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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 scientific research on
polymyxin resistance.

Methods: Scopus was used to retrieve documents relevant to polymyxin resistance from
2010 to 2019. Data was exported to Microsoft Excel for table presentation. SciVal was
used for volume and citation analysis as well as collaboration patterns. Also, we extracted
data regarding the top documents, authors, countries, institutions, and the metrics of
journals. VantagePoint and VOSviewer were used for geographical distribution of
worldwide research and keyword co-occurrence analysis, respectively.

Results: A total of 1,409 documents were retrieved. The retrieved documents received
25.0 citations per document. Articles (73.88%) and letters (18.09%) were the most
frequent types of documents. During 2010–2019, there was a significant growth in
publications (p-value < 0.001). The received citations were 35,209 with a peak in 2016
(11,250 citations). China and the United States led the scientific production with 299
(21.2%) and 238 (16.9%) publications, respectively. Little or no contribution came from
central Asia, Sub-Saharan Africa, and Latin America. Chinese institutions have caused the
greatest impact, with University of Zhejiang (China) being the most prolific institution on the
subject (88 documents). In terms of themost productive journals,Antimicrobial Agents and
Chemotherapy ranked first with 196 (13.9%) documents. Most of the documents were
published in quartile one journals and only had national collaboration (43.2%). Analysis of
keyword co-occurrence revealed that research on polymyxin resistance during the last
decade has focused on its relationship with public health, pharmacology, and genetics.

Conclusion: The number of documents on polymyxin resistance has increased
significantly in the recent years, with a steep growth from 2016 onwards. China and
the United States led the scientific production. Most of the documents were published in
high-quality journals. Greater joint efforts and more contribution from central Asia, Sub-
Saharan Africa, and Latin America are still needed to tackle this global problem.
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INTRODUCTION

Although efforts for the development of new antibiotics are
multiple, their number is still insufficient, many of these are
modifications of existing ones and only ensure temporary control
(World Health Organization, 2017a). 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 (Laxminarayan
et al., 2013; Allcock et al., 2017; Luepke et al., 2017). 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 (Falagas and Kasiakou, 2005). Such is the case of
polymyxins, a group of polypeptide antibiotics composed of five
different chemical structures (A-E), of which only polymyxin B
and E have clinical relevance, the latter being better known as
colistin (Azzopardi et al., 2013). Since their reintroduction into
clinical practice, they are considered “last resort” drugs because
they serve as a final alternative to the ineffectiveness of other
drugs (Biswas et al., 2012).

In 2017, theWorld 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 significantly. 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 (World Health Organization, 2017b), especially in gram-
negative pathogens (Srinivas and Rivard, 2017). Therefore the
WHO developed a technical guide for the detection and reporting
of colistin resistance (World Health Organization, 2018), in
addition to molecular methods to support AMR surveillance
(Rebelo et al., 2018; Borowiak et al., 2020). Since then, various
efforts have been made by researchers to develop detection
mechanisms for polymyxin resistance, mainly in
Enterobacteriaceae (Nordmann et al., 2016b) and gram-
negative bacteria (Nordmann et al., 2016a).

Bibliometrics is defined as the application of mathematical and
statistical methods used to assess the quality and quantity of
published scientific literature and to study research trends,
citation analysis, authorship, impact of publications, journal
analysis, as well as collaboration patterns in a certain field
(Hood and Wilson, 2001; Van Raan, 2003). Previously, various
drugs have been studied with bibliometric indicators (Sweileh
et al., 2016b; Al-Jabi, 2017; Ramirez-Malule, 2018). AMR has also
been studied in a general way (Sweileh and Moh’d Mansour,
2020) or individually, either focusing on which organ or system is
affected, such as antimicrobial resistance to uropathogens
(Sweileh et al., 2018), or according to the class of antibiotic,
for example those resistant to carbapenem (Sweileh et al., 2016a),
antiparasitics such as antimalarial drugs (Sweileh et al., 2017b),
and antifungals such as triazoles (Sweileh W. M. et al., 2017).
However, no bibliometric studies on polymyxin resistance have
been performed, despite the interest that it could offer to
researchers, clinicians, and pharmacists to know the evolution
and the areas in which the research has focused in relation to the

use of these drugs. Although colistin is the best-known example, it
is preferred to study the class of antibiotics to which it belongs.
Furthermore, there is evidence of cross-resistance between
colistin and polymyxin B (Falagas and Kasiakou, 2005; Cai
et al., 2015). Therefore, the objective of the current study is to
assess the research trends and collaboration patterns of scientific
publications on polymyxin resistance, and to identify the main
contributors to the research evolution of this subject.

MATERIALS AND METHODS

Database
Scopus (Elsevier BV Company, United States, available at: https://
www.scopus.com/) was used to retrieve all relevant documents in
the present study. Scopus is an international multidisciplinary
database that has a greater number of journals in comparison to
Pubmed or Web of Science, and is 100% inclusive of Medline
(Falagas et al., 2008). In addition, Scival, the software used for
calculating metrics for deeper analysis works hand in hand with
Scopus since both were developed by Elsevier.

Search Strategy
When performing the search query, different variants were
extracted from the Medical Subject Headings (MeSH) from
Pubmed and Emtree from Embase, and from a combination of
both a complex search strategy was generated. A supplementary
file shows this in more detail (see Supplementary Material 1).

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-ant and resist-ance. On the other hand,
some documents, especially the oldest ones, reported their
research with different versions of the same word, such as
polymyxin, polymixin, 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, finally being written as pol?m?x?n. The W/2 was
used to search for variants that have a maximum of two term or
none among the searched words. For example, when searching
for TITLE (colistin W/2 resist*), titles such as: colistin resistance,
resistant to colistin, resistance to colistin, among others, will be
retrieved.

Using the Scopus source feature, we limit the search to only
“journals” as our source type. Erratum and articles in press were
excluded. Results from 2020 to 2021 were also excluded to avoid
delays related to indexation in Scopus, as at least 6 months is
needed for Scopus metrics to be updated. Since our software
(SciVal) can analyze the last decade, the study period was limited
from 2010 to 2019. The validity of the search strategy was tested
by manually reviewing retrieved documents and those false-
positive results were excluded from the final search query.

Data Analysis
The data was downloaded as a.csv file from Scopus and then was
exported to Microsoft Excel 2016 for table and graphic
presentation. The data retrieval time and analysis were on
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January 6, 2021. Information such as annual growth per year,
language, subject area, and the type of publication were extracted
directly from Scopus. For further analysis, the.csv file was
exported to SciVal (Elsevier BV Company, United States,
available at: https://www.scival.com/). The following
bibliometric indicators were presented:

1) Number of documents and citations for the most productive
countries, institutions, journals, and authors publishing
scientific documents on polymyxin resistance.

2) Research collaboration for the top ten authors, countries,
and institutions. Each publication is assigned to one of four
mutually exclusive collaboration types, based on its
affiliation information:
• International collaboration: a study carried out by

multiple authors/institutions from different countries.
• National collaboration: a study carried out by several
authors/institutions from a single country.

• Institutional collaboration: a study carried out by several
authors from the same institution in a single country.

• Single authorship: no collaboration research. A category
that is added with the objective that the percentage of all
categories add up to 100%. Data not shown in tables.

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).
Spearman’s correlation coefficient was obtained through the
STATA statistical package (version 15.0, StataCorp, College
Station, TX, United States) to check the correlation between
some variables (number of documents and number of
citations, and the number of documents during the period of
study) with a p-value ≤ 0.05 being statistically significant. Using
SciVal, the number of documents per quartile was also counted
according to Scimago Journal and Country Rank and CiteScore.

