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Abstract: Methicillin-resistant Staphylococcus aureus (MRSA) has evolved as an alarming
public health thread due to its global spread as hospital and community pathogen. Despite
this role, a scientometric analysis has not been performed yet. Therefore, the NewQIS platform
was used to conduct a combined density-equalizing mapping and scientometric study.
As database, the Web of Science was used, and all entries between 1961 and 2007 were
analyzed. In total, 7671 entries were identified. Density equalizing mapping demonstrated
a distortion of the world map for the benefit of the USA as leading country with a total
output of 2374 publications, followed by the UK (1030) and Japan (862). Citation rate analysis
revealed Portugal as leading country with a rate of 35.47 citations per article, followed by
New Zealand and Denmark. Country cooperation network analyses showed 743 collaborations
with US-UK being most frequent. Network citation analyses indicated the publications that
arose from the cooperation of USA and France as well as USA and Japan as the most cited
(75.36 and 74.55 citations per collaboration article, respectively). The present study provides
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the first combined density-equalizing mapping and scientometric analysis of MRSA research.
It illustrates the global MRSA research architecture. It can be assumed that this highly
relevant topic for public health will achieve even greater dimensions in the future.

Keywords: methicillin-resistant Staphylococcus aureus; MRSA; antibiotic resistance;
density-equalizing mapping; scientometrics; public health

1. Introduction

First resistances against penicillin evolved in the 1940s, caused by the enzyme beta-lactamase. In
the 1960s, with the use of beta-lactamase resistant antibiotics, the resistance of Staphylococcus aureus
against methicillin came up. Various infectious diseases are difficult to treat are due to methicillin
resistant Staphylococcus aureus (MRSA) [1,2]. Additionally, more resistances against other antibiotics
have developed, thus that hospital- or healthcare-associated MRSA (HA-MRSA) are potentially
resistant to all classes of antibiotics, although individual isolates that are fully drug resistant have not been
reported thus far [3]. Nevertheless, how serious the resistance against fluoroquinolone in HA-MRSA
is [3] shows the use of B-lactams and fluoroquinolones that contribute to the selection of HA-MRSA
clones in the hospital setting [3]. The development of the resistance mechanism seems characterized by
distinct and simultaneous evolutions worldwide [4-9]. MRSA strains produce a penicillin-binding
protein, PBP2a, which has a much lower affinity for beta-lactam antibiotics [10]. It appears likely that
the mecA gene originates from similar genes found in other Gram-positive organisms, and is
transferred to MRSA by horizontal genetic transfer [11].

MRSA started as a serious problem in hospitals, but, during the last few decades, it also developed
into an alarming community pathogen [12], making it extremely important for public [13,14] and
occupational health [15].

Despite this significance, both hospital settings and public health in general, no in-depth scientometric
analysis of this important bacterium has been published thus far. Taking the overall importance of
MRSA for public health in mind, the NewQIS platform (New Quality and Quantity Indices in Science)
elected it as a research focus and conducted, within its focus, a combined density-equalizing mapping
and scientometric analysis. NewQIS has carried out a variety of scientometric analysis of different
disease patterns thus far.

2. Experimental Section
2.1. NewQIS-Platform

The present study is embedded in the NewQIS project. This project uses novel visualizing techniques
in combination with scientometrics [16,17].
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2.2. Data Source and Time Span

Data was retrieved from the Web of Science database (WoS) provided by the Thomson Institute for
Scientific Information (ISI). The analysis was restricted to the period of 1900 to 2007 in order to
obtain a closed period of time.

2.3. Search Strategies

In order to approximate the overall number of MRSA related publications the search term
“MRSA*” or “methicillin-resistant Staphylococcus aureus*” or “ORSA*” or “oxacillin-resistant
Staphylococcus aureus*” was entered in the search field. The Boolean operator “OR” is joining the
terms together, the asterisk (*) was used to cover all possible word endings.

