Nothing expresses as effectively and
as succinctly the course of American
medicine since World War 1l as Aaron
Wildavsky’s provocative observation
that we are ‘‘Doing better and feeling
worse”’ (/). The immense scientific and
technological developments that have
characterized medicine during the 20th
century account for our ‘‘Doing better.”’
Paradoxically, the same developments
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some of these diseases at the molecular
level, replacing defective genes with nor-
mal ones.

But fundamental advances, actual or
anticipated, occur erratically and infre-
quently; often they do not affect the gen-
eral nature of medical practice, which
depends heavily on the ‘‘art’ of medi-
cine, a skill that still lies in the physi-
cian’s ability to make the patient feel bet-

Summary. Advances in hepatitis and immunology illustrate the influence of basic
research and technologic innovation in shaping the past, present, and future of medi-

cal care.

also account for our ‘‘feeling worse,”’
and are related to technology’s dominant
influence in shaping the past, present,
and future of medical care.

Before World War 11, some giant steps
had, of course, been taken. Such steps
include the introduction of anesthesia,
Claude Bernard’s concept of the body’s
internal milieu defending itself against a
vast and motley world of stresses, the
recognition of foxglove as a source of
digitalis, still an invaluable cardiovascu-
lar drug, the empirical validation of vac-
cination, the identification of the major
human blood groups, the usefulness of
liver in containing the manifestations of
pernicious anemia, and the isolation of
insulin for the control of diabetes.

More recently, advances in our under-
standing of human genetics have led to
what is doubtless only the beginning of
genetic medicine. Much has been learned
about human chromosomes and the
genes they carry, making it possible now
to identify many inherited diseases in
utero. Well more than 100 genetically de-
termined inborn errors of metabolism are
known and several can be treated. Phe-
nylketonuria (PKU) is an example. In-
sights into the major hemaglobinopathies
or blood disorders including sickle cell
anemia and thalassemia, which afflict
large numbers of people, are leading the
way to new therapeutic intervention. Ju-
dicious use of recombinant DNA tech-
nology may one day enable us to cure
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ter and that does not always depend on
the physician’s knowledge of medical
science. However, the character of med-
icine has changed in many substantial
ways since World War I, owing in large
measure to the technologic concepts and
technological innovations that have dra-
matically improved specific aspects of
medical care while, at the same time, in-
ducing repercussions. Modern medical
technology enhances our well being and
also compromises it. And it has made the
physician both healer and technician (2).

Many new medical technologies are
designed to extend the doctor’s ability to
make a diagnosis. Fiber optics, nuclear
imaging, and sensitive tests for biochem-
ical analysis of body tissues and fluids
are invaluable to refined diagnosis of dis-
ease. Perhaps most conspicuous among
the new diagnostic armamentarium is
computerized axial tomography—CAT
or CT scanning—and its radiologic off-
spring that make it possible to ‘‘see’’ le-
sions in the brain and deep in other re-
cesses of the body. That these tech-
nological advances are achieved at great
economic cost to society and also tend to
depersonalize the patient is a subject of
growing discussion within the medical
community and society at large, but can-
not go without mention in even a brief
review.

Costly, depersonalizing, and often
truly life-saving technology has assumed
a major place in patient care that mirrors

technological developments in diagnosis.
The heart-lung machine has made pos-
sible astonishing surgical feats, including
of course the transplantation of organs.
The array of equipment that is now so
familiar a part of intensive care units sus-
tains lives that previously would have
been lost. Renal dialysis, a million dollar
business and billion dollar federal pro-
gram, enables many kidney disease pa-
tients to lead productive lives but can al-
so needlessly prolong the lives of the ter-
minally ill. We have learned full well that
technological pluses have negative as-
pects too.

