
Current Comments”
EUGENE GARFIELD
INSTITUTE FOR SCIENTIFIC INFORMATIOWJ
3501 MARKET ST PHILAOELFHIA, PA 19104

The Most-Cited Papers of All Time,
SCl 1945-1988. Part 4. The Papers

Ranked 301-4)0

Number 21 May 27, 1991

The fourth group of most-cited articles in the 1945-1988 Science Citation /nde.r@ is listed, together
with citation updates for 1989 and 1990. Eleven Nobel laureates appear as authors, bringing the total so
far to 45. The Journulof Biologica/ Chemistry published the most papers in this list ( 10), and leads
overall with 53 of the top 400.

Through the four instrdlmcnts of this analysis covered to date, we have discussed the 3CCImost-cited
papers of at] time-looking at papers with instantaneous impacts, Nobel laureates as authors, the

journals in which the papers appeaed, delayed recognition, and perennial papers (those that have been
highly cited year after year).

Introduction

I am often surprised to encounter readers
who are unaware that the Science Citation
index @ (SC/@) covers the literature from

1945 to 1964, especially when you con-
sider how important this period was to the
development of science as we know it
today. In this period, science conquered
polio, took man into space, and developed
the field of molecular biology; computing,
communications, and transportation tech-
nologies brought the world closer to-

gether; and, science began in earnest to
wrest the secrets of the physical universe
from the void. And, it is for this reason
that, several years ago, we established a
special project to produce citation indexes
for these years. 1,2 Knowledge from this
golden age of science is extremely useful
in tracking the developments of ideas dur-
ing this 20-yertr period and using them to
build the science of tomorrow.

As a means to draw attention to the im-
portance of these indexes, we compiled a
list of the most-cited papers published
from 1945 to 1988. From these efforts, we
have produced this series of essays for
Current Contents.3-6

In the pages that follow, we have provided

some of the basic analyses characteristic of

these studies, such as the contributions of
Nobel Prize winners, the impact of impor-
tant journals, and the various paths papers
may take to end up among the most cited of
all time.

There is good reason to question whether
or not we should lump together material
covering such a long period of time. After
all, the number of papers published today is,
probably, an order of magnitude greater than
it was in 1945. Therefore, we should expect
the number of citation superstars from these
earlier papers to be lower than that for more
recent papers. As a matter of fact, this is
characteristic of much primordial work—
tha{impottant papers suffer the fate of cita-
tion obliteration. As I have discussed in pre-
vious essays,7 citation obliteration is a
phenomenon where a key development be-
comes so standard within a field that re-
searchers take it for granted and cease to cite
the work.

Therefore, by way of commentary, rather
than a pr6cis of selezted papers, we will con-
centrate our efforts on updating the list and
allow you, the reader, to interpret the signifi-
cance in the context of your work,
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Table 1. Bibkfgraphy of the fourth 100 moat-cited pape% SCI @ 1945-19%8. Papas arc arranged alpbabcticalIy.
A= 1945-1988 cimions B=1945- 1988 rank. C=average nunrbcr of annual citations, 1945-1988. 33=1989 citations
E= 199Ucitations. An a.sttisk (*) indicates that tbe w waa the subject of a Cimtion Clossic @ commerrtaty. ‘lIre
issue, year, and editinn of the commamuy follow tfrebibliographicmfcrcnce.
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Most-Cited Papers: The “Fourth 100” citations 1945 to 1988, and 1989 and 1990
citations, respectively.

Table 1 lists the papers ranked from 301 The authors of 38 of these 100 papers
to 400, based on citation totals from 1945 have written Citation Classic@ commen-
to 1988, in alphabetical order by the pri- hmies on the listed works. These are indi-
mary author’s last name. The columns that cated by asterisks. The Current Contents ~
precede the bibliographic data include total (CC @) reference for each commentary fol-
citations 1945-1988, rank, average annual lows in parentheses. Inclusive of this in-
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Tabte2. Ctsrunrdogimtdktrttrutionof tbe fourth 100mmkited papers fmm the SC] @-’,194S-1988. Data in
parentheses sre cmrndated through the top 400 most+ited psper-sidentified to date.

