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SUMMARY

The examination of top-cited studies is a useful method
for identify and monitoring outstanding scientific
research. The objective of this study was to identify
and analyse the characteristics of the top 100 cited
research studies on tuberculosis (TB) based on the Web
of Knowledge. Overall, the top 100 cited studies were
cited between 366 and 4443 times, and were published
between 1995 and 2010, with the largest number of
publications in 2003 and in 1995. Four studies were
attributed to a single author and 10 to two authors; the
number of authors exceeded six in 50 studies. Nine
authors had more than one study as the first author and
18 authors had more than one study as the correspond-

ing author. The United States contributed the largest
number of studies, followed by the United Kingdom and
France. The institutions with the largest number of
articles were the Institut National de la Santé et de la
Recherche Médicale in France and the University of
California in the United States. The studies appeared in
35 journals, with 11 published in Science, followed by
PNAS and NEJM. The majority of TB articles have been
published in those medical journals with the highest
impact factors, and are from the most industrialised
countries.
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THE MOST WIDELY USED METHOD for evalu-
ating the academic importance of a study in a
specific area of knowledge is determining how many
times the study has been cited by other researchers.?
It is well known that the number of citations for a
study might express the potential of the study for
clinical practice, discussion, controversy or further
research.? Citations analysis has become a useful
method for assessing the quality, trend and future of
some research fields.!-3:* Although citations analyses
from the Science Citation Index Expanded™ of the
Web of Science™ (Thomson Reuters, Philadelphia,
PA, USA) in recent years have enabled researchers to
assess the importance of research in areas such as
obstetrics and gynaecology, emergency medicine,
urology and orthopedics,2°~7 many new studies,
such as research on tuberculosis (TB) studies, remain
to be conducted.

TB is one of the most common causes of death due
to an infectious disease,3'2 and is an important
subject of medical research.13-15 Studies related to
pathology, physiopathology, diagnosis, manifesta-
tions, treatment, prognosis, prevention, epidemiology
and patient education are the most widely studied

issues in TB.16-20 To our knowledge, no citation
analysis has been published in the field of TB.

The objective of the present study was to use the
bibliometric resources of the Web of Science to identify
the 100 most cited studies published on TB and to
analyse their principal characteristics.2! This is, to our
knowledge, the first bibliometric analysis of TB studies.

METHODS

Two independent reviewers (LMC and TYX)
searched TB studies using the cited reference search
tool of the Web of Knowledge in the Web of Science’s
core collection. A topic search with the terms ‘tuber-
culo*® or ‘tuberculosis’ or “TB’ was conducted, and
search results sorted by number of citations. The
following inclusion criteria were used: 1) studies that
reported mainly on TB disease or on Mycobacterium
tuberculosis; and 2) studies that were articles,
reviews, editorials or research letters. The exclusion
criteria were as follows: 1) studies that mentioned the
word ‘tuberculosis’ but did not deal with TB; and 2)
abstracts, corrigenda/errata, correspondence. Any
disagreements were resolved by discussion or decided

by the third author (YQL).
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Table 1 Authors with more than one study as first or
corresponding authors included in the 100 top-cited studies

Studies
Name n

Behr, M A
Casanova, J L
Cooper, AM
Dye, C

Flynn, J L
Franzblau, S G
Friden, T R
Hill, AV S
Modlin, R L
Musser, ] M
Nathan, C F
Pai, M

Rubin, E J
Russell, D G
Stover, C K
Supply, P

van Embden, J D
Wayne, L G
Behr, M A
Dye, C

Flynn, J L
Friden, T R
Pai, M
Sassetti, C M
Stenger, S
Supply, P
Wayne, L G

Author

Corresponding author

First author

NNNNNNNNNNNNNNNNNNDBENNNWWNNN

We identified the 100 top cited studies by number of
citations on 10 January 20135. The following informa-
tion was extracted for each study: number of citations,
first author, corresponding author, number of authors,
publication name, year, country of origin and number
of pages. Country of origin was determined on the
basis of the country of the first author.