The concepts used for citation analysis and other metrics in
the present study are defined as follows:

• Document count: it shows the number of publications an
entity, country, journal, or author has indexed in Scopus.

• Citation count: it shows the total number of citations an
entity, country, journal, or author has received since an item
was published, up to the date of the last data cut.

• Citations per document: it indicates the average citation
impact of each of an entity’s publications. It is calculated by
dividing the citation count by the document count.

• CiteScore: calculates the average number of citations received
in a calendar year by all items published in that journal in the
preceding 3 years (Roldan-Valadez et al., 2019).

• Scimago Journal and Rank: It weights the value of a citation
depending on the field, quality, and reputation of the journal
that the citation comes from (Roldan-Valadez et al., 2019).

VOSviewer (version 1.6.10) was used to create a visual
representation of the co-occurrence of the most relevant
keywords (van Eck and Waltman, 2010). For these frequently
encountered terms, a minimum of 200 occurrences was placed as

a limit. A thesaurus was created to put singular and plural words
together. Also, inter-country collaboration was presented using
VOSviewer. VantagePoint software was used to graph the
geographical distribution of worldwide publications on the
topic. Before generating the graph, a process of
disambiguation of the names of countries with accent was
carried out. For example: México, Mexico; Perú, Peru; among
others.

RESULTS

Volume, Citation Analysis, Type of Research
and Language
A total of 1,409 documents were retrieved. With 6,251 authors,
there were 35,209 citations, with a peak recorded in 2016 (11,250
citations) and, in addition, an average of 25.0 citations/document
were obtained. Figure 1 shows the number of documents and
citations on polymyxin resistance. A significant increase in
publications was observed during the period 2010–2019 (r �
0.9879, p-value < 0.0001), with a steep growth from 2016 onwards
(>100 documents). Also, a high-level, positive, and statistically
significant correlation was observed between the number of
published documents and the number of citations (r � 0.8545,
p-value � 0.0016). Annual distribution of documents per country
and journal can be found in the Supplementary Material 2.

The 1,409 documents were published in 11 languages. English
was the predominant language with 1,373 (97.4%) documents,
followed very far by Chinese with 15 (1.1%) documents.

Subject Areas of the Retrieved Documents
Most of the retrieved documents were published within the
following subject areas (at least 100 publications): medicine
(n � 1,124; 79.8%), pharmacology, toxicology, and
pharmaceutics (n � 426; 30.2%), immunology and
microbiology (n � 410; 29.1%), and biochemistry, genetics,
and molecular biology (n � 189; 13.4%). It is important to
note that a document can fit into one or more subject areas,
therefore, the total percentages would exceed 100%.

Collaboration Patterns of the Retrieved
Documents
Most of the retrieved documents had only national collaboration
(n � 606; 43.2%), followed by international collaboration (n �
483; 34.4%), and only institutional collaboration (n � 294; 21.0%).
Nonetheless, in terms of impact, international collaboration
(15,054 citations; 31.2 citations/document) exceeds both
national (11,743; 19.4) and institutional collaboration (5,295;
18.0). The rest of the documents belong to the category “single
authorship” or “no collaboration” (n � 26; 1.4%). Academic-
corporate collaboration only represents 1.8% of total
collaboration on polymyxin resistance research.

Top Ten Cited Documents
The list of the 10 most cited publications on polymyxin resistance
is presented in Table 1. Of these publications, two documents are
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reviews, one is a letter, and 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.

Top Ten Productive Countries
Among the 10 countries with the largest number of documents
(Table 2), China is in first place with 299 documents and 8,405

citations, followed by the United States of America
(United States) with 238 documents and 8,713 citations. It
should be noted that the United Kingdom (United Kingdom)
despite having fewer documents (n � 92) has the highest citation/
document (n � 52.1). Figure 2A shows a geographical
distribution of worldwide publications on polymyxin resistance
using VantagePoint, in which darker colors indicate higher
research activity while gray color indicates no contribution.

FIGURE 1 | Growth of publications and citations for polymyxin resistance (2010–2019).

TABLE 1 | Top ten cited documents on polymyxin resistance (2010–2019).

Rank Author Title Year Source title Citation Type of
document

1 Liu Y.-Y. et al. 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

2,181 Article

2 Olaitan A.O.
et al.

Mechanisms of Polymyxin Resistance: Acquired and Intrinsic Resistance in
Bacteria

2014 Frontiers in Microbiology 546 Review

3 Cassini A. et al. Attributable deaths and disability-adjusted life-years caused by infections
with antibiotic-resistant bacteria in the EU and the European Economic Area
in 2015: a population-level modelling analysis

2019 The Lancet Infectious
Diseases

473 Article

4 Xavier B.B. et al. Identification of a novel plasmid-mediated colistin resistance gene, mcr-2, in
Escherichia coli, Belgium, june 2016

2016 Eurosurveillance 413 Article

5 Moffatt J.H.
et al.

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

2010 Antimicrobial Agents and
Chemotherapy

411 Article

6 Cai Y. et al. Colistin resistance of Acinetobacter baumannii: Clinical reports, mechanisms
and antimicrobial strategies

2012 Journal of Antimicrobial
Chemotherapy

328 Review

7 Tumbarello M.
et al.

Infections caused by KPC-producing Klebsiella pneumoniae: Differences in
therapy and mortality in a multicentre study

2015 Journal of Antimicrobial
Chemotherapy

294 Article

8 Yin W. et al. Novel plasmid-mediated colistin resistance gene mcr-3 in Escherichia coli 2017 mBio 282 Article
9 McGann P. et al. Escherichia coli harboring mcr-1 and blaCTX-M on a novel IncF plasmid: First

report of mcr-1 in the United States
2016 Antimicrobial Agents and

Chemotherapy
246 Letter

10 Hasman H. et al. Detection of mcr-1 encoding plasmid-mediated colistin-resistant Escherichia
coli isolates from human bloodstream infection and imported chicken meat,
denmark 2015

2015 Eurosurveillance 241 Article
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Figure 2B shows inter-country collaborations among countries
with a minimum of 20 publications on polymyxin resistance
research using VOSviewer, in which the size of circles represents

the number of publications of the country and the thickness of
lines is in correlation with the size of collaboration between the
countries.

TABLE 2 | Top ten productive countries on polymyxin resistance (2010–2019).

Rank Country Documents
N = 1,409

(%)

Documents/10
million

inhabitants

Total
citation

Citation/
document

Collaboration (%)

International National Institutional

1 China 299 (21.2) 2.1 8,405 28.0 44.3 41.7 13.7
2 United States of America 238 (16.9) 7.2 8,713 36.6 66.0 19.7 13.9
3 France 146 (10.4) 21.8 4,511 30.9 63.7 31.5 4.8
4 Italy 94 (6.7) 15.2 3,057 32.5 37.2 42.6 20.2
5 United Kingdom 92 (6.5) 14.2 4,789 52.1 84.8 8.7 6.5
6 Switzerland 87 (6.2) 108.8 2,254 25.9 63.2 31.0 4.6
7 Brazil 85 (6.0) 4.0 1,065 12.5 16.5 54.1 23.5
8 Spain 74 (5.3) 14.8 1774 24.0 45.9 51.4 2.7
9 India 64 (4.5) 0.5 436 6.8 21.9 26.6 50.0
10 Australia 61 (4.3) 24.4 1704 27.9 77.0 8.2 13.1

FIGURE 2 | Spatial distribution of publications (A) Geographical distribution of worldwide publications on polymyxin resistance based on author’s affiliation in
Scopus (2010–2019) (B) Network visualization of inter-country collaborations among countries with a minimum of 20 publications on polymyxin resistance research
(2010–2019).
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We also calculated the field-weighted international and
national collaboration (Supplementary Material 3) showing
that most countries whose research is mainly based on
international collaboration (>50%) obtain a greater global
visibility.

