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Abstract
Background: Antimicrobial resistance is a serious public health problem that has become a global threat. Special attention should
be given to polymyxins (polymyxin B and colistin) which, since their reintroduction into clinical practice, are considered "last
resort" drugs. The objective of this study is to perform a bibliometric analysis of scienti�c research on polymyxin resistance.

Methods: Scopus database was used to retrieve documents relevant to polymyxin resistance. At the beginning, all kinds of
documents without year restrictions were included. Subsequently, the study period (2009-2018) was limited and analyzed using
SciVal. Speci�cally, the 10 institutions and countries with the highest production, authors, journals, and most cited articles were
analyzed. The growth of publications and citations was graphed, in addition to an analysis of the keywords using VOSviewer.

Results: A total of 1,306 documents were retrieved (1947-2019). Original articles (76.95%) and letters to the editor (15.47%) were
the most frequent types of documents. English was the predominant language with 1,270 documents (97.2%). In the period 2009-
2018, there was a signi�cant growth in publications (p-value < 0.001) retrieving 833 (64%) documents. The received citations
were 23,974, with a peak in 2016 (8,033 citations). The United States and China lead the scienti�c production with 146 (17.5%)
and 137 (16.4%) publications, respectively. University of Fribourg (Switzerland) was the most productive institution on the subject
(44 documents), although University of Zhejiang (China) has caused the greatest impact (73.5 citations/article). Antimicrobial
Agents and Chemotherapy ranked �rst with 140 documents. Most of the documents were published in quartile 1 journals (82.7%
and 69.1%, according to Scimago Journal & Country Rank and CiteScore, respectively).

Conclusions: The number of documents on polymyxin resistance has increased signi�cantly in the recent years. In the last few
years alone, 64% of all documents have been published. The United States and China lead the scienti�c production. Greater
efforts are still needed to tackle this global problem.

Introduction
Although efforts for the development of new antibiotics are constant, their number is still insu�cient, many of these are
modi�cations of existing ones and only ensure temporary control [1]. Meanwhile, antimicrobial resistance (AMR) continues to be
one of the main problems in public health, not only because of the high cost at the social level but also because of the high
economic cost, therefore urgent actions are necessary to face this global problem [2–4]. The AMR, especially in gram-negative
bacteria, has led to the rethinking of drugs that, due to their severe adverse effects, namely nephrotoxicity and neurotoxicity, were
neglected more than 30 years ago [5]. Such is the case of polymyxins, a group of polypeptide antibiotics composed of 5 different
chemical structures (A-E), of which only polymyxin B and E have clinical relevance, the latter being better known as colistin [6].
Since their reintroduction into clinical practice, they are considered “last resort” drugs because they serve as a �nal alternative to
the ineffectiveness of other drugs [7].

In 2017, the World Health Organization (WHO) in the GLASS (Global Antimicrobial Resistance Surveillance System) report noted
that, due to cases of carbapenem resistance, the use of colistin had increased signi�cantly. Although cases of colistin resistance
are rare in countries that have the possibility of monitoring it, an emerging resistance to this drug has been noted [8], especially
reported in Acinetobacter baumannii [9–11]. Therefore the WHO developed a technical guide for the detection and reporting of
colistin resistance [12], in addition to molecular methods to support AMR surveillance [13, 14]. Since then, various efforts have
been made by researchers to develop detection mechanisms for polymyxin resistance, mainly in Enterobacteriaceae [15] and
gram-negative bacteria [16].

Previously, various drugs have been studied with bibliometric indicators [17, 18], as in the case of some antiparasitics such as
antimalarial drugs [19], and antifungals such as triazoles [20]. Antibiotic resistance has also been studied in a general way [21] or
individually, either focusing on which organ or system is affected, such as antimicrobial resistance to uropathogens [22], or
according to the class of antibiotic, for example those resistant to carbapenem [23]. However, no bibliometric studies on
polymyxin resistance have been performed. Although colistin is the best-known example, it is preferred to study the class of
antibiotics to which it belongs. In such a way, it is necessary to analyze the information published so far in order to understand
the current state of the art in relation to polymyxin resistance, as these will serve as the basis for future plans and actions aimed
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at controlling or reducing the AMR and thereby reduce its impact on health. The objective of this study is to comprehensively
analyze research on polymyxin resistance, speci�cally, bibliometric indicators such as the types of documents, the top ten
institutions, countries, authors, journals, and articles in Scopus.

