that provides some
immunity to leprosy; others argue that the plague
killed so many lepers that the disease itself died out.

As for the plague, a great number of the questions
regarding its course in Europe remain unanswered.
It is generally accepted that it originated in the
Himalayan borderlands between India and China
and that the plague of Justinian (542-3), which
reached Europe by 547, was in fact bubonic plague.
But why it disappeared from Europe for some 800
years remains a mystery. Plague certainly seems to
have been active in China during this period. The
circumstances of its reappearance are also obscure.
Our authors note that it may have reached the West
from the Middle East. But the most likely explana-
tion is that a plague epidemic began in China in
1331, found its way to the Crimea by 1346, and then
diffused over Europe. Yet how this disease could
linger on for centuries, very possibly without a
sylvatic focus and with little evidence of widespread
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rat mortality, has not been explained. Nor have the
circumstances of the eventual disappearance of
plague from western Europe in the late seventeenth
and early eighteenth centuries been determined. Ex-
planations ranging from a mutation of the bacillus
to the rise of strong governments able to regulate
trade (and, often by accident, disease) continue to be
advanced.

Among scholars of diseases in the Americas, there
is a noticeable tendency to accept the notion that
much larger Indian populations developed in isola-
tion from the rest of the world than has previously
been believed. Indeed, even the now nearly empty
Amazon basin was teeming with them. Like the Old
World hunter-gatherers, these people were not dis-
ease free. Intestinal parasites, a form of tuberculosis
that may have become extinct, encephalitis, and
hepatitis tormented them along with some kind or
kinds of treponemal infection, and in certain locales,
such uniquely American ailments as Carrién’s dis-
ease and Chagas’ disease were present. But despite
the fact that some populations were dense enough to
host them, neither the Old World epidemic diseases,
nor malaria or yellow fever, infected the native
Americans. If the Indians lacked pathogens to kill
them, they seem to have made up for it by violence,
because burial sites often reveal that trauma was an
important cause of death.

European diseases changed this state of affairs —

abruptly in the case of Caribbean Indians, some-
what more slowly in the Inca and Aztec empires, and
substantially more slowly among other groups in
Brazil and North America. But it is generally con-
ceded that, despite locale, about 90 percent of the
population eventually died out before demographic
recovery began. Ann Ramenofsky has pinned down
at least 13 diseases that arrived in the Americas
with the Europeans and Africans during the first
two centuries after the discovery of the American
continent: viral diseases including influenza, mea-
sles, mumps, rubella, smallpox, and yellow fever;
bacterial ailments embracing pneumonia, scarlet fe-
ver, pertussis, anthrax, and bubonic plague; typhus,
whose causative microorganism stands midway be-
tween a virus and bacteria; and one protozoal
infection — malaria. There is general agreement
that, outside of Brazil, smallpox was the most devas-
tating disease, though there is puzzlement as to how
a relatively benign disease suddenly became deadly
in Europe as well as the Americas in the sixteenth
century. But all authors concerned with the matter
point out the devastating impact of disease after
disease sweeping over a people and the social disloca-
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tion caused by the death of adults who normally
provided food and care for the young and the old.
Malaria is blamed for having depopulated much of
the interior of Brazil, which brings us to still other
Old World ailments, and to Africa.

If it is generally conceded that Asia was the cradle
of many of the illnesses so far discussed (i.e., dis-
eases that probably reached humankind via domesti-
cated animals), there is no doubt that Africa was the
cradle of another group of illnesses — those of wild
animals and thus diseases that in many instances
antedated the human species. These African dis-
eases include some malarial types and other proto-
zoal infections, such as African trypanosomiasis,
which first infected our primate predecessors, as
well as viral infections such as yellow fever and
dengue.

Malaria, of course, has plagued India and China
for millennia. But Africans and those of African
descent living elsewhere around the globe are al-
most completely refractive to vivax malaria. This
suggests that they have had the longest experience
with what is generally believed to be the most an-
cient of the malarial types to affect humans. Indeed,
because black Africans are so refractory to vivax
malaria, the disease has disappeared from almost
all of sub-Sahara Africa. By contrast, falciparum
malaria, which is the most deadly of the malarial
types, is also the newest; it too seems to have an
African origin (or at least to have plagued Africans
the longest), because Africans have by far the great-
est variety and highest frequencies of genetic de-
fenses against it.

Nonetheless, falciparum malaria spread out across
the Sahara desert to take up residence around the
Mediterranean and to become a serious threat in
classical times, whereas vivax malaria had diffused
much earlier over much of the globe. Vivax malaria
doubtless reached the New World in the blood of early
Spanish conquistadors, and falciparum malaria in
the blood of the first slaves to be imported, if not
before. Yellow fever, by contrast, was confined to Af-
rica until the slave trade brought it to the Americas
in the mid-seventeenth century. It seems to have be-
gun tormenting European cities only in the eigh-
teenth century, and never became established in Asia
despite a plethora of suitable vectors, as well as mon-
key and human hosts. One possible explanation for
the latter is that Asia supports so many other group B
arborviruses that there has been no room for another.

In any event, such was not the case in the Ameri-
cas. Both malaria and yellow fever joined in the
slaughter of Indians; in the Caribbean this African
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wave of disease, coming hard on the heels of the
European wave, almost obliterated them. But Afri-
can diseases also killed whites, while sparing blacks,
who seemed immune to both. These differences in
susceptibility suggested to the Europeans that nei-
ther Indians nor whites could survive hard labor in
warmer regions of the hemisphere. This brought
about an accelerated slave trade and, of course, an
accelerated flow of African pathogens to the New
World. Indeed, much of tropical and subtropical Amer-
ica became more an extension of the African disease
environment than of the European, until late in the
nineteenth century. Even smallpox arrived from Afri-
can, as opposed to European, reservoirs.

Whether the Indians gave syphilis to the rest of
the world is a question taken up by a number of
authors in this work. The biological anthropologists
report that the treponemal lesions found in the bones
of pre-Columbian Indians are probably not those of
syphilis (as previously thought), or at least not of
syphilis as we know it today. Moreover, the ability of
Indians to resist the disease, which has been taken
by some as proof of its pre-Columbian presence in
the Americas, can be explained to some extent by
the prevalence of pinta and perhaps nonvenereal
syphilis — both milder forms of treponemal disease
that nonetheless would have provided some cross-
immunity. Also, our authors take into account the
opinion of European physicians who claimed that
the syphilis they saw at the beginning of the six-
teenth century was simply a more virulent form of
an old disease they had always treated. In view of
these circumstances it is tempting to speculate that
two treponemal infections, one from the Old World
and the other from the New World, somehow fused to
become the disease that ravaged Europe for more
than a century before becoming more benign.

Somewhere around the beginning of the eigh-
teenth century, Europe’s population began to in-
crease and, despite fits and starts, has continued to do
so. How much of this growth can be credited to im-
proved nutrition, the abatement of disease, increas-
ing fertility and decreasing infant and child mortal-
ity, medical intervention, the growth of nation-states
and improved public health, and changes in human
attitudes and behavior has long been a subject of
considerable debate. Stephen Kunitz believes that all
are important factors and that no single one provides
a full explanation. Nonetheless, he, along with other
authors considering the problem in Asia, does stress
the importance of the growth of cities in which dis-
eases could become endemic and thus transformed
into childhood ailments.
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Meanwhile, from the 1770s onward, the natives of
Australia and Oceania were subjected with increas-
ing ferocity to the same trial by disease that had
begun almost two centuries earlier in the Americas.
And according to David Stannard, the results were
similar, at least in Hawaii, where he places the popu-
lation decline at 90 percent and blames smallpox, as
well as other epidemic illnesses and venereal dis-
ease, for both increased mortality and reduced fertil-
ity. Elsewhere the process was often more gradual
and is unfortunately still ongoing in some places,
such as Brazil and Colombia.

As the world’s cities grew in importance, so did
tuberculosis, in both Asia and the West. Our authors
leave no doubt about the relationship between urban-
ization and tuberculosis. Yet the disease began reced-
ing while urbanization was still accelerating and
long before medicine had acquired its therapeutic
“magic bullet.” This leaves still another unresolved
medical mystery, although it would seem that the
explanation lies somewhere within the parameters
of improving nutrition and the development of resis-
tance to the illness.

Crowded nineteenth-century cities with poor sani-
tation and impure water supplies were natural tar-
gets for another of the plagues from India — Asiatic
cholera. In his essay, Reinhold Speck demonstrates
the role of the British army in unwittingly unleash-
ing the disease. He traces each of the pandemics,
straightens out the problem of dating one of them,
and shows how cholera did much to emphasize the
importance of public health and sanitation programs.

The end of the 1800s brought an understanding of
the role of vectors in a number of diseases, including
malaria and yellow fever, and this along with an
increase in the production of quinine permitted the
Europeans finally to venture beyond the coasts into
the interior of Africa. Tropical medicine became an
integral part of colonizing efforts, although as both
Maryinez Lyons and K. David Patterson make clear,
the initial aim was not so much to help those colo-
nized as it was to preserve the health of the coloniz-
ers. Moreover, in modifying environments to suit
themselves, the latter inadvertently facilitated the
spread of such illnesses as African trypanosomiasis,
onchocerciasis, schistosomiasis, and leishmaniasis.

The twentieth century dawned with the principles
of germ theory still being digested by the world’s
medical community. As our authors on Asia and
Africa indicate, Western medicine has (perhaps fortu-
nately) not always supplanted local medicine but
rather has often coexisted with it. Nonetheless, the
effectiveness of Western medicine in combating

Cambridge Histories Online © Cambridge University Press, 2008



6

trauma and illnesses such as rabies, cholera, ty-
phoid, gangrene, puerperal fever, and yaws was
quickly recognized.

Yet Western medicine was completely over-
whelmed as influenza became the next great plague
to sweep the earth just as World War I was winding
down. As Alfred Crosby emphasizes, although the
case mortality rate for the disease is low, the disease
killed upward of 30 million across the globe, making
it perhaps the “greatest single demographic shock
that the human species has ever received.” Nor did
the dying cease after the pandemic was over: AsR. T.
Ravenholt reveals in his essay on encephalitis lethar-
gica, this illness was a peculiar sequela to the so-
called Spanish flu.

After the influenza epidemic, the developed world
enjoyed perhaps its first extended respite from epi-
demic disease since classical times. Medical science
made great strides in understanding and control-
ling infectious illnesses. Because of the emphasis on
germ theory, however, the etiologies of nutritional
ailments remained elusive for a time, but eventu-
ally those of beriberi, pellagra, rickets, and scurvy
were unraveled and the role of vitamins discovered.
In the tropical and subtropical worlds, Rockefeller
programs were launched to rid these regions of
long-standing illnesses, and if hookworm disease
and yellow fever were not eradicated as had been
confidently expected, at least much was learned
about their control.

Rickettsial diseases have always been trouble-
some for armies. Typhus has been credited with de-
feating Napoleon in Russia, and during World War I
the disease killed some 2 million to 3 million soldiers
and civilians. But in World War II and its aftermath,
important advances were made in combating rickett-
sial diseases. In addition, new drugs were developed
against malaria.

As the authors writing on the ailments of infants
and children make evident, the young have histori-
cally suffered most from epidemic and endemic dis-
eases. But in the past several decades this has been
changed by the development of antibiotics and by
accelerated worldwide programs of vaccination. In
fact, as Alfred Crosby points out, in his essay on
smallpox, one of these programs led by the World
Health Organization appears to have ended the ca-
reer of that disease, which killed so many for so long.
Poliomyelitis, which briefly loomed as another of the
world’s great plagues, was also brought under con-
trol by similar programs, although as H. V. Wyatt
reminds us, such efforts are not without some risk
and the disease lingers in many parts of the world.

Introduction

Unfortunately, other diseases of the young con-
tinue to be prevalent, especially in the developing
world, where protein—energy malnutrition, respira-
tory infections, dysenteries, and helminthic and pro-
tozoal parasites, separately and working in concert,
kill or retard the development of millions each year.
As our specialists make clear, much headway must
be made in that world against other potentially crip-
pling ailments such as yaws, leprosy, and ophthal-
mia. Some malarial strains have become drug resis-
tant, and continued dengue epidemics, carried by
the same vectors that spread yellow fever, raise the
very real possibility of yellow fever making a come-
back in the Western Hemisphere, as it seems to be
doing in parts of Africa.

In the developed world, chronic diseases such as
cancer, heart-related illnesses, and Alzheimer’s dis-
ease have supplanted infectious diseases as the im-
portant killers, and increasingly the role of genes in
the production of these diseases has come under scru-
tiny. In addition, medicine has concentrated on un-
derstanding the genetic basis for such diseases as
cystic fibrosis, Down syndrome, epilepsy, favism,
hemophilia, Huntington’s disease, leukemia, multi-
ple sclerosis, muscular dystrophy, Parkinson’s dis-
ease, sickle cell anemia, and Tay-Sachs disease.
Some of these, such as sickle-cell anemia, favism,
and possibly Tay-Sachs disease, are an unfortunate
result of the body’s evolutionary attempt to protect
itself against other diseases.

As this research has gone forward, it has become
clear that many other disease conditions, such as
lactose intolerance and diabetes, are strongly influ-
enced by heredity. Leslie Sue Lieberman argues that
in the latter instance a “thrifty gene” left over from
the feast and famine days of our hunter-gatherer
ancestors may be at work. Genes also play a vital
role in selecting cancer and heart disease victims or
even gout patients, although in these cases genetic
predisposition can often be modified by behavioral
changes — and to that extent these illnesses can be
viewed as human made. No wonder, then, that there
has been a recent upsurge of concern about the air
we breathe and the food and other substances we
take into our bodies.

It may well be that environmental factors are
bringing us back face to face with epidemic illnesses.
For example, as more and more individuals are enter-
ing our shrinking rain forests, new and deadly vi-
ruses are being released into the rest of the world. In
fact, AIDS, which almost certainly originated in non-
human primates, has become a plague of such propor-
tions that it may eventually be ranked along with
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the Black Death, smallpox, cholera, and influenza as
among the most disastrous epidemic scourges of hu-
mankind. In addition, as Wilbur Downs shows, other
extraordinarily lethal viruses such as Ebola, Mar-
burg, and Lassa also lurk in these rain forests and
pose a serious threat to us all.

When Hirsch wrote in the preceding century, few
understood and appreciated the extent to which hu-

7

mans have created their own disease ecologies and
their own diseases by the ways they live and the
ways they manipulate their environments. As we
approach the twenty-first century, we have finally
begun to acquire that understanding. Whether at
the same time we have acquired a sufficient appre-
ciation of what we have done is another matter.
Kenneth F. Kiple
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I.1. Western Medicine from Hippocrates to Germ Theory 11

L1
History of Western Medicine

from Hippocrates to Germ
Theory

Greece and Rome

Before the fifth century B.C., ancient Greece had
physician-seers (iatromantis) who combined magical
procedures and drug treatments, and wound healers
deft at caring for battlefield trauma. Another group
of practitioners were engaged in medical dietetics, a
tradition that developed primarily in response to the
needs of athletes. Ultimately, it encompassed not
only questions regarding exercise, bathing, and re-
laxation, but the regulation of food and drink for all
citizens. All of these traditions eventually merged
around 500 B.C. into a techne iatriche, or healing
science, that sought to define its own intellectual
approach and methodology. For this purpose, the
new medicine adopted a theoretical framework capa-
ble of explaining the phenomena of health and ill-
ness. The new techne was also heavily dependent on
clinical observations from which careful inferences
and generalizations were derived.

The foremost representative of classical Greek
medicine was Hippocrates, a prominent practitioner
and teacher who came to personify the ideal Western
physician. Within a century of his death in 370 B.C.,
several unknown disciples wrote nearly 60 treatises,
come clinical and some theoretical, on medical sub-
jects differing widely in content and style. This col-
lection of writings, which comprised a comprehen-
sive and rational healing system usually known as
“Hippocratic” medicine, emphasized the individual
patient. Its practitioners focused exclusively on
physical factors related to health and disease, includ-
ing the immediate environment. Indeed, among the
most famous works of the Hippocratic corpus was
the treatise Airs, Waters, and Places, an early
primer on environmental medicine. Another was
Epidemics, a day-to-day account of certain patients,
and a third was Regimen, a prescription of diet and
life-style conducive to health.

For the ancient Greeks, health was a state of bal-
ance among four bodily humors: blood, phlegm, yel-
low bile, and black bile. Each had a specific bodily
source, a pair of fundamental qualities, and a par-
ticular season in which it could be produced in ex-
cess. The blood, for example, was elaborated in the

liver, was hot and moist, and was prone to overflow
during the spring. Not only were humors the mate-
rial and dynamic components of the body, but their
ever-imperfect and labile mixture was responsible
for a person’s psychological makeup, or “tempera-
ment,” as well as for deficiencies in bodily constitu-
tion that created susceptibilities to disease.

Illness thus occurred when the humoral balance
was upset either by a lack of proper nourishment or
by the imperfect production, circulation, and elimi-
nation of the humors. The physician’s goal was to
restore a healthy balance through the use of diet,
rest, or exercise and a limited number of drugs, all
capable of aiding the natural healing powers be-
lieved to exist in every human being.

This somewhat conservative approach of merely
assisting nature and above all not harming the sick
characterized the method of Hippocratic physicians.
It was congruent with the rather tenuous social posi-
tion of the early Greek healer, often an itinerant
craftsman entirely dependent on his personal reputa-
tion because the country lacked an educational and
licensing system for medical professionals. Given
the elementary state of medical knowledge as re-
flected in the absence of properly identified disease
entities, the demands made of Hippocratic healers
were simple prognostications — will the patient live
or die? — and ideally some amelioration of symptoms
by complementing the healing forces. Unfettered by
religious barriers, although coexisting with a reli-
gious healing system based on the cult of Asclepius
(the god of medicine), the techne iatriche prospered
within the flexible tenets of humoralism, a cultural
system that was widely shared by healers and their
patients and that allowed for the gradual inclusion
of new clinical observations.

After the death of Alexander the Great in 323 B.C.
and the partial dismembering of his empire, Egypt
flourished under the rule of the Ptolemies. Alexan-
dria, the chief cultural and commercial center, be-
came famous for its library and museum, attracting
manuscripts and scholars from the entire Hellenistic
world. In addition to collecting medical literature,
scholars such as Herophilus of Chalcedon and
Erasistratus of Cos carried out systematic human
dissections, identifying structures of the circulatory
and nervous systems, the eye, and the female repro-
ductive organs.

Given the limitations of contemporary medical
knowledge, as the Hippocratic healing profession be-
gan to compete for upper-class patronage serious de-
bates ensued about the value of medical theory and

Cambridge Histories Online © Cambridge University Press, 2008



12

bedside expertise. Two “sects,” the Dogmatists and
Empiricists, first became involved in this dispute.
The former, led by Praxagoras of Cos, emphasized the
need for theoretical knowledge in medicine, espe-
cially to establish plausible explanations for the
phenomena of health and disease. The Empiricists,
under the guidance of Herophilus, revolted against
excessive speculation and expressed skepticism
about the value of medical theory, placing instead
greater emphasis on bedside experience. Two centu-
ries later, a third group of Greek physicians residing
in Rome —the Methodists — espoused a simplistic
view of bodily functioning and restricted their treat-
ments to bathing, diet, massage, and a few drugs.

In Rome, healing was essentially a popular skill
practiced by heads of families, slaves, and foreign-
ers. A lack of regulations and low social status con-
tributed to a general mistrust of physicians. An ex-
ception, however, was the respect accorded to Galen
of Pergamon of the second century, a well-educated
follower of Hippocratic medicine who managed to
overcome the schisms of sectarianism. A prolific
writer who authored hundreds of treatises, Galen
also carried out anatomic dissections and physiologi-
cal experiments on animals. He successfully inte-
grated his extensive clinical experience, which he
acquired mainly as a surgeon to performing gladia-
tors, into his basic theoretical knowledge, providing
medicine with a comprehensive system destined to
survive for nearly 1,500 years.

Early Christian Era, East and West

After the collapse of the Roman Empire, Western
medicine experienced a period of retrenchment and
decline. Healing became an important act of Chris-
tian charity, a divine gift freely provided within the
framework of the new church and not restricted to
professional physicians. Given this religious orienta-
tion, Christians healed through the confession of
sins, prayer, the laying on of hands, exorcisms, and
miracles, occasionally performed by saints or church
fathers.

In Byzantium, the Christian magical-religious
healing flourished side by side with the earlier ra-
tional Greco-Roman medicine in spite of frequent
tensions, especially because physicians often ex-
acted exorbitant payments for their services. Sev-
eral of them, including Oribasius of the fourth cen-
tury, Aetius of Amida and Alexander of Tralles of
the sixth century, and Paul of Aegina of the seventh
century, compiled and preserved ancient medical
knowledge and with their writings made Galen the
central medical authority for the next 500 years.

I. Medicine and Disease: An Overview

Faced with a growing population and adverse eco-
nomic conditions, the early Christian church created
a number of philanthropic institutions. The provi-
sion of shelter and food for the poor and for strangers
was extended to several forms of health care in
houses called xenones (hostels) and more specifically
nosokomeia (places for the sick). Among the first was
an inn built by Bishop Basil around 375 in Caesarea,
which was apparently staffed by nurses and physi-
cians. Two decades later similar institutions opened
their doors in Constantinople, and thereafter such
hospitals proliferated in other major commercial cit-
ies of the Byzantine Empire.

In western Europe, monks played an important
role in Christian healing as well as in the collection
and preservation of medical manuscripts. Whereas
Augustinian monks lived a life of isolation and
prayer, the followers of Benedict created working
communities that cared for their sick brethren as
well as visitors and transients. Monasteries such as
the cloister of Monte Cassino, founded in 529, and
the cathedral schools after the year 800 became
heirs to fragments of classical medical knowledge.
Many Benedictine monasteries — such as St. Gall (c.
820) - continued both a hospitale pauperum for pil-
grims and an infirmarium for sick monks and nov-
ices. Monasteries were constructed along important
roads or in surviving Roman towns, notably in south-
ern France and Italy. Sick care was dispensed as part
of the traditional Christian good works. By contrast,
medical treatment under the supervision of physi-
cians remained sporadic.

Islam

Before the seventh century, Islamic healing con-
sisted merely of a collection of popular health rules,
or hadiths, known as “Muhammad’s medicine” for
use by devout Muslims living on the Arabic penin-
sula. In accordance with basic religious and philo-
sophical ideas, this system was holistic, emphasizing
both body and soul. However, as the Islamic Empire
gradually expanded, a comprehensive body of Greco-
Roman medical doctrine was adopted together with
an extensive Persian and Hindu drug lore.

The collection, preservation, and eventual trans-
mission of classical medical knowledge went on for
several centuries. Even before the Arab conquest of
636, Nestorian Christians in Jundishapur, Persia,
had played a prominent role in safeguarding Greek
learning by translating many Greek works into the
Syriac language. Later, under Islamic rule, these
Nestorian physicians wielded great influence over
the early caliphs, conducting searches for additional
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Greek manuscripts in the Middle East and directing
a massive translation program of scientific texts
from Syriac into Arabic.

Islam’s political supremacy and commercial net-
works made possible the collection of medicinal
plants from the Mediterranean basin, Persia, and
India. The eleventh-century author Abu al-Biruni
composed a treatise on pharmacy in which he listed
about 720 drugs. In addition, Islamic alchemy fur-
nished a number of metallic compounds for the treat-
ment of disease. Such expansions in materia medica
and the compounding of remedies led to the estab-
lishment of a separate craft of pharmacy.

In medical theory, authors writing in Arabic
merely followed and further systematized classical
humoralism. Whereas al-Razi, or Rhazes, of the
ninth and early tenth centuries contributed a num-
ber of original clinical works such as his treatise on
smallpox and measles, the Canon of Medicine com-
posed in the early eleventh century by the Persian
physician Ibn Sina, or Avicenna, became the leading
medical encyclopedia and was widely used until the
seventeenth century. Finally, Moses Maimonides, a
Jewish physician and prolific author, wrote on clini-
cal subjects and medical ethics.

Islam significantly influenced hospital develop-
ment, creating secular institutions devoted to the
care of the sick. The first bimaristan —a Persian
term meaning “house for the sick” — was established
in Baghdad before the year 803 by Ibn Barmak, the
famous wazir of Harun al-Rashid. It was based on
Byzantine models transmitted to Jundishapur. Un-
like previous and contemporary Christian institu-
tions devoted to medical care, bimaristans were pri-
vate hospitals symbolizing royal prestige, wealth,
and charity. Their selected inmates came from all
sectors of the population and included mentally dis-
turbed individuals. Operated by a director together
with a medical staff, pharmacist, and servants,
bimaristans offered comprehensive medical care and
educational opportunities for students serving ap-
prenticeships. In fact, the hospitals had their own
libraries, which contained copies of medical texts
translated from the Greek and Syriac.

In addition to providing clinical training, medical
education became more formalized. Small private
schools offered a flexible curriculum of lectures and
discussions, generally under the direction of famous
physicians. In recognition of these cultural appren-
ticeships, the state issued licenses for practicing
medicine to students who had successfully completed
a course of theoretical and clinical studies. The tradi-
tional Islamic hisbah system of codes and regulations

designed to enforce law and order according to the
mandates of the Koran gradually extended its juris-
diction over multiple healing activities. Physicians,
surgeons, bonesetters, and pharmacists were exam-
ined by the caliph’s chief physician or an appointed
inspector before receiving permission to practice. Un-
questionably, such official efforts to establish ethical
and practical standards for medical conduct and ac-
tion were important steps in the professionalization
of medicine.

Middle Ages

After the twelfth century, medieval medical knowl-
edge in the Occident ceased to be based solely on a
number of scattered Greek and Latin manuscripts
carefully collected and preserved for centuries in
monasteries and schools. A rapidly growing number
of classical medical texts, including the Canon of
Avicenna and clinical treatises of Rhazes, were trans-
lated from Arabic to Latin. Nonetheless, the theory
of four humors and qualities remained the basis for
explaining health and disease. It was supplemented
by the notion that an essential or “radical” moisture
was needed to ensure proper mental and physical
functioning. Based on the natural wetness of bodily
tissues, this element played an important role in
explaining disease, senility, and death.

The inclusion of medicine in early university stud-
ies had momentous consequences. Teachers devised
formal curricula and identified a specific body of
medical knowledge to be mastered by students. For
the first time, physicians could acquire an academic
degree in the field of medicine, thus laying claim to
greater competency and legitimacy. Among the first
schools to offer medical studies was in Salerno,
around 985, but the real growth in medical educa-
tion occurred in the thirteenth century with the
founding of three major university centers: Montpel-
lier and Paris in France, Bologna in Italy. Because a
medieval medical education stressed theory, rheto-
ric, and philosophical speculation, graduates ac-
quired an unprecedented degree of prestige and sta-
tus. In contrast, the practical aspects of healing
lacked intellectual standing, and surgery was there-
fore excluded from university studies. Graduates, in
turn, created select medical organizations — often un-
der royal patronage — and worked hard to achieve a
monopoly on practice.

Teaching centers became focal points for medical
investigations. Human dissection, for example, be-
gan at the University of Bologna toward the end of
the thirteenth century, prompted by forensic as well
as medical considerations: Both lawyers and practi-
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tioners were interested in ascertaining the causes of
death from foul play or epidemic disease. In 1316, a
Bolognese professor, Mondino de Luzzi, wrote the
first modern treatise on anatomy. This specific inter-
est was continued at other universities, including
those of Padua, Florence, and Pisa. All works on
anatomy were designed to illustrate the descriptions
of Galen, still the absolute authority on the subject.

In response to repeated and deadly plague
epidemics — the first pandemic struck Europe be-
tween 1348 and 1350 — northern Italian city-states
instituted a series of public health measures designed
to protect the healthy elite from the ravages of the
disease. Because poisonous miasma was blamed for
the humoral imbalance that caused susceptibility to
plague, authorities isolated ships whose crews and
cargoes were suspected of carrying miasma. The
isolation — or so-called quarantenaria — necessary to
neutralize the offending particles lasted for 40 days.
Venice and Ragusa were among the first cities to
implement such measures, the former in 1348, the
latter in 1377. Burial regulations, the control of wa-
ter supplies, the cleansing or burning of contami-
nated possessions — all inaugurated a comprehensive
sanitary program widely adopted by other European
cities in ensuing centuries.

The emergence during the twelfth century of lay
communities in which the principal focus of charita-
ble work was care of the sick can be seen as a re-
sponse to Europe’s growing burden of disease. The
Knights of St. John, the Teutonic Knights, and the
Augustinian Brotherhood played key roles in this
evolution. Hospital foundations, sponsored by the
rulers of newly created kingdoms or local bishops,
provided the poor, elderly, unemployed, and sick
with spiritual and physical care in the form of diet
and nursing. The rising prevalence of leprosy after
1200 forced the establishment of nearly 20,000 shel-
ters to separate these stigmatized sufferers from the
general population. With the onset of plague after
1348, local authorities set up quarantine stations
and pesthouses aimed at isolating those suspected of
harboring the disease.

Renaissance

With the revival of classical Greek learning, or hu-
manism, during the Renaissance, Western medicine
was profoundly influenced by the replacement of
corrupt and incomplete texts with new Latin transla-
tions of the original Greek. However, tensions devel-
oped between the old learning and contemporary
insights into the phenomena of health and disease,
some of which had been previously ignored or misun-

I. Medicine and Disease: An Overview

derstood. For example, the early-sixteenth-century
findings of Andreas Vesalius of Padua, based on me-
ticulous and systematic dissections that established
the foundations of modern anatomy in the West,
contradicted Galen’s descriptions. In fact, Vesalius
demonstrated that Galen’s findings were based on
animal dissections — especially of the barbary ape —
instead of human dissections.

Another sixteenth-century attack on classical
medicine came from a Swiss practitioner, Philippus
von Hohenheim, better known by his adopted name,
Paracelsus. His goal was to investigate nature di-
rectly and thereby discover the hidden correspon-
dences between the cosmos and human beings. Dur-
ing his many travels, Paracelsus acquired a detailed
knowledge of occupational diseases. For example, he
observed the ailments contracted by European min-
ers, an unprecedented pathology without adequate
classical antecedents. On the basis of his alchemical.
education and clinical experience, Paracelsus formu-
lated a new theory of medicine based on the notion
that the body functioned chemically under the direc-
tion of an internal “archeus,” or alchemist, responsi-
ble for maintaining the proper balances and mix-
tures. Consequently, cures could be achieved only
through the administration of chemically prepared
remedies. Paracelsus strongly advocated the use of
mercury in the treatment of syphilis, a potentially
toxic therapy widely accepted by his contemporaries.

Equally important were the innovations in surgi-
cal technique and management of gunshot wounds
by the sixteenth-century French surgeon Ambroise
Paré. On the basis of new anatomic knowledge and
clinical observations, Paré questioned a series of tra-
ditional assumptions concerning the treatment of
injured soldiers, including venesection, cauteriza-
tion, and the use of boiling oil. Paré’s publications,
written in the vernacular, profoundly influenced the
surgical craft of his day, replacing ancient methods
with procedures based on empirical knowledge.

Seventeenth Century

The classical assumptions of humoralism that had
explained human functioning in health and disease
for nearly two millennia in the Western world were
severely challenged in the seventeenth century. Dur-
ing this century, the body came to be viewed as
something like a machine governed by physical prin-
ciples. This view was expressed by the philosopher
René Descartes in a treatise published posthu-
mously in 1662. Cartesian man had a dual nature: a
physical body ruled by universal laws of matter and
motion, and an immaterial soul or mind —a pure
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thinking entity — located in the pineal body of the
brain. The body was conceived of as a vast hydraulic
network of hollow pipes, moving blood and nervous
fluid in the circulatory and nervous systems under
the influence of the mind.

Descartes’s mechanical theory spawned a mechani-
cal school of human physiology located primarily in
northern Italy,- where Galileo Galilei, the great
physicist, had already established a science of me-
chanics. Following in Galileo’s footsteps, a mathema-
tician, Giovanni A. Borelli, analyzed the phenome-
non of muscular contraction and a physician,
Sanctorius of Padua, studied metabolic combustion
and insensible perspiration.

In England, William Harvey’s experimental dis-
covery of the blood circulation, announced in 1628,
contributed to the mechanical view of living organ-
isms while discrediting Galen’s fanciful hypothesis
of a humor ebb and flow. The heart was now viewed
as a pump, its chambers closing tightly with the help
of valves. Blood was impelled into an intricate sys-
tem of vessels according to the laws of hydrodynam-
ics and traveled in a close circle through the arterial,
venous, and capillary systems.

Not only did Harvey’s findings support a mechanis-
tic view of the human organism, but his approach to
the theory — which included dissections, animal ex-
periments, and mathematical reasoning — demon-
strated the potential usefulness of scientific research
in resolving physiological questions. On the basis of
the ideas of Pierre Gassendi, a seventeenth-century
French philosopher, regarding the corpuscular na-
ture of matter, various British investigators working
in concert studied the phenomenon of respiration. By
the 1670s, Robert Boyle, Robert Hooke, Richard
Lower, and John Mayow had concluded that certain
air particles entering the lungs and mixing with arte-
rial blood were essential for all vital functions. At the
same time, chemical fermentation studies by Jean
Baptiste van Helmont and Frangois de la Boé ex-
plained the nature of digestion. Microscopic studies,
carried out by Anton van Leeuwenhoeck in Holland
using a single-lens instrument with a magnification
of about 300 diameters, remained unequivocal.

Although corpuscular dynamics replaced tradi-
tional humors and their qualities in the explanation
of human physiology, clinical medicine failed to bene-
fit from the new medical theories. Practitioners
treating the sick could not readily apply these views
to the therapeutic tasks at hand, preferring instead
to prescribe their traditional cures by adhering to
obsolete ideas of humoral corruption and displace-
ment. Thomas Sydenham, a prominent English phy-

sician, urged his colleagues to ignore the conflicting
theoretical views, proposing instead the careful
study of individual diseases at the bedside. Syden-
ham’s goal was the establishment of complete clini-
cal descriptions of particular diseases, their subse-
quent classification, and the development of specific
remedies for each identified ailment.

Eighteenth Century

In the occidental world, the Enlightenment created
an optimistic outlook concerning the role and bene-
fits of medicine. Most contemporary thinkers be-
lieved that health was a natural state to be attained
and preserved. Society had to be made aware of
medical possibilities through the employment of pro-
fessionals who could deal expertly with all health-
related problems. Governments increasingly sought
to develop social policies that included the physical
well-being of the public. A new medical elite took
charge and began to play a more prominent role in
European society.

Among the requirements of national power per-
ceived by European authorities was a healthy and
expanding population. Greater emphasis was placed
on environmental health, infant and maternal wel-
fare, military and naval hygiene, as well as mass
treatment of the poorer sectors in newly erected
hospitals and dispensaries. Absolutist governments
established systems of “medical police.” These orga-
nizations were responsible for establishing and im-
plementing programs, such as that designed by the
German physician Johann P. Frank, to monitor and
enforce public and private health regulations from
cradle to grave. In Britain, private philanthropy
substituted for governmental action in matters of
health. Although frequently utopian in its goals,
the medical police movement created greater aware-
ness of the social and economic factors conducive to
disease. In turn, physicians and reformers were suc-
cessful in establishing charitable institutions for
care of the sick, including mothers and children.
Needy ambulatory patients were seen in dispensa-
ries and polyclinics. Although often crowded and a
source of contagion, such establishments provided
shelter, food, and a modest medical regimen de-
signed to manage illness.

Efforts to control smallpox focused on a practice
popular in the Orient: smallpox variolation. The vi-
rus, taken from pustules of an active case, was inocu-
lated in healthy individuals on the assumption that
this transfer would attenuate the agent and produce
only a mild case of the disease in exchange for perma-
nent immunity. In England the procedure was pio-
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neered in 1721, but it remained controversial be-
cause of its potential for causing full-fledged, often
fatal cases of smallpox and thus triggering unex-
pected epidemics. After the 1760s, however, simpli-
fied and safer inoculation methods found popular
acceptance, and these were replaced in the 1790s by
cowpox vaccination, introduced by Edward Jenner.
On the theoretical front, the eighteenth century
became the age of medical systems in the Western
world. It was clear that a synthesis of the isolated
physical and chemical discoveries of the preceding
century into a comprehensive system would be neces-
sary to provide a rationale for and guidance to clini-
cal activities. Spurred by success in the physical
sciences, especially Newton’s formulation of the laws
of gravity, physicians set out to establish principles
governing the phenomena of health and disease.
Such efforts were as old as medicine itself. However,
new models of anatomy and physiology based on
Vesalius’s dissections and Harvey’s experiments, cou-
pled with chemical and microscopic findings, de-
manded placement into an updated scaffolding.
Most eighteenth-century systematists tended to
be prominent academics. As teachers and famous
practitioners, they zealously promoted and defended
their creations, fueling bitter controversies within
the medical profession. System building conferred
status and a mantle of intellectual respectability
conducive to patient patronage and separation from
quacks. Among those who adhered to mechanical
concepts in explaining clinical events were the
Dutch professor Herman Boerhaave of Leyden and
the German Friedrich Hoffmann of Halle. By con-
trast, a colleague of Hoffmann, Georg Stahl, tried to
remedy the apparent inadequacies of iatromecha-
nism by postulating the existence of a vital princi-
ple, a soul or “anima,” capable of harmoniously di-
recting all mechanical activities in the body and
thus ensuring organic unity. Two subsequent sys-
tems elaborated by the Scottish physicians William
Cullen and John Brown assumed that a properly
balanced and stimulated nervous system played a
pivotal role in the maintenance of human health.
Efforts to classify diseases were intensified.
Nosology, the systematic division of disease entities,
prospered side by side with similar taxonomic efforts
directed at plants and animals. Physicians such as
Carl von Linné (Linnaeus), Boissier de Sauvages,
and Cullen established complex classification sys-
tems designed to bring order to the myriad symptom
complexes found at the bedside as well as to provide
guidelines for treatment. Unfortunately, these sys-
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tems remained highly subjective and dependent on
the clinical experience of the nosologist who pro-
duced them. Greater accuracy and uniformity were
achieved as bedside experiences were linked to struc-
tural changes observed at postmortem dissections,
an approach pioneered by the Italian physician Gio-
vanni B. Morgagni but not fully implemented until
decades later in France.

Nineteenth Century

French Clinical School

Modern Western medicine emerged in France at the
Paris Medical School during the first half of the nine-
teenth century. After the French Revolution, political
developments and a new philosophical outlook radi-
cally changed the theoretical and institutional bases
of medicine. Given the population explosion and ur-
banization, hospitals became the key locations for
medical advances. Housing thousands of poor pa-
tients, the Parisian hospitals offered unique opportu-
nities for the observation of a large number of sick
individuals.

The French medical revolution was ushered in by
an important change in approach. Arguing that it
was not necessary to discover the ultimate causes of
health and disease, early leaders of the Paris Medi-
cal School, such as Pierre J. Cabanis and Philippe
Pinel, postulated that physicians could perceive the
effects of disease and apprehend the relationships
between the disease and the patient, accessible to
observation only at the bedside. Thus, only the incon-
testable truths of sensory perception had validity in
any attempt to understand health and disease.
These phenomena were too complex and variable to
be placed into the straitjacket of a specific medical
theory. Stress was to be placed on practical problem
solving, with sense impressions providing the only
reliable data.

This skeptical empiricism gave rise to a new
method: “analysis.” Disease was composed of many
symptoms and signs, and these confusing combina-
tions appeared sequentially at the sickbed. The most
important task was to record the regular order of
such manifestations, correlate them with physical
signs, and thus recognize simple patterns. Eventu-
ally, practitioners would be able to discern specific
disease entities and finally classify them. Pinel
urged physicians to walk the hospital wards fre-
quently, notebook in hand, recording the hourly and
daily progression of illness. The goal was better diag-
nosis and prognosis based on clinical events.
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Emphasis on the physician’s powers of obhservation
increased the importance of physical diagnosis and
expanded the techniques employed in eliciting physi-
cal signs of illness. Until this time, practitioners had
relied almost entirely on their patients’ accounts to
reach a diagnosis. Although the clinical history re-
mained important, French physicians began to ap-
ply new methods starting with Jean N. Corvisart’s
direct percussion in 1808, the employment of a
stethoscope by René T. H. Laennec in 1816, and
indirect percussion of the body with a plessimeter
designed by Pierre A. Piorry in 1826. These proce-
dures were, of course, also based on the premise that
certain organs in the patient’s diseased body suf-
fered a number of structural changes.

Thus, another fundamental development of the
Paris Medical School was pathological anatomy, the
study of localized changes in bodily organs accom-
plished through systematic postmortem examina-
tions of the thousands of patients who died in hospi-
tals. Correlating clinical symptoms and signs with
specific organic lesions enabled practitioners to rede-
fine particular disease entities and understand the
underlying structural defects. Such clinicopatho-
logical correspondences expanded medicine’s knowl-
edge of diseases, their effects, and natural evolution.
As a corollary, French physicians became more inter-
ested in improving their diagnostic rather than their
therapeutical skills. ’

Another tool, the “numerical method,” was intro-
duced in 1828 by Pierre C. A. Louis to compare
clinical findings and identify through medical statis-
tics general disease characteristics as well as the
efficacy of traditional therapies. Although this ap-
proach initially raised a storm of protest among prac-
titioners who felt that statistical calculations tended
to obscure the significance of individual clinical
variations, the method launched a new era of clini-
cal investigation, replacing intuitive and impression-
istic decision making at the bedside.

By the mid-nineteenth century, however, the
French school lost its undeniable leadership in West-
ern medical practice. Although tremendously fruit-
ful, the clinical approach based on bedside observa-
tions and postmortem findings had its limitations.
Consciously ignored were questions concerning the
causes of disease and the nature of biological events
surrounding the phenomena of health and disease.
What had been a realistic approach in an era of
speculative chemistry and physiology, imperfect mi-
croscopes, and nonexistent pharmacological knowl-
edge around 1800 became an anachronism 50 years

later. Further answers had to be sought in the labora-
tory, not just at the sickbed.

German Scientific Medicine

Before the eclipse of the Paris Medical School, Ger-
man medicine began to emerge from its earlier,
speculative period, frequently labeled “romantic.”
From 1800 to 1825 physicians in the politically di-
vided German states made a serious attempt to es-
tablish a “science” of medicine using criteria from
the critical philosophy of Inmanuel Kant. But their
efforts were doomed given the elementary state of
knowledge of what we consider to be the “basic”
medical sciences: anatomy, physiology, biochemistry,
pathology, and pharmacology.

By the 1830s, however, the foundations had been
laid for less ambitious but more fruitful investiga-
tions into the phenomena of health and disease. The
1834 Prussian—German Customs Union and exten-
sive railroad network brought a measure of eco-
nomic prosperity to the German states, enabling
them to support the reform of their autonomous uni-
versity system. Armed with an ideology of pure re-
search and lack of concern for immediate practical
results, German physicians went to work in aca-
demic laboratories and dissecting halls. The empha-
sis on and prestige accorded to the pursuit of intellec-
tual activities was eagerly supported by the highest
authorities, who perceived such scientific enter-
prises as enhancing national prestige.

Studies in physiology, microscopic anatomy, em-
bryology, as well as comparative and pathological
anatomy flourished. One of the key figures promot-
ing these studies was Johannes Mueller, a physiolo-
gist searching for the ultimate truths of life behind
empirical data. Although his philosophical goals re-
mained elusive, Mueller had trained a whole genera-
tion of outstanding German scientists by the time of
his death in 1858. They included Theodor Schwann,
proponent of the cell theory; Emil DuBois Reymond,
and Hermann von Helmholtz, famous for their dis-
coveries in nerve electrophysiology and the physics
of vision; Jakob Henle, the founder of histology; and
Rudolf Virchow, the founder of cellular pathology.
Indeed, these men rejected a general philosophical
framework and adopted a purely reductionist view-
point, attempting to explain all biological phenom-
ena as merely following the laws of physics and
chemistry.

Germany’s university system played a central
role in the development of scientific medicine in
the West after 1840. Unlike the near monopoly of
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French academic studies in one city, Paris, there
were more than 20 institutions of higher learning
scattered throughout the German states, each self-
governing and intensely competitive. Since degree
requirements included the submission of disserta-
tions based on original research, the stage was set
for a spectacular increase in scientific activity once
the universities had established prestigious profes-
sorships and built adequate laboratory facilities.
Medical research became a respectable career, made
possible by the proliferation of fellowships and assis-
tantships. Successful individuals were rewarded
with academic posts and further facilities, leading to
a dramatic rise in scientific professionalization and
specialization.

Even in clinical disciplines German academics
with proper research experience edged out outstand-
ing practitioners. A whole generation of physicians
who had trained abroad — especially in Paris-—
returned with a knowledge of physical diagnosis and
pathological anatomy. A new bedside approach com-
bined the French methods with German chemical
and microscopic examinations based on a growing
understanding of human physiology and physio-
pathology. Although the first key step of disease de-
scription and identification had taken place in Pari-
sian hospitals, German physician-scientists sought
to understand the mechanisms that caused pathologi-
cal changes. Here the laboratory became important
for biochemical analyses, microscopic observations,
and animal experiments.

The quest for greater diagnostic precision was
aided by the design of new tools for visualizing dis-
ease. In 1851, Helmholtz described the ophthalmo-
scope, an instrument capable of directly exposing
eye disorders and testing visual acuity. The success-
ful assembly of a laryngoscope by dJohann N.
Czermak in 1857 permitted inspection of the throat,
especially the larynx and vocal cords. Visualization
of the esophagus was accomplished in 1868 by Adolf
Kussmaul with an esophagoscope, and the bladder
came to be observed with the help of the cystoscope,
invented by Max Nitze in 1877. Finally, in 1895,
Wilhelm C. Roentgen, a physicist, discovered the
rays that carry his name. Henceforth, X-ray photo-
graphs and fluoroscopes became common features in
clinical diagnosis, especially that of chest diseases.

German advances in the basic medical sciences
and clinical diagnosis were not matched at the
therapeutic level. In fact, a better understanding of
disease processes often led to skepticism —even
nihilism -~ regarding possible cures. To be sure, the
conceptual advances in understanding disease were
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impressive and promised further breakthroughs. At
the same time, greater technological assistance and
diagnostic complexity shifted medical care to hospi-
tals and clinics, significantly raising costs. But the
actual practice of medicine remained unaffected.
Although the fledgling pharmaceutical industry be-
gan to purify a number of traditional remedies and
develop a few new drugs, therapeutics lagged.
Translating scientific understanding into convinc-
ing practical results had to await the development
of vaccines, sera, and antisepsis based on a knowl-
edge of bacteriology.

Germ Theory

Since the time of Hippocrates, Western practitioners
had blamed factors in the atmosphere for the appear-
ance of infectious disease. A “miasma” composed of
malodorous and poisonous particles generated by the
decomposition of organic matter was implicated in a
broad array of fevers, including plague, malaria, and
yellow fever. Speculations about the nature of these
miasmatic specks waxed and waned, from Girolamo
Fracastoro’s seminaria, or “seeds of disease,” in 1546,
to microscopic “worms,” or multiplying ferments,
zymes, proposed by William Farr in 1842. However,
physicians remained generally skeptical of theories
that implicated microscopic substances in the genesis
of complex disease entities. Moreover, their rudimen-
tary microscopes only added to the confusion by re-
vealing myriad objects.

Given the clinical behavior of the most common
nineteenth-century diseases such as typhus, cholera,
typhoid, and yellow fever, most physicians accepted
the notion that they were not directly contagious
and could occur only because of specific environmen-
tal conditions. This anticontagionist posture was
strongly reinforced by political and economic groups
that sought to avoid the imposition of costly quaran-
tines. But others argued that certain contagious dis-
eases, such as smallpox, measles, and syphilis, were
indeed transmitted by living parasites.

In the 1840s, chemists, including Justus von
Liebig, proposed that both contagion and miasma
were actually “ferments,” consisting of self-repro-
ducing particles of a chemical nature spontaneously
generated during the decomposition of organic mat-
ter. At about the same time, Henle, a German anato-
mist, suggested that such particles were actually
alive and behaved like parasites after invading the
human organism. He believed that the causes of
infectious disease could be found by a careful search
for these parasites, believed to be members of the
plant kingdom. The proof for this causal relation-
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ship between disease and parasites was contained
in Henle’s three “postulates”: constant presence of
the parasite in the sick, its isolation from foreign
admixtures, and reproduction of the particular dis-
ease in other animals through the transmission of
an isolated parasite.

Thanks to the work of Louis Pasteur, a French
chemist, fermentation and putrefaction were shown
to be indeed mediated by living microorganisms. In
1857 Pasteur claimed that the yeast responsible for
lactic fermentation was such a microorganism. In
the early 1860s, Pasteur disposed of the doctrine of
spontaneous generation, proving through a series of
clever experiments that only by exposure to tainted
air would processes of fermentation and putrefaction
take place. Microbial life could not exist in any or-
ganic medium that had been sterilized and subse-
quently protected from outside contamination.

With the existence of microscopic germs and some
of their actions firmly established, researchers such
as Pasteur and the German physician Robert Koch
began to study specific diseases. In 1876 Koch pub-
lished his findings on anthrax, a deadly illness of
animals, especially cattle and sheep. He provided
the first proof that a specific microorganism could
cause a particular disease in an animal. Koch’s new
techniques for obtaining pure cultures and staining
pathogenic bacteria further advanced the fledgling
field of microbiology and led to a reformulation of
Henle’s postulates. According to Koch, three criteria
were needed to implicate a particular microorgan-
ism in the etiology of a certain disease. First, the
parasite must be present in every case of the disease
and under circumstances that could account for the
clinical course and pathological changes of that dis-
ease. Second, this agent should not be present in any
other disease as a fortuitous and nonpathogenic para-
site. Finally, after being fully isolated from the sick
organism and repeatedly grown in pure culture, the
parasite should be able to induce the same disease if
inoculated into another animal.

The last two decades of the nineteenth century
witnessed an unprecedented string of bacteriological
discoveries based on the Henle—Koch postulates, in-
cluding the agents responsible for typhoid fever, lep-
rosy, and malaria (1880), tuberculosis (1882), cholera
(1883), diphtheria and tetanus (1884), pneumonia
(1886), plague and botulism (1894), dysentery (1898),
and syphilis (1905). Whereas Koch and his co-
workers devoted much time to the development of

technical methods for cultivating and studying bacte-
ria, Pasteur and his collaborators turned their efforts
toward determining the actual mechanisms of bacte-
rial infection and host resistance. By 1900 not only
were physicians able to diagnose the presence of spe-
cific microorganisms in the human body and hence
diagnose an infectious disease, but they possessed
some knowledge concerning natural and acquired im-
munity. In several instances, the latter could be suc-
cessfully induced, a belated triumph of modern labo-
ratory medicine.

Guenter B. Risse
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12
History of Chinese Medicine

Premedical Health Care

A concern with illness has been documented in
China for three millennia; the earliest written evi-
dence extant today on the theoretical and practical
consequences of this concern dates from approxi-
mately the eleventh century B.C. At that time, and
for centuries to come, it was assumed that the well-
being of the living — be it related to success on the
battlefield, to an abundant harvest, or to physical
health — depended to a considerable extent on their
interactions with the nonliving members of the com-
munity (i.e., with their ancestors). An adherence to
specific norms was thought to guarantee social and
individual health; transgressions were known to
cause the wrath of the dead, who then had to be
propitiated with sacrifices. The communication be-
tween the living and the nonliving that was neces-
sary to establish the cause of an affliction and to
identify an appropriate remedy was recorded on
bones and turtle shells, many of which were found in
the soil, especially in the province of Henan, earlier
this century. Whether the belief in ancestral inter-
vention was supplemented by a pragmatic applica-
tion of drugs or other empirically valuable means of
therapy was not documented in written form at this
early time.

Political changes during the first millennium
B.C., when the Chou dynasty fell into a period of
turmoil with several centuries of civil war, may have
been responsible for the rise of a new worldview.
Even though a belief in the effect of ancestral curses
or blessings on the health of the living has survived
in Chinese culture well into the twentieth century,
especially among some rural strata of the popula-
tion, Chou sources indicate a change in emphasis.
The physical health and illness of the individual
(and, in the case of epidemics, of society) were
thought of at this time predominantly as an outcome
of successful protection against the possibility or
manifestation of an onslaught of not only visible but
also invisible enemies (i.e., demons).

In contrast to ancestors, demons, who were not
related to specific living persons as deceased rela-
tives, were not believed to desist from harming hu-
mans even if they adhered to certain moral princi-
ples. Moreover, demons could not be propitiated
through sacrifice. Rather, they had to be prevented
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from entering and harming a human body by means
of signs and symbols demonstrating an alliance with
superior metaphysical powers, and they had to be
removed from the body either through the casting of
oral or written spells or with the help of substances
designed to kill or chase away (for instance, through
their odor) unwanted intruders. Several clues sug-
gest that among the origins of acupuncture may
have been attempts to pierce, with symbolic swords
and lancets, afflicted, aching body regions thought
to be invaded by some outside evil.

Ancestral and demonological notions of health
and illness are mentioned here for two reasons.
First, they have survived in Chinese culture until
the present time as important aspects of the overall
system of conceptualized and practical health care,
particularly in the treatment of mental and chil-
dren’s illnesses. Second, Chinese medicine, docu-
mented since the second century B.C. and developed
as a system of ideas and practices based on insights
into the laws of nature rather than on metaphysics,
still embodies some of the fundamental tenets of
these earlier approaches to understanding health
and healing, namely an emphasis on cause—effect
relationships and a localistic-ontological notion of
disease.

Traditional Chinese Medicine

An almost complete afterworld household, closed in
167 B.C., was unearthed from the now-well-known
Ma-wang-tui site near Ch’ang-sha in Hunan be-
tween 1972 and 1974. This tomb of a noble family
had been equipped with virtually everything a de-
ceased person was thought to need in his or her
subsequent existence, including 14 manuscripts on
various aspects of health care. These manuscripts
marked the beginning of documented Chinese medi-
cine and revealed that it was on the verge of break-
ing away from metaphysical health care. Thus, we
may assume that they also reflected the earliest
phase in the development of medicine in China, that
is, the development of a system of health care beliefs
and practices focusing specifically on the illnesses of
the human mind and body rather than on human
social and individual existence as a whole.

The tomb dates from a period between the second
century B.C. and the first century A.D., when Chi-
nese medicine took on its basic shape. This appears
to have been a quite dynamic era. As early as the
first century, various schools of medical thought had
been founded and had already produced diverging
ideas. These were compiled under the name of the
mythical Yellow Emperor and have become the clas-
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sic scripture of traditional Chinese medicine, that is,
the Huang-ti nei-ching (The inner classic of the Yel-
low Emperor).

An attempt at systematizing the rather heteroge-
neous contents of the Huang-ti nei-ching, and at
drawing diagnostic and clinical conclusions from an
assumed circulation of vapors in the human body,
resulted in the second major literary work of Chi-
nese medicine, the Nan-ching, probably of the first
century A.D. This work is also of unknown author-
ship and was subsequently associated with an ear-
lier (about the sixth century B.C.) semilegendary
itinerant physician named Pien Ch’io.

Pharmaceutical knowledge was recorded with as-
tonishing sophistication in a collection of prescrip-
tions found among the Ma-wang-tui scripts named
Wu-shih-erh ping fang (Prescriptions against 52 ail-
ments) by modern researchers. At about the time of
the compilation of the Nan-ching (and coinciding
with the appearance of the materia medica of
Dioscorides in A.D. 65 in the West), Chinese pharma-
ceutical knowledge found its own literary form when
the first Chinese herbal was compiled, which became
known by the title Shen-nung pen-ts’ao ching (The
divine husbandman’s classic on materia medica). Its
real author is unknown, and like the other works
discussed, this classic was linked to a mythical cul-
ture hero, Shen-nung, who is also credited with the
development of agriculture and markets as well as
with the establishment of drug lore.

Basic Perspectives

The Ma-wang-tui manuscripts, the Huang-ti nei-
ching, the Nan-ching, and the Shen-nung pen-ts’ao
ching are the main sources for our current under-
standing of the early developmental phase of Chi-
nese medicine, even though the last three may have
undergone considerable revisions in later centuries
and cannot be considered genuine Han dynasty
sources in their entirety. Still, the picture emerging
from studies of these sources so far reveals the forma-
tion of several complex and multifaceted approaches
to health care, all of which were associated with
basic social, economic, and ideological changes pre-
ceding and following the unification of the Chinese
Empire in 221 B.C.

Central to Chinese medicine is its perception of
the human organism. Corresponding to the socioeco-
nomic structure of the unified empire, the human
organism was described in Han sources as a system
of individual functional units that stored, distrib-
uted, and processed resources, which were brought
into the organism from the outside or were devel-
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oped within. The individual units were linked
through a system of channels, thought to transport
resources from one place to another and join the
units to the outside world. The terminology used to
describe the structure and workings of the organism
is largely metaphoric and is based on images from
the geographic, economic, and social environment of
the Ch’in and Han dynasties in China.

The resources or goods to be passed through the
organism were given the name ch’i in the Huang-ti
nei-ching. This term denotes essential vapors
thought to be the carriers of life. Similar to the devel-
opment of ancient European concepts of pneuna and
spiritus, the concept of ch’i may have originated from
observations of such phenomena as suffocation and
“empty vessels” (arteries = aer tereo = “carriers of
air”) in a corpse. The Huang-ti nei-ching described a
continuous circulation of these vapors through the
organism, ascribing greater importance to them than
to blood. Illness occurred in an individual organism
in the same way that crisis emerged in a complex
state economy. This might be because one or more of
the functional units failed to fulfill their duties, or
were inadequately equipped with ch’i, or did not pass
ch’i on. Also, the transportation system might be
blocked, thereby preventing the circulation of re-
sources. All of these problems could be caused by the
person concerned — for example, through an un-
healthy life-style — or by environmental conditions to
which the person was unable to adapt.

The purpose of Chinese medicine, like that of all
medicine, is to protect individuals from an untimely
loss of health, one of their most essential possessions.
According to the Huang-ti nei-ching, a life span of
100 years should be considered normal, and as the
unknown author concluded, it is only because civi-
lized people are unable to lead healthy lives that they
must resort to medicine for help. The prevention and
treatment of illness were attempted in Chinese medi-
cine through the two basic approaches of localistic-
ontological and holistic-functional reasoning.

An ontological approach views diseases either as
abstract hostile entities themselves or as the result
of an intrusion of some normally innocuous environ-
mental agent into the human organism. One of the
Ma-wung-tui texts suggests the existence of a tangi-
ble ontological perspective by relating the notion of
small animals (such as worms or insects) entering
the body to cause destruction at well-defined loca-
tions. This internal destruction was thought to be-
come visible in the failure of bodily functions or in
the destruction of external parts of the body that
were associated with the internal functional units
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affected first. The history of leprosy in Chinese medi-
cine, traceable from Ch’in sources written between
252 and 221 B.C., is one example of the persistence
of such ontological thoughts through two millennia
of Chinese medical history. It is also a good example
of the early ontological notions in China that paved
the way for an understanding and acceptance of
Western bacteriology, morphological pathology, and,
finally, chemotherapy in the nineteenth and twenti-
eth centuries.

In addition to such tangible agents as worms and
insects, the ontological perspective views the envi-
ronment as filled with agents (such as heat, cold,
humidity, dryness, and wind) that are essential com-
ponents of nature and that may turn into “evils”
that harm humans upon entering their bodies either
in undue quantities or at inappropriate times.
“Wind” in particular has remained a central etio-
logic category in Chinese medicine through the ages,
and it is this very concept of wind that demonstrates
the continuation and transformation of basic de-
monological tenets in the history of Chinese medi-
cine. Originally conceived of as a spirit entity, the
wind was believed to live in caves and cause harm to
humans when it left its residence. Yet in the Huang-
ti nei-ching there is a shift to the concept of wind as a
natural phenomenon active as a result of the move-
ment, through heaven, of a superior spirit named
T’ai-i. Harm was caused by wind now only if it blew
from what were considered inappropriate cardinal
directions in the course of the year (as might be
expected in an agricultural society) or if it met hu-
mans with constitutions susceptible to harm. Then,
beginning with the works of Chang Chi in the sec-
ond to third century A.D., the wind came to be seen
solely as an environmental agent, albeit one that
could strike humanity and cause a host of illnesses.