Top Ten Productive Authors
Table 3 shows the authors with the highest production on
polymyxin resistance. Nordmann P. and Poirel L., both with
the same affiliation (University of Fribourg), dominate the list
with the largest number of documents (58 and 56, respectively).
Nonetheless, the most influential authors on polymyxin
resistance were Wang Y. from China and Doi Y. from the
United States with 3,471 and 3,312 citations, respectively.

Top Ten Productive Institutions
The 10 institutions with the largest number of documents are
shown in Table 4. The Zhejiang University (China), University of
Fribourg (Switzerland), and Center National de la Recherche
Scientifique (France) were the top three institutions with
largest scientific production, respectively. However, only
institutions from China (Zhejiang University, China
Agricultural University and South China Agricultural

University) have caused the greatest impact as they have the
highest number of citations.

Top Ten Productive Journals
According to CiteScore Percentile, 582 (41.5%) documents on
polymyxin resistance were published in the top 10% journals. The
10 journals with the highest number of publications on
polymyxin resistance are shown in Table 5. The first three
places were for Antimicrobial Agents and Chemotherapy,
Journal of Antimicrobial Chemotherapy, and International
Journal of Antimicrobial Agents with 196, 113 and 110
documents, respectively. However, only the first one maintains
its place in terms of more citations (7,090 citations). Despite
having few documents (n � 35), The Lancet Infectious Diseases
obtained a significant number of citations and citation/document.
The most common subject area of the top journals was Infectious
diseases, followed by Microbiology and Pharmacology subject
categories.

Furthermore, according to CiteScore and Scimago Journal and
Rank, Table 6 shows the number of documents sorted by the
quartile of the journal in which they were published. The high
concentration of these publications in quartile one journals
suggests the high quality of the research.

TABLE 3 | Top ten authors publishing on polymyxin resistance (2010–2019).

Rank Author Documents N = 1,409
(%)

Total citation h-Index Collaboration (%) Country

International National Institutional

1 Nordmann, Patrice L. 58 (4.1) 1762 107 63.8 34.5 1.7 Switzerland
2 Poirel, Laurent 56 (4.0) 1816 101 62.5 35.7 1.8 Switzerland
3 Rolain, Jean Marc 45 (3.2) 1,557 59 53.3 44.4 2.2 France
4 Wang, Yang 41 (2.9) 3,471 38 58.5 34.1 7.3 China
5 Feng, Youjun 35 (2.5) 1,001 34 48.6 40.0 8.6 China
6 Li, Jian 32 (2.3) 1,111 58 75.0 9.4 15.6 China
7 Doi, Yohei 25 (1.8) 3,312 58 72.0 28.0 0 United States of America
8 Walsh, Timothy R. 22 (1.6) 2,934 65 95.5 4.5 0 United Kingdom
9 Sun, Jian 20 (1.4) 700 21 45.0 45.0 0 China
10 Ko, Kwan Soo 20 (1.4) 431 43 0 45.0 55.0 South Korea

TABLE 4 | Top ten productive institutions on polymyxin resistance (2010–2019).

Rank Institution (country) Documents
N = 1,409 (%)

Total
citation

Citation/
document

Collaboration (%)

International National Institutional

1 Zhejiang University (China) 88 (6.2) 4,171 47.4 45.5 47.7 5.7
2 University of Fribourg (Switzerland) 59 (4.2) 1770 30.0 66.1 32.2 1.7
3 Centre National de la Recherche Scientifique (France) 53 (3.8) 1882 35.5 67.9 32.1 0
4 China Agricultural University (China) 47 (3.3) 3,506 74.6 59.6 34.0 6.4
5 Aix-Marseille Université (France) 46 (3.2) 1,532 33.3 54.3 43.5 2.2
6 Institut de Recherche pour le Développement

(France)
44 (3.1) 1,505 34.2 54.5 45.5 0

7 Institut National de la Santé et de la Recherche
Médicale (France)

42 (3.0) 1,596 38.0 57.1 42.9 0

8 South China Agricultural University (China) 41 (2.9) 3,350 81.7 43.9 39.0 17.1
9 Universidade de São Paulo (Brazil) 39 (2.8) 714 18.3 20.5 51.3 28.2
10 University of Lausanne (Switzerland) 38 (2.7) 749 19.7 73.7 26.3 0

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 7029376

Quincho-Lopez and Pacheco-Mendoza Bibliometric Analysis on Polymyxin Resistance

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Visualization of Research Themes
Figure 3 shows visualization of terms on polymyxin resistance.
Analysis of indexed keyword analysis also revealed that
Escherichia coli (n � 674 occurrences), followed by Klebsiella
pneumoniae (n � 499), and Acinetobacter spp. (n � 264) were the
most frequently encountered pathogens.

Trends for Clinical and Basic Research
For the manual classification of studies into basic and clinical
research, secondary studies were excluded. Figure 4 shows the
distribution of basic and clinical studies per year. Overall, while

47.2% (n � 599) of the studies were basic, the majority (52.8%; n �
669) consisted of clinical studies, although very few were
randomized clinical trials. Similarly, clinical studies received
more citations than basic studies (17,179 vs 13,815 citations).

DISCUSSION

In the present study, letters represent the second most frequent
type of document after articles, unlike other bibliometric studies
in Scopus on antimicrobial resistance among uropathogens and
antimalarial drug resistance (Sweileh et al., 2017b, 2018), in which
reviews obtain this position. However, only one letter is among
the 10 most cited documents, with the rest being articles or
reviews. 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 (246 citations) from McGann
P. et al. (McGann et al., 2016) published in 2016 in
Antimicrobial Agents and Chemotherapy and which deals
with the first report of the mobilized colistin resistance
(mcr-1) in the United States, found in an E. coli strain
cultured from a patient with a urinary tract infection (UTI).

TABLE 5 | Top ten journals publishing on polymyxin resistance (2010–2019).

Rank Journal (country) Documents
N = 1,409 (%)

Total
citation

Citations/
document

Scimago
journal and
rank 2019

CiteScore
2019

Subject area category
(quartile)a

1 Antimicrobial Agents and
Chemotherapy (United States)

196 (13.9) 7,090 36.2 2.1 8.3 Infectious Diseases (Q1); Pharmacology
(Q1); Pharmacology, Toxicology and
Pharmaceutics (Q1)

2 Journal of Antimicrobial
Chemotherapy
(United Kingdom)

113 (8.0) 3,436 30.4 2.2 8.3 Infectious Diseases (Q1); Microbiology (Q1);
Pharmacology (Q1); Pharmacology,
Toxicology and Pharmaceutics (Q1)

3 International Journal of
Antimicrobial Agents
(Netherlands)

110 (7.8) 1985 18.0 1.5 6.7 Infectious Diseases (Q1); Medicine (Q1);
Microbiology (Q1); Pharmacology (Q1)

4 Frontiers in Microbiology
(Switzerland)

52 (3.7) 1,185 22.8 1.6 6.4 Microbiology (Q1); Immunology and
Microbiology (Q1)

5 Journal of Global Antimicrobial
Resistance (United Kingdom)

51 (3.6) 260 5.1 0.7 3.5 Microbiology (Q2); Immunology and Allergy
(Q3); Immunology (Q3)

6 The Lancet Infectious
Diseases (United Kingdom)

35 (2.5) 4,639 132.5 9.0 32.4 Infectious Diseases (Q1)

7 Microbial Drug Resistance
(United States)

31 (2.2) 280 8.5 0.8 3.9 Immunology (Q3); Medicine (Q1);
Microbiology (Q2); Pharmacology (Q2)

8 Diagnostic Microbiology and
Infectious Disease
(United States)

30 (2.1) 317 10.6 1.1 4.5 Infectious Diseases (Q2); Medicine (Q1);
Microbiology (Q2)

9 Eurosurveillance (France) 30 (2.1) 2075 69.2 3.0 11.1 Epidemiology (Q1); Medicine (Q1); Public
Health, Environmental and Occupational
Health (Q1); Virology (Q1)

10 Infection and Drug Resistance
(New Zealand)

28 (2.0) 194 6.9 0.9 2.4 Infectious Diseases (Q2); Pharmacology
(Q2); Pharmacology, Toxicology and
Pharmaceutics (Q1)

aSubject area according to Scimago Journal and Country Rank 2019.