RESULTS

Main characteristics of the included studies

The Appendix Table* shows the characteristics of the
top 100 cited studies in TB research in descending
order. The number of citations varied between 366
and 4443, with a total of 62 801. All of the first 11
studies exceeded 1000 citations each, and the first 46
had more than 500 citations each. It is possible to
comment only on three of the most relevant articles
here. The most cited study (4443 citations) was a
research study about the complete genome sequence
of M. tuberculosis, published in 1998 by Cole et al. in
Nature.2? The second study (1881 citations), on TB
associated with infliximab, was published in 2001 by
Keane et al in NEJM.?3 The study reported that as
active TB could develop soon after the initiation of
treatment with infliximab, physicians could use the
drug to screen patients for latent tuberculous

* The Appendix is available in the online version of this article,
at http://www.ingentaconnect.com/content/iuatld/ijtld/2015/
00000019/00000006/art00020

infection or TB disease. The third most cited study
was a report published in JAMA in 1999 by Dye et al.
on the global burden of TB.24

Author distribution

Four articles were attributed to a single author and 10
to two authors; the number of authors exceeded six in
50 studies. Authors with more than one study as the
first author or corresponding author have been listed
in Table 1. Nine authors had more than one study as
the first author, and 18 had more than one study as
the corresponding author. The author with the largest
number of studies as corresponding author was
Modlin (7 = 4).

Country distribution

The country of the corresponding author was used to
analyse country contributions on TB (Table 2).
Briefly, the top 100 cited studies were from 13
countries (Argentina, Belgium, Canada, Denmark,
the United Kingdom, France, Germany, Japan, the
Netherlands, South Africa, Spain, Switzerland and
the United States) and one international organization
(World Health Organization [WHO]). The country
with the most top cited studies was the United States,
with 58 studies, followed by the United Kingdom
with 11 and France with 6. The country with the most
citations was the United States, with 33 673 citations,
followed by the United Kingdom, with 9498 cita-
tions. The countries with most citations on average
were the United Kingdom, with 864, followed by
Argentina, with 828.

Institutional distribution

To analyse contributions from institutions, those with
at least two studies based on the first address of the
corresponding author were examined (Table 3).
Eighteen institutions with more than two studies
were included. The institutions with the largest
number of articles were the Institut National de la
Santé et de la Recherche Médicale (INSERM) (1 = 6)
in Paris, France, and the University of California (n=
6) in the United States, followed by the University of
Oxford, Oxford, UK (n = §), the WHO, Geneva,
Switzerland (nz = 5), and Cornell University, Ithaca,
NY, USA (n=135).

Distribution by year of publication

The distribution by year of publication of the top 100
cited studies is shown in Table 4. The top-cited studies
were published between 1995 and 2010. The years
with the most studies were 2003 and 1995, with 11
studies each, followed by 1998 and 2001, with 10
each. The year with the most citations was 1998, with
9007 citations, followed by 2003, with 6858. The
year with the most citations on average was 1998,
with 901, followed by 2007, with 742.
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Table 2 Country of origin of the 100 top-cited studies; based on country of first author

Studies in each ranking,

Total Average n

Studies citations citations/article
Country n N n 1~10 11~20 21~30 31~40 41~50 51~60 61~70 71~80 81~90 91~100
Argentina 1 828 828 1
Belgium 1 674 674 1
Canada 5 2842 568 1 1 1 1 1
Denmark 2 800 400 1 1
France 7 3370 481 1 1 1 2 2
Germany 1 421 421 1
Japan 1 395 395 1
Netherlands 4 2916 729 1 1 1 1
South Africa 1 372 372 1
Spain 1 490 490 1
Switzerland 2 1377 689 1 1
United Kingdom 11 9498 864 1 2 1 1 1 2 1 2
United States 58 33673 581 5 5 7 6 6 6 7 5 7 4
WHO 5 5145 1029 3 1 1

WHO = World Health Organization.

Distribution by journal

The top 100 studies were published in 35 journals
(Table 5). The journal with the largest number of
articles cited was Science (n=11), followed by PNAS
(n=10), the NEJM (72=38) and the Lancet (#=38). The
journal with the most citations was Science, with
7107, followed by Nature, with 6388. The journal
with the highest average number of citations per
article was JAMA, with 1481 citations, followed by
Nature, with 1352.

DISCUSSION

TB is historically the greatest killer worldwide due to
an infectious agent.'1-12:25 Although there has been
considerable progress in anti-tuberculosis treatment,

8.6 million people were estimated to have TB and 1.3
million died from the disease in 2012. Although
research on TB has increased each year, no biblio-
metric studies have been conducted on TB research.
We performed the present study to determine the top
100 cited studies in TB research.