In addition to identifiable environmental influ-
ences that could change from “normal” (cheng) to
“evil” (hsieh), abstract “evil” or “malicious” (o) en-
tities could enter the organism and cause illness.
These assaults were thought of not only as invasions
of the natural environment into the human body, but
also as flare-ups between various functional units
within the body itself. If, for instance, ch’i normally
filling the spleen was exhausted beyond some accept-
able degree, agents from the liver might turn evil
and invade the spleen to take over its territory. The
language used to describe these processes, beginning
with Han dynasty sources and throughout the his-
tory of Chinese medicine, reflects the experience of
the long period of “Warring States” that preceded
the unification of the Chinese Empire. Furthermore,
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in the same way that troops move through a country
from one place to another, the ontological perspec-
tive of Chinese medicine assumed that evil intruders
could be transmitted from one location in the body to
another. Transmission was thought to occur in accor-
dance with clearly defined mutual relationships be-
tween the various upper and lower, inner and outer
regions of the body. An early example of this thought
can be found in the biography of Pien Ch’ic compiled
by Ssu-ma Ch’ien in 90 B.C.

Closely linked to the ontological perspective of
Chinese medicine is a functional view that is re-
corded in medical literature beginning with Han
dynasty sources. This approach to identifying and
curing illness is concerned mainly with diagnosing
functional disturbances in the human organism,
which is considered to be a complex structure consist-
ing of various mutually interrelated functional
units. The functional view focuses on processes and
on functional relationships among the subsystems
constituting the organism, and it assumes that the
same illness may affect several functions at the
same time.

For example, a specific functional unit may be
harmed by wind. There result various pathological
conditions, such as aversion to wind or fever, head-
ache, and sweating without external reason. Or the
“liver” (seen here not as a tangible organ but as a set
of functions) may be marked by a depletion of ch’i,
which is accompanied by the growth of a shade in
one’s eyes. Treatment may be directed at the ail-
ment in the liver, or it may be focused solely on the
secondary problem in the eyes. Although the first
example reminds one of Western categories such as
“disease” and “symptoms,” the second demonstrates
that the terms illness, disease, and symptom do not
entirely overlap in Chinese and Western medicine
and should be used only with great care in a com-
parative context.

The perspectives outlined here did not preclude the
realization that one individual organism might be
affected at one time by two or more mutually indepen-
dent illnesses, each of which had to be named and
treated separately. To make matters more compli-
cated, one identical cause could result in two simulta-
neous, yet separate, illnesses. Conversely, two sepa-
rate causes could bring about one single illness, with
each of these situations requiring, theoretically at
least, different therapeutic treatments.

Diagnosis
Some of the Ma-wang-tui texts refer to various ves-
sels thought to pervade the body without intercon-
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nection. Specific irregularities in the contents and
movements of each of 11 such vessels revealed spe-
cific illnesses. The Huang-ti nei-ching, however, de-
scribed 12 vessels, or conduits, which were intercon-
nected. This text advocated the feeling of pulses at
various locations of the body to examine movement
in the individual sections of the vessel circuit and to
diagnose the condition of the functional units associ-
ated with these sections. Finally, the Nan-ching pro-
posed the feeling of the pulses at the wrists only and
developed complicated methods for extracting de-
tailed information on the origin, present location,
and possible future courses of an illness. In addition,
the Huang-ti nei-ching and the Nan-ching provided
ample data on the meaning of changing colors in a
person’s complexion, of changes in a person’s voice or
mouth odor, and of changes in longing for a specific
flavor. Furthermore, the Nan-ching recommended
investigations of the condition of the skin of the
lower arms and of abdominal palpitations.

These diagnostic methods were described in the
literature so that an illness could be discovered and
categorized from a theoretical (mainly functional)
point of view. Prescription literature, by contrast,
did not depend on theory. Rather, it contained list-
ings of very simple and more or less obvious symp-
toms, such as headache and diarrhea. These were
paired with drug prescriptions for their cures.

Theoretical Foundations and Treatment
The most impressive mode of treatment recorded in
detail in the Ma-wang-tui scripts is drug therapy.
More than 200 active drugs and neutral carrier sub-
stances were described, as was a highly developed
pharmaceutical technology. Other therapies in-
cluded massage, minor surgery, hot baths, sexual
practices, dietetics, and moxa cauterization, in addi-
tion to various magical interventions. Acupuncture
was not yet referred to and appeared first in the
already mentioned biography of the semilegendary
physician Pien Ch’io compiled by Ssu-ma Ch’ien in
90 B.C. Because no earlier documentation of nee-
dling exists in China, the origins of acupuncture,
possibly the most recent mode of therapy in the
history of Chinese medicine, remain unknown.

For about 1,200 years after the emergence of Chi-
nese medicine, until the end of the Song dynasty in
the thirteenth century, a dichotomy prevailed be-
tween two major currents. One was the so-called
medicine of systematic correspondence; the other
was pragmatic drug therapy.

The ideology of systematic correspondence ap-
peared almost simultaneously in China and ancient
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Greece (possibly stimulated by a common origin, the
location of which is unknown) around the sixth cen-
tury B.C., when it became the theoretical underpin-
ning of the functional approach to an understanding
of health and illness.

The (most likely older) ontological understanding
of illness is based on a recognition of struggle, at-
tack, and defense as normal modes of interaction in
nature. Both human behavior and the daily observa-
tion of attack and defense among other animals and
plants supported this worldview.

In contrast — and this is to be regarded as one of the
outstanding cultural achievements of humankind —
the ideology of systematic correspondence is based on
the concept of harmony as normal, and of a loss of
harmony as abnormal, states of existence. Like the
ontological notion, the notion of systematic corre-
spondence drew on sufficient environmental and so-
cial evidence to be plausible; it gained legitimacy
from its emphasis on the regularity of countless natu-
ral processes, a regularity that was guaranteed by
the appropriate behavior and location of each per-
ceivable phenomenon in a complex network of inter-
relatedness. It holds that inappropriate behavior
jeopardizes this regularity, or harmony, and leads to
crisis. This crisis may occur in nature, in the affairs
of state, or in the life of an individual, in the last
case leading to illness. Hence, this ideology is holis-
tic in that it views both the individual physical/
mental organism and the sociopolitical organism as
corresponding to identical principles, and “health” is
a notion transcending them.

The ideology of systematic correspondence as-
sumes (as this designation by contemporary schol-
ars implies) a relationship of correspondence among
virtually all tangible and abstract phenomena in
the universe. Phenomena of identical quality are
grouped within a category, and two or more catego-
ries are linked with one another and interact with
one another according to certain natural laws. Vari-
ous schools emerged within the framework of sys-
tematic correspondence, advocating the existence of
two (yin and yang) or five (five-phases) categories of
all phenomena.

The yin-yang school was based on a perception of
the unity of two antagonistic categories of all exis-
tence. Day and night are opposites, and yet they
form a unity. The same applies to male and female,
heaven and earth, summer and winter, above and
below, dominating and submitting, and so forth. Be-
ginning in the fourth century B.C., day, male,
heaven, summer, above, and dominating were identi-
fied as qualitatively identical and were categorized
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as yang, their opposites as yin. The Huang-ti nei-
ching contains more sophisticated groupings into
four and six yin-yang subcategorizations, which
may have developed in the meantime.

The second school, the five-phases school, recog-
nized five categories of qualitatively identical phe-
nomena, symbolized by five essential environmental
elements: metal, wood, water, fire, and soil. These
five categories represented phases in the succession,
and hierarchical stages in the interaction, of certain
phenomena. For example, the liver was associated
with the phase of wood, and the spleen was associ-
ated with the phase of soil. Wood — for instance, as a
wood spade — could move soil; hence, a specific rela-
tionship between liver and spleen could be explained
as resulting from a potential of the liver to subdue
the functions of the spleen.

The Huang-ti nei-ching and the Nan-ching linked
these notions of systematic correspondence with
physiology, etiology, and therapy. As a result, the
human organism was described as a microcosm of
interrelated functional units associated with the
more encompassing categories of all being, and
hence with the social and physical environment. Not
surprisingly, the reasons for maintaining individual
health, or for the emergence of illness, closely paral-
leled the reasons for social and environmental har-
mony and crisis. The only therapeutic mode within
this system of ideas was acupuncture (and to a cer-
tain degree dietary means and moxa cauterization).

The Shen-nung pen-ts’ao ching contained virtu-
ally no references to the concepts of systematic corre-
spondence. Pharmaceutics developed along its own
lines from a description of 365 substances in Shen-
nung’s herbal of the first century, to 850 substances
in the first government-sponsored materia medica in
659, to more than 1,700 drug descriptions in the
great herbals of the northern Song published from
960 to 1126.

One reason for this dichotomy may be seen in a
basic antagonism between Confucian-Legalist think-
ing and the Taoist worldview. Confucian-Legalist
social ideology has dominated Chinese society —
with varying intensity — since the early Han dy-
nasty. One of its conceptual foundations is the belief
in social order, a social order maintained by the
government through law enforcement and educa-
tion, both of which encourage appropriate legal and
moral behavior. The medicine of systematic corre-
spondence was built on identical tenets; health was
promised to individuals if they followed a specific
life-style congruent with Confucian-Legalist ethics.
Needling, moxa, and dietetics were not meant to
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rescue the fatally ill, but were seen as stimuli to
correct aberrations from a proper path.

By contrast, drug lore promised to rescue individu-
als from illness regardless of whether they adhered to
morality and human rites. From the Han through the
T’ang dynasty, the development of pharmaceutics
was closely tied to persons affiliated with Taoism.
This phenomenon was obviously related not only to
the Taocist quest for elixirs and drugs of immortality,
but also to the value of drug lore for contradicting the
Confucian-Legalist linking of social and individual
well-being with an adherence to a morally legiti-
mated life-style and to government-proclaimed laws.
Taoists claimed such rites and laws to be the origins
of social and individual crisis. Thus, it was only be-
tween the thirteenth and fifteenth centuries, in the
aftermath of Song Neo-Confucianism, that certain
Confucian-Legalist and Taoist tenets were united for
a few centuries and that attempts were made to con-
struct a pharmacology of systematic correspondence.

Literature and Specialties

Before the decline of the last of the imperial dynasties
at the end of the nineteenth century, Chinese medi-
cine developed on many levels and in many direc-
tions. Even though new insights and data were being
accumulated virtually all the time, it maintained its
original theoretical foundations; perhaps a peculiar-
ity of Chinese medical history is that the concept of
obsolescence remained almost entirely alien to it.
Indeed, before modern Western thought made an im-
pact, no theory or practice was ever relegated to obliv-
ion as outdated (only in pharmaceutics do some
herbals list “drugs no longer in use”). The notion of a
dialectic advancement of knowledge or of “scientific
revolutions” does not apply to Chinese medicine. In
fact, one should speak of an expansion rather than of
a progression of knowledge, because the etymology of
progress implies that something is left behind.

More than 12,000 titles of premodern Chinese
medical literature from a period of about 2,000 years
are available in libraries in China and other coun-
tries today, but not even a handful of these texts
have been translated into modern languages in a
philologically serious way. Hence, only some very
basic historical tenets of traditional Chinese medi-
cine are known in the West, and it is imperative that
access to many sources be provided so that compari-
sons can be made with the history of medicine in
other cultures. In this connection, it is important to
note that Chinese medicine developed the same spe-
cialties as did traditional European medicine. Sepa-
rate sections in the often very voluminous prescrip-

Cambridge Histories Online © Cambridge University Press, 2008



I.2. History of Chinese Medicine

tion works and individual monographs were devoted
to such problems as children’s diseases, the diseases
of women, skin problems, eye complaints, and throat
ailments. The following provide a few examples: The
earliest extant title concerned with the diseases of
children is the Lu-hsin ching (Classic of the Fon-
tanel), of unknown authorship and compiled around
A.D. 907, which was presumably based on sources of
the fourth century or even earlier. The oldest avail-
able text today on women’s diseases and obstetrics is
the Fu-jen liang fang (Good prescriptions for fe-
males) of 1237 by Ch’en Tzu-ming. A text, lost now,
possibly dating back to T’ang times and indicating
the Indian origins of Chinese ophthalmology, is the
Lung-shu p’u-sa yen lun (Bodhisattva Nagarjuna’s
discourse on the eyes), and a first monograph on
leprosy was published by Hstieh Chi in 1529 under
the title Li-yang chi-yao (Essentials of the Ili-
lesions). On ailments affecting the throat, the oldest
text extant is the Yen-hou mai cheng t'ung lun (Com-
prehensive discourse on vessel [movements] indicat-
ing [the condition of ] the throat), of unknown author-
ship and dating from approximately 1278.

Although, as has been stressed, Chinese medicine
emphasized an ontological perspective and was quite
familiar with localistic notions of illness, only a few
dissections were recorded during the imperial age,
and surgery was never developed much beyond the
knowledge needed for performing castrations. Cata-
ract surgery was introduced from India as early as
the T’ang dynasty, but was never really integrated
into Chinese medicine or further developed, despite
the great number of patients who could have bene-
fited from such operations.

The reasons for such reluctance to explore human
anatomy and develop surgery are unclear; also un-
clear is the reason for the failure to expand certain
knowledge that reached an impressive stage at some
early time but went no further. An example is the
world’s first treatise on forensic medicine, the Hsi
yian lu (The washing away of wrongs) of 1247 by
Sung Tz'u. Although it preceded comparable West-
ern knowledge by several centuries, it remained a
solitary achievement, for no author is known to have
built upon and improved this work. In contrast, phar-
maceutical literature was continuously expanded
and amended throughout Chinese history.

The Final Centuries of the Imperial Age

If the Han dynasty was marked by the initial devel-
opment of Chinese medicine, the Song—Chin—Yiian
period was the second most dynamic formative pe-
riod in the history of Chinese medicine. The at-
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tempts by K'ou Tsung-shih, who wrote about the
middle of the thirteenth century, by Chang Yian-su
of the twelfth century, and most important by Wang
Haogu to create a pharmacology of systematic corre-
spondence signaled a closing of the most decisive rift
that had separated the two major traditions of Chi-
nese medicine for the preceding one and a half mil-
lennia. At the same time, however, individual
schools began to appear, and these initiated an in-
creasing specialization and fragmentation within
this unified system — a process that came to an end
only in the twentieth century.

The second millennium of Chinese medical his-
tory was characterized by the attempts of individ-
ual authors to reconcile their own observations and
experiences with the ancient theoretical guidelines.
One of the first to suggest a reductionist etiology
was Liu Wan-su, a twelfth-century physician who
proposed that most illnesses were caused by too
much heat and who advocated cooling therapies.
Chang Ts'ung-cheng, a few decades later, saw the
main course of human illnesses as an intrusion of
“evil influences,” and he founded a school emphasiz-
ing “attack and purging” in therapy. His near con-
temporary, Li Kao, in contrast, thought that most
illnesses were a result of a failure of spleen and
stomach to perform their presumed digestive func-
tions, and he advocated supplementation of these
two units as a basic therapy. None of these schools,
or any other of the many opinions published in
subsequent centuries, achieved even temporary
dominance. Hence, a proliferation of individual per-
spectives characterized the history of Chinese medi-
cine during these final centuries rather than a suc-
cession of generally acknowledged paradigms.

This does not mean, however, that this period
lacked brilliance; several authors made contribu-
tions to their respective fields that were never sur-
passed. The Pen-ts’ao kang mu (Materia medica ar-
ranged according to drug descriptions and technical
aspects) of 1596 by Li Shih-chen is a most impressive
encyclopedia of pharmaceutics touching on many
realms of natural science. It contains more than
1,800 drug monographs and more than 11,000 pre-
scriptions in 52 volumes. In 1601 Yang Chi-chou
published his Chen-chiu ta-ch’eng (Complete presen-
tation of needling and cauterization) in 10 volumes,
offering a valuable survey of the literature and vari-
ous schools of acupuncture and moxibustion, which
is cauterization by the burning of a tuft of a combus-
tible substance (moxa) on the skin (including a chap-
ter on pediatric massage), of the preceding one and a
half millennia.
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Yet despite such monumental works, the dynam-
ics of Chinese medical history appear to have slowed
down subsequently. When in 1757 one of the most
brilliant physician-intellectuals of the second millen-
nium, Hsii Ta-ch’un, wrote his I-hsiieh yiian liu lun
(On the origins and history of medicine), he recorded
a deplorable “loss of tradition” in virtually every
respect of theoretical and clinical health care.

The work of Hsti Ta-ch’un, who died in the same
year, 1771, as Giovanni Battista Morgagni, the au-
thor of De Sedibus et Causis Morborum (On the seats
and causes of diseases), illustrates the fact that tradi-
tional Chinese medicine, traditional European medi-
cine, and even modern Western medicine have more
basic theoretical foundations in common than is usu-
ally believed. Hsi Ta-ch'un, a conservative who was
not influenced by Western thought and was a sharp
critic of the influences of Song—~Chin-Ytan thought
on medicine, nonetheless wrote treatises on “intra-
abdominal ulcers” and, following a long tradition of
military metaphors, compared the use of drugs to
the use of soldiers. One may assume that he would
have had few difficulties in communicating with
his contemporary Morgagni or in understanding
Western medicine as it later developed.

Given the internal fragmentation of traditional
Chinese medicine and the fact that it contained
many of the theoretical foundations of modern Euro-
pean and U.S. medicine, it should be no surprise that
the latter was quickly accepted in China early in the
twentieth century, a process stimulated by a feeling
shared by many Chinese that a decent existence
could be achieved only by employing Western sci-
ence and technology. Only during the past four de-
cades has there been a reassessment of the value of
traditional medicine in China.

For decades, traditional Chinese medicine was
held in contempt by virtually all prominent Chinese
Marxist thinkers. In the 1950s and 1960s, however,
it became apparent that Western medicine, with its
emphasis on expertise and its many tenets that con-
tradicted those of dialectical materialism, could not
be fully integrated into a socialist society, and Chi-
nese medicine was suddenly perceived to be a politi-
cal tool. Chinese Marxist dogmatists began to point
out the antagonism between Western medicine, so-
called bourgeois metaphysics, and individualism, on
one side, and dialectical materialism and traditional
Chinese medicine, on the other. Whereas the com-
plex formulas of traditional Chinese pharmaceutics
could not be explained by modern pharmacology, the
second law of dialectics as formulated by Friedrich
Engels offered a satisfactory theoretical foundation.

I. Medicine and Disease: An Overview

Similarly, acupuncture anesthesia resisted modern
scientific explanation, but could be understood on
the basis of the dialectics of internal contradiction.
Since the demise of the Cultural Revolution, such
theoretical reinterpretations of traditional Chinese
medicine have coexisted in China with Western
medicine, with the latter dominant on virtually all
levels of health care.

Efforts to preserve Chinese medicine include at-
tempts to select those facets of that heterogeneous
tradition that appear to form a coherent system, that
are thought to supplement Western medicine, and
that are not considered superstitious. Research on
the scientific basis of traditional Chinese medicine is
being pursued on many levels. Veteran doctors, how-
ever, prefer a continuation of traditional Chinese
medicine in its own right. Although the dialogue
between Western medicine and Chinese medicine
goes on, not without tension, the Chinese population
turns to both, selecting whatever it considers best
for a specific problem.

Paul U. Unschuld
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1.3
Islamic and Indian Medicine

Islamic and Indian medicine originated in distinct
cultural traditions but have been in close contact for
many centuries. The terms Islamic and Indian as
they refer to medicine do not describe static, ideal-
ized, or monolithic systems that can be categorized
by referring to the medical texts of a distant golden
age. Medical practices in Islamic and Indian cul-
tures were, as elsewhere, eclectic and pluralistic,
evolving in response to complex influences that var-
ied according to time and place. This essay briefly
traces the origins and the major components of the
two traditions and compares and contrasts their in-
stitutional responses to the challenges of modern
times.

Islamic medicine is based largely on the Greek
medical knowledge of later antiquity and is more
properly called Greco-Islamic or Galenic-Islamic
medicine, reflecting the influence of Galen, whose
works dominated medical learning in the eastern
Hellenic world. At the time of the Muslim conquests
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of the seventh century A.D., the major centers of
Greek medical learning in the eastern Mediterra-
nean were flourishing.

Because of theological constraints, Greek Ortho-
dox scholars were more interested in the Greek sci-
ences, which included medicine and philosophy, than
in literature, historiography, and other humanistic
subjects. The Muslim conquerors recognized the ex-
cellence of Greek learning, and the Umayyid and
Abbasid caliphs subsequently sponsored the transla-
tion of a large portion of the available scholarly
works into Syriac and Arabic (Ullmann 1978).

The Hellenic culture had in large part been devel-
oped in the Near East and was an integral part of the
Near Eastern culture inherited by the Muslims. The
belief that the Greek sciences were transported from.
the Occident to the Orient, where they were pre-
served in Arabic translation until their eventual
repatriation by the Occident, is mistaken. The infu-
sion of Greek scholarship transformed the Arabic
language and Islamic culture and must be viewed as
a major historical process in which Islamic civiliza-
tion energetically built on the existing Near and
Middle Eastern cultures.

The major period of translation spanned the years
from the ninth to the eleventh century and was a
complex process that drew on several routes of cul-
tural transmission. Even before the Muslim con-
quest, numerous Greek texts had been translated
into Syriac, and many of these as well as a few
original medical works written in Syriac were in
turn translated to Arabic. The transmission of
Greek scholarship into Arabic, which became the
learned language, accelerated during the Abbasid
era when, beginning toward the end of the eighth
century, Harun al-Rashid and his successors spon-
sored centers of translation and learning in Bagh-
dad. Almost all of Galen’s lengthy medical texts
were translated by the end of the ninth century, and
Greek knowledge had also reached the Islamic world
through Persian sources. The Achaemenid rulers of
western Iran, who valued Greek knowledge, had
founded in the third century A.D. a center of learn-
ing at Jundishapur where Greek scholars, captured
in war, could work. In the fifth and sixth centuries
A.D., Nestorian Christian scholars, persecuted in
Greek Orthodox Byzantium, found refuge in Jundi-
shapur, then under Sasanid rule. The Sasanid rulers
sponsored numerous translations of Greek medical
texts into Pahlevi. In the ninth century many of
these Pahlevi texts were in turn translated into Ara-
bic. Finally, the major Indian medical works were
translated into Arabic or Persian and were accessi-
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ble to Islamic physicians from a relatively early date
(Ullmann 1978).

In answer to the often asked question regarding the
originality of Islamic medicine, Manfred Ullmann, a
specialist in Islamic medicine, has suggested that the
question is inapplicable because it is inherently
anachronistic. The physicians (hakims) of the Islamic
Middle Ages, he observes, were not interested in dis-
covering new knowledge, but rather in developing
and commenting on the natural truths learned from
the ancients (Ullmann 1978). This view, however,
may overstate the case, for within the framework
inherited from the Hellenic sciences, the Islamic
scholars made numerous discoveries. For example,
Alhazen (Ibn al-Haytham), a mathematician who
worked in Cairo, used inductive, experimental, and
mathematical methods inherited largely from Ptole-
maic science to discount Greek and Islamic theories
of light and vision and to produce a new, more accu-
rate and intellectually sophisticated theory (Sabra
1972; Omar 1977).

A. I. Sabra (1987) has suggested that scholars
study the Islamic sciences as part of Islamic civiliza-
tion. The question then becomes not whether the
Islamic scholars made original discoveries or how
the Greek sciences were translated into Arabic and
then into Latin, but rather by what process Islamic
civilization appropriated, assimilated, and “natural-
ized” the Greek sciences.

According to the Greco-Islamic medical theories, dis-
eases were caused by imbalances of the four humors
of the body: hot, cold, moist, and dry. The matters of
the four humors, blood, phlegm, and yellow and
black bile, influenced the temperament of individu-
als. When the balance was upset, the body would
“become ill. Thus, an excess of blood would produce a
sanguine condition, whereas an excess of phlegm
would produce a phlegmatic condition, and so forth.
The physician’s role was to correct the imbalance,
perhaps by prescribing foods or medicines with “hot”
or “cold” properties or by removing excess blood.
This system was essentially secular because it did
not ascribe disease causation to supernatural influ-
ences. When Greek medical works referred to the
Greek gods, Muslim translators simply inserted Al-
lah when appropriate or made the gods historical
figures.

Prophetic medicine can be viewed as a “science”
that integrated medical knowledge derived from the
hadiths, or sayings and traditions of Mohammed and
his companions, and local medical customs, magical
beliefs, incantations, charms with ideas and con-
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cepts drawn from Greco-Islamic medicine. It was, in
other words, an effort to incorporate Greek medical
knowledge into an acceptable Islamic framework.
The authors of prophetic medicine were generally
not practicing physicians but ulama (specialists of
Islamic theological and legal sciences), who worked
out “religiously correct” compendia of medical lore.
In recent years, many prophetic medical works have
been printed and can be purchased in bookstores
throughout the Islamic world.

Sufis, oxr mystics, believed that illness should be
treated through prayer or other religious obser-
vances and not by medical means at all. In addition,
many people believed in astrological influences on
disease causation. Astrological medicine was widely
practiced, and most astrological manuals had sec-
tions giving medical advice (Savage-Smith 1988).
The obvious contradiction between natural causa-
tion, divine causation, and planetary control of
events was never entirely resolved. The late Fazlur
Rahman, the noted Muslim philosopher and scholar,
while dismissing astrology, confronted the dilemma
of the orthodox theological insistence on total reli-
ance on God's will and the necessity of seeking secu-
lar medical intervention. He concluded that “the
Qur’an’s position appears to be that God acts through
natural causation and human volition to further His
purposes” and that whereas many theologians and
Sufi leaders clearly advocated resignation to the will
of God at all times, most, when sick, sought medical
treatment (Rahman 1987). The average person pre-
sumably subscribed to a variety of medical beliefs
without great concern for the obvious contradictions.
In short, in emergencies, all possibilities were to be
tried.

It might be said that over time the difference
between Greco-Islamic medicine and daily medical
practices resembled the difference between the classi-
cal Arabic and the spoken language. One was formal
and was carefully studied and developed by savants
for scholarly discourse. The other was informal, eclec-
tic, and used for everyday needs.

Only a few ofthe major Greco-Islamic physicians will
be mentioned here, in chronological order, to suggest
their varied origins and interests. Mesue (Yuhanna
ibn-Masawayh), court physician to four Abbasid ca-
liphs during the late eighth and first half of the ninth
centuries, was a renowned clinician and teacher who
wrote influential texts on nosology and therapeutics.
Joannitius (Hunayn ibn-Ishaq al-Ibadi) was a ninth-
century physician who studied in Jundishapur,
Basra, and Baghdad. He was proficient in Greek,
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Syriac, and Arabic, and was renowned for his excel-
lent translations of Greek medical texts, which se-
cured his place in the history of medicine and of
Islamic civilization. He also wrote monographs on
ophthalmology and other subjects. His contemporary,
Ali ibn Sahl Rabban al-Tabari, who worked for most
of his life in Rayy, wrote a compendium of medicine
based on the works of Hippocrates, Galen, Aristotle,
Dioscorides, and other authors, mostly from Syriac
translations. Qusta ibn-Luqa al-Balabakki, who died
in 912, practiced in Baghdad and, toward the end of
his life, in Armenia. He wrote on the relationship
between mind and body, in addition to other medical,
philosophical, and mathematical treatises. His fa-
mous contemporary, Rhazes (Aba Bakr Muhammad
ibn Zakariya al-Razi), was born in Rayy and prac-
ticed medicine in Baghdad and at various locations in
Iran. He was a noted philosopher and alchemist who
compiled the famous medical texts entitled Kitabd al-
Mansuri and Kitab al-Haw:. He is best known for his
exceptionally precise (but not original) descriptions
of diseases such as smallpox and measles. Haly Abbas
(Ali ibn al-Abbas al-Majusi), who died in 994, was a
physician at the Buwayhid court. He wrote the fa-
mous Kitab al-Malaki, one of the most concise and
well-organized expositions of Greco-Islamic medi-
cine. At about the same time, Albucasis practiced in
Cordoba and wrote an encyclopedic study that con-
tained an influential section on surgery based on
Greek sources and his own findings. Avicenna (Abu-
Ali al-Husayn ibn-Sina) was a polymath who during
his checkered career practiced medicine at various lo-
cations in Iran. Early in the eleventh century he com-
piled the famous Qanun, a five-volume study dealing
with physiology, nosology, etiology, symptomatology
and therapy, simple remedies, pathology, and the
preparation of compound remedies. This work is a
compilation of medical knowledge of the era that was
enormously influential in the Islamic world and in
the West in Latin translation. He also wrote a book
refuting astrology, a “science” held in ill-repute by
most of the prominent physicians of the era. Averroes
(Ibn Rushd) was twelfth-century Aristotelian phi-
losopher and government official in Cordoba and
Marrakesh who wrote a major medical work divided
into seven parts dealing with anatomy, dietetics, pa-
thology, nourishment, materia medica, hygiene, and
therapeutics. His pupil, Maimonides (Ibn Maymun),
was, like Ibn Rushd, born in Cordoba. But he left
Spain following Almohad persecution and sought ref-
uge in Cairo, where he became court physician and
the official representative of Egypt’s large and flour-
ishing Jewish community. Among his medical works
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is the famous Kitab al-Fusul, which was derived
largely from Galen.

Abd al-Latif al-Baghdadi, who died in 1232, was a
scientist who demonstrated that simple observation
of human anatomy revealed substantial errors in
Galen’s anatomic descriptions. Also prominent in
the thirteenth century was Ibn Nafis, who studied
medicine in Damascus and became director of the
Mansuri Hospital in Cairo. He wrote al-Mujiz, a
widely used commentary on Avicenna’s Qanun. In it
he stated his famous theory of the pulmonary, or
lesser, circulation of the blood, later proved correct.
Finally, Ibn Abi Usaybia should be mentioned. An
oculist at the Nuri Hospital in Damascus, he later
worked at the Mansuri Hospital with Ibn Nafis. He
compiled Uyun al-Anba fi Tabagat al-Atibba, a biog-
raphy of more than 400 physicians of Greco-Islamic
medicine. It remains a major source on the history of
Islamic medicine (Ibn Abi Usaybia 1882—4; Brockel-
mann 1937-49; Ullmann 1978).

These Greco-Islamic medical scholars were a di-
verse group, among whom were Muslims, Chris-
tians, Jews, and Zoroastrians. Persian Muslims
probably outnumbered those of other origins. Al-
though nearly all wrote their major works in Arabic,
many also wrote in Syriac or Persian, as well as in
Hebrew (written in either Hebraic or Arabic letters)
or, later, in Turkish. Regardless of ethnic or cultural
origin, all shared and contributed to the Islamic cul-
tural tradition. Most, though by no means all, prac-
ticed medicine at some time in their careers. A few
were ulama, or lay persons with a special interest in
medicine. Women are conspicuously absent from the
biobibliographies but are known to have acquired
medical expertise and to have practiced medicine in
medieval times (Issa 1928; Goitein 1967).

Medical education was far less structured than in
modern times. Medical students studied the medical
texts independently or sometimes in mosques and
madrasas (schools) along with the other sciences.
Often an aspiring physician studied with one or
more masters and acquired practical experience
through an apprenticeship. There was no formal cer-
tification system or formal curriculum. Proof of medi-
cal expertise depended on the recommendation of a
physician’s teachers, demonstrated familiarity with
the medical texts, as well as a reputation established
through practical experience. Only much later did a
system of certification come into existence, in which
a head doctor (bash hakim), appointed by the ruler,
would issue an ijaza (permission or license) to a
prospective physician testifying to his competence.
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Most of the physicians discussed earlier limited the
realm of their activities to the large cities, usually at
court or in the homes of the wealthy. Several were
directors of major hospitals in Baghdad, Damascus,
Cairo, and elsewhere.

Hospitals in Islamic regions were usually funded
by waqfs (religious endowments for charitable pur-
poses). The concept of waqf funding of hospices for
the sick, which may have been adapted from Byzan-
tine custom, remained standard practice in Islamic
regions until the expansion of the modern nation-
state. For example, in 1662, in Tunis, the ruler
Hamuda al-Muradi established a waqf funded by
revenues from designated hotels, shops, public ov-
ens, kilns, water pipes, mills, and baths and from the
rent on houses. The funds were for a doctor, nurses,
servants, and food for the staff and patients. In addi-
tion, the funds were to maintain the building itself,
which contained 24 rooms and was intended for the
sick and wounded of the army and navy and the poor
who had no family to care for them. The charter of
this waqf specifically stated that there was to be no
distinction among Arabs, Turks, or foreigners. In
Tunis and elsewhere, those who could, however, pre-
ferred to seek medical care at home from relatives
and local practitioners (Gallagher 1983).

In the sixteenth and seventeenth centuries when
Muslim rulers became aware of the military and
commercial expansion of the European powers, they
did not hesitate to recruit European physicians to
their courts. Although European physicians of the
era could treat most diseases no better than their
Muslim counterparts, Muslim rulers, extrapolating
from European advances in other fields of science
and technology, suspected that the Europeans could
(Gallagher 1983). The European physicians had an
advantage because, although they still relied on the
medical texts of Avicenna, Averroes, and Rhazes,
they were more systematically educated than their
Muslim counterparts. Often both Muslim and Euro-
pean physicians were retained at Muslim courts and
were consulted according to the dictates of the ruler.
European physicians at Muslim courts also some-
times served as intermediaries, interpreters, and dip-
lomatic representatives. They were generally well
compensated and held in high esteem.

A few prominent Muslim physicians also sought
the new European medical knowledge. In the seven-
teenth century, Ibn Sallum, an important physician
at the Ottoman court, relied on the works of the
sixteenth- and seventeenth-century Paracelsian
scholars, whose theories of chemistry (later proved
wrong) had emphatically rejected the ancient Greek
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medical theories. Ibn Sallum translated several trea-
tises in Paracelsian medicine from Latin to Arabic,
modifying them slightly for use in Islamic regions.
He is credited with being the first Muslim physician
to subscribe to the new European science and was
not himself trained in Greco-Islamic medicine
(Savage-Smith 1987). In the eighteenth and nine-
teenth centuries, Muslim physicians from North Af-
rica to Iran occasionally used European source mate-
rials to discuss the etiology and treatment of new
diseases such as syphilis and cholera. Muslim schol-
ars did not, however, understand or adopt the new
experimental methods that underlay the Scientific
Revolution.

The transmission of European medical knowledge
was accelerated in the early nineteenth century
when Muhammad Ali, the modernizing ruler of
Egypt, recruited Antoine Clot-Barthelemy to orga-
nize his medical services. Clot founded a medical
school in Cairo where European medicine alone was
taught. European physicians were subsequently
called to Istanbul, Tunis, Tehran, and other Muslim
captials to organize modern medical schools and
health services. By the early twentieth century, Is-
lamic medicine, which bore little resemblance to
medical practices of the medieval era, was held in
official disrepute and the Greco-Islamic theories
themselves had been overturned by the experimen-
tal methods and systematic observations of modern
Western medicine.

The term Indian medicine usually refers to Hindu or
Ayurvedic medicine. It is a medical tradition distinct
from either Greek or Islamic medicine. Ayurvedic
scholars trace its roots to verses from the ancient
Vedic hymns, which contain medical doctrines,
mostly of a magicoreligious character, and date from
as early as the second millennium B.C. The medical
doctrines based on treatment with extracts of plants
(vegetable decoctions, oils, and ghees, usually pre-
pared at home) featured in classic Ayurvedic medi-
cine are, however, not found in the Vedic hymns.
Perhaps they derived from the herbal medicines of
Buddhist monks. The term Ayurveda may have
served to legitimize the medical system by associat-
ing it with the Vedic religious tradition. The term
Veda refers to an abstract idea of knowledge that is
found in all branches of Hindu learning. Ayur means
prolonging or preserving life or the science of longev-
ity. Ayurveda is, in fact, a code of life. It deals with
rebirth, renunciation, salvation, soul, the purpose of
life, the maintenance of mental health, and of course
the prevention and treatment of diseases.
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The most important Ayurvedic medical texts are
the samhitas (the four canonical texts of the Hindu
scriptures) of the mythical savants Caraka and
Susruta. Both are compilations of medical traditions
and exist only in incomplete or copied form.
Caraka’s work was apparently compiled in about the
first century A.D. and that of Susruta in the fourth
or sixth century. Caraka described more than 200
diseases and 150 pathological conditions. He also
mentioned older magical ideas along with the ra-
tional humoral approach based on drug therapy and
diet. Susruta included a long chapter on surgery,
which was apparently widely practiced in antiquity
but was nearly unknown in later years.

The ideas of Ayurveda have permeated Hindu cul-
tural ways of dealing with life and death and sick-
ness and health. Whereas Greek medicine has four
humors, Ayurvedic medicine has three humors, or
dosas, wind, bile, and phlegm, which govern health
and regulate bodily functions. These are the three
microcosms of the three divine universal forces,
wind, sun, and moon. Illness results from an imbal-
ance of the three dosas. Although an essentially
rational understanding of disease and treatment un-
derlies Ayurvedic medical doctrine, Brahmin myths,
gods, and demons are sometimes cited in the classic
texts to explain the origins of diseases and the char-
acter of medicine. Epidemic diseases, for example,
might be caused by drought, excessive rainfall, ca-
lamities sent by the gods in punishment for sins,
poisonous miasmas, or the influence of planets. The
body is considered to be a manifestation of divine
energy and substance, and is a microcosm of the
universe. Whereas Islamic medicine acknowledged
its Greek and Indian origins, Ayurvedic medicine
emerged from the Hindu religious and cultural tradi-
tion (Zimmer 1948; Jolly 1951; Basham 1976; Zyzk
1985).

Medical knowledge was generally transmitted
from a master practitioner to his pupil. Often, medi-
cal knowledge was handed down from father to son
for many generations. Medical students also studied
at medical establishments attached to large temples
or in schools and wuniversities. In the ideal,
Ayurvedic physicians (vaidyas or vaids) were to be
Brahmin and thoroughly learned in the Sanskrit
texts. In practice, they were usually from the top
three castes (varna), Brahmin, Kshatriya, and
Vaisya, but were sometimes considered to have com-
promised their status by the nature of their profes-
sion. Brahmins, for example, would often not accept
food from a vaidya because he had entered the homes
of persons of lower caste and had touched excrement
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and other impure substances (Basham 1976). Most
people, however, had no access to the formal or
learned Ayurvedic medical tradition and relied on
home remedies and consultation with local medical
healers. With few exceptions, only the rulers, mili-
tary leaders, and male members of elite castes had
access to Ayurvedic medicine.

Yunani (Ionian or Greek) medicine should also be
considered a part of the Indian medical tradition.
Yunani medicine was probably introduced into India
with the Turco-Afghan conquests of the thirteenth
century and the expansion of Persian culture in the
fifteenth century. Lahore, Agra, Delhi, and Lucknow
became renowned centers of Islamic learning where
the classic medical texts were copied, studied, and
reformulated, usually in Arabic. From the thirteenth
century, Indian physicians attempted to synthesize
Islamic and Ayurvedic medicine and there was much
borrowing between the two systems (Leslie 1976).
Ayurvedic physicians learned to classify and inter-
pret diseases in Yunani terms. They began to diag-
nose disease by feeling the pulse of the patient, a
practice developed in Yunani but not in Ayurvedic
medicine. They used mercury, which Muslim physi-
cians had borrowed from Europe, and opium and prac-
ticed alchemy, a science not found in Ayurvedic texts.
They studied the case histories found in Yunani but
not in Ayurvedic texts. In turn, the Yunani physi-
cians (hakims) borrowed extensively from the
Ayurvedic pharmacopeia and adopted many Ayur-
vedic ideas concerning dietary principles. Both sys-
tems were widely used in India’s Muslim and Hindu
communities, and Muslim physicians are known to
have practiced Ayurvedic medicine and Hindu physi-
cians to have practiced Yunani medicine.

Ayurvedic medicine reached its highest point of de-
velopment from the first to the sixth century A.D.,
considerably earlier than Islamic medicine, which
reached its highest point from the ninth to the thir-
teenth century. Both traditions lent themselves to so-
phisticated reasoning, earnest speculation, and schol-
arly curiosity, but also to involuted argumentation,
abstract distinctions, and increasingly obscurantist
generalizations. In Indian as in Islamic medicine,
there was no systematic experimental research. In
the sixteenth and seventeenth centuries, Ayurvedic
and Yunani physicians were even less exposed than
were their counterparts inthe Middle East and North
Africa to the new ideas of the Scientific Revolution.

The British conquest of India, begun in the mid-
eighteenth century, did not immediately disrupt
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long-standing medical traditions. In 1822 the Brit-
ish colonial authorities established the School of Na-
tive Doctors at Calcutta, where students could study
both Ayurvedic and Western medicine. The British
authorities also sponsored courses for the training of
hakims and recruited them for medical relief proj-
ects. Within little more than a decade, however, the
British government had decided that higher educa-
tion in India would follow a Western model and the
schools and courses in indigenous medicine were
abandoned. In 1841 a British medical surgeon in the
Bengal medical service found that only four or five
Ayurvedic medical practitioners could read the San-
skrit texts (Leslie 1976; Metcalf 1985).

Even after the British suspended patronage of in-
digenous medical systems, a few princes continued
to sponsor Ayurvedic and Yunani colleges. In 1889
the family of Hakim Ajmal Khan, the famous Mus-
lim reformer and physician, established a Yunani
school in Ballimaran and later a pharmacy that pro-
vided Yunani and Ayurvedic medicines. In 1906
Ajmal Khan established the Tibb (medical) Confer-
ence. Its purpose was to reform and develop Yunani
medicine and to work with Ayurvedic physicians for
their shared interests. In 1907 Ayurvedic practitio-
ners established the All-India Ayurvedic Congress,
which remains the leading Ayurvedic professional
association. In 1910 Ajmal Khan expanded his ear-
lier organization into the All-India Ayurvedic and
Yunani Tibb Conference. The medical associations
successfully opposed the Registration Acts that fully
certified only allopathic, or Western-trained, British
and Indian physicians. They also called for placing
the ancient indigenous medical systems on a scien-
tific basis (Metcalf 1985). Indigenous practitioners
established links between their medical concepts
and those of modern Western medicine in order to
sanction them. When British authorities moved the
capital to Delhi, Ajmal Khan requested and received
land for an indigenous medical college. With fund-
ing from princes and merchants, the foundation
stone for the Ayurvedic and Yunani Tibb College
was laid in 1916 and the college was formally opened
in 1921. Despite much ambivalence, both the British
viceroy and Mahatma Gandhi gave their support to
the college because it was an important symbol of
the Indian cultural revival and of Hindu—Muslim
cooperation (Metcalf 1986). The Indian National Con-
gress, founded in 1920, called for government spon-
sorship of Indian medicine. In the 1920s and 1930s
vaidyas and hakims who had formed professional
associations in rural areas actively campaigned for
government recognition.
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Well before independence in 1947, more than 60
Ayurvedic and Yunani colleges existed throughout
India and there were official Boards of Indian Medi-
cine in Bombay, Madras, and elsewhere. After inde-
pendence, Ayurvedic and Yunani physicians ex-
pected to win equal status with physicians trained in
the Western medical schools, but despite strikes and
other organized protests they did not do so. In 1956
the government established the Central Institute of
Research in Indigenous Systems of Medicine and the
Post Graduate Training Centre for Ayurveda in
Gujarat State and similar institutions elsewhere.
Although the number of Ayurvedic and Yunani col-
leges and dispensaries has multiplied since indepen-
dence, government funding has been minimal. Many
of the colleges teach anatomy, nosology, and other
Western medical subjects in addition to the basic
courses in Ayurvedic and Yunani medicine, but the
result is popularly regarded as inadequate training
in any medical system. Ayurvedic and Yunani practi-
tioners, for example, often prescribe antibiotics and
give injections, but without the understanding of the
physician educated in Western medicine. According
to Paul Brass, a political scientist specializing in
modern India, the students in the indigenous medi-
cal schools are popularly perceived to have failed in
secondary school or to have failed to gain admission
to modern medical or professional schools (Brass
1972). For the treatment of serious ailments, West-
ern medicine is preferred by those who can obtain
and afford it. Nevertheless, the struggle for “medical
equality” continues.

The process of medical professionalization in the
Middle East was quite different. In Egypt in the late
nineteenth century, medical works by Avicenna and
others were published by Cairo’s Bulaq Press. This
could have been a sign of a revival or of a new
institutionalization of Islamic medicine. Thus, Ull-
mann (1978) suggests that the manuscripts were
published because they were part of a living medical
tradition rather than part of medical history. It is
probably truer that they were part of Egypt’s nation-
alist revival and were valued primarily as part of its
cultural heritage. Egyptian medical students stud-
ied exclusively Western medicine at the Qasr al-
Ayni medical school or went abroad to study in Brit-
ish or French medical schools. By the post—World
War I era, most governments in the Middle East
required practicing physicians and pharmacists to
be licensed, and medical schools specializing in West-
ern medicine alone had been established in Istanbul,
Beirut, Cairo, Tunis, Tehran, and many other major
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cities. In Iran, for example, the modernizing govern-
ment of Reza Shah required all physicians and phar-
macists to be licensed by the early 1930s. Unlicensed
physicians with established practices had to take an
examination that, according to Byron Good, an an-
thropologist specializing in Iran, covered internal
medicine, pharmacology, and traditional Galenic—
Islamic medicine. The license given to these (mojaz,
or permitted) physicians was not equivalent to that
given by the accredited Western medical schools but
was rather comparable to the médecin toléré license
given to indigenous practitioners in French colonies.
To pass the exam, the candidates had to study Euro-
pean medical texts in order to familiarize them-
selves with the new medical theories and practices.
This resulted in a modification of existing medical
practices, and after the early 1930s all new physi-
cians and pharmacists had to hold licenses from the
accredited medical schools (Good 1981).

The unlicensed indigenous practitioners in Egypt,
Iran, and elsewhere — health barbers, midwives,
bonesetters, herbalists — continued to have clients,
of course, because most people did not have access to
European medicine, which was expensive and con-
fined to the large cities. But such practitioners did
not themselves organize in order to establish medi-
cal schools, pharmaceutical companies, or journals
specializing in Greco-Islamic medicine.

There are several possible explanations for these
very different responses to the new dominance of
Western medicine. Ralph Croizier (1968), a special-
ist in Chinese medical systems, has suggested that
Islamic medicine differed from Ayurvedic and Chi-
nese medicine because it did not claim that it con-
tained special knowledge unknown in the West. In-
deed, unlike the Hellenic medical theories shared by
both Islamic and pre-Renaissance Western medicine,
the ideas of Ayurvedic medicine were nearly un-
known to Western scholars until the colonial era.
The unique origin of Ayurvedic medicine therefore
may have distinguished it from Islamic medicine.
Another explanation may be that the Ayurvedic
texts were believed to have originated in Hindu holy
scripture, whereas the Greco-Islamic medical texts
were clearly of non-Islamic, secular origin. Barbara
Metcalf, a historian of India and Pakistan, has ob-
served, however, that, in Muslim India, Yunani medi-
cine was considered to be an ancillary dimension of
religion and its practitioners were expected to be
pious men. Yet, as she cautions, Muslim scholars
were aware that Yunani medicine did not contain
the truths of the religion as did the Quran and the
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hadiths, and did not consider it part of the Islamic
religious sciences (Metcalf 1982).

In the Middle East, there was no competing medi-
cal system associated with a dominant indigenous
religion, and Muslim, Christian, and Jewish physi-
cians all studied the Greco-Islamic medical theories.
Although Islamic medicine was not an integral part
of the Islamic sciences, most people considered it to
be compatible with correct Islamic values. Because
not only Ayurvedic but also Yunani physicians
formed professional associations, it would seem that
the “unique origin” and the “religious versus secular
or foreign origin” explanations can only partially
explain the different responses to modern medicine
and to colonial rule. An additional explanation may
lie in the fact that the Middle East was closer to the
European metropoles than was India, making its
exposure to European political and cultural influ-
ence more intense. The main support for Ayurvedic
and Yunani professional organizations has, in fact,
come not from the main cities of India but from the
provinces. A further explanation may be found in
British colonial administrative policies. The British
authorities in India initially attempted to preserve
local traditions. They even combined the indigenous
and European systems in their new medical schools,
where courses were taught in Sanskrit and English.

The process was quite different in the Middle East
and North Africa because in the nineteenth century,
when the British and French established colonial
rule, indigenous ruling elites such as Muhammad Ali
of Egypt and his successors had for some time been
trying to strengthen their own power by learning the
secrets of European power. India’s rulers had not had
such a long exposure to European science and technol-
ogy before the onset of colonial rule. Indigenous rul-
ers in India had not, therefore, been able to emulate
Muhammad Ali of Egypt or the other modernizing
rulers of the Middle East, for they had been relegated
to a largely ceremonial and traditional role in the
British raj. The sequential establishment of colonial
rule may thus have contributed to the difference in
medical professionalization. Furthermore, as the
nineteenth century progressed, the discovery of qui-
nine, smallpox vaccination, new methods of public
health sanitation, anesthesia, antisepsis, and other
advances made the prevention and treatment of dis-
ease more effective and the modern medical profes-
sion in general more confident. The Ayurvedic and
Yunani physicians, protected by British colonial poli-
cies, managed to upgrade their skills by adopting new
methods of medical intervention learned from Euro-
pean medicine and, rather like practitioners of home-
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opathy and chiropractic in the West, were able to
obtain a degree of official recognition.

Finally, because the ruling elites of the Middle East
and North Africa had opted for European medicine
long before the colonial era, indigenous practitioners
in these regions, unlike their counterparts in India,
had no support from their local (Muslim) rulers and
none from their European colonial rulers. Because
they had been represented at most by a head doctor
appointed by the ruler, they had no organized means
of protest. In contrast to the authoritarian, central-
ized political systems of the Middle East, the constitu-
tional form of government established in India in the
twentieth century lent itself to lobbying by special
interest groups such as professional associations. The
result is a dual system of officially recognized medical
education, professional organization, and certifica-
tion in India and a single system in the Middle East
and North Africa. Nevertheless, in all these regions,
asin the West, a wide variety of medical practitioners
continue to flourish.

Apologists for the Islamic and Indian medical tra-
ditions argue that Western medicine cannot treat all
diseases. They correctly observe that many diseases
have a cultural component that a local healer famil-
iar with the beliefs of the patient might treat more
satisfactorily than a counterpart trained in Euro-
pean medicine. It is widely recognized that diseases
partly caused by psychological stress can be more
effectively treated by healers who understand the
religious, cultural, and political beliefs of the pa-
tient. Recognizing this and, more important, the un-
avoidable fact that the majority of the world’s popula-
tion does not have access to modern medicine, the
World Health Organization has been attempting to
upgrade existing indigenous medical traditions
rather than to replace them with modern medicine.
In practice this has meant studying local remedies
with the techniques of modern science in order to
distinguish between effective and harmful practices
and to train practitioners to modify these methods in
accord with their findings. Success has been very
limited, however.

Today, in India, as Charles Leslie, an anthropolo-
gist specializing in Indian medicine, has pointed out,
one must distinguish between the Ayurvedic medi-
cine of the Sanskrit classic texts; the Yunani medi-
cine of the classic Arabic texts; the syncretic
Ayurvedic and Yunani medicine of the traditional
culture; contemporary professionalized Ayurvedic
and Yunani medicine (both of which have borrowed
from modern Western or allopathic medicine); folk
medicine; popular culture; homeopathic medicine;
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and learned magic-religious medicine (Leslie 1976).
Yet all must be considered part of Indian medicine.
Similarly, in the Middle East, one must distin-
guish between the classical Islamic medical tradi-
tion; the everyday practices of the health barbers,
herbalists, midwives, bonesetters, and religious heal-
ers; and, of course, Western medicine. Throughout
the Islamic world, Muslim fundamentalists are espe-
cially active in the medical schools. But outside of
India and, to a lesser extent, Pakistan, they have
given no thought to developing Islamic medicine
along Western institutional lines. They argue that
medical sciences have no nationality, but that (mod-
ern or Western) medicine should be administered
according to Islamic law. Thus, charitable clinics
attached to fundamentalist mosques dispense West-
ern medicine, and the fundamentalists call merely
for the revival of the comprehensive worldview and
the humanistic concern that, they contend, charac-
terized the Islamic medical system. They advocate
what would in the West be called the holistic ap-
proach to patient care, with modern medicine subsi-
dized through the legal Islamic taxes and accessible

to all.
Nancy E. Gallagher
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14
Disease, Human Migration,

and History

There is a story told among the Kiowa Indians of
North America’s southern Great Plains about the
arrival in their midst, in a time long past, of a
stranger in a black suit and a tall hat. This
missionary-appearing figure is confronted by Sayn-
day, a mystic hero of the Kiowa.

“Who are you?” asks the stranger.

“I'm Saynday. I'm the Kiowa’s Old Uncle Saynday. I'm the
one who'’s always coming along. Who are you?”

“I'm smallpox.”

“Where do you come from and what do you do and why are
you here?”

“I come from far away, from across the Eastern Ocean. I
am one of the white men —they are my people as the
Kiowa are yours. Sometimes I travel ahead of them, and
sometimes I lurk behind. But I am always their compan-
ion and you will find me in their camps and in their
houses.”

“What do you do?”

“I bring death. My breath causes children to wither like
young plants in the spring snow. I bring destruction. No
matter how beautiful a woman is, once she has looked at
me she becomes as ugly as death. And to men I bring not
death alone but the destruction of their children and the
blighting of their wives. The strongest warriors go down
before me. No people who have locked at me will ever be
the same.” (Crosby 1986)

Stories such as this abound among indigenous peo-
ples throughout the world. Sometimes they are sim-
ple sayings, as among the Hawaiians: “Lawe li’ili’i ka
make a ka Hawai’i, lawe nui ka make a ka haole” -

“Death by Hawaiians takes a few at a time; death by
white poeple takes many.” Among some, such as the
Maori of New Zealand, they are more cryptic: White
people and their diseases are “he taru tawhiti” — “a
weed from afar.” And among still others elaborate
systems of disease differentiation have emerged, as
among the Southwest American Indian Pima and
Papago, who distinguish kd.cim mumkidag, or “stay-
ing sicknesses,” from ‘6immeddam, or “wandering
sicknesses.” Staying sicknesses are those the Indians
have always had; they are noncontagious, and whom
they afflict and the appropriate response to them are
well understood. Wandering sicknesses, in contrast,
originated among other, distant peoples, principally
white peoples; they are relatively new to the Indians,
are highly contagious and indiscriminate in whom
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they attack, and are “wrong” because there is no way
to defend against them (Bahr et al. 1974).

To some Western readers these may seem like
quaint notions among simple peoples. In fact, they
are clear-eyed and accurate recognitions of historical
and ongoing reality. For millennia upon millennia,
over most of the earth’s surface, the vast majority of
humankind lived in relatively isolated enclaves. Dis-
eases, of course, existed in those enclaves, but among
most peoples for most of that time, none of the dis-
eases were so-called crowd-type ecopathogenic infec-
tions such as smallpox, yellow fever, typhoid, ma-
laria, measles, pertussis, polio, and so on (Newman
1976). Nor for most of the history of humankind did
the majority of the world’s populations suffer from
such afflictions as hypertension, diabetes, obesity,
gallstones, renal stones, coronary heart disease, ap-
pendicitis, diverticular disease, and more, including
various forms of cancer (Trowell and Burkitt 1981).

During these huge stretches of time, before hu-
mans developed the ability to move great distances
into areas inhabited by other humans, population
growth among these generally quite healthy people
was restrained by the same phenomenon that re-
strained growth among other animals — limited re-
sources. With the rise of agriculture, however, the
domestication of animals, and the first appearance
of urban communities in Sumeria about 5,000 years
ago, the resource restraint on population growth be-
gan to loosen. But another restraint emerged —
infectious disease.

Early Urban Environments
Before the domestication of various kinds of birds
and mammals, hunter-gatherer societies had little
everyday contact with large numbers of animals ex-
cept, in some cases, dogs. As humans learned to
contain, control, and breed pigs, sheep, cattle, goats,
horses, and fowl, however, they were forced to share
those animals’ environments. Although their di-
etary protein intake thus increased, so too did their
exposure to pox viruses, distemper, measles, influ-
enza, and other maladies, all diseases carried by the
newly domesticated creatures in their midst.
Damaging as these diseases were when first en-
countered, in time they became the troublesome, but
relatively nonlethal childhood diseases of the
evolved stockbreeding societies. The diseases, along
with the animals, in effect became domesticated, but
only for the specific people who had endured the
lengthy immunization process. As these people
moved from place to place, encountering other
groups, they deposited pathogens that were disas-

I. Medicine and Disease: An Overview

trous to the newly contacted, nonimmune communi-
ties. Their travels were rarely extensive, however, at
least in the early centuries of animal husbandry,
agriculture, and urbanization.

A major problem at this stage of social develop-
ment was founded on the concentration of humans in
the new protourban centers, initially in the Middle
East and later elsewhere. First, the people in such
locales were dependent on those in the surrounding
countryside for food supplies; any depletion of those
supplies, because of drought or other natural disas-
ter, spelled catastrophe for the urban dwellers. In
addition, the concentration of a large number of peo-
ple in a relatively small geographic area greatly
increased the opportunity for the infectious commu-
nication of various diseases from one human host to
another. On occasion, and in the short term, this
resulted in epidemic outbreaks of disease. Generally,
however, and in the long term, it probably meant the
creation of endemic diseases that did not erupt like
firestorms, but that gnawed away at the well-being
of the community and in part undermined its ability
to reproduce.

A larger consequence of the urbanization—disease
dynamic was that urban populations were often un-
able to sustain themselves without external support
and a steady stream of in-migration from the coun-
tryside. This was a perpetual problem from the time
of the rise of urban centers until the nineteenth
century; throughout this period, observes William
H. McNeill (1979), “rural peasantries [were re-
quired] to produce a surplus of children as well as a
surplus of food to sustain urban life and the civilized
social structures cities created.”

This is not to say, however, that in-migrating ru-
ral peasants were greeted as saviors of civilization.
On the contrary, they were fodder to be wasted in the
interests of civilization’s continuance. As Lawrence
Stone (1977), among others, has vividly shown, as
late as the seventeenth, eighteenth, and nineteenth
centuries, the centers of Western civilization were
cesspools of disease, exploitation, starvation, and
death. In Manchester, England, for example, for
much of the nineteenth century, the mortality rate
for children under 5 was around 50 percent (Forbes
1986). All during this time urban dwellers in Europe
were dying of bubonic plague, smallpox, syphilis,
typhus, typhoid fever, measles, bronchitis, whooping
cough, tuberculosis, and other diseases (e.g., Matos-
sian 1985), which still had not spread to what — to
Europeans, at least — were the most remote portions
of the globe.

Migration outward to the Caribbean, the Ameri-
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cas, and the Pacific from the densely packed,
disease-infested urban centers of Europe and then
Asia —with an involuntary assist from Africa—
probably created the greatest explosion of epidemic
disease and the worst human catastrophe the world
has ever seen. Before turning to that holocaust,
which began in the late fifteenth century, it is worth
glancing at the first great disease exchange that
brought both China and Rome nearly to their knees
long before the peoples of the Pacific or the Americas
would experience the initial forays of bacteria and
viruses.

Disease and Commerce

In his well-known study Plagues and Peoples, and in
subsequent writings as well, the historian William
H. McNeill has shown that a useful way to under-
stand the evolution of human society is to examine
the complex interactions between and among micro-
parasites and macroparasites. Microparasites, in
this context, are the microscopic organisms that live
off human tissue, sometimes carrying disease and
death, sometimes provoking immune reactions in
their host that destroy the microparasites, and some-
times developing a reciprocal relationship that al-
lows both host and parasite to survive in a state of
relative equilibrium. In the last case, the host may
become a carrier of infection, capable of spreading it
to others although he or she remains symptomless.

Macroparasites, in the traditional sense, are preda-
tory animals such as lions and wolves that feed on
the flesh of other animals — but McNeill suggests
that, in a more metaphorical sense, humans who
seize the goods of others or who compel others to
provide services are also macroparasites. Like micro-
parasites, macroparasites of this sort sometimes kill
their hosts in the immediate assault, but more often
they develop a long-term exploitative relationship,
again a state of relative equilibrium, albeit to the
much greater advantage of the parasite than the
host (McNeill 1976, 1980).

Throughout the course of human evolution there
have been long stretches of time when it seems that
states of equilibrium have existed among the masses
of people and the microparasites and macroparasites
that lived off their bodies and their labor. To be sure,
during these times neither the physical nor the so-
cial conditions of the majority of humankind may
have been ideal, but neither were they often in a
state of crisis. This was true even in the early centu-
ries of urban society discussed earlier: Although cer-
tainly punctuated from time to time by epidemic or
political upheaval — usually in tandem, the case of
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Athens in the fifth century B.C. being the classic
example (Shrewsbury 1950) — those early civiliza-
tions remained sufficiently separate from one an-
other that biological and social stability was more
the rule than the exception.