TABLE 6 | Number of documents classified by journal quartile according to
CiteScore and Scimago Journal and Rank.

Classification system CiteScore Scimago
journal and rank

Quartiles N° Documents (%)

Q1 (top 25%) 894 (63.4) 1,053 (74.7)
Q2 (26–50%) 260 (18.5) 181 (12.4)
Q3 (51–75%9 171 (12.1) 113 (8.0)
Q4 (76–100%) 77 (5.5) 51 (3.6)
No Q 7 (0.5) 11 (0.8)

Cumulative value N° Documents (%)

Q1 to Q2 (top 50%) 1,154 (81.9) 1,234 (87.6)
Q1 to Q3 (top 75%) 1,325 (94.0) 1,347 (95.6)
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In 2016, the number citations increased dramatically (11,250
citations). This is probably due to the great impact that Liu Y-Y
et al. (Liu et al., 2016) generated that year due to the discovery of
plasmid-mediated resistance to colistin thanks to the mcr-1 gene

identified in pigs in China, thus creating a paradigm shift in the
resistance transfer mechanism, which was considered a rare
chromosomal mutation until then. Interestingly, in the same
year another gene called mcr-2 was isolated in Escherichia coli

FIGURE 3 |Research topics clustered bymapping of co-occurrences of terms for publications on polymyxin resistance (2010–2019). Of the 6,413 terms, 42 terms
occurred at least 200 times. The size of the circles represents the occurrences of terms in title/key. The largest set of connected terms consists of 42 terms in three
clusters. The three clusters may be interpreted as: “relationship of polymyxin resistance with public health (red cluster, 16 items)”, “other drugs ineffective against
multidrug-resistant organisms including polymyxin-resistant pathogens (green cluster, 14 items)”, and “genetics of polymyxin resistance (blue cluster, 12 items)”.

FIGURE 4 | Basic and clinical research trends on polymyxin resistance (2010–2019).
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(E.coli) in Belgium (Xavier et al., 2016). In the following years
other mcr genes were identified: in 2017 the mcr-3 gene in E.coli
in China (Yin et al., 2017),mcr-4 in E.coli and Salmonella enterica
serovar Typhimurium in three countries (Italy, Spain and
Belgium) (Carattoli et al., 2017), mcr-5 in E.coli and
Salmonella Paratyphi B in Germany (Borowiak et al., 2017),
and mcr-6 in Moraxella pluranimalium in the
United Kingdom (AbuOun et al., 2017); in 2018 the mcr-7.1
and mcr-8 gene, both in Klebsiella pneumoniae in China (Wang
et al., 2018; Yang et al., 2018); in 2019 the mcr-9 gene in
Salmonella enterica serovar Typhimurium in the United States
(Carroll et al., 2019); and to date, the mcr-10 gene was isolated in
Enterobacter roggenkampii in China (Wang et al., 2020). These
have contributed to the continuous growth of the scientific
literature relevant to polymyxin resistance, although they did
not cause the same impact after 2016, as citations decreased
(Figure 1). Given the wide availability of colistin compared to
polymyxin B (Cai et al., 2015), it was expected that most of the
literature would be on colistin resistance. This was partially
confirmed by the 10 most cited publications (Table 3), as
seven of them deal specifically with colistin resistance.

High-income countries were the largest contributors to the
growth of the scientific literature. Unlike other bibliometric
studies of drug resistance in which the United States ranked
first in the amount of scientific production in resistance to other
antimicrobials (Sweileh et al., 2016a; 2017b; Sweileh et al., 2017
W. M., 2018), the present study showed that China is the leading
country on polymyxin resistance. Recently, a much more general
bibliometric study focused on AMR in the environment showed
that China is also leading scientific production (Sweileh and
Moh’d Mansour, 2020). This may be partially explained by the
fact that mcr-1 gene was first isolated in pigs in China (Liu et al.,
2016). The increased antimicrobial consumption and the
irrational use of antimicrobials in clinical settings and
agriculture are the main reasons for AMR in China (Qu et al.,
2019). Another key factor is that colistin is used for growth
promotion in farm animals (Gharaibeh and Shatnawi, 2019).
Indeed, colistin resistance among animals is a major concern in
Asia and the Americas, ranging from 18 to 40%, and that China
and India have the highest level of AMR in animals, and new
hotspots of resistance are emerging in Brazil (Van Boeckel et al.,
2019). In our study, Brazil and India ranked seventh and nineth,
respectively. Also, a recent study demonstrated that China leads
in terms of the numbers of worldwide reports made onmcr genes
(4,917 strains identified in mcr-1 gene, and 274 strains identified
in a variant mcr genes) (Elbediwi et al., 2019). The fact that more
Chinese students and academics are collaborating with
researchers from Western developed countries also contributes
to China’s growth (Akanwa, 2015; Van Duin et al., 2018). As has
been pointed out by other studies (Ramos-Rincón et al., 2019;
González-Alcaide et al., 2020), China’s emergence in scientific
production is remarkable and has advanced by leaps and bounds
in recent years (Bornmann et al., 2015), including the area of
pharmacology/pharmacy (Ding et al., 2013). Despite China’s
positioning, the United States still maintains the highest
number of citations (8,713 citations), a common finding in
several similar studies (Sweileh et al., 2016a; 2016b; 2017b;

2017a). This is due to the international collaboration of the
United States having a greater impact than that of China
(field-weighted citation impact 1.47 vs 0.98) (see
Supplementary Material 3), along with the consideration that
citations usually have a delay of at least 2 years (Ding et al., 2013),
and that China’s leading position recently emerged in 2017 (see
Supplementary Material 2).

Given the large number of documents from China (n � 299)
and the United States (n � 238), it is logical to expect them to
obtain the highest number of citations (8,405 and 8,713,
respectively). However, citation/document is a more reliable
indicator, in which the United Kingdom ranks first with 51.2
citations per document. This may be due to their greater
international collaboration (84.8%). When adjusted by
population, some European countries, especially Switzerland,
ranked higher. This along with their high number of citations
may indicate that some small European countries publish high-
quality documents. On the other hand, adjusting for population
may not be the best approach for most densely-populated
countries, so standardizing for the number of researchers in
each country would be more realistic, although on issues like
antimicrobial resistance where contributions may come from
different areas, such information would not be easy to obtain
(Zhao et al., 2015; Wang et al., 2017).