Infectious Disease

Medicine’s biggest triumph has been
the virtual control and, sometimes, the
eradication of infectious disease. This
control, some argue, has been achieved
more by improved sanitation and nutri-
tion (3) than by the doctor and his bagful
of antibiotics and vaccines. But surely
the doctor deserves some credit. Only
within the past decade, for example,
have researchers identified viruses and
bacterial toxins (often from coliform or-
ganisms) that are responsible for various
types of tropical diarrhea, but the mor-
bidity and mortality associated with such
diseases, especially in infants, are best
reduced by an adequate diet and sound
hygienic practices. Medicines may be
more harmful than otherwise. Con-
versely, the virtual elimination in the
United States of polio by 1964, after a
record number of 35 cases per 100,000
population in 1953, must surely be cred-
ited to basic research in understanding
polio virus and to the development of an
effective vaccine. The marked decrease
in the frequency of tuberculosis provides
an example of joint influences at work:
public health measures on the one hand
and new drugs (streptomycin, amino-
salicylic acid, isconiazid, ethambutol, and
rifampin) on the other.

Although infectious diseases are rea-
sonably well contained, pockets of re-
sistance remain. Malaria in particular is
still prevalent in many parts of the world,
as is schistosomiasis. ‘““New’’ viral and
bacterial infections (Legionnaire’s dis-
ease is an example) continue to appear.
But one can suppose that in each case,
progress will be made through appropri-
ate application of present principles of
identification, environmental and sani-
tary control, vaccines, and drugs. Fur-
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thermore, new therapeutic approaches
to the control of viral infections are on
the horizon. Amantadine is recognized
as one of the first useful antiviral drugs.
Interferon, now the object of intense
public interest, may well turn out to be a
potent antiviral protein. First identified
in 1957 @) as the body’s natural antiviral
agent, interferon, which has been isolat-
ed recently from human blood cells, has
been used successfully in experimental
therapy of hepatitis and severe herpes in-
fections (5). It is certain that before long
researchers will have made interferon in
sufficient quantity (most likely by using
gene-splicing techniques) that intensive
studies of its properties will be possible.
Whether it will live up to its reputation as
a striking new anticancer agent remains
to be seen, but its usefulness in treating
viral diseases seems predictable.

Despite the progress that has been
made in the control of infectious disease,
fear of epidemics persists. Witness the
alarm created by the idea that recombi-
nant DNA technology would let loose in
the world some ultravirulent and uncon-
trollable agent that might Kill people by
the thousands. And the ill-fated swine-
flu vaccination effort shows how an en-
tire nation may respond to the threat of a
viral infection in a manner that in retro-
spect appears not only irrational, but
hysterical.

It is somewhat ironic, in view of our
remarkable successes in protecting the
population at large from the threat of
widespread epidemics, that the danger of
infection to a limited but important group
of patients has been enhanced by medi-
cal efforts. Because of immunosuppres-
sive measures that are employed for
transplant patients, individuals with can-
cer, and persons with a variety of other
diseases, a large pool of patients espe-
cially susceptible to infectious agents is
being created iatrogenically. Not only
are these patients highly vulnerable to
known pathogens, they are also suscep-
tible to opportunistic infections by mi-
croorganisms not ordinarily infectious in
human beings. In these patients such or-
ganisms can cause overwhelming infec-
tion and death. Because the number of
patients with iatrogenically suppressed
immune systems can be expected to in-
crease, decreased resistance in man
rather than increased aggression by bac-
teria and viruses may account for an in-
creasing persistence of infectious dis-
eases, although one cannot discount
the problem of organisms becoming re-
sistant to the very antibiotics that have
proved to be such potent weapons against
them.

No discussion of medicine during re-
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cent decades that does not encompass
volumes can be comprehensive; a sen-
sible author refrains from even attempt-
ing such a goal. But it is possible to point
to a couple of areas in some detail that,
in addition to fields already mentioned,
stand out as examples of what is most
characteristic of medical science as I
have known it and that show most clear-
ly where basic research and medical
practice connect with one another.
These are hepatitis and immunology,
particularly the HL A system.