This began to change at about the time of the
Christian Era (to use the Western chronological
guidepost) as overland caravans and open-sea ships
expanded trade throughout the Middle East, Asia,
and Europe. The outer extremes of that new network
of commerce — China and Rome — were also the least
experienced in terms of previous trade interactions
and cosmopolitan disease. To use the earlier-noted
Pima and Papago Indian terminology, both China
and Rome were well adapted to their own “staying
sicknesses,” but unlike the more trade-experienced
peoples in much of India and the Middle East they
had little experience with the “wandering sick-
nesses” that existed outside their realms. As a conse-
quence, whereas most of India and the Middle East
seem to have experienced no major pathogenic demo-
graphic reactions to the new expansion of commerce,
China and Rome were convulsed by it.

In the late second century A.D. both Rome and
China were probably overwhelmed by pestilence. In
Rome the so-called Antonine plagues of A.D. 165-80
were followed less than a century later by another
round of empirewide pandemic. Although it is impos-
sible, at this distance, to determine what diseases
entered Rome and caused such havoc during these
times, opinion has long centered on smallpox or
something similar or ancestral to it as the primary
agent (Hirsch 1883; McNeill 1976). No doubt, how-
ever, other newly introduced infections (including,
probably, measles) were present as well. The result
was severe and prolonged population decline and,
perhaps consequently, political upheaval.

A very similar epidemiological and social pattern
developed in China during the same early centuries
of this era (McNeill 1976). In short, the mobility of
commerce, to a degree unprecedented in previous
world history, introduced new and devastating waves
of microparasitism to geographic locales that previ-
ously had existed in widely separated realms; the
consequent population collapses probably gave rise to
upheaval in the macroparasitic equilibrium (how-
ever uneasy it may already have been), with eventual
deterioration and collapse of the existing political
orders — the Roman and Han empires — altogether.

The European Middle Ages and After
The thousand years following the second- and third-
century Roman and Chinese pandemics witnessed
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recurring bouts of disease upheaval, but generally
these were confined to specific geographic areas. In
particular, it seems that the Mediterranean world
experienced major epidemiological assaults during
the middle to later centuries of the first millennium
A.D., due in large part to that locale’s openness to
migrations and seaborne contagions. To some extent
in response to this, European civilization began a
slow northward shift (Biraben and Le Goff 1969).

The early medieval period in northern Europe was
one of a relatively large number of disease out-
breaks, but few of major epidemic consequence
(Bonser 1944). As McNeill (1976) notes, “A pattern
of increasing frequency but declining virulence of
infectious disease is exactly what a population learn-
ing to live with a new infection experiences as the
accommodation between hosts and parasites moves
toward a more stable, chronic state.” In sum, a
parasite—host equilibrium was emerging. To be
sure, by modern standards mortality from endemic
diseases was high — and the urban centers were still
unable to maintain growth without significant in-
migration from the countryside —but overall the
population of Europe probably tripled during the
half-millennium between 800 and 1300.

By any standards, however, the fourteenth-
century population of Europe was far from robust.
The famous agricultural revolution of the Middle
Ages had greatly increased European nutritional
levels, thus undergirding the relatively rapid popula-
tion growth (White 1962), but it was a precarious
foundation for population maintenance. England,
for example, was hit by major famines between 1315
and 1317, although less disastrous times of starva-
tion were common as agricultural yields declined by
nearly 20 percent in the first half of the century
(Braudel 1973). Then, in midcentury, plague struck.

For some centuries migrations from Europe to the
Middle East had been growing, beginning with
small pilgrimages and culminating in the Crusades.
These population movements generated trade net-
works, which themselves gave impetus to the cre-
ation of new and larger urban centers in Europe —
centers of extreme crowding and extraordinarily
poor public health conditions. As one English legal
statute of the fourteenth century described things,
as a prelude to a futile effort at correction:

So much dung and filth of the garbage and entrails as well
as of beasts killed, as of other corruption, be cast and put
in ditches, rivers, and other waters, and also in many
other places, within, about, and nigh unto divers cities,
boroughs, and towns of the realm, and the suburbs of
them, that the air there is greatly corrupt and infect, and
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many maladies and other intolerable diseases do daily
happen. (Robertson 1968)

The worst of those “many maladies and intolera-
ble diseases” descended on Europe from China
through the trade routes of the Mediterranean, mov-
ing through southern Russia and the Crimea be-
tween 1331 and 1346, finally exploding across the
length and breadth of the Continent between 1346
and 1350. By the time this first wave of the bubonic
plague pandemic, the Black Death, had passed, at
least a third of the population of Europe had died.
Then it returned in the 1360s and 1370s to kill
again, though each new visitation brought progres-
sively lower death rates as immunity to the disease
began to develop.

The weight of evidence suggests that in the wake of
the plague nothing remained the same. It is perhaps
an exaggeration to label the Black Death the “cause”
of events ranging from the Peasants’ Revolt to the
Reformation, as some have done, but there is no doubt
that spiritual and political faith were profoundly
shaken by it. Certainly this disequilibrium — when,
as one nineteenth-century historian put it, “faith dis-
appeared, or was transformed; men became at once
skeptical and intolerant” (Jusserand 1891) — made
an important contribution to the great social changes
that occurred in Europe from the fifteenth to the
seventeenth century.

During those later centuries epidemics continued
to haunt the Continent, and population recovery was
slow (Flinn 1981). As before, the cities could not
sustain themselves without constant in-migration
from the countryside. As one writer has flatly stated,
during these centuries “immigration to the towns
was vital if they were to be preserved from extinc-
tion” (Mols 1973). Until the eighteenth century, how-
ever, the geographic extent of most Europeans’ inter-
nal urban migrations appears to have been quite
small: Apart from the forced migrations caused by
warfare, as one large study has shown, the majority
of those people who moved at all during their life-
times were unlikely to have migrated more than 10
miles from their original home (Clark 1979).

The crucial point, however, for present purposes at
least, is that by the close of the fifteenth century,
Europeans had accumulated and exposed one an-
other to an enormous number of what had evolved
into chronic infectious diseases — including measles,
mumps, influenza, chicken pox, smallpox, scarlet fe-
ver, gonorrhea, and tuberculosis, to name but a few.
Although occasionally breaking out in epidemic epi-
sodes, these diseases had principally become slow
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killers, many of them preying largely on children,
nearly half of whom died before reaching their tenth
birthday (Flinn 1981), or the aged.

It was neither children nor the aged, however, who
manned the sailing ships that, near the turn of the
fifteenth century, began the most extensive explora-
tions and migrations the world had ever witnessed
and, as already mentioned, in the process created
what may well have been the worst series of human
disasters in history.

Africa and the Caribbean

The massive African continent, with a commerce,
migration, and disease history that was at least
Europe’s match, loomed large in the imagination of
the earliest open-sea European explorers. With all
its riches, however, as Alfred Crosby (1986) has
commented, “Africa was a prize well within Euro-
pean reach, but it seared the hand that tried to hold
it.” In addition to malaria, one of the most destruc-
tive diseases humans have ever faced, so extensive
was the barrage of African diseases that greeted
the Europeans — in Crosby’s words, “blackwater fe-
ver, yellow fever, breakbone fever, bloody flux, and
a whole zoo of helminthic parasites” — that Africa
quickly became known as the “white man’s grave.”
Even as late as the nineteenth century it was rou-
tine for British troops stationed on the Gold Coast
to lose half their number in a single year to the
ravages of African disease, and European soldiers
stationed alongside black troops in West Africa died
from disease at a rate 15 to 20 times higher than
their African counterparts (Curtin 1968). The Euro-
peans, of course, returned some of these favors with
diseases of their own to which the Africans had
little or no resistance — in particular, syphilis and
tuberculosis, which took a heavy toll among their
African recipients.

Whereas some explorers plied the African trade,
others ventured deep into the Atlantic. There they
encountered peoples living in the most salubrious of
island environments, peoples with no domesticated
animals and no history of almost any of the diseases
Europeans had had to live with for centuries and
even millennia. In their great isolation, the natives
of the Caribbean had long since come to biological
terms with the relatively few microparasites in their
midst. In this sense, they were probably similar to
the Old World populations of thousands of years
earlier. Predictably, European contact was calami-
tous for them. The Caribbean island natives, living
in fairly dense coastal settlements, were over-
whelmed by the barrage of diseases that rolled over
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them. Unlike even the worst epidemics the Europe-
ans had historically had to endure, including the
infamous Black Death, the biological invaders of the
Caribbean came in a swarm: A variety of scourges
hit them all at once. In their confined island worlds
there was nowhere to hide.

The island of Hispaniola was the first to be hit. In
1492, when contacted by Columbus, its population
may have been as large as 8 million; less than half a
century later its people were, for all practical pur-
poses, extinct (Cook and Borah 1971). The pattern
was the same throughout the islands of the Carib-
bean. Diseases descended on the natives in clusters.
And with no one in the community having any resis-
tance, everyone fell sick at the same time. With no
one left to haul water or feed children or provide
comfort to anyone else, nutritional levels plum-
meted and despair swept over the populace — further
reducing their resistance to infection.

As the first epidemic waves passed, longer-term
illnesses like tuberculosis and gonorrhea took hold,
reducing the island populations still further while
undermining their reproductive potential and thus
any possibility of recovery. In this condition the na-
tives were yoked to forced labor by the Spanish in-
vaders. With the failure of native labor to produce as
desired, the Europeans turned to Africa for their
work force. This spelled the end for the Caribbean’s
native island peoples, for the enslaved Africans
brought with them the diseases that earlier had
made their continent the storied “white man’s
grave.” Whipsawed between the diseases that had
been accumulating in Europe and Africa for millen-
nia, the island natives at last ceased to be (Kiple
1984).

In the centuries that followed, down to the pres-
ent, the European and African diseases did most of
their damage to the populations native to the other
continent — tuberculosis, smallpox, and pneumonia
attacking the African immigrants, malaria and yel-
low fever assaulting the Europeans. Demographi-
cally, the Africans triumphed: Today the descen-
dants of African slaves dominate the populations of
the Caribbean. As Kenneth Kiple (1984) has clearly
shown, however, new catastrophes now lie in wait as
population pressures build in the region and the
safety valve of out-migration threatens to close.

The Americas

Following their invasions of the Caribbean, the
sixteenth-century European explorers headed for
the American mainland. Again, they encountered
peoples with no previous exposure to the diseases
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the Europeans bore so easily — and again the result
was a holocaust.

Whereas it now appears that influenza, carried by
pigs aboard Columbus’s ships, may have been the
initial principal killers in Hispaniola (Guerra 1985,
1988), on the American mainland the initial major
cause of death was smallpox (Crosby 1972; Dobyns
1983). Death rates were much higher in coastal than
in inland areas, those in the former often approach-
ing the extermination-level rates of the Caribbean
(Borah and Cook 1969). Inland areas, however,
though faring somewhat better in a comparative
sense, still suffered at a level that strains comprehen-
sion. The population of central Mexico, for example,
appears to have dropped by one-third, from about 25
million to less than 17 million, in a single decade
following European contact. Within 75 years it had
fallen by 95 percent (Cook and Borah 1960; Borah
and Cook 1963).

So rapidly did the viruses and bacteria spread up
and down and across the North and South American
continents that historians have been unable to trace
their paths with any precision. It is now clear, how-
ever, that the diseases moved across the land at a
much faster pace than did the men who brought
them, destroying whole populations long before
their very existence could be known by the Euro-
pean invaders (Ramenofsky 1987).

Although the overall size of the population in the
Americas at the time of European contact and its
subsequent rate of collapse have long been a subject
of much controversy, it is becoming increasingly ap-
parent that both numbers represent magnitudes
that earlier scholars had never imagined. It is possi-
ble, in fact, that the pre-Columbian Americas con-
tained more than 100 million persons — more than
resided in Europe, including Russia — at the time of
the European arrival (Dobyns 1966).

Recent regional estimates continue to support the
thesis, originally propounded by Sherburne Cook and
Woodrow Borah, that massive and sudden depopula-
tion was the rule in early native European contact sit-
uations throughout the Americas: From Peru, where
a population of about 9 million dropped to 600,000
during the century following contact (a 93 percent
decline rate), to Nicaragua, where it fell by more than
92 percent (Cook 1981; Newson 1987); from Califor-
nia, where the native population declined by 95 to 98
percent before bottoming out in the nineteenth cen-
tury (Thornton 1987), to Florida, where it appears to
have fallen by 75 percent in only 15 years and 95
percent within the first century of European contact
(Dobyns 1983); from New England, where the
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Patuxet tribe was extinguished in two years and the
Massachusett tribe fell by 97 percent in two decades,
to Guatemala, where the highland population alone
dropped by 94 percent in little more than a century
(Axtell 1985; Lovell 1985). Other examples abound.

Terrible as the epidemic invasions were in all these
cases, it is now becoming evident that viral and bacte-
rial assaults, by themselves, do not sufficiently ac-
count for such large population losses. As in the Ca-
ribbean, it appears likely that in the rest of the
Americas the epidemics initiated a process of col-
lapse, which then was exacerbated by the rapid with-
ering away of village life and social supports, along
with the pervading sense of despair and helplessness
that was a natural concomitant of the epidemic fire-
storm (Neel 1977). In addition, comparative research
now suggests that the fundamental cause of the most
drastic population declines may well have been an
overwhelming degree of infertility directly caused by
the waves of smallpox, tuberculosis, measles, and
venereal infection that attacked these epidemiologi-
cally virginal populations (Stannard 1990).

The Pacific

The Pacific — from the continent of Australia to the
islands of Hawaii — was the last major region of the
world affected by the great era of European explora-
tion in the sixteenth, seventeenth, and eighteenth
centuries. The same lugubrious tale of explosive epi-
demics and drastic population decline that we have
encountered in the Americas was repeated here.

The lengthy ocean voyages required to reach the
Pacific screened out the danger of smallpox during
the earliest years of exploration, although in time
smallpox epidemics did devastate native populations
throughout the entire region (for examples from Aus-
tralia, Pohnpei, and Hawaii see Greer 1965; Butlin
1983; Campbell 1985; and Hanlon 1988). Influenza
may have been restrained to some extent by the
same distance-screening process, although influ-
enzalike epidemics were reported in many early rec-
ords and ongoing research on the spread of influenza
viruses suggests ways in which the distance re-
straint may have been overcome (Hope-Simpson and
Golubev 1987). Of greatest importance in the first
decades of Western contact, however, were tuberculo-
sis (which can explode with epidemiclike intensity
in a previously uninfected population; see, e.g., Du-
bos 1965) and venereal diseases.

An account of the devastation visited on the Pa-
cific is as lamentable as is the account of what hap-
pened in the Americas. In southeastern Australia
about 95 percent of the aboriginal population died
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off in slightly more than 60 years (Butlin 1983). In
New Zealand the native population fell by about 60
percent in 70 years and at least 75 percent in a
century (Lewthwaite 1950; Pool 1977). In the Mar-
quesas Islands the population dropped by 90 percent
in 65 years and by 96 percent in just over a century
(Dening 1980). In Hawaii the native population was
halved within 25 years following Western contact
and reduced by at least 95 percent in a little more
than a century (Stannard 1988). There are many
more examples.

As with the natives of the Caribbean and the
Americas, a primary cause of the Pacific peoples’
vulnerability to the introduced infections was their
lack of immunity to the new diseases and the fact
that they were assaulted by a barrage of them simul-
taneously. In addition, some genetic factors may have
also played a part. Because initial populations were
relatively small in each newly settled island, the
evolved gene pool in each case was probably rela-
tively small, making large-scale die-offs more likely
than would be the case in populations with a more
complex and heterogeneous composition. Like Ameri-
can Indians, who also grew from a comparatively
small population of early immigrants and who were
isolated from the world’s gene pools and great disease
experiences for a vast period of time, Polynesians, for
example, show a remarkably narrow range of blood
types, with an almost complete absence of type B
(Morton et al., 1967; Mourant 1983).

In the Pacific, as in the Americas, the populations
that were not extinguished by their contact with the
West in time began to recover. Partly because of the
development of acquired immunities, and partly be-
cause of amalgamation with the races that had
brought the new diseases (among Hawaiians, for
example, the worst health profile today remains that
of so-called pure Hawaiians, whose numbers have
dwindled to less than 1 percent of those at the time
of Western contact), the Pacific’s native people now
have birthrates higher than most of the immigrant
populations in their homelands.

Conclusion

It is easy, in light of the historical record, to believe
that migration-caused health disasters are a thing of
the past. There are, after all, few if any hermetically
remote populations left on earth; and as we have
seen, from Rome and China in the second century
A.D. to the Pacific in the eighteenth and nineteenth
centuries — as well as parts of South America in the
twentieth century — virgin-soil conditions were the
seedbeds of the great disease holocausts.
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The problem, however, is much more complex. In
addition to the fact that immigrants to many parts of
the world suffer greatly increased incidences of coro-
nary heart disease and various forms of cancer — as,
for example, Japanese immigrants to the United
States (Waterhouse et al. 1976; Robertson et al.
1977) — there is the ongoing tragedy of the acquired
immune deficiency syndrome (AIDS), which should
be sufficient to quell undue optimism. It is far from
impossible, as Joshua Lederberg (1988) has noted,
that the AIDS viruses will continue to mutate, per-
haps even, in his words, “learning the tricks of air-
borne transmission,” and, as he says, “it is hard to
imagine a worse threat to humanity than an air-
borne variant of AIDS.”

Of course, that may not - indeed, probably will
not — happen. But it may. Even ifit does not, the great
ease of human mobility and migration, along with
the ability of our worst diseases to sustain them-
selves, ensures that — with or without virgin-soil
populations in the traditional sense — we have not
seen the last mobility-caused infectious catastrophe.

David E. Stannard
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II.1
Concepts of Disease in the

West

The semantic and logical quagmires that await any-
one audacious enough to safari through the changing
concepts of disease, illness, and health are por-
tended by a cursory analysis of the definition formu-
lated by the World Health Organization. “Health,”
we are informed, “is a state of complete physical,
mental and social well-being and not merely the
absence of disease or infirmity” (Caplan, Engel-
hardt, and McCartney 1981). Aside from the fact
that this seems more realistic for a bovine than a
human state of existence, problems abound in what
appears to be a fairly straightforward statement.
The word “complete” immediately removes the defi-
nition from the realm of human reality. What is
complete mental well-being, or physical for that mat-
ter? Worse still, the phrase “complete social well-
being” is so freighted with individual interpreta-
tions that it alone renders the definition useless, if
not pernicious.

This essay concentrates on ideas of physical
health and disease, which is not to minimize the
importance of psychiatric disease, but rather to ad-
mit that concepts of mental health and illness, al-
though sharing most of the definitional difficulties
of physical health and disease, are even more diffi-
cult to handle. In large part this is because with
mental illness we lack the kinds of objective tools to
measure brain function that have helped, though
not resolved, questions of what constitutes health
and disease in the physical realm. This is not, how-
ever, to deny the interconnectedness of the psychic
and the physical, which is assumed in all of what
follows.

Perhaps no one sentence captures the history of
changing notions about disease better than a para-
phrase of Humpty Dumpty’s haughty admonition:
“When I use the word disease, it means just what I
choose it to mean — neither more nor less.” Disease
has always been what society chooses it to mean —
neither more nor less. A number of important consid-
erations lead to this generalization. Among these
are the following: (1) The definition of disease has
varied with time and place in history; (2) the names
assigned to diseases are ultimately abstractions, al-
though it is useful at times to act as though they are
real; (3) what we mean by diagnostic terms, as with
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words in general, can be discerned more accurately
by what we do with them than what we say about
them.

There have been countless attempts to define ill-
ness, disease, and health (Faber 1923; Riese 1953;
Lush 1961; Meador 1965; Hudson 1966; Niebyl 1971;
Boorse 1975; Burns 1975; Engel 1977; Temkin 1977,
Taylor 1979; King 1982; Sundstrom 1987). Most
share certain features, but it remains a practical
certainty that no mortal could come up with short
definitions of these words that would satisfy all who
have an interest in them.

Although they will not be treated in what follows,
even traditional definitions of death are no longer
sufficient. This is due, in part, to the same develop-
ments in knowledge and technology that have forced
us continually to redefine our notions of health and
disease. Death, according to Webster’s Third New
International Dictionary, is the “cessation of all vital
functions without capability of resuscitation.” But
we now have a state of existence that may last many
minutes in which there are no apparent vital func-
tions, but during which the capability of resuscita-
tion is unknown. What do we call such a state of
existence? This confounding of traditional defini-
tions by today’s knowledge and technology leads to
such strange article titles as “Prevention of Recur-
rent Sudden Death” (Rapaport 1982).

The judicious historian, after even a dampening
immersion into the literature of changing concepts of
disease, will conclude that the subject is unmanage-
able in a brief essay. Accordingly, what follows ex-
cludes non-Western concepts of disease and focuses on
the tension between those who believed diseases were
real entities with an existence of their own (ontolo-
gists) and the opposing camp, which held that disease
should be viewed properly as illness, as a unique
process in one person over time (physiologists).

The ontology—physiology tension has persisted be-
cause physicians perceive that, at a minimum, they
must have a reasonably precise definition of what
they mean by disease in order to distinguish them-
selves as professionals. Try to imagine convincing a
patient to submit to exploratory abdominal surgery
without using a diagnostic term; or to study pathol-
ogy without the use of disease names; or to mount
fund-raising campaigns without words such as can-
cer or muscular dystrophy. The essential contra-
diction that practitioners have confronted over the
centuries is that understanding disease demands
thinking in abstract generalizations, but the prac-
tice of medicine deals with ailing individuals.

The question of disease vis-a-vis illness is not sim-
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ply an intriguing philosophical persistency, al-
though it has been a source of much intellectual
enjoyment as well as frustration. The viewpoint
adopted has definite implications for what physi-
cians do in practice. Lord H. Cohen perceived five
dangers in an inordinate ontological orientation:

It promotes a “penny-in-the slot machine” approach to
diagnosis by seeking for pathognomonic signs, especially
the short cuts of the laboratory; . . . it suggests that diagno-
sis is arrived at by comparing an unknown with a cata-
logue of knowns; the method of recognizing an elephant by
having seen one before; . . . it reduces thought to a mini-
mum, . . . it is of little help and may be positively mislead-
ing where the disease process varies significantly from the
usual; and . . . it leads to all those dangers associated with
a label which Cowper implied when he wrote of those —
“who to the fascination of a name, surrender judgment,
hoodwinked.” (Lush 1961)

In this view, the diagnostic label attached to a
patient tends to dictate the treatment that follows. If
the patient is jaundiced, has pain in the right upper
abdomen that radiates through to the back beneath
the scapula, and the X-ray demonstrates gallstones,
the diagnostic label is cholelithiasis and the treat-
ment is removal of the stones. “Surgery does the
ideal thing,” wrote a health columnist around 1930
in a statement of pristine ontology, “it separates the
patient from his disease. It puts the patient back to
bed and the disease in a bottle” (Clendening 1931).
But are such patients really separated from their
diseases? They retain the genetic predisposition or
eating habits or whatever produced the gallstones
originally. Somehow it seems insufficient to speak of
separating patien'ts and diseases with such ready
surgical facility.

A complete 'reliance on the opposite notion of ill-
ness has hazards of a different sort. Physicians who
think largely in terms of illness aptly consider the
whole patient, but if they are ignorant of the natural
history of the disease, they may miss the diagnosis
and, for example, operate needlessly or too late.

A number of commentators have accepted as fact
that disease is ultimately defined by the words and
deeds of those persons constituting a given society.
They agree as well that physicians usually have had
an important voice in these social definitions. What
is often neglected at this point is the role that the
biology of diseases has played in shaping societal
conceptions of the nature of disease (Risse 1979).

Granted that cultural, social, and individual con-
siderations contribute to the expression of diseases
in society, we may not overlook the importance of the

II. Changing Concepts of Health and Disease

biological aspects unique to diseases. A current ex-
ample is the acquired immune deficiency syndrome
(AIDS). The period of time between infection with
the human immunodeficiency virus (HIV) and the
body’s development of a testable antibody response
can be as long as a year. One practical consequence
of this inherent characteristic of the virus is that,
during this period of time, blood that tests negative
for the antibody may be transfused and infect recipi-
ents. Furthermore, the period between infection
with the virus and development of the clinical dis-
ease may be 8 to 10 years or longer. This trait of the
HIV greatly confounds the question of who should be
tested for AIDS and what a positive test means.
Thus, even as we correctly emphasize the role of
cultural factors in the spread of AIDS (homosexual
activity and intravenous drug use), we may not for-
get the central importance of the biological charac-
teristics of the virus itself.

This critical significance of the nature of the dis-
ease appears in earlier historical examples as well.
One of the most intriguing mysteries in the history
of disease is that the Greeks, in the words of Karl
Sudhoff, were “blind to the fact of contagion” (Ad-
ams 1886; Garrison 1929). The enigma is darkened
by the fact that some of the diseases they described
so well are contagious — mumps and childbed fever,
for example.

Nonetheless, contagionism was never completely
eliminated from medical thinking after the accep-
tance of the Jewish Old Testament as a holy book in
the Christian religion. In large part this was be-
cause of the attention accorded leprosy, which in-
creased with the return of the Crusaders from the
Middle East. The notion of disease as contagious was
even more strongly reinforced by the sweeps of bu-
bonic plague in the fourteenth century. In a passage
from his work On Plague, the fourteenth-century
Arabic physician Ibn al-Khatib wrote, “The exis-
tence of contagion is established by experience,
study, and the evidence of the senses, by trustworthy
reports on transmission by garments, earrings; by
the spread of it by persons from one house, by infec-
tion of a healthy sea-port by an arrival from an
infected land” (Arnold 1952). Even though the
writer had no inkling of the intermediate role played
by the flea and common house rat in the spread of
plague, the patterns of spread convinced him that
the disease was contagious.

Historical Survey
As revealed by what physicians say and do, an onto-
logical orientation dominates our late-twentieth-
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century thinking, but this was not always so. Histori-
cally, the dominance of ontological and physiological
thinking shifted time and again. Concepts of disease
in ancient Israel, Egypt, and Mesopotamia were too
diffuse and vague to fit easily into ontological or
physiological compartments. In the Golden Age of
Greece, however, physiological thinking is easily
identified. Plato needed no formal medical experi-
ence to see the deficiencies of compartmentalizing
human illness. In Charmides he has Socrates say the
following: “If his eyes are to be cured, his head must
be treated; and then again they say that to think of
curing the head alone and not the rest of the body
also, is the height of the folly. And arguing in this
way they apply their methods to the whole body, and
try to treat and heal the whole and the part to-
gether.” And a bit further on, “The great error of our
day in the treatment of the human body [is] that
physicians separate the soul from the body” (Jowett
1892).

The Hippocratic approach was also decidedly phys-
iological. Not only did the Hippocratics see the pa-
tient as an integrated whole, they appreciated the
need to study ailing individuals in the context of
their total environment, as evidenced in Airs, Wa-
ters, Places. Yet Hippocratic physicians could not
escape the essential dichotomy between illness and
disease. In part this was because they were superb
clinical observers. They described a number of cases
so faithfully that we can affix modern diagnostic
names to them with certainty. At times they even
gave specific names to these symptom complexes,
such as pneumonia and pleurisy.

If the Hippocratics were so sensitive to the differ-
ences in individual episodes of illness, how did they
deal with the similarities they detected in specific
syndromes to which they gave names? The answer is
that they considered both, but neither to the exclu-
sion of the other (Temkin 1977). One takes account
of the symptoms, because the nature of the disease is
important, but so too is the unique nature of the
individual. The wise physician works not with the
ontoiogical red and physiological yellow, but with
the orange that results. A return to Hippocratic
holism has been advocated recently under the rubric
of a “biopsychosocial” model (Engel 1977).

In asking why the balance seen as ideal to the
Hippocratics did not become and remain the domi-
nant outlook, it must be remembered that Hippo-
cratic thought did not rule the Hellenistic period.
Indeed, contemporaneously with developing Hippo-
cratism, the nearby Cnidians, although postulating
an erroneous single common pathway for disease
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causation, constructed a system of definite disease
entities. Neither approach was entirely sufficient.
As has been said, “Hippocrates did the wrong thing
well; the Cnidians did the right thing badly” (Jones
1952).

As Greek culture spread first to Alexandria and
then to Rome, the Hippocratic tradition was but one
of many Greek schools of thought. Hippocratism is
cherished today because it is more congenial to mod-
ern medicine than the other competing systems of
the time. In Alexandria the ontological approach was
advocated by Erasistratus, who in the third century
B.C. wrote books on gout, dropsy, and paralysis. In
the second century A.D., Galen returned the empha-
sis to the Hippocratic theme, saying in effect that a
disease is not only a change in a body, but also a
change in a particular body. After the decline of
Rome, the Hippocratic—Galenic tradition survived in
the Greek-speaking East, where it was picked up and
modified by the Arabs and returned to the Latin West
beginning in the eleventh and twelfth centuries.

Characteristically, however, throughout Western
history, neither the physiological nor the ontological
notion disappeared completely, even as one or the
other was dominant. In the ninth century, Rhazes
was echoing the ontological when he distinguished
between measles and smallpox. In the sixteenth cen-
tury, Paracelsus not only broke with Galen’s version
of disease causation (i.e., the doctrine of the four
humors) but refuted Galen’s conception of the nature
of disease itself. For Paracelsus there were as many
specific diseases as there were “pears, apples, nuts,
and medlars.” In his strong opinion Paracelsus influ-
enced the physician-chemist Jean Baptistie van
Helmont, who believed disease was “due to a cre-
ative ‘seed’ which gets hold of a part of the material
frame of the body and ‘organises’ it according to its
own schedule of life” (Pagel 1972). For Paracelsus
and van Helmont it was the disease, not the patient,
that varied (Pagel 1972). The move of these two men
toward ontology presaged the arrival of the “arch-
ontologist” of the seventeenth century, Thomas
Sydenham.

Although he never worked out a detailed system
himself, Sydenham believed diseases could be classi-
fied in much the same way as Linnaeus would later
group plants. In an oft-quoted passage Sydenham
(1848) wrote the following:

Nature, in the production of disease, is uniform and consis-
tent; so much so, that for the same disease in different
persons the symptoms are for the most part the same; and
the selfsame phenomena that you would observe in the
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sickness of a Socrates you would observe in the sickness of
a simpleton. Just so the universal characters of a plant are
extended to every individual of the species; and who-
ever . .. should accurately describe the colour, the taste,
the smell, the figure, etc., of one single violet, would find
that his description held good, there or thereabouts, for all
the violets of that particular species upon the face of the
earth.

To do this with any hope of accuracy, Sydenham
realized that physicians must return to the Hippo-
cratic seat at the bedside. Beginning in 1666 he used
this method to execute detailed descriptions of small-
pox, syphilis, dysentery, gout (his personal nemesis),
and measles, which he differentiated from scarlatina.

Although he would later be acclaimed the “En-
glish Hippocrates,” this honor is not related to his
conception of disease. As noted, the Hippocratics de-
scribed individual illnesses, which they perceived as
unique events limited in time. Sydenham, con-
versely, strove to discover syndromes that, because
of their general characteristics, could be recognized
when encountered in another patient. As Henry
Sigerist (1971) put it, “Hippocrates wrote the histo-
ries of sick persons, but Sydenham wrote the history
of diseases.”

The greatest attempt to accomplish the goal of
classification that Sydenham espoused came in the
eighteenth century at the hands of Frangois Boissier
de Sauvages when he published Nosologia metho-
dica, in which diseases were divided into 10 classes,
40 orders, and so on, to 2,400 species (Sauvages
1768). For the most part he was unwittingly describ-
ing symptoms and syndromes, not disease entities.
Yet the idea was widely emulated. It appealed to
clinicians, who had only to classify their patients’
conditions correctly: Proper treatment followed as a
matter of course.

During the seventeenth century the iatromecha-
nists came to the fore. This departure was led by
Francois de la Boé, also known as Sylvius, who fol-
lowed van Helmont’s lead in the development of
iatrochemistry and its cousin, the iatrophysics cham-
pioned by Giorgio Baglivi. The details of their sys-
tems need not be explored here, neither do those of
the eighteenth century, the “century of medical sys-
tems,” featuring the theories of Friedrich Hoffmann,
William Cullen, John Brown, and Benjamin Rush.

Though their systems were ephemeral, the ideas
of these men retained one element of humoralism,
which linked them to the nineteenth century. In
general, they held that disease was due to an
imbalance — too much or too little of something,
whether stimuli, or spasm of the arteries, or nervous
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fluid. In the nineteenth century, disease would be
defined as a deviation from the normal. Because
physiological normality had a range, disease, in a
sense, was a departure from the limits of range
within which health was balanced. In different
terms, Brown and his eighteenth-century kin, with
their ideas of too much or too little, were using
deviation from the normal as the definition of dis-
ease. Their problem was that they lacked the knowl-
edge and technology needed to confer objectivity on
the various ranges of physiological normality.

The French clinical school of the first half of the
nineteenth century exploited the investigative tool
called the clinical-pathological correlation. This
was the system used effectively by Giovanni Battista
Morgagni a half-century earlier, which had led him
to conclude that diseases originated locally in the
organs of the body, and not in some imbalance of the
vague fluidal humors. The process remains one of
the most effective teaching devices in medicine —
obtaining a detailed history and physical examina-
tions, which change following the natural course of
the disease, and finally submitting to the judgment
of the autopsy table.

French clinicians Jean Nicolas Corvisart and
René Laennec raised this exercise to such excellence
that it became known as la méthode. In the process,
many diseases that had never existed by name or
had been confused with others were sorted out in
such a way that they could be detected in living
patients. This naturally gave great impetus to onto-
logical thinking.

As it turned out, however, a more forceful and
effective contemporary personality belonged to the
antiontologist Francois Broussais. For Broussais, dis-
ease occurred when certain structures were exces-
sively stimulated. Such stimulation (irritation) pro-
duced visible inflammatory lesions, which in his
scheme centered in the stomach and intestines.
There were then no such specific diseases as diphthe-
ria and typhoid; these were considered merely varia-
tions of inflammations, In part due to Broussais’s
influence, between 1800 and 1880 ontology was
pushed into the remote reaches of medical thinking.
In his turn, Broussais would yield to the laboratory
data produced by such physiologists as Francois
Magendie and Claude Bernard, and even more deci-
sively to the apparently irrefutable proof that spe-
cific microbes caused specific diseases.

As noted, an important conceptual emphasis of the
nineteenth century was the idea of disease as devia-
tion from normal. The idea existed as early as
Plato’s Timaeus and, of course, was basic to the
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enduring humoral pathology. The word normal has a
number of meanings, only two of which are germane
here. The first is the notion of conforming to a type,
to an ideal or an object of desire, and thus is a value
judgment. The second refers to something that is
usual and that can be determined by enumeration
(King 1982).

The problem of normality as it confounded medi-
cal practice was not a matter of accepting the defini-
tions just given, but of fixing the ranges of normality
and agreeing to the magnitude of departure from
these ranges that should be labeled disease. The
promise of a practical solution to this age-old prob-
lem expanded in the nineteenth century with rap-
idly developing methods of quantifying physiologi-
cal functions.

As the century progressed, these methods came to
include a host of chemical determinations and tools,
such as the clinical thermometer, the X-ray, and a
portable blood pressure apparatus. Their important
common denominator was an unprecedented objec-
tivity. As experience was added to these new tech-
nologies, clinicians increasingly held that old and
new notions of what constitued disease must satisfy
the new methods of quantification. The whole pro-
cess was reinforced in the last quarter of the nine-
teenth century by the establishment of the concept
of specific etiology with the final vindication of the
germ theory of human disease. Not only were there
specific diseases, but each apparently had a specific
cause. No longer was the notion of disease as devia-
tion from the normal burdened by such vague and
unquantifiable etiologic agents as the four humors
Or nervous energy.

Now the agent responsible for the deviation from
health in tuberculosis could be seen under the micro-
scope. It could be recovered from human sputum
grown in pure culture, injected into healthy guinea
pigs, where it produced a characteristic tissue reac-
tion and clinical picture, recovered from the tubercu-
lous animal, grown again in pure culture, and on
and on. More impressive proof that disease was real
would be difficult to imagine. If not diseased, what
was one to call a cavity-ridden lung from which
identical pathogenic microbes could be recovered in
every instance?

Social forces added to the swing back to ontology.
The rise of hospital practice brought together many
patients whose diseases were, for practical purposes,
identical. Such devices as the ophthalmoscope and
laryngoscope gave impetus to specialization, which
in turn gave practitioners exposure to a large num-
ber of similar clinical pictures. Qut of this conflu-
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ence of developments, the ontological view returned
at the turn of the twentieth century more powerfully
than ever before (Faber 1923).

Still, as always, the concept of disease could not be
reduced to black or white. New questions arose.
What does one do with “Typhoid Mary” Mallon,
whose gallbladder teemed with typhoid bacillus but
caused Ms. Mallon no symptoms at all? The bacteri-
ologist labeled this the “carrier state,” which may
have comforted science, but not society. Everywhere
that Mary went typhoid was sure to follow. Was she
diseased? Certainly in the eyes of public health au-
thorities and society. But was she ill? Not to Mary
herself.

To accommodate the increasing accuracy with
which late-nineteenth-century scientists could de-
fine normality, practicing physicians had to reenlist
an old friend, impairment, or as they called the up-
dated concept, impediment. Impediment implied
that, before a departure from the still-imprecise
boundaries of normality could be labeled disease, a
person must suffer physical or social impairment to
a significant degree.

In the seventeenth century, Daniel Sennert had
defined health and disease in terms of a person’s
ability to perform in a natural way. In the eigh-
teenth century, Hermann Boerhaave used the pres-
ence or absence of impairment in a strikingly simi-
lar fashion. Boerhaave also specifically anticipated
one of the major problems of disease as impediment:
Suffering the same objective physical deficiency, per-
sons differed in their subjective perception of impair-
ment (King 1982). The quadriplegic confined to a
wheelchair for years would feel little impairment
from an attack of polio involving his lower limbs. Yet
a previously healthy person would experience para-
plegia as a catastrophic impediment.

Beyond this, there were differences between what
scientists considered unacceptable departures from
normality and how these variations were consid-
ered by patients. Enumerating blood pressure read-
ings in thousands of persons led medical scientists
to classify any determination above, say, 160 over
95 as the disease hypertension. The problem was
that many patients with such elevations experi-
enced no impediment whatever — indeed, felt per-
fectly well. What was the practitioner to do in this
instance? He might argue that, even if these per-
sons were not impaired at the time, there was a
significant probability that they would be in the
future. But, again, not always. Some persons car-
ried their elevations without symptoms to the age
of 80 and died of unrelated causes.
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Confounding all this was the question of what
constituted significant impairment. The cardiac neu-
rotic may be almost totally impaired by a fear of the
heart attack that claimed his father and grandfather
at early ages. He may refuse to get out of his easy
chair even though repeated thorough medical exami-
nation including sophisticated indicators of heart
disease have all been negative. In practical terms,
the hypertensive is diseased but not ill and the neu-
rotic is ill but not diseased. Such a framework can
satisfy the needs of the practitioner, but it likely
leaves the philosopher unfulfilled.

Functional Disease

The word function has been in English usage for
some 400 years. Earlier in medical terms it meant
both the physiological activity of an organ and the
psychological activity of the brain. This dual usage
persisted into the 1830s, after which neurologists
began classifying diseases as organic and functional,
the latter reserved for conditions in which current
technology could not demonstrate structural alter-
ations (Trimble 1982).

Later in the century the concept of functional dis-
ease spread to medicine generally. Between 1867 and
1869 Adolf Kussmaul introduced a tube into the stom-
ach to relieve gastric dilation. He realized that, in
addition torelieving the patient’s symptoms, the tech-
nique could be used to study the function of the stom-
ach aswell. The idea was picked up by Ottomar Rosen-
bach, who used the term ventricular insufficiency to
indicate a disproportion between the muscular re-
serve of the stomach and the physiological demands
on it. From this grew a vast range of tests designed to
determine the functional capacity of a bodily struc-
ture in health and disease. The model forms the basis
of much of clinical laboratory medicine today. But
once again semantic confusion entered the scene as
evidence that psychological activity as well as struc-
tural changes could produce profound disturbances in
bodily function.

After the work of Sigmund Freud, the word func-
tional returned largely to its psychological meaning,
and today is used indiscriminately to mean dis-
turbed function of the nervous system, or as a word
for symptoms that do not fit prevailing diagnostic
terms, as well as a euphemism for a variety of psychi-
atric disorders and the antithesis of what is meant
by organic disease. When used without qualifica-
tion, it can only lead to confusion. As was said of the
sobriquet psychogenic, “it would be well . . . to give it
decent burial, along with some of the fruitless contro-
versies whose fire it has stoked” (Lewis 1972).

II. Changing Concepts of Health and Disease

Conclusion

Many health professionals continue to define dis-
ease and health simply in terms of each other. This
school of thought contends that the two are on a
spectrum, their extremes — serious disease and ex-
cellent health — being at opposite ends. There is a
heuristic value in this viewpoint, but it poses seri-
ous problems in the real world of medical practice.
The problems are related in part to medicine’s abil-
ity to fix points on the spectrum of disease more
discretely than in the region of health. When pa-
tients tell health professionals that they are “not
quite up to par” or are feeling “very sick,” there are
often objective means for translating these expres-
sions into useful information. Beyond this, the con-
cept of illness has reasonably finite points on the
spectrum. At its extreme, hospitalized patients are
classified as serious, critical, very critical, and, ulti-
mately, deceased.

Even though the concept of relative health can be
traced to the ancient Greeks, the spectrum of health
(as opposed to illness) has no such clear points or
distinctions (Kudlien 1973). Patients may state that
they feel very good or are in excellent or perfect
health, but even if there is a reason to objectify their
assessments, there are no logical or technological
tools for performing the task. If the examination and
laboratory results are normal, a patient will gener-
ally be classified simply as healthy. Any qualifica-
tion of a statement about health, such as “almost
healthy,” moves the patient to a point on the spec-
trum that coincides with slightly impaired or ill. A
measure of the difficulties here is seen in one au-
thor’s suggestion, then rejection, of the idea that
health could be quantified by fixing a point on the
scale and allowing health to be two standard devia-
tions from the norm (Caplan et al. 1981).

One reason for this state of affairs is that, from the
standpoint of time, health is on a generally unidirec-
tional spectrum directed toward illness and death.
Things are a bit more complicated than the old saw
“We are all dying from the moment of conception,”
but the element of truth in looking at human exis-
tence in this way may help us understand why
health and disease are not au fond a tension or
balance. True, for many years we may be in the
healthy range of the spectrum, but during this time,
our unidirectional genetic program (as best we now
understand it) is moving us inexorably toward dis-
ease. True, also, in a given illness episode, we may
reverse the direction and return to the spectrum of
subjective and objective health, but this turnabout is
temporary. The key element, time, remains unidirec-
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tional. Even as we move out of a given illness to
health, we are advancing toward death, much as we
are both gaining and losing ground as we walk
against the direction of a moving sidewalk.

In desperation someone once defined disease as
something people go to doctors for. As simplistic as
this seems, and as unsatisfying as it may be to medi-
cal historians and philosophers, there is more than a
germ of truth in the definition. Indeed, it reminds us
of the original meaning of our elusive term — dis-
ease. It covers situations in which the “patient” is
simply ill at ease, without regard to the finer nu-
ances of normality and impediment. Originally the
word had no connection to pathological conditions,
so that one might be said to be reluctant to dis-ease
oneself by attending a lecture on changing concepts
of disease (Garrison 1966).

The older definition of dis-ease applies to much of
what physicians do nowadays. The young graduate
student is dis-eased by a pregnancy that threatens to
disrupt her academic career. The ensuing elective
abortion relieves her dis-ease, but it is difficult to fit
a normal pregnancy into any system of illness—
disease considered so far. Some might contend that
the student suffers an impediment, and in career
terms, that might be true. But we would seem to be
headed for even murkier depths if we translated into
disease the impediment occasioned by a physiologi-
cal alteration so profoundly normal that the species
would die out in its absence.

Many encounters between patients and physi-
cians result from similar social and cultural pres-
sures. The middle-aged executive who resorts to plas-
tic surgery to eliminate his perfectly normal, and
even honorable, facial wrinkles is dis-eased, as are
most who undergo cosmetic surgery. And, of course,
the vast majority of persons seeking psychotherapy
are dis-eased, in that it is basic to human existence
to experience anxiety, insecurity, loneliness, and
even depression. Certainly when physicians treat
persons whose complaint is not only diagnosed as
normal, but almost universal, dis-ease in the older
sense must be involved rather than disease as it has
been analyzed in the ontological or physiological
meanings.

It is properly humbling to attempt to summarize
an essay that one realizes has not succeeded com-
pletely in its aim. Under these circumstances, the
temptation is to suggest that the question being
asked is not a proper one in the sense that it cannot
be answered by logic or experiment. Indeed, one of
the more cogent summaries of our conundrum was
expressed in precisely these terms by Owsei Temkin:
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The question: does disease exist or are there only sick
persons? is an abstract one and, in that form, does not
allow a meaningful answer. Disease is not simply either
the one or the other. Rather it will be thought of as the
circumstances require. The circumstances are repre-
sented by the patient, the physician, the public health
man, the medical scientist, the pharmaceutical industry,
society at large, and last but not least the disease itself.
For our thinking about disease is not only influenced by
internal and external factors, it is also determined by the
disease situation in which we find ourselves. (Temkin
1977)

Claude Bernard (1865) held that seeking the
cause of life or the essence of disease was wasting
time in “pursuing a phantom. The words life, death,
health, disease, have no objective reality.” Here Ber-
nard was only partly right. It is not a waste of time
to struggle with these definitions. There is much to
be gained if the task does nothing more than force
society, and especially medical people, to think of the
consequences each time they use words to describe
disease and health. The process is a waste of time
only if one enters into it with the exclusive goal of
arriving at universal and timeless definitions.

Robert P. Hudson
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II. Changing Concepts of Health and Disease

I1.2
Concepts of Disease in East

Asia

In the inscriptions that record the divinations of
Shang dynasty China (eighteenth to eleventh centu-
ries B.C.), we find a number of diagnostic queries
like this: “Divining this tooth affliction. Should we
hold a festival for Fuyi?” Fuyi refers to a Shang
ancestor, and the concern about a propitiatory festi-
val reflects the belief, frequently voiced in the ora-
cles, that sickness arises from the anger and envy
of ancestors toward their descendants (Hu 1944,
Miyashita 1959). If the welfare of the dead de-
pended on the rituals of the living, the resentments
of the dead were something to which the living
remained ceaselessly vulnerable.

Disease thus first appears in China embodied in
dangerous others, as a menace from without. After
the Shang dynasty, the focus of concern would
broaden and shift from disgruntled ancestors to para-
sites and poisons, demons and witchcraft spells. But
whomever or whatever the Chinese accused of inspir-
ing sickness, the defining feature of the earliest con-
ceptions of disease was their independence from a
conception of the body. In other words, the peculiari-
ties of an individual’s somatic condition were no
more relevant to understanding a fever or a tooth-
ache than they were for explaining why one’s crops
were destroyed in a storm. The fact that an affliction
happened to attack the body was incidental. The
vengeful spirits that brought sickness could just as
easily have inflicted drought and famine.

This accounts in part for why a collection of cures
such as the Wushier bing fang (Recipes for fifty-two
ailments) of the late third century B.C. tells us so
much, on the one hand, about noxious demons and
the techniques for exorcizing them and teaches us so
little, on the other hand, about the afflicted body
itself (Harper 1982). For whether a shaman literally
beat the disease out of the patient or appealed to
benevolent divinities for assistance, whether de-
mons were coaxed out with magical formulas or
transferred sympathetically to other objects, the
treatment of disease, like the diagnosis, concen-
trated on agents alien to the self. The body merely
provided the stage for the drama of sickness; it was
not an actor.

This was a remarkably influential vision of dis-
ease. For instance, a dictionary of the later Han
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dynasty (25—220), the Shiming, glosses yi (epidemic
disease) as yi (corvée), explaining that diseases
were the corvée imposed on humans by demons.
From the Sui (581-618) through the Yuan (1279-
1368) dynasties, professors and masters of exor-
cistic rituals and incantations (zhoujin) constituted
a part of the official medical bureaucracy, alongside
professors of such other medical specialties as acu-
puncture and massage (Kano 1987). At a more popu-
lar level, the folklore of medieval Japan abounds in
accounts of beguiling fox spirits that seduce or pos-
sess young men and women and cause them to
waste away, go mad, or die (Veith 1965). And even
today, a Korean shaman will acknowledge in his
healing chant “ghosts of the drowned, ghosts who
were shot . . . maiden ghosts, bachelor ghosts” (Ken-
dall 1985).

In the evolution of East Asian disease conceptions,
therefore, the imagination of menacing outsiders rep-
resents not a transient stage of superstitions, which
the rise of philosophy would supersede, but a the-
matic pole to which reflection on sickness would re-
peatedly return. At the same time, by the late Zhou
(770—-403 B.C.) and Warring States (403-221 B.C.)
periods, suspicions of supernatural mischief were al-
ready slipping from the intellectual mainstream. In
the philosophical ferment of these periods, a new
conception of disease was emerging — one that would
seek the origins of sickness not in the whims of some
dangerous other, but in the desires of the self.

In the late Zhou and Warring States periods, disease
became a reflection of somatic condition, and so-
matic condition, a reflection of the self. For the Con-
fucian and Taoist philosophers of this era, the body
was the dynamic product of experience, a reality
continually shaped and reshaped by how one was
living and had lived. Shen, “the body,” was the same
shen emphasized by the ideals of xiushen, “self-
cultivation,” and deshen, “self-possession”: It was
the embodied self, a lifetime of decisions and indeci-
sions made manifest.

The failings of the body, therefore, were insepara-
ble from failures of self-mastery. Sickness in this
view had little to do with ancestral ire or demonic
cruelty. It arose principally from within, from im-
moderation and carelessness, from gluttony and
overexertion, from protracted grief and explosive an-
ger, and sometimes from the mere imagination of
dangers. One man falls ill after experiencing a terri-
fying dream and is cured only when a clever physi-
cian suggests that the dream was one reserved for
future kings. Another suffers severe cramps after
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being compelled to drink a cup of wine in which he
thinks he sees a snake. Only when he is made to
realize that what he saw in the wine was merely the
reflection of an archer’s bow hanging on the wall
does he recover (Li 1960). The close identification of
body and self went hand in hand with a subtle aware-
ness of the many ways in which human beings could
make themselves sick.

According to the most devoted and influential stu-
dents of the body, however, the real essence of dis-
ease was depletion. The experts of yangsheng, or
“the cultivation of life,” envisaged the body as the
container of a precious and finite vitality. If properly
conserved, this vitality could sustain one for a hun-
dred years, free of all affliction, and free even of the
ravages of age. True health found its proof in ever-
youthful longevity. If most people succumbed to dis-
abilities and senescence, and died before reaching
their hundredth year, if most, in short, were sick, it
was because they depleted the body by squandering
this vitality.

Ghosts and malevolent spirits were not involved.
Yet the body was still surrounded by enemies. Early
historical and philosophical texts refer frequently to
individuals struck down by wind or cold, rain or
scorching heat. Wind and cold especially loomed
large as noxious forces. To winds fell the blame for
afflictions ranging from sneezing and headaches to
paralysis and madness, and proverbial wisdom
would soon have it that “the myriad ailments all
arise from wind.” As for cold, the study of the fever-
ish disorders to which it gave rise would eventually
become the subject of the most influential treatise of
the pharmacological tradition, Zhang Ji’s Shanghan
lun (Treatise on cold afflictions), written around the
end of the second century. Wind, cold, and other
meteorological elements thus replaced the demons
and spirits of shamanistic medicine as embodiments
of the dangerous outsider. Like demons and spirits,
they were objective pathogens that penetrated and
roamed throughout the body; and like demons and
spirits, they figured both as the cause of disease and
as the disease itself.

But wind and cold differed from demons and spir-
its in one critical respect: Their pathogenic char-
acter was contingent on the condition of the body.
They would invade only when the body was vulnera-
ble, or more precisely, depleted. As the Lingshu of
the Han dynasty later explained: “Unless there is
depletion, wind, rain, cold and heat cannot, by them-
selves, injure a person. A person who suddenly en-
counters brisk winds or violent rains and yet does
not become ill is a person without depletion” (Chen
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1977). In a body brimming with vitality there was no
room for noxious influences to enter.

The depletion of vitality was thus doubly noxious.
It left one vulnerable to the virulence of wind, cold,
and other climatic pathogens. More immediately,
however, depletion was itself a form of sickness, a
diminution of possibilities: It meant that even with-
out the intrusion of alien influences the senses and
limbs that should be strong and unimpaired until
age 100 might already be weak or failing at age 50
or 60.

The leitmotif of yangsheng reflection on the body,
therefore, was bao, “preservation” — “preserving the
body” (bao shen), “preserving the vital essence”
(bao zhen), “preserving life” (bao sheng). To main-
tain the body intact, to protect it against attacks
from without by carefully conserving and contain-
ing vitality within — such was the heart of the “cul-
tivation of life.” But preservation was difficult. A
considerable disparity separated the attentions re-
quired to preserve vitality and the ease with which
it slipped away, for preservation demanded concen-
tration whereas the outflow of vitality often accom-
panied the experience of pleasure. If the depletion
of vitality constituted the root of disease, the roots
of depletion lay in desire.

This was most apparent in sexual intercourse. Al-
ready in the sixth century B.C., we find a physician
tracing the illness of the duke of Jin to his fre-
quentation of concubines (Li 1960). Later Chinese
and Japanese writings on regimen would even spec-
ify the precise number of times per month or year to
which intercourse should be limited (Kaibara 1974).
On few points would opinion be as unanimous: Se-
men was the distilled essence of life, and there could
be no surer path to debility and early death than to
exhaust one’s supply in frequent intercourse. Al-
though moral strictures against pleasure per se were
rare, philosophers and physicians constantly warned
against the physical drain of sexual indulgence. It is
revealing that the response in classical China to the
temptations of the flesh was not mortification, but
rather the art of the bedroom (fangzhong) — psycho-
physical techniques centered around the prevention
of ejaculation and the “recycling” of semen within
the body (Van Gulik 1974).

The expenditure of vital essence in intercourse
was, however, just one form of the intertwining of
desire and depletion. Vitality could slip away from
all the orifices: It flowed out of the eyes as one
became absorbed in beautiful sights, and from ears
as one lost oneself in rapturous harmonies. The ori-
fices were, the Huainan zi explained, “the windows

II. Changing Concepts of Health and Disease

of the vital spirit,” and when the eyes and ears
dwelled on pleasures of sight and sound, this vital
spirit streamed outward, depleting the body and in-
viting affliction (Liu 1965). This movement of the
spirit toward the desired object was the very essence
of desire. Literally, as well as figuratively, desire
entailed a loss of self: Physical depletion and lapses
in self-possession were just different views of the
unique phenomenon of sickness. Conversely, somatic
integrity and emotional self-mastery coalesced in
the notion of health. As the philosopher Han Fei of
the early third century B.C. summarized it: “When
the spirit does not flow outward, then the body is
complete. When the body is complete, it is called
possessed. Possessed refers to self-possessed” (Li
1960).

The secret of health thus lay in a mind devoid of
desire. Such was the lesson of the “cultivation of life”
in the Warring States period; and such also was the
lesson of medical theory as it first crystallized in the
classical treatises of the Han dynasty (206 B.C. to
A.D. 220). But in the latter case the meaning of the
lesson was more complex, because the meaning of
disease was more complex.

Classical medicine yoked together what were in fact
two conflicting images of the body and its afflictions.
On the one hand, the key theoretical treatises of the
Han dynasty — the Huangdi neijing, consisting of
the Suwen and the Lingshu, and the Nanjing —
perpetuated yangsheng intuitions of the vital self
warding off the dangers of the world around it. Body
was clearly separated from nonbody by the protec-
tive barrier of the skin, which both sealed in vitality
and kept out noxious winds and cold. The two key
terms of etiologic analysis, depletion and repletion,
preserved in their definitions the distinction be-
tween what is healthy and proper to the body (zheng)
and what is pathogenic and alien to it (xie): Deple-
tion (xu) was a “deficiency in the body’s vitality
(zhengqi),” repletion (shi), an “excess of noxious in-
fluences (xieqi).”

Yet already in these definitions a new and alterna-
tive conception of disease was clearly emerging for
the main distinction between depletion and reple-
tion was not the opposition of inner and outer, but
rather the complementary nature of deficiency and
excess. Subtly, but surely, the earlier rhetoric of de-
fense and attack was giving way to the new logic of
balance and compensation; fears of threatening out-
siders were being supplemented, and to an extent
supplanted, by a conception of disease as unequal
distribution.
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In the schemes that articulated the emerging etiol-
ogy of imbalance (the dialectic of yin and yang and
the five-phase cycle [wuxing] of wood, fire, earth,
metal, and water), the dichotomy of body and
nonbody had little significance. Cosmic events and
somatic events figured on the same plane: Deep grief
could cause the repletion of yin and the depletion of
yang, but so too could winter cold; a state of replete
wood and depleted earth might involve a hyperac-
tive liver (a wood organ), but it might also stem from
easterly winds (also associated with wood). More-
over, both body and nonbody were subject to the
same universal law of rhythmic change, the alterna-
tion of hot (yang) and cold (yin), the cycle of spring
(wood), summer (fire), fall (metal), and winter (wa-
ter). With indefinite and infinitely permeable bound-
aries, the body was seamlessly fused to a world cease-
lessly transforming itself (Chiu 1986).

Disease in the Han dynasty became above all a
seasonal phenomenon. Earlier observers had al-
ready recognized that different afflictions tended to
characterize different seasons. The Zhou li (Rituals
of the Zhou dynasty) observed, for instance, that
headaches were prevalent in spring, whereas sum-
mer was characterized by the spread of scabieslike
itching, autumn by malarial and other fevers, and
winter by respiratory disorders (Lu and Needham
1967). Also widely noted was the fact that the same
climatic pathogens of wind and cold had different
effects in different seasons. Unseasonal weather,
such as cold in summer, posed special dangers and
often engendered epidemics.

The Han medical classics, however, went further
and situated the seasonality of disease in the sea-
sonality of the human body itself. According to the
Nanjing, the most vigorous organ in spring should
be the liver; in summer the heart should dominate;
in autumn the lungs; and in winter the kidneys. In
spring the pulse should begin to rise, gently, but
growing like the first primaveral shoots; in summer
it should be strong and overflowing; in autumn it
should be slower and more constricted; and in winter
it should lie deep as if in hibernation. To the discern-
ing physician, each season exhibited its distinct
physiology, and it was only with respect to this sea-
sonal physiology that the standards separating
health from sickness could be defined. The same
signs, considered perfectly normal for one season,
might certify disease in another.

Health, therefore, was a state of dynamic at-
tunement in which the directions of an individual’s
energies paralleled the ebb and flow of the cosmos as
a whole. For every season there were appropriate
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foods, appropriate activities, and even appropriate
feelings. For example, in spring, the Huangdi neijing
advised:

The myriad things flourish, engendered by heaven and
earth together. Going to sleep at nightfall one should get
up early and stride leisurely in the garden. Letting down
one’s hair and putting oneself at ease, one should give rise
to ambitions. Engender and do not kill. Give and do not
take away. Reward and do not punish. This is what is
appropriate to the spirit of spring. (Chen 1977)

Failure to follow the spirit of the season, motivations
and actions out of phase with cosmic transformation,
resulted in deficiencies and excesses of yin and yang
and the five phases, that is, in disease. The principle
governing health and sickness was thus simple:
Those who followed the flow (xun) flourished; those
who opposed it, fell ill or died.

As part of the cosmos, human beings were natu-
rally attuned to seasonal rhythms. Yet this at-
tunement, like the intact body prized by proponents
of yangsheng, was an ideal frequently compromised
in actuality by unruly passions. The Lushi chunqiu
explained: “What fosters life is following the flow
(xun); but what causes life to depart from the flow
(bu xun) is desire” (Li 1960). Desire here referred not
to the depletion of vitality, but to disruptions in the
smooth and balanced circulation of influences, to
rigid attachments that resisted cosmic rhythms, and
to impulses that deviated from the directions of sea-
sonal change. If desire in the etiology of depletion
implied a partial loss of self, desire in the etiology of
imbalance entailed forgetting that the self was but
one part of a much larger, ever-evolving world.

The cosmic dimensions of Han medical thought
mirrored the expansive ambitions of the first great
age of universal empire. In the same way that the
political vision of universal empire would survive
the rise and fall of subsequent dynasties, so the
vision of the body as a seasonal microcosm would
continue, along with yangsheng ideals of somatic
integrity, to define medical orthodoxy for nearly two
millennia. Yet the views of orthodox physicians did
not by any means represent the views of all. In the
chaos of the disintegrating Han empire, there
emerged an alternative approach to illness that had
a far greater and immediate impact on the popular
imagination — an approach concerned not with the
cosmic systems, but with individual morality and its
consequences.