Average Average
Nmrsber of Cltaticms 1988

Decade Paps Total Cites Per Year Ctics

1920s
1930s
1940S
1950s
1960s
1970s
1980s

Total

I (4)
6 (15)
8 (37)

20 (86)
33 (142)
26 (91)

6 (25)

100 (403)

1,667 (23,9’26)
10,105 (48,330)
13,961 (119,353)
34,440 (470,895)
56,151 (460,113)
45,106 (358,309)
10,410 (62,898)

171,840 ( 1,543,924)

38 (136)
38 (79)
42 (76)
49 (162)
72 (132)

119 (268)
214 (376)

82 (175)

6 (102)
29 (57)
39 (92)
47 (236)
68 (123)

142 (446)
285 (663)

88 (246)

stallment, I73 of the 400 most-cited papers
have been featured as Citation Classics.

Table 2 provides a chronological distri-
bution of the fourth 100 most-cited papers
and, in parentheses, the data accumulated
through the top 400, inclusive. The decade
with the most papers and largest number
of accumulated citations is the 1960s. Not
surprisingly, since they have climbed the
list in so few years, papers published in
the 1980s have the highest annual citation
average as well as 1990 citedness. So far
among the 400 papers, not one was pub-
lished in 1942, and only three from 1941
and two from 1943 made the list. Whether
this reflects an overall decline in publica-
tions in wartime is not certain.

Papers from the 1980s: “Bullets”

Keep in mind that if our starting database
were 1945 to 1990, instead of 1945 to
1988, there would be many changes in
ranking, especially with the papers from re-
cent years. Only six papers in Table 1 were
published in the 1980s, each averaging 200
or more citations per year-the only ones in
this list to do so. Even among those papers
ranked 201-300, only papers published in

the 1980s were cited at this rate. However,
65 of the pre-1980 papers in the top 200 av-
eraged more than 200 cites per year.

If you add columns D and E to column A,
the transient nature of these rankings be-
comes apparent. Consider, for example, the
papers by B.N. Ames, E. Clementi, and
M.J.S. Dewar-over the last two years, all

have been cited far above their listed
averages.

“Bullets” typically start off strong and
quickly accelerate. A good example is the
most recently published paper in the table.
It also is the first AIDS paper to make our
most-cited listing. The citations to this
1983 article from the Montagnier group in
Paris concerned the isolation of a T-
lymphotropic retrovirus from a patient at
risk for AIDS. Coauthored by Francoise
Barre-Sinoussi and colleagues, Pasteur In-
stitute, citations to this paper jumped from
27 in 1983 to 146 in 1984. Between 1983
and 1988, the paper was cited 1,770 times,
averaging nearly 300 per year, with a high
point of 435 in 1987 (see Figure 1).

As they noted in their Citation Classic
commentary:

[The] idea that our viral isolate was a
new retrovirus that might tx the cause of
the disease was not very well accepted
until it was confined one year later by
other laboratories .. . Thus, this paper is
highly cited because it provided evidence
for the role of a new hurnarr retrovims in
AIDS.8

This paper is one of four 1980s articles in
Table 1 that have been highlighted in previ-
ous essays identifying papers highly cited
within two years of publication.g, 10 Others
include a description of multicellular split-
gene coding for proteins (R. Breathnach),ll
a method for “shotgun” DNA sequencing
(J. Messing),l I and a review of calmodulin
in cellular regulation (W.Y. Cheung). 12Fig-
ure 1 illustrates the citation records of the
1980s publications from this study.
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lkbte 3. Nobd Prize winners wfth pspem ranked between 301 and 400 in tie SC1@,1945-19%3A.Nobelists,
listed afphabeticaly. B=year snd @e. C=affiliation.