In the present study, the level of international collaboration
(34.4%) was similar to population surveillance on tuberculosis
(36.8%) or coronavirus (35.2%) (González-Alcaide et al., 2020) or
high when compared to pneumonia (18.8%) (Ramos-Rincón
et al., 2019), respiratory syncytial virus (13.3%) (Brüggmann
et al., 2017) or Chagas cardiomyopathy (26%) (González-
Alcaide et al., 2018). Although international collaboration is
still not the most frequent type of collaboration, its
importance is undeniable, making imperative the need for new
strategies that facilitate its execution and implementation. As
depicted in Figure 2, China and United States are the major
contributors to this field. On the other hand, few or no
contributions came from central Asia, Latin America, and
Sub-Saharan Africa. The implementation of One Health
strategies to combat Antibiotic Misuse in Low-and Middle-
Income Countries (LMICs) includes, in addition to
establishing adequate surveillance systems and strong
laboratory capacity, also a multidisciplinary collaborative
approach, in which the high-income countries support LMICs
to overcome these cultural or socioeconomic barriers (Nadimpalli
et al., 2018). Thus, international research collaboration is essential
to improve the impact of a country’s scientific production (Wai-
Chan, 2017; Aldieri et al., 2019). It is extremely important to
establish collaboration networks between the Global North and
South nations (Kim et al., 2017), since in this way the
representativeness of the latter in global scientific production
could be improved.

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. (Sweileh et al., 2016a). This similarity may be explained by
the fact that polymyxins are one of the few available options
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against carbapenem-resistant infections (Morrill et al., 2015),
resulting in a unified investigation against multidrug resistant
pathogens. Nonetheless, the most influential authors on
polymyxin resistance were Doi Y. (United States) and Wang Y
(China). The fact that both authors are co-authors of the most cited
article would explain their high number of citations (see Table 3).

As for the 10 institutions with the highest scientific production,
Chinese institutions were the most prolific in the topic.Univeristy of
Zhejiang (China) was the institution whose publications caused the
greatest impact (4,171 citations), with Feng Y. being the most
productive author with this affiliation. It is also important to
point out that, the University of São Paulo (Brazil), while having
a low international collaboration, ranked ninth among the most
productive institutions (see Table 4). Its important national
collaboration (51.3%) 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
(Fernandes et al., 2016).

The Lancet Infectious Diseases with only 35 documents
achieved 132.5 citation/document. However, the most cited
journal was Antimicrobial Agents and Chemotherapy (7,090
citations) and is the only one that has remained among the
top five journals with the highest scientific production in other
bibliometric studies, ranking first on carbapenem resistance
(Sweileh et al., 2016a) and antifungal triazole resistance
(Sweileh W. M. et al., 2017), second in antimalarial drug
resistance (Sweileh et al., 2017b), and third in antimicrobial
resistance among uropathogens (Sweileh et al., 2018).

When reading this article, it should be noted that it was not
possible to discern between documents restricted to humans or
animals. Nonetheless, the relationship is closer than it seems because
colistin is used as a growth promoter in the veterinary field
(Gharaibeh and Shatnawi, 2019). Even mcr genes were initially
discovered in pigs in China (Liu et al., 2016). Furthermore,
horizontal transmission of mcr genes occurs through multi-
resistance plasmids from animals, and retail meat (Hasman et al.,
2015; Gharaibeh and Shatnawi, 2019). However, this is consistent
with the OneHealth approach, a concept that supports that health of
humans, animals, and the environment are inextricably linked, and
therefore should be recognized as one when combating AMR
(Nadimpalli et al., 2018). In the present study, 20.3% of the
documents deal with animals, 4.4% with food, and 2.7% with
wastewater/sewage, thus recognizing once again the intrinsic
relationship between the components of One Health.

LIMITATIONS AND STRENGTHS

Finally, there are some limitations and strengths in our research.
First, due to limitations of our software, only the last 10 years were
analyzed. Thus, only the most recent publications (2010–2019) were
included, which represent 90% of all documents available on the
subject in Scopus. Second, like other bibliometric studies, some
results may have been missing due to publication in non-indexed
journals in Scopus. However, this is the first study on polymyxin
resistance applying bibliometric indicators. Third, our study focused

only on documents from journals and did not include grey literature
that may have important information such as governmental or
technical reports. We only analysed bibliometric data from the
Scopus database, which may not reflect the complete set of
research in the topic. Nevertheless, as the Scopus database only
includes journals that meet high research standards, the dataset
ensures that our results are based on documents that met those
requirements and passed a strict peer-review process.

CONCLUSION

The number of documents on polymyxin resistance in Scopus has
increased in the last decade. Most of the documents were
published by high-income countries, with China and the
United States leading the scientific research activity on
polymyxin resistance. This, together with the high-quality
journals in which they were published, demonstrates the great
importance of the subject and the rapid spread of AMR. The
comparability of basic and clinical studies shows that much
remains to be discovered on this subject. The discovery of the
mcr gene caused great impact in the scientific community,
attracting efforts from the fields of genetics, pharmacology,
and public health. Greater joint efforts from researchers and
clinicians in low- and middle-income countries with peers in
high-income countries are needed to implement and carry out
research on polymyxin resistance, establishing deep connections
and increasing the levels of international collaboration.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, and further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

AQ and JP conceived the idea and designed the study and
analyzed the data. AQ wrote the first draft of the manuscript.
JP contributed to the critical review of the manuscript’s draft. AQ
and JP read and approved the submitted version.

ACKNOWLEDGMENTS

We are deeply grateful to the Universidad San Ignacio de Loyola for
access to Scopus database and Elsevier for sponsoring the access to
Scival.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.702937/
full#supplementary-material

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 70293710

Quincho-Lopez and Pacheco-Mendoza Bibliometric Analysis on Polymyxin Resistance

https://www.frontiersin.org/articles/10.3389/fphar.2021.702937/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.702937/full#supplementary-material
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


REFERENCES

AbuOun, M., Stubberfield, E. J., Duggett, N. A., Kirchner, M., Dormer, L., Nunez-
Garcia, J., et al. (2017). mcr-1 and Mcr-2 Variant Genes Identified in Moraxella
Species Isolated from Pigs in Great Britain from 2014 to 2015. J. Antimicrob.
Chemother. 72, 2745–2749. doi:10.1093/jac/dkx286

Akanwa, E. E. (2015). International Students in Western Developed Countries:
History, Challenges, and Prospects. jis 5, 271–284. doi:10.32674/jis.v5i3.421

Al-Jabi, S. W. (2017). Global Trends in Aspirin Resistance-Related Research from
1990 to 2015: A Bibliometric Analysis. Basic Clin. Pharmacol. Toxicol. 121,
512–519. doi:10.1111/bcpt.12840

Aldieri, L., Guida, G., Kotsemir, M., and Vinci, C. P. (2019). An Investigation of
Impact of Research Collaboration on Academic Performance in Italy. Qual.
Quant. 53, 2003–2040. doi:10.1007/s11135-019-00853-1

Allcock, S., Young, E. H., Holmes, M., Gurdasani, D., Dougan, G., Sandhu, M. S.,
et al. (2017). Antimicrobial Resistance in Human Populations: Challenges and
Opportunities. Glob. Health Epidemiol. Genom 2, e4. doi:10.1017/gheg.2017.4

Azzopardi, E. A., Ferguson, E. L., and Thomas, D. W. (2013). Colistin Past and
Future: A Bibliographic Analysis. J. Crit. Care 28, 219–9. doi:10.1016/
j.jcrc.2012.04.008

Biswas, S., Brunel, J. M., Dubus, J. C., Reynaud-Gaubert, M., and Rolain, J. M.
(2012). Colistin: An Update on the Antibiotic of the 21st century. Expert Rev.
Anti. Infect. Ther. 10, 917–934. doi:10.1586/eri.12.78

Bornmann, L., Wagner, C., and Leydesdorff, L. (2015). BRICS Countries and
Scientific Excellence: A Bibliometric Analysis of Most Frequently Cited Papers.
J. Assn Inf. Sci. Tec 66, 1507–1513. doi:10.1002/asi.23333