Intimations of sickness as punishment can be traced
as far back as Shang fears of ancestral ire, and the
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moral failings of more than one emperor in the early
Han dynasty (206 B.C. to A.D. 8) would be blamed
later for the epidemics that devastated their people.
But especially in the late Han dynasty (25-220),
with the rise of religious Taoism, and the Six Dynas-
ties (222-589) period, with the influx of Buddhism,
the equation of sickness and personal transgression
came to pervade popular consciousness (Kano 1987).
With the diffusion of these religions, reflection on
disease assumed an introspective aspect as religious
healing turned increasingly toward the scrutiny of
personal memory and conscience.

Zhang Lu, leader of a Taoist rebellion in the early
third century, thus required the ailing first to spend
time in a “chamber of silence,” where they explored
their consciences for the possible transgressions un-
derlying their afflictions. Disease was the result of
past sins, and recovery required the confession of
these sins (Unschuld 1985). The Buddhist concept of
karmic disease (yebing) also traced sickness (bing) to
an individual’s past actions (Sanskrit, karma, Chi-
nese, ye). Karmic analysis diverged somewhat from
Taoist intuitions in that these actions might go back
many reincarnations, beyond conscious recall and
beyond confession — thus explaining such puzzling
phenomena as congenital diseases and the afflic-
tions of the virtuous. But in the popular understand-
ing, Buddhist precepts of karmic consequence and
Taoist teachings of sickness and sin tended to co-
alesce into the same basic lessons: Good actions are
rewarded, and misbehavior eventually punished;
the ailments of today have their origins in the wrong-
doings of yesterday.

Folk religion frequently framed these lessons in a
divine bureaucracy. Unlike the often-unpredictable
ancestral spirits of the Shang, the divinities of Han
and Six Dynasties religion frequently resembled gov-
ernment officials, keeping track of a moral ledger of
good and evil deeds (Eberhard 1967). For each trans-
gression, appropriate afflictions were imposed, and
days were detracted from one’s allotted lifetime;
meritorious acts, conversely, earned relief from sick-
ness, and the restoration of longevity. The bureau-
cratic regularity of this scheme even allowed the
early fourth-century Taoist Ge Hong to specify the
number of days subtracted from one’s life for each
level of demerit.

The idea of moral accounting also formed the core
of what was perhaps the most intriguing conception
of disease in medieval East Asia, namely the theory
of the body’s three “corpses,” or shi. Originating in
China no later than the early fourth century and
attaining its mature form by the Tang dynasty (618—
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907), this belief posited the existence of three small
creatures (shi) who inhabited various regions of the
body and who recorded all the individual’s evil yearn-
ings and deeds. Then, once every 60 days, on the
gengshen night of the astrological cycle, these shi
would leave the body while the person slept, and fly
up into heaven. There they would report to the heav-
enly emperor (shangdi) on the wrongdoings that
they had witnessed, and the heavenly emperor
would mete out punishment in the form of disease
and shortened life. It was thus imperative for all
who hoped to escape illness and live long lives to
somehow restrain or purge these shi.

This was the origin of the custom whereby entire
communities gathered together on gengshen night
and stayed up until dawn to prevent the shi from
escaping the body. The custom had many variants:
Some villages would spend the night reciting Lao
Zi’'s Daode jing; others would revel in drink and
merriment; and in eighth-century Japan the impor-
tation of the three-shi theory gave Heian aristocrats
an excuse for all-night music and poetry competi-
tions. Although some philosophers, like Liu Zong-
yuan, denounced the idea of the shi as superstition,
gengshen practices flourished and spread through-
out East Asia, surviving in rural areas well into the
twentieth century (Kubo 1961).

The popularity of three-shi etiology derived in no
small part from the fact that it united many streams
of East Asian reflection on disease. Though the three
shi were originally conceived as small humanoids,
they quickly became assimilated into traditions go-
ing back to the Shang about the infestation of the
body by parasites and poisonous insects, and the
same drugs were used against them as were habitu-
ally used to purge parasites. The notion that they
would betray one only on particular nights fed, of
course, into medicoastrological associations of health
and cosmic rhythm. And in their role as keepers of the
moral ledger, the three shi internalized the account-
ing of merits and demerits that linked sickness to sin.

Finally, the theory of the three shi reaffirmed the
conviction that sickness was somehow tied to de-
sire. According to some accounts, it was the pres-
ence of these shi that explained the pullulation of
desires in the human heart; other accounts, con-
versely, stressed how killing off desire was the only
way the shi could be exterminated. But all accounts
of the shi and their dangers underlined their inti-
mate connection to human beings as creatures of
passion. Sickness and desire, which had, with differ-
ent implications, been tied together by the yang-
sheng thinkers of the Warring States period and by
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the medical classics of the Han dynasty, were again
united in medieval religion.

The physicians of the Song (960-1126) and Yuan
(1279-1368) dynasties inherited a tradition of medi-
cine that knew disease under two guises. On the one
hand, there was the disease of theory, sickness as
elucidated by the complementarity of somatic deple-
tion and alien intrusion and by the system of yin and
yang and the five phases. On the other hand, there
was disease as it had been observed and experienced
by physicians and patients over the course of a mil-
lennium. As evidenced by the sprawling seventh-
century nosological compendium of Chao Yuanfang,
the Zhubing yuanhou lun (On the origins and symp-
toms of all diseases), this tradition was protean and
unwieldy, with seemingly limitless combinations of
ever-diverse symptoms (Chao 1955). A great dis-
tance separated the perspicuity of theory from the
dense tangle of experience. The key theme of Song
and Yuan reflection on disease was the quest to
reduce that distance.

The quest translated into two basic strategies.
One strategy aimed at refining the classical etiology
of depletion. Although recognizing that a complex
variety of factors converged in the genesis of disease,
many physicians from the Song and Yuan periods
onward nonetheless sought to isolate a single crux of
vulnerability. Li Gao, for instance, argued in the
thirteenth century that “the hundred illnessess all
arise from [disorders of] the spleen and stomach”
(Beijing zhonqui xueyuan 1978). By contrast, his
contemporary Wang Haogu sought the predisposing
origins of sickness in depleted kidneys (conceived as
the repository of semen), whereas Zhu Zhenheng of
the fourteenth century focused on the tendency of
human beings to experience “a superfluity of the
yang element, and a deficiency of the yin” (Beijing
zhonqui xueyuan). Later, in the Ming (1368—1662)
and Qing (1662—-1912) dynasties, still other physi-
cians would blame the depletion of a variously de-
fined organ known as the “gate of life” (mingmen)
(Beijing zhongyi xueyuan 1978).

The other strategy sought to extend the classical
etiology of imbalance, to articulate exhaustively the
paradigms of yin and yang and the five phases so
that they might provide a more adequate language
for describing the rich variability of symptoms and
syndromes. This produced a highly abstract perspec-
tive, which translated the concrete pathogens of
wind, cold, and heat into the transparent logic of
dialectical balance and seasonal rhythms; but it also
produced a more unified approach to disease.
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Whereas in Han medicine the marriage of the
etiology of imbalance with the etiology of depletion
had been at best an uneasy alliance, their strategic
extensions in Song and Yuan medicine often blended
smoothly together. Thus, desire, without entirely los-
ing its long-standing associations with the depleting
outflow of vitality, was recast as yang fire. Zhu
Zhenheng’s identification of the crux of vulnerabil-
ity in excess yang and deficient yin referred, among
other things, to the propensity of emotional agita-
tion (yang) to predominate over rest and collected
self-possession (yin). For him it was especially the
inner feverishness (fire) generated by the tumult of
passions that dispersed and dried up the moist vital
essence (water) and gave rise to depletion. Similarly,
Li Gao, who insisted on sound digestion as the pivot
of sickness and health, analyzed the critical impact
of emotional unrest in terms of the effect of fire
(passions) on the earth-associated organs of the
spleen and stomach. By translating in this way the
analysis of depletion into the schemes of yin and
yang and the five phases, these physicians framed
the understanding of disease in a single comprehen-
sive and integrated system.

The new technology of printing ensured the broad
dissemination of Song and Yuan medical treatises,
and these were assiduously studied not only by Chi-
nese physicians in the Ming and Qing dynasties, but
also by their counterparts in Yi dynasty Korea
(1392-1910) and Tokugawa dJapan (1600-1868)
(Fujikawa 1980). No small part of the persisting
myth of Chinese medicine as based on a timeless,
monolithic theory is due to the resultant identifica-
tion, throughout East Asia, of medicine with the
systematizing tradition established by Song and
Yuan physicians.

In reality, of course, Song and Yuan medicine it-
self comprised many diverging viewpoints, and sub-
sequent periods witnessed a widening spectrum of
ideas. Zhang Congzheng at the turn of the thir-
teenth century, for instance, rejected the prevailing
focus on inner depletion and attunement and urged
that intrusive attack was the primary fact of dis-
ease. His nosology, accordingly, recognized six basic
kinds of disease, corresponding to the six climatic
pathogens of wind, cold, fire, humidity, dryness, and
heat. Later, in extensive investigations into epidem-
ics in the Qing dynasty, Wu Youxing, born just be-
fore the middle of the seventh century, and Wu Tang,
born a century later, probed even deeper into extrin-
sic causation. They distinguished between common-
place infiltrations of cold and other climatic agents,
which occurred through the pores, and epidemic fi-
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ery afflictions (wenbing), which entered through the
mouth and nose (Beijing zhongyi xueyan 1978).

Beyond China’s borders, there were outright crit-
ics as well as devoted followers of this systemizing
tradition. In the late seventeenth and eighteenth
centuries, the Ancient Practice school (kohoha) of
Japanese medicine rallied specifically around the
overthrow of the Song—-Yuan spirit of system. It in-
spired some radical conceptions of disease, such as
Yoshimasu Todo’s eighteenth-century theory that all
disease arises from one poison and Goto Konzan’s
earlier notion that all disease results from stagna-
tion in the flow of vital energy (Fujikawa 1980).
Although these theories themselves did not have a
lasting impact, the critical ferment they represented
inspired physicians and scholars in late-eighteenth-
century Japan to undertake the first serious studies
of Western medicine in East Asia.

Students of medicine and health care in contempo-
rary East Asia have stressed the persisting plurality
of disease conceptions (Kleinman et at. 1975; Leslie
1976). As in the past, the advent of new approaches
to disease, and in particular the introduction of ideas
from the West, has led not to the abandonment of
traditional assumptions, but simply to a more com-
plex skein of beliefs and practices.

Some aspects of medical pluralism are obvious. A
Korean healer who specializes in exorcizing noxious
spirits may also refer patients to acupuncturists and
hospitals (Kendall 1985). Acupuncture texts pub-
lished in Taiwan today habitually refer to both the
nosology of cosmopolitan medicine and the language
of yin and yang.

There are also subtler forms of syncretism. The
ostracism of tuberculosis patients and their families
in early-twentieth-century Japan, for example, com-
bined a vague understanding of modern theories of
infection and heredity with traditional notions of
contagious pollution and sickness as sin (Namihira
1984; Johnston 1987). But perhaps the most intrigu-
ing manifestations of the ever-present past have to
do with the actual experience of illness.

Medical anthropologists have observed that pa-
tients in East Asia tend to experience all illness as
illnesses of the body. That is, whereas a North Ameri-
can patient might complain principally of anxiety or
depression, a Chinese patient will complain rather
of palpitations, digestive disorders, or suffocating
sensations in the chest (men), focusing on physical
rather than emotional symptoms. Moreover, rather
than seeking psychological explanations such as
stress or frustration, Chinese and Japanese patients
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manifest a distinct preference for understanding dis-
eases in terms of climatic and somatic etiologies —
chilling wind, change of seasons, sagging stomach,
acidic blood, imbalance in the autonomic nervous
system, or simply weak nerves (Kleinman 1980;
Ohnuki-Tierney 1984).

Such concepts as the autonomic nervous system
and blood pH derive, of course, from modern science,
but the general attachment to somatic symptoms
and analyses surely goes back thousands of years.
Desires and emotions figured centrally in tradi-
tional East Asian conceptions of disease, but they
were never based in some disembodied psyche. They
were invariably intertwined with somatic experi-
ence. Thus anger, for Han physicians, entailed the
rise of the vital spirit, fear the sinking of the spirit,
joy its relaxation, and grief its dissipation. The
yangsheng thinkers before them saw self-possessed
freedom from desire and the physical containment of
vitality as one and the same reality. If, as anthropolo-
gists report, patients in East Asia manifest an un-
usual sensitivity to and interest in the body, this
sensitivity and interest are perhaps related to a long
cultural tradition that conceived of the body as the
dynamic product of lived life, that is, as the embod-
ied self.

Shigehisa Kuriyama
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1.3
Concepts of Mental Illness in

the West

We are not ourselves when nature, being oppressed,
commands the mind to suffer with the body.
Shakespeare, King Lear

Mental disease refers, at present, to disorders of
perception, cognition, emotion, and behavior. The
disorder may be mild or severe, acute or chronic, and
may be attributed to a defect of mind or body or of
some unknown combination of the two. A diagnosis
of mental illness is the judgment that an individual
is impaired in his or her capacity to think, feel, or
relate to others. In mild cases, the impairment may
intrude on a person’s ability to gain satisfaction
from meeting the challenges of everyday life. In se-
vere instances, an individual may be thought so
dangerous or incompetent that sequestration within
a psychiatric facility is necessary, with a resulting
loss of rights normally granted to citizens.

The Problem of Mental Illness
The simple title of this section belies the extraordi-
nary scope, complexity, and controversial state of
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contemporary psychiatric thought. Some have ar-
gued that if the myriad types of disorders bedeviling
humankind were ranked by the net misery and inca-
pacitation they caused, we would discover that psy-
chiatry captures a larger share of human morbidity
than does any other medical specialty. It seems
ironic — if not tragic —that a clinical field of such
magnitude is at the same time distinguished among
its peers by a conspicuous lack of therapeutic and
philosophical consensus. That the discipline lacks a
set of internal standards by which to differentiate
unequivocally the correct theory from the false, or
the efficacious therapy from the useless, is an open
secret. In a sense, if the disputing psychiatric camps
are all equally able to claim truth, then none is
entitled to it. Consequently, there exists not one
psychiatry, but many psychiatries, a simple fact that
alone has had enormous ramifications for the field’s
comparatively low medical status and conceptual
disarray. Everywhere recognized and yet nowhere
fully understood, insanity continues to challenge us
as a problem that demands attention and yet defies
control.

Situated so uneasily within the medical domain,
the subject of mental illness poses a challenge of
singular difficulty for the geographer and historian
of human disease. One typically locates disease in
place and time by first asking an array of standard
questions: What are its immediate and predisposing
causes? How does it normally progress? Upon whom
is it most likely to befall? For example, in this vol-
ume any of a number of essays on infectious diseases
(cholera, smallpox, plague) may begin with a tightly
drawn narrative of how the disease unfolds in an
untreated victim, knowable to the patient or casual
observer by conspicuous signs and symptoms and to
the medical investigator by the additional involve-
ment of organ or systemic changes. We learn about
the life course of the offending infectious agent and
about the mechanisms by which it wreaks physiologi-
cal havoec.

Once a clinical portrait and a chain of causation
have been well established, it is possible to position
a disease on the social as well as geographic land-
scape; its prevalence by age, sex, social class, and
nation may be determined with some justification.
At the same time, the work of the medical historian
comes into focus. Paradoxically, as the present be-
comes clearer, so does the past. Using our clinicobio-
logical model as a guide, we can search the historical
record for answers to additional questions: When did
the disease first appear and how did it migrate?
Over the centuries, how wide has been its trail of
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morbidity? We can also reconstruct the story of when
and how medicine, in fits and starts, first isolated
the entity as a specific disease and then unraveled
its pathogenic mechanisms. Indeed, endeavors such
as this volume are indicative of the high confidence
we have that our current nosology (fashioned by
such triumphs as bacteriology and molecular biol-
ogy) does, in fact, mirror the contours of biological
reality. We are certain that typhus and cancer are
not the same disease, and thus tell their stories
separately.

Contemporary psychiatry, however, provides us
with no map of comparable stability or clarity. When
the standard array of aforementioned questions are
applied to a mental disorder, satisfactory answers
fail to emerge. Indeed, for a given mental illness
psychiatrists would be hard-pressed to point to any
unambiguous anatomic markers, to describe its
pathophysiological process, or to explain its cause
with a model that is intuitive, testable, and con-
forms to prevailing biological wisdom. Lacking in
these familiar desiderata of scientific medicine, a
mental disorder such as paranoia simply is not
granted the same level of ontological certainty that
is ascribed to an “organic” disease like leukemia.
Until such time as we solve the age-old conundrum
of the relations between mind and body, discovering
a formula that converts states of consciousness to
properties of matter (or vice versa), it is likely that
such barriers will persist.

Visibly unmoored to fixed biological truths, classi-
fications of mental disease thus seem capable of infi-
nite drift. In consequence, the task of writing a his-
tory or geography of any given psychiatric illness
might be regarded as a pointless, premature exer-
cise. What exactly are we trying to map? If we follow
the development of the word neurosis, we find that
in one century it refers to exclusively nonorganic
conditions, and in a century earlier, it includes or-
ganic disorders. If we disregard this problem as one
of mere wordplay and try to identify the actual condi-
tions that were labeled to such mischievous effect,
another quandary develops. It is difficult enough to
establish whether a given mental disease appears in
another country, let alone in a distant time. That
different eras produce variant mental diseases is
more than plausible. Unfortunately, there exists no
assay of human experience that can bridge the past.
Though the bones of a mummy may reveal to X-rays
whether a pharaoh suffered from arthritis, they re-
main silent as to his having suffered a major depres-
sion. Finally, each of the many psychiatries has its
own guide to understanding mental disease; which
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filter, then, do we apply to the past? Do we look for
anxiety disorders as interpreted by the behaviorist,
neuropharmacologist, or psychoanalyst?

Current philosophical eritics of psychiatry, such as
Thomas Szasz, advise us to abandon the effort. Szasz
contends that, strictly speaking, mental illnesses
are not valid medical entities and thus their stories
have no place in any compendium on human disease.
Madness exists, to be sure, but it is a quality of
personhood, not of body or disease. Problems of liv-
ing are manifold and serious, but without positive
evidence that an individual’s condition is due to a
physiological cause, the physician has no business
intervening. Unless psychiatrists can meet the best
standards of scientific medicine, they should be
thought of as modern quacks, laughable if not for
their countless victims. According to Szasz, labeling
someone a schizophrenic in the late twentieth cen-
tury is no different from calling someone a witch in
1680 or a communist in 1950. It means that you
disapprove of them, wish them ill, and have con-
spired with the community to punish them.

Any critique that brings to light real and potential
abuses of psychiatry is laudable. As a general histori-
cal framework, however, Szasz’s approach is limited,
in that it conflates a philosophical ideal of what
medicine should be with what the historical record
shows it in fact is. A significant portion of current —
and virtually all of past — medicine fails to meet
similar tests of scientific purity. Are there only a few
“real” physicians? It is easy to forget that the crite-
ria of what constitutes “good” medical science are
not fixed, but evolve. For example, controlled clini-
cal trials became the ideal only after World War II.
We may be chagrined to learn, just a few decades
from now, that our remaining “real” physicians were
quacks, too.

A better approach is to revisit categories of mental
disorder in their original historical context, to see
how they fit within prevailing conceptions of
disease — not to define an illness according to an
abstract standard, but to derive its meaning from
the actual interpretations of patients and physi-
cians. Otherwise, we are left with the absurdity that
only those doctors who employ correct therapeutics,
and conceptualize in terms of true disease categories
(as judged by today’s knowledge), have the right to
be called physicians. Rather, we might follow the
lead of Donald Goodwin and Samuel Guze and sim-
ply consider as diseases those conditions linked to
suffering, disability, and death, which the lay and
medical community regard as the responsibility of
medicine. As much recent writing in the history of
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medicine argues, the “existence” of a disease can be
as much a matter of social convention as a question
of its biological reality.

This alternative approach to the history of mental
disease will also sidestep the pitfalls associated with
following the story of any particular psychiatric dis-
order through the centuries. The goal of this essay is
to reconstruct the stages and processes by which
insanity came to be seen first as a medical problem
and then as a matter for specialized expertise. Par-
ticular attention will be given to the interactions
between lay and medical conceptions of mental ill-
ness, in which physicians become drawn to issues of
social concern and, in turn, their theories are incor-
porated into social thought; to the fit between the
specific professional agenda of physicians and the
medical conceptions they espoused; and to the chal-
lenges as well as opportunities that advances in gen-
eral medicine posed for psychiatric practitioners. In
so doing, we might arrive at a better appreciation of
what is embedded within our current categories of
mental illness and a clearer perception of what is the
social function of psychiatry as a medical discipline.

Early Modern Europe to the Seventeenth
Century

In this period, no single approach to the problem of
insanity dominated. Although categories of insanity
in the Renaissance derived mainly from the classical
system of mania, melancholy, and dementia, which
were based on the broad medical doctrine of bodily
humors, the implications were diverse in practice.
Physicians and lay people alike typically depicted
mad persons as wild beasts, devoid of reason. Brutal
handling of the insane was commonplace. Yet a pat-
tern of hospital care for the insane had been emerg-
ing since the late Middle Ages. The famous English
hospital of St. Mary of Bethlehem, later known as
“Bedlam,” was founded in 1450 as an institution to
care for those who had “fallen out of their wit and
their health.” Moreover, in that age a belief pre-
vailed that melancholics and some mad persons held
powers similar to those of saints, such as talking in
tongues and prophesying. Erasmus himself wrote
that Christianity is a form of madness. This tradi-
tion stemmed from the rediscovery of Plato’s teach-
ings, that human beings are compound beings, part
heaven and part earth. When the organic part is
disturbed, as in madness, the soul becomes partially
liberated. Poets, seers, and lovers might all exhibit
true mania. And because this was a time when reli-
gion infused everyday life, visions were not rejected
as deformed thoughts of diseased minds. Rather,
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they were embraced as tangible manifestations of a
divine universe that was otherwise liminal.

More to the point, religion, magic, and medicine in
this eclectic age were viewed as overlapping — not
incommensurate — domains. Loss of reason was at-
tributed to any combination of natural illnesses,
grievous misfortunes, evil spirits, and deeds so sin-
ful as to incur God’s direct wrath. Insanity thus
became the proper business of astrologers as well as
physicians, and of clergymen as well as lay adepts.
Moreover, these roles often merged. A healer of sick
souls might offer counseling to assuage a spiritual
affliction in combination with a therapeutic regimen
to restore a humoral balance. A course of physic
might be accompanied by a magic spell and imple-
mented according to the patient’s horoscope. For the
Renaissance doctor, an individual instance of mad-
ness was a thorny interpretative challenge, for its
meaning might be located in bodily corruption, in
devilry, or even in the signs of sainthood.

These entangled threads, however, pull apart in
the seventeenth century as a consequence of intel-
lectual and social revolutions. A foundation was
being constructed for a naturalistic interpretation
of insanity that would eventually overshadow super-
natural and religious frameworks. First, the scien-
tific revolution that culminated in the work of Fran-
cis Bacon and Isaac Newton placed science and the
experimental method at the forefront of human
achievement. The universe was beheld as a clock-
work whose structure and mechanism could be
understood — and eventually manipulated — by ra-
tional human investigation. As the macrocosm
could be found in the microcosm, such investiga-
tions explored the physiology of the human body;
the most notable was William Harvey’s demonstra-
tion of the function of the heart and circulatory
system.

Attention was also drawn to the mechanisms by
which the soul commanded the body — the search
was on for the sensorium commune, the organ that
might mediate between passions, sensations, and
body humors. The pineal gland, the organ suggested
by René Descartes during the first half of the seven-
teenth century, was one of many candidates pro-
posed at the time. Descartes’s philosophical tour de
force of dualism, although known for its splitting the
analysis of mind from the analysis of body, nonethe-
less spurred research into the somatic mechanisms
that commute a volition into an action. The
seventeenth-century work of Thomas Willis, who is
often considered the father of neuroanatomy, stands
out for its pioneering efforts to place the brain at the
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center of human action — and disease. For example,
Willis’s studies on women with hysteria led him to
conclude that the disease originated in the brain, not
in the uterus, as maintained in classical doctrine. His
teachings, later expanded by such students as John
Locke, directed investigators to uncover the role of
the nervous system as the basis of human experience
and knowledge. Paralleling the interest in the so-
matic mechanisms of self was a focus on the range
and force of the passions. Of special interest were the
late-sixteenth- and early-seventeenth-century physi-
cians Thomas Wright, who discussed how patients’
mental states could be critical to their recovery from
illnesses, and Robert Burton, whose Anatomy of Mel-
ancholy (1621) stressed the psychological causes and
cures of insanity.

Major social upheavals were also underway. Fol-
lowing the midcentury English Revolution, in which
religious enthusiasts temporarily gained power, re-
spectable people repudiated religious fanaticism in
all its forms. Embracing the rationalist worldview of
scientists and natural philosophers, the educated
classes ridiculed astrologers and empirics, in the
process abandoning therapies based on religious and
magical means. The way was clear for the nascent
scientific communities to construct new interpreta-
tions of health and illness. In turn, the consolidation
of the naturalist model had important consequences
for the cultural boundaries of insanity. During the
Reformation, Puritan ministers often demonstrated
the powers of their practical divinity by healing sick
souls. Considering themselves “physicians of the
soul,” they led afflicted individuals through intense
rituals of community prayer and healing fasts. Such
potentially helpful ties between learned religion and
popular culture were lost, however, in the rush to
remove demons from psychopathology.

In addition, the naturalist model allowed for a
novel form of ideological warfare. Where Anglican
pamphleteers might be labeled heretics by their reli-
gious enemies, the favor was returned when they
denounced these foes as sufferers of a mental disease.
Madness thus emerged as a form of “counterreality,”
an appellation that marginalized the religious fanat-
ics who so recently had destabilized the nation. Be-
fore the Restoration, a time when talking directly to
God was still thought possible, hallucinations and
delusions were not especially important signs of in-
sanity. Afterward, however, such experiences were
considered the very essence of madness. In the hierar-
chical world order before the Revolution, it was one’s
willingness to obey that determined one’s insanity.
In the new political order, which was constructed
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around innovative theories of social contract and
willful association, it was the inner choices behind
assent that were open to dispute and control. Not yet
sorted out, however, was the exact role that physi-
cians would play in constructing, and responding to,
this new “counterreality.”

The Enlightenment

The eighteenth-century period of the Enlighten-
ment has been characterized as the Age of Reason,
when the powers of mind reached out to command
both nature and human affairs. The goal was the
perfectibility of “man” and of “man’s lot” on earth,
and the means to this end was rationality tempered
by direct observation. Within this context, all that
held back or confounded the development of civiliza-
tion — whether particular individuals or society as a
whole — came under heightened scrutiny, a problem
to be solved by the reasoned application of science
and medicine. Madness, or, as some might put it,
“unreason,” stood out as a dark challenge to the
light of progress. Indeed, this was the era in which
physicians discovered that the insane presented a
significant and distinct institutional population,
one amenable to medical intervention; that society
was wracked by distressing conditions composed of
psychic as well as physical ailments; and that the
source of most diseases was traceable to the newly
dissected nervous system. Because of the numerous
ties forged between medicine and the problem of
insanity, many consider the modern concept of men-
tal illness to have been itself an Enlightenment
product.

In traditional histories, modern psychiatry dawns
with the legendary moment in 1795 when Philippe
Pinel, chief physician of the Salpétriére asylum for
women, struck the chains from the inmates. The
mad were no longer to be considered mere brutes
deprived of reason, amusing grotesqueries, but as
afflicted persons in need of pity, humane care, and
enlightened physic.

Applying the principle of direct clinical observa-
tion, Pinel reorganized categories of mania, melan-
cholia, dementia, and idiocy to reflect specific, identi-
fiable symptom clusters derived from his cases. For
example, he distinguished between mania with delir-
ium and mania without delirium — a disturbance of
will without intellectual deficit. (Later, Pinel’s
nosological stance would revolutionize general medi-
cine.) Mental illness resulted when persons of unfor-
tunate hereditary stock were overwhelmed by their
social environment, poor living habits, a disruption
in routine, or unruly passions. Physical factors, such
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as brain lesions, fever, and alcoholism, were thought
possible but not as common as “moral” or psycho-
genic factors. Asylum statistics revealed that men-
tal illness was, surprisingly, an intermittent or tem-
porary condition, curable if treated before it had a
chance to become somatically ingrained. The physi-
cian’s best weapon was discovered to be the hospital
itself, for its strict regimens were the very tools by
which the superintendent might instill into his
charges an inner discipline, emotional harmony, and
the habits of productive citizenship. In linking, in
one stroke, progressive reform to medical advance
and, in another stroke, the stability of a patient’s
inner psychic milieu to the proper management of
the external hospital environment, Pinel set in mo-
tion the optimistic expansion of institutionally
based psychiatry.

Recent critics, such as Michel Foucault, view Pi-
nel’s accomplishment less favorably. Physical chains
were indeed removed, but only to be replaced by
internal ones, more insidious for their invisibility —
shame and guilt can be just as constraining as iron.
Through the guise of humane treatment, patients
were coerced into conforming to putative “normal,”
“healthy” standards of conduct. Moreover, critics
like Foucault hold, it was no accident that insanity
was placed under the purview of the large central-
ized institutions of Paris, since Pinel’s model fit well
with the demands of the emerging political order.
The growing asylum populations were themselves
only a part of a larger phenomenon. Those who, for
whatever circumstances, failed to fulfill their duties
as citizens within the new state became managed
increasingly through civic institutions, be they alms-
houses, jails, workhouses, hospitals, or asylums. Phy-
sicians, in reaching out to asylum inmates through
an expanded medical view of insanity, were at the
same time complicit in cementing the new political
realities. Pinel may indeed have rescued asylum in-
mates from base neglect, but the benevolent pa-
ternalism of the “clinical gaze” has had its toll.
Henceforth, “modern man” is enslaved within a
medicalized universe, for there can be no form of
protest that cannot be interpreted, and thus dis-
missed, as pathological in origin.

Foucault’s approach has since been shown to be
not wholly satisfactory. True, it was in this period
that the institutional face of insanity was dramati-
cally revealed. The pattern is not uniform, however.
The model works best in such contexts as France and
Germany, where larger asylums for the poor evolved
within a spirit of centralized authority and medical
police. By contrast, in England, such growth oc-
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curred mostly in the small private asylums patron-
ized by the higher classes, which were directed by
lay as well as medical superintendents. The forma-
tion of relations between nascent psychiatry and its
clientele remains a complicated, poorly understood
story. Clearly, though, the growing institutional
populations sharply focused both social and medical
attention on severe madness as a problem requiring
solution.

An exclusive concentration on the institutional
history of psychiatry may also obscure the broader
social currents that already were greatly expanding
the concept of mental illness. Milder forms of insan-
ity, such as hypochondriasis and hysteria, had by
Pinel’s day gained a status as the period’s quintes-
sential medical complaint. These conditions, also
known as the vapors, spleen, melancholy, or later
“nerves,” referred to an irksome cluster of psycho-
logical and somatic (especially gastric) complaints,
ranging from ennui to flatulence. Through such
works as Richard Blackmore’s Treatise of the Spleen
and Vapours (1725) and George Cheyne’s The En-
glish Malady (1733), the valetudinarian “hypochon-
driack,” known by oppressive moodiness, oversensi-
tive skin, and bad digestion, became enshrined as a
stock Enlightenment figure.

The arrival of the “nervous” disorders coincided
with the emergence of new social functions for the
concept of mental illness. Woven out of the perceived
interactions between psyche and soma, tempera-
ment and life-style, such conceptions offered a fac-
ile interpretative matrix for connecting to issues
that stretched beyond personal health. In particular,
members of polite society found in the “hypochon-
driack” disorders a rich social resource. Such com-
plaints enabled one to mull endlessly over the minor
discomforts of life and were also a self-replenishing
well for claims on others’ sympathy. But they served
a more subtle function as a conspicuous indicator of
social location, for those believed at risk for the
ailments were only those of a truly refined and ex-
quisite temperament. In the words of the Encyclope-
dia Brittanica (1771), hypochondriasis was a “pecu-
liar disease of the learned.” Indeed, James Boswell
wrote that the suffering hypochondriacks — himself
included — might console themselves with the knowl-
edge that their very sufferings also marked their
superiority.

When “furious distraction” or severe mania was
the hallmark of the psychically afflicted, the designa-
tion of insanity was tantamount to banishment from
normal society. In contrast, hypochondriasis was a
form of social promotion. There was a collective func-
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tion, too. Contemporaries explained the dramatic
outcropping of the malady as a direct consequence of
the unnatural circumstances imposed by the new
urban, “civilized” life-style. Sedentary living, rich
food, populous towns — all were thought to exact a
toll, the price of progress. In short, through the innu-
merable discourses on hypochondriasis, the anxi-
eties and ambivalences of a rising class found a
favorite means of expression.

The new power of the disease categories did not
remain for long the exclusive property of the higher
classes. By the end of the eighteenth century, physi-
cians were chagrined to find that tradesmen and
domestic servants were equally likely to exhibit
hypochondriack or hysteric complaints. As it hap-
pened, when elite physicians looked to the hospital
infirmary for new sources of medical advance, they
were confronted with the realities of the sick poor.
Institutional portraits of disease thus clashed with
those derived from private practice — the democrati-
zation of hysteria and hypochondriasis was but one
consequence. The poor, for their part, had discov-
ered that the nervous disorders served as entry tick-
ets to one of the few sources of medical charity then
available.

The popular appeal of the new concepts of mental
illness must also be attributed to developments in
medical research and theory that stressed the impor-
tance of the nervous system to all pathology and that
presumed a psychosomatic model of interaction be-
tween mind and body. The trend stems from Willis,
who looked to the brain as the fundamental organ,;
his model, though, remained humoral, based on poi-
sonous “nervous liquors.” As the extensions of the
nervous system became further elaborated in the
eighteenth century through the work of Giovanni
Morgagni, Albrecht von Haller, and Robert Whytt, a
new medical system appeared that was based on the
“irritability” and “sympathy” of the muscles and
nerves. The renowned Scottish physician William
Cullen went so far as to declare that the majority of
all diseases were caused by either too much or too
little nervous “tone,” a pathological condition that
he termed a neurosis. Neuroses, as defined by Cul-
len, were afflictions of sense and motion that lacked
fever or localized defect — a “functional” as opposed
to structural condition. Subsumed within this new
category were such afflictions as hysteria, epilepsy,
tetanus, asthma, and colic. (Cullen’s model of neuro-
ses persisted well into the late nineteenth century.)
Through Cullen and his followers, the nervous sys-
tem was elevated to central importance within physi-
ology, pathology, and nosology, laying the conceptual
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groundwork by which general medicine was to break
away from the neohumoral systems that had domi-
nated since the Renaissance.

Cullen’s nosology, in which diseases were classi-
fied on the basis of the patient’s presenting symp-
toms, be they physical or mental, was essentially
psychosomatic in orientation. Medical interest in
the inner contents of self also followed in the wake of
Lockean theorists who were building a new psychol-
ogy of mental associations, and of William Battie
and others of the eighteenth century who were ex-
ploring the role of the passions in determining men-
tal and physical harmony. Perhaps the best example
of the strength of the psychosomatic model can be
seen in the heroic treatments of the insane, which
included the notorious dunking chair. This interven-
tion was not simply an expression of random cruelty
or cultural atavism. Rather, it was a logical product
of the belief that mental shocks were akin to physio-
logical action, with effects as powerful as those in-
duced by bleeding or purging. Terrifying the mind
was a medical recourse used for a broad range of
pathological conditions.

To explain the proliferation of the psychosomatic
model in this period, sociologists and historians
look to the nature of the patient—physician relation-
ship. Because medical practice consisted of private
consultations, where physicians were dependent on
satisfying the whims as well as the needs of their
wealthy patrons, medicine was patient-oriented.
Treatment was formulated to satisfy the client, a
tailored reading of life-style, circumstances, and
habits, with heroic treatments applied in response
to demands for dramatic action. Similarly, Cullen’s
symptom-based nosology was based not on direct
physical examination — the physician’s own do-
main - but on patients’ descriptions of their com-
plaints. Given these circumstances, it was the total-
ity of the sick-person’s experience that gave unity to
the day’s medical theories, a phenomenological ori-
entation in which psychic complaints were on a
level ontological footing with somatic disturbances.
Medical priorities — and hence realities — were thus
set by what patients considered bothersome. We
must remember that physicians as professionals
were only then developing an institutional base,
such as the hospital, wherein they might control
their patients and establish internally derived stan-
dards of research and treatment.

Finally, the ties forged between the problem of
mental illness and medicine must be placed in the
context of the new social meaning of health and the
expansive role of physicians in the Enlightenment.
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Historians have described how in this period health
itself become a goal, if not an obligation, for individu-
als and society to pursue, a secular gauge of progress
that could be accomplished in the here and now. In
response to a thirst for practical knowledge, medi-
cine was “laid open,” translated from Latin texts,
and popularized in an explosion of pamphlets and
health guides. Health as a commodity generated a
tremendous market for physicians’ services and, in
the age of Franz Anton Mesmer and electricity, for
any treatment remotely fashionable. Psychic disor-
der was a particularly fertile niche for physicians to
exploit. This was especially true after it was linked
by the neurosis model to a broad range of everyday
conditions and once its curability in even severe
forms was demonstrated. (The work of Pinel and the
dramatic turnabout in behavior of mad King George
II1 was particularly effective in this regard.)

Medicine, defined as keeper of the welfare of the
human race, extended far beyond matters of individ-
ual treatment and grew into an Enlightenment meta-
phor for broad political reforms. Guiding thinkers
such as the philosophes saw themselves as nothing
less than medical missionaries who cured the ills of
society itself. Since the individual was a product of
society and nature, the science of physiology came to
signify the proper functioning of the social as well as
individual body. Moral philosophy and biology joined
in the new science of man; theories of the perfectibil-
ity of human society were interlaced with secular
theories of health. Thus, Pinel’s striking of the chains
was understood to be as much an act of civic benevo-
lence as the first step of a new “medical” approach.
Medical progress and benevolent reform commin-
gled, ashared task. Furthermore, the problem of men-
tal illness and the proper development of mind were
of special fascination in an age obsessed with how
reason was self-consciously mastering nature and re-
constituting society. Through a cause célébre like the
case of the Wild Boy of Aveyron, the original feral
youth, and the contention of Pierre Cabanis that the
brain excreted thought like the liver excreted bile,
the belief was growing that the forward movement of
civilization might depend on scientific forays into the
darkness of human pathology.

In sum, madness during the Enlightenment be-
came a central cultural concern. Mental afflictions
were newly visible in the asylums, in the rise of
hypochondriasis and related disorders, and in the
investigations into the functions of the nervous sys-
tem. With the expansion of the concept of mental
illness to include conditions that were not drasti-
cally removed from everyday experience and that
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were considered amenable to medical intervention,
mental afflictions became important social resources
for the expression of individual and collective anxi-
eties. Physicians discovered in the growing popular-
ity of these conditions not only a fresh source of
patients and an institutional base, but new service
roles for themselves as social critics and experts —
madness became the very measure of civilization.
Thomas Trotter, enlarging on the work of Cheyne,
claimed that the nervous diseases resulted when citi-
zens’ life-styles and occupations did not fit their
constitutions and temperament. He warned that En-
gland, owing to a combination of its peculiar cli-
mate, free government, and wealth, was the most
threatened country. The survival of civilization,
with its complex social differentiation of labor, de-
pended on the decreasingly likely event of persons
working within their proper stations in life — lest
the nation degenerate into one of idiots and slaves.
Physicians bore the responsibility for “diagnosing”
the need for adjustments in the biological — and
social — hierarchy.

We must not, however, overstate the extent of in-
sanity’s “medicalization.” Persons were transported
to asylums not so much because medical treatment
was considered necessary as because these people
were perceived to be dangerous or incompetent. The
insanity defense had become an increasingly popu-
lar resort in criminal trials, yet the examination of a
defendant’s mental status was as likely to be per-
formed by a lay authority as by a medical one. And
there existed as yet no professional grouping of psy-
chiatrists, let alone regular physicians, who had spe-
cialized knowledge of the insane. The concept thus
remained a product mostly of general culture, trans-
parent for all to read and make judgments upon.

1800 to 1850
In the first half of the nineteenth century the treat-
ment of mental illness was marked by two trends: a
wave of asylum building and the differentiation of a
small band of medical professionals who claimed
mental disorders as their special domain. These two
developments were linked through a materialist
model of mental physiology that had reformist conno-
tations and the arrival of new categories of mental ill-
ness that advanced the value of psychiatric expertise.
Written as only a modest, local report of the way
Quakers cared for their small number of lunatics,
Samuel Tuke’s Description of the [York] Retreat
(1813) nevertheless launched a worldwide movement
of asylum construction. In this system of care later
known as “moral treatment,” the asylum was envi-
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sioned as a functional microcosm of society at large
where troubled persons might reconform to proper
social behavior through a vigorous program of occu-
pational therapy and moral suasion. Chains were to
be replaced by admonitions, bars by comfortable fur-
nishings, and the inmates’ mania quelled by distract-
ing amusements. In the words of John Connolly, an
asylum pioneer known for his popularization of the
“nonrestraint” method, the combined psychological
effect of enlightened architecture and behavioral
‘management had rendered the asylum a “special ap-
paratus for the cure of lunacy.” Originally designed
for fewer than 30 patients, the new asylums were
artificial family environments, heavily dependent on
the talents and personality of the superintendent.
His burdens included intimate contact with patients
and their families; the judicious meting out of an
array of mild rewards and punishments; and immedi-
ate attention to the smallest administrative problem.
A commanding presence, diplomacy, boundless sym-
pathy, worldly wisdom, moral probity, and frugality
were all characteristics essential to the task. A medi-
cal background was not a necessary qualification —
and by no means was it a sufficient one.

The Tuke model of moral treatment was particu-
larly fruitful in developing asylums in the United
States, a success attributed to several factors. As
civic responsibilities shifted from town to county and
later to state government, officials looked to the
centralized asylum as the rational (albeit more ex-
pensive) site of humane care not available in local
jails, almshouses, or homes. Also, it has been argued
that in the troubled times of Jacksonian America the
well-ordered asylum gained favor as an innovative
symbol of social control. Moreover, families increas-
ingly looked to the asylum as a solution to their
terrible burdens. It is not clear whether this was due
to social changes that rendered them either unwill-
ing or unable to provide home care, or whether they
had become convinced by the vaunted success of
asylum cures. In either case, the unquestioned ease
with which patients were shipped to asylums had
prompted even Connolly to warn that the proof of an
individual’s sanity was quickly collapsing into the
simple question of whether he or she had ever been
institutionalized.

Although when first constructed the asylums were
as likely to be managed by lay authorities as by
medical ones, their growth nevertheless provided a
base for a new breed of physicians whose practice
was limited to mental problems. Such posts were
often quite attractive, and an esprit de corps devel-
oped among the elite who occupied them. The origin
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of psychiatry as a profession is typically traced to the
1840s, when these medical superintendents, or “men-
tal alienists,” banded together to form specialized
organizations and medical journals. (For example,
the forerunner of today’s American Psychiatric Asso-
ciation began in 1844 as the Association of Medical
Superintendents of American Institutions for the In-
sane; this predated by four years the American Medi-
cal Association.)

The challenge for the first psychiatrists was to ex-
pand both their institutional base and their claim to
specialized knowledge. The former goal was ad-
vanced by championing the idea that insanity was
curable if its victims were removed at once from their
homes to asylums, where they might receive the full
advantages of moral treatment-in combination
with a regular medical regimen. Moral treatment as
a nonmedical practice was thus neatly coopted. In
turn, the growing empire of asylums crystallized the
young profession around a privileged therapy. Pa-
tients were locked in, but just as significantly, medi-
cal competitors were locked out. The alienists also
made progress in advertising their expertise. In
France, when the Napoleonic code made provision for
a legal defense of not guilty by reason of insanity,
alienists attracted national attention by their in-
volvement in celebrated homicide trials. In advocat-
ing social if not legal justice for insanity’s unfortu-
nate victims, the alienists were advancing a political
cause of liberal philanthropy (in the heat of Restora-
tion politics) and also a professional one, the eleva-
tion of their status to that of experts.

The alienists seized on the concept of monomania,
a term coined by Jean Etienne Esquirol around
1810, to argue that a person could be driven by
delusions to perform acts for which he or she was not
responsible. Descended from Pinel’s manie sans dé-
lire, monomania referred to a nosological region in-
termediate between mania and melancholia. Unlike
those with nervous or hypochondriack disorders,
which comprised the gray zones between everyday
preoccupations and total loss of mind, monomaniacs
were indeed quite insane, but only in one part of
their mind, and perhaps intermittently so. A morbid
perversion of the emotions did not necessitate a cor-
responding loss of intellect. The defining characteris-
tic of the disorder was that, save for a single delusion
or disturbance of mind, an afflicted individual might
appear entirely normal. Here, then, was a semiotic
wall that could not be breached by lay or even
nonspecialized medical knowledge. Significantly, at
the trials the alienists employed neither arcane tech-
nique nor extensive jargon. Their claim to expertise
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was the discerning eye of a seasoned clinician, a skill
that was honed on asylum populations where insan-
ity was visible in all of its protean and elusive forms.
Knowledge does not have to be exceedingly learned
to be restrictive. It was a sufficient argument that
only those with extensive asylum experience could
reliably distinguish the true monomaniac from the
false.

The term monomania seems to have fallen into
fast decline in France after 1838, immediately follow-
ing the passage of legislation that provided greatly
expanded roles for alienists in France. In success,
the term lost its ideological edge. Elsewhere, similar
concepts of partial insanity and moral insanity
(coined by J. C. Prichard in 1835) took root, which
played equally vital roles in demonstrating that
questions of lunacy were matters best left to experts.

Expansion of the profession depended on communi-
ties that held potentially antagonistic viewpoints, a
situation that presented the alienists with a difficult
balancing act. On one hand, ties were maintained to
the nonmedical constituencies who were driving for-
ward institutional reform. On the other hand, gen-
eral medicine was making great strides in the Paris
clinics, where the anatomopathological approach to
the localization of disease was launching modern
medicine. A new medical standard had to be met.
These separate goals found mutual expression in the
doctrine of phrenology, a powerful movement in Eu-
rope and the United States that was based on the
late-eighteenth- and early-nineteenth-century work
of Franz Joseph Gall and Johann Spurzheim. Hold-
ing to the twin assumptions that psychological facul-
ties were localized in specific regions of the brain
and that cranial morphology was a guide to brain
structure, the doctrine popularized “reading bumps
on a head” as a means of revealing an individual’s
innermost talents and deficits. Although later gen-
erations heaped abuse on it, phrenology has since
been credited with disseminating into general cul-
ture a materialist philosophy in which the brain was
the organ of the mind and with motivating research-
ers in several fields to explore mental physiology as
a serious pursuit. For the alienists, phrenology pro-
vided a framework for considering disordered person-
ality, one that incorporated society, the asylum, and
general medicine. Through this model, alienists par-
ticipated in the movement to better society through
useful knowledge, explained the effectiveness of
moral treatment as a program that strengthened
specific mental faculties, and followed the organi-
cists’ lead in insisting that insanity could be attrib-
uted to brain lesions. Moreover, the psychological
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and physiological models merged: The well-ordered
asylum restored the patient by keeping the brain in
a tranquil condition.

1850 to 1900

The late nineteenth century witnessed an explosion
of interest in the problems of mind and mental prob-
lems, one that extended across the cultural landscape
into art, literature, science, and politics. A new fron-
tier had been opened: the human interior. Thus com-
menced a wave of ambitious explorations into the
conscious — and later unconscious — mind, with the
aim of understanding what qualities of the self
within were necessary to sustain civilization with-
out. With the formal appearance of the human sci-
ences, fragmented into the disciplines of anthropol-
ogy, sociology, psychology, economics, and history,
and a similar specialization in medicine that gener-
ated the modern professions of neurology, neurophysi-
ology, neuroanatomy, and even psychiatry, a dizzying
growth occurred in the number and variety of schools
of thought on the structure and function of the human
mind. From this point forward, any attempt to sys-
tematize the development of psychiatric conceptions
is vastly more complex and unwieldy. Indeed, any
disease category that even remotely touches on hu-
man behavior would henceforth have multiple, and
perhaps contradictory, meanings — depending on who
employed it, and where. Hysteria meant different
things to the novelist than to the alienist or general
practitioner, to the French psychologist than to the
German investigator, to the neurologist in Paris than
to his or her colleague in Nancy.

In addition to the interest spawned by these intel-
lectual currents, the subject of mental disorders
drew impetus from “below,” from powerful social con-
cerns. On several fronts, much more now appeared
to be at stake, for the individual and for society, in
the realm of the troubled self.

The Asylum and Society

The once-small asylum had swelled in size and popu-
lation far beyond what its creators had initially
hoped - or had farsightedly dreaded. A typical pub-
lic mental institution in the United States now
housed hundreds of inmates, resembling more a
small town than an intimate extension of a house-
hold. Simply put, the superintendents had oversold
their product; patients streamed into the institu-
tions faster than they could be cured. And through
accretion, or what contemporaries referred to as
“silting up,” the small but significant percentage of
patients who would prove untreatable now occupied
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a majority of the beds. The public costs of indefi-
nitely maintaining tens of thousands of such unpro-
ductive members of society (as well as of building
additional beds to treat the incoming curables) were
indeed staggering.

In subtle ways, the institutions’ success in attract-
ing patients had the unintended effect of heightening
fears that the problem of mental illness was somehow
worsening. What was only newly visible to the public
was considered but newly existent. Moreover, the
simple bureaucratic act of generating institutional
records itself distorted clinical perceptions. As hospi-
tal tallies began to reveal that the same patient
might be released only to be readmitted years later,
and that new admittees were often related to past
inmates — graphic illumination of insanity’s fear-
some generational grip — mental disorders of the day
were concluded to be far more virulent and insidious
than when the institutions originally opened. Such
fears were compounded by the consequences of slow
but profound demographic shifts that reinforced ra-
cial stereotypes. Where asylums based on the Quaker
model of moral treatment assumed a homogeneous
population, in that physician, patient, and commu-
nity shared similar religious and social values, the
public institutions had become cultural mixing pots
filled with diverse immigrant and working-class
populations. Alienists, now mostly salaried employ-
ees of the state and no longer beholden to families for
private fees, became even further removed from the
cultural milieu of their charges. Severe mental ill-
ness thus loomed as a social problem of paramount
importance, one that had become even more grave.

“Nervous” Disorders
At the same time, the public had become obsessed
with ailments of a less serious but more commonplace
nature, especially those conditions in which mental
and physical attributes blurred together. Rapid in-
dustrialization and urbanization brought forth dra-
matic transformations in the family, workplace, and
society. In turn, the anxieties and inner conflicts that
arose from survival in the fast-changing modern
world found expression in a slew of somatic com-
plaints, ranging from dyspepsia and skin disorders to
hysteria and hypochondriasis. Cullen’s and Trotter’s
neuroses had been resuscitated — but with a twist.
Owing to the rise of the middle class, a higher level
of literacy, and the formation of a consumer culture
oriented to such things as the creation of markets for
health remedies, such “fashionable” diseases pene-
trated faster and deeper into society. Moreover, the
unifying metaphor — the nervous system — had meta-
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morphosed well beyond mere “irritation.” Since even
Trotter’s time, neurological investigators scored ma-
Jjor accomplishments in understanding how the brain
mediates between sense impressions and motive ac-
tion. In the age of the telegraph and the dynamo, of
centralized bureaucracy and the division of labor,
the new model of the nervous system — one part wir-
ing diagram and one part administrative flowchart —
offered an intuitive, adaptable framework for ex-
plaining how human thought or action was guided,
executed, and powered. Any number of confusing
conditions or troubles could now be plausibly ex-
plained by the lay public and medical personnel
alike as simply a case of “nerves” — which at once
said everything, and nothing. Indeed, so popular was
the new framework that some have referred to the
late nineteenth century as the “nervous” era.

Secondary Gains
A diagnosis is never socially neutral because the
“sick role” associated with an illness has practical
consequences for the patient that are as real as any
physical manifestations of pathology. In the Victo-
rian world of moralism and industry, where individu-
als were tightly bound by standards of duty and
economic performance, the role of the nervous in-
valid was promoted to central stage. Legitimated by
the growing prestige of scientific medicine, this and
other categories of disease provided one of the few
socially acceptable opportunities for many persons
to step away from, at least temporarily, their every-
day obligations. Because of their protean nature,
nervous disorders were particularly well suited for
exploitation as a social resource. While virtually any
mysterious symptom or combination of symptoms
might indicate an underlying nervous condition, phy-
sicians had precious few criteria by which to rule out
such a disorder. The presence — and departure — of a
nervous ailment was decided more by the patient
than by the physician, to the immense frustration of
the latter. Nervous diseases, often with simple and
well-known components, were thus available to all.
This is not to say that these conditions were with-
out drawbacks. On the contrary, the distress and
limitations on existence associated with a sick role
are often quite drastic. For example, historians have
explained the outbreak of hysteria in this period as
emanating from the conflicting and impossible de-
mands placed on women. Although such a “flight
into illness” offered some measure of reprieve, even
allowing the exactment of a small manner of domes-
tic tribute, it exposed these women to painful treat-
ments, left the underlying conflicts unresolved, and
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reinforced their dependency. Benefits were gained at
a definite cost, but for many, such a flight nonethe-
less remained a viable option.

The example of hysteria is only one illustration of a
pervasive trend, the appearance of medical disorders
as significant resources for the indirect negotiation of
social conflicts. In addition to the battleground of
household or gender-related politics, a person’s
health status might figure heavily in such polarized
issues as the responsibility of corporations to protect
the public, fitness for employment or military ser-
vice, and criminal trials. Thus, victims of train
wrecks (a notorious hazard of the industrial world)
might be awarded some compensation on the basis of
their suffering from the vague syndrome of “railway
spine”; mothers accused of infanticide might be
judged temporarily insane rather than be sent to
prison; and battle-weary soldiers might be diagnosed
as suffering from irritable heart syndrome rather
than face execution as deserters.

In answering the call to pronounce judgment on
matters with such public consequences, physicians
were expanding their authority over everyday af-
fairs. As indicated in the examples just given, some
of the more volatile health debates touched on
neuropsychiatric conditions, an area of medicine in
which diagnostic and explanatory models were insuf-
ficiently powerful to enable a designated “expert” to
deliver a verdict that would remain uncontested.
Many opportunities for professional growth were
opened, but the path was uncertain.

Thus, in the second half of the nineteenth century,
mental disorders gained a commanding social pres-
ence due to the perceived threat of the asylum popu-
lation, the profusion of nervous disorders, and their
linkage to a range of polarized issues. This social
interest was mirrored by the attention of diverse
groups of learned scientists and physicians who com-
peted for the privilege of claiming the field of mental
disorders as their own. Such groups varied greatly in
their institutional location, professional service role,
scientific orientation, and political aims. Their dispa-
rate agendas led to a jumble of theories regarding
insanity; in turn, these theories both strengthened
and limited the professional opportunities of their
proponents. Let us visit, in turn, the asylum
alienists, three types of neurologist (the researcher,
the private practice consultant, and the urban clini-
cian), and university psychiatrists.

Asylums and Their Keepers

French Alienists and Degeneration Theory. In
France, the manifold problems of asylum psychiatry
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surfaced by midcentury, enshrouding the young pro-
fession of alienisme in an unexpected fatalism. Worse
yet were the political circumstances of the Second
Empire (1852-71), in which the materialist basis of
mental physiology was linked to the suspect ideas of
Republicanism and atheism. Although their institu-
tional posts afforded some degree of protection,
alienists nevertheless were under siege. In the dec-
ade of the 1860s, for example, their public lectures
were suppressed by government decree. The pessi-
mism of the profession found expression in the theory
of degeneration, or morbid heredity, which derived
from the publication of B. A. Morel’s Treatise on the
Physical, Intellectual, and Moral Degeneracy of the
Human Race (1857) and J. J. Moreau de Tours’s Mor-
bid Psychology and Its Relationship to the Philosophy
of History (1859). Drawing together currents in biol-
ogy, medicine, and social thought, degeneration
theory was perhaps the most significant influence on
late-nineteenth-century psychiatry.

The degeneration model asserted that hereditary
factors were the primary cause of insanity, pathol-
ogy occurring when a weak disposition was over-
whelmed by intoxicants (alcohol, malaria, opium,
cretinous soil), social milieu, or moral sickness. Com-
bined effects of physical and moral injuries were
especially treacherous. The distinguishing feature of
the degenerationist model was its developmental (or
“genetic,” in its original meaning) orientation.

Even as enthusiasm for lesion-based systems of
psychiatry waned, a new intellectual foundation was
emerging from the biological theories of Jean Bap-
tists Lamarck, Herbert Spencer, and later Charles
Darwin. With evolution supplanting pathological
anatomy as the core biology, questions of process
overshadowed those of structure. Static taxonomies
of disease thus gave way to dynamic systems, in
which most mental disorders were stages of a uni-
tary disease, stratified not by anatomic location but
by a defined temporal order. Simple ailments were
linked to severe ones, as the seed is to the tree.
Mental illness now had a plot.

For the French alienists, the degeneration model
provided a way to navigate past the Scylla and
Charybdis then facing the profession, the dual haz-
ards posed by either holding to materialist positions
that invited political attack or abandoning these in
favor of psychological models that were insuffi-
ciently “scientific” to silence medical critics. Morel’s
solution was to argue that a specific case of mental
illness was the expression of a “functional” lesion of
the nervous system, one based on its performance as
an integrated whole. Although an organic mecha-
nism was presumed (satisfying demands for scien-
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tific rigor), its elaboration was considered unneces-
sary for understanding the clinical significance of
mental illness. Moreover, the integrationist stance
remained agnostic on the precise interaction be-
tween mind and body. Religious conservatives need
not be enthusiastic supporters of the degenerationist
model, but at minimum it was palatable; although
the soul no longer held a perpetual lease on the body,
neither was it in immediate danger of eviction.
Morel himself was deeply religious, finding in the
degenerationist model a biological statement of origi-
nal sin.

The theory states that the development of the indi-
vidual is a reenactment of that of the species as a
whole, a viewpoint later encapsulated in Ernst Hein-
rich Haeckel’s famous phrase “Ontogeny recapitu-
lates phylogeny.” Civilization’s forward progress had
depended on the triumph of government and order
over barbarism and base desires. Individual survival
depended on no less. If anarchy and mob rule were
evidence of a breakdown in the social order, a rever-
sion to an earlier — and hence evolutionarily lower —
state, then madness was its equivalent in the individ-
ual, an atavism from a time when emotions ruled
the intellect. Because we are biological as well as
spiritual entities, the animal beneath the skin can
only be controlled, never exorcised. Mental compo-
sure depended on an interminable conquest of desire
by discipline.

Although heuristically powerful, the degenera-
tionist framework offered no immediate therapeutic
advantage for institutional practice. Rather, its
strength lay in its expansion of psychiatric author-
ity beyond the walls of the asylum. With overfilled
institutions belying the curability of severe mental
illness, alienists faced the prospect of becoming an
alliance of mere custodians, should no dramatic
treatment appear. Instead, alienists looked out-
ward, recasting their medical responsibility to in-
clude prophylaxis — society would be served best by
staunching the flow of inmates at its source. The
new explanations of madness provided alienists
with a blueprint for such extramural intervention,
one that augmented and did not undermine their
institutional base.

Asylums provided alienists with a unique vantage
from which to observe directly countless broken
lives. Every new admission was an object lesson in
the fragility of normal life, of how a single path
wrongly taken — perhaps a pint of gin, an act of
masturbation, or a flirtation with prostitution —
might set a once vigorous individual on a course of
dissolution that would end in a locked asylum ward.

II. Changing Concepts of Health and Disease

Such stories provided alienists a rich harvest from
which to manufacture their most valued product:
advice. Moreover, given the Lamarckian assumption
of the day, that a person’s habits over time were
eventually transmitted to future generations as heri-
table traits, it was not just an individual’s life, but
the life of the nation, that was at risk. With dissolu-
tion as the key to insanity, mental illness acquired a
definite moral as well as biological structure. Unless
the alienists’ warnings were heeded, a generation of
dissolute citizens would flood the country with ner-
vous children, and insane grandchildren in even
greater numbers. Madness was the very destiny of a
people unfolded.