The 100 top-cited studies were cited 366-4443
times. Compared to citations in other medical fields,
this occupies a middle position: in general surgery the
number of citations for top-cited studies ranged from
278 to 1013,%¢ compared to 781-26 578 for psychi-
atry.2” The difference in the number of citations of the
top 100 cited studies in each specialty reflects its
research history and the number of researchers
working in that field.?® Studies with more than 100
citations are considered ‘classic’ studies that consti-

Table 3 Institutions with at least two studies based on the institution of the corresponding
authors included in the 100 top-cited studies

Studies
Institution n Country
Institut national de la Santé et de la Recherche médicale (INSERM),

Paris, France 6 France
University of California 6 United States
University of Oxford, Oxford, UK 5 United Kingdom
World Health Organization, Geneva, Switzerland 5 —
Cornell University, Ithaca, NY, USA 5 United States
McGill University, Montreal, QC, Canada 4 Canada
Harvard University, Cambridge, MA, USA 4 United States
Netherlands National Institute for Public Health & The Environment,

Bilthoven, The Netherlands 3 The Netherlands
University of Pittsburgh, Pittsburgh, PA, USA 3 United States
Colorado State University, Fort Collins, CO, USA 3 United States
Statens Serum Institute, Copenhagen, Denmark 2 Denmark
American Thoracic Society, New York, NY, USA/Infectious Diseases

Society of America, Arlington, VA, USA 2 United States
Baylor College of Medicine, Houston, TX, USA 2 United States
Boston University, Boston, MA, USA 2 United States
United States Department of Veterans Affairs, Washington DC, USA 2 United States
GWL Hansen’s Disease Center, Carville, LA, USA 2 United States
New York City Department of Health And Mental Hygiene, New York,

NY, USA 2 United States
PathoGenesis Corporation, Seattle, WA, USA 2 United States
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Table 4 Distribution by year of publication of the 100 top-
cited studies

Studies Total citations Average citations/article

Year n n n

1995 1M 6711 610
1996 6 2972 495
1997 8 5791 724
1998 10 9007 901
1999 9 5846 650
2000 7 3723 532
2001 10 6306 631
2002 5 2579 516
2003 " 6858 623
2004 7 3373 482
2005 1 674 674
2006 8 4404 551
2007 4 2968 742
2008 2 970 485
2010 1 619 619

tute historical reference points in the development of
a specific area.?? In the present study, the article that
occupied position 100 in the rankings had 366
citations, suggesting that a large number of classic

Our results show that most of the top 100 cited TB
research studies were published between 1995 and
2010. Scientific studies are generally cited 1-2 years
after publication, reaching a maximum citation rate
7-10 years after publication. An interval of 10-20
years is needed for maximum recognition of prom-
inent articles in a field.23:2° This would explain why
recent articles were cited rarely and why most of the
studies included in our list were published in the
1990s.

It is also well known that the principal journals
attract articles with a high citation rate,?8:2° which in
turn helps to maintain the impact factor of these
journals; this accounts for the clustering of articles in
a small number of journals, particularly those that
frequently publish studies on TB. In the present study,
48 studies were published in journals with an impact
factor of >20, including the Annual Review of
Biochemistry, the Annual Review of Immunology,
Cell, JAMA, The Lancet, Nature Immunology,
Nature Medicine, Nature Reviews Immunology,
Nature Reviews Molecular Cell Biology, the NEJM
and Science. Our results confirm the close relation-

studies had not been analysed in the present study.