A B
James W. Btack 1988fiysiology m Medicine
Srantey N. Cohen 198&Physiology or Medicine
Christian & Duve 1974Physiology or Medicine
MurrayGeU-Marm l%9iPtrysics
Roger Guillemin 1977/Pbysiotogy or Medicine
Attkd D. Hembey 1969iPbysiology or Medicine
Peter Mitchell 1978K!hemistry
R&err S. Muffiken 1966KXremishy
Lass Orrsager 1968Khemistry
Gemge E. Pslade 1974Ptrysio@y or Medicine
Fmfaick Ssnga 1958 & 1980/Chemisrsy

We should note here that one of the most
cited of the other pioneering AIDS papers,
by Robert Gallo and colleagues, 13also the
subject of a Citation Chssic commentary, 1d
had beat cited 1,496 times through the end
of 1988, falling just short of the cutoff for
the top 400.

In his Cfassic commentary on this 1984
paper, Gallo discussed the detection of the
HTLV-111 virus and the subsequent citation
impact of the papers published by his group.

The fust published detection of the
virus was from a patient with lymph-node

enlargement, but tests of sera origirrall y
showed less tharr 20 percent of AIDS pa-
tients had antibodies to LAV. No doubt
this was due to insufficient virus produc-
tion. We found and descritnxi 48 isolates
of H’lZV-Iff (now generically HIV) from

c
Smith, KhIK snd French Laboratories
Stanford University School of Medicine
Rockefeller University
California Institute of Technology
Salk Institute
Carnegie fnstirurionof Washington
Glynn Research Laboratory
University of Chicago
Yale University
Yale University
Medical Rewsrch could Laboratory of

Molecular Biology

patients with AIDS and at risk; none of
the 115 nonrisk healthy people yielded

such isolates. We think the 1984 Science

papers are frequently cited because it was
the first time anyone stated that they
knew the cause of ADS. 14

An article in the New Scientist,ls by Ali-
son Rawling, Sydney University, Australia,
analyzes the citation trends for the Gallo
and the Barre-Sinoussi papers. She notes
that, after the very public contest for prior-
ity in the discovery of the AIDS virus be-
tween the two groups, the scientific com-
munity has increasingly cited the
Barre-Sinoussi paper as the primordial
paper on HIV. Without drawing a direct
conclusion, she indicates that this may be a
conscious choice by the scientific commu-
nity to disregard the formal settlement of

Ngrsrw 1. Citation records for 19fJs3spstpess rsudsed between 301 and 400.
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Tsbte 4. The ]oumaJs that pubfkhed the fourth

mm of nmsl-dti SC{@ papees! 1945-1988.
A=title, with fust year of pablicarion in parenthe-
ses. B=numberof most-citedardclca appearingin
the journal

A
J. Biol.Cbem. (1905)
Biocbem.J. (1935)
J. Amer. Cbem. SIX. (1879)
Nature (1869)
Biocbim. Biopbys. Acts (1947)
Science (1880)
Amd. Biocbem. ( 1960)
J. Cl-em, Fhys. (1931)
Phys. Rev. (1893)
Am Crystallogr. A-Cryst. Phys. (1968)
.-@a Physiol. Stand. (1940)
Amt. Cbem. (1929)
Immm-mhemimy (1964)
tit (1823)
Meth. Enzymology (1955)
Pmt. Nat. Acad. Sci. USA (1915)
Acts Crystdlo.gr. (1948)
Acts Patbol. Micmb]ol. Stand. (1924)
Amer. J. Med. (1946)
Analyst (1877)
Am, Phys. N. Y. (1957)
Annu. Rev, Biwbem, (1932)
Amm. Rev. Genet. (1967)
Amm. Rev, Physiol. ( 1939)
Arch. Gen, Paychiat. ( 1959)
At. Data Nucl. Data Tables ( 1969)
Biol. Rev. Cambridge Phil. SIX. ( 1936)
Biomeuika (1901)
Circ Res. (1953)
Comput. J. ( 1958)
Cccl. Cbem. Rev. (1%6)
Diabem (1952)
IBM J. Res. Develop. (1957)
J. Amer.Stadst.Aa.sn.(1888)
J. Appl. Pbysiol. (1948)
J. Biophya Biocbem. Cytol. (1955)
J. Cell Biol. (1%2)
J. Cbem. $x. (London) (1849)
J. Gen. Pbysinl. (1918)
J. Histcchem. Cytcchem. ( 1953)
J. Hyg. (1901)
J. Jmmmml. (1916)
J. Lab. Clin. Med. (1915)
J. Lipid Res. (1959)
J. Mol. Biol. ( 1959)
J. Neumcbem. (1956)
J, Phys, C--solid State Pbys. (1968)
MaL Fys. Medd. Dan, Vld. Selak. ( 1917)
MedI. Viilogy (1967)
Nuc1. Acid. Res. (1974)
F’mc.Sm. Exp. Biol. Med. (1903)
Pm& Them. Phys. (1946)
.Smnd. J. CJii. Lab. Invest. (1949)
Stain Tectmol. ( 1926)
Tnma.Faraday SW. (1905)
Vrology ( 1955)
Z, Rrebaforsch. ( 1903)
Z, Narurforach.Sect. B. (1947)