Methods
The search and data extraction was done in Scopus, due to the fact that it has a greater number of peer-reviewed journals [24].
When performing the search, terms used were extracted from the Medical Subject Headings (MeSH) from Pubmed and Emtree
from Embase and from these a complex search strategy was generated:

( ( ( TITLE ( colistin W/1 resist* ) ) OR ( TITLE ( colistimethate W/1 resist* ) ) OR ( TITLE ( colimycin W/1 resist* ) ) OR ( TITLE (
"pol?m?x?n E" W/1 resist* ) ) OR ( TITLE ( "pol?m?x?n B" W/1 resist* ) ) OR ( TITLE ( pol?m?x?n W/1 resist* ) ) ) OR ( KEY (
"colistin resist*" OR "colistimethate resist*" OR "colimycin resist*" OR "polymyxin E resist*" OR "polymyxin B resist*" OR "polymyxin
resist*" OR "polymixin resist*" ) ) ) OR ( TITLE-ABS-KEY ( "mobilized colistin resistance" OR "mobile colistin resistance" ) ) AND (
LIMIT-TO ( SRCTYPE, "j" ) ) AND ( EXCLUDE ( PUBSTAGE, "aip" ) ) AND ( EXCLUDE ( DOCTYPE, "er" ) ) AND ( EXCLUDE ( PUBYEAR,
2020 ) )

The asterisk (*) was used as a truncator or wildcard to collect all the variants of the word that have a root in common. For
example, when you enter resist*, the search engine will show results for both resist-ent and resist-ance. On the other hand, some
articles, especially the oldest ones, reported their research with different versions of the same word, such as polymyxin, polymixin,
polymyxin, polymyxin, etc. In order to retrieve the largest number of documents, vowels Y and I of “polymyxin” were replaced with
the question mark (?), which allows replacing a single character, �nally being written as pol?m?x?n. The W/1 was used to search
for variants that have a maximum of 1 term or none among the searched words, for example when searching for TITLE (colistin
W/1 resist*), titles such as: colistin resistance, resistant to colistin, and resistance to colistin, among others, will be retrieved. The
use of acronyms like "mcr" was avoided when formulating the search strategy since they were confused with false positive
results such as "Multivariate Curve Resolution (MCR)". The search excluded 2020 results and was performed on 05/18/20.
Erratum, articles in press and inde�nite articles were also excluded.

Initially, data analysis was performed on 05/19/20 using Scopus. Later, a .csv [Additional �le 1: Dataset] �le was imported into
SciVal for further analysis, limiting the results to a period of 10 years (2009–2018). The data collected included: types of
documents, number of publications per year, countries, institutions, journals, and the most productive authors. In addition, the
research production of each country was adjusted according to the size of its population
(https://www.cia.gov/library/publications/the-world-factbook/geos/ag.html). Pearson's correlation coe�cient was obtained
through the STATA statistical package (version 15.0, StataCorp, College Station, TX, USA) to check the correlation between some
variables (number of documents and number of citations, and the number of documents during the period 2009–2018). The
Field-Weighted Citation Impact (FWCI) was used as a bibliometric indicator and is de�ned as the ratio of the total citations
received by a document to the expected number of citations for similar documents [25]. Similar documents include those in the
same discipline or area of   study, the same type of document, and the same year of publication. It is calculated for the same year
of publication and the following three years. Its basal value is 1, that is, if the FWCI is greater than 1, the result is more cited than
expected according to the global average [25]. The number of documents per quartile was also counted according to Scimago
Journal & Country Rank (SJR) and CiteScore (CS).