2.4. Density-Equalizing Mapping

Density-equalizing mapping was used on the basis of a method published by Gastner and
Newman [18,19] of resizing territories according to a particular variable, i.e., the number of published
items, the average citations per item, or the h-index. The specific calculations are based on specific
algorithms [18]. Publications from England, Northern Ireland, Wales and Scotland were collectively
categorized as United Kingdom. Publications from “West Germany”, “Fed Rep Ger”, “Ger Dem Rep”
and “Bundes Republik” were summed up as Germany. Publications from “Czechoslovakia” were assigned
to either Slovakia or the Czech Republic; publications from the former “Yugoslavia” were assigned to
Montenegro, Bosnia and Herzegovina, Croatia, Slovenia, Serbia or the Former Yugoslav Republic
of Macedonia. Publications from “USSR” were assigned to Belarus, Ukraine, Uzbekistan, Kazakhstan,
Georgia, Azerbaijan, Lithuania, Moldova, Latvia, Kyrgyzstan, Armenia, Turkmenistan, Estonia, Tajikistan
or Russia.

2.5. Quality Criteria

For countries with at least 30 published items related to MRSA, the average number of citation per
published article (citation rate) was calculated. To assess qualitative aspects of a country research activity,
a country-specific h-index was established. The h-index defined by Hirsch is usually used as a quality
index (h) for authors. An author has index h if h of his n publications have at least h citations each, and
the other (N — h) papers have at least h citations each [20]. To compare the most productive countries
among each other, h-Index was modified and extrapolated to the articles originated from selected
countries and a country-specific modified h-index was calculated. The Impact-Factor is defined as the
average number of citations per year given to those publications from an institution published in the
two preceding years [21]. The Impact-Factor was used to compare the journals with the most citations
among each other.

2.6. Analysis of International Cooperation

The author’s address was used as criterion for the publishing country in order to analyze the origin
of publications. A publishing cooperation of countries could be ascertained when at least two different
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countries were shown in the authors’ addresses. A matrix with all identified countries was worked out
and filled with the corresponding values for the cooperation of pairs of countries. A second software
module was developed to translate the matrix and to transform the figures into vectors. The boldness
and color of a vector corresponds to the number of cooperation-articles between the two linked countries.

2.7. Journal Analysis

To identify the journals with highest publication activities in the field of MRSA the set of published
items was analyzed for the name of the publishing journal. In a second step, the journals were monitored
for total number of citations and Impact-Factors.

3. Results and Discussion
3.1. Results
3.1.1. General Parameters

The total number of published items was used as an index of quantitative research productivity on
the subject of MRSA. A total of 7671 items were published and included in the Web of Science database
since 1961, the first year of publication until 2007. The year 2006 holds the largest number of
published items (998) (Figure 1A. Concerning the total number of citation received by published items per
year, the articles of 2003 rank first with a total number of 9997 citations (Figure 1B). With 17,806
citations the year 2007 is in leading position concerning the total number of citations made per year.
The data illustrates a trend of an increasing number of citations both made and received since the
beginning of the 1990s, which coincides with a general increase in articles published on MRSA.

Figure 1. Number of publications and citations (A) Analysis of total number of published
items. (B) Analysis of total number of citations of published items per year. From 1990
onwards are abstracts included to the WoS.
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3.1.2. Country Research Analysis

Regarding the output of articles the United States of America is the most productive country with
a total of 2374 publications, which is 31% of the total number of published items related to MRSA.
In second position is United Kingdom with 1,030 articles (13.5%) followed by Japan with 862 (11.2%)
publications. These findings are visualized by a cartogram exemplifying the data by territorial
resizing (Figure 2A). When analyzing the citation rate, publications from Portugal are in the lead with
35.47 citations at an average followed by the publications from New Zealand and Denmark (Figure 2B).
Concerning the country-modified h-index, the USA ranks first, with a value of 99 followed by UK with a
value of 52 (Figure 2C).

Figure 2. Density-equalizing calculations. (A) Map illustrating the number of MRSA-related
articles of each country (1961-2007). (B) Map illustrating the citation rate of each country’s
MRSA -related publications (1961-2007). (C) Map illustrating the country-modified h-index
of each country for the period 1961-2007. In all maps, the area of each country has been
scaled in proportion to the respective parameter.
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3.1.3. Country Research Network Analysis

A total of 743 articles related to the topic MRSA were published as cooperation articles. The first
international cooperation article was published in 1977. The years 2005-2007 represent the years with
largest output of cooperation articles (Figure 3A). Six-hundred-and-four cooperation articles were
published as bilateral cooperation articles. A total of 101 were the result of trilateral collaboration,
19 originated through cooperation between four countries (Figure 3B). To visualize international
research networking for MRSA-related articles, the net chart technique was employed (Figure 3C).
With an average citation rate of 75.36 the common scientific works of USA and France are the leading
ones, close followed by the cooperations of USA and Japan. The network figure (Figure 3D) shows also
the USA in the center of the cooperation works with strong connections to UK, Portugal, France, Japan
and various other countries. However, there is also a broad developed network between the other

countries shown.