B

10
6
6
5
4
4
3
3
3
2
2
2
2
2
2
2
1
1
1
1
1
I
1
1
I
I
1
1
1
1
1
I
I
1
1
1
1
1
I
1
1
1
I
1
1
1
1
I
I
1
1
1
1
1
1
1
1
1

the dispute—a settlement which states that
the two groups jointly share the digcovery.

Nobel Laureates

Eleven Nobel laureates authored papers
in Table 1, bringing our total to 45
Nobelists who have authored 66 of the top
400 papers. Table 3 lists the 11 laureates
with papers ranked between 301 and 400,
the years and categories in which they re-
ceived their awards, and their aftliations,
as listed on their papers.

Journals of the SC] Top 400

Table 4 presents the 58 journals that pub-
lished the papers covered in this segment of
the series. As expected, the Journal of Bio-
Iogical Chernis~ry (JfJC) leads with 10 pa-
pers, bringing its cumulative total to 53.
And for the third time, the second highest
total comes from the Bwchemicai Journal,
which has 6 articles here and 24 overall.

Among the 400 most-cited articles listed
to date, three were published in French and
five in German. In the previous three lists,
review journals did not show up. In this
listing, the Annual Reviews series-in Bio-
chemistry, Genetics, and Physiology-ap-
pear for the fmt time.

Journals publishing at least five articles
among the SCI Top 400 are shown in Table
5. These 19 journals account for 237 papers,
or 59 percent of the total. Interestingly, five
of them-Natum, Journal of the American
Chemical Society, Science, Physical Re-
view, and Journal of Experimental Medi-
cine—were first published in the 19th cen-
tury. In contrast, three started in 1960 or
later.

“Shooting Stars” and Obliteration

Eleven papers in Table 1 can be classified
as shooting stars. These papers accumulate
citations quickly and, often, just as quickly,
drop off with long citation “tails.” For ex-
ample, a typical case history is the 1959
methods paper on a procedure for determin-
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ing serum proteins in normal individurds,
by O. Smithies, Connaught Medical Re-
search Laboratories, Toronto, Ontario, Can-
ada. In 1%6, seven years after publication
in the Biochemical Journal, amual cita-
tions to the reticle peaked at 286 then de-
clined to double digits three years later.
From 1979 on, it has fewer than 16 cites an-
nually, with only a single citation in 1990.
Cumulative through 1988, the paper has
1,685 citations, with an annual average of
56. Figure 2 gives a graphic representation
of this paper’s history.

In a recent conversation with CC, Smith-
ies characterized this as an evolution of this
type of paper-highly cited when it was the
fiist, best method and, eventually, replaced
by papers detailing newer, often simpler
methods. In this case, Smithies 1959 paper
was replaced by the work of U.K.
Laemndi16 and B.J. Davis, 17 numbers two

andseven in this series. 3.4

The fact that this paper was su~rseded

by subsequent procedures does not in any
way dim the importance of this work. In
recognition of his efforts in gel electropho-
resis, Smithies received the 1990 Gairdner
Foundation award.