Table 5 Journals in which the 100 top-cited studies were published

Articles included Total Average Impact
in top 100 citations  citations/article factor
Journal Abbreviated name n n n (2013)
American Journal of Respiratory and Critical
Care Medicine Am J Respir Crit Care Med 4 2553 638 11.986
Annals of Internal Medicine Ann Intern Med 2 1119 560 16.104
Annual Review of Biochemistry Annu Rev Biochem 1 1047 1047 26.534
Annual Review of Immunology Annu Rev Immunol 4 2455 614 41.392
Annual Review of Microbiology Annu Rev Microbiol 1 388 388 13.018
Antimicrobial Agents and Chemotherapy Antimicrob Agents 1 938 938 4.451
Chemother
Archives of Internal Medicine Arch Intern Med 1 1352 1352 13.246
Arthritis and Rheumatism Arthritis Rheum 1 490 490 7.871
Biotechniques Biotechniques 1 399 399 2.754
BMC Microbiology BMC Microbiol 1 471 471 2.976
Cell Cell 2 1212 606 33.116
Clinical Infectious Diseases Clin Infect Dis 1 463 463 9.416
Clinical Microbiology Reviews Clin Microbiol Rev 1 367 367 16.000
Immunity Immunity 1 983 983 19.748
Infection and Immunity Infect Immun 2 859 430 4.156
Journal of the American Medical Association ~ JAMA 2 2962 1481 30.387
Journal of Bacteriology J Bacteriol 2 1028 514 2.688
Journal of Biological Chemistry J Biol Chem 1 367 367 4.600
Journal of Clinical Microbiology J Clin Microbiol 6 3572 595 4.232
Journal of Experimental Medicine J Exp Med 6 3269 545 13.912
Journal of Immunology J Immunol 2 942 471 5.362
Journal of Medicinal Chemistry J Med Chem 1 387 387 5.480
Lancet Lancet 8 3760 470 39.207
Lancet Infectious Diseases Lancet Infect Dis 2 925 463 19.446
Microbiology (UK) Microbiology 1 389 389 0.712
Molecular Microbiology Mol Microbiol 3 2017 672 5.026
Nature Nature 5 6388 1278 42.351
Nature Immunology Nat Immunol 2 1353 677 24.973
Nature Medicine Nature Med 3 1306 435 28.054
Nature Reviews Immunology Nat Rev Immunol 1 421 421 33.836
Nature Reviews Molecular Cell Biology Nat Rev Mol Cell Bio 1 372 372 36.458
New England Journal of Medicine New Engl J Med 8 5454 682 54.420
Pediatrics Pediatrics 1 366 366 5.297
Proceedings of The National Academy of
Sciences of The United States of America PNAS 10 5320 532 9.809
Science Science 11 7107 646 31.477




Top-cited TB researches 721

ship between citations and impact, and that the most
cited studies are often published in journals that top
the impact factor list, which also helps maintain the
high impact factor of these journals.

In line with other, similar studies, more than half of
the publications originated from the United States,
followed by the United Kingdom. Our results reflect
the large number of TB researchers in the United
States and the considerable scientific output in the
United States, which dominates the field of TB
publications.

Although the world’s highest TB burdens are in
low- and middle-income countries, most of the highly
cited papers are from high-income countries. The
authors tend to originate from high-income countries
even though the actual research was conducted in
low-income, high-burden countries, such as Gandhi
et al.30 and Bellamy et al.3! It is therefore necessary to
strengthen TB research capacity in low- and middle-
income countries, especially in BRICS (Brazil, Russia,
India, China, South Africa) countries, which account
for a substantial proportion of the global TB burden
and are now making large investments in science and
research.

There are several limitations of this study. First, it
was based on the Web of Knowledge database alone;
the Web of Science does not index all journals and we
may have missed journals that figure in other
databases such as Scopus and Google Scholar. Our
results should therefore be used with caution. Second,
as we only analysed the corresponding and first
authors’ contributions in our analysis, we may have
missed important contributions from other authors;
future studies should focus on this issue.

In conclusion, this is the first bibliometric assessment
of TB literature. Interest in TB as a serious clinical
problem continues to grow. Research published in
high-impact journals and from industrialised countries
is most likely to be cited in published TB research.
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APPENDIX