Alienists thus trumpeted themselves as advisers
on matters of social policy, alone competent to pilot
civilization past hidden reefs. Their message was
especially poignant in France in the 1870s, when the
country was recovering from the devastating mili-
tary loss to the Prussians and from the turmoil of the
Paris Commune. It seemed that one had to look no
further than the specter of working-class mobs to see
the link between social revolution and morbid degen-
eracy. The model gained popular credence through
the work of Cesare Lombroso, an Italian author who
devised popular categories of criminal insanity. As
we shall see, aspects of the degenerationist model
penetrated virtually all major conceptual systems of
mental illness espoused in the late nineteenth cen-
tury. Indeed, the model resurfaces even today, when-
ever life-style is evoked as a basis for understanding
disease.

Neurology

The latter half of the nineteenth century was neurol-
ogy’s “golden age,” in research, private practice, and
the urban teaching clinic. Each of these three neuro-
logical domains had significant repercussions in the

medical conceptualization and treatment of madness.

British Experimental Neurology and Epilepsy.

Through the efforts of mostly British, German, and
Russianinvestigators, the reflex became the building
block of neurophysiology. In the 1830s Marshall Hall
demonstrated the importance of the reflex system in
maintaining all vital bodily activities. Following the
British philosophical tradition of volitionalism, how-
ever, purposive acts and thought processes were left
inviolate. Such dualism of mind and body came under
assault by Thomas Laycock. Drawing on German
science, in which a natur-philosophie orientation pre-
sumed a unity of man in nature and a continuous
evolution from animal to man, Laycock argued for a
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gradual blending of automatic acts, reflexes, in-
stincts, emotions, and thought. Laycock’s student,
John Hughlings Jackson, is often described as the
true originator of modern neurology. Incorporating
Hall’s and Laycock’s ideas, Jackson went furthest in
constructing a neurological basis for human action.
In his classic research on the localization of epilepsy
(the major epileptic syndrome long bore his name),
Jackson focused on the pattern by which nervous
functions disappear in the course of a fit; here was an
indirect means of peering into the functional organi-
zation of the brain.

Combining Spencer’s evolutionary cosmology with
the degenerationist outlook, Jackson constructed a
topology of self in which the nervous system was
hierarchically layered according to the evolutionary
scale. At the lowest or most “primitive” level was the
spinal system, which was controlled by the “middle”
level, the motor system; this in turn was mastered
by the “highest” level, the frontal lobes — the organ
of the mind and the acme of evolution. Epilepsy
could now be understood as nothing less than a body
caught in the visible throes of dissolution. This an-
swered Jackson’s clinical puzzle concerning why ab-
errations of conscious thought were the first epilep-
tic symptoms to appear; nervous functions were lost
in precisely the reverse order of their evolution.

Much of the appeal of the degenerationist model
resulted from its resonance with fundamental
changes then occurring in the social fabric. Issues of
social differentiation and hierarchy surfaced in the
wake of nationalism which pitted one country’s heri-
tage and international standing against another’s;
industrialism, which produced a vast laboring un-
derclass; and imperialism, which placed whole coun-
tries of “primitives” under European stewardship.
With religious authority in decline, models of scien-
tific naturalism were expected to provide a rational
social order in step with the times. Jackson’s model,
which dovetailed a neurological “localization of supe-
riority” with Spencer’s dictum that “separateness of
duty is universally accompanied by separateness of
structure,” exemplifies the fact that in the Victorian
era visions of the external world could be disaggrega-
ted from those applied to the internal one. Jackson’s
accomplishment was a paradigm that continues to
influence us today, one that all too neatly converged
neurological, evolutionary, and social stratifications
into a spatial metaphor of unusual power.

With Jackson’s model, the degenerationist model
of insanity now has a firm neurological basis. As
Jackson himself argued, mental illness resulted
from the dissolution of the higher centers, compli-
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cated by overactivity in the lower centers. Empirical
proof of the connection could be found in the asy-
lums, all of which housed a significant number of
epileptics. For some time to follow, the ignominy
associated with the biological corruption of the epi-
leptic would spill over into categories of mental ill-
ness. Not clearly inferable from Jackson’s work, how-
ever, was the actual involvement the neurologist
was to have with the problem of mental illness, for
although a solution to grave mental illness might
come from a cure for epilepsy, this awaited much
further neurophysiological research. The divide be-
tween neurology and mental illness was a matter of
professional location as well as knowledge, in that
few neurologists had access to asylum patients. As
for the noninstitutional population, Jackson’s prefer-
ence for disease models based on clear organic
mechanisms led him to declare that “functional” dis-
orders were best left to other aspiring specialties
such as gynecology and obstetrics.

Neurology and Neurasthenia in the United States.
Neurology as a viable profession in the United
States dates from the Civil War, which produced a
larger number of soldiers with nerve injuries and
severe emotional disorders requiring specialized
care. After the war, neurology rode the wave of spe-
cialism that was transforming urban medicine. Phy-
sicians with graduate training in European medical
science hoped to build alternative medical careers by
limiting their practice to areas that might benefit
from specialized knowledge. Cities provided both the
requisite critical mass of varied clinical material
and the pool of motivated, affluent citizens to sup-
port these ventures.

In 1869 New York neurologist George M. Beard
diagnosed Americans as especially prone to nervous
exhaustion. His conception of neurasthenia — liter-
ally weak nerves — achieved international usage as
a major trope of the Victorian era. The condition
referred to a cluster of distressing, often vague
symptoms that ranged from simple stress to severe
problems just short of certifiable insanity. Bodily
complaints such as headaches and hot flashes ap-
peared alongside psychological ones such as lack of
interest in work or sex and morbid fears about
trivial issues. Thus burdened, neurasthenics re-
treated from the fulfillment of obligations to their
families, employers, or social groups. The physio-
logical link common to all these cases, Beard sug-
gested, was the depletion of the vital nervous
forces.

Neurasthenia’s prevalence in the modern era was
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no mystery, Beard argued. The telegraph, railroad,
daily press, crowded quarters, and financial market
had rendered life simultaneously more hectic, in-
tense, and stressful. Civilization placed demands on
our nervous systems that nature had never antici-
pated. Reminiscent of earlier interpretations of hypo-
chondriasis, the eighteenth-century “English mala-
day,” the presence of neurasthenia served as a
marker of advanced society. Once again, mental ill-
ness was a conspicuous price of progress. Americans,
world leaders in industrialization, paid dearly. Here,
too, patterns of incidence were interpreted as clues
to social hierarchy. Men thought most likely to suc-
cumb were those at the vanguard of social advance,
such as inventors and entrepreneurs. Women, whose
smaller brains were dominated by their reproduc-
tive systems, might be overcome by the daunting
task of running a Victorian household or by exces-
sive intellectual effort. The ranks of the lower
classes, to be sure, did yield a significant number of
neurasthenics. But since their hardier constitutions
would bear up under all but the worst shocks, such
as alcoholism or inveterate depravity, the condition
in them was more a badge of shame than one of
honor.

For practicing neurologists, the concept of neuras-
thenia brought order to chaos and provided a defensi-
ble base for the profession’s enlargement. The bewil-
dering array of ailments that fell under the category
of “functional” disorders (all those without gross ana-
tomic damage or known organic cause, such a hyste-
ria and hypochondriasis) were unified into a single
clinical picture that was comprehensible to both neu-
rologist and patient. Briefly stated, nervous energy
was a precious quantity that must neither be squan-
dered nor misdirected; temporary habits eventually
became fixed pathways in the brain and might even
be transmited to the next generation.

The reality of the functional diseases had been an
open question for the public, which was often far
more skeptical than many medical experts. The neur-
asthenic model, although lacking a precise organic
mechanism, was able to relegitimate these disorders
by imparting the cachet of a state-of-the-art scientific
theory. Furthermore, the emphasis on brain physiol-
ogy was consistent with the growing emphasis in
biology and medicine on the central nervous system
as the dominant bodily system. This displaced the
open-ended physiological models of the eighteenth
and early nineteenth centuries in which pathogenic
processes might arise from the influence of any of a
number of interconnected systems that included the
liver, stomach, circulation, or nerves. Previously, any
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knowledgeable physician might have been able to
understand the development of a mental pathology,
based on a reading of the balance of the organism as a
whole. Now, however, only a nerve specialist was
qualified. And as an untreated cold might lead to
pneumonia, so a nervous complaint not handled by a
neurologist might be the portal to an asylum. In
short, by establishing the principle that troubling
but otherwise unremarkable mental states might
produce morbid bodily changes as dramatic as any
physical insult, Beard and his followers were con-
structing a neuropathology of everyday life.

The strength of Beard’s model lay not in its origi-
nality but in its artful extension of medical and
social trends. Indeed, by this time, nervous condi-
tions represented to family physicians a significant
portion of their practice and were also responsible in
large measure for the booming market in health
products and services. At first, neurologists followed
uninventive therapeutic programs, endorsing the
standard use of mild tonics and sedatives, dietary
restrictions and supplements, massages, low-current
electrical stimulation, and visits to water spas and
other health resorts. The goal was to help patients
restore their “strength” and to maintain a healthy
“nervous tone.” Morbid thoughts and other dangers
of introspection were to be derailed through outdoor
exercise and cheerful admonitions by the doctor and
family.

The neurasthenic model also gained impetus as an
articulation of a Victorian conception of self, one
that incorporated health’s new moral meaning. Char-
acter was indeed a matter of destiny, but neither
heredity nor rational intent solely determined one’s
fortunes. Rather, it was one’s will that mediated
between what one could be and what one should be.
Not all persons were created equal, nor were they
forced to meet stresses and tests of comparable sever-
ity. Nevertheless, what individuals made of their
lots was inescapably their responsibility. In this
worldview, health became a secular measure of
moral character. Although illness in general was no
longer interpreted as a direct manifestation of God’s
wrath, conditions that resulted from a damaged con-
stitution were read as the certain consequences of
immoral or unnatural habits — a failure of will. Ob-
servers noted that unlike malaria or the pox, which
might attack the weak and the strong indifferently,
mental diseases fell only on those who lacked self-
control. The concept of neurasthenia, which focused
on activities that damaged the will itself, thus pro-
vided an adaptable matrix for the consideration of
human character.
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The special business of neurologists, in addition to
providing the usual treatments for nervousness, was
to offer individuals the expert guidance necessary to
avoid permanent or worsened injury to the constitu-
tion, advice based on their putative knowledge of
brain function and human affairs. Thus construed,
the role of neurologists combined both intimacy and
scientific objectivity. On one hand, neurologists were
to be consulted by patients on an expanding variety
of personal issues, ranging from major life decisions,
such as the advisability of marriage, to minor points
of life-style, such as the amount of fat to be included
in one’s diet. The role of adviser merged with that of
confessor: Critical to the success of the treatment
was the patient’s full disclosure of all behavior, no
matter how disreputable. Indeed, it was precisely on
questions of damage caused by vices that medical
treatment so often appeared to hinge. Medical pen-
ance, as outlined by neurologists, became the new
absolution. On the other hand, in the interest of
invading clinical territory already inhabited by ei-
ther alienists or family physicians, neurologists
were obliged to base their expertise on the emerging
laboratory and clinical science of the brain. This
dual obligation of scientist and counselor proved dif-
ficult to reconcile.

Neurologists learned soon enough what alienists
had discovered already: Mental disorders are more
managed than cured. Furthermore, such close inter-
vention in patients’ lives yielded a clinical paradox.
A nervous complaint, successfully treated, might dis-
appear only to be replaced by another; or a wide
range of treatments might prove equally effective —
for a time. Even as they were constructing elaborate
scientific justifications for their clinical interven-
tion, neurologists were discovering that it was not so
much the specific medical treatment that mattered
as it was the discipline that patients exhibited in
adhering to the treatment plan. With this in mind,
S. Weir Mitchell perfected his famous “rest cure,” in
which patients were isolated from their families and
placed in the full care of a neurologist and nurse.
Stripped of all power to make decisions, and con-
signed to a state of ultradependency (which included
such things as spoon-feedings), patients were sup-
posed to rebuild their willpower completely. Focus
thus shifted away from external signs and symptoms
to the dynamics of the patient—physician relation-
ship. The resistance of the patient to being cured
became a new index of pathology. Ostensibly follow-
ing a somatic program, New York neurologists un-
easily awakened to the reality of psychological as-
pects of nervous disorders.
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Charcot’s Parisian Teaching Clinic and Hysteroepi-
lepsy. Although Esquirol, in the 1840s, ignored
hysteria as an uncertain diagnosis of little signifi-
cance, by the 1880s the condition had risen to a
newfound prominence. This turnabout was directly
attributable to the efforts of Jean Martin Charcot,
an internationally renowned neurologist whose
teaching clinic at the Salpétriere Hospital greatly
influenced a generation of students who were des-
tined to become leaders in medicine. At the height of
his clinical and pedagogic career, Charcot committed
his full resources to the vexing problem of hysteria.
If successful, one more trophy would be added to his
collection that boasted classic descriptions of amyo-
trophic lateral sclerosis, multiple sclerosis, tabes,
and locomotor ataxia.

Charcot insisted that hysteria was like any other
neurological disorder, with a definite, even predict-
able, clinical course. The truth of hysteria would
surely be revealed once exhaustive clinical observa-
tion was combined with the experimental method
recently outlined by Claude Bernard. The Salpé-
triere provided Charcot with the resources necessary
for just this kind of medical campaign: a concentra-
tion of scientific equipment and trained personnel to
perform exacting measurements and a reliable sup-
ply of clinical material. The clinic’s social structure
was an equally important factor. The rigorous pro-
gram of experimental study that Charcot envisioned
necessitated privileged access to human bodies, ac-
cess that was of a scale and manner inconsistent
with the realities of private practice, where permis-
sion would have to be negotiated case by case, if it
was obtainable at all. Indeed, Charcot’s experimen-
tal protocols called for the incessant monitoring of
every conceivable physiological index, including
hourly urinary output and vaginal secretions; these
humiliations might be followed by the application of
painful ovarian compresses. At the Salpétriere, a
public charity hospital, Charcot could ignore rebuffs
to such requests, for its wards were filled with lower-
class women over whose bodies the physician in
chief held full dominion.

After some effort, Charcot announced his discov-
ery that hysteria indeed had a definite clinical form.
A true hysteric attack passed through four complex
stages, beginning with hysteroepileptic spasm of
tonic rigidity and ending with a resolution in grand
theatrical movements. Hysteria’s elusive “code” had
been broken. At his celebrated clinics, which the
elite of Paris attended, Charcot was able to demon-
strate the disease in its full glory through hypnotic
induction on patients known for their spectacular
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fits. Because the code was essentially visual, an
iconographic reading of the outward manifestations
of the body, Charcot devised the technique of making
extensive drawings and photographic recordings so
that clinicians not present might “see” the disease in
its natural progressions.

Charcot’s model of hysteria tapped into several cur-
rents that aided neurologists in the extension of their
social and professional base. With hysteria mastered
by science, they now had a justification for reaching
outside the walls of the clinic to treat the masses
afflicted with its milder forms. Since Charcot’s hyste-
ria was constructed in a degenerationist mold, neu-
rologists would have a new basis for commenting on
such worrisome social problems as crime, adultery,
and mob unrest. Furthermore, in the reversal of po-
litical fortunes that followed the installation of the
Third Republic, secular models of behaviors became
useful in anticlerical vendettas. Charcot, for exam-
ple, went so far as to identify one type of fit as “reli-
gious possession” and to denigrate past examples of
stigmata and other miraculous displays as forms of
hysteria. Finally, the model provided the first wave
of a promised series of incursions by neurologists into
a clinical domain that was still dominated by
alienists. Charcot, first holder of a French chair on
nervous diseases, was establishing the institutional
precedent for such an expansion.

Academic Psychiatry

German University Psychiatry and the New Nosology.
Through the creation of university chairs of psychia-
try, a pattern that began in Berlin (1864) and Gét-
tingen (1866), Germany soon took the lead in estab-
lishing the academic study of mental illness. Unique
to the German approach was a psychosomatic orien-
tation that held to a fundamental parity between
mental, somatic, and even environmental forces and
insisted that this parity also be reflected in the rela-
tions among academic disciplines. Thus, both psy-
chology and neuropathology might be joined in a
common medical investigation. Legitimated as an
integral part of mainstream medicine, psychiatry
also shared in the developments that propelled Ger-
many to the position of world leader in medicine by
the end of the nineteenth century. Led by Wilhelm
Griesinger and then Emil Kraepelin, the German
school of psychiatry created a lasting framework for
classifying mental disorders.

Griesinger was an accomplished internist who
also lectured on medical psychology at Tiibingen.
Believing that further medical progress in mental
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disease would not come from asylum managers, who
lacked training in recent medical advances, or from
academic psychologists, who had no direct contact
with patients, Griesinger decided to bring psychiat-
ric patients into his own general clinic. Although he
was known for his promotion of the doctrine that all
mental disease was in fact brain dysfunction, Grie-
singer’s major focus was on the process by which a
person’s ego, the integrated self, disintegrated. Re-
jecting nosological systems based on faculty psychol-
ogy, which led to a diverse array of symptom-based
disease categories, Griesinger maintained that in-
sanity was a single morbid process, differentiated by
stages of degeneration. This point was reinforced by
his acknowledgment of the inherent closeness be-
tween sanity and insanity and of the existence of
borderline conditions.

In Griesinger’s approach, a mentally ill person
was someone who no longer had the same desires,
habits, and opinions and thus was estranged from
him- or herself (alienated). This judgment could be
made only by reference to a patient’s premorbid
life, a history that must include family background,
mode of living, emotional state, and even the na-
ture of the patient’s thoughts on world affairs. Once
a full portrait of the individual was constructed
(from in-depth interviews with family and friends),
symptoms that at first seemed bizarre were now
understandable — perhaps even predictable. More-
over, the importance of any specific contributing
cause, such as alcoholism or prostitution, could not
be ascertained without reference to the individual’s
case history. Mental illness originated as a conflu-
ence of multiple factors, psychological as well as
somatic, that interacted early in life, when char-
acter was being formed. Developmental knowledge
of mental illness thus was joined to a contextual
reading of the patient’s past.

With Kraepelin, the German clinical school of
psychiatry reached its zenith. Trained as a neuro-
anatomist, an experimental psychologist under Wil-
helm Wundt, and a mental hospital physician, Krae-
pelin brought a diverse background to the problem
of mental illness. Insisting on a combination of neu-
rological, neuroanatomic, psychological, and even
anthropological studies, Kraepelin held that the
case study was the sine qua non of psychiatric inves-
tigation. Combining Griesinger’s clinical conception
of a unified personality with Rudolph Virchow’s
new principle of diseases as separate entities,
Kraepelin closed the century with a classificatory
system that has been recognized as the foundation
of modern psychiatry.
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Where Griesinger blended one mental disorder
into another, just as hues subtly progress in a single
color spectrum, Kraepelin differentiated conditions
on the basis of essential clinical syndromes, as re-
vealed by their signs, course, and outcome. Drawing
from published case reports as well as his own clini-
cal work, Kraepelin grouped Morel’s dementia
précoce, Ewald Hecker’s hebephrenia (1871), and
Karl Kahlbaum’s catatonia (1874) into a single cate-
gory of mental disease termed dementia praecox,
which began at puberty and progressed inevitably
toward early senility and death. Manic-depression,
which was known by its favorable prognosis, and
paranoia were identified as the second and third
types of major psychosis. Into separate divisions
Kraepelin placed the neuroses (hysteria and epi-
lepsy), psychopathic states (compulsive neuroses
and homosexuality), and states of idiocy. Confusion
as to which disease was afflicting a mental patient
would not last forever, for it was only a matter of
time before the disease would resolve into an
endpoint that identified the underlying syndrome.
For example, true neurasthenia was rare, since most
diagnosed cases were simply early instances of a
major psychosis or a complication of a cardiac or
bowel irritation.

Clinicians worldwide celebrated the immediate ap-
plicability of Kraepelin’s nosology to their practices,
for cases of his major syndromes were easily recog-
nized in any asylum. Moreover, here was a system of
mental disease that was based on the highest stan-
dards of clinical medicine, one that incorporated a
program for continued empirical revision. Contempo-
raries did recognize that Kraepelin’s work, at heart
a descriptive system, offered little explanation of
mental illness, suggested few novel treatments, and
indicated mostly fatalistic prognoses. It was a suffi-
cient triumph, however, for Kraepelin to have liber-
ated the study of insanity from its ancient classifica-
tions of melancholia and mania, as well as from the
more recent and confusing additions of partial
insanities, which continued to multiply, and of neur-
asthenia, which threatened to dissolve all distinc-
tions. (In addition, by incorporating a measure of
despair into the clinical diagnosis, Kraepelin to
some extent relieved asylum psychiatrists of their
obligation to cure, allowing attention to be concen-
trated on description and study.) Accurate diagnosis
was to be the avatar of the new scientific psychiatry.

The Problem of the New Science. We have thus seen
how, in the second half of the nineteenth century, the
great social interest in the problem of mental afflic-
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tions, mild as well as severe, was met by an equally
strong response from a broad array of learned disci-
plines. Both inside the asylums and outside, a vast
terrain of clinical problems was opened for cultiva-
tion by practitioners and researchers representing
diverse specialties. Since the late Victorian era was
the period in which science and medicine forged
their modern image as engines of power, faith grew
that even problems as elusive and intractable as
mental illness might be mastered by empirical inves-
tigation. Moreover, positioned at the nexus of major
social and scientific concerns, the mystery of insan-
ity gained a special poignancy. As human beings
were increasingly revealed to be products of nature,
and a nation’s destiny a matter of its biological as
well as cultural heritage, the unnatural in humans
became a counterpoint to the advance of civilization.
Merged together were issues of brain and behavior,
willpower and productive vitality, and even national
harmony and international struggle. In this context,
the derangement of an individual was a sign of a
larger social decay, which required immediate solu-
tion by the new hero of civilization, the scientist.

The joining of the new medical science to the prob-
lem of mental illness was extremely problematic,
however, for several reasons. First, there was no one
specialty that controlled the field. The profession of
psychiatry is a creation of the twentieth, not the
nineteenth, century. As we have seen, alienists and
the various types of neurologists each brought to the
subject their distinct professional agendas, resulting
in the proliferation of widely varying conceptual ori-
entations. In practice, no single model proved able to
bridge the gulf between the disorders that appeared
in the asylums and those that surfaced in everyday
life.

Second, scientific models of brain and behavior
were in transition, proving to be fickle sources of
legitimation. Although a new form of scientific
knowledge can confer respectability on a particular
specialty, the benefit is not permanent. The alienists
of the early nineteenth century, who had predicated
their expertise on the presumption that lesions of
the brain affected specific mental functions, found
their prestige fading as neuroanatomic findings
failed to confirm their theory. The introduction of
the degenerationist model extended the reach of
alienists outside of the asylum, but did little to allow
the new medical science to peer within it.

Private-practice neurologists were all too happy to
point out, soon enough, that alienists in their splen-
did isolation had let the latest science pass by. To
bolster their own status as experts, they pointed to
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new theories of an integrated nervous system that
supported their reading of the constitutional haz-
ards of particular life-styles. Beard’s model of neuras-
thenia drew strength from its equal mixing of na-
ture and nurture, whereby a single disease category
contained an expansive matrix of moral and biologi-
cal elements, a framework that empowered the clini-
cian to intervene as both counselor and scientist. In
due course, however, this approach was undermined
by the further elaboration of the brain’s fine struc-
ture and a new emphasis on specific disease entities.
Further knowledge of nature had constrained nur-
ture’s sphere of influence.

Third, science often creates or distorts the very
objects it putatively observes. This simple fact led to
subtle, unintended consequences in the arena of men-
tal disorders. For example, Charcot discovered this
paradox, to his misfortune, yielding one of the grand
ironies in the development of the human sciences. In
the rigorously controlled order of the neurological
ward, Charcot’s patients were indirectly cued to pro-
duce symptoms in the exact sequence and form pre-
dicted by his theory. When it became clear that only
patients in the Salpetriére manifested “pure” hyste-
ria, contemporaries soon ridiculed Charcot for perpe-
trating theatrical creations as true clinical syn-
dromes. In his original act of constructing hysteria
as a regular neurological syndrome, Charcot had
already set in motion his own undoing.

Another example is provided by the difficulties of
private-practice neurologists in confronting neuras-
thenia. Beard and his followers, unlike Charcot, did
not create their patients’ symptoms outright, but
they did fall into a different kind of trap. Patients
termed neurasthenics had come to these physicians
with an array of mysterious, but nonetheless truly
bothersome ailments. Neurologists were thus in the
position of having to construct a new reality out of the
material presented to them, a role that was becoming
increasingly common in the nineteenth century as
science-based professions were expected not only to
manipulate nature, but to construct a new map of
reality itself. However, the very act of legitimating
the patients’ complaints as a new disease trans-
formed the delicate social balance of what was at
stake in the symptoms. Indeed, as Mitchell realized,
the dynamics of the patient—physician relationship
was itself somehow related to the expression of the
disorder. Since the organic models of disease provided
no means of recognizing these secondary effects, neu-
rologists were forced to belabor a theory whose very
dissemination had changed the clinical reality under
observation. How to integrate the psychological di-
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mension of mental disorders within a scientific frame-
work remained a confounding problem.

1900 to 1950

The first half of the twentieth century is marked by
two somewhat opposing currents in the conception of
mental illness: the entrance of the Freudian model
of psychodynamics and a rash of somatically ori-
ented theories and treatments. Furthermore, when
medical schools began to offer systematic instruction
in the medical treatment of insanity, they united
“nervous and mental disorders” in a single curricu-
lum as dictated by the new nosology, thus bridging
the historical gap between the asylum and private
practice. The modern profession of psychiatry was
born.

Freud and the Unconscious

The realm of human activity and experience that
lies outside normal consciousness was attracting con-
siderable literary and scholarly attention in the late
nineteenth and early twentieth centuries. Psycho-
logical novels shared the theme that the rational
intellect had only a limited ability to shape our lives.
Neurological investigators, constructing ever more
complex systems of reflex integration, described as
unconscious those bodily activities that did not re-
quire continuous volitional monitoring. Noncon-
scious mentation was also investigated by academic
psychologists, although the concept was often re-
jected as oxymoronic. Some psychologically oriented
neurologists, such as Charcot’s rival Hippolyte
Bernheim, became interested in the powers of the
mind over body — ideodynamism — through the dra-
matic effects of hypnosis and suggestion. The work
of Morton Prince, Boris Sidis, and Pierre Janet fo-
cused attention on the clinical significance of minds
that have disintegrated, or even divided. Janet devel-
oped an extensive theory of psychasthenia, parallel-
ing neurasthenia, that referred to the inability of a
weakened mind to maintain a unified integrity. Neu-
rotic symptoms resulted from traumatic memories,
such as unfortunate sexual episodes, that had been
“split off” from the main consciousness. Cathartic
treatment was the cure.

Perhaps the strongest exponent of the unconscious
before Freud was Frederic W. H. Myers, a nineteenth-
century British psychologist known mostly for his
advancement of psychicalist (paranormal) research.
Myers popularized the theory of the subliminal self as
a hidden domain that was vast and profound, provid-
ing the basis for all psychic life. Incorporating such
phenomena as genius, hypnosis, and even telepathy,
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Myers cast the unconscious world in a highly spiri-
tual, positive light, establishing a rationale for the
use of psychotherapy as a tool for unleashing the
inner creative forces. In the United States, religious
healing cults like Christian Science and the Emman-
uel movement made psychotherapy synonymous
with a practical means of tapping into the subcon-
scious, the reservoir in human beings of God’s spirit
and power.

Sigmund Freud was a Viennese neurologist trained
in neuroanatomy, neurophysiology, and neuropsy-
chiatry, who also boasted a deep knowledge of litera-
ture and anthropology. Freud’s own journey into the
hidden self, an exploration that commenced with
The Interpretation of Dreams (1900), has been gener-
ally recognized as one of the monumental intellec-
tual achievements of our time. Only a sketch of his
work can be attempted here. Although the therapeu-
tic merit of psychoanalysis remains a controversial
issue, there can be little doubt that the Freudian
model of human action has had a tremendous and
pervasive influence in many areas of culture. In his
early publications, Freud argued for the importance
of the unconscious in directing most of our waking
activities and all of our nocturnal ones. Conscious-
ness represented only a fraction of our true selves. In
contrast to the ideas of Myers and other supporters
of psychotherapy, Freud’'s conception of the uncon-
scious referred to a realm of primitive, even carnal,
desires that followed its own irrational inner logic of
wish fulfillment. Indeed, our entire mental appara-
tus, even our conscious selves, depended on the en-
ergy, or libido, that derived from the unconscious.
Our path to normal adulthood consisted of success-
fully negotiating certain developmental challenges,
which included the oral, anal, and genital stages,
and resolution of the notorious Oedipal conflict. De-
velopmental aberrations could be traced to the after-
effects of sexual conflicts in childhood.

In his later work, Freud developed a tripartite
metapsychology of self, comprised of the id, the pool
of unconscious desires and memories; the ego, the
core adaptive mechanism, which was built on terri-
tory reclaimed from the unconscious as the infantile
pleasure principle was superseded by the mature
reality principle; and the superego, the ego’s censor,
a mostly unconscious system of rules and mores in-
ternalized from parental and societal instruction.
The ego, the component of self we most identify with,
is a partly conscious and partly unconscious struc-
ture that must continually mediate between the de-
sires of the id and the restrictions of the superego.
Toward the end of his career, in such publications as

77

Civilization and Its Discontents (1929), Freud turned
his attention to the interaction between individuals’
desires and society’s demands, highlighting the rela-
tion between repression and culture.

From in-depth clinical studies, Freud assembled a
model of the mind as a dynamic battleground where
libidinous energies surge from the unconscious
through a preconscious stage and then to conscious-
ness, but only after intensive censorship that misdi-
rects the energy to less threatening endpoints. Inter-
nal harmony is maintained at the price of continual
suppression of unwanted thoughts and memories;
anxiety is the internal warning that the dynamic
equilibrium is becoming unstable. Psychopathology
results from the desperate attempts by the ego —
weakened by childhood trauma and saddled by inse-
curity and guilt — to maintain control in the face of
intrapsychic conflict. At low levels of stress, the ego
copes through simple defense mechanisms, such as
displacement, projection, and denial. Higher levels
may yield full psychoneurotic symptoms such as pho-
bias, hysteria, and compulsions. For example, a hys-
terical paralysis of the legs might afflict a young
actor who, although feeling otherwise normal stage
fright, is unable to confront his fears because of long-
internalized parental demands that he not admit
failure (associated with some childhood trauma).
The paralysis allows the actor to sidestep the conflict
and even the very fact that that is what he is doing.
Such symptoms may allow psychic survival, but
they exact a heavy price in inflicting a diminished
level of existence. At the highest level of stress, the
unconscious demands overwhelm the ego’s defenses,
resulting in psychotic disintegration.

A distinguishing characteristic of Freud’s system
was the insistence that mental disorders had mean-
ings. Being neither random nonsense nor mere neu-
rological defects, such symptoms were in fact cre-
ative responses to specific problems that confronted
a troubled individual. (Freud thus departed from
Janet’s model of neurosis as a product of a weakened
mind, seeing it instead as resulting from a mind that
was all too vigorous.) A psychopathological symptom
was like a key to an unidentified lock; the clinical
challenge was to make the shape of the lock visible.
Psychoanalysis was to provide the clinician with the
knowledge and tools necessary for recognizing what
the immediate conflict was and then tracing back-
ward to the distant trauma that had engendered this
particular symptom formation. Until the underlying
conflict was disinterred, neurotics were condemned
to react inappropriately to current challenges, unwit-
tingly seeing in them replays of a past battle that
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could no longer be won. Therapy consisted of analyz-
ing unconscious material, as revealed in dreams,
slips of the tongue, and free associations, and a care-
ful manipulation of the patient—physician relation-
ship, in which patients made visible their neurotic
structures by transferring onto the therapist their
unresolved emotions. The couch was to become a
dissecting table for the dispassionate analysis of psy-
chic morbidity. In time, patients, liberated from ex-
ternalized demands and guilt, would be free to re-
integrate their desires into more authentic, stronger
selves. Deprived of their function, the symptoms
would simply cease to exist.

After Freud, the analysis of human behavior
would never again be simple. Henceforth, the sur-
face or manifest meaning of any action might belie
multiple hidden or latent desires that would have to
be decoded. The nineteenth-century hierarchical
model of reason mastering desire was humbled by
the realization that there existed no pure rational
part of self that acted without the distorting influ-
ence of the unconscious; and every noble accomplish-
ment of civilization was now sullied as a by-product
of excess libido. The lines between sanity and insan-
ity, and between normality and abnormality, were
forever blurred, for each individual existed in a dy-
namic equilibrium in which unconscious forces held
sway every night and at times during the day. Fur-
thermore, in making a distinction between our in-
stinctual aims and their objects (the aim of the sex
drive was reproduction; the object was one’s lover),
Freud severed the connection whereby mental dis-
ease was equated with behavior contrary to instinct.
Normal desires could lead to perverse acts, and vice
versa. Judgments of mental illness were no longer
simply statements of what was “unnatural.”

Freud’s immediate effect within psychiatry was
to achieve for the neuroses what Kraepelin had
accomplished for the psychoses. In Kraepelin’s sys-
tem, neuroses were an unsettled mixture of somatic
and functional disorders. Freud directed psycho-
analysis at the latter group, heightening the distinc-
tion by the use of the term psychoneurosis. Thus,
certain disparate conditions, such as hysteria, obses-
sions, compulsions, and phobias, were united in a
single category, yet each retained its own integrity
as a clinical syndrome, recognizable in case histo-
ries. So successful was Freud’s approach that soon
the original somatic connotation of neuroses was
entirely lost and the term psychoneurosis was
dropped as redundant. Freud went even further
than Kraepelin, however, in providing a model that
was causal as well as descriptive. Although psycho-
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analysis for some time remained targeted mainly
on neuroses, his psychodynamic model was of suffi-
cient heuristic strength to encompass psychotic dis-
orders as well. The combination of Freud and Krae-
pelin was a nosological framework that integrated
private practice and institutional systems of mental
disorder — the beginning of modern psychiatry.

Psychoanalysis provided a fresh solution to the
vexing problems facing neurologists who had built
their practices on theories of neurasthenia, already
in decline. Where psychological interactions of pa-
tient and physician were devilish problems for prac-
titioners following organically justified systems,
Freud’s psychogenically based models turned a liabil-
ity into a virtue. As a high technique of the mind,
created by a distinguished Viennese physician, psy-
choanalysis co-opted religiously suspect psychother-
apy, transforming it into a medically legitimate tool
that office practitioners could adopt. Even better, for
those physicians who relied on uncertain methods of
suggestion, hypnosis, or enforced discipline, psycho-
analysis provided a direct means of handling those
nervous patients who undermined the doctors’ com-
petence by refusing to get better. The fault was
thrown back into the patient as “resistance.”

In the United States, which would become the
largest supporter of Freud’s theories (rejected as
“Jewish psychology” in his homeland), not only psy-
chologically oriented neurologists but many psychia-
trists as well welcomed the new model. Even though
psychoanalysis was irrelevant in the institutional
context, which represented the majority of psychiat-
ric care, the advent of a system that brought with it
the trappings of learned study and European pres-
tige was welcomed by many as a means of raising
the status of what was widely regarded as the most
backward of medical specialties. This interest was
particularly strong in research institutes, which
many states had created in this period to serve as
catalysts for scientific advance.

The precise manner in which the Freudian doc-
trine rose to prominence in general culture is still
not well understood. As one example, recent histori-
cal work suggests that World War I played a precipi-
tating role in Britain when a large number of sol-
diers broke down in battle. That anyone might act
insane, given sufficient stress, was forceful testi-
mony of sanity’s fragility. Neurologists diagnosed
these soldiers as suffering from “shell shock,” origi-
nally interpreted in terms of a somatic injury. Nei-
ther reflex hammer nor rest cure proved useful, how-
ever. The best success was obtained by physicians
who applied a form of Freudian psychotherapy to
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relieve the trauma. Overnight, psychoneuroses
gained national currency. Those neurologists in-
volved in the war effort were precisely the ones who
would later gain for Freudianism a solid profes-
sional footing in Britain.

Biology

In the 1920s and 1930s, virtually every branch of
biomedical science sought to apply the tools of experi-
mental medicine to the problem of psychiatry. In-
deed, given the isolation of the asylum from centers
of medical advance, it was an even bet whether the
next scientific breakthrough would emerge from
within psychiatry or from an outside field. The para-
digm was syphilis, whose tertiary state, general pe-
resis, had been responsible for up to 20 percent of
mental hospital admissions. In 1897 Richard von
Krafft-Ebing demonstrated the long-suspected con-
nection between syphilis and paresis, a link soon
confirmed by the Wasserman test. The culpable spiro-
chete was identified in paretic brains by Hideyo
Noguchi in 1913. Finally, in 1917 the Austrian physi-
cian Julius von Wagner-Juaregg developed a method
of fever therapy to halt further paretic deterioration;
in 1927 he was awarded the Nobel Prize. The success
of a purely organic solution to a major psychiatric
disorder suggested that other such achievements
were sure to follow.

Leading researchers thus pursued metabolic, endo-
crine, neurophysiological, and even toxicological
models for psychopathology. Constitutional theories
were advanced by the German Ernst Kretschmer,
who correlated body types to predispositions for spe-
cific mental illnesses. Franz Kallman investigated
the genetics of mental illness by studying schizo-
phrenic twins. I. V. Pavlov launched a model of ex-
perimental neurosis in which animals frustrated in
conditioned learning tests developed forms of mental
breakdowns. The introduction of a wave of somatic
treatments for mental illness in the middle 1930s
transformed psychiatric practice. Insulin shock, me-
trazole shock, electric shock, and psychosurgery had
dramatic effects on patient behavior, raising hopes
that the fatalism associated with severe mental ill-
ness might prove untrue. Psychosurgery in particu-
lar was believed to restore chronic schizophrenics to
productive citizenship. Its inventor, Portuguese neu-
rologist Antonio Caetano de Egas Moniz, was
awarded the 1949 Nobel Prize in medicine.

Classification at Midcentury
After World War II, professional organizations such
as the American Psychiatric Association became ac-
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tive in the creation of standardized systems of no-
menclature. Military experience and the growth of
centralized reporting bureaus highlighted the rfeed
for diagnostic uniformity. The first Diagnostic and
Statistical Manual, Mental Disorders (DSM), created
in 1950, reflected the extension of the Kraepelin and
Freudian systems, augmented by new theories of
personality. Earlier, dementia praecox had been re-
conceptualized by Swiss psychiatrist Eugen Bleuler
into the schizophrenias (hebephrenia, catatonia,
paranoia), a term that referred to the splitting of
thoughts from affects. Incorporating some aspects of
psychoanalysis. Bleuler emphasized the develop-
ment of the psychotic mental process.

In contrast to Kraepelin, Bleuler argued that favor-
able outcomes were possible in many cases. The DSM
followed Bleuler in its description of the category of
major psychoses, referring to personality disintegra-
tion and a failure to relate effectively to people or
work. Included within this group were the schizophre-
nias, as well as paranoia, manic-depression, and invo-
lutional psychosis (depression of old age). The second
major category consisted of psychoneuroses, de-
scribed in Freudian terms as disorders caused by the
unconscious control of anxiety through the use of
defense mechanisms. These included anxiety reac-
tions, dissociation, conversion reaction, obsessive-
compulsion, and depression. The third category, com-
prising personality disorders, was differentiated by
its stress on behavioral as opposed to emotional dis-
turbances. Described in this category were such popu-
lar terms as sociopath, antisocial behavior, and sexual
deviate.

As a shift from earlier attempts at standard psychi-
atric nosology, which were directed toward inpatient
populations, the DSM reflected the new reality of
psychiatry’s burgeoning private-practice base, as
well as the experiences of military psychiatrists,
whose observations on broad populations revealed
that the vast majority of psychopathologies did not
fit the earlier classifications. Published statements
of nosology do not necessarily reflect full clinical
reality, however. The DSM was by no means univer-
sally adopted. It reflected more the penetration of
Freudian psychiatrists into the power structure of
the profession than it did any dramatic shift in the
state hospitals, where niceties of diagnosis were con-
sidered superfluous to the daily choice of treatment
plan.

After 1950
In the decades following World War II, psychiatry as
a medical profession experienced tremendous expan-
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sion. In the United States the advent of community
mental health centers and third-party payments
swélled the ranks of noninstitutional practitioners.
The shift away from the state hospital, the historical
center of the profession, redirected momentum to-
ward mild disorders and their treatment through
counseling. Psychodynamically oriented psychia-
trists found their authority further magnified as a
new army of clinically trained psychologists, social
workers, and guidance counselors looked to them for
professional training and supervision. Psychother-
apy, though not necessarily Freudian psychoanaly-
sis, became viewed by the middle class as both useful
and affordable. Psychiatrists and their proxies in the
allied professions offered a colorful array of different
forms of counseling, which included behavior ther-
apy, group therapy, client-centered therapy, existen-
tial therapy, and even primal scream therapy.

At the same time, dramatic developments occurred
in somatically oriented treatment and research. The
introduction in the mid-1950s of the major tranquiliz-
ers, such as chlorpromazine, revolutionized hospital
care. By dampening hallucinations and other florid
psychotic symptoms, the new drugs quieted ward life
and encouraged new “open-door” hospital policies.
Also, they accelerated the process of deinstitutionali-
zation, helping many patients to achieve a level of
functioning consistent with some form of extramural
existence. Tranquilizers were soon followed by other
classes of psychoactive drugs, such as antidepres-
sants and the use of lithium in the treatment of
manic-depression. The growing importance of psy-
chopharmacology spurred neurophysiological re-
search, leading to suggestive models of neurotrans-
mitter deficiencies as the mediating cause of severe
mental disorders. Other biological research has pur-
sued genetic interpretations of the tendency of severe
mental disorders to run in families. In recent years,
there has been a clear shift within psychiatry to the
somatic orientation.

One of the striking developments of the postwar
years in the conceptualization of mental disorders
has been the influence of the social sciences, espe-
cially sociology and anthropology. Once behavior is
understood to reflect the matrix of psychological,
social, and cultural forces that mold an individual, it
is a natural progression to assume that abnormal or
impaired behavior is likewise shaped and should be
investigated with these additional tools. Again, the
literature is much too large to provide other than a
bare outline. Sociologists have reported on such in-
fluences as social class, role conflicts, social control,
life stress, social integration, family interactions,
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institutional milieu, and even the very act of psychi-
atric labeling in determining patterns of mental dis-
order. Anthropologists have brought the power of
cross-cultural study to the problem of mental illness,
showing that what was assumed to be biologically
fixed often was in fact “culture bound,” a local prod-
uct, specific to place and time. Within any major
U.S. city are subpopulations who conceptualize —
and experience — disease in incommensurate ways.
Moreover, if a diagnosis of mental illness reflects a
judgment as to adaptive functioning, mental disor-
ders can no longer be held to be natural, universally
true categories of illness, for what is adaptive in one
local culture is maladaptive in another. These stud-
ies of health and healing have also brought to light
the manifold ways in which concepts of disease and
therapeutic rituals enter into the complex web of
power relations we call society.

Psychiatric conditions, which touch on our most
intimate concerns and relationships, are especially
rich cultural resources and have embedded meanings
and structures not easily seen — and often denied by
the professional culture of scientific medicine. Men-
tal illness is a fundamentally messy construct, an
irreducible mixture of personal, social, cultural, and
scientific beliefs.

Classification in the 1980s
In 1980, the third version of the DSM was released,
signaling a new departure in psychiatric nomencla-
ture. Responding to calls for a diagnostic system that
might elevate psychiatry’s status as a scientific disci-
pline, the DSM task force pared down medical classifi-
cation to its most basic elements, the description of
known phenomena, usefully arranged. Without ques-
tion, the most stable and powerful nosologies are
those based on proven etiology. For example, identifi-
cation of the culpable spirochete made it possible to
distinguish paresis from senility. Because debate still
surrounds the true cause of any mental disorder, the
DSM argues that it is premature for psychiatry to
construct etiologically based systems. At present, we
find that phobic disorders can have Pavlovian, Freud-
ian, or somatic explanations. In disagreeing about
theory and treatment, however, clinicians neverthe-
less can reach a consensus on the identification of a
disorder.

The stated goal of the DSM-III is simply to provide
a set of criteria and procedures by which all camps of
psychiatrists might speak a common diagnostic lan-
guage. In the interest of ensuring interrater reliabil-
ity, disorders were to be defined unambiguously and
based on checklists of easily verified data. The diag-
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nostic categories were themselves to be constructed
in the form of statistically significant clusters of
symptoms, derived from extensive field trials and
empirical reports. Without etiology, psychiatric ail-
ments can be referred to only as syndromes or disor-
ders, not specific diseases. Indeed, it is expected that
elements from several different disorders might ap-
pear in any one individual. The authors of DSM-III
argue that the quest for scientific purity has not,
however, negated all clinical utility. Tightly defined
and empirically tested descriptions of syndromes do
allow practitioners to predict a patient’s course and
outcome, and they provide some guidance in treat-
ment choice. For example, the identification of a
major depressive syndrome alerts the clinician to
the likelihood of the patient’s having a future hypo-
chondriacal reaction.

As of 1980 the DSM outlined the following catego-
ries: disorders of childhood or infancy (hyperactivity,
anorexia, retardation, autism); known organic cause
(diseases of old age, drug-induced); disorders of
schizophrenia (disorganized, catatonia, paranoid, un-
differentiated); paranoid disorders (without schizo-
phrenic signs); affective disorders (bipolar, major
depressive); anxiety disorders (phobias, obsessive-
compulsive); somatoform (conversion disorder, hypo-
chondriasis); dissociative (fugue states, amnesia,
multiple personality); and personality disorders. Per-
haps the most controversial change in the new ap-
proach was the elimination of the category of psycho-
neuroses. In the “atheoretical” approach, disorders
were grouped according to symptoms, not underlying
psychic mechanism. Neurotic disorders thus resolve
into various forms of anxiety states. Also removed
was the heading of psychosis, which had included the
major affective disorders; experience showed that
many patients labeled psychotic did not have psy-
chotic features. Involutional melancholia was col-
lapsed into ordinary depression, because no evidence
surfaced to show that it was unique.

It is, of course, far too early to make informed
judgments about the consequences of the new DSM.
However, some trends can be discerned. First,
DSM-III clearly marks a loss of professional author-
ity by psychoanalysis, one that will worsen. Much
of the need for teaching Freudian theory to the
mass of workers within the allied mental health
professions — most of whom would never practice
true psychoanalysis — was based on the need to ex-
plain the psychiatric diagnostic system.

Second, a more subtle and unpredictable effect of
DSM-III concerns its diminution of the value of clini-
cal judgment. On one hand, its “atheoretical” empha-
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sis shifts power into the hands of the statistical re-
searcher and away from the clinician. DSM-II sets
in place procedures for the continued revision of
diagnostic categories, whose organization may soon
reflect more of what seems “statistically significant”
than the realities of clinical practice. On the other
hand, the symptom-based nosology also harkens
back to the eighteenth century, when patients’ sub-
jective assessments of their problems set the pace of
medical practice. In DSM-III homosexuality was
eliminated from the rolls of mental disorders-
except when it is considered bothersome by the pa-
tient. Squeezed between deference to patients’ self-
rating scales and statistical priorities, the clinician
has less room to form independent diagnoses.

Mental Illness and Psychiatry: Retrospect
and Prospect

From our historical survey, several themes emerge
concerning the linked development of psychiatry
and conceptions of mental illness. Psychiatry as a
learned discipline contains no one school of thought
that is sufficiently dominant to control the medical
meaning of insanity. Given the administrative reali-
ties within which mental health professionals cur-
rently labor, the move to a standardized diagnostic
system may nonetheless win out. It is important for
the various factions to share a common language,
but this is not the same as reaching a consensus on
why someone is disturbed and what should be done
about it —two components of illness as a cultural
reality.

This difficulty reflects in part psychiatry’s unique
evolution as a medical specialty. Common sociologi-
cal wisdom holds that the livelihood of a scientific
specialty depends on its capacity to defend the pe-
rimeter of its knowledge base. This task has always
been problematic for psychiatrists, for the borders
between lay and learned conceptions of madness re-
main indistinct, a situation that also pertains to the
relations between psychiatry and other disciplines,
medical as well as nonmedical. To begin with, men-
tal disorders are not restricted to the controlled envi-
rons of the analyst’s couch or laboratory bench, but
are manifested in the home, school, or office, as dis-
ruption in love, work, or play. When the very stuff of
madness is reduced to its basic elements, we find
nothing more than a tangled heap of curious speech
acts and defiant gestures, odd mannerisms and per-
plexing countenances — surely nothing as removed
from everyday experience as is the retrovirus, the
quark, or the black hole. Available for all to see and
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interpret, psychiatric phenomena thus form an epis-
temological terrain that is not easily defended by a
band of professionals who look to stake claims on the
basis of privileged, expert knowledge.

Psychiatry’s turf is also vulnerable at its flank,
from adventurers in other learned disciplines who
find that their own research endeavors, logically ex-
tended, encompass some aspect of mental illness.
Thus, as a performance of the body, insanity has
routinely been investigated by all the tools available
to biomedical scientists and clinicians. Commenta-
tors have often noted that, as soon as a valid biologi-
cal model is found to exist for a specific mental disor-
der (as in the case of syphilis and general paresis),
that condition is moved out of the purview of psychia-
try and is claimed by some other field — perhaps neu-
rology or endocrinology. Over time, the condition
even ceases to be considered psychiatric. And now
that madness is known to have a cultural reality as
well as a biological one, psychopathology has become
a proper focus of most social sciences as well.

Unable to police its own borders, it is no wonder
that psychiatry remains a confusing, polyglot world,
one that reflects the input of myriad disciplines and
sources. The surfeit of conceptual approaches to the
problem of mental illness has often been cited as
evidence that psychiatrists are a singularly conten-
tious or poor-thinking lot. A popular professional
response has been to invoke a “biopsychosocial”
model of disease (expressed, e.g., by the multiaxial
system of DSM-III), one that is interdisciplinary and
multidimensional. The root of the problem is deeper,
however. As mental disorders reflect the entirety of
a person, so the study of insanity comes to reflect the
present contradictions inherent in our universe of
scholarly disciplines. Qur various knowledge sys-
tems are unified more in rhetoric than in reality.
The status of psychiatry and of the concept of mental
illness suffers for making this situation visible.

Our historical survey provides us with another
approach to the problem of mental illness, one that
focuses not so much on the intellectual boundaries of
knowledge as on the professional and social function
of psychiatry. First, we have seen how modern psy-
chiatry emerged not in isolation, but in relation to
other areas of medicine: Psychiatry’s peculiar do-
main is precisely those problems that baffie regular
medicine. (The rise of the “nervous” disorders pro-
vides an excellent example of this phenomenon.) In
the late nineteenth century, as medicine gained sta-
tus as a scientific discipline, this role attained a
special significance. Before, when virtually all of
medicine was based on uncertain knowledge, there
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was no clinical problem that could be said to lie
outside the physician’s grasp. But as the physiologi-
cal and bacteriological terrain came into sharper
focus, so too did those areas in which medicine was
admittedly ignorant. Paradoxically, as our scientific
knowledge becomes increasingly sure, leading to
ever higher expectations, those problems that can-
not be solved develop an increased capacity to
threaten our faith in science. “Functional” or “nonor-
ganic” disorders, whose explanation as well as cure
remain outside the boundaries of regular medicine,
thus become disturbances not only within an individ-
ual but within the system of medicine as well. It is
psychiatry’s intraprofessional obligation to deal
with these problems, shoring up the faith that, al-
though no precise medical answers yet exist, they
are still medical problems — and not yet the business
of the astrologer or faith healer. Ironically, psychia-
try is despised by the rest of medicine for this lowly,
but vital role.

A more fundamental service role has been that of
responding to personal crisis. As a specific construct,
the term schizophrenia may one day find its way into
the dustbin that holds neurasthenia, chlorosis, and
other long-abandoned medical concepts. But the suf-
fering and torment felt by persons so afflicted are
not as easily dismissed, nor is the distress of their
families. Patients and their families look to the psy-
chiatrist to intervene in a situation where there is
often little hope, to “do everything possible” to make
the person whole again.

Put simply, psychiatry is the management of de-
spair. This is the heart of the psychiatrist’s social
function, to care for those whose problems have no
certain cure or satisfactory explanation, problems
that often place a serious burden on society. To a
large extent, this function stems from psychiatry’s
historical ties to the asylum, an institution into
which poured a new class of social dependents. But
psychiatry is more than custodial care that can be
supervised by hospital administrators. Apparently,
we find a measure of emotional security in entrust-
ing these special woes to a group of trained profes-
sionals who have dealt with similar matters, believ-
ing that practical wisdom comes with experience; to
those who can link our seemingly unique problems
with past cases and thus somehow lessen the alien-
ation and shame. The additional value of a medical
degree is the promise that with it comes a trained
intellect, a calm authority in response to crisis, and
access to all available medical tools that might yield
even a remote possibility of benefit, even if they are
not yet understood.
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In sum, psychiatry is a field defined not by refer-
ence to a specific part of the human body, like podia-
try, or a specific class of people, like gerontology, or
even a specific disease process, like oncology.
Rather, it is a field demarcated by our collective
helplessness in the face of human problems that by
all appearances should be solvable and understand-
able through medical science, but as yet are not.
Hence, what comprises mental illness is fundamen-
tally a moving target, a hazy area that is redrawn
by every generation and local culture as new prob-
lems and dilemmas arise. Specific categories of men-
tal disorder are formed at the interface of social
concern and professional interests, much in the way
that the pressures of tectonic plates produce new
features of the physical landscape. Thus, shifts in
either cultural anxieties or professional priorities
can shape the clinical geography. We have also seen
that this border is a dynamic one, as professionals
both respond to and in turn shape these areas of
concern. That a given disease, once understood, is
no longer considered psychiatric is thus not so
much a loss for psychiatry as it is an indication of
what has been psychiatry’s true function. Once a
disorder is well understood, psychiatry’s proper busi-
ness with it has in fact come to an end.

Now we have a perspective from which to view, in
retrospect and prospect, the peculiar geography of
mental illness. Looking backward at the history of
the conditions associated with mental illness, at
such things as hypochondriasis and monomania, we
see an archaeological record not to be dismissed as
mere professional folly, but a record of life’s trage-
dies, large and small. No matter how successful sci-
ence will be in the future in providing additional
tools to alter the mind or brain, some of us neverthe-
less will be overwhelmed by life’s new challenges,
finding our own internal resources insufficient. For
some, whether because of faults of biology, environ-
ment, or will, the collapse will be complete. That is
the reality of mental disorders, which is surely not
soon to disappear.

What the future holds for the organization of psy-
chiatry as a medical specialty is not easily predicted.
The special task of psychiatrists, in managing the
unmanageable, is increasingly difficult to perform
as it becomes harder to maintain the dual role of
counselor and medical scientist. As medicine in gen-
eral relies on ever stricter laboratory standards of
what is real or valid, the definition of what consti-
tutes a good doctor becomes that much narrower.
The decline of the status of psychoanalysis, for exam-
ple, may reflect the shrinkage that already has oc-
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curred. In the past, part of a physician’s medical
authority stemmed from the assumption that he or
she was learned in the ways of people and society, a
knowledge that was seen as legitimating his or her
right to intervene in intimate human affairs. Psycho-
analysts, among the most scholarly of physicians,
were thus looked upon as effective doctors. Now,
however, such broad cultural learning is no longer
considered an appropriate route to a career that de-
mands the absorption and analysis of a tremendous
volume of scientific facts. Whether psychiatry will
dissolve into two separate professions, one of lay
counseling and the other of purely biological treat-
ment, remains to be seen. Yet there is also a possibil-
ity that general medicine will reintegrate the spe-
cial function of the healing relationship into its list
of medical priorities. Perhaps in this psychiatry
might lead the way.

Jack D. Pressman
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1.4
Sexual Deviance as a Disease

Sexual “deviance” is technically any deviation from
the sexual norm. Sexual disease, a new diagnostic
category in the eighteenth century, was classed as a
syndrome and seems in retrospect to have been an
iatrogenic one based more on philosophical and
moral grounds than on any medical ones. The dis-
ease entity, however, was fitted into some of the
medical theories of the time, and as these theories
were challenged and undermined, modifications
were made in order to justify maintaining certain
forms of sex behavior in the category of disease.

In recent decades much of the sexual behavior
previously classed as disease has been removed from
that category. This redefinition has been based on a
better understanding of sexual behavior. It has also
been a result of the protests of some groups who
reject being classed as ill or sick and having their
behavior categorized as pathological, emphasizing
the iatrogenic component of the disease. Nonethe-
less, efforts are being made to maintain other kinds
of sexual activity under the rubric of disease. Gener-
ally, these are activities that are regarded as unac-
ceptable by society or viewed as compulsive behavior
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by behavioral psychologists. Perhaps both groups
maintain the classification as a way of justifying
their intervention or of promising a cure.

-

Medical Background

Though physicians throughout recorded history
have been interested in diseases and infirmities that
affect sexual performance, the concept that certain
forms of sexual behavior constitute a disease in and
of themselves is a modern phenomenon. It also
seems to be restricted to western Europe and people
and cultures descended from or influenced by west-
ern European culture.

One reason for the development of the concept of
sexual “deviation” as a disease can be found in some
of the early modern challenges to the humoral
theory of medicine. Early in the eighteenth century,
the great clinician Hermann Boerhaave, a dominant
figure in medical thought, had written in his Institu-
tiones Medicae (1728) that the rash expenditure of
semen brought on lassitude, feebleness, a weaken-
ing of motion, fits, wasting, dryness, fevers, aching
of the cerebral membranes, obscuring of the senses,
particularly that of sight, decay of the spinal cord,
fatuity, and similar evils. Though Boerhaave’s idea
undoubtedly was based on observations of the gen-
eral lassitude usually afflicting men and women af-
ter orgasm, it was also an encroachment of tradi-
tional Christian teaching about sex into the medical
field.

Boerhaave’s observations of sex as a causal factor
in some forms of illness also fit into a new medical
theory known as “vitalism,” based on the work of
Georg Ernst Stahl as well as others. Stahl (1768)
had taught that there was a unity of soul and body, a
unity symbolized by the anima, which protected the
body from deterioration. When the tonic movements
of normal life were altered by the body or its organs,
disease supervened. Disease was thus little more
than the tendency of the anima (or of nature) to
reestablish the normal order of these movements as
quickly and efficiently as possible.

A contemporary (and rival) of Stahl, Frederich
Hoffmann, equated life with movement, whereas
death corresponded to the cessation of movement.
The living organism was composed of fibers having a
characteristic neurogenic tonus (the capacity to con-
tract and dilate being regulated by the nervous sys-
tem) centered in the brain. When tonus was normal,
the body was healthy, but every modification of
tonus brought a disturbance of health. Thus, a man
who indulged in masturbation gradually damaged
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his memory because of the strain on the nervous
system.

Building on this foundation were other physi-
cians, including John Brown and Théophile de
Bordeu. Brown’s medical philosophy, summarized in
his Elements of Medicine (1803), is based at least in
part on his own experience with gout. In theorizing
about his gout, he concluded that “debility” was the
cause of his disorders and that the remedy was to be
sought in “strengthening measures.” To overcome
his gout he had to strengthen himself, avoid debili-
tating foods, and treat himself with wine and opium.

Whether his gout was cured remains debatable,
but from his experience he erected a medical philoso-
phy known as “brunonianism.” Basic to his belief
system was the notion of excitability, defined as the
essential distinction between the living and the
dead. The seat of excitability was the nervous sys-
tem, and all bodily states were explained by the
relationship between excitability and excitement.
Too little stimulation was bad, whereas excessive
stimulation had the potential of being worse because
it could lead to debility by exhausting the excitabil-
ity. Excitability was compared to fire. If there was
not enought air (insufficient excitement), the fire
would smolder and die out, but under a forced draft
(too much excitement), the fire would burn exces-
sively, become exhausted, and go out.

This led Brown to conclude that there were two
kinds of diseases, those arising from excessive ex-
citement (sthenia) and those from deficient excite-
ment (asthenia). Too much stimulation carried an
asthenic ailment into a sthenic one. Contact be-
tween the sexes, through kissing and being in each
other’s presence, gave an impetuosity to the nerves,
and intercourse itself, though it gave temporary re-
lief, could release too much turbulent energy if car-
ried to excess and could thus cause difficulty. Taking
a somewhat different approach but ending up with a
similar conclusion was de Bordeu, who maintained
that the lymphatic glands as well as the muscular
nervous system had vital activity. Secretions, includ-
ing seminal secretion, drained the vital essences re-
siding in every part of the body.

Onanism

At the same time these medical authors were devel-
oping new theories of medicine, concern over
onanism was increasing. The concept of onanism is
based on the story in Genesis 38:7—10 of Onan, who,
following the Levirate custom, was supposed to take
over the wife of his deceased brother Er, who had
been killed by Jehovah. In addition, Onan was sup-
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posed to impregnate his sister-in-law, which he was
ordered to do by his father Judah:

And Onan knew that the seed should not be his;

and it came to pass, when he went in unto his brother’s
wife,

that he spilled it on the ground,

lest that he should give seed to his brother.