Borowiak, M., Baumann, B., Fischer, J., Thomas, K., Deneke, C., Hammerl, J. A.,
et al. (2020). Development of a Novel Mcr-6 to Mcr-9 Multiplex PCR and
Assessment of Mcr-1 to Mcr-9 Occurrence in Colistin-Resistant Salmonella
enterica Isolates from Environment, Feed, Animals and Food (2011-2018) in
Germany. Front. Microbiol. 11, 80–88. doi:10.3389/fmicb.2020.00080

Borowiak, M., Fischer, J., Hammerl, J. A., Hendriksen, R. S., Szabo, I., andMalorny,
B. (2017). Identification of a Novel Transposon-Associated
Phosphoethanolamine Transferase Gene, Mcr-5, Conferring Colistin
Resistance in D-Tartrate Fermenting Salmonella enterica Subsp. Enterica
Serovar Paratyphi B. J. Antimicrob. Chemother. 72, 3317–3324. doi:10.1093/
jac/dkx327

Brüggmann, D., Köster, C., Klingelhöfer, D., Bauer, J., Ohlendorf, D., Bundschuh,
M., et al. (2017). Respiratory Syncytial Virus: A Systematic Scientometric
Analysis of the Global Publication Output and the Gender Distribution of
Publishing Authors. BMJ Open 7, e013615. doi:10.1136/bmjopen-2016-013615

Cai, Y., Lee, W., and Kwa, A. L. (2015). Polymyxin B versus Colistin: An Update.
Expert Rev. Anti. Infect. Ther. 13, 1481–1497. doi:10.1586/
14787210.2015.1093933

Carattoli, A., Villa, L., Feudi, C., Curcio, L., Orsini, S., Luppi, A., et al. (2017). Novel
Plasmid-Mediated Colistin Resistance Mcr-4 Gene in Salmonella and
Escherichia coli, Italy 2013, Spain and Belgium, 2015 to 2016.
Eurosurveillance 22, 1–5. doi:10.2807/1560-7917.ES.2017.22.31.30589

Carroll, L. M., Gaballa, A., Guldimann, C., Sullivan, G., Henderson, L. O., and
Wiedmann, M. (2019). Identification of Novel Mobilized Colistin Resistance
Gene Mcr-9 in a Multidrug-Resistant, Colistin-Susceptible Salmonella enterica
Serotype Typhimurium Isolate. MBio 10, 1–6. doi:10.1128/mBio.00853-19

Ding, Z.-Q., Ge, J.-P., Wu, X.-M., and Zheng, X.-N. (2013). Bibliometrics
Evaluation of Research Performance in Pharmacology/pharmacy: China
Relative to Ten Representative Countries. Scientometrics 96, 829–844.
doi:10.1007/s11192-013-0968-x

Elbediwi, M., Li, Y., Paudyal, N., Pan, H., Li, X., Xie, S., et al. (2019). Global Burden
of Colistin-Resistant Bacteria: Mobilized Colistin Resistance Genes Study
(1980-2018). Microorganisms 7, 461. doi:10.3390/microorganisms7100461

Falagas, M. E., and Kasiakou, S. K. (2005). Colistin: The Revival of Polymyxins for
the Management of Multidrug-Resistant Gram-Negative Bacterial Infections.
Clin. Infect. Dis. 40, 1333–1341. doi:10.1086/429323

Falagas, M. E., Pitsouni, E. I., Malietzis, G. A., and Pappas, G. (2008). Comparison
of PubMed, Scopus, Web of Science, and Google Scholar: Strengths and
Weaknesses. FASEB J. 22, 338–342. doi:10.1096/fj.07-9492LSF

Fernandes, M. R., Moura, Q., Sartori, L., Silva, K. C., Cunha, M. P., Esposito, F.,
et al. (2016). Silent Dissemination of Colistin-Resistant Escherichia coli in

South America Could Contribute to the Global Spread of the Mcr-1 Gene. Euro
Surveill. 21, 1–6. doi:10.2807/1560-7917.ES.2016.21.17.30214

Gharaibeh, M. H., and Shatnawi, S. Q. (2019). An Overview of Colistin Resistance,
Mobilized Colistin Resistance Genes Dissemination, Global Responses, and the
Alternatives to Colistin: A Review. Vet. World 12, 1735–1746. doi:10.14202/
vetworld.2019.1735-1746

González-Alcaide, G., Llorente, P., and Ramos-Rincón, J. M. (2020). Systematic
Analysis of the Scientific Literature on Population Surveillance. Heliyon 6,
e05141. doi:10.1016/j.heliyon.2020.e05141

González-Alcaide, G., Salinas, A., and Ramos, J. M. (2018). Scientometrics Analysis
of Research Activity and Collaboration Patterns in Chagas Cardiomyopathy.
Plos Negl. Trop. Dis. 12, e0006602–21. doi:10.1371/journal.pntd.0006602

Hasman, H., Hammerum, A. M., Hansen, F., Hendriksen, R. S., Olesen, B., Agersø,
Y., et al. (2015). Detection of Mcr-1 Encoding Plasmid-Mediated Colistin-
Resistant escherichia Coli Isolates from Human Bloodstream Infection and
Imported Chicken Meat, denmark 2015. Euro Surveill. 20, 1–5. doi:10.2807/
1560-7917.ES.2015.20.49.30085

Hood, W. W., and Wilson, C. S. (2001). The Literature of Bibliometrics,
Scientometrics, and Informetrics. Scientometrics 52, 291–314. doi:10.1023/A:
1017919924342

Kim, J. U., Oleribe, O., Njie, R., and Taylor-robinson, S. D. (2017). A Time for New
north-south Relationships in Global Health. Int. J. Gen. Med. 10, 401–408.
doi:10.2147/IJGM.S146475

Laxminarayan, R., Duse, A., Wattal, C., Zaidi, A. K., Wertheim, H. F., Sumpradit,
N., et al. (2013). Antibiotic Resistance-The Need for Global Solutions. Lancet
Infect. Dis. 13, 1057–1098. doi:10.1016/S1473-3099(13)70318-9

Liu, Y. Y., Wang, Y., Walsh, T. R., Yi, L. X., Zhang, R., Spencer, J., et al. (2016).
Emergence of Plasmid-Mediated Colistin Resistance Mechanism MCR-1 in
Animals and Human Beings in China: A Microbiological and Molecular
Biological Study. Lancet Infect. Dis. 16, 161–168. doi:10.1016/S1473-
3099(15)00424-7

Luepke, K. H., Suda, K. J., Boucher, H., Russo, R. L., Bonney, M. W., Hunt, T. D.,
et al. (2017). Past, Present, and Future of Antibacterial Economics: Increasing
Bacterial Resistance, Limited Antibiotic Pipeline, and Societal Implications.
Pharmacotherapy 37, 71–84. doi:10.1002/phar.1868

McGann, P., Snesrud, E., Maybank, R., Corey, B., Ong, A. C., Clifford, R., et al.
(2016). Erratum for McGann et al., Escherichia coli Harboring mcr-1 and
blaCTX-M on a Novel IncF Plasmid: First Report of mcr-1 in the United States.
Antimicrob. Agents Chemother. 60, 5107–5121. doi:10.1128/AAC.01353-16

Morrill, H. J., Pogue, J. M., Kaye, K. S., and LaPlante, K. L. (2015). Treatment
Options for Carbapenem-Resistant Enterobacteriaceae Infections. Open Forum
Infect. Dis. 2, ofv050. doi:10.1093/ofid/ofv050