VOSviewer (version 1.6.10) was used to create a visual representation of the co-occurrence of the most relevant keywords [26].
For these frequently encountered terms, a minimum of 100 occurrences was placed as a limit.

Results
A total of 1,306 results were obtained (1947–2019). Most of the documents (Table 1) were articles (76.95%), followed by letters
to the editor (15.47%) and then reviews (4.29%). The 1,306 documents were published in 13 languages. English was the
predominant language with 1,270 (97.2%) documents, followed by Chinese with 12 (0.9%) documents. Since 1994, there has
been at least one publication per year on polymyxin resistance, either colistin or polymyxin B. Before that year, the publications
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were not consecutive and the most frequently cited article discussed the �rst mechanisms discovered on polymyxin resistance
[27].

 

Table 1
Types of retrieved documents on polymyxin

resistance
Type of document Frequency

(N = 1306)

Percentage

(%)

Article 1005 76.95

Letter 202 15.47

Review 56 4.29

Note 26 1.99

Editorial 12 0.92

Short Survey 3 0.23

Conference Paper 2 0.15

 

When the analysis was limited from 2009 to 2018, 833 documents were obtained (64%). With 3,837 authors, there were 23,974
citations, with a peak recorded in 2016 (8,033 citations) and, in addition, 28.8 citations/article were obtained. Figure 1 shows the
number of documents and citations on polymyxin resistance. A signi�cant increase in publications was observed during the
period 2009–2018 (r = 0.880, p-value < 0.001), and a moderate correlation between the number of published documents and the
number of citations (r = 0.634, p-value = 0.04 ). The list of the 10 most cited publications on polymyxin resistance is found in
Table 2. Of these publications, 2 documents are reviews, the rest are articles, within which is the most cited document on
polymyxin resistance. This document was published in The Lancet Infectious Diseases and its number of citations quadruples
those received by the second place.
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Table 2
Top ten cited documents on polymyxin resistance (2009–2018)

Rank Author Title Year Source title Number
of
citations

Type of
document

1 Liu Y.-Y. et
al. [29]

Emergence of Plasmid-Mediated Colistin
Resistance Mechanism MCR-1 in Animals and
Human Beings in China: A Microbiological and
Molecular Biological Study

2016 The Lancet
Infectious
Diseases

1884 Article

2 Olaitan
A.O. et al.
[45]

Mechanisms of Polymyxin Resistance: Acquired
and Intrinsic Resistance in Bacteria

2014 Frontiers in
Microbiology

466 Review

3 Moffatt
J.H. et al.
[11]

Colistin Resistance in Acinetobacter baumannii
Is Mediated by Complete Loss of
Lipopolysaccharide Production

2010 Antimicrobial
Agents and
Chemotherapy

363 Article

4 Cai Y. et al.
[10]

Colistin Resistance of Acinetobacter baumannii:
Clinical Reports, Mechanisms and Antimicrobial
Strategies

2012 Journal of
Antimicrobial
Chemotherapy

303 Review

5 Tumbarello
M. et al.
[46]

Infections Caused by KPC-producing Klebsiella
pneumoniae: Differences in Therapy and
Mortality in a Multicentre Study

2015 Journal of
Antimicrobial
Chemotherapy

262 Article

6 Adams
M.D. et al.
[47]

Resistance to Colistin in Acinetobacter
baumannii Associated with Mutations in the
PmrAB Two-Component System

2009 Antimicrobial
Agents and
Chemotherapy

262 Article

7 Yin W. et
al. [31]

Novel Plasmid-Mediated Colistin Resistance
Gene mcr-3 in Escherichia coli

2017 mBio 247 Article

8 Hasman H.
et al. [44]

Detection of mcr-1 Encoding Plasmid-Mediated
Colistin-Resistant Escherichia coli Isolates from
Human Bloodstream Infection and Imported
Chicken Meat, Denmark 2015

2015 Eurosurveillance 225 Article

9 Beceiro A.
et al. [48]

Phosphoethanolamine Modi�cation of Lipid A
in Colistin-Resistant Variants of Acinetobacter
baumannii Mediated by the PmrAB Two-
Component Regulatory System