And the thing which he did displeased the Lord;
wherefore He slew him also.

Though the story has often been interpreted as a
prohibition against masturbation, the act described
is coitus interruptus; the punishment seems to have
been meted out not so much for Onan’s having
spilled the seed as for his having refused to obey the
Levirate requirement that he take his brother’s wife
as his own.

Around 1700 an anonymous writer, perhaps in
London, wrote a work in English dealing with
onania. This had a wide circulation and was trans-
lated into several languages. The first U.S. edition
was published in Boston in 1724 under the title of
Onania; or, the Heinous Sin of Self-Pollution, and all
its Frightful Consequences, in both Sexes, Consid-
ered. With Spiritual and Physical Advice to those,
who have already injur'd themselves by this Abomina-
ble Practice. And Seasonable Admonition to the
Youth (of both SEXES) and those whose Tuition they
are under, whether Parents, Guardians, Masters, or
Mistresses. To which is Added, A Letter from a Lady
(very curious) Concerning the Use and Abuse of the
Marriage-Bed. With the Author’s Answer thereto.
The author attributed a number of “corruptions of
the body” to “self-pollution,” including palsies, dis-
tempers, consumptions, gleets, fluxes, ulcers, fits,
madness, childlessness, and even death itself. Some
of these ideas were derived from Boerhaave, but the
author went so far as to imply that onanism could
affect offspring, who were likely to be born sickly
and ailing.

A copy of the book eventually passed into the
hands of the distinguished Swiss physician Simon
André Tissot, doctor to a pope, a correspondent of
Francois Voltaire and Jean Jacques Rousseau, and a
researcher very much interested in the prevention of
disease. In Lausanne, Tissot (1758) had printed his
own Tentamen de Morbis ex Manusturpatione, which
went through many editions and translations. Later
editions, including Tissot’s own French version,
were entitled Onanism. The English translation by
A. Hume was published in 1776. There were many
printings and editions in most Western languages.

Although he considered the earlier treatise on

Cambridge Histories Online © Cambridge University Press, 2008



I1.4. Sexual Deviance as a Disease

onania truly chaotic and the author’s reflections
nothing but theological and moral trivialities, Tissot
did adopt some of the concepts it contained (includ-
ing the association of sexual activity with insanity).
More important, he put onanism into the theoretical
medical framework of the day. Tissot believed that
the physical body suffered from continual wastage,
and unless this was periodically restored, death
would result. Much could naturally be restored
through nutrition, but even with an adequate diet
the body could waste away through diarrhea, loss of
blood, and, more important for the purposes of this
chapter, seminal emission. The importance of semen
to the male, Tissot observed, was documented by the
effect it had on physiognomy, because semen was
what caused the beard to grow and the muscles to
thicken. Proof of this influence came from the fact
that these physiognomic effects could be eliminated
by amputation of the testicles. Though Tissot recog-
nized that semen was lost in the process of “replen-
ishing” the human race, he held that too great a loss
(from too great a frequency) was dangerous and
hence sexual intercourse had to be limited if health
was to be preserved. Tissot asserted that involun-
tary emissions such as “wet dreams” were also weak-
ening. Most dangerous, however, was the “unnatu-
ral loss” of semen through masturbation.

Masturbation (or onanism) comprised a broad cate-
gory of sexual activities. For men, it included all
seminal emissions not intended for procreation, and
thus in effect every sexual activity not leading to
procreation was not only a cause of illness but an
illness in itself. Tissot defined the sequelae of mas-
turbation as the following: (1) cloudiness of ideas
and sometimes even madness; (2) decay of bodily
powers, resulting in coughs, fevers, and consump-
tion; (3) acute pains in the head, rheumatic pains,
and an aching numbness; (4) pimples on the face,
suppurating blisters on the nose, breast, and thighs,
and painful itching; (5) eventual weakness of the
power of generation, as indicated by impotence, pre-
mature ejaculation, gonorrhea, priapism, and tu-
mors in the bladder; and (6) disordering of the intes-
tines resulting in constipation, hemorrhoids, and so
forth. Though Tissot recognized that not everyone
addicted to onanism was so cruelly punished, he felt
that most were, and that everyone was afflicted to
some degree or another.

Onanism affected women even more than men
because in addition to most of the male sequelae,
onanism left women subject to hysterical fits, incur-
able jaundice, violent stomach cramps, pains in the
nose, ulceration of the matrix, and uterine tremors
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that deprived them of decency and reason by lower-
ing them to the level of the most lascivious and
vicious brutes. Even worse than simple masturba-
tion in women was mutual clitoral manipulation
that caused them to love one another with as much
fondness and jealousy as they did men. Onanism was
far more pernicious than excesses in simple fornica-
tion, although both were dangerous. Onanism was
particularly debilitating to those who had not yet
attained puberty, because it tended to destroy the
mental faculties by putting a great strain on the
nervous system.

Tissot’s explanation gained a number of followers
not only because it fit into some of the general medi-
cal theories, but because it was consistent with gen-
eral superficial observations. It also tied into the
general anxiety about sexual activity that was so
much a part of the Western Christian tradition.

Many of the sequelae that Tissot associated with
onanism we now know derive from sexually trans-
mitted diseases such as syphilis, gonorrhea, genital
herpes, and others, all of which at that time were
often explained by the concept of onanism. More-
over, it was observed that individuals in some men-
tal institutions frequently masturbated, as did those
who were developmentally disabled, and rather than
being regarded as a consequence of institutionaliza-
tion, it was believed to be a cause. The decline in
male potency and sexual activities with age were
indicative, according to Tissot’s theory, of the dan-
gers of having lost semen or vital fluids earlier in
life. The neatness of Tissot’s explanation was that it
not only squared with current medical theory but
explained so many previously unexplained illnesses
and diseases.

In sum, if a syndrome can be defined as the concur-
rence or running together of signs and symptoms
into a recognizable pattern, then onanism furnished
such a pattern. As Tristam Engelhardt (1974) put it,
onanism was more than a simple pattern, because a
cause was attributed to the syndrome, providing an
etiologic framework for a disease entity. If the devel-
opment of the concept of disease is seen as a progres-
sion from a collection of signs and symptoms to their
interrelation in a recognized causal mechanism,
then the disease of onanism was fairly well evolved.

Once established as a disease entity, onanism had
a long and varied life, adapting to new developments
in medicine and in society. One of the leading expo-
nents of Tissot’s ideas was Benjamin Rush (1794-8),
the dominant medical figure in the United States
of the late eighteenth and early nineteenth centu-
ries. Rush, after studying in Edinburgh, returned to
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the United States to introduce a variation of John
Brown’s medical beliefs whereby all disease was con-
sidered to be the result of either a diminution or
an increase of nervous energy. Because sexual in-
tercourse was a major cause of excitement, care-
less indulgence in sex inevitably led to a number of
problems, including seminal weakness, impotence,
dysuria, tabes dorsalis, pulmonary consumption, dys-
pepsia, dimness of sight, vertigo, epilepsy, hypochon-
driasis, loss of memory, manalgia, fatuity, and death.
Rush, however, also cautioned against abnormal re-
straint in sexual matters because it too could pro-
duce dangers.

The syndrome of onanism was seized on by a wide
variety of popularizers as well, some physicians and
some not. In the United States, Sylvester Graham
(1838) concluded that excessive sexual desire led to
insanity, and insanity itself incited excessive sexual
desire. In fact, the influence of sexual desire was so
pervasive that it could disturb all the functions of
the system, causing a general debility. Claude-
Frangois Lallemand, a French surgeon, was con-
cerned with the involuntary loss of male semen,
spermatorrhea, which he felt would lead to insanity.
This caused his U.S. translator (1839) to report that
55 of the 407 patients in the Massachusetts State
Lunatic Hospital at Worcester had become insane
from the effects of masturbation.

William Acton (1871), an English physician, had a
somewhat different view of the dangers of sexual
activity, arguing that God had made women indiffer-
ent to sex in order to prevent men’s vital energy from
being totally depleted. John Harvey Kellogg (1882),
another popularizer in the United States, held that
the nervous shock accompanying use of the sexual
organs was the most profound to which the nervous
system was subject, and even those who engaged in
procreation would have to place rigid limitations on
themselves or else insanity would result.

Because the dangers of sexual activity were so
great, one problem with the new syndrome was to
explain why the human race had not died out ear-
lier. George M. Beard (1884) believed that it had not
been necessary for earlier generations to be so con-
cerned about excessive sexual activity because their
lives had been simpler. It was the growing complex-
ity of modern civilization and evolutionary develop-
ment that put so much stress on men and women.
Consequently, a larger and larger number of them
were suffering from nervous exhaustion. This ex-
haustion, he held, was particularly serious among
the educated and intelligent workers in society, who
represented a higher stage on the evolutionary scale
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than the lower social classes. In other words, as
humanity advanced, it became more and more neces-
sary to save nervous energy.

Those who were unable to control their sexuality
not only would suffer physical debilities but would
become homosexuals, which was a consequence of
youthful masturbation according to such nineteenth-
century writers as John Ware (1879), Joseph Howe
(1889), James Foster Scott (1899), and Xavier Bour-
geois (1873). The alleged correlation of sexual activ-
ity with nervous energy, which in turn was associ-
ated with intellectual development, led some writers
such as Edward Clarke (1874) to argue that, because
menstruation was a result of nerve stimulation,
women should not engage in mental activity at all.
Some even argued that menstruation itself was
pathological.

Challenges to the Diagnosis and New
Classifications

The idea of sexuality as a disease entity was under-
mined, in part, by a better understanding of sexually
transmitted diseases and their sequelae, which came
about during the last part of the nineteenth century.
The discovery and acceptance of the germ theory
also undermined the belief that sexual activity
caused ailments such as tuberculosis. Medicine, how-
ever, did not abandon its emphasis on the disease
potential of nonprocreative sex. It was simply placed
in another category.

The latter is usually associated with the efforts of
Carl Westphal, professor of psychiatry at the Univer-
sity of Berlin, who was influenced by the German
homosexual movement. Led by such individuals as
Karl Heinrich Ulrichs (1881) and Karoly Kertbenny
(1905), that movement sought to establish that ho-
mosexuality was inborn. In 1869 Carl Westphal had
published the case histories of a young woman who
from her earliest years liked to dress as a boy and of
a young man who liked to dress as a woman. From
these cases he argued that sexual abnormality was
congenital, not acquired. He called the phenomenon
“contrary sexual feeling” and insisted that, although
neurotic elements were present in such individuals,
they were not insane (Bullough 1989).

If the “contrary sexual feeling” was inborn, was it
also incurable? Jean Martin Charcot, the director of
the Salpétriére Hospital, and a colleague had at-
tempted to cure several cases of “contrary sexual
instinct” or “sexual inversion” with only modest suc-
cess and concluded in an 1882 publication that inver-
sion was a constitutional nervous weakness due to
hereditary degeneration.
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This concept was further developed by Paul
Moreau (1887), who theorized that in addition to the
usual senses of sight, hearing, touch, taste, and feel-
ing, humans had a sixth sense, a genital sense that,
like the others, could suffer physical or psychic in-
jury without damage to the other senses. This pro-
pensity to injury stemmed from either a hereditary
taint or a predisposition to perversion provoked by
certain other factors such as age, proverty, constitu-
tion, temperament, and seasons of the year. The
result could be sexual inversion, nymphomania, saty-
riasis, bestiality, rape, or profanation of corpses. The
only way to deal with these individuals so afflicted
was to turn them over to asylums, where they could
be cared for. Not everyone agreed with this, however.

One of the early researchers who was most impor-
tant in influencing public opinion was Richard von
Krafft-Ebing, whose Psychopathia Sexualis, first
published in 1886, remained in print until the 1980s.
He combined several prevailing nineteenth-century
theories to explain sexual “perversion”: (1) the idea
that disease was caused by the physical nervous sys-
tem, (2) the notion that there were often hereditary
defects in this system, and (3) the concept of degener-
acy. Civilization, he claimed, was possible only be-
cause lust had been tempered by altruism and re-
straint, based on the knowledge that sexual excess
weakened the body. The purpose of sex was reproduc-
tion, and sexual activities not undertaken with this
ultimate purpose in mind were “unnatural practices”
and a perversion of the sexual instinct. Though
Krafft-Ebing distinguished between innate and ac-
quired perversion, even acquired perversion existed
only when there was hereditary weakness in the ner-
vous system, and onanism was a causal factor in this.

Differing from Krafft-Ebing somewhat was Sig-
mund Freud (1913, 1922a, 1922b, 1924-50, 1938),
his younger and even more influential contempo-
rary. Freud agreed that variant sexual behavior
came from misdirected sexual drives, but he held
that the cause of the misdirection lay in the nervous
system and the mind through which the instinctual
drive operated. Though Freud himself paid compara-
tively little attention to most forms of variant sexual
behavior, his followers seized on his concepts to em-
phasize environmental and accidental causes of vari-
ant sexual impulses.

Later behaviorists carried this kind of thinking to
an extreme, so that the practical result of both Freud-
ianism and the learning psychologies was to suggest
that everyone had the ability to channel his or her
drives. Although they differed about specific factors,
followers of Freud usually agreed that deviant sexu-
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ality was caused by environmental rather than con-
stitutional factors and was, by implication, curable.
Some groups, however, still looked upon it as inborn,
though treatable if not curable. In any case, varia-
tions in sexual behavior were now regarded as com-
ing under the jurisdiction of psychiatrists, and there
they have remained.

Certain forms of variant sexuality, such as homo-
sexuality, are no longer regarded as an illness, and
masturbation is considered as normal behavior.
Much of this latest change in attitude grew out of
challenges to the research methodologies and theo-
ries that had originally classified much of human
sexual behavior as an illness.

One challenge was made by Alfred Kinsey and his
colleagues (1948), whose data on what actually con-
stituted sexual behavior resulted in a redefinition of
some of the norms. A second kind of challenge was
aimed at the research of earlier physicians and psy-
chiatrists. Most of the theorizing of Tissot and his
successors had been rejected as germ theory gained
credence and the endocrinological forces involved in
sexuality came to be understood. This left psychia-
trists as the only major group to maintain the conten-
tion that deviant sexual behavior could be illness.
Prominent among them were psychoanalysts, who
were attacked by a number of researchers in the
1960s and 1970s for working with small samples,
not using control groups, and not taking into ac-
count cultural differences.

Attitudes toward nonprocreative sex also changed
with the widespread adoption of contraceptives and
the acknowledgement that sex was an enjoyable ac-
tivity for both men and women. The recognition that
people engaged in sex for pleasure as well as for
procreation also weakened hostility to forms of sex-
ual activity other than conventional heterosexual
intercourse and raised questions about medical cate-
gorization. The knowledge that other cultures and
peoples had attitudes toward sex that were radically
different from those of Westerners was also impor-
tant in challenging the western European and U.S.
notion of sexual deviation as disease. Finally, in
1974 homosexuality was eliminated from the Diag-
nostic and Statistical Manual (DSM) of the Ameri-
can Psychiatric Association as a category of illness.

Not all forms of “deviant” sexual behavior, how-
ever, have been removed from the DSM, and in fact
there remains a strong tendency to categorize as ill
individuals who are pedophiles, exhibitionists, or
necrophiliacs and those who engage in numerous
other more or less forbidden sexual activities. There
is also a countermovement as of this writing to estab-
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lish a new category — that of sexually compulsive
people — perhaps to get them into the offices of behav-
ioral psychologists to be treated through behavior
modification. Thus, although theories have changed
and challenges to previous categorizations have been
mounted, there remains a strong belief in the helping
professions that socially unacceptable sexual behav-
ior is an illness or at least a behavior problem of one
sort or another. Since the time of Tissot these profes-
sions have essentially replaced religion in determin-
ing what sexual activity is permissible and what
should continue to be stigmatized.

Vern L. Bullough
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I1.5
Concepts of Heart-Related

Diseases

In 1628 William Harvey, physician to St. Bartholo-
mew’s Hospital, London, used quantitative, experi-
mental methods to show that the blood must move in
a circle, rather than being continuously regenerated
as earlier theories had proposed. In addition, Harvey
showed that the heart supplies the power to send the
blood on its circuit around the body. Harvey’s revolu-
tionary ideas reflected ancient thought about the
perfectibility of circular motion as much as they did
new ideas about the value of experimental evidence.
Nonetheless, in many ways and by most accounts,
the year 1628 marks the beginning of current West-
ern ways of looking at the heart and its diseases.
However, although Harvey’s demonstration of car-
diac physiology in animals seemed logically applica-
ble to human beings, it failed to lead immediately to
any dramatic changes in the diagnosis or treatment
of human heart disease. Over the next few centuries
many people tried to discover what was going on
within the thoraxes of patients who showed the de-
bilitating signs of cardiac disease. Their notions
about heart disease were reflected in the diagnostic
techniques they thought appropriate.

Diagnosing Heart Disease

Physical Diagnosis

During the mid-eighteenth century, Leopold Auen-
brugger, working in Vienna, described a new diag-
nostic technique. By percussing the chest — that is,
by striking the chest and both listening to and feel-
ing the reverberation — he was able to tell, to some
extent, what lay within. His method enabled him to
ascertain the size of the heart and to determine the
presence of fluid in the chest, a common manifesta-
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tion of heart failure. However, because prevailing
disease theories placed little importance on the local-
ization of lesions in the body, Auenbrugger’s tech-
nique attracted little attention. His work was to
gain greater attention as a result of a political up-
heaval in a nearby country.

The French Revolution notonly reshaped the politi-
cal structure of France, but also radically changed
the institutions that controlled hospitals and medical
schools. Physicians practicing in these institutions
changed the perception of disease. Their emphasis
on the importance of specific lesions in the body
stimulated a desire to correlate clinical physical
findings with anatomic lesions found at autopsy.
Every day, Parisian physicians in the early nine-
teenth century went from bedside to bedside, exam-
ining patients with all manner of diseases, and all
too often they had the opportunity to correlate their
physical findings with those found at autopsy. In
this milieu, René Laennec invented the stethoscope
for listening to sounds in the chest. Auenbrugger’s
technique of percussion became widely used when it
was discovered that lesions could be localized in the
chest with Laennec’s stethoscope. Although both of
these techniques were used primarily to diagnose
diseases of the lung, they were also used to diagnose
heart problems.

Auscultation with the stethoscope was not immedi-
ately accepted. It was a skill that took time and
practical experience to learn, and one that could
yield misleading results. Furthermore, it was of no
help in diagnosing many cardiac diseases that did
not produce physical signs and could be diagnosed
only by the patient’s own sensations. One of these
diseases was manifested by chest pain and is now
understood to be caused by occlusion of the coronary
arteries of the heart.

Diagnosis by History: Coronary Heart Disease
In addition to anatomic studies, eighteenth-century
practitioners published descriptions of coronary
heart disease based on patients’ reports of char-
acteristic symptoms. (Coronary heart disease, as
we now use the term, encompasses such entities
as angina pectoris and myocardial infarction, or
“heart attack.”) In 1768 William Heberden of Lon-
don gave a lecture at the College of Physicians of
London, published in 1772, in which he coined the
term angina pectoris and differentiated it from
other pains in the chest:

They who are afflicted with it, are seized while they are
walking, (more especially if it be up hill, and soon after
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eating) with a painful and most disagreeable sensation in
the breast, which seems as if it would extinguish life, if it
were to increase or to continue; but the moment they stand
still, all this uneasiness vanishes. . . . In all other respects,
patients are, at the beginning of this disorder, perfectly
well. . . . Males are most liable to this disease, especially
such as have past their fiftieth year.

Heberden focused on the clinical manifestations of
the disease, not on its cause. However, others had
earlier described disease of the coronary arteries.
The English surgeon John Hunter, after finding this
condition during an autopsy on a person who had
died in a fit of anger, declared: “My life is in the
hands of any rascal who chooses to annoy me.”
Hunter’s words proved true. He collapsed and died in
1793, presumably of a myocardial infarction, soon
after leaving an acrimonious meeting.

Many different manifestations of coronary heart
disease were noted over the next century. Although
the first diagnosis before death was probably made in
1878, recognition of coronary heart disease did not
become widespread until its diagnosis by technologi-
cal means became common early in the twentieth
century. That new technology was derived in some
ways from one of the oldest forms of diagnosis —
feeling the pulse.

Mechanical Diagnosis: The Pulse and the
Electrocardiogram

People have felt the pulse to diagnose disease since
antiquity. Attempts to analyze the pulse have in-
cluded timing its rate and noting its pattern, particu-
larly any abnormalities in its rhythm. John Floyer,
who in 1709 constructed a portable clock with which
to time the pulse, noted that the natural pulse rate
varied according to a person’s place of residence, age,
and sex.

A very slow pulse, one of the most striking abnor-
malities, was often associated with intermittent loss
of consciousness, or syncope. This condition has
come to be known as Stokes—Adams (or occasionally
Adams—Stokes) disease, after two Dublin physi-
cians, Robert Adams and William Stokes, each of
whom described characteristics of the disease in the
first half of the nineteenth century. Today this condi-
tion is treated with pacemakers (described later).
Early attempts to understand the cause of a slow
beat led to the development of mechanical devices
for analyzing heartbeat.

In 1859 the French physiologist Etienne-Jules
Marey drew on the earlier work of German physiolo-
gists such as Carl Ludwig, inventor of the kymo-
graph, to devise an instrument that could produce a
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permanent record of the cardiac pulsations on a
drum of smoked paper. Marey used this instrument
to record the pressure within the heart of a horse. He
also recorded pressure tracings from the arteries
that could be felt on the surface of the human body.
In the 1890s the English physician James Mac-
kenzie developed the polygraph, an instrument that
recorded the pulsations of the arteries and veins
directly onto a continuous strip of paper. With this
device he was able to describe many abnormalities of
the pulse and to identify the cardiac causes of sev-
eral of these. His work was advanced by the London
physician Thomas Lewis, who analyzed abnormal
cardiac rhythms with the electrocardiogram (EKG),
a new instrument that could record the electrical
signals generated by the heart. Invented in 1902 by
Willem Einthoven, the EKG earned its inventor the
1924 Nobel Prize in medicine or physiology.

Because Lewis and Mackenzie were working
within a social system that placed a high value on
the clinical skills of the physician and a low value on
the use of technology, neither thought of the EKG
machine as an instrument that could replace the
senses of the skilled bedside observer. However,
working in a climate in which the role of the physi-
cian was not so socially important, James Herrick of
Chicago saw the value of the EKG for diagnosing
diseases that could not be diagnosed with the un-
aided senses. Coronary artery disease was one such
disease. Herrick’s clinicopathological description of
it in 1912 received little attention; however, after his
collaboration in 1918 and 1919 with Fred Smith to
describe the characteristic EKG changes, Herrick’s
definition of the disease entity became widely recog-
nized. This was an early example of a pattern to be
repeated throughout the twentieth century — a dis-
ease first described clinically would become more
widely accepted once it was defined in terms of a
laboratory technique.

Hemodynamic Diagnosis: Diagnosis by
Measuring Physiology
In a sense, the development of hemodynamic diagno-
sis was returning full circle to the issues of pressures
and volumes in the heart that Harvey was working
with in 1628. Harvey had been unable to measure
these parameters in human hearts. Physicians’ daily
use of these measurements today is in large part the
result of a self-experiment performed in 1929,
During the spring of 1929, while working in the
relatively unsophisticated setting of a small German
country hospital, Werner Forssmann became fasci-
nated by the work of nineteenth-century French
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physiologists such as Marey, and particularly by a
diagram showing Marey’s recorded pressures from a
horse’s heart. Forssmann decided to perform the pro-
cedure Marey had used on himself by passing a ure-
thral catheter from the main vein in his arm up into
his heart, hoping to provide a new, more effective
means of delivering medication. Despite his supervi-
sor’s refusal to grant him permission, Forssmann
was determined to perform the experiment. How-
ever, he needed the cooperation of the surgical nurse
who controlled access to the necessary instruments.

Forssmann was eventually so successful in convinc-
ing her of the safety and importance of the experi-
ment that she insisted he perform the experiment on
her. Forssmann, however, persuaded the nurse to lie
down on a cart, where he strapped her down, claiming
the action to be a “precaution against falling off.”
With the nurse thus immobilized, Forssmann in-
serted the catheter into his own arm, pushed it
through the veins into his heart, and then released
the nurse. She helped him walk down the stairs into
the basement, where an X-ray image confirmed that
the catheter was indeed within his heart. The experi-
ment earned Forssmann some praise, but much more
hostility, and as a result, he left academic medicine
and did no more work on cardiac catheterization.

But others went forward with Forssmann’s method.
In 1932 Dickinson Richards, Jr., and André Cour-
nand began collaborating on studies of the heart and
circulation at New York Hospital. They started with
the assumption that the heart, lungs, and circulatory
system form a single system for the exchange of gases
between the environment and the organism. In order
to calculate the cardiac output, they needed to obtain
blood samples from the right atrium, the cardiac
chamber that collects blood from the body before
pumping it to the lungs to receive more oxygen. After
practicing Forssmann’s technique on laboratory ani-
mals for four years, Cournand, Richards, and their
colleagues determined that the passage of catheters
into animals’ hearts did not significantly interfere
with cardiac functioning.

Although their first attempt to perform the proce-
dure on a patient, in 1940, was unsuccessful, they
were encouraged to continue their efforts by senior
investigators studying cardiac output determined by
the ballistocardiogram, an instrument that recorded
the motion of the body caused by the heartbeat.
Cournand was eventually able to insert a catheter
into a human heart and to compare the directly
measured cardiac output with that determined by
the ballistocardiogram. He showed that cardiac out-
put as measured by the ballistocardiogram was too
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low. More important, he showed that it was practical
and safe to insert a catheter routinely into the right
side of the human heart.

During the next few years, Richards, Cournand,
and their colleagues designed a new catheter that
was easier to maneuver and constructed a measur-
ing device that enabled them to record simulta-
neously four different pressure tracings along with
the EKG. In 1942 they advanced the catheter into
the right ventricle, and in 1944 into the pulmonary
artery, thus making it possible to measure the
hemodynamic pressure and the amount of oxygen
present in the blood at each stage of passage through
the right side of the heart. Funded by the federal
government through the Committee on Medical Re-
search, from 1942 to 1944 this group studied more
than 100 critically ill patients suffering from trau-
matic shock, hemorrhagic shock, burn shock, and
shock caused by rupture of an internal organ. They
outlined the profound effects of reduced circulating
blood volume on cardiac output, particularly on the
flow of blood to peripheral organs and the kidneys,
and described how the condition could be reversed by
replacement of the appropriate volume of blood. La-
ter, they used the same catheterization technique to
diagnose congenital cardiac defects: An abnormal
opening between the cardiac chambers was detected
by means of pressure and oxygen measurements
made with the catheter. Similarly measuring the
pressure in the cardiac chambers was found to be
valuable for diagnosing acquired cardiac defects, par-
ticularly diseases of the heart valves.

Richards and Cournand shared the 1956 Nobel
Prize in medicine or physiology with Forssmann.
Not long after the discovery that right-sided pres-
sures could be measured, others extended the tech-
nique to measure pressures on the left side of the
heart. The procedure has greatly aided our under-
standing of the pathophysiology underlying various
forms of congestive heart failure. The invention of
electronic devices for measuring pressures has en-
abled physicians to analyze the pulsatile pressure
tracings in various disease states. Other investiga-
tors have shown how injecting dye into the heart can
aid in diagnosis. Today, the passing of diagnostic
catheters into the heart is such a routine procedure
that patients may not even spend a night in the
hospital.

These techniques for hemodynamic monitoring
have come to define and dominate places in hospitals
set aside for the care of critically ill patients. Some
intensive care units are designed specifically for the
care of patients suffering from coronary artery dis-
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ease. Physicians and nurses working in coronary
care units, which first became widespread in the
United States in the 1960s and 1970s, utilize both
hemodynamic monitoring and EKG monitoring of
the pulse, the latter to detect and correct life-
threatening cardiac dysrhythmias. In other inten-
sive care units, cardiac catheters are used to monitor
the cardiac function of patients suffering from a
wide variety of noncardiac disorders. Although they
are useful for some groups of patients, whether coro-
nary care units are necessary for all patients with
myocardial infarction remains unclear.

Western ideas about what constitutes heart dis-
ease are based increasingly in technological diagno-
sis and on the ability to invade the thorax in order to
make diagnoses and also to intervene. Along with
the increased use of technology has come the un-
stated but generally pervasive assumption that diag-
nosis has finally become objective, transcultural,
and reflective of some natural, inevitable underly-
ing diagnostic system. The validity of this assump-
tion is doubtful. Historical analysis shows that the
definition of heart disease, as well as of the specific
diseases and their appropriate diagnostic tests, is a
product of both biology and culture.

Changing Concepts: What Constitutes
Heart Disease?

Concepts about what constitutes heart disease have
changed a great deal in the past century. For exam-
ple, the corresponding section of a predecessor to this
work, August Hirsch’s Handbook of Geographical
and Historical Pathology (1883-6) is entitled “Dis-
eases of the Heart and Vessels,” not diseases of the
heart, and one of the main topics is hemorrhoids.
Anatomic linkage of the heart and vessels into a
single unit was common in the nineteenth century, as
is shown by such titles as Diseases of the Heart and
Aorta and Diseases of the Heart and Great Vessels.
Around the end of the nineteenth century, however,
the conceptualization of heart disease changed funda-
mentally. As Christopher Lawrence has pointed out,
British physicians started to think about the heart in
terms of its functional capacity rather than in terms
of its anatomy. This led them to regard cardiac mur-
murs, such as would be detected by a stethoscope, as
less important than physiological measurements of
function.

This conceptual change was particularly apparent
in discussions of a soldier’s disease described at one
time as “DaCosta’s syndrome” and later, at the start
of the First World War, as “soldier’s heart.” Afflicted
by breathlessness, fatigue, and a feeling of impend-
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ing doom, soldiers with this syndrome were initially
treated by the British military with extended hospi-
tal bedrest. The presence of a cardiac murmur was
taken as ipso facto evidence of heart disease. How-
ever, as the war continued, lasting far longer than
originally anticipated, heart disease became a seri-
ous military, economic, and political problem. It was,
in fact, the third most common reason for military
discharge. Yet heart disease held out far more hope
of treatment and return to service than did the most
common cause of discharge, “wounds and injuries.”
Nonetheless, the long convalescence strained both
the military hospitals and the political fortunes of
England’s leaders, who were forced to institute a
military draft in 1916. Given these political exigen-
cies, physicians working for the Medical Research
Council reconceptualized the disease as the “effort
syndrome.” They decided that heart murmurs were
important only insofar as they impaired the ability
of the soldier to work, and then prescribed a series of
graded exercises rather than hospitalization and bed-
rest. The result was that many soldiers previously
declared “unfit for service” were reclassified as “fit.”
All of this demonstrates that some notions about
what constitutes heart disease are informed by so-
cial needs.

Physicians’ ideas have continued to be shaped by
social context. Studies of the incidence of heart dis-
ease in black Americans early in the twentieth cen-
tury were influenced by the cultural context in which
they were written. Many investigators concluded
that coronary artery disease wasrare in black people,
largely because black people were considered less
likely to experience stress, owing to their assumed
disinclination to hurry or worry about their lot in life,
and because they were presumed to be less intellectu-
ally alert than the “refined, intellectual” classes.

In the late twentieth century, culture has contin-
ued to have an impact on our definitions of heart
disease. For example, Lynn Payer has pointed out
that failure to appreciate that the West German
concept of heart disease differs from the U.S. concept
could lead to the erroneous conclusion that death
rates from ischemic heart disease are lower in West
Germany than in the United States. In fact, the
rates are approximately the same, but that type of
heart disease is more likely to be called “ischemic
heart disease” in the United States and “cardiac
insufficiency” in West Germany.

The Rise of Cardiac Diseases
Changes in disease classification reflect both social
and biological events. Even after accounting for
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changes in definitions, it seems clear that there has
been a significant change in the types of disease
from which people die. During the twentieth cen-
tury, our methods of classification have helped to
make heart disease an increasingly important cause
of death and disability. The predominant causes of
sickness and death were once infectious diseases. In
the mid-nineteenth century, for example, tuberculo-
sis accounted for an estimated one-seventh of all
deaths in western Europe. Yet the impact of infec-
tious diseases has subsequently decreased in many
parts of the world, partly because of improved living
conditions and partly because of improved treatment
with antibiotics.

Two major forms of heart disease related to infec-
tious agents have undergone a dramatic shift in
pattern. Rheumatic fever, a disease related to infec-
tion with a specific streptococcus that can cause
heart disease, was once a major cause of heart dis-
ease in Western countries. In industrialized coun-
tries, it has now become a relatively minor cause of
heart disease, with a prevalence as low as 0.6 per
1,000 school-aged children in the United States and
0.7 per 1,000 in Japan. In other parts of the world,
however, rheumatic heart disease remains a serious
problem; the prevalence per 1,000 school-aged chil-
dren has been reported to be in the range of 15 to 20
for Algeria, Bolivia, and Thailand.

Endocarditis, an infection of the heart valves, car-
ried an almost certain death sentence before the
advent of antibiotics. At one time, endocarditis in
the United States primarily afflicted people with
valvular disease caused by rheumatic heart disease.
The changing pattern of this illness reflects changes
not only in treatment but also in life-style. Now
endocarditis is far more often a disease of intrave-
nous drug abusers.

Another result of the decline of infectious dis-
eases has been an increase in the average life expec-
tancy. People now live long enough to succumb to
diseases that take time to develop, which is the case
with many cardiac diseases, particularly coronary
heart disease. And again life-styles have changed.
A lack of physical activity and a change in diet may
contribute to the increased incidence of coronary
heart disease.

Finally, the development of cardiology as a major
field of specialization in the United States is indebted
in large part to the earlier campaign against tu-
berculosis, which prompted the development of the
voluntary health movement. The first U.S. cardiol-
ogy organization, the American Heart Association,
drew substantial intellectual, organizational, and fi-
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nancial support from the antituberculosis movement,
primarily the National Tuberculosis Association.

Coronary Disease

Coronary disease has become the major form of
heart disease in industrialized countries. As such, it
has become a major object of attention for health
care workers. Much of that attention has been fo-
cused on explaining the geographic and historical
changes in the pattern of disease.

Heart disease caused 979,000 deaths in the United
States in 1986. Accounting for 47 percent of all
deaths, it is by far the leading cause of death, with
myocardial infarction the most common diagnosis.
Many more people suffer from heart disease than die
from it. In the United States, there were an esti-
mated 57,700,000 people with cardiovascular dis-
ease in 1983, 21,500,000 of whom had heart disease
and 7,200,000 of whom had coronary heart disease.
Of those with heart disease, 12,600,000 were under
age 65, as were 3,200,000 of those with coronary
heart disease. The physical activity of one-quarter of
those with heart disease was limited, making the
condition an important cause of disability as well as
death.

Declining Coronary Death Rate in the United
States

At the turn of the nineteenth century, heart disease
was the fourth leading cause of death in the United
States, behind pneumonia and influenza (combined),
tuberculosis, diarrhea, enteritis, and ulceration of
the intestines. All of these produced death rates in
excess of 100 per 100,000 population. A sharp up-
ward trend in coronary disease became apparent
around 1920, and coronary disease was recognized
with increasing frequency throughout most of the
first 50 years of the twentieth century. By 1940 only
two disease categories with death rates of more than
100 per 100,000 remained: cancer and diseases of the
heart. The death rate from heart diseases then be-
gan a dramatic series of changes.

As Figure I1.5.1 shows, the death rate reached a
peak in 1963 and has declined continuously since
then. There was some initial concern about whether
the decline was real or only a product of a 1968
change in disease classification. But now there is
little doubt that the death rate for coronary heart
disease in the United States has fallen dramatically
since the 1960s. However, that decline has not been
evenly distributed. The mortality rate for heart dis-
eases in California, for example, peaked relatively
early, around 1955, and the subsequent decline there
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Figure I1.5.1. Rate of coronary heart disease per 100,000
people in the United States (age-adjusted to 1940 age
distribution). (Data from Vital Statistics of the United
States, as prepared by the National Heart, Lung, and
Blood Institute; data for 1987 provisional.)

was repeated in other parts of the United States
throughout the 1960s and 1970s. By 1986 the death
rate for coronary heart disease was 55 percent of the
1966 rate, and the decline in the death rate for all
cerebrovascular diseases was proceeding three times
faster than the decline for all other causes of death
combined.

Worldwide Variation in Coronary Diseases
Such countries as Australia, New Zealand, and Can-
ada have experienced similar declines in the death
rate from coronary disease among men. Other coun-
tries, however, have experienced significant in-
creases in death rates, as revealed in Figure I1.5.2.
These have included countries, such as Scotland and
Northern Ireland, with death ratesinitially compara-
ble to that of the United States, as well as countries,
such as Poland and Switzerland, initially having
death rates much lower than that of the United
States.

Some of the increase may be due to the impact of
industrialization. In China, for example, infectious
diseases such as tuberculosis and nutritional defi-
ciencies were the major causes of morbidity and mor-
tality, with cardiovascular disease of little concern
until the late 1950s. Even among industrialized coun-
tries, the rate of death from cardiovascular diseases
has varied widely, from 913 per 100,000 in Finland
(for men aged 40 to 69 in 1975) to 379 in Japan.

Attempts have been made to explain these differ-
ences in disease rate. The World Health Organiza-
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Figure I1.5.2. Annual change in mortality from ischemic
cardiac disease, 1968—77 (men aged 40 to 69). (Data
from WHO MONICA 1988.)

tion’s Multinational Trends and Determinants in
Cardiovascular Disease (MONICA) has made one
such attempt. With 41 projects in 21 countries, MON-
ICA ishelping to make cardiovascular disease a focus
of international and cross-cultural comparisons.
Only AIDS has received similar worldwide attention.

Studies of changing patterns of cardiac disease
have contributed to the invention of risk factor, a
concept that is receiving widespread attention as a
way of conceptualizing the cause of many diseases.
Unlike infectious diseases, which are defined in
terms of a single, specific agent, risk factor is con-
ceptualized on an epidemiological and probabilistic
basis.

Risk Factors for Coronary Heart Disease

Much of our current explanation for the historical
and geographic differences in death rates from coro-
nary heart disease derives from the concept of risk
factor. A number of long-term prospective studies
have enhanced the utility of this concept. The most
widely known study is the Framingham Heart
Study, in which 5,209 men and women have been
carefully examined every two years since the investi-
gation began in 1948 in Framingham, Massachu-
setts. Studies such as this have identified a number
of factors that contribute to the likelihood of develop-
ing coronary heart disease. Some of these cannot be
modified. For example, men are more likely to suffer
from heart disease than women; older people are
more likely to develop the disease than younger
ones; and those having a family history of early
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cardiac disease are at greater risk than those with-
out such a history.

However, other factors can be modified. Cigarette
smoking dramatically increases the likelihood of a
coronary event and represents the greatest and most
preventable cause of heart disease. Once a person
stops smoking, the risk rapidly declines to a level
approximately the same as it would be if the person
had never smoked. High blood pressure and diabetes
are also important risk factors.

A positive relationship between blood cholesterol
level and the development of heart disease has been
clearly demonstrated. Almost no Japanese men have
serum cholesterol levels above 200 mg/dl, whereas
almost no Finnish men have concentrations below
thatlevel. Consistent with the hypothesisthat choles-
terol is associated with death from coronary heart
disease, the death rate from coronary heart disease in
Finland is more than 10 times that in Japan. Histori-
cal analysis has shown that the death rate from heart
disease in Europe fell during the Second World War,
presumably as a result of a lack of foods that elevate
serum cholesterol level. Most population-based stud-
ies have shown a consistently positive relationship
between increased serum cholesterol level in the
form of low-density lipoprotein and the rate of heart
disease. At high levels the association is particularly
strong; the risk of death for persons having choles-
terol values in the top 10 percent is four times the risk
of persons in the bottom 10 percent. There is now good
evidence that lowering cholesterol level with drug
therapy will lower the death rate from coronary dis-
ease. This effect of reducing cholesterol level is most
beneficial for those having the highest levels, but the
value of reducing cholesterol level for those without
elevated cholesterol remains unclear.

Exercise has a beneficial effect on the types of
lipids circulating in the bloodstream. Although obe-
sity is associated with hypertension, whether obe-
sity is an independent risk factor for coronary heart
disease is as yet unclear.

In the 1950s some U.S. investigators argued that
people who were hard-driving, competitive, overcom-
mitted, impatient perfectionists and who found it
difficult to relax — these with the so-called type A
personality — were at increased risk for coronary
heart disease. These findings have been a subject of
intense debate. Some studies of workers in Great
Britain have identified civil service manual work-
ers, not those with the hard-driving behavior indi-
cated in the original research, as those at greatest
risk from their behavior type. Although the exact
role of type A behavior as an independent risk factor
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in the development of coronary heart disease re-
mains unclear, recent studies suggest that the type
A personality may actually improve longevity after
a myocardial infarction.

Alcohol intake in small quantities — two or fewer
drinks per day — may diminish the risk of develop-
ing coronary disease. However, alcohol in greater
amounts is clearly associated with greater morbid-
ity and mortality from both cardiac and noncardiac
disease.

Explaining Change

Many investigators have attempted to use the con-
cept of risk factor to explain geographic and histori-
cal changes in the rate of death from coronary heart
disease. The decline in the U.S. death rate may
have been due partly to improved medical interven-
tions, including the widespread establishment of
coronary care units, improvements in prehospital
resuscitation and care, better surgical and medical
treatment of those with known heart disease, and
more extensive treatment of the large proportion of
the population with hypertension. The decline may
also have been due in part to changes in life-style.
Cholesterol consumption peaked in 1959, and the
percentage of North Americans who smoke has de-
clined steadily over the past few decades. However,
a significant part of the change cannot be fully
explained.

Although coronary heart disease appears to be an
increasing cause of death in developing countries,
accounting for 15 to 25 percent of all deaths as the
mean life expectancy reaches 50 to 60 years, more is
required to explain the rates of death from coronary
heart disease than merely to blame increasing indus-
trialization. People moving from one industrialized
country to another tend to develop the susceptibility
to heart disease prevalent in the host country, sug-
gesting that other environmental factors play an
important role in determining the incidence of heart
disease. Striking confirmation of this comes from a
study of 11,900 people of Japanese ancestry living in
Japan, Hawaii, and California. Those living in Ja-
pan had the lowest incidence of heart disease, those
living in Hawaii had an intermediate incidence, and
those living in California the highest. The best pre-
dictor of the incidence of heart disease among those
living in California was not the presence of known
risk factors, but the extent to which those Japanese
who had moved from Japan to California continued
to adhere to traditional Japanese values: those who
retained more of these values had a lower rate of
heart disease.
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Geographic Variation in Types of Heart
Disease
In many parts of the world, other types of heart
disease are more common than coronary heart dis-
ease. Endomyocardial fibrosis, for example, is com-
mon in the tropical rain forest belt of Africa and
South America. The disease has a characteristic
pathological process and leads to heart failure, ac-
counting for up to 20 percent of patients with heart
failure in Uganda, the Sudan, and northern Nigeria.
It can affect people who live in the area as well as
those who visit from other parts of the world. Al-
though its precise cause is unknown, and in some
instances it may be due to a parasitic infection, the
underlying cause may be an increase in the number
of eosinophils. In many parts of South America, the
parasite Schistosoma mansoni is a common cause of
heart disease. Also common in South America is
Chagas’ disease. Other heart diseases having charac-
teristic geographic patterns include some forms of
congenital heart disease that are more significant
for people who live at high altitudes, where the con-
centration of oxygen in the inspired air is reduced.
Peripartum cardiac failure is developed by up to 1
percent of women in northern Nigeria during the
postpartum period. Occurring most often in July, it
seems to be caused by a combination of extreme
heat, exhaustion exacerbated by the traditional cus-
tom of lying on a bed over a fire, and eating food rich
in lake salt. Thus, peripartum cardiac failure ap-
pears to be largely a result of cultural patterns. In
this respect it resembles coronary heart disease,
which is linked to Western culture in ways that we
identify as risk factors and in ways that we do not
fully understand, as exemplified by the impact of
Japanese cultural values on coronary disease just
described.

Recent Changes

Perhaps because of the prevalence of cardiac disease
as well as the symbolic significance of the heart,
concern for heart-related diseases has been central
to much of what we have come to identify as late-
twentieth-century medicine. That includes both
“high-tech” innovations and preventive medicine
strategies, such as risk-factor intervention and life-
style modifications.

The echocardiogram is a “high-tech” approach to
cardiac diagnosis based on the reflection of sound
waves in the body. The technique was first demon-
strated in the 1950s, and recent advances have
greatly increased the quality of the images, such
that it is possible to diagnose heart disease evenin a
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fetus. By bouncing sound waves off the interior of
the heart, a picture can be generated that reflects
the heart’s anatomy, and by the use of small air
bubbles to provide contrast, the passage of blood can
also be traced. The echocardiogram’s greatest advan-
tages lie in its complete safety (so far as is now
known) and freedom from pain.

Other imaging techniques applied to cardiac dis-
ease include tagging blood constituents with radioac-
tive substances (which can be used to measure both
function and blood flow) and both computerized ax-
ial tomography and magnetic resonance imaging.
The latter two techniques make use of digital pro-
cessing and imaging to provide cross-sectional im-
ages based on a computerized reconstruction of the
information provided by scanning from many differ-
ent directions. In addition, computerized axial to-
mography and positron emission tomography are
now being used to measure the metabolic state of the
heart muscle.

Treatment of patients with acute myocardial in-
farction has evolved from observing and supporting
the patient to attempting to intervene in the disease
process itself. Typically, patients with myocardial
infarction suffer from an obstruction of one of the
coronary arteries that supply blood to the heart. Two
methods for relieving that obstruction are now being
used, one mechanical and one in which medication
dissolves the blockage. The mechanical intervention
is percutaneous transluminal coronary angioplasty
(PCTA), during which a catheter is directed into the
coronary artery and expanded in order to clear the
lumen. Since its introduction in 1977, PCTA has
become widely used for the treatment of coronary
disease. The number of procedures performed in the
United States rose from 32,206 in 1983 to 175,680 in
1987. The procedure has also become popular in
other countries, with approximately 12,000 proce-
dures being done in the Federal Republic of Ger-
many and 10,048 in Japan during 1987. The initial
success rate approaches 95 percent at some institu-
tions, but a significant percentage of patients experi-
ence later failure. PCTA continues to be used for
people who suffer from symptoms caused by an ob-
struction of the coronary arteries, but who have not
yet suffered death of the heart muscle. The tech-
nique has been attempted as well with patients who
have recently suffered death of the heart muscle,
causing myocardial infarction, but recent studies
suggest that it is not as useful for urgent therapy.

Tissue-dissolving agents include products of re-
combinant DNA technology. These agents should be
administered soon after a person suffers a heart at-
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tack in order to dissolve the clot before irreversible
damage has been done to the heart muscle. Al-
though PCTA requires rapid transportation of a
heart attack patient to the hospital, often via helicop-
ter, treatment with clot-dissolving agents can be ini-
tiated before the patient reaches the hospital. This
therapy must be closely monitored, however, mak-
ing hospitalization necessary for optimal treatment.
This may negate studies from the 1970s that showed
that hospitalization made no difference in the prog-
nosis of patients suffering from an uncomplicated
myocardial infarction. The optimum therapy for pa-
tients with myocardial infarction is being evaluated.

The first successful transplantation of a human
heart into another human being was performed in
South Africa by Christian Barnard in 1967. Trans-
plantation was at first reserved for critically ill pa-
tients not likely to survive for long. However, a se-
ries of advances, primarily in the posttransplant
management of patients, has led to a dramatic in-
crease in survival after transplantation and to a
tendency to carry out the procedure on patients with
severe heart failure much earlier in the course of the
disease. As a result, the number of transplantations
performed worldwide increased from 3,000 in 1986
to more than 6,800 by January 1988. The five-year
actuarial survival worldwide exceeded 70 percent
and was more than 80 percent for some subgroups.
Moreover, more than 80 percent of survivors were
able to return to their previous occupations or compa-
rable levels of activity. The success of cardiac trans-
plantation prompted Medicare, the primary federal
means of payment for elderly U.S. citizens receiving
health care, to fund heart transplantations. It did so,
however, at only a few locations, selected on the
basis of results and experience, thus linking reim-
bursement with some measure of quality. Although
not all heart transplantations are covered by Medi-
care, many insurance plans have indicated an intent
to employ Medicare criteria in deciding which insti-
tutions will be paid for the procedure.

That some patients suffer from an abnormally
slow heartbeat has been known for some time. Cur-
rent treatment for many of them (perhaps too many)
is provided by an artificial pacemaker. The first pace-
maker was implanted in 1959, and now more than
200,000 pacemakers are implanted each year world-
wide, approximately half of these in the United
States. The pacemaker, which usually weighs about
40 grams, is connected to the heart by wires and is
powered by lithium batteries that commonly last 7
to 10 years. At first pacemakers produced electrical
pacing signals at a constant rate in order to treat
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Stokes—Adams disease; more recent models can be
programmed to respond to changing conditions in a
variety of ways. A new device can electrically shock
the heart out of an uncoordinated rhythm called
ventricular fibrillation. This automatic implantable
defibrillator, first used in 1982, appears to be helpful
for patients who suffer from arrhythmias that are
difficult to control.

Unlike the stomach or the limbs, for example, a
person’s heart cannot stop functioning for long or the
person will die. This fact made operations on the
heart difficult to contemplate during the nineteenth
century, when great advances were being made in
surgery on other organs. Some leading surgeons of
the day flatly asserted that surgery on the heart
would always be impossible. Nonetheless, early in
the twentieth century, surgical treatment of valvu-
lar heart disease was attempted. From 1902 to 1928,
10 attempts were made to cure mitral stenosis (a
narrowing of the valve leading to the main pumping
chamber of the heart); 8 of the patients died. Be-
cause of the dismal outcomes, no one attempted an-
other such operation until the mid-1940s. Starting
in the 1950s, the availability of cardiac bypass in the
form of an effective pump and oxygenator enabled
surgeons to work on a still, “open” heart rather than
on a beating organ. Valve replacements became rela-
tively easy. Coronary artery bypass grafting (sur-
gery to bypass blocked coronary arteries) is now a
common means of treating coronary artery disease.
Whereas at first surgeons bypassed only one or two
obstructed vessels, now many more are commonly
bypassed during a procedure.

Our ability to replace diseased valves has also
greatly increased. Some patients suffering from ab-
normal heart rhythms can be helped by heart sur-
gery designed to interrupt abnormal conduction
pathways within the heart. Some centers are investi-
gating a heterotopic prosthetic ventricle, a mechani-
cal device designed to support a failing heart until a
suitable transplant can be procured. Others have
attempted to use an artificial heart for long-term
support. Such a device would not be subject to the
immunologic phenomena associated with transplan-
tation and would obviate the need to locate a donor
heart. However, problems with clots and hemolysis
have thus far severely limited the attractiveness of
this option.

Coda

The heart continues to have a central place in West-
ern medicine. Heart diseases are common, and many
of the most prominent new approaches to disease in
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the past few decades have been directed at heart
disease. Cardiologists have become the most power-
ful subspecialists in internal medicine.

But the heart has long been central to the broader
Western culture as well. The heart is seen as the seat
of the emotions — as in the expressions a “broken
heart,” “crimes of the heart,” a “bleeding heart,” and
a “change of heart.” The heart is also the source of
strength: “Take heart!” or “You’ve gotta have heart.”
The heart is metaphorically the site of a central
issue or concern, as in the “heart of the country” or
the “heart of the issue.” Finally, the heart is often
seen, both metaphorically and literally, as the source
of life, and its failure is considered both a cause and
a marker of death. Concepts of heart disease are
drawn from general cultural concepts of what it
means to be human, and studies of how and when
they change will increase our understanding not
only of the history of medicine but of history in
general.

Joel D. Howell
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I1.6
Concepts of Cancer

In past centuries people feared epidemic diseases
with their sudden onset, ghastly symptoms, agoniz-
ing death for many, and sometimes disfigurement or
physical impairment for survivors. Today, especially
in the developed world (with a few notable excep-
tions), the dread of epidemic contagion seems almost
as anachronistic as the burning of witches. It has
been replaced by the dread of cancer. As with the
epidemics of yesterday, the basic causes of cancer
remain shrouded in mystery, while its effects in
terms of human suffering are all too well known.

Cancer is a process whereby a loss of control of
normal cell division and multiplication produces a
tumor that can invade adjacent tissues and metasta-
size, that is, implant cancerous cells at a site that is
noncontiguous to their origin, where abnormal mul-
tiplication continues. When cancer originates in con-
nective tissues (mainly bone or muscle), it is called
sarcoma; when it originates in epithelial tissues (lin-
ing tissues and organs such as the breast, lungs, or
stomach), it is called carcinoma. The latter is by far
more common. Invasive tumors occur in all complex
species and probably antedate the advent of verte-
brates. The oldest paleopathological evidence is lim-
ited to lesions that affected bones, such as those
found in dinosaurs. Tumors have been found in Egyp-
tian mummies dating from 2000 to 3000 B.C., and
physicians of that ancient land knew of and treated
patients for cancers of several sites.

Certainly the ancient Greeks were familiar with
this disease, or perhaps better, this group of dis-
eases. The condition is discussed in the Hippocratic
corpus, and in fact its nomenclature is dominated by
Greek words. Hippocrates himself is credited with
having named the disease cancer from karcinos, the
Greek word for crab, perhaps because some cancers
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of the breast have a crablike appearance or perhaps
because the pain that cancer can produce resembles
the pinching of a crab. Similarly, neoplasm, meaning
“new formation,” and oncology, literally the “study
of masses,” are derived from the Greek, as is the
word tumor.

Hippocratic medicine attributed tumors — which
included all sorts of swellings — to an abnormal ac-
cretion of humors. Although some remedies are men-
tioned, aphorism VI.38 advocates conservatism: “It
is better not to apply any treatment in cases of occult
cancer; for, if treated, the patients die quickly; but if
not treated they hold out for a long time.” Galen
sought to differentiate more clearly cancers from
inflammatory lesions and gangrene. Cancer was
held to be caused by black bile; if the cancer ulcer-
ated, the black bile was undiluted; if there was only
a tumor, the pathogenic humor had been diluted.

Carcinoma of the breast was probably the earliest
actual neoplasm for which surgical eradication was
attempted. Leonides of Alexandria, who slightly pre-
ceded Galen, is known to have progressively incised
and cauterized, both to prevent bleeding and to de-
stroy the neoplasm. Galen, conversely, recommended
that bleeding be permitted, presumably for the patho-
genic humor to be drained. Some surgeons performed
a total mastectomy. Little was written about the heal-
ing of these terrible procedures, but Rhazes warned
in the ninth century that those who performed sur-
gery on a cancer generally only caused it to worsen
unless it was completely removed and the incision
cauterized.

Although barber-surgeons probably incised and
excised boils and warts in the belief that they were
curing cancer, it seems likely that few cancers were
treated surgically until relatively modern times.
Ambroise Paré wrote toward the end of the sixteenth
century that those who pretended to cure cancer
surgically only transformed a nonulcerous cancer
into an ulcerated one. “I have never seen a cancer
cured by incision, nor known anyone who has.” Nev-
ertheless, in the seventeenth century, Wilhelm Fab-
ricius of Hilden described the removal of axillary
nodes in a breast cancer operation and provided ade-
quate descriptions of operations for other cancers.

The discovery of the lymphatic system by Gas-
parro Aselli in 1622 directed medical attention away
from the black bile theory, which no one had demon-
strated, toward abnormalities of the lymphatic struc-
tures in the causation of cancer. Basically, the idea
was that cancer was an inflammatory reaction to
extravasated lymph, the type of lesion depending on
its qualities. About 150 years later John Hunter
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modified the lymph theory by defining “coagulating
lymph” (i.e., blood serum), as opposed to true lymph,
as that component of blood that clotted spontane-
ously when it was extravasated. It was this “lymph,”
when it was contaminated by a “cancerous poison”
and oozed into tissues, that Hunter viewed as the
cause of cancer. Quite presciently, he described me-
tastases as “consequent cancers” that reached dis-
tant parts via lymphatic channels.

A more transitory hypothesis advocated particu-
larly by the German Daniel Sennert and the Portu-
guese Zacutus Lusitanus early in the seventeenth
century was that cancers, at least when ulcerated,
were, like leprosy, contagious. Popular fear of the
contagiousness of cancer persisted into the twenti-
eth century. The first accurate etiologic observation
about any cancer can be attributed to the London
surgeon Percival Pott, who reported in 1775 that
many men who had worked as chimney sweeps since
boyhood and were routinely lowered into narrow
chimneys suffered scrotal cancer. He linked this ob-
servation to the irritating effect of chronic contact
with soot and thereby identified the first occupa-
tional cancer.

The impact of microscopy on cancer research
came very slowly. Robert Hooke, the pioneering
seventeenth-century microscopist who coined the
term cell, thought that tissues were composed of
fibers — a hypothesis that persisted into the nine-
teenth century. Not until after 1830, when Joseph J.
Lister designed the first achromatic microscope
lenses, did progress in histology begin, made mostly
by German investigators. The first new concept,
advanced by Theodor Schwann and supported by
Johannes Mueller, was that all tissues were com-
posed of microscopic cells, not fibrils. Yet the lym-
phatic theory was not easily abandoned, and cells
were thought to derive from “blastema,” which was
organized from intercellular fluids. In 1854, how-
ever, Rudolph Virchow questioned the existence of
the unidentified blastema, and in the following
year he stated the principle that all cells originated
from cells and postulated that neoplasms developed
from immature cells. But even then the spread of
cancer was considered to result from some sort of a
humor rather than the dissemination of cells. In
1867 Edwin Klebs advanced the opinion that most
cancers originated in epithelial tissues (carcinomas
in modern terminology), and coincidentally, Wil-
helm Waldeyer applied the old, previously unspe-
cific term sarcoma to neoplasms that arose in con-
nective tissues.

Despite these scientific developments, cancer
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research is usually viewed as a twentieth-century
undertaking and, despite its antiquity, the disease
itself is viewed as largely a twentieth-century phe-
nomenon. As infectious ailments have receded, can-
cer, along with cardiovascular diseases, has been
perceived to be the greatest single health problem
facing the developed world. Actually, cancer pre-
sents a set of problems, because the term should be
considered a collective noun. The World Health Or-
ganization has classified some 100 kinds of cancer
depending on their sites of origin, a figure that may
be too conservative.

It is generally estimated that some form of cancer
will develop in one-third of the inhabitants of the
industrialized world. Moreover, the probability is
increasing. Less than two decades ago it was calcu-
lated that one in four would develop cancer — with
even those odds prompting the charge that cancer
represents the “failure of medicine” (Braun 1977).
Certainly this seems to be the case when a compari-
son is made with medicine’s triumphs against epi-
demic illnesses, which came one on top of the other
after the advent of the germ theory. Although we are
well into the second century since the beginnings of
cell theory, cures for cancer have thus far largely
eluded scientific medicine. Nor has Virchow’s obser-
vation that irritants could summon forth cancerous
cells proved very helpful in cancer prevention —
although irritants are among the foci of cancer re-
search today.

The concept of autonomy suggests that once a cell
has become truly cancerous it is beyond bodily con-
trol. The concept was established around the turn of
the century by Arthur Hanau, Leo Loeb, and Carl
O. Jensen, who transplanted cancer cells into
healthy animals and plants of the same species and
observed the unrestrained growth of new cancers in
the previously healthy hosts. Yet the fact that can-
cers, once established, can enter a stage of remis-
sion —- sometimes permanently — argues that the
body can rally to retard or even reverse previously
uncontrolled cell proliferation.