Most of the shooting star papers parallel
the Smithies publication history. They aver-
age from 47 to 96 citations a year then fall
off within two to seven years after their
high points.

Tabfe5. Jommalstit pubtishwl five or more of
the top 400 most.cited SCI @ fm~ 194S.
1988. A=titJe,withfirstyearof publicationin pa-
rentheses. B=number of most-cited pspem sp-
pearing in thejommd.

A

J. Biol. Chem. ( 1905)
Biochem. J. (1906)
Nanuz ( 1869)
AA. Biochem. ( 1960)
J. Chem. %YS. (1931)
J. Mol. Biol. (1959)
Rec. Nat. Acad. Sci. USA (1915)
J. Amer. Chem. SW. (1879)
Science (1880)
Phys. Rev. (1893)
J. Cell Biol. (1%2)
J. Histoshem. Cytochem. ( 1953)
Me!h. Enzynmlogy ( 1955)
AA Chem. (1929)
Biocbim. Biophys. Ada (1947)
J. Exp. Med. (18%)
Acts (lystdloby. (1948)
Acts CrystsdtOgr.A-Cryst. ~yS. (] %8)
J. fnunursi. (1916)

B

53
24
!8
14
14
13
13
11
10
9
8
8
8
7
6
6
5
5
5

‘IWO of the papers me from the 1950s,
eight from the 1960s, and one from the
1970s. Whether we can attach any signifi-
cance to the high percentage of shooting star
papers from the 1960s is doubtful. However,
Leon M. Lederman, winner of the 1988
Nobel Prize for physics, characterized this
as the golden age of science. His 1962 paper
exemplifies how primordial references
eventually decline and are absorbed into the
common wisdom. This paper, coauthored
with, among others, Melvin Schwartz and

Figure 2. Citation Mstory of O. Smlthtes %hooJJngStaF’ paper.
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Figurs 3. Citation reeords of papsrs showing delayed rtxognkion.
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Jack Steinberger, with whom Lederman
shared the Nobel Prize, developed a method
for detecting neutrinos. 18,19Its citation im-
pact peaked the year following publication,
then eventually became “obliterated.”

Delayed Recognition or Application

Four papers in Table 1 deserve scrutiny as
candidates for delayed recognition, or—as
mentioned in previous installments of this
study-cases for delayed application.4-b
These publications are characterized by a
very slow initial citation accumulation, fol-
lowed by a jump to a comparatively high
level of citations. In these examples, the
time from obscurity to high citedness

ranges up to more than three decades. Two
of the papers-s~trophotometric determin-
ations of tyrosine and tryptophan, and the
preparation of acetylenic ketones—were
published in 1946. Another came out in
1953, describing a general method for cal-
culating equations for nuclear particle inter-
actions. The fourth paper was published in
1955 and outlines a procedure using mathe-
matical equations for comparing experi-
mental results with a control or standard.
Figure 3 shows the year-by-year figures of
citations for these papers.

In his C.kmic commentary on his paper
from this group, K. Bowden discusses the
reasons for the delayed recognition of this
work:

Figure 4. Graph of citations to the O. Fotin & V. Ciocalteu ‘TerennW’ paper.
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This [synthesis of acetylenic ketones]
proved to be an elegant method and gave
rise to the term “the Jones reagent” when
it was found applicable to the oxidation
of a variety of compounds.zo

The 1953 paper, in the Journal of Chemi-
cal Physics, on calculations by fast comput-
ing machines, deserves to be singled out.
published by Nicholas Metropolis and col-
leagues, Los Alamos Scientific Laboratory,
New Mexico, and the University of Chi-
cago, this publication, through 1988, has
garnered nearly 1,700 citations, an average
of 46 per year. Three interesting points: the
paper has not yet peaked (its highest annual
citation count was 238 in 1990); one of the
coauthors is Edward Teller—at the Univer-
sity of Chicago when the paper was writ-
ten—who, along with mathematician
Stanislaw Ulam, developed the thermonu-
clear hydrogen bomb; and, one of the Los
Alamos coauthors was Teller’s wife, Au-
gusta H. Teller.