2011 Antimicrobial
Agents and
Chemotherapy

203 Article

10 Carattoli A.
et al. [32]

Novel Plasmid-Mediated Colistin Resistance
mcr-4 Gene in Salmonella and Escherichia coli,
Italy 2013, Spain, and Belgium, 2015 to 2016

2017 Eurosurveillance 197 Article

 

 

Among the 10 countries with the largest number of documents (Table 3), the United States of America (USA) is in �rst place with
146 documents and 6,513 citations, followed by China with 137 documents and 5,319 citations. It should be noted that the United
Kingdom (UK) despite having fewer articles (44) has a signi�cant number of citations (3,587).
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Table 3
Top ten productive countries on polymyxin resistance (2009–2018)

Rank Country Documents

N = 833 (%)

Documents/10 million
inhabitants

Total
citation

Citations/document International
collaboration;

National
collaboration
(%)

FWCI

1 United
States

146 (17.5) 4.39 6513 44.6 64.4; 21.2 4.48

2 China 137 (16.4) 0.98 5319 38.8 46.0; 38.7 5.13

3 France 99 (11.9) 14.59 3360 33.9 62.6; 33.3 4.31

4 Italy 70 (8.4) 11.22 2596 37.1 32.9; 45.7 4.39

5 Switzerland 57 (6.8) 67.82 1715 30.1 63.2; 28.1 5.09

6 Spain 56 (6.7) 11.20 1594 28.5 42.9; 53.6 3.35

7 Brazil 47 (5.6) 2.22 722 15.4 8.5; 55.3 1.91

8 United
Kingdom

44 (5.3) 6.69 3587 81.5 79.5 ;6.8 8.80

9 Australia 39 (4.7) 15.31 1404 36.0 79.5; 15.4 2.92

10 South
Korea

33 (4.0) 6.37 630 19.1 9.1; 45.5 2.42

FWCI �eld-weighted citation impact

 

Table 4 shows the authors with the highest production on polymyxin resistance. Nordmann P. and Poirel L., both with the same
a�liation (University of Fribourg), dominate the list with the largest number of documents (43 each) and a similar number of
citations (1,510 and 1,560, respectively). It is important to note that the most in�uential authors on polymyxin resistance were Doi
Y. from the USA and Wang Y. from China with 2,753 and 2,486 citations, respectively.
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Table 4
Top ten authors publishing on polymyxin resistance (2009–2018)

Rank Author Documents Total
citation

h-
Index

FWCI International
collaboration
(%)

A�liation Country

1 Nordmann,
Patrice L.

43 1510 106 5.71 62.8 University of
Fribourg/Universite
Paris-Saclay

Switzerland/France

2 Poirel,
Laurent

43 1560 99 5.78 62.8 University of
Fribourg/Universite
Paris-Saclay

Switzerland/France

3 Rolain,
Jean Marc

34 1346 54 5.05 47.1 Aix-Marseille
Université/AP-HM
Assistance
Publique -
Hôpitaux de
Marseille

France

4 Li, Jian 23 957 55 2.49 78.3 Monash
University/
Monash Institute
of Pharmaceutical
Sciences

Australia

5 Ko, Kwan
Soo

20 409 42 1.46 0 Sungkyunkwan
University/Asia
Paci�c Foundation
for Infectious
Diseases APFID/

Japan

6 Doi, Yohei 19 2753 57 15.71 63.2 University of
Pittsburgh/ Fujita
Health University
School of Medicine

United
States/Japan

7 Feng,
Youjun

19 544 32 3.98 42.1 Zhejiang
University/South
China Agricultural
University

China

8 Wang,
Yang

18 2486 35 16.07 61.1 China Agricultural
University

China

9 Jayol,
Aurélie

17 613 15 4.20 82.4 University of
Fribourg/ IAME
Infection
Antimicrobials
Modelling
Evolution

Switzerland/France

10 Rossolini,
Gian María

17 972 73 5.88 29.4 University of
Florence

Italy

FWCI �eld-weighted citation impact, h-Index Hirsch index

 