Hepatitis

Description during the past 15 years of
the various forms of viral hepatitis is an
exciting tale, garnished by serendipity,
some danger, painstaking serological and
microscopic studies, ethical problems,
and Nobel Prizes for two Americans. On
the basis of observations made during
and after World War 11, infectious hepa-
titis was divided into two types, each
tentatively attributed to viruses. One
type, classified as ordinary infectious
hepatitis or hepatitis A, principally af-
fects children and young adults. It is
characterized by fecal-oral transmission,
a short (weeks) incubation period, and a
benign course. The other, called post-
transfusion or type B hepatitis was at-
tributed to parenteral transmission of
blood or blood products. It has a long
(months) incubation time, tends to affect
older persons, and runs a more severe
and sometimes lethal course.

In 1965, a geneticist named Baruch
Blumberg was studying the antigenic
profile of various human plasmas by ex-
posing them to the many antibodies
found in the blood of patients who have
received multiple blood transfusions. By
this means, he identified an unknown an-
tigen in the blood of an Australian abo-
rigine (6). Blumberg called it Australia
antigen. The subsequent observation
that Australia antigen is found in the
blood of patients believed to have hepa-
titis B (7) precipitated a landslide of re-
search leading to the identification of
Australia antigen as the surface coat of
the hepatitis B virus (designated as
HB;Ag for hepatitis B surface antigen).
Other hepatitis-related serological mark-
ers (8) have been described, including
the hepatitis B core antigen (HB.Ag),
which is thought to be an integral com-
ponent of the virus itself, and antibodies
to these antigens. Presence of the anti-
gens has been demonstrated by immuno-
logical techniques; virus particles and
fragments in tissues and blood have been
visualized by electron microscopy. The

hepatitis surface B antigen has been fur-
ther divided by subtype determinants la-
beled a, d, y, w, and r. These subtype
determinants do not appear to affect the
clinical course of hepatitis but are epide-
miologically provocative in that most
hepatitis B in the Americas and Europe
manifest subtype adw, and that in the
Orient, subtype adr. Another antigen as-
sociated at times with HB;Ag is HB.Ag
(e antigen); the presence of both of these
antigens indicates a particularly infec-
tious form of the disease in which the
liver is likely to be involved.

Similar developments have elucidated
hepatitis A. The responsible virus parti-
cles have been discovered in the stools
by electron microscopy; the antibody
can be identified in blood immunological-
ly. But it is now apparent that many cas-
es of hepatitis are neither type A nor
type B. These cases are labeled non-A,
non-B, or type C hepatitis (9). Although
non-A, non-B is a cumbersome descrip-
tion, it is preferable to hepatitis C be-
cause further study will probably reveal
that the viral etiologies of the ‘‘new’’
hepatitis are several if not manifold.

Further delineation of the viral forms
of hepatitis may be expected. Past and
present advances along these lines may
not necessarily be therapeutically useful
but will provide major public health ben-
efits and new diagnostic tools. Pre-
vention rather than treatment is facilitat-
ed. Blood donors, for example, can be
screened to eliminate persons who are
chronic carriers of hepatitis B. As a re-
sult of screening out hepatitis B, most
cases (80 to 90 percent) of posttrans-
fusion hepatitis today are ascribable to
non-A, non-B virus. Furthermore, pres-
ent knowledge should permit the devel-
opment of appropriate vaccines, and
progress is being made in this regard.

During the years in which knowledge
about hepatitis was expanding rapidly,
an ethical cause célebre developed over
an experimental protocol designed by
Saul Krugman who was studying hepa-
titis in mentally retarded children at New
York State’s Willowbrook hospital (9).
Since most of these children, like others
living in an institutional environment,
became infected with hepatitis spontane-
ously, Krugman saw no harm in deliber-
ately exposing them to hepatitis virus by
oral or parenteral means. Krugman’s ex-
periments were invaluable in the delinea-
tion of the types of hepatitis, but they
caused a furor among the burgeoning
ethical conscience of the late 1960’s and
early 1970’s. Today they could not be re-
peated.