Figure 3. Country network analysis. (A) Evolution of international cooperation since 1977.
(B) Total numbers of published items with authors originating from two, three or more
countries (bi-, tri, and multilateral cooperation). (C) Bilateral cooperation with the highest
citation rate. (D) Spider chart visualizing bilateral networking between countries for the
overall number of collaborations between the two countries. Size and color of bars encode
the number of bilateral cooperation. For a less crowded synoptic view a threshold of at least
twelve cooperations per country for was set in the figure.
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3.1.4. Journal Analysis

The ten most productive journals during the period from 1961 to 2007 are ranked after their quantity
of publications (Figure 4A). As a quality-indicator of the journals, the number of citation of published
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MRSA-related articles and Impact-Factor were used (Figure 4B). The “Journal of Hospital Infection”
with 493 published items is the most productive journal regarding the topic MRSA. Further,

the “Journal of Clinical Microbiology” is the most cited Journal (10,720 citations). “New England
Journal of Medicine” is the Journal with the highest Impact-Factor (52.42).

Figure 4. Journal analysis (A) The top ten journals according to total number of published
items with total number of citations. (B) The top journals according to total number of
citation with Impact-Factor.
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3.2. Discussion

The present study was conducted to evaluate the MRSA research output quantitatively and qualitatively.
Therefore a combined density equalizing mapping and scientometric analysis of the publications with
MRSA as their subject was conducted by using the data of the WoS database. The number of publications
about MRSA gradually rose from 1961 onwards, the year of the first publication, until 2007.

The USA is the leading country in the field of MRSA research. It has the highest number of
publications and citations, is involved in two thirds of the most cited cooperation articles, it has the highest
country-specific citation rate, and reaches the best h-Index worldwide. The tendency for a relatively
small number of countries to publish the majority of items was clearly illustrated by density-equalizing
mapping procedures. In a first step, we observed disproportionately high average citation rates among
countries with a relatively small number of items. Therefore, we established a threshold of at least
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30 publications for analysis of citation rates. The most cited publications origin from cooperations
between the USA and France and between the USA and Japan with an average citation rate of 75.36
(USA/FRA) and 74.55 (USA/JAP), respectively, per publication. The most productive cooperation,
i.e., the one with the highest number of published articles, is the one between the USA and the UK.
In Europe, in addition to a high number of cooperations with the USA, the scientific network between
Belgium, the Netherlands, Germany and Switzerland is very strong. After the USA the United
Kingdom is the second most productive country in MRSA-publications with the second highest
h-Index. The number of authors contributing to an article has increased from three in the 1960s to
more than five in 2007.

According to the total number of citations, Impact-Factor, overall number of citations and average
number of citations per publication (i.e., citation rate), the journal Clinical Infectious Diseases is the
most important journal for MRSA. The most cited articles about MRSA have been published in the
New England Journal of Medicine and Lancet. The analysis of the collected data shows that the number
of citations of MRSA-articles has augmented linearly in the period examined, which corresponds to
the augmenting number of publications in the same period. This leads to only a small change in the
average number of citations per article and per year.

Collecting data of the individual country’s contribution to international publications constituted a
problem because the nomenclature used in the databases is not always unambiguous. This influences
the dependent data such as number of publications, citation rate and cooperations collected for each
country, with a bigger impact on countries with a minor number of publications.

The present study is in line with data obtained for global research activity in other fields including
gout [22], silicosis [23], or infectious diseases, such as influenza [24], or hepatitis B research [25].
In these studies, the ranking concerning research output starts with the US being followed by the UK,
Germany or Japan. This pattern is also present when a total of over 5.5 million publications was analyzed
for research activity related to 21 organ systems including brain and heart [26]. In this analysis, a uniform
pattern was present with the US was ranked first in every of the 21 organ systems. Number two and
three were either the UK, Japan, Germany [26].

The present pattern is also similar to research on smoking and pregnancy [27], a further topic which
is highly relevant for public health [28].