The 10 institutions with the largest number of documents are shown in Table 5. The University of Fribourg (Switzerland), Center
National de la Recherche Scienti�que (CNRS) (France) and Zhejiang University (China) occupy the top three places, respectively.
However, the latter is the one with the highest number of citations (2,956) and is the most productive with respect to polymyxin
resistance (FWCI = 8.62). When a sub-analysis was carried out by continents, the University of Fribourg and CNRS predominate in
Europe, and Zhejiang University in the Asian continent. University of Pittsburgh (USA) and Universidade de São Paulo (Brazil) do
the same in North and South America, respectively.
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Table 5
Top ten productive institutions on polymyxin resistance (2009–2018)

Rank Institution Documents

N = 833 (%)

Total
citation

Citations/document Number
of
authors

International
collaboration;
national
collaboration
(%)

FWCI Country

1 University of
Fribourg

44 (5.3) 1511 35.3 16 65.9; 31.8 5.69 Switzerland

2 Centre National
de la
Recherche
Scienti�que

41 (4.9) 1594 38.9 67 63.4; 36.6 4.65 France

3 Zhejiang
University

40 (4.8) 2956 73.9 79 45.0; 45.0 8.62 China

4 Institut
National de la
santé et de la
recherche
médicale

35 (4.2) 1389 39.7 51 57.1; 42.9 4.95 France

5 Aix-Marseille
Université

34 (4.1) 1323 38.9 49 47.1; 50.0 4.84 France

6 Institut de
Recherche pour
le
Développement

32 (3.8) 1301 40.7 43 50.0; 50.0 5.04 France

7 University of
Lausanne

27 (3.2) 591 21.9 7 70.4; 29.6 4.06 Switzerland

8 Monash
University

25 (3.0) 1080 43.2 54 80.0; 20.0 2.64 Australia

9 Universidade
de São Paulo

22 (2.6) 554 25.2 77 0; 68.2 2.91 Brazil

10 Sungkyunkwan
University

21 (2.5) 423 20.1 20 4.8; 42.9 1.49 Japan

FWCI �eld-weighted citation impact

 

The 10 journals with the highest number of publications on polymyxin resistance are shown in Table 6. The �rst three places were
for Antimicrobial Agents and Chemotherapy, International Journal of Antimicrobial Agents and Journal of Antimicrobial
Chemotherapy with 140, 75 and 67 documents, respectively. However, only the �rst one maintains its place in terms of more
citations and more authors. When the journal with the greatest impact was analyzed, the �rst place went to The Lancet Infectious
Diseases with a FCWI of 17.91 and 137 citations/article. According to CS, 393 (47.4%) of the documents on polymyxin resistance
have been published in the top 10% of the best journals.
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Table 6
Top ten journals publishing on polymyxin resistance (2009–2018)

Rank Journal (country) Documents

N = 833 (%)

Total
citation

Citations/document Number
of
authors

CS
2018

SJR
2018

FWCI

1 Antimicrobial Agents and
Chemotherapy (USA)

140 (16.8) 5832 41.7 796 4.34 2.09 4.62

2 International Journal of
Antimicrobial Agents
(Netherlands)

75 (9.0) 1511 20.2 449 3.59 1.53 3.77

3 Journal of Antimicrobial
Chemotherapy (UK)

67 (8.0) 2609 38.9 443 4.24 2.14 5.68

4 Frontiers in Microbiology
(Switzerland)

28 (3.4) 871 31.1 211 4.30 1.63 2.29

5 The Lancet Infectious
Diseases (UK)

26 (3.1) 3584 137.9 137 6.53 9.46 17.91

6 Diagnostic Microbiology and
Infectious Disease
(Netherlands)

20 (2.4) 364 18.2 115 2.31 1.13 1.59

7 Eurosurveillance (France) 19 (2.3) 1359 71.5 150 5.05 3.88 10.69

8 Journal of Global
Antimicrobial Resistance (UK)

19 (2.3) 136 7.2 106 1.94 0.83 1.54

9 Journal of Clinical
Microbiology (USA)

18 (2.2) 595 33.1 126 3.65 2.31 2.87

10 Clinical Microbiology and
Infection (UK)

15 (1.8) 675 45.0 118 4.51 2.65 4.05

CS CiteScore, SJR Scimago Journal & Country Rank, FWCI �eld-weighted citation impact, USA United States of America, UK
United Kingdom

 

Furthermore, according to SJR and CS, Table 7 shows the number of documents sorted by the quartile of the journal in which they
were published, showing that more documents are published in journals with better quartiles.