Yet ethical questions remain. Person-
nel in hemodialysis units are probably at
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risk for hepatitis B because of their fre-
quent exposure to blood and needles.
Those who work in oncology units also
are at increased risk because so many of
their patients, immunosuppressed as
part of their cancer therapy, carry hepa-
titis B or non-A, non-B virus. Do such
personnel desetve special consideration?
Even more important, how should those
doctors, nurses, dentists, and other
health workers who are hepatitis B car-
riers be managed? Should they be en-
couraged or even required to change jobs
so they will not expose their patients to
the virus? The issue at present remains
unsettled.

Immunology

If Nobelist Blumberg discovered
HB;Ag, another Nobelist, Rosalyn Yal-
low, made possible the measurement of
HB;Ag and other hepatitis-related anti-
gens and antibodies by inventing, with
the late Solomon Berson, the radioim-
munoassay (/0). By this remarkable
technique, femtogram (107! gram)
amounts can be detected and quantified
in various biologic materials. The com-
petitive inhibition principle of the radio-
immunoassay technique can be summa-
rized as follows. Unlabeled antigen in
unknown samples competes against la-
beled antigen for binding to antibody and
thereby diminishes the binding of labeled
antigen. To determine the concentration
of antigen in an unknown sample, the de-
gree of competitive inhibition observed
in the unknown is compared with that
observed in known standard solutions.

The radioimmunoassay is but one of
the fantastic clinical advances made pos-
sible by basic immunologic research. Im-
munology deals with the recognition of
self and its defense against non-self. A
vast and complex antibody system, of
which HB;Ag is a single example, is re-
sponsible for what is known as humoral
immunity. Humoral immunity, which
confers passive and temporary pro-
tection against various infectious pro-
cesses, depends on the presence and
normal function of B lymphocytes and
on their related plasma cells. These cells
elaborate the immune globulins (Ig)
found in human plasma and designated
IgA, IgG, IgM, and IgD. These Ig mole-
cules are largely responsible for confer-
ring passive and temporary protection
against infection. IgA is the principal im-
munoglobulin in gut secretions. IgE
plays a major role in the immediate hy-
persensitivity that characterizes anaphy-
lactic reactions.

The other major group of lymphocytes
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consists of what are known as T cells.
Derived from the thymus gland, these
cells are responsible for cellular immuni-
ty, including delayed hypersensitivity,
and manifest themselves clinically by
such phenomena as the skin tests for tu-
berculosis and the rash that appears after
exposure to poison ivy. T cells have
been classified according to their immu-
nological function as *‘‘inducer,” ‘‘help-
er,”” ‘‘suppressor,” ‘‘effector,”” and
“killer”” subtypes (11). Helper T cells
promote the formation of humoral anti-
bodies by B cells, suppressor T cells de-
crease the formation of humoral anti-
bodies by B cells, and effector T cells
participate in delayed hypersensitivity
reactions. Cytotoxic lymphocytes may
play a role in the rejection of trans-
planted organs. The various types of im-
munoregulatory T lymphocytes can be
separated by analysis of their functions
in vitro, and, in some cases, by glycopro-
tein markers on the T cell surface.

Clinical Disorders of the Inmune System

Numerous clinical disorders express
abnormalities of the immune system.
Some, consisting principally of immune
deficiencies, are genetically determined
and primarily affect infants and children.
But immunodeficiencies may be ac-
quired at any age. Their pathogenesis
with respect to lymphocyte activity is of-
ten complex; a deficiency of B cell for-
mation, as found in several types of hy-
pogammaglobulinemia, may reflect im-
paired production of B cells, decreased
availability of ‘‘helper’’ T cells, exces-
sive activity of ‘‘suppressor’’ T cells, or
a combination of all three mechanisms
12, 13). ‘

Because various other permutations of
abnormal lymphocyte function exist, and
because other serum factors (com-
plement, for example) affect the immune
process, the varieties of immuno-
deficiency are many. However, their to-
tal prevalence is low. Study of the immu-
nodeficiency syndromes therefore helps
to disentangle and elucidate the in-
tricacies of the immune process. Knowl-
edge so gained may in the future lead to
therapeutic interventions that can, as ap-
propriate, promote or inhibit a specific
immune function.