Table A The 100 most cited articles in tuberculosis research

Citations
Ranking Study n
1 Cole S T, Brosch R, Parkhill J, et al. Deciphering the biology of Mycobacterium tuberculosis from the complete 4443
genome sequence. Nature 1998; 393: 537-544.
2 Keane J, Gershon S, Wise R P, et al. Tuberculosis associated with infliximab, a tumor necrosis factor alpha- 1881
neutralizing agent. N Engl J Med 2001; 345: 1098-1104.
3 Dye C, Scheele S, Dolin P, Pathania V, Raviglione M C. Consensus statement. Global burden of tuberculosis: 1870
estimated incidence, prevalence, and mortality by country. WHO Global Surveillance and Monitoring Project.
JAMA 1999; 282: 677-686.
4 Kamerbeek J, Schouls L, Kolk A, et al. Simultaneous detection and strain differentiation of Mycobacterium 1452
tuberculosis for diagnosis and epidemiology. J Clin Microbiol 1997; 35: 907-914.
5 Concato J, Shah N, Horwitz R I. Randomized, controlled trials, observational studies, and the hierarchy of research 1352
designs. N Engl J Med 2000; 342: 1887-1892.
6 Liu P T, Stenger S, Li H, et al. Toll-like receptor triggering of a vitamin D-mediated human antimicrobial response. 1279
Science 2006; 311: 1770-1773.
7 Flynn J L, Chan J. Immunology of tuberculosis. Annu Rev Immunol 2001; 19: 93-129. 1192
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Mol Microbiol 2003; 48: 77-84.
11 Brennan P J, Nikaido H. The envelope of mycobacteria. Ann Rev Biochem 1995; 64: 29-63. 1047
12 Flynn J L, Goldstein M M, Chan J, et al. Tumor necrosis factor-alpha is required in the protective immune response 983
against Mycobacterium tuberculosis in mice. Immunity 1995; 2: 561-572.
13 Behr M A, Wilson M A, Gill W P, et al. Comparative genomics of BCG vaccines by whole-genome DNA microarray. 965
Science 1999; 284: 1520-1523.
14 Shirakawa T, Enomoto T, Shimazu S, Hopkin J M. The inverse association between tuberculin responses and atopic 962
disorder. Science 1997; 275: 77-79.
15 Collins L, Franzblau S G. Microplate alamar blue assay versus BACTEC 460 system for high-throughput screening 938
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1997; 41: 1004-1009.
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RESUME

L’examen des études les plus citées est une méthode utile
pour identifier et suivre les recherches scientifiques les
plus intéressantes. L’objectif de cette étude était
d’identifier et d’analyser les caractéristiques des 100
études de recherche relatives a la tuberculose les plus
citées basées sur le Web of Knowledge. Dans I’ensemble,
les 100 études les plus citées ont été citées entre 366 et
4443 fois et ont été publiées entre 1995 et 2010, la plus
grande partie ayant été publiée en 2003 et 1995. Quatre
études ont été attribuées a un seul auteur et 10 articles a
deux auteurs, tandis que le nombre d’auteurs dépassait
six dans 50 études. Neuf auteurs étaient I’auteur

principal dans plus d’une étude et 18 auteurs étaient
I’auteur correspondant dans plus d’une étude. Les Etats-
Unis arrivaient en téte du nombre d’études, suivis par le
Royaume Uni et la France. Les institutions a I’origine du
plus grand nombre d’articles étaient ’Institut national de
la Santé et de la Recherche médicale en France et les
campus de I’Université de Californie aux Etats-Unis. Les
études sont apparues dans 35 revues, dont 11 publiées
dans Science, suivie par le PNAS et le NEJM. En résumé,
la majorité a été publiée dans les revues médicales ayant
le plus d’impact et a partir des pays les plus
industrialisés.

RESUMEN

El analisis de los estudios mas citados constituye un
método til de reconocer y verificar las investigaciones
cientificas destacadas. El objetivo del presente estudio
fue reconocer y analizar las caracteristicas de los 100
estudios mas citados de investigacion en tuberculosis,
con base en el servicio Web of Knowledge. En general,
los 100 estudios aparecian citados de 366 a 4443 veces,
habian sido publicados entre 1995 y el 2010 y en su
mayoria entre 1995 y el 2003. Cuatro estudios se
atribuian a un solo autor, 10 articulos a dos autores y el
namero de autores era superior a seis en 50 estudios.
Nueve autores aparecian en mas de un estudio como

autor principal y 18 eran el autor de contacto en mas de
un estudio. La mayoria de los estudios provenia de los
Estados Unidos y luego del Reino Unido y Francia. Las
instituciones con el mayor niimero de articulos citados
fueron el Institut national de la Santé et de la Recherche
médicale de Francia y el sistema de la Universidad de
California en los Estados Unidos. Los estudios se
publicaron en 35 revistas, 11 de ellos en Science y
luego en los PNAS y el NEJM. En conclusion, la mayoria
de los articulos se publicaron en las revistas médicas de
mayor impacto y procedian de los paises mas
industrializados.
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