 

Table 7
Number of documents per journal quartile by Scimago Journal &

Country Rank and CiteScore
Bibliometric indicator SJR CS

Quartiles Documents

N = 833 (%)

Q1 689 (82.7) 576 (69.1)

Q2 94 (11.3) 139 (16.7)

Q3 27 (3.2) 66 (7.9)

Q4 19 (2.3) 32 (3.9)

No Q 4 (0.5) 20 (2.4)

SJR Scimago Journal & Country Rank, CS CiteScore, Q quartile
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Discussion
In other bibliometric studies [19, 22] in which the document type is reported, the reviews are in second place after the articles. In
our study, although letters represent the second type of document with the highest percentage of publications, only articles and
reviews are among the 10 most cited documents on polymyxin resistance. An underlying explanation is that The Lancet
Infectious Diseases and to a lesser extent other journals (Antimicrobial Agents and Chemotherapy, International Journal of
Antimicrobial Agents and Journal of Antimicrobial Chemotherapy) accept research for publication under the category of research
letter as a form of rapid communication, especially on relevant topics. An example of this is the most cited letter (173 citations) in
the period 2009–2018 that belongs to Falgenhauer L. et al. [28] published in 2016 in The Lancet Infectious Diseases and which
deals with the mcr-1 gene that confers resistance to colistin in carbapenemase-producing gram-negative bacteria and beta-
lactamases that spread in Germany.

In 2016, there was a peak in the number of citations, exactly 8,033 citations, this is probably due to the great impact that the
publication dealing with the paradigm shift had on the transfer mechanism of colistin resistance, which was considered only as a
rare chromosomal mutation up to that time. Liu Y-Y et al. [29] demonstrated plasmid-mediated colistin resistance thanks to the
mobilized colistin resistance (mcr-1) gene identi�ed in pigs in China. Interestingly, in the same year another gene called mcr-2 was
isolated in Eschericihia coli (E.coli) in Belgium [30]. In the following years other mcr genes were identi�ed: in 2017 the mcr-3 gene
in E.coli in China [31], mcr-4 in E.coli and Salmonella enterica serovar Typhimurium in three countries (Italy, Spain and Belgium)
[32], mcr-5 in E.coli and Salmonella Paratyphi B in Germany [33], and mcr-6 in Moraxella pluranimalium in the United Kingdom
[34]; in 2018 the mcr-7.1 and mcr-8 gene, both in Klebsiella pneumoniae in China [35, 36]; in 2019 the mcr-9 gene in Salmonella
enterica serovar Typhimurium in the USA [37]; and to date, the mcr-10 gene was isolated in Enterobacter roggenkampii in China
[38]. This has contributed to the continuous growth of the scienti�c literature relevant to polymyxin resistance, although they did
not cause the same impact after 2016, as citations decreased (Fig. 1).

As in our study, other bibliometric studies reported that the USA ranked �rst in the amount of scienti�c production in resistance to
other antimicrobials [19, 20, 22, 23]. Likewise, the USA also obtained the �rst place in those studies that analyzed the scienti�c
production of a certain drug, such as tramadol [39], aspirin [40] or clavulanic acid [17]. Given the large number of documents from
the USA (n = 146), it is logical to expect them to obtain the highest number of citations (6,513). However, the UK achieved a
signi�cant number of citations (3,587) with fewer documents (n = 44). This may be due to their great international collaboration
(79.5%), being 7.8 times more cited than the world average (Table 3). In addition, it has three publications within the 10 most cited
documents on polymyxin resistance (Table 2: rank 1, 7, and 9).