More than 25 papers from the late 1920s
through the 1960s have been referenced
fairly steadily through the decades. We call
these papers “perennials.” The oldest paper
listed is the classic by Otto Folin and
Vintila Ciocaltetr, Harvard Medical School,
Boston, Massachusetts. It was published in
1927 in the JBC. This is the fifth JBC paper
that dates from the 1920s or early 1930s.
The citation record of this methods paper
indicates that, between 1945 and 1960, it
averaged 34 citations annually. In 1961, it
reached a peak of 69. Since then, the num-
ber of works citing it gradually declined,
with only nine in 1990. Other perennials
have similar citation “biographies.” Figure
4 illustrates this paper’s year-by-year cita-
tion record.

Metheds papers also characterize the
group of1930s perennials. These cover the
determination of glucosanine and chon-
drasarnine (L.A. Elson), glycogen (C.A.
Good), phosphorus (E.J. King), elec-

tric moments of molecules in liquids
(L. Onsager), atomic shielding constants
(J.C. Slater), and the estimation of the bac-
tericidal power of blood (A.A. Miles).

A Classic commentary on this last paper,
by Ashley A. Miles, London Hospitrd Med-
ical College, England, touches on the rea-
sons for the paper’s longevity.

I suspect, from the references I have

come across, that the paper is most com-
monly cited for the description of the sur-
face-viable count for bacteria .... From the
scientific literature I have subsequent y
read, the bactericidal method and the sta-
tistical consi&rations in determining the
significance of differences in killing rates

appear, like the mule, to have nothing to
show in the way of offspring; though as
far as my own work is concerned, they
are coming home to roost in some current
work on the bactericidal power of micro-
phage populations. ‘fhe surface-viable
count evidentl y—and gratifyingly-lives
on.2 I

The 1940s-vintage publications highlight
spectrophotometry: for the determination of
methylpentoses (Z. Dische) and the interac-
tion of iodine with hydrocarbons (H.A,
Benesi). Other topics include descriptions
of the general properties of soybean trypsin
inhibitor (M. Kunitz), dispersion and ab-
sorption of dielectrics (nonconductors of
electrical current) when exposed to alterna-
ting current (K.S. Cole), and the determina-
tion of inorganic phosphate in the presence
of unstable phosphate esters (0.H. Lowry).

The largest number of perennials in Table
1 was published in the 1950s. These 12 pa-
pers represent a wide range of topics studies
on amino acids (E. W. Yemm), proteins (A.S.
McFadane), bacteria extraction (O.
Westphal), the distribution of enzymes
(W.C. Schneider), molecular compounds
(R.S. Mulliken), genetic linkage (E.S.
Lennox), electron interaction in h@mcar-
bons (J. A. Pople), the transport of sodium in
epithelial tissue (H.H. Ussing), determinat-
ion of hexosamines in tissues (N.F. Boas),
chemical reaction rates (G.S. Hammond),
blood in urinary glucose (A.S.G. Huggett),
and, finally, blood platelet counts (G.
Brecher).
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conclusion

There are trends that stand out in these es-
says. Among them: Nobel Prize winners
have participated as authors on one out of
every six of the top 400 papers; high-im-
pact journals dominate the publication of
these most-cited papers, with 13 journals
accounting for more than half of these pa-
pers (203 of 400); and, while the “shooting
stars” of the group are the papers from the
1980s, having an impact immediate enough
to make thk listing, there continue to be

“perennial” papens that have been cited
steadily for decades.

Obviously, the essays describing the top
400 papers, 1945 to 1988, are really a “snap
shot” of the SC1 data at the end of 1988. You
can see by the 1989 and 1990 data in Table 1
that the rankings of many of these papers
have been dramatically altered already. This
is a reflection of both the rapidly changing
dynamics of science and the exrraordinrwy
growth of the literature and exemplifies
what is so exciting about science.

01%1 L9
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