Far more common than immunode-
ficiencies are sicknesses characterized
by excessive or misdirected immune re-
actions. Two outstanding examples are
the disorders ascribed to (i) autoimmu-
nity and (ii) the deposition in tissues of
‘‘immune complexes.”’ In some autoim-
mune diseases, host cells are altered by
viruses or drugs and act as foreign anti-
gens that stimulate an immune response
that destroys the altered host cells and
perhaps similar but normal host cells as
well. In other instances, immune pro-
cesses appear to be subverted so that
they fail to recognize normal cells and at-
tack them.

Clinical examples of diseases believed
to be based on autoimmunity include he-
molytic anemia, myasthenia gravis, cer-
tain thyroid disorders, and some types of
chronic hepatitis. Autoimmune hemo-
lytic anemia may be precipitated by a
number of drugs and some neoplastic
diseases.

In those diseases characterized by the
formation of immune complexes, crucial
components of various organs accumu-
late deposits consisting essentially of an-
tigen, antibody, and complement. An oc-
casional case of viral B hepatitis is, for
example, complicated by glomerulone-
phritis; in such cases complexes contain-
ing Hb;Ag, antibody to Hb,, and com-
plement have been identified by immu-
nofluorescence on the basement mem-
brane of the glomerulus.

Various phenomena characteristic of
autoimmunity have been described in pa-
tients with inflammatory disorders of
joints. Rheumatoid arthritis, for ex-
ample, is associated with the develop-
ment of ‘‘rheumatoid factors’’ in the
blood and in the synovial fluid. ‘‘Rheu-
matoid factors’’ are complexes con-
sisting principally of IgM and IgG anti-
body. Even more convincing evidence of
autoimmunity is found in systemic lupus
erythematosus (SLE), a multiple organ
disease. Processes believed to affect au-
toimmunity are evident on histologic,
serologic, and clinical examinations. De-
posits of immune complexes are found in
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various tissues, and the serum of pa-
tients with SLE teems with antibodies to
nuclear substances including deoxyri-
bonucleic acid (DNA). Among the clini-
cal manifestations that occur are hemo-
lytic anemia, glumerulonephritis, inflam-
mation of the blood vessels (vasculitis),
and arthritis. Unfortunately, except in
the case of drug-induced autoimmunity,
the etiologic agents that initiate autoim-
mune disorders are poorly understood.
Current treatment therefore remains
chiefly symptomatic. In severe cases,
immunosuppression with corticosteriods
or the cytotoxic drugs azathioprine or
cyclophosphamide may be used, but
such agents are themselves hazardous.
The challenge for the future is the devel-
opment of measures that arrest deranged
immune reactions without damaging
those that are normal. One possibility
currently under study is the preparation
and use of antiserum directed against
various lymphocyte fractions.

The Histocompatability System

Although disorders of the immune sys-
tem are difficult to treat, increased
knowledge of this system has mitigated
at least one troublesome problem: the re-
jection of transplanted organs. The tech-
nical virtuosity is now available to trans-
plant not only kidneys and hearts, but al-
so livers, bone marrow, pancreatic islet
tissue, and others. To obtain appropriate
donor organs in sufficient numbers, how-
ever, requires the use of allogeneic
sources, a procedure that invites trans-
plant rejection because of a lack of histo-
compatability between donor and recipi-
ent. Discovery and elucidation of the his-
tocompatability (HLA) system have im-
proved allogeneic graft survival and have
shown that susceptibility to various dis-
eases is influenced by our genes (/4).

The HLA antigens, each of which is
genetically determined by an allele situ-
ated in loci of the short arm of chromo-
some 6, are found on the surface of prac-
tically all nucleated cells of the body.
Histocompatability loci that have been
identified are labeled A, B, C, D, and DR
(D-related)..