Nordmann P. and Poirel L., who were the authors with the highest number of documents in polymyxin resistance, also have the
highest number of documents in carbapenem resistance according to the bibliometric study carried out by Sweileh W. et al. [23].
Both authors (Nordmann P. and Poirel L.) have as a�liation the University of Fribourg and present multiple co-authorships in their
researchs, of which the most cited (126 citations) deals with the role of the MgrB protein as a source of resistance to colistin in a
series of Klebsiella pneumoniae [41]. Nonetheless, the most in�uential authors on polymyxin resistance were Doi Y. (USA) and
Wang Y., (China) with a FWCI of 15.71 and 16.07, respectively. The fact that both authors are co-authors of the most cited article
would explain their high FWCI (see Table 2). It is important to note that this is not their only publication in the top 10 (Table 2:
rank 7).

As for the 10 institutions with the highest scienti�c production, none of them belongs to the USA. Univeristy of Zhejiang (China)
was the institution whose publications caused the greatest impact with 2,956 citations and 79 authors, with Feng Y. being the
most productive author with this a�liation (see Table 4). Despite this, the University of Fribourg (Switzerland) with only 16
authors obtained the highest number of documents (n = 44). It is also important to point out that, the University of São Paulo
(Brazil), while not having international collaboration, ranked 9th among the most productive institutions (Table 5). Its important
national collaboration (68.2%) is noteworthy, being its greatest contribution on dissemination of the mcr-1 gene through samples
collected in E. coli and other enterobacteria, evidencing an emerging resistance to colistin in the South American continent since
2012 [42].
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Although Antimicrobial Agents and Chemotherapy, Journal of Antimicrobial Chemotherapy and Eurosurveillance were the
journals in which the 10 most cited documents were published three times, twice and twice, respectively, The Lancet Infectious
Diseases with only 26 documents was 16.91 times more cited than the world average, achieving 137.9 citations/article, which
triples the number of citations/article obtained by the journal with the largest number of documents in our study (Antimicrobial
Agents and Chemotherapy). However, Antimicrobial Agents and Chemotherapy is the only one that has remained among the 5
journals with the highest scienti�c production in other bibliometric studies, ranking �rst on carbapenem resistance [23] and
antifungal triazole resistance [20], second in antimalarial drug resistance [19], and third in antimicrobial resistance among
uropathogens [22].

Finally, there are some limitations and strengths in our research. First, like other bibliometric studies, some results may have been
missing due to publication in non-indexed journals in Scopus. However, this is the �rst study on polymyxin resistance applying
bibliometric indicators. Second, it was not possible to discern between articles related to humans and animals. Despite this, the
relationship is closer than it seems because colistin is used as a growth promoter in the veterinary �eld [43]. Furthermore,
horizontal transmission of mcr genes occurs through multi-resistance plasmids from animals, humans, and retail meat [43, 44].

Conclusion
The number of documents on polymyxin resistance in Scopus has increased in the last decade. Most of the documents come
from high-income countries, with the USA and China being the countries with the highest scienti�c activity in polymyxin
resistance. This, together with the high-impact journals in which they were published, demonstrates the great importance of the
subject and the rapid spread of AMR. Greater joint effort by clinicians, researchers and the pharmaceutical industries is still
needed to confront this old enemy, which has become a global threat.
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Figure 1

Growth of publications and citations for polymyxin resistance (2009-2018)
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Figure 2

Research topics clustered by mapping of co-occurrences of terms for publications related to polymyxin resistance. Of the 5,731
terms, 69 terms occurred at least 100 times. The size of the circles represents the occurrences of terms in title/key. The largest set
of connected terms consists of 68 terms in three clusters. The three clusters can be interpreted as: “bacteria commonly
associated with an emerging polymyxin resistance (red cluster, 26 items)”, “drugs used in combination for multidrug-resistant
organisms (green cluster, 23 items)”, and “genetics of polymyxin resistance (blue cluster, 19 items)”
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