Following these transplantations, the next ad-
vances in research were made when cancer was pro-
duced experimentally in plants and animals by the
administration of various chemical, physical, and
biological agents. These experiments revealed, for
example, that some 150 different viruses cause tu-
mors in living organisms, that ultraviolet light and
X-rays as well as radioactive substances such as
radium and uranium induce cancer, and that coal
tars, dyes derived from them, and other substances
can also induce the disease. Moreover, even natu-
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Table 11.6.1. Ten most common invasive neoplasms
and estimated new cases as percentage of all new
cases in the United States, 1990

Neoplasm Percentage Cases
Male

Prostate 21.1 30,000
Lung 19.6 92,000
Colon 10.0 26,000
Bladder 6.9 6,500
Rectum 4.6 4,000
Non-Hodgkin’s lymphomas 3.6 9,500
Leukemias 3.0 9,800
Kidney 2.9 6,100
Stomach 2.7 8,300
Pancreas 2.6 12,100
Total 717.0 204,300
Female

Breast 28.8 44,000
Colon 11.1 27,300
Lung 10.6 50,000
Uterus 6.3 4,000
Rectum 4.0 3,600
Ovary 3.9 12,400
Non-Hodgkin’s lymphomas 3.3 8,700
Pancreas 2.8 12,900
Cervix 2.6 6,000
Bladder 2.5 3,200
Total 75.9 172,100
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Table 11.6.2. Deaths due to cancer
as percentage of all deaths
according to sex and age group,
United States, 1986

Age Male (%) Female (%)
1-14 10.0 116

15-34 59 14.0

35-54 214 41.0

55-74 30.2 346

75+ 19.2 13.8

Total 22.7 21.8

Table I1.6.3. Most common cancers as causes of
death from cancer, according to sex and age group,
United States, 1986

Male Female
Age Cancer Percentage Cancer Percentage
1-14 Leukemia 37.0 Leukemia 35.6
15-34 Leukemia 18.5 Breast 18.8
35-54 Lung 344 Breast 30.8
55-74 Lung 39.2 Lung 23.3
5+ Lung 26.9 Colon and 179
rectum

rally occurring substances in the body, such as the
sex hormone estrogen, have been shown to cause
cancer when given to experimental animals.

The extent to which the incidence of cancer is
increasing is a complicated issue. It is predomi-
nantly an illness of middle age and, with the excep-
tion of a few forms, such as certain leukemias, it is
relatively rare in children. Thus, people in the devel-
oped world, having escaped famine and epidemic
disease, have had their life expectancy extended be-
yond 50 years of age into that age in which the
frequency of cancers becomes increasingly high. Al-
though a shift in the age distribution of a population
affects the actual incidence of cancer, the statistics
have also shown artifactual increases. These are due
to vast improvements in the diagnostic techniques of
endoscopy, imaging, and biochemistry that can now
be used to detect many asymptomatic cancers and
pathological techniques that facilitate the differen-
tiation of neoplastic from inflammatory lesions, pri-
mary from secondary neoplasms, and so forth.

The following interpretation of the most recent

U.S. cancer statistics offers some quantification of
the impact of the disease in relation to age, sex, and
race (see Tables I1.6.1 through I1.6.4). The three
most common cancers of men, those arising in the
prostate, lung, and colon, comprise about 50 percent
of new cases and 55 percent of deaths due to cancer.
The three most frequently occurring cancers of
women, breast, colon, and lung, also comprise about
50 percent of new cases and account for 50 percent of
deaths. As a proportion of all deaths, those from
cancer do not increase linearly with age. This is
mainly because of the accidental deaths of children
and young adults, on the one hand, and cardiovascu-
lar diseases in the elderly, on the other. Of deaths
from cancer in women, the peak, 41.0 percent, occurs
in the 35 to 54 age group. In contrast, men have a
somewhat older average age of death with 30.2 per-
cent in the 55 to 74 age group. Most of this difference
is attributable to the difference in the age distribu-
tion of women with carcinoma of the breast and men
with carcinoma of the prostate. Survival has im-
proved variably from the 1960s to the 1980s. The
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Table I1.6.4. Five-year survival rates by race in two
time periods from principal malignant neoplasms in
the United States

1960-5 1980-5
Neoplasm White Black White Black
Lung 8 5 13 12
Breast (F) 63 46 76 64
Prostate 50 35 73 63
Colon 43 34 55 48
Bladder 53 24 78 56
Uterus 73 31 83 52
Ovary 32 32 38 38
Cervix 58 47 67 59
Rectum 38 27 53 39
Non-Hodgkin’s 31 ? 51 44
lymphomas
Kidney 37 38 52 55
Leukemias 14 ? 34 27
Stomach 11 8 16 19
Pancreas 1 1 3 5

Note: Data are percentages.

Source: Data through 1986 from state records of Connecti-
cut, Hawaii, lowa, New Mexico, Utah, and Atlanta, De-
troit, Seattle—~Puget Sound, San Francisco—Oakland.

greatest improvements have occurred in the treat-
ment of stomach cancer in both sexes and in uterine
cancer. Of the more common neoplasms, only lung
cancer has increased in incidence in both sexes, as
has carcinoma of the prostate in men. Survival was
below 20 percent for four of the more common neo-
plasms in the 1960s (leukemias, stomach, lung, pan-
creas), and save for the leukemias, it remains below
20 percent. The explanation for the decrease in
death from stomach cancer lies in a decline in its
occurrence, not by a great improvement in therapeu-
tic success. Survival generally has been and remains
poorer for black than for white patients. In 1960
white patients had a 42 percent better chance than
their black counterparts of survival following treat-
ment of carcinoma of the uterus, a 29 percent better
chance with carcinoma of the bladder, and a 17 per-
cent better chance with carcinoma of the breast. In
1980 the greatest race-related survival differences
were such that whites had the following better
chances than blacks: carcinoma of the bladder, 22
percent; carcinoma of the uterus, 21 percent; and
carcinoma of the rectum, 14 percent. These differ-
ences have often been attributed to the black popula-
tion’s poorer access to medical care. However, this is
obscured by the fact that there do not seem to be
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race-related differences in survival of other rela-
tively common carcinomas such as those of the lung,
kidney, and stomach.

For the incidence of a disease to be considered
meaningfully, it must be presented in age-specific
terms. As the average age of a population increases
and the proportion of an age group in which various
cancers most commonly occur becomes larger, an
increase in the number of cases is to be expected.
This increase, however, can tend to blur the more
important question of whether the incidence of that
disease is increasing in a specific age group. The
statistical analyst must also be cognizant of the im-
pact of technological improvements on the finding of
potential cases and the establishment of a diagnosis,
as well as changes in interest in the disease in ques-
tion and changes in access to medical care.

Moreover, the addition to or removal from the
environment of a carcinogen is a convenient explana-
tion for the waxing or waning of the occurrence of a
cancer. In this regard the long latent period of most
clinical cancers is often overlooked. For example, an
argument used in the 1940s against the hypothesis
that cigarette smoking was a major cause of lung
cancer was that many more women were smoking
than had previously been the case, yet no increase in
lung cancer among women had occurred. Conse-
quently, the relationship between smoking and lung
cancer in men was viewed by some to be coincidental
rather than causal. But of course, in retrospect we
can see that most of the women in question had not
yet smoked for a sufficient length of time for the
result to become evident in cancer statistics. Per-
haps future analysis will clarify in a similar fashion
why gastric cancer is decreasing in the United
States or why prostate cancer is increasing. Cer-
tainly one of the most difficult problems in identify-
ing causes of cancer is that of cocarcinogenesis. The
most flagrant example is the additive effect of the
inhalation of both cigarette smoke and asbestos par-
ticles on the occurrence of lung cancer. Both of these
agents are independently carcinogenic, and their
combined effect greatly increases the incidence of
the disease.

With regard to public health, the greatest problem
of exogenous carcinogenesis today is not exposure to
industrial pollutants, as many believe, but rather
the use of tobacco products. Whereas cigarette
smoke appears to exert the most potent carcinogenic
effect, cigar smoke and chewing tobacco are also
implicated. Historically, the possibility that an in-
crease in lung cancer was related to an increase in
cigarette smoking was first raised in Germany in
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the 1920s. In the United States interest in this ques-
tion was stimulated in 1950 with the publication of
three epidemiological studies, each of which showed
that lung cancer patients were likely to be heavy
smokers.

Although an epidemiological association cannot
prove a causal relationship, the satisfaction of five
criteria make such a connection highly probable: (1)
The association between the suspected pathogen and
the disease is observed consistently. (2) In compari-
son with suitable control groups, the association is
strong. (3) The association is relatively specific with
the disease in question. (4) The temporal relation-
ship between exposure to the pathogen and the onset
of the clinical disease is appropriate and consistent.
(5) The association is consistent with a known or
plausible explanation of the natural history of the
disease.

Resistance to the acceptance of a causal relation-
ship between smoking and the development of lung
cancer was based initially on doubt that the inci-
dence of lung cancer was actually increasing and
then on a failure to appreciate the long preclinical
phase of the disease. A massive prospective study of
the effects of smoking on health published by E. C.
Hammond and D. Horn in 1958 purported to show
that smoking was not uniquely associated with lung
cancer.

Similarly, the observation that cigarette smoking
was associated with neoplasms of organs, such as the
bladder, which did not come into contact with smoke,
and with'cardiovascular diseases was used by propo-
nents of tobacco interests and some biostatisticians
to cast doubt on a causal relationship between the
inhalation of cigarette smoke and the development
of lung cancer. This argument ignored the multiplic-
ity of components of tobacco smoke, which could
easily act differently on different tissues, and the
clearly quantitative relationship between smoking
and the increased probability of lung cancer develop-
ing. Nevertheless, lung cancer occurs in a small mi-
nority of even heavy smokers. This has been taken
to indicate an intrinsic predisposition that, if identi-
fied, could be used to warn persons at risk. But
investigations have thus far failed to yield useful
results. Finally, there have been no reproducible ex-
periments in which tobacco smoke has caused lung
cancer in experimental animals. Although positive
results would be convincing, negative results are
attributable to species differences and, perhaps, in-
sufficient duration of exposure.

Eight prospective studies of male cigarette smok-
ers have shown an excess mortality from lung cancer
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in comparison with nonsmokers ranging from 3.8 to
14.2 percent (mode 11 percent). In four studies of
women the excess was smaller, ranging from 2.0 to
5.0 percent. Despite the fact that no specific suffi-
ciently potent pulmonary carcinogens have as yet
been identified in tobacco smoke, a 1970s finding
appears to clinch the causal relationship between
smoking and the development of lung cancer. R. Doll
and R. Peto (1976), in a 20-year investigation of the
mortality of British physicians in relation to smok-
ing, showed that the risk diminishes increasingly
after smoking has been discontinued for several
years. This obviously cannot be ascribed to genetic
or psychological factors. However, even 15 years af-
ter cessation the risk among former smokers re-
mained twice that of men of similar age who had
never smoked.

Smoking has now been common among women
long enough to be reflected in an alarming increase
in the incidence of lung cancer. This began in the
mid-1960s, and the incidence now is half that of men
in the United States. As of 1986 the rate of death
from lung cancer for U.S. women equaled that for
breast cancer, which has remained stable. In the
case of the latter disease it appears that, of the half-
million women worldwide in whom breast cancer
develops annually, half reside in North America and
western Europe, which contain less than 20 percent
of the world’s population. However, it is hazardous to
compare prevalence or even mortality statistics with-
out knowing critical local circumstances. For exam-
ple, why would the age-adjusted rate of death from
breast cancer in Finland and Denmark be more than
triple the rate in Sweden, and why would the rate in
Scotland be quintuple that of England?

A daughter or sister of a woman with breast cancer
has a nearly three times greater risk of developing
this disease than a woman without such an associa-
tion. The risk is greater if the relative’s cancer was
found at an early age, and a great deal more if both
mother and sister have been affected. This suggests a
genetically mediated predisposition, as does the in-
creased risk of a secondary primary breast cancer as
compared with the risk of a first occurrence. How-
ever, other observations indicate that environmental
factors must also enter in. For example, the preva-
lence of breast cancer in Japan is about one-fourth
that in northern Europe or North America. Neverthe-
less, among women of Japanese ancestry living in
North America, the incidence of breast cancer by the
second generation matches that of white North
American women. Whether dietary or other poten-
tial cofactors are implicated remains unresolved.
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Unfortunately, cancer statistics often reveal the
complexities of the disease under investigation
rather than causal explanations. Carcinoma of the
prostate is the second most frequently occurring can-
cer among U.S. men,; it is the fifth worldwide. This
disease is more prevalent among U.S. blacks, despite
their heterogeneity, than any other population that
has been studied. It is about 80 percent more com-
mon in black than in white men in the United
States. It is also common in black Caribbean popula-
tions, whereas sketchy information from Africa indi-
cates much lower prevalences. Carcinoma of the pros-
tate is 28 times as common among blacks in Atlanta
as among Japanese in Osaka. Although the inci-
dence appears to be low throughout the Orient, it is
much higher among men of Chinese and Japanese
extraction living in Hawaii.

The incidence of clinically evident prostate cancer
is more highly correlated with increasing age above
50 than is any other neoplasm. It is six to seven
times more prevalent in the 75 to 84 than the 55 to
64 age group, and the black—white difference in
prevalence diminishes with increasing age. There is
no convincing evidence of the pathogenicity of any
industrial exposure for this neoplasm. However, an
increased risk is associated with chronic cigarette
smoking, and there appears to be a correlation be-
tween an above-average sexual drive and susceptibil-
ity to prostatic carcinoma. This could mean that a
subtle alteration in the metabolism of sexual hor-
mones has a predisposing role, but studies have
yielded inconsistent results. Alternatively, men with
a high sexual drive, particularly in a permissive
culture, have an increased likelihood of exposure to
multiple sexual partners. A correlation between pro-
miscuity and prostatic carcinoma, if substantiated,
would suggest an analogy to the better-documented
correlation between promiscuity and carcinoma of
the cervix in women and the possibility that a sexu-
ally transmitted virus is a pathogenetic agent. None
of these hypotheses, however, explains the increase
in the occurrence of this disease in the late 1900s.

With regard to possible roles of diet in carcino-
genesis there has been particular interest in
whether the presence or deficiency of certain compo-
nents of food influences the development of colo-
rectal cancer. Both diets low in fiber and high in fat
have been proposed to be pathogenetic. Investiga-
tions have yielded conflicting results, but the best
evidence now points to a carcinogenic effect of in-
creased fat consumption, particularly in women.
Colorectal cancer has been reported to be up to 10
times as common in central European countries as
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in tropical countries such as Peru, Ecuador, or Pan-
ama, but data from other countries conflict with
these extreme examples.

Certainly the Westernizing of the Japanese diet
has provided persuasive evidence of the carcinogenic
role of fat. Nutrition surveys of 1955 and 1984 indi-
cate that the fat intake of Japanese women in-
creased by about 180 percent during these years and
the mortality from colorectal cancer increased by
about 130 percent. There was a lag of about 15 years
between the beginning of the widespread dietary
change and the beginning of the increase in death
from this neoplasm. A recent U.S. study has also
demonstrated an association between a high level of
animal fat consumption and the occurrence of this
neoplasm. The predominant hypothesis for this asso-
ciation is that, since a higher fat consumption in-
creases the excretion of bile acids and the growth of
colonic bacteria, the opportunity to convert bile ac-
ids into carcinogenic substances by bacterial metabo-
lism is facilitated. In the United States the incidence
of colorectal cancer has remained stable in white
men and has decreased moderately in white women,
but has increased in the black population. In addi-
tion to changes in incidence, an unexplained patho-
logical change has been occurring: In U.S. patients
the lesion is less commonly located in the rectum
and more commonly found in the colon. It would be
satisfying to conclude that this is a reflection of the
increasingly frequent removal of premalignant le-
sions from the rectum, but medical intervention is
an unlikely explanation.

One well-recognized environmental carcinogen is
the ultraviolet component of sunlight, which is a
major cause of skin cancers. Susceptibility is related
to paleness and a poor ability to tan, as well as to
chronic exposure to sunlight. The overall incidence
of nonmelanoma skin cancers in the white U.S. popu-
lation is about 165 per 100,000. However, the preva-
lence in Texas is about three times that in Iowa. The
incidence of melanoma is only about 4 per 100,000,
but 65 percent of the deaths attributed to skin can-
cers are caused by this disease. The lesion occurs
twice as often on the legs of white women as on those
of white men. It occurs nearly twice as frequently on
the male trunk than the female trunk. This may
reflect relative exposure to sunlight due to differ-
ences in clothing. Not only is melanoma uncommon
in blacks, but its location tends to be different: It is
more commonly found on palms or soles and within
the mouth — less heavily pigmented areas. The inci-
dence of melanoma has been found to be increasing
wherever statistics have been kept. The highest inci-
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dence has been found in Arizona (16 per 100,000),
where the disease has more than quadrupled in the
brief period from 1969 to 1978. It also quadrupled in
Connecticut from 1939 to 1972. The smallest in-
crease has been observed in Sweden: 80 percent from
1957 to 1971. Consistent with the increased inci-
dence, mortality has nearly doubled. Whether the
increase of this lethal disease is attributable to
changes in ultraviolet intensity due to atmospheric
pollution is as yet unknown.

Turning to human cancers definitely attributable
to “civilization,” X-rays and related ionizing radia-
tion are estimated to be the cause of no more than 3
percent of cancers. Exposure to radon gas has been
clearly shown to be a cause of lung cancer in uranium
miners. Although this is a small group at risk, if it
were confirmed that the concentration of radon in
some homes was sufficient to be carcinogenic, pre-
sumably the proportion of cases of cancer known to be
due to radiation exposure would increase substan-
tially. Thyroid cancer results from a small to moder-
ate radiation exposure to the neck with a latency
period of about a decade. A dose that is large enough
to destroy the gland leaves no tissue to undergo
neoplastic transformation. Bone marrow is another
radiosensitive organ. The increased risk of develop-
ing leukemia, depending on dosage of radiation, be-
gins as early as 2 years after exposure, reaches a peak
probability after 6 to 8 years, and then diminishes.
Fetuses and infants are particularly sensitive.

Suspicion of potential carcinogenesis has also
fallen on synthetic food additives, such as dyes and
flavoring agents, and contaminants, such as pesti-
cides and fertilizers, either from direct spraying or
from absorption of affected groundwater. Because of
this suspicion, the Delaney amendment to the U.S.
Food, Drug and Cosmetic Act was passed in 1958.
The amendment requires the banning of food addi-
tives if they cause cancer in any species of experi-
mental animal in any dosage. One result has been
the forced withdrawal of some products based on
quite dubious and unrealistic experiments. In view
of the huge number of compounds, both synthetic
and natural, to which people are exposed, usually in
combinations having unknown interactions, decid-
ing which ones to test and what tests are both rele-
vant and practical is an insoluble problem.

Worldwide, stomach cancer, which has become
relatively uncommon in the United States, is the
most prevalent visceral cancer (second for men,
fourth for women). Nevertheless, death rates have
been declining since the 1930s to become only about
35 percent of what they were at that time. The de-
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crease has been worldwide and for unexplained rea-
sons. It remains the most prevalent carcinoma in
East Asia, with the rate in Japan being more than
seven times that in the United States, accounting for
one-third of all cancer deaths on those islands. The
repetitive ingestion of high concentrations of salt
irritates the stomach lining, and this has been pro-
posed as a potential cause of gastric cancer. In fact,
the decline in the incidence of this disease has been
correlated with the decline in the salt preservation
of foods. In regions in which stomach cancer remains
common, such as Japan, salted seafood has remained
a dietary staple. The incidence of gastric cancer
among first-generation immigrants from Japan to
the West is similar to that in their communities of
origin, but it declines to the incidence of the Western
community in which the next generation resides.
This suggests that the neoplastic process begins irre-
versibly during childhood, regardless of relocation or
dietary changes after a certain age. Because this is
not a genetically determined disease, a generation
that has not been exposed to the inducing irritant of
salt at a critical age presumably will not suffer inor-
dinately from this neoplasm.

Carcinoma of the cervix appears not to be related to
geography, but primarily to the sexual practices in a
given region or subculture. The commencement of
sexual intercourse during adolescence, multiple part-
ners, or partners who have had numerous partners
are all factors associated with an increased risk of
developing the disease, as is a large number of preg-
nancies. Thus, carcinoma of the cervix is rare among
nuns and common among prostitutes. A sexually
transmitted virus is suspected to be a causative factor
or cofactor. As with prostatic cancer, chronic cigarette
smoking appears to increase the risk of occurrence of
this neoplasm. Another peculiar difference, at least
in the United States, is that carcinoma of the cervix
occurs about twice as frequently among black as
among white women, whereas carcinoma of the
uterus occurs two to four times as often in white
women.

Cancer of the liver is much more prevalent in
many of the developing countries than in the indus-
trialized world. Its incidence is highest in sub-
Saharan Africa, China, southern Asia, and Japan
(the exception among industrialized countries).
China alone accounts for about 45 percent of the
world’s cases. The liver is subject to two principal
types of cancer. One originates in liver cells, and a
history of infection with the hepatitis B virus predis-
poses to this. The other originates in cells of the bile
ducts. A predisposition to develop this form of cancer
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is caused by infestation with the liver fluke
Clonorchis sinensis and related parasites. The geo-
graphic distribution of these parasites is reflected in
the prevalence of this disease. Alcoholism has not
been shown to be a major predisposing factor.

Other cancers in the developing world are associ-
ated with indigenous infectious agents and with cul-
tural practices. Betel nut chewing, for example, is
linked with high rates of oral cancer in central and
southeast Asia and Kashmir; Bantu natives, who
hold warming pans of charcoal against their bodies,
are subject to cancers of the abdominal wall. The
frequent occurrence of esophageal cancer has been
related to the consumption of very hot beverages in
some cultures. Burkitt’s lymphoma, which occurs
almost exclusively in central Africa and New
Guinea, is probably caused by the Epstein—Barr vi-
rus in genetically predisposed individuals. Bladder
cancer is a common problem in North Africa, and
especially Egypt, because infestation with the para-
site Schistosoma haematobium induces the disease.

In summary, the concept of cancer has evolved
through the ages from that of a single disease to one
of many diseases with many causes. Most prevalent
are carcinomas of the stomach, lungs, breast, cervix,
colon and rectum, prostate, and liver. Chief among
carcinogens are irritants such as fumes of tobacco
and certain metals, ionizing and ultraviolet radia-
tion, specific chemical compounds, some helminthic
parasites, and possibly viruses. Everyone is con-
stantly bombarded by carcinogens of various poten-
cies, but cancer develops in a minority of people. A
few uncommon neoplasms clearly are genetically de-
termined, but the degree of resistance to carcinogens
also appears to have a genetic basis.

Yet even if cancer is viewed as multiple diseases
with multiple causes, each disease involves the same
phenomenon: an inadequately controlled division
and multiplication of cells that can infiltrate adja-
cent tissues and, in many types, form distant secon-
dary lesions. The factors that permit metastatic tu-
mor cells to survive and implant remain just as
mysterious as the factors that initiate the loss of
control of cell division.

The available treatments are generally drastic
and poorly selective of the foci of disease and, in
many circumstances, not curative. Earlier diagnosis
improves the cure rate of many but not all cancers.
Therefore, public education about the signs of cancer
and further improvements in the sensitivity of diag-
nostic methods should be sought. However, until our
understanding of the fundamental biology of cancer
improves, preventive measures, such as minimizing
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exposure to known carcinogens, will exert by far the
greatest benefit to public health.
Thomas G. Benedek and Kenneth F. Kiple
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I1.1. Genetic Disease

1.1
Genetic Disease

The idea that a particular physical feature, either
normal or abnormal, is hereditary is probably as
old as our species itself. However, as has been noted
by many other writers, tracing the origins of an
idea is a formidable, if not impossible, task. Clearly,
the concept of “like begets like” found a practical
expression in the early domestication of animals;
breeding stock was chosen on the basis of favorable
traits. The first tangible evidence that human be-
ings had at least a glimmer of the notion of hered-
ity can be found in the domestication of the dog
some 10,000 years ago. Yet it is only in the past 100
years that we have begun to understand the work-
ings of heredity.

This essay traces the development of the concept
of heredity and, in particular, shows how that devel-
opment has shed light on the host of hereditary and
genetic diseases we have come to recognize in hu-
mans. It begins with a brief discussion of some basic
concepts and terms, which is followed by an outline
of the heuristic model of genetic transmission that
has come to be the standard of modern medical genet-
ics. Once this groundwork is in place, the history of
the study of human genetic disease is developed
from the earliest records, through the birth of medi-
cal genetics, to the molecular era. Naturally, a de-
tailed narrative of this history would require several
volumes. Therefore, some events and ideas have
been omitted or treated only cursorily.

The most recent development in the study of hu-
man genetic diseases is traced through three specific
examples. Each of these represents a microcosm of
the development of medical genetics. Our under-
standing of the first of them, sickle cell anemia,
represents a triumph of the molecular model of hu-
man disease. The discovery of the second, Down syn-
drome, reveals the role in medical genetics of the
cytogeneticist, who studies chromosomes. The third,
kuru, exemplifies a case in which the expectations of
modern medical genetics led initially to an errone-
ous conclusion, although that failure led eventually
to spectacular new knowledge. This essay closes
with a brief assessment of the future development of
medical genetics in the molecular era.
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Some Operational Definitions

More often than not, when the term hereditary is
applied to a particular trait, the natural inclination is
to equate it with the term genetic. However, hered:-
tary refers only to the sustained passage of a trait
from generation to generation. Surnames, property,
and titles may be hereditary by law or custom, but
they are not genetic. We may regard a hereditary
trait as genetic only when the passage of that trait
from generation to generation is determined, at least
in part, by one or more genes. In much the same way,
the term congenital has often been equated with ge-
netic when, in fact, this term signifies only that a trait
is present at birth. A congenital trait is not necessar-
ily genetic or even hereditary. Thus, the purview of
medical genetics may be said to include those traits,
both congenital and of delayed onset, whose origins
lie in defects in single genes, in groups of genes, or in
the size or number of the chromosomes.

A useful checklist for assessing whether a trait is
genetically determined was provided by J. V. Neel
and W. J. Schull (1954). A trait is genetically deter-
mined by the following:

1. It occurs in definite proportions among persons
related by descent, when environmental causes
have been ruled out.

2. It fails to appear in unrelated lines such as those
of in-laws.

3. It displays a characteristic age of onset and course
of development, in the absence of other known
causes.

4. It shows greater concordance in monozygous (iden-
tical) twins than in dizygous (fraternal) twins.

When the role of chromosomal anomalies became
fully appreciated in the 1960s, a fifth item was
added to the checklist:

5. It consists of a characteristic suite of features
(syndrome) coupled with a clearly demonstrated
chromosomal abnormality (Thompson and Thomp-
son 1980).

In the present era of molecular biology and recom-
binant DNA technology we must add yet another
item to the list:

6. It is linked to a specific DNA sequence (probe)
that has been mapped to a particular region of a
chromosome.

Throughout the following discussions, traits that
are regarded as genetic but not chromosomal, hav-
ing met criteria 1 through 4 and 6 but not 5, are
accompanied by a reference number. This number is
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the entry number of a given disorder in the catalog
complied by V. A. McKusick (1986) of more than
3,000 Mendelian phenotypes in human beings. For
example, the entry number for sickle cell anemia is
14190. An excellent reference for chromosomal condi-
tions is E. Thurman (1986).

Models of Genetic Transmission
In recent years, medical geneticists have been sup-
plied with a battery of sophisticated analytic tools to
be used in conjunction with advanced laboratory
techniques for determining the transmission of vari-
ous traits. These analytic methods have been de-
rived from what is now called the multifactorial (or
mixed) model (see Morton 1982). According to this
model the observed variation in a trait, such as the
clinical presentation of a genetic disease or the liabil-
ity to develop a complex disorder like heart disease,
is determined by the joint effects of major gene loci
and a background composed of multiple minor loci (a
polygenic effect) and a nongenetic component (an
environmental effect). A graphic representation of
the multifactorial model is shown in Figure III.1.1.
The most important difference between this model
and earlier ones is that the nongenetic component is
regarded as transmissible, as are genetic effects.
The impact of this model has been twofold. First, it
has provided a theoretical underpinning for the field
of genetic epidemiology (Morton and Chung 1978;
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Figure I11.1.1. Mixed model of liability for complex hu-
man disease. The abscissa reflects an arbitrary liability
scale in which the left-most point is low risk and the
right-most is high risk. Z is a threshold beyond which
(shaded area) individuals will develop the disease in ques-
tion. The effects of a single major locus are indicated by
the frequency distributions of the alleles: AA = (1 — ¢%),
Aa = 2q (1 — q), and aa = g2, where a is taken to be the
disease gene. The presence of AA and Aa individuals be-
yond Z indicates the further effects of the multifactorial
background, including nongenetic effects. The value u is
the mean population liability, ¢ the deviation in mean
genotype-specific liability, and d the degree of dominance
at the locus. (From Comings et al. 1984, with permission
from the American Journal of Human Genetics.)
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Morton 1982). Second, it has become a heuristic de-
vice through which clinical variation in the presenta-
tion of a disease can be assessed. After spending
more than half a century studying the inheritance of
complex traits, Sewall Wright (1968) concluded that
there is a network of effects leading from the gene to
the final outward manifestation, the phenotype, and
that a number of basic generalizations can be made:

1. The variations of most characters are affected by a
great many loci (the multiple-factor hypothesis).

2. In general, each gene replacement has effects
on many characters (the principle of universal
pleiotropy).

3. Each of the innumerable alleles at any locus has a
unique array of differential effects in taking ac-
count of pleiotropy (uniqueness of alleles).

4. The dominance relation of two alleles is not an
attribute of the alleles but of the whole genome
and the environment. Dominance may differ for
each pleiotropic effect and is in general easily
modified (relativity of dominance).

5. The effects of multiple loci on a character in gen-
eral involve much nonadditive interaction (uni-
versality of interaction effects).

6. Both ontogenetic homology and phylogenetic
homology depend on calling into play similar
chains of gene-controlled reactions under similar
developmental conditions (homology).

7. The contributions of measurable characters to
overall selective value usually involve interaction
effects of the most extreme sort because of the
usually intermediate position of the optimum
grade, a situation that implies the existence of
innumerable selective peaks (multiple selective
peaks).

From this perspective one must say that no gene
responsible for a human genetic disease exists in a
developmental vacuum. It exists in a milieu com-
posed of its own locus, its chromosomal position and
close neighbors, the various effects of other genes
elsewhere in the genome, the inter- and intracellu-
lar environment, and the external environment,
both intra- and extrauterine, in which it ultimately
finds expression. However, the mechanisms by
which this multitude of effects operates are only just
being discovered. This phase of the history of genetic
disease has yet to be written.

History of the Study of Genetic Disease:
From the Greeks to Garrod

As already stated, the idea that the features of par-
ents could be transmitted to their offspring was ap-
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plied very early in human history in the domestica-
tion of animals. Some of the knowledge of “good
inheritance,” the transmission of favorable features,
undoubtedly came from observations of “bad inheri-
tance.” Thus, for some 10,000 years we have been
aware to a greater or lesser degree that certain mal-
formations and diseases are hereditary, if not ge-
netic. However, only from the written records of an-
cestors can we reliably assess the state of their
awareness regarding heredity.

Early History

By the time of the Greeks, ample evidence already
existed that people were cognizant of heredity, both
good and bad. Moreover, many Greek scholars specu-
lated as to the mechanism of heredity. Nearly all of
them had a theory of vertical transmission, but the
theory promoted by Hippocrates survived until the
Renaissance. Writing in the fourth century B.C,,
Hippocrates put forth the idea that each organ and
tissue produced, in its turn, a specific component of
semen. This composite semen was then transmitted
to the woman through coitus, whereupon it incu-
bated to become a human baby. This, of course, in-
cluded the good and the bad:

... of the semen, however, I assert that it is secreted by
the whole body — by the solid as well as by the smooth
parts, and by the entire humid matters of the body. . . . The
semen is produced by the whole body, healthy by healthy
parts, sick by sick parts. Hence when as a rule, baldheaded
beget baldheaded, blue-eyed beget blue-eyed, and squint-
ing, squinting; and when for other maladies, the same law
prevails, what should hinder that longheaded are begotten
by longheaded. (Hippocrates in Vogel and Motulsky 1979)

Note that in this single passage Hippocrates ac-
counts for the inheritance not only of desirable traits
but of the abnormal and undesirable as well, and by
the same mechanism. So powerful was the idea of
heredity among the Greeks that many scholars felt
the need to warn against unfavorable unions. Thus
did the sixth-century B.C. scholar Theognis lament:

We seek well bred rams and sheep and horses and one
wishes to breed from these. Yet a good man is willing to
marry an evil wife, if she bring him wealth: nor does a
woman refuse to marry an evil husband who is rich. For
men reverence money, and the good marry the evil, and
the evil the good. Wealth has confounded the race.
(Theognis in Roper 1913)

Clearly, Theognis believed that marriage for the
sake of money would cause the race to sink into
mediocrity and greed.

The traits commented on by the Greeks when dis-
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cussing heredity were usually abstract qualities
such as good and evil or desirable normal character-
istics such as eye color, strength, speed, and beauty.
Of course, they also took notice of the shocking and
fantastic, gross malformations, or severe illness. Em-
pedocles suggested in the fifth century B.C. that the
cause of monsters, as grossly malformed infants
came to be called, was an excess or deficit of semen.
Many other writers held similar views, which pre-
sumably became part of the hereditary theory of
Hippocrates. The treatment of infants with abnor-
malities was roughly the same everywhere in the
ancient world. They either were left to die or were
killed outright. Often, the mother suffered the same
fate as her offspring. The practice of destroying ab-
normal infants was advocated by Hippocrates, Plato,
Aristotle, and virtually all others whose works on
the subject have survived. Yet the practice was not
universal, as evidenced by the mummy of an
anencephalic (20650) infant at Hermopolis. The ar-
chaeological evidence suggests that this baby, who
would have been stillborn or died shortly after birth,
was an object of worship (Glenister 1964).

The physical, mechanistic interpretation of the
causes of birth defects was modified by the some-
what more mystical Roman frame of mind. In the
first century A.D., Pliny the Elder wrote that mental
impressions resulting from gazing on likenesses of
the gods during pregnancy were sufficient to pro-
duce monsters. Indeed, the root of the word monster
is the Latin word monere, “to warn.” Thus, such
children were regarded as warnings from the gods
transmitted to pregnant women. J. W. Ballantyne
(1902) related the circumstances of a black queen of
ancient Ethiopia who presented her husband, the
black king, with a white child. It was concluded that
the queen had gazed on a white statue of the goddess
Andromeda during the early stages of her preg-
nancy. The description of the white infant, however,
leads one to suspect that it was an albino (20310),
particularly given the propensity for royalty to
marry close relatives.

The decline of reason that marked the Middle
Ages was reflected in interpretations of the birth of
malformed infants. T. W. Glenister (1964) notes that
such children were called “Devil’s brats” and were
generally believed to have been conceived in a union
with Satan. As was the case with any perceived
deviation from piety, the fate of both infant and
mother was quickly and ruthlessly determined. Late
in the Middle Ages, however, the rise of astrology
sometimes made for surprising outcomes. For exam-
ple, when in the beginning of the thirteenth century
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a deformed calf said to be half human in its appear-
ance was born, the cowherd was immediately ac-
cused of having committed an unnatural act, the
punishment for which was burning at the stake
(Glenister 1964). Fortunately for the cowherd it was
pointed out that a particular conjunction of the plan-
ets had recently occurred, a conjunction that was
often the cause of oddities of nature. The cowherd’s
life was spared.

As the Renaissance dawned, reason returned to
the writing of discourses on heredity and failed he-
redity. Scholarly works of the classical era were re-
discovered, and the development of a science of he-
redity was once again underway. A curious episode
occurred a few years after the death of Leonardo da
Vinci in 1519. A half-brother of Leonardo conducted
an experiment in an attempt to produce a second
Leonardo. The half-brother, Bartolommeo, who was
45 years younger than the great artist and scholar,
tried to recreate the exact circumstances of Leo-
nardo’s birth. Leonardo was the illegitimate son of
Fiero, a notary of Vinci, and a peasant girl of the
same city named Caterina. Bartolommeo, a notary
by trade, moved to Vinci, whereupon he sought out a
peasant girl much like Caterina. He found one and
married her, and she bore him a son, whom they
named Piero. One author notes the following:

Bartolommeo had scarcely known his brother whose spiri-
tual heir he had wanted thus to produce and, by all ac-
counts, he almost did. The boy looked liked Leonardo, and
was brought up with all the encouragement to follow his
footsteps. Pierino da Vinci, this experiment in heredity,
became an artist and, especially, a sculptor of some talent.
He died young. (Ritchie-Calder in Plomin et al. 1980)

As the foregoing passage indicates, the Rennaisance
saw a revival of the principles of heredity. The writ-
ings of Hippocrates and Aristotle were translated
and amplified by medical scholars such as Fabricius
ab Aquapendente and his pupil William Harvey. In
addition, there was a growing interest in rare and
unusual medical cases. Weeks before his death in
1657, William Harvey wrote a letter of reply to a
Dutch physician’s inquiry about an unusual case in
which he counseled, “Nature is nowhere accustomed
more openly to display her secret mysteries than in
cases where she shows traces of her workings apart
from the beaten path” (in Garrod 1928).

For Harvey and others, rare pathology was not a
source of revulsion or the workings of Satan but,
rather, a subject demanding study and understand-
ing. In 1882, Sir James Paget made a similar appeal
on behalf of the study of rare disorders: “We ought
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not to set them aside with ideal thoughts and idle
words about ‘curiosities’ or ‘chances.’ Not one of
them is without meaning; not one that might not
become the beginning of excellent knowledge.” He
went on to speak of new diseases that “are due
mainly to morbid conditions changing and combin-
ing in transmission from parents to offspring.”

The debt owed to scholars such as Harvey was
acknowledged in the twentieth century, when medi-
cal genetics was coming into full bloom. Archibald
Garrod, the father of human biochemical genetics, of
whom we will hear more, paid homage to his intellec-
tual ancestor: “It is rather, as Harvey saw so clearly,
because we find in rare diseases the keys to note a
few dark places of physiology and pathology, that 1
recommend them to you as objects of study” (Garrod
1928).

The Forgotten Origins of Medical Genetics
With the Enlightenment the floodgates to inquiry
were opened for medical scientists and progress was
made on nearly all fronts in understanding pathol-
ogy. However, in spite of eloquent writings on hered-
ity in general and on rare cases in particular, few
references to specific genetic diseases were made
before the twentieth century. Yet among those few
instances are to be found brilliant insights.

Between 1745 and 1757 the French natural phi-
losopher Pierre Louis Moreau de Maupertuis con-
ducted studies on the heredity of polydactyly (the
condition of having more than the normal number of
fingers and/or toes; 26345). Maupertuis published a
four-generation pedigree of polydactyly and com-
mented, “That peculiarity of the supernumerary dig-
its is found in the human species, extends to the
entire breeds [races]; and there one sees that it is
equally transmitted by the fathers and by the moth-
ers” (Glass 1947).

He based his theory of heredity on these studies
and suggested that particles of inheritance were
paired in the “semens” of the father and the mother
and that “there could be . .. arrangements so tena-
cious that from the first generation they dominate”
(Glass 1947). This led him to suggest that hereditary
pathologies were accidental products of the semen.
In other words, he correctly predicted genes, domi-
nance, and mutation. In addition, he estimated the
probability of polydactyly at 1 per 20,000 by his own
survey and noted that the chance of a joint occur-
rence of an affected parent and an affected offspring
was 1 per 400,000,000 and that of an affected grand-
parent, parent, and offspring in sequence was 1 per
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8,000,000,000,000 if the disorder was not hereditary.
This made the probability of his four-generation fam-
ily being chance so small as to be immediately dis-
missed. Here, then, was also the first use of statistics
in a study of heredity.

Various sex-linked, or X-linked, disorders such as
color blindness (30370) and hemophilia (30670) were
accurately described in the late eighteenth and early
nineteenth centuries. A German physician and pro-
fessor of medicine, Christian F. Nasse, presented in
1820 a detailed pedigree of X-linked, recessive hemo-
philia and noted:

All reports on families, in which a hereditary tendency
toward bleeding was found, are in agreement that bleed-
ers are persons of male sex only in every case.... The
women from those families transmit this tendency from
their fathers to their children, even when they are mar-
ried to husbands from other families who are not afflicted
with this tendency. This tendency never manifests itself in
women. (Vogel and Motulsky 1979)

Perhaps the most remarkable instance before the
work of Gregor Johann Mendel (which although pub-
lished in 1866 had to await rediscovery until the
beginning of the twentieth century) was an 1814
publication by British physician Joseph Adams
(Motulsky 1959). In this study, the author drew a
distinction between familial diseases, which he con-
sidered to be confined to a single generation, and
hereditary diseases, which he noted were passed on
from generation to generation. Moreover, Adams de-
fined congenital disorders as ones appearing at birth
and regarded them to be more likely familial than
hereditary. He observed that familial inherited dis-
eases were often very severe, so much so that subse-
quent transmission from the affected individual was
ruled out by early death. These conditions increased
among the offspring because of mating between
close relatives and were often to be seen in isolated
districts where inbreeding was common. Clearly,
from a modern perspective, Adams’s familial dis-
eases were what we term recessive and his heredi-
tary diseases were what we term dominant.

Adams also concluded that hereditary diseases (in
the modern sense) were not always to be found at
birth but might have later ages of onset, that correla-
tions existed among family members with regard to
the clinical features of a hereditary disease, and that
hereditary diseases might be treatable. Adams
hinted at the phenomenon of mutation when he re-
marked that a severe disease would last only a sin-
gle generation were it not for the fact that normal
parents occasionally produced offspring in whom the
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disease originated. Finally, he called for the estab-
lishment of hereditary disease registers that could
be used for the study of these diseases: “That to
lessen anxiety, as well as from a regard to the moral
principle, family peculiarities, instead of being care-
fully concealed, should be accurately traced and
faithfully recorded” (Adams 1814, in Motulsky
1959).

The Impact of Mendelism

The story of the discovery of the basic hereditary
laws of segregation and independent assortment by
the Austrian monk Mendel and of their subsequent
independent rediscovery by Carl Correns, Hugo de
Vries, and Erich von Tschermak some 35 years later
has been told many times (e.g., Olby 1966; Stern and
Sherwood 1966). Mendel, conducting experiments in
hybridization with the common garden pea, Pisum
sativum, in his garden at the Augustinian monas-
tery in Brno, Czechoslovakia, demonstrated that al-
ternative hereditary “characters” for a single trait
segregated from one another each generation and
that the characters for multiple traits assorted inde-
pendently in each generation. Moreover, the ob-
served distribution of characters for multiple traits
followed a precise mathematical formulation — a bi-
nomial series. Mendel reported his results to the
Natural Science Association of Brno in 1865. His
written report was published the following year, but
almost no attention was paid to it until 1899.

By that time, however, numerous investigators
were pursuing experiments in heredity, and many of
them had chosen simple plants as their experimen-
tal systems. Professor Hugo de Vries, a Dutch bota-
nist, studying hybridization, came upon a reprint of
Mendel’s report, where he found the solution to the
problems he had been working on. Thus, while he
had independently derived his own formulation of
the law of segregation, he reported the Mendelian
results as well and stressed their importance in a
1900 publication (Olby 1966). At the same time,
both the German botanist Correns and the Austrian
botanist von Tschermak independently discovered
the Mendelian laws and recognized their signifi-
cance. All three published translations of Mendel’s
paper and commented on the laws therein. That
these papers opened the new field of genetics and put
it on a sound analytic footing from the outset is
undeniable. However, as we will see, the translation
by de Vries had an almost immediate impact on the
study of human genetic disease.

The English biologist William Bateson was also
interested in plant hybridization. However, his inter-
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est stemmed from the fact that, as an ardent advo-
cate of evolution, he was unable to reconcile his
belief that hereditary variation was discontinuous
with the Darwinian model of evolution through selec-
tion on continuous variation. Bateson thus had
spent years searching for a mechanism for discontin-
uous traits (Carlson 1966). Then in 1900 he read de
Vries’s account of Mendel’s experiments. As E. A.
Carlson (1966) notes, Bateson called the moment
when he recognized the importance of Mendel’s work
“one of the half dozen most emotional moments of
his life.” In Mendel’s work, Bateson believed he had
found the mechanism for discontinuous variation for
which he had searched. Shortly after this time, Bate-
son mistakenly championed Mendelism as an alter-
native to Darwinism, a position that haunted him
the rest of his life (Sturtevant 1966). In 1901, how-
ever, Bateson, as we shall see, made an almost off-
hand comment that turned out to be a fundamental
contribution to the study of human genetic diseases.

In 1897 Sir Archibald E. Garrod, a member of the
staff of London’s St. Bartholemew’s Hospital, came
upon and was intrigued by a case of alkaptonuria
(20350). Alkaptonuria is a nonfatal disorder, present
at birth, that is characterized by the excretion of
homogentisic acid in the urine, which turns the
urine dark upon standing. The disorder is often ac-
companied in later years by arthritis and a black
pigmentation of cartilage and collagenous tissues.
At the time that Garrod was diagnosing his first
case of alkaptonuria it was believed that the condi-
tion was infectious and that the excretion of
homogentisic acid was the result of bacterial action
in the intestine. Garrod, however, refused to accept
this view, believing instead that the condition was a
form of abnormal metabolism (Harris 1963). He pub-
lished this theory in 1899 along with the contention
that the error of metabolism was congenital (Garrod
1899.

Less than a year later Garrod made what would
prove to be his crucial observation. He noted that,
among four families in which all alkaptonuric off-
spring had two unaffected parents, three of the pa-
rental pairs were first cousins. In 1901 he wrote in
the Lancet:

The children of first cousins form so small a section of the
community, and the number of alkaptonuric persons is so
very small, that the association in no less than three out of
four families can hardly be ascribed to chance, and further
evidence bearing upon this point would be of great interest.

This circumstance would hardly have surprised
Garrod’s fellow countryman and physician Joseph
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Adams, who, it should be remembered, had made a
similar observation about inbreeding nearly 90
years earlier. William Bateson read the paper and
discussed its conclusions with Garrod. Bateson recog-
nized that the pathology was discontinuous, all or
none, affected or normal. Moreover, the high inci-
dence of consanguinity and the characteristic famil-
ial pattern of normal, consanguinous parents having
affected offspring were precisely what would be ex-
pected were the abnormality determined by a rare,
recessive Mendelian character. Bateson commented
on the case in a footnote in a 1902 report to the
Evolution Committee of the Royal Society with E. R.
Saunders:

Now there may be other accounts possible, but we note
that the mating of first cousins gives exactly the condi-
tions most likely to enable a rare and usually unseen
recessive character to show itself... first cousins will
frequently be bearers of similar gametes, which may in
such unions meet each other, and thus lead to the mani-
festation of the peculiar recessive characters in the
zygote.

In Bateson’s interpretation of the situation, Gar-
rod saw the solution to the problem of alkaptonuria.
Garrod published the landmark paper “The Inci-
dence of Alkaptonuria: A Study in Chemical Indi-
viduality” in 1902, adding further clinical data and
incorporating the hereditary mechanism proposed
by Bateson. Therein he reported on nine families of
alkaptonuries and noted:

It will be noticed that among the families of parents who
do not themselves exhibit the anomaly a proportion corre-
sponding to 60 per cent are the offspring of marriages of
first cousins.

However, he continued:

There is no reason to suppose that mere consanguinity of
parents can originate such a condition as alkaptonuria in
their offspring, and we must, rather seek an explanation
in some peculiarity of the parents, which may remain
latent for generations, but which has the best chance of
asserting itself in the offspring of the union of two mem-
bers of a family in which it is transmitted.

Garrod (1902) suggested that the laws of heredity
discovered by Mendel and relayed to him by Bateson
offered an explanation of the disorder as an example
of a Mendelian recessive character and, thus,

there seems to be little room for doubt that the peculiari-
ties of the incidence of alkaptonuria and of conditions
which appear in a similar way are best explained by sup-
posing that . .. a peculiarity of the gametes of both par-
ents is necessary.
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Here Garrod had already gone beyond alkapton-
uria to include the possibility of other disorders shar-
ing the same hereditary mechanism. Indeed, Garrod
did go on to study cystinuria (22010), albinism
(20310), and pentosuria (26080) and to put them all
in the same class with alkaptonuria.

In 1908 Garrod delivered the Croonian Lectures to
the Royal College of Physicians. To these lectures,
and to the four disorders on which they were based,
Garrod gave the name “Inborn Errors of Metabo-
lism.” The impact of Mendelism was fully felt by
then, and there were few who doubted that these and
other diseases were due to Mendelian characters.
Garrod then went on to the next stage of the study of
inborn errors, by noting in the case of alkaptonuria
that

we may further conceive that the splitting of the benzene
ring in normal metabolism is the work of a special en-
zyme, that in congenital alkaptonuria this enzyme is want-
ing, whilst in disease its working may be partially or even
completely inhibited.

He was suggesting that the pathology of inborn er-
rors of metabolism consisted of a blockade at some
point in the normal pathway and that this blockade
was caused by the congenital deficiency or absence
of a specific enzyme (Harris 1963). The truth of his
insight is evidenced by the metabolic pathways
shown in Figure II1.1.2. Clearly, Garrod believed
that these deficiencies were transmitted as Mende-
lian characters, or determinants, and that the study
of the families, particularly those in which inbreed-
ing was known or suspected, was crucial to obtain-
ing new insights into old disease entities.

The principal tenet of inborn errors of metabolism,
that transmitted enzymic defects cause disease, even-
tually led to the “one gene—one enzyme” hypothesis
(Beadle 1945) and to the theory of gene action. In
1950 G. W. Beadle called Garrod the “father of chemi-
cal genetics” (Harris 1963).

The Modern Era of Medical Genetics:

Three Examples of “Excellent Knowledge”
From our contemporary perspective, the work and
insights of Garrod are landmarks. There can be no
doubt that the incorporation of the Mendelian laws
of heredity into the study of human diseases was the
turning point in the history of medical genetics. Sur-
prisingly, however, Garrod’s theories and sugges-
tions went largely unnoticed for several decades.
One reason for this slow recognition, according to H.
Harris (1963), was that it was quite impossible at
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Figure II1.1.2. A representation of metabolic pathways
involving the amino acid tyrosine. These pathways are
linked to no fewer than six genetic diseases of the type
envisioned by Garrod. (A) A defect in the gene coding
for phenylalanine-4-hydroxylase results in the recessive
disorder phenylketonuria (26160). (B) A defect in the
gene coding for tyrosine transaminase results in the
rare disease tyrosinosis (27680), whereas a defect at the
next step involving 4-hydroxyphenylpyruvic acid
hydroxylase leads to the much more serious disorder ty-
rosinemia (27660). (C) The metabolic lesion suggested by
Garrod for alkaptonuria is in fact a defect in the gene
coding for homogentisic acid oxygenase. (D) A form of
goitrous cretinism (27470) is caused when there is a le-
sion involving the enzyme tyrosine peroxidase. (E) An-
other of Garrod’s original defects, albinism, arises when
the gene for tyrosine-3-hydroxylase is defective. To date,
more than 500 such disorders are known to exist in hu-
mans. Some are vanishingly rare, but others, such as
phenylketonuria, are quite common (From McKusick
1986).

the time Garrod was writing for most geneticists to
reduce Mendel’s laws to purely chemical phenom-
ena. Indeed, in the earliest days of the rediscovery of
Mendel much of the effort being expended in formal
genetics was devoted to coming to terms with a grow-
ing list of exceptions to those laws (Carlson 1966).

This is not to say that medical genetics had been
put on hold until the middle of the twentieth cen-
tury. In fact, progress in understanding the heredi-
tary nature of numerous human diseases was being
made, but it did not truly come together until the

Cambridge Histories Online © Cambridge University Press, 2008



120

middle of this century. Two disorders that contrib-
uted greatly to this progress were sickle-cell anemia
and Down syndrome.

The Triumph of the Molecular Model: Sickle-
Cell Anemia

G. J. Brewer (1985) has commented that sickle cell
anemia (14190) is one of the most fascinating dis-
eases in medicine. And this one disease may be cred-
ited with having ushered in the era of molecular
medicine.

The first case of sickle-cell anemia was reported in
1910 by a Chicago physician, J. B. Herrick. Upon his
examination of a young black man from Grenada,
West Indies, he found, among other features, “a sec-
ondary anemia not remarkable for the great reduc-
tion in red corpuscles or hemoglobin, but strikingly
atypical in the large number of nucleated red corpus-
cles of the normoblastic type and in the tendency of
the erythrocytes to assume a slender sickle-like
shape” (Herrick 1910). Herrick had never before en-
countered a similar abnormality and reported:

Whether the blood picture represents merely a freakish
poikilocytosis or is dependent on some peculiar physical or
chemical condition of the blood, or is characteristic of some
particular disease, I cannot at present answer. I report
some details that may seem non-essential, thinking that if
a similar blood condition is found in some other case a
comparison of clinical conditions may help in solving the
problem. (Herrick 1910)

Soon after, a similar case was reported, and within
a very few years, the first fully scientific investiga-
tion of the sickling phenomenon was described. That
study, published in 1917 by V. E. Emmel, was based
on the case of a young black woman in St. Louis. The
patient had an ulceration on her leg and severe
anemia, and “instead of the typical rounded disk
form, about one-third of the corpuscles are greatly
elongated in shape. A large percentage of the latter
have a rounded, rod-like shape with more or less
tapered ends, and as a rule present a curved or
crescentic form” (Emmel 1917). Emmel was the first
to show that the sickling of the red cells was develop-
mental, with seemingly normal, enucleate red cells
undergoing the sickling change as they matured. He
further showed that none of the red cells from con-
trols or from any other type of anemia or leukemia
could be induced to sickle. However, Emmel did find
that a small proportion of the red cells from the
patient’s father, who was not anemic, did undergo
sickling in cell culture conditions.

Curiously, even though the father of the patient
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showed traces of the sickling trait and three of the
patient’s siblings had died at an early age of severe
anemia, Emmel made no reference to a possible he-
reditary component in the disorder. The first such
suggestion was offered six years later by J. G. Huck
(1923). In addition to reporting the first large clini-
cal sample, 17 patients, Huck displayed the pedi-
grees of two sickle-cell families. In one of these fami-
lies, both parents were affected but had produced one
normal offspring in addition to two affected off-
spring. The significance of these families was noted:
“Apparently the ‘sickle cell’ condition in man is in-
herited according to the Mendelian law for the in-
heritance of a single factor.” Moreover, “one interest-
ing feature of this inheritance is the fact that the
sickle cell condition is dominant over the normal
condition” (Huck 1923). Over the course of 13 years,
reports of a unique pathological finding had led to
the recognition of a hereditary disease — sickle-cell
anemia.

After this good start, the study of sickle-cell ane-
mia slowed dramatically — partly because most in-
vestigators failed to recognize a fundamental differ-
ence between sickle-cell anemia and the nonanemic
sickle-cell trait. Most believed that the latter was
merely the dormant stage of the former. In 1933 L.
W. Diggs and his colleagues suggested that this inter-
pretation was incorrect. They showed that the per-
centages of hemoglobin determinations among black
schoolchildren with the sickle-cell trait were not dif-
ferent from those of controls. In addition, no signifi-
cant pathology appeared to be associated with the
sickle-cell trait. Clearly this meant that “the impor-
tance of the sickle cell trait appears to be limited to
the relatively small grooup who in addition to the
trait have sickle cell anemia” (Diggs et al. 1933).

As the distinction between the trait and the ane-
mia became fully accepted, the pace of research on
sickle-cell anemia quickened, and in 1949 two mile-
stones were reached almost simultaneously. First,
two investigators independently discovered the cor-
rect mechanism of inheritance of the trait and the ane-
mia. One of these, a medical officer serving in what
was then Rhodesia, compiled several large Bantu
pedigrees of the sickle-cell trait. In one he observed
two affected parents having a child with sickle-cell
anemia. From his studies he concluded that the
sickle-cell trait appears as a heterozygote with the
normal allele, whereas sickle-cell anemia is the homo-
zygous state of the sickle-cell gene, meaning that it
must be inherited from both parents (Beet 1949).

Second, J. V. Neel (1949) reported precisely the
same conclusion based on a more statistical analy-
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sis. These findings led to the recognition that the
vast majority of dominant genetic diseases are
heterozygous. The first report on the implications of
an altered molecule in the pathogenesis of a human
disease should probably be credited to M. Hoerlin
and G. Weber, a German physician and a medical
student, respectively, who wrote in 1947 that the
condition known as methemoglobinemia (14170)
was due to a “variant of the globin component of the
hemoglobin molecule” (Heller 1969). However, the
report that is celebrated is that of L. Pauling and
colleagues (1949). Through a set of meticulous ex-
periments they were able to show that the hemoglo-
bin molecules in individuals with sickle-cell anemia
and those in normal controls were fundamentally
different but, “having found that the electrophoretic
mobilities of sickle-cell hemoglobin and normal
hemoglobin differ, we are left with the considerable
problem of locating the cause of the difference” (Pau-
ling et al. 1949).

They predicted that the abnormality would be
found in the globin part of the molecule and not in
the heme groups, that the sickling process involved
abnormal interactions of altered molecules, and that
the alteration resulted in two to four more net posi-
tive charges per molecule. Their predictions, we
know, were all correct, as was shown by V. M. Ingram
in 1956. Denatured sickle-cell hemoglobin (HbS), di-
gested with trypsin, was compared with normal
hemoglobin (HbA) after sequential electrophoresis
and partition chromatography (Figure III.1.3). The
abnormal HbS differed in only one “spot” on the
filter, which had a net positive charge. Within three
years it was demonstrated that the charge was
caused by the alteration of a single amino acid
through a mutation (Ingram 1959).

Since the moment the puzzle of sickle-cell anemia
was solved, the study of mutant globins and their
associated disorders has signaled nearly every major
advance in molecular biology. In 1978 R. M. Lawn
and colleagues and Y. W. Kan and A. M. Dozy inde-
pendently demonstrated the first human restriction
fragment length polymorphisms (RFLPs) in the re-
gion of the beta-chain of the hemoglobin molecule.
This led to the explosion of recombinant-DNA-based
studies on human genetic diseases as well as human
gene mapping (Willard et al. 1985). The discovery of
highly repetitive DNA sequences in globin genes
has resulted in the development of the hypervari-
able “minisatellite” and VNTR (variable number of
tandem repeat) DNA probes (Jeffreys et al. 1985,
1986; Nakamura et al. 1987). In addition, the use of
other recombinant DNA techniques in the molecular
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Figure I11.1.3. The original two-dimensional chromato-
graphic spreads of normal and sickle-cell hemoglobins.
The different “spot” having a net positive charge is seen
to have moved further left in the electrophoretic field,
toward the negative pole. The alteration in the pattern
represents the substitution of the amino acid valine for
glutamic acid. (From Ingram 1956, with permission;
copyright 1956 by Macmillan Journals Limited.)

diagnosis of genetic diseases was pioneered with
HbS by Kan and Dozy (1978) and is now being ap-
plied to a wide range of disorders, including cancer
and acquired infectious diseases (Caskey 1987).

The Arrival of Cytogenetics: Down Syndrome

The chromosome theory of heredity, that the Mende-
lian characters were contained in the chromosomes,
developed soon after the rediscovery of Mendel’s
laws and was in large measure a direct result of the
precision of Mendel’'s own experimental observa-
tions. W. S. Sutton had observed a very high degree
of organization of the chromosomes of the orthop-
teran genus Brachystola. He concluded that the par-
allels between the organization and behavior of the
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chromosomes and the laws of segregation and inde-
pendent assortment could not be due to chance: “We
have reason to believe that there is a definite rela-
tion between chromosomes and allelomorphs or unit
characters” (Peters 1959). Sutton proposed that mul-
tiple characters would be found on a single chromo-
some and made a direct reference to genetic linkage:
“If then, the chromosomes permanently retain their
individuality, it follows that all allelomorphs repre-
sented by any one chromosome must be inherited
together” (Peters 1959).

Spurred by the work of Sutton and others inter-
ested in chromosomes, T. H. Morgan and a group of
his students at Columbia University began to study
the inheritance of unit characters, the individual fac-
tors of Mendelian transmission (Allen 1978; Carlson
1981). Using the fruit fly Drosophila as their experi-
mental model, Morgan and his students made a series
of fundamental discoveries that led, by 1914, to their
conclusion that the Mendelian factors, or genes, were
physical entities present in the chromosomes in a
linear manner (Sturtevant 1913; Morgan 1914).

In 1923 T. S. Painter suggested that the number of
human chromosomes was 48, and this became the
accepted number for the next 23 years. Improved
cytological techniques eventually led to better reso-
lution of the chromosomes, with the result that J. H.
Tjio and A. Levan (1956) established that the correct
number of human diploid chromosomes was 2n = 46.
So strong had been the belief in Painter’s estimate
that, as Tjio and Levan themselves noted, a previous
study by another group had been abandoned because
“the workers were unable to find all the 48 human
chromosomes in their material; as a matter of fact,
the number 46 was repeatedly counted in their
slides” (Tjio and Levan 1956). (Clearly, an open mind
is as important as good technique.)

It was not long after the number of human chromo-
somes was established that the solution to an old
and curious medical puzzle became apparent. A con-
dition called furfuraceous idiocy had been described
in 1846 by the French physician E. Séguin. The
traits marking the syndrome included characteristic
facial features, slow and incomplete growth, and
mental retardation. J. Langdon Down ascribed these
traits to the Mongol type in 1867: “A very large
number of congenital idiots are typical Mongols. So
marked is this, that when placed side by side, it is
difficult to believe that the specimens are not chil-
dren of the same parents” (Down 1867).