The pattern of histocompatability in
tissues (the phenotypic haplotype) can
be identified serologically by the HLA
antigens produced by the A, B, C, and
DR loci; typing of D antigens requires in
addition the use of specially prepared
lymphocytes. Because a great variety of
alleles may occupy each locus, the corre-
sponding serologically defined antigens,
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called ‘‘specificities,”’ are also numer-
ous. Each serologically defined HLA an-
tigen has been given a letter designating
the locus, followed by a number unique
for each antigen (15). A person thus may
inherit an Al, B8, Cw4, DRw2 (“‘'w’’ in-
dicates provisional identification) HLA
haplotype from one parent and a dif-
ferent haplotype from the other.

There are many clinical applications
for tissue typing of histocompatability
antigens, ranging from the demonstra-
tion that two different fathers sired a pair
of twins in a case of superfecundation to
the matching of donor and recipient hap-
lotypes when transplantation is under-
taken. In general, allographs obtained
from close relatives of the recipient sur-
vive longer when the donor and recipient
HLA-A and HLA-B specificities match;
but survival of cadaveric transplants ap-
pears to depend to some extent on the
matching of D or DR specificities (/16).
Identification of additional specificities
may be expected and should improve the
outlook for transplants obtained from ca-
davers, a necessary development in view
of the limited number of organs that can
be supplied by the recipient’s parent,
sibling, or children.

Analysis of HLA haplotypes has
proved helpful in ethnic studies of popu-
lation groups, but the most exciting de-
velopment has been the finding of an as-
sociation between some diseases and
certain HLA specificities (/7). The most
striking association is found in patients
with ankylosing spondylitis; nearly 90
percent of them have the B27 antigen.
Since B27 occurs in only 7 percent of the
white population, a white person with a
haplotype containing B27 runs a 12-fold
greater risk of having ankylosing
spondylitis than the white population at
large. Other disorders associated, al-
though less strikingly, with various HLA
antigens include Reiter’s syndrome, glu-
ten-sensitive enteropathy (celiac dis-
ease), juvenile diabetes mellitus, myas-
thenia gravis, multiple sclerosis, and
some diseases of the thyroid and of the
adrenal glands. Associations of this sort
naturally lend credence to the hypothesis
that many of mankind’s illnesses can be
ascribed not only to invasions of external
origin, but also to the genetically deter-
mined susceptibility of the host. Time
and further research will reveal the valid-
ity of this hypothesis and the extent to
which it is applicable.

An intriguing but still relatively mys-
terious field is the influence of immuno-
logical processes on neoplasia. Neo-
plasia is accompanied by the appearance

of tumor-associated cellular neoantigens
in a large number of carefully studied
models. Why, then, does the host not
mount an effective immunologic de-
fense? Many explanations have been ad-
vanced, including the presence of block-
ing factors such as antigens shed by tu-
mor cells or antigen-antibody complexes
in the serum. More recently, it has been
proposed that uncontrolled host suppres-
sor cell activity may undermine effective
antitumor immune responses and en-
hance tumor growth (/7). An under-
standing of suppressor cells in neoplasia
may induce reassessment of the effects
that various commonly used immuno-
therapeutic agents, such as BCG (tu-
berculin) organisms, exert on the immu-
noregulatory system of patients with
cancer. The general failure of immuno-
therapy in neoplasia with these agents
may have resulted in part from the dem-
onstrated capacity of the agents to acti-
vate suppressor cells. New immuno-
therapeutic strategies which incorporate
recent insight regarding the suppressor
cell might make it possible to help pa-
tients with cancer by selectively activat-
ing the host cells involved in the defense
against neoplastic growth while nul-
lifying the suppressor cell system.
Clearly, medicine still has a long way
to go; the advances that contribute to
‘‘feeling good’’ are likely also to contin-
ue to create instances of ‘‘feeling
worse.”’” Nevertheless, one recognizes
that if attention is focused on certain se-
rious organic diseases—infectious, im-
munologic, even malignant—the contri-
butions of science and technology to
modern medicine have been truly won-
drous, giving confidence for the future.

References

. A. Wildavsky, Daedalus (winter 1977), p. 105.