Nadimpalli, M., Delarocque-Astagneau, E., Love, D. C., Price, L. B., Huynh, B. T.,
Collard, J. M., et al. (2018). Combating Global Antibiotic Resistance: Emerging
One Health Concerns in Lower- and Middle-Income Countries. Clin. Infect.
Dis. 66, 963–969. doi:10.1093/cid/cix879

Nordmann, P., Jayol, A., and Poirel, L. (2016a). A Universal Culture Medium for
Screening Polymyxin-Resistant Gram-Negative Isolates. J. Clin. Microbiol. 54,
1395–1399. doi:10.1128/JCM.00446-16

Nordmann, P., Jayol, A., and Poirel, L. (2016b). Rapid Detection of Polymyxin
Resistance in Enterobacteriaceae. Emerg. Infect. Dis. 22, 1038–1043.
doi:10.3201/eid2206.151840

Qu, J., Huang, Y., and Lv, X. (2019). Crisis of Antimicrobial Resistance in China:
Now and the Future. Front. Microbiol. 10, 2240–2246. doi:10.3389/
fmicb.2019.02240

Ramirez-Malule, H. (2018). Bibliometric Analysis of Global Research on
Clavulanic Acid. Antibiotics (Basel) 7, 102. doi:10.3390/antibiotics7040102

Ramos-Rincón, J. M., Pinargote-Celorio, H., Belinchón-Romero, I., and González-
Alcaide, G. (2019). A Snapshot of Pneumonia Research Activity and
Collaboration Patterns (2001-2015): a Global Bibliometric Analysis. BMC
Med. Res. Methodol. 19, 184. doi:10.1186/s12874-019-0819-4

Rebelo, A. R., Bortolaia, V., Kjeldgaard, J. S., Pedersen, S. K., Leekitcharoenphon,
P., Hansen, I. M., et al. (2018). Multiplex PCR for Detection of Plasmid-
Mediated Colistin Resistance Determinants, Mcr-1, Mcr-2, Mcr-3, Mcr-4 and
Mcr-5 for Surveillance Purposes. Euro Surveill. 23, 1–11. doi:10.2807/1560-
7917.ES.2018.23.6.17-00672

Roldan-Valadez, E., Salazar-Ruiz, S. Y., Ibarra-Contreras, R., and Rios, C. (2019).
Current Concepts on Bibliometrics: a Brief Review about Impact Factor,

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 70293711

Quincho-Lopez and Pacheco-Mendoza Bibliometric Analysis on Polymyxin Resistance

https://doi.org/10.1093/jac/dkx286
https://doi.org/10.32674/jis.v5i3.421
https://doi.org/10.1111/bcpt.12840
https://doi.org/10.1007/s11135-019-00853-1
https://doi.org/10.1017/gheg.2017.4
https://doi.org/10.1016/j.jcrc.2012.04.008
https://doi.org/10.1016/j.jcrc.2012.04.008
https://doi.org/10.1586/eri.12.78
https://doi.org/10.1002/asi.23333
https://doi.org/10.3389/fmicb.2020.00080
https://doi.org/10.1093/jac/dkx327
https://doi.org/10.1093/jac/dkx327
https://doi.org/10.1136/bmjopen-2016-013615
https://doi.org/10.1586/14787210.2015.1093933
https://doi.org/10.1586/14787210.2015.1093933
https://doi.org/10.2807/1560-7917.ES.2017.22.31.30589
https://doi.org/10.1128/mBio.00853-19
https://doi.org/10.1007/s11192-013-0968-x
https://doi.org/10.3390/microorganisms7100461
https://doi.org/10.1086/429323
https://doi.org/10.1096/fj.07-9492LSF
https://doi.org/10.2807/1560-7917.ES.2016.21.17.30214
https://doi.org/10.14202/vetworld.2019.1735-1746
https://doi.org/10.14202/vetworld.2019.1735-1746
https://doi.org/10.1016/j.heliyon.2020.e05141
https://doi.org/10.1371/journal.pntd.0006602
https://doi.org/10.2807/1560-7917.ES.2015.20.49.30085
https://doi.org/10.2807/1560-7917.ES.2015.20.49.30085
https://doi.org/10.1023/A:1017919924342
https://doi.org/10.1023/A:1017919924342
https://doi.org/10.2147/IJGM.S146475
https://doi.org/10.1016/S1473-3099(13)70318-9
https://doi.org/10.1016/S1473-3099(15)00424-7
https://doi.org/10.1016/S1473-3099(15)00424-7
https://doi.org/10.1002/phar.1868
https://doi.org/10.1128/AAC.01353-16
https://doi.org/10.1093/ofid/ofv050
https://doi.org/10.1093/cid/cix879
https://doi.org/10.1128/JCM.00446-16
https://doi.org/10.3201/eid2206.151840
https://doi.org/10.3389/fmicb.2019.02240
https://doi.org/10.3389/fmicb.2019.02240
https://doi.org/10.3390/antibiotics7040102
https://doi.org/10.1186/s12874-019-0819-4
https://doi.org/10.2807/1560-7917.ES.2018.23.6.17-00672
https://doi.org/10.2807/1560-7917.ES.2018.23.6.17-00672
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Eigenfactor Score, CiteScore, SCImago Journal Rank, Source-Normalised
Impact Per Paper, H-index, and Alternative Metrics. Ir. J. Med. Sci. 188,
939–951. doi:10.1007/s11845-018-1936-5

Srinivas, P., and Rivard, K. (2017). Polymyxin Resistance in Gram-
Negative Pathogens. Curr. Infect. Dis. Rep. 19, 38. doi:10.1007/
s11908-017-0596-3

Sweileh, W. M., AbuTaha, A. S., Sawalha, A. F., Al-Khalil, S., Al-Jabi, S. W., and
Zyoud, S. H. (2017a). Bibliometric Analysis of Worldwide Publications on
Multi-, Extensively, and Totally Drug - Resistant Tuberculosis (2006-2015).
Multidiscip. Respir. Med. 11, 45–16. doi:10.1186/s40248-016-0081-0

Sweileh, W. M., Al-Jabi, S. W., Sawalha, A. F., AbuTaha, A. S., and Zyoud, S. H.
(2017b). Bibliometric Analysis of Worldwide Publications on Antimalarial
Drug Resistance (2006-2015). Malar. Res. Treat. 2017, 6429410. doi:10.1155/
2017/6429410

Sweileh, W. M., Al-Jabi, S. W., Zyoud, S. H., Sawalha, A. F., and Abu-Taha, A. S.
(2018). Global Research Output in Antimicrobial Resistance Among
Uropathogens: A Bibliometric Analysis (2002-2016). J. Glob. Antimicrob.
Resist. 13, 104–114. doi:10.1016/j.jgar.2017.11.017

Sweileh, W. M., and Moh’d Mansour, A. (2020). Bibliometric Analysis of Global
Research Output on Antimicrobial Resistance in the Environment (2000-2019).
Glob. Heal. Res. Pol. 5, 37. doi:10.1186/s41256-020-00165-0

Sweileh, W. M., Shraim, N. Y., Al-Jabi, S. W., Sawalha, A. F., AbuTaha, A. S., and
Zyoud, S. H. (2016a). Bibliometric Analysis of Global Scientific Research on
Carbapenem Resistance (1986-2015). Ann. Clin. Microbiol. Antimicrob. 15,
56–11. doi:10.1186/s12941-016-0169-6

Sweileh, W. M., Shraim, N. Y., Zyoud, S. H., and Al-Jabi, S. W. (2016b). Worldwide
Research Productivity on Tramadol: a Bibliometric Analysis. Springerplus 5,
1108. doi:10.1186/s40064-016-2801-5