In contrast, there are also diseases in which a distinct research pattern is present, Namely, these
diseases are neglected tropical disease such as yellow fever [29]. Here, a recent NewQIS study identified
a total of 5053 yellow fever-associated publications, which were published by 79 countries.
The United States (USA) was shown to have the highest publication rate at 42% (n = 751). However,
at second place was listed Brazil (n = 203) as a country which is affected by this infectious disease.

From the juxtaposition of the present data with the recently published data on other diseases and organ
systems, it can be summarized that MRSA seems to be a subject which is fully integrated in industrialized
countries’ research focuses since the research activity pattern is similar to the common pattern of
research and contrasting to the pattern found for neglected diseases.
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4. Conclusions

The presented study is the first combined density-equalizing mapping and scientometric analysis of
a microorganism which is highly relevant for public health since it targets both community and hospital
settings. The data show a marked increase in research productivity during the last two decades. It can be
assumed that this topic will achieve even greater research dimensions in the future.

Acknowledgments

We thank Beatrix Kloft and Cristian Scutaru for their pioneering work in the NewQIS
establishment process and Gabriele Volante for editorial help.

Author Contributions

Johann P. Addicks, Stefanie Uibel, Anna-Maria Jensen, Matthias Bundschuh, Doris Klingelhoefer,
David A. Groneberg have made substantial contributions to the conception and design of the article.
While Addicks has performed the data search and the main analysis, all other authors have participated
in the review and interpretation processes. All authors have read and approved the final manuscript.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Wagener, J.; Seybold, U. MRSA—Hygiene management, diagnostics and treatment.
Deutsch. Med. Wochenschr. 2014, 139, 643-651.

2. Archer, G.L.; Niemeyer, D.M. Origin and evolution of DNA associated with resistance to methicillin
in Staphylococci. Trends Microbiol. 1994, 2, 343-347.

3. Lindsay, J.A. Hospital-associated MRSA and antibiotic resistance-what have we learned from
genomics? Int. J. Med. Microbiol. 2013, 303, 318-323.

4. Roemer, T.; Schneider, T.; Pinho, M.G. Auxiliary factors: A chink in the armor of MRSA
resistance to beta-lactam antibiotics. Curr. Opin. Microbiol. 2013, 16, 538-548.

5.  Gould, LM.; David, M.Z.; Esposito, S.; Garau, J.; Lina, G.; Mazzei, T.; Peters, G. New insights
into meticillin-resistant Staphylococcus aureus (MRSA) pathogenesis, treatment and resistance.
Int. J. Antimicrob. Agents 2012, 39, 96-104.

6. Chua, K.; Laurent, F.; Coombs, G.; Grayson, M.L.; Howden, B.P. Antimicrobial resistance:
Not community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA)! A clinician’s
guide to community MRSA—Its evolving antimicrobial resistance and implications for therapy.
Clin. Infect. Dis. 2011, 52, 99-114.

7. Gaze, W.; O’Neill, C.; Wellington, E.; Hawkey, P. Antibiotic resistance in the environment,
with particular reference to MRSA. Adv. Appl. Microbiol. 2008, 63, 249-280.

8. Barrett, J.F. MRSA: Status and prospects for therapy? An evaluation of key papers on the topic of
MRSA and antibiotic resistance. Expert Opin. Ther. Targets 2004, 8, 515-519.



Int. J. Environ. Res. Public Health 2014, 11 10224

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

Eady, E.A.; Cove, J.H. Staphylococcal resistance revisited: Community-acquired methicillin resistant
Staphylococcus aureus—An emerging problem for the management of skin and soft tissue infections.
Curr. Opin. Infect. Dis. 2003, 16, 103—124.

Chambers, H.F. Methicillin resistance in Staphylococci: Molecular and biochemical basis and
clinical implications. Clin. Microbiol. Rev. 1997, 10, 781-791.

Ito, T.; Ma, X.X.; Takeuchi, F.; Okuma, K.; Yuzawa, H.; Hiramatsu, K. Novel type V Staphylococcal
cassette chromosome mec driven by a novel cassette chromosome recombinase, ccrC.
Antimicrob. Agents Chemother. 2004, 48, 2637-2651.