From this publication the term Mongolian idiot
replaced the previous name for the condition, and
later the term Down syndrome became interchange-
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able with it. For the next 92 years repeated studies
of Down syndrome failed to produce a viable etio-
logic hypothesis. L. S. Penrose (1939) summarized
the state of knowledge by noting that the disorder
had failed to meet Mendelian expectations, though
some had favored “irregular dominance” as an expla-
nation, and that the only clear and stable correlate
was late maternal age. Penrose (1939) ended his
paper by suggesting that “Mongolism and some
other malformations may have their origin in chro-
mosome anomalies.” Two decades later the improve-
ments in cytological techniques that allowed the cor-
rect number of human diploid chromosomes to be
determined also provided the solution to Down syn-
drome. In 1959 three French cytologists, led by J.
Lejeune (1959), announced that patients with Down
syndrome had an extra chromosome, which was one
of the small telocentric chromosomes later desig-
nated as chromosome 21 (Figure II1.1.4).

This first example of a human disorder caused by
a specific chromosome anomaly in which there ex-
isted at least one triploid chromosome in an other-
wise diploid set (now called trisomy) led to a spate of
similar findings. These included Turner’s syndrome
(caused by the lack of one X-chromosome-X0), Klein-
felter’s syndrome (XXY), trisomy 13, and trisomy 18
(Thurman 1986). In 1960 the first international con-
gress was called, in Denver, Colorado, to establish a
standardized cytogenetic nomenclature. Much of the
impetus came from the discovery of chromosome
banding techniques by which each chromosome
could be identified individually. Over time these
techniques have been refined to the point where
subbands and regions within them can be identified
(Thurman 1986). However, even with these refine-
ments it has only recently been possible to study
directly what specific regions of chromosome 21 are
responsible for the Down syndrome phenotype.

As has been the case with sickle-cell anemia and
many other human diseases, recombinant DNA tech-
nology has enabled researchers to study Down syn-
drome with greater detail and precision. Chromo-
some 21 contains less than 2 percent of the DNA in
the human genome, yet with an estimated 50,000
genes in the genome (Shows, Sakaguchi, and Naylor
1982), it probably houses 1,000 genes. By means of
recombinant DNA and related techniques, more
than 20 of those genes, along with nearly 50 anony-
mous sequences, have been mapped (see Figure
I11.1.4). Among the mapped genes is one that codes
for a ribosomal RNA (RNR-4, 18045). In addition,
several genes of medical interest are known. These
include the gene for the enzyme cystathionine beta-
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Figure II1.1.4. Top: G-banded chromosome spread of a
man with Down syndrome (47, XY, +21). The individual
chromosome numbers are designated by convention. Bot-
tom: ideogram of human chromosome 21 indicating the
subregional localization of several genes of interest (see
text). (From J. A. Fraser-Roberts and Marcus E.
Pembrey 1978, with permission.)

synthase (CBS), which is implicated in the recessive
metabolic disorder homocysteinuria (23620); the
gene for liver-type phosphofructokinase (PFKL),
which, in deficiency, leads to a type of hemolytic
anemia (17186); and two oncogenes, ETS-2 (16474)
and ERG (16508). The precise localization of ETS-2
to band 21¢22 was a major indication that this re-
gion of chromosome 21 is the one responsible for
many of the medical features of Down syndrome.
Individuals with Down syndrome have, in addi-
tion to classical facial features and mental retarda-
tion, a greatly increased risk of developing myeloid
leukemia, a high incidence of cataract, and, in older
patients, a neurological degeneration resembling
Alzheimer’s disease. The oncogene ETS-2 at 21q22 is
known to be rearranged in acute myeloid leukemia
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{(McKusick 1986), and linked to this locus at 21q22 is
the locus for the enzyme superoxide dismutase
(SOD-1). Y. Groner and colleagues (1986) have re-
viewed molecular evidence that SOD-1 enhances
lipid peroxidation, which leads to toxic neurological
effects and to cataracts.

The Alzheimer’s disease-like dementia of older
Down syndrome patients suggested that the q22 re-
gion of chromosome 21 might be the location of the
amyloid protein found in the senile plaques of
Alzheimer’s patients. D. Goldgaber and colleagues
(1987) and R. E. Tanzi and colleagues (1987) indepen-
dently reported that the amyloid-B protein gene
mapped nearby at 21q21. The effect resulting from
the extra copy of the amyloid-B protein gene in
Down syndrome is an overproduction of amyloid and
presenile plaque formation. ,

Finally, the advent of recombinant DNA tech-
niques and sophisticated analytic tools for estimat-
ing genetic linkage relationships have enabled one
group to focus on the cause of the trisomy. Using
several well-mapped anonymous DNA sequences
from chromosome 21 as well as a probe for SOD-1, A.
C. Warren and colleagues (1987) have demonstrated
that recombination among DN A markers on chromo-
somes 21 that have undergone nondisjunction, the
event leading to a trisomy, occurs to a significantly
lesser extent than it does in controls. Reduced recom-
bination is indicative of asynapsis, or a failure of
normal chromosome pairing. This result will very
likely lead to the discovery of the molecular mecha-
nism of chromosome pairing.

A Failure of Expectations: Kuru

In August 1953, an officer in an Australian govern-
ment patrol working in the South Fore region of the
highlands of Papua New Guinea noted a peculiar
condition:

Nearing one of the dwellings [at Amusi], I observed a
small girl sitting down beside a fire. She was shivering
violently and her head was jerking spasmodically from
side to side. I was told that she was a victim of sorcery and
would continue thus, shivering and unable to eat, until
death claimed her within a few weeks. (J. McArthur 1953,
in Lindenbaum 1979)

The condition from which she was suffering was
locally called kuru (trembling or fear), a progressive
neurological disorder peculiar to that region of
Papua New Guinea.

Because the South Fore region was relatively iso-
lated and the villages interrelated through exten-
sive kinship ties, it was thought that kuru was a
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genetic disease occurring in an isolated district
where inbreeding was elevated. However, kuru re-
quired that the gene be dominant in women and
recessive in men for the epidemiology of the illness
to be accounted for by a genetic factor (Bennett,
Rhodes, and Robson 1959). Thus, even as early as
1963 the genetic etiology that seemed plausible was
being discarded (Lindenbaum 1979).

The case of kuru is mentioned here briefly because
it is a good example of the sophistication achieved in
medical genetics and the study of human diseases. In
the early part of the twentieth century, the power of
the Mendelian model was so great that the abandon-
ment of an unwieldy genetic hypothesis, which for
kuru took only a couple of years, might have required
decades. The true cause of kuru was a bizarre infec-
tious agent that S. B. Prusiner (1982) termed a prion,
or proteinaceous infectious particle. In an odd twist,
the infectious component in prions, a relatively small
protein called the prion protein, PrP 27-30 (Prusiner
et al. 1984), was found to have a normal homolog in
mammalian genomes, including human ones. PrP
produced its effect by forming rodlike structures re-
sembling amyloid, and it was thought that not only
was the PrP gene to be found on chromosome 21 but
that Alzheimer’s disease and even Down syndrome
might be associated with prion infection (Prusiner
1982). However, Y.-C. J. Liao and colleagues (1986)
and R. S. Sparkes and colleagues (1986) indepen-
dently reported cloning the human PrP gene and
mapping it to chromosome 20. The story of the prion
and of the PrP gene is still unfolding, and although it
is not technically a genetic disease, kuru and neuro-
logical disorders like it fit well within the multi-
factorial heuristic model that moved the study of
genetic diseases from one of recording oddities to a
complex, interdisciplinary enterprise making use of
a full range of techniques and technologies.

Summary and Prospects

The history of the study of human genetic diseases is
not unlike that of any other area of medical science. It
has been marked by periods of superstition and
pseudoscience as well as by flashes of brilliant insight
such as those of Maupertius, Adams, and Garrod. It
has also been characterized by an exponential in-
crease in fundamental understanding coupled with
technological and methodological breakthroughs, as
was clearly exemplified by sickle-cell anemia and
Down syndrome. The recent development of recombi-
nant DNA technology has ushered in a revolution in
the study of human genetic disease, a quickening of
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the pace of discovery matched only by that seen when
Mendel’s laws of heredity were revealed in 1900.
The future of medical genetics is very bright in-
deed. Systematic screening of the human genome has
revealed hundreds of inherited DNA sequence vari-
ants, or RFLPs (Willard et al. 1985; O’Brien 1987).
Exploitation of these markers has made it possible to
establish genetic linkage and chromosome map loca-
tions for a large number of hereditary human ill-
nesses including Duchenne muscular dystrophy
(Davies et al. 1983; 31020), Huntington’s disease
(Gusella et al. 1983; 14310), cystic fibrosis (Tsui et al.
1985; 21970), adult polycystic kidney disease (Reed-
ersetal. 1985;17390), retinoblastoma (Cavenee et al.
1985; 18020), familial polyposis (Bodmer et al. 1987;
17510), manic-depressive or bipolar illness (Egeland
et al. 1987; 30920), and neurofibromatosis (Barker et
al. 1987; 16220). Moreover, the genes themselves
have been cloned for retinoblastoma (Friend et al.
1986) and Duchenne muscular dystrophy (Monaco et
al. 1986), as well as for chronic granulomatosus dis-
ease (Royer-Pokora et al. 1986; 30640). These suc-
cesses have made the production of a genetic map of
the entire human genome, first suggested by D.
Botstein and colleagues (1980), not just a desirable
goal but a feasible imperative. Much of this work has
already been accomplished (see Donis-Keller et al.
1987; White 1987), but much more must be done.
Clearly, the day of an exact science of molecular medi-
cal genetics has dawned and with it has come, after
10,000 years, the potential for treating and even cur-
ing genetic diseases (Anderson 1984).
Eric J. Devor
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I11.2
Immunology

The knowledge of acquired resistance to disease and
the practices connected with it are very old. Ancient
medical systems of both East and West offered expla-
nations of why no one got smallpox twice and how
one might be protected from getting it at all. But the
history of immunology as a science began only 100
years ago with the experiments of Louis Pasteur.
This history falls into two distinct periods, roughly
before and after World War II. It begins with a fan-
fare, with the production of protective vaccines and
antisera, probably the earliest example of truly effec-
tive medical treatment. The great theoreticians of
the period were biochemists, investigating the chem-
istry of antigen and antibody and the nature of the
antigen-antibody reaction. The part played by blood
cells in the body’s defenses had been in the fore-
ground of discussions before the turn of the century,
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but it was pushed into the shade by the discovery of
the striking therapeutic effects of immune sera.

After World War II, when it became clear that anti-
biotics could control infections for which there was no
serological treatment, interest in immunological
methods of treatment waned and focused instead on
the cellular biology of the immune process as a part of
general biology. A single theory came to unite all of
immunology, making possible the striking expansion
of the field that took place in the 1970s.

Cells and Serum

The idea of cells defending the body against invaders
was proposed by the Russian zoologist I. I. Mechni-
kov. He saw that a yeast infecting a transparent
water flea was surrounded by white blood cells that
stuck to the yeast and killed it. Mechnikov called the
cells phagocytes (Mechnikov 1884; Besredka 1921).
As Arthur Silverstein has pointed out, phagocytosis
at this time was associated with the pathology of
inflammation rather than immunity. The first ex-
perimental work on immunity, Pasteur’s early ex-
periments on chicken cholera, was only four years
old in 1884 when Mechnikov’s work appeared, and
the germ theory of disease itself was hardly any
older (Silverstein 1979). Mechnikov’s idea attracted
Pasteur’s interest, and Mechnikov was invited to
Paris in 1888.

In Germany, especially among the Berlin bacteri-
ologists around Robert Koch, the chiefrole in defense
appeared more and more clearly to belong to the
blood serum rather than the cells. This group of
workers had earlier mounted an all-out attack on
Pasteur and the French workers, including Mechni-
kov. This was a transposition into scientific terms of
the old nationalistic hatred between France and Ger-
many that had resulted in the Franco-Prussian War
of 1870 (Foster 1970). In this case, the Germans had
some very telling ammunition. In 1890, Emil von
Behring and his Japanese colleague Shibasaburo
Kitasato, working at Koch’s institute, diverted atten-
tion from cellular to so-called humoral immunity
when they showed that animals could be made im-
mune to the effects of the toxins produced by both the
tetanus and diphtheria bacilli. Immunity could be
transferred by an injection of immune serum, a find-
ing that was quickly applied outside the laboratory.
Within a year, on Christmas Eve of 1891, the serum
was tried out on a child acutely ill with diphtheria.
The results were sensational (Behring 1895). The
production of sheep and goat serum began in 1892,
and in 1894 it was introduced into the Berlin hospi-
tals. There was an immediate fall in diphtheria mor-
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tality (Behring 1895). Meanwhile in Paris, Emile
Roux and Alexandre Yersin made the large-scale
production of the serum possible by using horses as a
source of antitoxin. In their first 300 cases, mortality
fell from 50 to 25 percent. In 1894 the Pasteur serum
was taken to England by Joseph Lister, and it was
equally successful there (Parish 1965).

In England, cells and serum came together in the
work of the clinical bacteriologist Almroth Wright.
Wright demonstrated that phagocytes could not en-
gulf their victims without the help of a serum factor
that he called an opsonin. The level of opsonic activity
showed the state of his patients’ defenses against
bacterial infection and their response to the vaccines
he prepared for them. Local infections, such as boils,
acne, appendicitis, and tuberculosis, were treated
with autovaccines made from the patient’s own or-
ganisms and calculated, in Bernard Shaw’s phrase, to
stimulate the phagocytes. At the Department for
Therapeutic Immunization at St. Mary’s Hospital in
London, he and a devoted group worked night and
day at stimulating the phagocytes and determining
opsonic indices. Autovaccination and injections were
the treatment of the moment, especially, it seems, in
the English-speaking world. From about 1945 on-
ward, however, autovaccines were superseded by an-
tibiotics. Among the young bacteriologists who were
Wright's colleagues was Alexander Fleming, who la-
ter discovered penicillin. The department Wright
founded is now the Wright-Fleming Institute.

The Age of International Serology, 1900-50
In spite of the popular appeal of the struggle of
phagocytes, it was not cells but serum that set the
style. The key event of this period is the discovery of
the striking clinical effectiveness of diphtheria anti-
toxin. The production and control of this serum and
others like it pointed the direction for research in
theory and in practice.

Although it was the diphtheria serum and its prob-
lems that lent them much of their significance, the
first of the national serum institutes was established
just before the appearance of the serum. The Institut
Pasteur was set up in 1888, following the national
enthusiasm in France created by Pasteur’s success
with rabies immunization (Delaunay 1962). The in-
stitute was not, strictly speaking, a state concern,
because it was independently funded, but it had na-
tional status. Its opening marked the end of Pasteur’s
active life; he had had a stroke the previous year, and
the new institute was to be run not by Pasteur him-
self, but by his successors, the Pastoriens.

From its beginning, the institute offered courses on
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bacteriological technique. Among the students were
young bacteriologists from all over the world; many
were medical officers of the French colonies, which
led to the establishment of the Instituts Pasteur
d’Outre-Mer. The first four of these, in Saigon,
Nhatrang, Algeria, and Tunis, were founded be-
tween 1891 and 1894. Among them may also be men-
tioned the Haffkine Institute in Bombay, founded in
1899 and led by a Pastorien, Waldemar Haffkine. As
Noél Bernard points out, the vulnerability of the
whites in these new areas of colonization stimulated
interest in the diseases endemic in them; the In-
stituts Pasteur d’Outre-Mer concentrated on plague,
cholera, and malaria — and snake bite (Bernard
1960). In Europe, needs were different: Centers that
had begun by working on vaccines turned their atten-
tion to the large-scale production of diphtheria anti-
serum. Thus, Institut Pasteur set up a special center
for making horse serum at Garches, outside Paris.

A similar evolution took place in London, leading
to the foundation of the British Institute of Preven-
tive Medicine, renamed the Lister Institute in 1891
(Chick, Hume, and Macfarlane 1971). Rabies at that
time was an uncommon, but fatal result of animal
bites in England, as on the Continent; no one could
predict which bite might be fatal. Pasteur himself
suggested a Pastorien, Marc-Armand Ruffer, who
had connections in England and Germany, as well as
Paris, to head it. In 1893 Ruffer reported on the
astonishing effectiveness of Behring’s diphtheria se-
rum, and in 1894 a serum department was created at
the Lister. Soon after, the Wellcome Laboratories
were founded to make the serum commercially.

In the same year Carl Salomonsen, director of the
University Bacteriology Laboratory in Copenhagen,
went to Paris to learn the techniques. On Salomon-
sen’s return, he applied to his government for funding
for a laboratory for serotherapeutic experiments and
undertook at the same time to produce diphtheria
serum in quantity for free distribution. The Statens
Serum Institutet under Thorwald Madsen became
independent of the University in 1901 (Salomonsen
1902). Elsewhere too, rabies vaccination led the way
to the manufacture of diphtheria serum, which was
not only a tremendous therapeutic success, but a com-
mercial success as well (Defries 1968).

The most important of the problems raised by the
clinical use of the serum was that of standardization.
The first attempt at a biological assay was made by
Behring. His method was to standardize the anti-
serum against the toxin. The minimum fatal dose of
toxin was first established, and one unit of antitoxin
was defined as the amount necessary to protect a
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guinea pig against 100 fatal doses of toxin. The
method seemed logical, but in practice the results
were unreliable.

The problem was taken up by Paul Ehrlich, head
of the newly established Institut fiir Serumpriifung
und Serumforschung in Berlin. Ehrlich’s assay proce-
dure followed Behring’s quite closely, but he defined
his units using a standard toxin and a standard
antiserum, and new batches of either were assayed
by comparison with these. The Lo dose of a new toxin
was the number of lethal doses (L.D.’s) neutralized
by one unit of the original antiserum, and the L+
dose was the number of lethal doses just not neutral-
ized. Theoretically, as Behring had expected, L+ —
Lo = 1 L.D. But in practice, as the toxin aged, the
difference increased. The toxin’s capacity to neutral-
ize antitoxin remained constant, but the toxicity of
the solution gradually declined.

Ehrlich interpreted this in terms of his side-chain
theory as meaning that there were two different side
chains on the toxin molecule, which he called the
toxophore and the haptophore groups, responsible
for the toxic property and the property of neutraliz-
ing antitoxin, respectively. The toxophore group, he
thought, was labile, so that toxicity declined over
time. A further difficulty lay in the fact that succes-
sive additions of antiserum had unequal effects on
the toxicity: The first few additions might not dimin-
ish the toxicity at all, though antibody was being
absorbed. Ehrlich thought this meant that the toxin
consisted of a mixture of different components, each
giving a different ratio of antigen to antibody.

The most “avid” components took up the highest
proportion of antibody and took it first; the less avid,
later. He illustrated this by a stepped diagram, the
profile of which represented the relationship between
toxicity and avidity for antiserum at each stage of
neutralization. Each step represented a separate,
named component, which he called toxin, toxone, and
toxoid, each with named subdivisions (Ehrlich 1887-
8). The development of a clearly visualized, but quite
speculative chemistry, along with a new vocabulary
to describe the visualized substances, was very typi-
cal of Ehrlich’s thinking (Mazumdar 1976). It was the
first statement of his side-chain theory, the theory of
immunity around which argument raged for the next
20 years and which has never quite disappeared from
immunology.

The feature of Ehrlich’s assay procedure that
made it so successful was his insistence on measur-
ing all new serum samples against a standard se-
rum. The standard was preserved desiccated, frozen,
and under vacuum, at Ehrlich’s own new specialized
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laboratory in Frankfurt, which continued to provide
for international standardization up to World War 1.
During the war, communications with Frankfurt
were cut off, and standards began to drift.

The decision to take over the regulation of serum
standards was made by the League of Nations
Health Committee in 1921. A series of International
Conferences on the Standardization of Sera and Sero-
logical Tests was held; it was decided to keep the
Ehrlich unit as the international standard, but since
Germany was excluded from the League of Nations,
the standard serum was to be in Copenhagen.
Madsen suggested that similar agreements could be
reached for other biologicals, such as hormone prepa-
rations and plant extracts. In 1924, the Permanent
Commission on Biological Standardization was set
up with Madsen as its chairman (Hartley 1945).
Copenhagen became the center of coordination for
all work on serum standards, with individual sam-
ples of diphtheria antitoxin and other antibacterial
sera kept at Cophenhagen, Frankfurt, Hampstead,
and Toronto, and at Paris at the Institut Pasteur
(Jensen 1936).

The Nature of Specificity, 1900-50

In the nineteenth century, the startling success of
the serum treatment of diphtheria had given rise not
only to the practical problems of standardization and
their solution, and to the international organization
to coordinate the work, but also to a theoretical
interest in the antigen—antibody reaction and the
nature of specificity. The earliest formulation of
these problems came with Ehrlich’s side-chain
theory. According to the theory, the antibody had a
unique chemical affinity for the haptophore on the
toxin. Ehrlich suggested that the union of antitoxin
with its toxin tore the antibody molecule free of the
cell that carried it on its surface. This trauma caused
an overproduction of identical replacement mole-
cules, rather as healing of an injury caused overpro-
duction of new tissue (Ehrlich 1887-8; Mazumdar
1976; Silverstein 1982).

The side-chain theory had two implications that
drew criticism. First, the side chains were supposed
to bind to their receptors firmly and irreversibly
according to the law of definite proportions, by the
type of linkage now called covalent. Second, the
theory required that the body be provided with pre-
existing antibodies to match every conceivable anti-
gen, even those artificial molecules that could have
had no possible role in the evolution of the species.

Madsen, who had learned the technique of diphthe-
ria serum assay from Ehrlich himself, but who had
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also been in contact with Jules Bordet at the Institut
Pasteur, was the first to develop an alternative inter-
pretation of Ehrlich’s stepped diagram. Working
with the physical chemist Svante Arrhenius, he sug-
gested that the antigen—antibody reaction was a
reversible equilibrium like the neutralization of acid
by base, a type of reaction that gave a smooth expo-
nential curve rather than a series of steps. There
was no need to postulate a whole series of different
substances (Arrhenius and Madsen 1902; Rubin
1980). The theory had an indifferent reception, but
Ehrlich’s enemies, led by Max von Gruber in Vi-
enna, hoped that what they saw as a splendid refuta-
tion meant the end of Ehrlich’s ascendancy.

For Bordet, however, the outstanding fact was
that an agglutinable substance absorbed different
amounts of its agglutinin according to the relative
proportions of the reacting substances: The reaction
was not chemical at all, but physical. He compared
the phenomenon to that of dyeing: If one dipped a
series of pieces of paper in a dye solution, the first
few would be strongly colored, and the later ones
paler and paler as the dye was exhausted. As early
as 1896, he had suggested that “serum acts on bacte-
ria by changing the relations of molecular attraction
between bacteria and the surrounding fluid” (Bordet
1896).

Bordet’s physical point of view was taken up by
Karl Landsteiner in Vienna, who had been trained
in both medicine and structural organic chemistry.
He had joined Gruber’s serological laboratory in
1896 and, like other Gruber students, followed the
Gruber line of anti-Ehrlich argument. Landsteiner
proposed a physicochemical model for the antigen—
antibody reaction: the precipitation of inorganic col-
loids. The model was particularly apt because the
form of antigen—antibody reaction that Landsteiner
usually worked with was a precipitin reaction, in
which a soluble antigen was precipitated out of solu-
tion by an antibody.

Colloid chemistry dealt with the behavior of mate-
rials that formed very large particles, so large that
their reactions depended on the physical properties of
their surfaces rather than on their chemical nature.
In the early part of the twentieth century, the physi-
cal chemistry of colloids seemed to hold great promise
for explaining the reactions of living tissue and its
major constituent, protein. It seemed particularly ap-
propriate for the antigen—antibody reaction, because
it was thought that only proteins were antigenic.
Working with the Viennese colloid chemist Wolfgang
Pauli, who was one of the most enthusiastic propo-
nents of the “chemistry of life,” Landsteiner pointed
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out that it was colloids with opposite charges that
precipitated each other. The antigen—antibody reac-
tion might be an electrochemical surface adsorption:
Subtle surface charge effects might account for anti-
body specificity (Landsteiner 1909). He and Pauli
developed an apparatus for comparing the charge on
proteins by following their movements in an electric
field. Their apparatus was adopted by Leonor Michae-
lis and his group in Berlin, who thought the same
features might account for the activities of enzymes.
Landsteiner then entered into a long program of re-
search, aiming to define the antigenic specificity of
proteins carrying known substituent groups, a proj-
ect that made use of his skill in structural chemistry.
The final proof of his position came in 1918, when he
demonstrated that antigenic specificity was deter-
mined mainly by the charge outline of the antigen
(Landsteiner and Lampl 1918). This conclusion
united the colloid or physical concept of charge with
the structural concept of the chemical nature of the
molecule (Mazumdar 1976; Silverstein 1982).

Landsteiner’s demonstration of the importance of
charge outline had several implications. The first
was that specificity need not be absolute, as Ehr-
lich’s theory would have it. Cross-reactions could
take place between similarly charged groups simi-
larly placed on the antigens. A huge number of differ-
ent specific antibodies was not, therefore, necessary.
The second was that the antigen—antibody reaction
was not a firm chemical binding; the two were
linked not by valency bonds, but by the so-called
short-range forces that surrounded a molecule, as in
the model of a crystal lattice (Marrack 1934). The
third implication, that of the generation of antibody
diversity, was not made until 1930, by the Prague
biochemist Felix Haurowitz.

Haurowitz’s training, like that of Landsteiner,
had included both colloid chemistry and structural
chemistry. He spent some time with Michaelis work-
ing on the physical chemistry of charge in relation to
enzyme activity. But after the war Prague had lost
its links with Vienna; Haurowitz heard nothing
about the work of Landsteiner until 1929, when the
serologist Fritz Breinl told him about it. Breinl and
Haurowitz, then working together, suggested that
antibody might be assembled on the charge outline
of its antigen, appropriately charged amino acids
lining up by adsorption onto the antigen to form a
specific antibody globulin. There was no need for
Ehrlich’s innumerable preformed specificities. The
organism made its antibody as required. It was a
simple and economical solution to the problem of
antibody diversity; it made use of the most advanced
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thinking in both immunology and chemistry (Ma-
zumdar 1989). In English, it became known as the
template theory, and in one form or another, it was
generally accepted for the next 20 years or more.

Landsteiner had been a rather isolated theoretical
thinker at a time when theory was of little interest
to the practical serologist. In addition, criticism of
Ehrlich was not popular in Vienna. Thus, after the
political and economic collapse of Austria at the end
of World War I, Landsteiner was eager to leave, and
in 1922 was invited to joing the Rockefeller Institute
in New York. There, in a sympathetic environment,
he was able to continue his work on artificial anti-
gens. He also turned again to the blood groups,
which he had not worked on since 1901-9, when he
discovered them (Landsteiner 1901). It was for this
discovery, and not the work on artificial antigens,
that he was given the Nobel Prize in 1932.

Landsteiner’s interest in the blood groups began
in 1900, when he and many others tried to explain
the presence of antibodies in human blood that ag-
glutinated the red cells of other human bloods. Most
proposals linked them to some common disease, such
as tuberculosis and malaria. It was Landsteiner’s
suggestion that these were “natural antibodies”
whose presence was independent of infection. Land-
steiner himself showed curiously little interest in
this pregnant finding, perhaps because the “natural
antibodies” and the sharply defined specificity of the
different groups seemed to support Ehrlich’s theory.
Although Landsteiner had suggested in 1901 that a
knowledge of blood groups would be useful in blood
transfusion, transfusion was used very little for
many years afterward. It was reported on occasion-
ally during World War I, and although a large litera-
ture accumulated, it did not become a routine hospi-
tal procedure until the establishment of blood banks
shortly before World War II. In Britain, fear of civil-
ian casualties on a large scale stimulated the organi-
zation of a blood collection and distribution system.

Landsteiner and his colleagues at the Rockefeller
Institute discovered several more sets of inherited
antigens on red cells, the MN and P systems, and in
1940 the rhesus, or Rh, system. These workers found
rhesus incompatibility between mother and fetus to
be the cause of hemolytic disease of the newborn, a
discovery that led in the 1960s to an immunologic
method of specifically suppressing antibody forma-
tion in the mother and so preventing the disease.

In an era when human genetics was represented
by the eugenics movement, blood groups were the
only normal human trait that was clearly inherited
according to Mendelian laws. They seemed to be
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direct products of the genes, untouched by any envi-
ronmental effect. They could be analyzed mathemati-
cally as the Géttingen statistician Felix Bernstein
had shown (Bernstein 1924; Mazumdar 1992), and
as a model genetic system, they might come to do for
human genetics what the fruit fly Drosophila had
done for genetic theory in the 1920s. To critics of the
eugenist’s social biases, such as the left-wing scien-
tists of the 1930s, blood groups represented a means
of making human genetics the genuinely “value-free
science” that it had so far grotesquely failed to be
(Hogben 1931). In practice, the complex genetics of
blood group antigens was to provide a model for the
genetics of tissue types, essential in the choice of
organs for grafting and for the genetics of proteins
(Grubb 1989).

The Chemistry of Antibody Globulins,
1930-60

The history of protein chemistry is the history of a
sequence of innovations in instrumentation and tech-
nique, each of them pointing to a new vein of knowl-
edge to be worked. Most of these were fractionation
methods; proteins could be separated in terms of
charge or particle size, and biological activity corre-
lated with the resulting serum fractions or protein
fragments. For most of the period, efforts in this area
were more or less independent of the work on immune
specificity, but they too had their roots in colloid
chemistry. Not until after World War 1I did protein
chemists begin to feel that the high aspirations of
colloid chemistry were an absurdity better forgotten.

The earliest and simplest preparative separa-
tion method for serum proteins was “salting-out,”
achieved by adding neutral salts to the protein solu-
tion, a technique introduced in the mid-nineteenth
century. By 1930 there were still some chemists
who were not convinced that the serum antibodies
were actually globulins, and not some other mate-
rial (Spiegel-Adolf 1930).

With their sophisticated techniques and mathe-
matical approach, the physical chemists working at
Uppsala in Sweden transformed colloid chemistry.
The vitalistic enthusiasm of Pauli faded into a hard-
line physical science. However, both The Svedberg
and Arne Tiselius thought of themselves as colloid
chemists.

Svedberg’s work on protein separation began to
appear in 1925. Using a high-speed centrifuge, he
found that proteins were forced to the bottom of a
tube in order of their size. He assigned to each a
sedimentation coefficient S that indicated molecular
weight. The serum globulin mainly had a sedimen-
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tation coefficient of 7 S, corresponding to a molecu-
lar weight of about 15,000, but there was a small
amount of heavier 18 S globulin. As in the salting-
out technique, antibody activity went along with the
globulin fraction. Svedberg saw ultracentrifugal
analysis as a contribution to classical colloid chemis-
try: Particle size and dispersal of proteins in solution
were central to the colloid tradition.

In 1930 Svedberg’s younger colleague Tiselius de-
veloped an apparatus for the separation of protein
molecules in terms of their charge, based on the
work of Landsteiner and Pauli. Tiselius, too, felt
that the study of electrokinetic phenomena was
among the most important of the tasks of colloid
chemistry (Tiselius 1938).

Svedberg’s and Tiselius’s earlier methods had
been useful for the analysis of protein mixtures,
whereas the new techniques of the 1940s made it
possible to prepare the products on a large scale. The
name chromatography was coined by the Russian
botanist M. Tswett in 1910 to describe his method of
separating colored plant materials. The first good
chromatographic method for proteins was introduced
in 1944 by A. J. P. Martin and his colleagues at St.
George’s Hospital in London. Martin’s method was to
use a filter-paper sheet as the adsorbent, with the
solvent containing the test material flowing slowly
up a vertical sheet by capillary action. It also incorpo-
rated the novel idea of two-dimensional separation.
When separation with one solvent was complete, the
paper was turned 90 degrees and another separation
with another solvent, or with an electric current, was
performed. This method, called “fingerprinting,”
was good for identifying differently charged amino
acids in a mixture of peptide fragments of proteins,
and it became a favorite with protein geneticists.

After the war ended, a new group of methods for
the separation of charged molecules appeared. Ion
exchangers are essentially insoluble acids or bases
in the form of a highly cross-linked matrix, usually a
resin, through which a solvent carrying the material
to be analyzed can percolate. Molecules with the
same charge as the solid are repelled by it to various
degrees and pass more or less quickly through,
whereas those with the opposite charge are entan-
gled and delayed. In 1951 an ion-exchange resin was
brilliantly applied to the separation of amino acids
by Stanford Moore and William H. Stein at the
Rockefeller Institute in New York (Moore and Stein
1951). They not only obtained a quantitative separa-
tion of mixtures containing an astonishing number
of different substances, up to 50 in some cases, but
also automated the procedure so that it could be run
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unattended overnight. In the morning, the research-
ers would find a series of tubes filled by an auto-
matic fraction collector, ready for them to analyze.
This type of method with its greatly increased pro-
ductivity made possible the rapid accumulation of
information on amino acids and their sequence in
many different proteins.

Protein molecules, however, easily lost their bio-
logical activity with the rough handling that resins
gave them. Investigators might succeed in isolating
a protein peak by a preparative method, only to find
that all the antibody activity had disappeared, “lost
on the column.” It was not long before a better way
was found. Cellulose-based ion exchangers were in-
troduced by Herbert A. Sober and Elbert A. Peterson
and by Jerker Porath at Uppsala (Sober et al. 1956).
The anion exchanger was diethylaminoethyl cellu-
lose, or DEAE, and the cation, carboxymethyl (or
CM) cellulose. These materials turned out to be far
less destructive to the protein molecule. A second
type of material developed by Porath was a dextran
gel called Sephadex by its manufacturer. It was not
an ion exchanger; it acted, to use Porath’s (1960)
expression, as a kind of molecular sieve. Large mole-
cules, such as the 18 S globulin, passed almost unhin-
dered through it, excluded from the finer pores of the
gel; smaller ones, such as albumin and 7 S globulin,
wandered more slowly, exploring the labyrinth
within. All these materials were soon available com-
mercially, many from firms centered in Uppsala. As
the techniques and the rather expensive equipment
for column chromatography and automatic fraction
collecting spread through laboratories, protein chem-
istry, particularly the chemistry of antibody globu-
lins, moved very rapidly (Morris and Morris 1964).

The range of separation methods now available
made possible an attack on the structure of the
immunoglobulin molecule. Rodney Porter, working
at St. Mary’s Hospital Medical School in London,
separated out a rabbit immunoglobulin by chroma-
tography on DEAE, and then digested it with the
proteolytic enzyme papain to break it into sections
small enough to be understood. The digest was first
put into the ultracentrifuge. There was only one
peak, at 3.5 S, showing that the 7 S globulin had
broken into smaller fragments of roughly equal size.
On CM cellulose, there were three peaks. Amino
acid analysis by the Moore and Stein method on an
ion-exchange resin showed that peaks I and II were
almost identical, and III, very different from them,;
antibody activity was present in peaks [ and II. Por-
ter’s first interpretation of his results was that the
molecule was a long single chain with three sections,
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supporting Linus Pauling’s suggestion in 1940 of a
long antibody molecule with a rigid centerpiece and
two flexible ends, which folded, or molded, them-
selves on the antigen as a template to effect a spe-
cific match (Porter 1959). For Porter in 1959, a tem-
plate theory of the generation of antibody diversity
was still the most likely possibility.

In 1962 Porter tried a different dissection of the
antibody globulin by opening its disulfide bonds.
Separation of the result on a Sephadex column pro-
duced two peaks, one heavy and one light. He
thought that these must be two chains of the
globulin molecule, normally joined together by
disulfide bonds. Amino acid analysis showed that
there must be two of each chain. The relation of the
chains to the papain pieces was determined immuno-
logically, using goat antisera to the rabbit frag-
ments. Porter then proposed a second model of the 7
S globulin molecule, with a pair of heavy chains
joined by disulfide bonds and a light chain attached
to each one, with the antibody site in fraction I,
probably on the heavy chain. This model stood up
satisfactorily to additional evidence, to the discovery
of different types of heavy chain in different classes
of immunoglobulin, and to the discovery of individ-
ual genetically determined polymorphisms of both
chains (Porter 1973).

Using the fingerprinting technique, several labo-
ratories in Britain and the United States, and Mi-
chael Sela and his group in Israel, found that the
peptide maps of I and II from different antisera were
very slightly different from each other. The chemists
were getting nearer to finding out the amino acid
sequence of an individual antibody; there was, how-
ever, still too much heterogeneity in normal anti-
body to make such detail possible.

The problem was solved by an accident of nature.
To everyone’s surprise, the fingerprints of normal
light chains and the so-called Bence-Jones protein
turned out to be almost identical. This material,
named for its nineteenth-century discoverer, is
found in the urine of patients with myeloma, a lym-
phoid tumor of the bone marrow. The only difference
seemed to be that normal light chains were a mix-
ture of two types, whereas the Bence-Jones chains
were homogeneous, and therefore an ideal material
available in large quantities for sequence studies on
the amino acid analyzer. It appeared that each pa-
tient produced a different chain; each chain con-
sisted of two sections, a variable region and a con-
stant region. Of the 105 amino acids of the variable
region, about 30 varied from case to case. In this
variation lay the essence of antibody specificity.
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Parallel with the detailed information that built
up throughout the 1950s on amino acid sequences,
evidence began to accumulate that these sequences
were under genetic control. Information that speci-
fied each amino acid was found to be encoded in
deoxynucleic acid, or DNA, transferred to a messen-
ger ribonucleic acid, or RNA, and transcribed as an
amino acid to be added to the growing peptide chain.
The system appeared to be strictly directional. Fran-
cis Crick of Cambridge University stated what he
called the “central dogma” of protein synthesis:
Once genetic information has passed into protein, it
cannot get out again. No protein could be formed by
copying another protein (Crick 1957).

If this were so, it would make the template theory
of antibody formation impossible. But the template
theory had deep roots, and distinguished supporters,
such as the U.S. immunochemists Pauling and Mi-
chael Heidelberger. Haurowitz, now at Indiana Uni-
versity, continued to hold that antigen could inter-
fere, if not with the primary amino acid sequence of
the protein, at least with its folding. In 1963 he was
arguing that antibodies were normal globulins and
that their amino acid sequences were shown by fin-
gerprinting to be almost identical with one another,
leaving only the folding to account for antibody speci-
ficity. By then, he knew that his theory was becom-
ing less and less likely to be validated, and he often
appeared to accept that its time had passed. But
Haurowitz never laid down his arms. As he had said
in 1960, he could not imagine the formation of a
mold without a cast, or antibody without antigen.

Cellular Immunology and the Selection
Theories

It was not, however, the argument from the central
dogma that turned immunologists away from the
template theory. In spite of the growth of molecular
biology in the postwar period, it was the complex
phenomena of immune cells and immunized ani-
mals that provided the impetus for building the
new theory. The theoreticians, especially Frank
Macfarlane Burnet, considered themselves biolo-
gists and drew their ideas from contemporary think-
ing in biology.

During the 1940s, a number of pieces of evidence
accumulated that were to throw doubt on the tem-
plate theory. One was the phenomenon of tolerance:
Ray Owen in California had found that cattle twins
that shared intrauterine circulation before birth
each contained some of the other’s blood cells and
made no antibody to them as adults. In 1949 Burnet
of the Walter and Eliza Hall Institute in Melbourne,
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Australia, together with Frank Fenner of the Austra-
lian National University, suggested that an animal
body had some mechanism for distinguishing “self”
from “not-self.” Antigens that were present before
birth were accepted as “self,” and an animal made no
antibody to them (Burnet and Fenner 1949). Burnet’s
experiment failed, but a similar one that produced a
tolerance to foreign skin grafts succeeded at the
hands of a British group led by Peter Medawar. Dur-
ing the war, Medawar had served in a London hospi-
tal, treating the wounded and burned of the London
blitz. He had tried to use grafts of donor skin in the
same way he had used donor blood, which was then
saving so many lives. But donor skin did not “take.”
It was Medawar’s idea that graft rejection was an
immunogenetic phenomenon, as it was Burnet’s idea
that self-tolerance was established in fetal life. In
1960 Burnet and Medawar shared a Nobel Prize.

From the early 1950s, attention focused on toler-
ance. Burnet, speaking at a conference at the Royal
Society of London in 1956, saw the interest in this
“vital” phenomenon as one of the ways in which
immunology was becoming more and more biologi-
cally oriented (Burnet 1957). There was also the
discovery by the U.S. investigators William Talia-
ferro and David Talmage that a very few cells, con-
taining no detectable antigen, could transfer the full
antibody-forming capacity of an immune animal to a
new host. These findings could not be explained by
the template theory. Alternative explanations began
to appear.

Among the most important alternatives was the
natural selection theory of the Danish immunologist
Niels Kaj Jerne, which appeared in 1955. It was a
theory that would have appealed to Paul Ehrlich: It
proposed that “natural” antibodies were continu-
ously being formed, before any antigen was pre-
sented. A given antigen would select its match from
among this population of miscellaneous antibodies
and would form an antigen—antibody complex. The
complex would then be taken up by a phagocyte,
which would trigger further production of the same
antibody specificity (Jerne 1955). The theory fitted
Burnet’s concept of self-tolerance: There should be
no antiself antibodies. Ehrlich had called this the
horror autotoxicus.

Both Talmage and Burnet offered improvements
on Jerne’s idea. Talmage suggested that attention
should focus on antibody-producing cells rather than
on serum antibody: Certain cells might be selected
for multiplication when their produce reacted with
the antigen. Talmage’s suggestion, however, was
overshadowed by that of Burnet, which was similar
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in many ways but much more fully worked out.
Burnet called his version the clonal selection theory,
and it was this version that eventually obtained
general acceptance.

Burnet was born and educated in Australia, where
he took his medical degree in 1922. His postgraduate
tour, however, took him to London’s Lister Institute,
where he worked on bacteriophage viruses and their
serological classification. After getting his doctor-
ate, Burnet joined the National Institute for Medical
Research. Here he learned the practical techniques
of limit dilution and cloning used to grow a virus in
pure culture. According to his colleague Gordon Ada
(1989), this work at the bench may have provided
him with models for his later immunologic theories.

Burnet was always careful to give Jerne full credit
as the “onlie begetter” of the selection theory (Burnet
1967). But he did not like the idea that phagocytosing
an antigen—antibody complex caused a cell to pro-
duce antibody. He suggested instead that the natural
antibody was not free in the serum but attached to the
cell surface as a receptor, rather as Ehrlich had sup-
posed 50 years before. Antigen then selected the cell
that carried a suitable antibody, and that was the
stimulus for the cell to start proliferating. Somatic
cells do not mate; apart from mutations, their prog-
eny are identical, a clone of genetically identical
cells, all producing identical antibodies. Burnet sug-
gested that each cell probably produced only one or
two antibodies, because that gave a reasonable num-
ber of cell types to deal with the number of different
possible antigens (Burnet and Fenner 1962).

This theory explained two biological phenomena
of immunity that had not gone well with the tem-
plate theory. It explained tolerance of self as the
absence of “forbidden clones” of cells that would
have made antiself antibody. And it matched the
kinetics of antibody production: the delay following
inoculation of the antigen while the first few genera-
tions of cells were produced and then the exponen-
tial rise in titer as the doubling numbers of each new
generation came into being. It explained why a sec-
ond exposure to antigen had a more immediate and
more marked effect: A substantial number of cells of
the right clones already existed, ready to begin their
proliferation.

Burnet did not waste much time on the central
dogma, but it supported his position, and as a biolo-
gist, he very soon accepted it as a matter of course. It
had become a kind of Lamarckian heresy, he said, to
believe that the environment could produce herita-
ble changes in protein structure (Burnet and Fenner
1962).
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The clonal selection theory appeared in 1957. Al-
most at once, evidence strongly supporting the
theory was produced by Gustav Nossal and Joshua
Lederberg. Using the most direct means of testing
clonal selection, they isolated single lymphocytes
from rabbits immunized with two antigens and
found that each cell produced only one specificity of
antibody. It was technically a difficult feat and not
easy to reproduce (Nossal and Lederberg 1959).

Although Burnet himself had not insisted on the
capacity of each cell to make only one antibody, it
seems to have been this finding that provided the
strongest support for his theory. One cell, one anti-
body: By 1967 Jerne could call that slogan “Burnet’s
dogma in its uncompromising form” (Jerne 1967),
thus giving it equal status with Crick’s “central
dogma,” mentioned earlier. At the Cold Spring Har-
bor Symposium that year, it began to seem as if the
clonal selection theory had been accepted by the
leaders in the field. In the 10 years since it had been
proposed, a plethora of experiments on lymphocytes
had demonstrated that antigen turned a small
subpopulation on to clonal expansion and that anti-
gen was not present in all the antibody-producing
cells. As Burnet had said, the way the theory was
stated made it easy to think of ways to test it.

Immune System

The growing power of the clonal selection theory
during the late 1960s created a magnetic storm in
the minds of immunologists. The disturbance was
worldwide, but the epicenter was at the Hall Insti-
tute in Melbourne, where Burnet and his students
Ada, Nossal, and Jacques Miller, all biologists, disen-
tangled the life and work of lymphocytes. The Soviet
immunologist R. V. Petrov (1987) has called this the
period of the dictatorship of the lymphocyte. The
consequence of the acceptance and pervasiveness of
the clonal selection theory was a general reorienta-
tion of the field toward the study of cells.

The thymus was an organ whose histology was
described in great detail in all the elementary text-
books, but it had never been found to have any
function. Thymectomy seemed to have no effect on a
normal adult. In 1961 Burnet suggested to Miller
that he try to discover the effect of thymectomy not
on adults, but on newborns in whom, according to
his theory, self-tolerance was still being established.
Experiments on mice produced a striking effect: The
thymectomized mice looked ill; they had constant
diarrhea and infections; foreign skin grafts, even
skin grafts from rats, flourished on them, and they
could hardly produce any antibody (Miller 1962).
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In 1963 Australian and U.S. investigators met for
a conference on the thymus. It was arranged by the
U.S. pediatrician Robert Good, who had been treat-
ing children with immune deficiencies, most of
whom had congenital absence of the thymus. Like
Miller’s mice, they suffered from endless infections,
and they neither rejected grafts nor produced anti-
bodies. In some of them, the thymus looked normal
and graft rejection was normal, but no antibodies
were produced. The only known experimental model
of this type of deficiency was the chick from which
the bursa of Fabricius, an organ rather like the mam-
malian appendix, had been removed. The bursa
seemed to be responsible for producing the cells that
made antibody, suggesting that there were two differ-
ent types of lymphocyte, one mediating graft rejec-
tion and the other making antibody. During the
1960s, details accumulated on the powers of differ-
ent types of cell cultured in isolation. It was left to
Miller and Graham Mitchell at the Hall Institute in
1968 to add one more parameter, the behavior of
thymus and bone marrow cells mixed together. The
mixed culture generated 20 times more antibody-
producing cells than either cell type alone: The anti-
body response must depend on cellular cooperation.
Their next paper made the roles clear. The bone
marrow, or B, cells produced antibody, but the thy-
mus, or T, cells were needed as “helpers” (Petrov
1987). It was soon found that T cells were composed
of helpers, suppressors, and cytotoxic cells.

Back in 1890, Robert Koch announced that he had
found a cure for tuberculosis. He was injecting a
secret substance, later admitted to be an extract of
tubercle bacilli, which he called tuberculin. It pro-
duced a striking flare-up of skin lesions in an in-
fected patient. But disappointingly, it was not a cure
(Koch 1891). The Viennese pediatrician Clemens
von Pirquet, working on the “serum sickness” that
often followed the injection of diphtheria serum, rec-
ognized that the tuberculin reaction had some rela-
tion to his concept of “allergy,” or altered reactivity,
but it was independent of antibody and could not be
transferred by serum. Others saw the same kind of
lesion in chronic bacterial infections, and it came to
be called “infectious allergy” (Schadewaldt 1979).
The lesions were very characteristic: a hard red
lump that often had a black, necrotic center, which
developed slowly over a few days and took weeks to
heal. The reaction was thought perhaps to be respon-
sible for the tissue destruction in tuberculous lungs,
and as “delayed hypersensitivity,” to be quite sepa-
rate from protective immunity.

In an era that concentrated on serology and protec-
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tion against infection, something that had nothing to
do with serum and seemed to be destructive rather
than protective did not attract much interest. It was
not until 1939 that Landsteiner and his colleague
Merrill Chase at the Rockefeller Institute made the
connectionbetween delayed hypersensitivity and con-
tact hypersensitivity to such things as poison ivy and
to the artificial antigens that Landsteiner had been
working on for the past half-century (Landsteiner
and Chase 1939). In the following year, Landsteiner
and Chase managed to transfer contact sensitivity by
means of live cells. In addition, Jules Freund (1956),
working at the New York Public Health Research
Institute, found that lesions could be made much
bigger by injecting antigen in an oily mixture that
contained a trace of tuberculin. Because there were
now techniques that could be used, research could
begin.

It soon became clear that delayed hypersensitivity
could take the form of autoimmune disease, and that
this kind of disease could often be reproduced by
injecting material from the target organ in Freund’s
adjuvant. During the 1950s, laboratories in Britain
and the United States worked on the problem using
experimental allergic encephalitis as a model. Un-
der the microscope, all the lesions looked very much
the same: There was always a cuff of cells surround-
ing the small blood vessels. Most of the cells were
lymphocytes, with some phagocytic cells, the macro-
phages. The New York immunologist Sherwood Law-
rence insisted that he was able to transfer specific
sensitization with a cell-free extract from sensitized
cells; he called his putative agent “transfer factor.”
Other immunologists thought that there was some-
thing wrong with his experiments. There were no
known soluble factors, other than antibody, or per-
haps antigen — Burnet thought it must be antigen —
that could transfer a specific sensitivity.

Throughout the 1960s, under the influence of the
clonal selection theory, more and more attention
came to be focused on lymphocytes. Byron Waksman
and his group at Yale University found that they
could wipe out delayed hypersensitivity with anti-
lymphocyte serum, an experimental finding that
could be used clinically to prolong the life of trans-
plants as well as to dampen autoimmune disease
(Waksman, Arbouys, and Arnason 1961). Tissue cul-
ture techniques improved, so that immune lympho-
cytes could be watched as they responded to antigen
by beginning to proliferate. The relation of the two
types of cell in the lesions could be disentangled;
antigen stopped the migration of macrophages away
from a site, but it worked through the lymphocyte,
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which produced a soluble “migration inhibition fac-
tor,” the first of many such factors to be described. A
different group of T cells could be seen to kill the
cells of foreign grafts or tumor cells. Activated
macrophages, too, could kill normal cells, especially
if the cells were coated with antibody. It was
Wright’s opsonic effect brought back to life. At-
tempts were made to apply this new knowledge to
human pathology. Patients’ lymphocytes were tested
for their behavior with suspected antigens in some
diseases thought to be autoimmune.

As Anne-Marie Moulin (1989) has pointed out, the
Cold Spring Harbor Symposium of 1967 marked the
moment at which immunologists seem to have agreed
to accept the clonal selection theory. During the
1960s, different domains of immunology had evolved
under the guidance of its heuristic influence. The
theory suggested new questions and demanded new
techniques, particularly techniques for growing and
manipulating cell cultures on the microscopic scale.
These new techniques in turn laid bare dozens of new
phenomena and relationships. An early indicator of
the crossing over between the separate areas of immu-
nology was the change of name around 1970 of de-
layed hypersensitivity, first to delayed (cellular) hy-
persensitivity, then to cell-mediated immunity, as the
barriers disappeared between the work on antibody-
producing clones of lymphocytes and the work on the
lymphocytes of delayed hypersensitivity.

Cell-mediated immunity in the 1970s was, as
Waksman has noted, completely redefined. More
than 100 descriptions of new cellular phenomena
were published over the 10 years (Waksman 1989).
Many experiments showed that relationships be-
tween cells were mediated by soluble factors. Some
of these turned out to be capable of performing in
more than one experimental scenario. The first of
them was the lymphocyte-stimulating factor re-
leased by T cells that turned the B cells on to clonal
proliferation. There was also a suppressor factor and
a macrophage inhibitory factor, which kept the
macrophage close to the active focus, and there were
lymphotoxins, which were released by the “killer T
cells,” or “K cells,” that worked directly on a foreign
target cell. It became possible to define the compli-
cated relationships that could exist among the tar-
get cell, the immunoglobulin, and the macrophage
or K cell, or between antigen—-antibody complexes
and effector cells. Transfer factor was now in good
company. As Sherwood Lawrence (1970) wrote, the
spell was broken, and the ambiguity that had so long
surrounded this branch of immunology was being
cleared up. The diffusion of this knowledge into prac-
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tical medicine was marked by the appearance of
more than one textbook of clinical immunology.
Waksman has called the decade beginning in
1980 the “holocene era,” the era when everything is
connected to everything else. That era had already
begun in the 1970s, with the work on cell—cell inter-
actions. The end of the decade saw interaction be-
ginning between cell biologists with their culture
techniques and immunochemists and their se-
quence studies. The common meeting ground was
now to involve not only cells and serum, but also
genetics and molecular biology. The raw material
was provided by the myeloma proteins, each repre-
senting a different immunoglobulin that could be

“studied in isolation. By 1970 it was fully accepted

that antibody diversity was genetically determined.
The question was still, as it had been for half a
century, how such tremendous diversity could be
genetically controlled.

Sequence studies had shown that the variable re-
gion on the globulin was confined to one end of each
chain and that these sites were separately coded in
the genome. The number of genes for the variable
regions was estimated to be perhaps no more than a
thousand. Were all these genes to be found in the
germ line of every cell? Some immunologists, such
as Jerne, argued that a small number of them were
but that this number was expanded by somatic muta-
tion in the individual after conception (Jerne 1971).
The argument against this view was that the se-
quences within variable regions fell into distinct
groups, identical in all members of a species, and
these appeared to be inherited in the regular Mende-
lian fashion, making somatic mutation unlikely.

Yet many workers had found that the 18 S
globulin formed just after immunization seemed to
show less variety of variable regions than the 7 S
that came later, suggesting that somatic mutation
could have occurred during clonal expansion. Evi-
dence for somatic mutation came in 1981 from Lou
Hood and his group at the California Institute of
Technology. They used the hybridoma technique, de-
veloped in the mid-1970s, to make a myeloma that
produced antibody of a predetermined specificity.
Cells from a mouse myeloma were hybridized with
spleen cells from 19 different immunized mice. The
variable-region sequences of the antibody globulins
were compared with the germ-line sequence of
mouse DNA related to the antibody binding site. Not
all of the antibody sequences were identical: Half of
them reflected the exact sequence as coded for in the
germ line, but the others differed from one another
by one to eight amino acids. The germ-line sequence

Cambridge Histories Online © Cambridge University Press, 2008



II1.2. Immunology

was found in the 18 S globulin and the variants in
the 7 S (Crews et al. 1981; Clark 1983). It appears
that the variable region is encoded by the germ-line
genes but that further variants can arise after birth
and perhaps after stimulation by antigen. Clonal
expansion seems to generate new mutants, some of
which respond to the antigenic stimulus by produc-
ing a shower of new clones. Some of these clones may
produce an ever closer antigen—antibody match,
rather as an animal species evolves to fill an ecologi-
cal niche by natural selection.

The Clonal Selection Theory and the Field
As already mentioned, the Cold Spring Harbor Sym-
posium of 1967 was a marker for the point at which
immunologists accepted the clonal selection theory.
It also marked the point at which the volume of
immunology research began to expand enormously.
As Moulin has pointed out, the conception of the
immune apparatus as a system began to appear soon
after 1967. A system implied a unified body of knowl-
edge as well as a complex mechanism with interact-
ing parts. Significantly, it also provided a means of
formulating problems in a way that attracted grants
to solve them. It provided a framework for experi-
ment, if not a guarantee of experimental success
(Moulin 1989). With the acceptance of the clonal
selection theory as a basis for research programs,
the sudden expansion of immunology as a research
field gave birth to a large number of specialist re-
search journals. Between 1970 and the date of writ-
ing in 1988, 47 new immunological journals came
into being.

As part of the same surge of growth, immunolo-
gists began to create a formal international organiza-
tion for themselves. Conferences on particular prob-
lems, such as the one on tolerance in London in
1957, the Antibody Workshop, which met irregu-
larly between 1958 and 1965, and the Cold Spring
Harbor Symposium of 1967, had always been of
great importance to the workers in this very interna-
tional field (Porter 1986). But from 1968, with the
formation of the International Union of Immunologi-
cal Societies, the connections became structured and
permanent. The First International Congress of Im-
munology was held in Washington, D.C., in 1971.
One of the goals of the International Union was to
demonstrate the range and power of the new immu-
nology, as well as its applicability in medicine and
industry, so as to promote the creation of indepen-
dent departments of immunology in universities and
medical schools (as opposed to research institutes)
and to encourage the expansion and funding of teach-
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ing programs (Cinader 1975). The first congress in
1971 attracted about 4,000 participants, the sixth,
held in Toronto in 1986, about 12,000. An expansion
was clearly taking place.

Conclusion

A historian of science brought up on Thomas Kuhn’s
concepts of paradigm change and discontinuity in
science would probably want to ask whether the
clonal selection theory and the massive expansion of
the field that followed its acceptance could qualify as
the kind of gestalt shift that Kuhn had in mind. Was
there a profound discontinuity between the thinking
of prewar serologists and that of cellular immunolo-
gists after 19577 In the author’s opinion, there was
not. The new theory had the effect of enormously
enlarging the field, uniting its domains, and linking
immunology to the broader biological sciences. But a
large part of the practice and theory of the prewar
years was carried over, intact, to the synthesis of the
1960s and 1970s.

The work on vaccines lost nothing in the transi-
tion, although some of it has been less generally
useful since the coming of antibiotics. In some cases,
it was the very success of the vaccination program
that made its continuation unnecessary. In others,
such as that of diphtheria, the rarity of the disease
in the West has made the serum treatment a thing of
the past, though diphtheria is still an important
concern of the Haffkine Institute in India. Serologi-
cal tests for disease are as important as they ever
were.

One of the most significant continuities has been
in blood grouping. As well as being directly utilized
in hospital blood banking, the thinking about and
techniques of blood group serology laid the concep-
tual foundation for human genetics in general.
Blood group genetics with its complex antigens and
its mathematical Mendelism provided a model on
which human genetics, and the genetics of proteins
and cells, could be patterned.

On the theoretical side, Landsteiner’s work on the
nature of specificity is probably more significant
now than it was to most of his contemporaries, who
were more interested in the control of infectious
disease. The new findings extended rather than re-
interpreted his work, and immunologists continue to
use his techniques. Of the ideas based on Land-
steiner’s template theory, only Haurowitz’s was to-
tally discarded by clonal selectionists. Its destruc-
tion, in fact, had been essential to their program.
Even if it had not been, it would have been run
aground sooner or later on the changes in protein
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genetics and the central dogma. It was embedded in
the chemistry of the 1920s and 1930s, and there it
had to stay. Colloid chemistry itself evolved away
from the vitalism of its original exponents, but it
was the source of the physical chemistry that devel-
oped in Uppsala and of the work on the antigen—
antibody reaction.

The elevated position of Ehrlich’s theory in con-
temporary immunology is rather paradoxical. On
the one hand, its basic premises of perfect one-to-one
specificity of antigen and antibody and firm chemi-
cal union of the covalent type had already been out-
grown by his contemporaries. His diagrams, like his
terminology, seemed to pretend to a concrete knowl-
edge that he did not really possess. In addition, the
side-chain theory needed a huge diversity of pre-
formed antibody specificities. It was this weakness
that Haurowitz’s instruction theory of antibody for-
mation was meant to correct. But to our contempo-
raries, that was just the feature that gave Ehrlich’s
theory its lasting value: It was a selection theory,
like the theories of the 1950s. Finally, Ehrlich’s
drawings of the side-chain theory are a visual meta-
phor; they can represent a modern receptor as well
as they did the receptor of 1900. Thus, Ehrlich has
been given the role of an inspired precursor by his-
torically conscious immunologists of the 1980s (Ada
and Nossal 1987).

Finally, as Burnet himself saw, the conception of
the clone originates in bacteriology, and that of selec-
tion, in a Darwinistic population genetics. The theory
was not a new one. Instead, it was an old one trans-
posed to a new and fertile setting, where it developed
a truly explosive heuristic power. Rather than being
revolutionary, it placed immunology among the bio-
logical sciences of the twentieth century, sharing
with them their most fundamental assumptions.

The history of immunology, in spite of its seeming
discontinuities, is one of the evolution of a single
species: There are few extinctions in the fossil record
of this science. But then, it is only 100 years old.

Pauline M. H. Mazumdar
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