Sweileh, W. M., Sawalha, A. F., Al-Jabi, S., and Zyoud, S. e. H. (2017c). Bibliometric
Analysis of Literature on Antifungal Triazole Resistance: 1980 - 2015. Germs 7,
19–27. doi:10.18683/germs.2017.1104

Van Boeckel, T. P., Pires, J., Silvester, R., Zhao, C., Song, J., Criscuolo, N. G., et al.
(2019). Global Trends in Antimicrobial Resistance in Animals in Low- and
Middle-Income Countries. Science 365 (6459), eaaw1944. doi:10.1126/
science.aaw1944

Van Duin, D., Gu, P., Dong, J., Paff, M., Arias, R. M., Evans, B., et al. (2018). China-
United States Research Collaborations in Antimicrobial Resistance. Clin. Infect.
Dis. 67, S142–S145. doi:10.1093/cid/ciy694

van Eck, N. J., and Waltman, L. (2010). Software Survey: VOSviewer, a Computer
Program for Bibliometric Mapping. Scientometrics 84, 523–538. doi:10.1007/
s11192-009-0146-3

Van Raan, A. (2003). The Use of Bibliometric Analysis in Research Performance
Assessment and Monitoring of Interdisciplinary Scientific Developments.
TATuP 12, 20–29. doi:10.14512/tatup.12.1.20

Wai-Chan, S. (2017). International Research Collaboration Creates Higher Impact.
Nordic J. Nurs. Res. 37, 59–60. doi:10.1177/2057158517706259

Wang, C., Feng, Y., Liu, L., Wei, L., Kang, M., and Zong, Z. (2020). Identification of
Novel mobile Colistin Resistance Gene Mcr-10. Emerg. Microbes Infect. 9,
508–516. doi:10.1080/22221751.2020.1732231

Wang, L., Li, L., Cheng, C., Tian, H., Li, Y., and Zhao, M. (2017). Global Scientific
Production in the Field of Knee Arthroplasty: A Cross-Sectional Survey of

Research Activities. J. Int. Med. Res. 45, 897–903. doi:10.1177/
0300060517701356

Wang, X., Wang, Y., Zhou, Y., Li, J., Yin, W., Wang, S., et al. (2018). Emergence of a
Novel mobile Colistin Resistance Gene, Mcr-8, in NDM-Producing Klebsiella
pneumoniae. Emerg. Microbes Infect. 7, 122–129. doi:10.1038/s41426-018-
0124-z

World Health Organization (2017a). Antibacterial Agents in Clinical
Development. An Analysis of the Antibacterial Clinical Development
Pipeline, Including Tuberculosis. Available at: https://apps.who.int/iris/
bitstream/handle/10665/258965/WHO-EMP-IAU-2017.11-eng.pdf (Accessed
June 7, 2020).

World Health Organization (2017b). Global Antimicrobial Resistance Surveillance
System (GLASS) Report. Early Implementation. Available at: https://www.who.
int/docs/default-source/searo/amr/global-antimicrobial-resistance-
surveillance-system-(glass)-report-early-implementation-2016-2017.pdf (Accessed
June 7, 2020).

World Health Organization (2018). Global Antimicrobial Resistance Surveillance
System (GLASS). The Detection and Reporting of Colistin Resistance. Available
at: https://apps.who.int/iris/bitstream/handle/10665/277175/WHO-WSI-
AMR-2018.4-eng.pdf (Accessed June 7, 2020).

Xavier, B. B., Lammens, C., Ruhal, R., Kumar-Singh, S., Butaye, P., Goossens, H.,
et al. (2016). Identification of a Novel Plasmid-Mediated Colistin-Resistance
Gene, Mcr-2, in Escherichia coli, Belgium, June 2016. Euro Surveill. 21, 6–11.
doi:10.2807/1560-7917.ES.2016.21.27.30280

Yang, Y. Q., Li, Y. X., Lei, C. W., Zhang, A. Y., and Wang, H. N. (2018). Novel
Plasmid-Mediated Colistin Resistance Gene mcr-7.1 in Klebsiella pneumoniae.
J. Antimicrob. Chemother. 73, 1791–1795. doi:10.1093/jac/dky111

Yin, W., Li, H., Shen, Y., Liu, Z., Wang, S., Shen, Z., et al. (2017). Erratum for Yin
et al., "Novel Plasmid-Mediated Colistin Resistance Gene mcr-3 in Escherichia
coli". MBio 8, e00543–17. doi:10.1128/mBio.01166-17

Zhao, X., Ye, R., Zhao, L., Lin, Y., Huang, W., He, X., et al. (2015). Worldwide
Research Productivity in the Field of Endocrinology and Metabolism-Aa
Bibliometric Analysis. Endokrynol. Pol. 66, 434–442. doi:10.5603/EP.2015.0054

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Quincho-Lopez and Pacheco-Mendoza. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 70293712

Quincho-Lopez and Pacheco-Mendoza Bibliometric Analysis on Polymyxin Resistance

https://doi.org/10.1007/s11845-018-1936-5
https://doi.org/10.1007/s11908-017-0596-3
https://doi.org/10.1007/s11908-017-0596-3
https://doi.org/10.1186/s40248-016-0081-0
https://doi.org/10.1155/2017/6429410
https://doi.org/10.1155/2017/6429410
https://doi.org/10.1016/j.jgar.2017.11.017
https://doi.org/10.1186/s41256-020-00165-0
https://doi.org/10.1186/s12941-016-0169-6
https://doi.org/10.1186/s40064-016-2801-5
https://doi.org/10.18683/germs.2017.1104
https://doi.org/10.1126/science.aaw1944
https://doi.org/10.1126/science.aaw1944
https://doi.org/10.1093/cid/ciy694
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.14512/tatup.12.1.20
https://doi.org/10.1177/2057158517706259
https://doi.org/10.1080/22221751.2020.1732231
https://doi.org/10.1177/0300060517701356
https://doi.org/10.1177/0300060517701356
https://doi.org/10.1038/s41426-018-0124-z
https://doi.org/10.1038/s41426-018-0124-z
https://apps.who.int/iris/bitstream/handle/10665/258965/WHO-EMP-IAU-2017.11-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/258965/WHO-EMP-IAU-2017.11-eng.pdf
https://www.who.int/docs/default-source/searo/amr/global-antimicrobial-resistance-surveillance-system-(glass)-report-early-implementation-2016-2017.pdf
https://www.who.int/docs/default-source/searo/amr/global-antimicrobial-resistance-surveillance-system-(glass)-report-early-implementation-2016-2017.pdf
https://www.who.int/docs/default-source/searo/amr/global-antimicrobial-resistance-surveillance-system-(glass)-report-early-implementation-2016-2017.pdf
https://apps.who.int/iris/bitstream/handle/10665/277175/WHO-WSI-AMR-2018.4-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/277175/WHO-WSI-AMR-2018.4-eng.pdf
https://doi.org/10.2807/1560-7917.ES.2016.21.27.30280
https://doi.org/10.1093/jac/dky111
https://doi.org/10.1128/mBio.01166-17
https://doi.org/10.5603/EP.2015.0054
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Research Trends and Collaboration Patterns on Polymyxin Resistance: A Bibliometric Analysis (2010–2019)
	Introduction
	Materials and Methods
	Database
	Search Strategy
	Data Analysis

	Results
	Volume, Citation Analysis, Type of Research and Language
	Subject Areas of the Retrieved Documents
	Collaboration Patterns of the Retrieved Documents
	Top Ten Cited Documents
	Top Ten Productive Countries
	Top Ten Productive Authors
	Top Ten Productive Institutions
	Top Ten Productive Journals
	Visualization of Research Themes
	Trends for Clinical and Basic Research

	Discussion
	Limitations and Strengths
	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