Deurenberg, R.H.; Vink, C.; Kalenic, S.; Friedrich, A.W.; Bruggeman, C.A.; Stobberingh, E.E.
The molecular evolution of methicillin-resistant Staphylococcus aureus. Clin. Microbiol. Infect.
2007, 13, 222-235.

Otto, M. Community-associated MRSA: What makes them special? Int. J. Med. Microbiol. 2013,
303, 324-330.

Hughes, C.; Tunney, M.; Bradley, M.C. Infection control strategies for preventing the transmission
of meticillin-resistant Staphylococcus aureus (MRSA) in nursing homes for older people.
Cochrane Database Syst. Rev. 2013, 11, CD006354.

Rosenberg Goldstein, R.E.; Micallef, S.A.; Gibbs, S.G.; He, X.; George, A.; Sapkota, A.;
Joseph, S.W.; Sapkota, A.R. Occupational exposure to Staphylococcus aureus and
Enterococcus spp. among spray irrigation workers using reclaimed water. Int. J. Environ. Res.
Public Health 2014, 11, 4340-4355.

Groneberg-Kloft, B.; Quarcoo, D.; Scutaru, C. Quality and quantity indices in science: Use of
visualization tools. EMBO Rep. 2009, 10, 800—803.

Groneberg-Kloft, B.; Fischer, T.C.; Quarcoo, D.; Scutaru, C. New quality and quantity indices in
science (NewQIS): The study protocol of an international project. J. Occup. Med. Toxicol.
2009, 4, doi:10.1186/1745-6673-4-16.

Gastner, M.T.; Newman, M.E.J. Diffusion-based method for producing density-equalizing maps.
Proc. Natl. Acad. Sci. USA 2004, 101, 7499-7504.

Tobler, W. Thirty five years of computer cartograms. Ann. Assoc. Am. Geogr. 2004, 94, 58-73.
Hirsch, J.E. An index to quantify an individual’s scientific research output. Proc. Natl. Acad. Sci. USA
2005, 102, 16569—-16572.

Garfield, E. The history and meaning of the journal impact factor. Jama J. Am. Med. Assoc. 2006,
295, 90-93.

Gerber, A.; Groneberg, D.A.; Klingelhofer, D.; Bundschuh, M. Gout: A critical analysis of
scientific development. Rheumatol. Int. 2013, 33, 2743-2750.

Gerber, A.; Klingelhoefer, D.; Groneberg, D.A.; Bundschuh, M. Silicosis: Geographic changes in
research: An analysis employing density-equalizing mapping. J. Occup. Med. Toxicol. 2014, 9,
doi:10.1186/1745-6673-9-2.

Fricke, R.; Uibel, S.; Klingelhoefer, D.; Groneberg, D.A. Influenza: A scientometric and
density-equalizing analysis. BMC Infect. Dis. 2013, 13, doi:10.1186/1471-2334-13-454.

Schmidt, S.; Bundschuh, M.; Scutaru, C.; Klingelhoefer, D.; Groneberg, D.A.; Gerber, A.
Hepatitis B: Global scientific development from a critical point of view. J. Viral Hepat. 2013,
doi:10.1111/jvh.12205.



Int. J. Environ. Res. Public Health 2014, 11 10225

26.

27.

28.

29.

Groneberg-Kloft, B.; Scutaru, C.; Kreiter, C.; Kolzow, S.; Fischer, A.; Quarcoo, D.
Institutional operating figures in basic and applied sciences: Scientometric analysis of quantitative
output benchmarking. Health Res. Policy Syst. 2008, 6, doi:10.1186/1478-4505-6-6.

Mund, M.; Kloft, B.; Bundschuh, M.; Klingelhoefer, D.; Groneberg, D.A.; Gerber, A.
Global research on smoking and pregnancy-a scientometric and gender analysis. Int. J. Environ.
Res. Public Health 2014, 11, 5792-5806.

Mund, M.; Louwen, F.; Klingelhoefer, D.; Gerber, A. Smoking and pregnancy—A review on the
first major environmental risk factor of the unborn. Int. J. Environ. Res. Public Health 2013, 10,
6485-6499.

Bundschuh, M.; Groneberg, D.A.; Klingelhoefer, D.; Gerber, A. Yellow fever disease:
Density equalizing mapping and gender analysis of international research output.
Parasites Vectors 2013, 6, doi:10.1186/1756-3305-6-331.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