. F. J. Ingelfinger, Science 200, 942 (1978).

. T. McKeown, The Role of Medicine: Dream,
Mirage or Nemesis? (Nuffield Provincial Hospi-
tal Trust, London, 1976).

. T. C. Merigan, N. Engl. J. Med. 300, 42 (1979.

. B. S. Blumberg, H. J. Alter, S. Visnich, J. Am.

Med. Assoc. 191, 541 (1965).

A. M. Prince, Proc. Natl. Acad. Sci. U.S.A. 60,

814 (1968).

. P. V. Holland and H. J. Alter, Med. Ann. N.

Am. 59, 849 (1975).

. S. M. Feinstone, A. Z. Kapokian, R. H. Purcell,
H.J. Alter, P. V. Holland, N. Engl. J. Med. 292,
767 (1975).

9. S. Krugman, J. P. Giles, J. Hammond, J. Am.
Med. Assoc. 200, 365 (1967).

10. R. S. Yallow and S. A. Berson, J. Clin. Invest.
39, 1157 (1960).

11. H. Cantor and E. A. Boyse, Cold Spring Harbor
Symp. Quant. Biol. 43, 23 (1976).

12. T. A. Waldmann, R. M. Blaese, S. Broder, R. S.
Krakauer, Ann. Intern. Med. 88, 226 (1978).

13. F. P. Siegal, M. Siegal, R. A. Good, N. Engl. J.
Med. 299, 172 (1978).

14. W. F. Bodmer, Br. Med. Bull. 34, 213 (1978).

15. V. C. Joysey and E. Wolf, ibid., p. 217.

16. P. 1. Morris, J. R. Batcheler, H. Festenstein,

ibid., p. 251.
17. J. Dausset and A. Svejaard, Eds. HLA and Dis-
ease (Murksgaard, Copenhagen, 1977).

WN -

® N A s

SCIENCE, VOL. 209



	Article Contents
	p. 123
	p. [122]
	p. 124
	p. 125
	p. 126

	Issue Table of Contents
	Science, Vol. 209, No. 4452, Centennial Issue, Jul. 4, 1980, pp. 1-204
	Front Matter [pp. 1-20]
	The Next 100 Years? [p. 19]
	Messages
	The Next 100 Years of Science [pp. 21-23]
	Science: Its Place in AAAS [pp. 24-25]

	Historical Perspectives
	The Sciences in America, Circa 1880 [pp. 27-32]
	Science: The Struggle for Survival, 1880 to 1894 [pp. 33-42]
	Science and James McKeen Cattell, 1894 to 1945 [pp. 43-52]
	Science in Transition, 1946 to 1962 [pp. 52-57]
	Science: A Memoir of the 1960's and 1970's [pp. 57-60]
	Scientific Communication [pp. 60-62]

	Present and Future Frontiers of the Sciences
	Stars, Galaxies, Cosmos: The past Decade, the Next Decade [pp. 64-71]
	The Behavioral and Social Sciences [pp. 72-78]
	Frontiers of the Biological Sciences [pp. 78-89]
	Frontiers in Chemistry [pp. 89-95]
	The Earth and Planetary Sciences [pp. 96-104]
	Mathematics [pp. 104-110]
	Physics [pp. 110-121]

	Status and Future of Applied Sciences
	Medicine [pp. 123-126]
	Engineering Enters New Cycle of Development and Definition [pp. 127-132]
	Industrial Research in America: Challenge of a New Synthesis [pp. 133-139]
	Operations Research and Systems Analysis [pp. 139-146]

	Interaction of Science and Technology
	Population Trends and Prospects [pp. 148-157]
	World Food and Nutrition: The Scientific and Technological Base [pp. 157-164]
	Energy Dilemmas in Asia: The Needs for Research and Development [pp. 164-174]
	A Global and Long-Range Picture of Energy Developments [pp. 174-182]
	Environment [pp. 183-190]
	Information Resources: Knowledge and Power in the 21st Century [pp. 191-198]

	Back Matter [pp. 199-204]





