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Bibliometric analysis of publication trends on ocular
hygiene and infections in the past two decades

Bibliometrische Analyse des Publikationstrends zum Thema
Augenhygiene und -infektionen in den letzten zwei Jahrzehnten

Abstract

Background: Ocular hygiene encompasses a spectrum of measures to
initiate and maintain adequate ocular cleanliness to prevent eye infec-
tions and their further transmission. These infections affect all age
groups and can lead to severe complications such as blindness. Nearly
1 billion cases could have been prevented out of over 2.2 billion people
that are visually impaired worldwide. This bibliometric analysis focuses
on the papers published on ocular hygiene and infections.

Methods: We searched in the Scopus database from 2004 to 2024.
After manual screening, a list of the 100 most-cited original articles
was obtained, which was analysed for various factors, including temporal
trends, subject areas, authorship patterns, country of origin, funding
bodies, etc.

Results: There has been a gradual decline over the past two decades
in the number of publications. The United States was affiliated with the
highest number of publications (n=61), followed by The United Kingdom
(n=12) and Gambia (n=8). Several authors had 4 or more publications,
with the highest number of publications by Rouse, B. T. (n=14). The
American Journal of Ophthalmology takes the lead with 15 publications,
while the National Eye Institute (n=23) was the leading funding body.
Examination of institutional contributions shows that The University of
Tennessee, Knoxville and UT College of Veterinary Medicine stand out
with twelve publications each. Nearly half the publications belong to
the field of medicine. However, significant publications also come from
the fields Neuroscience, Microbiology and Immunology, Biochemistry,
Genetics and Molecular Biology, etc. These findings highlight that there
is great potential to conduct research to propagate ocular hygiene to
prevent adverse effects of infections.

Zusammenfassung

Hintergrund: Die Augenhygiene umfasst ein Spektrum von Mainahmen
zur angemessenen Augenreinigung, zur Pravention von Augeninfektionen
und zur Verhinderung von deren Ausbreitung. Die Infektionen betreffen
alle Altersgruppen und kénnen zu schweren Komplikationen wie Erblin-
dung fihren. Fast 1 Milliarde Falle von tber 2,2 Milliarden sehbehinder-
ten Menschen weltweit hatten verhindert werden konnen. Die bibliome-
trische Analyse konzentriert sich auf Veroffentlichungen zum Thema
Augenhygiene und Infektionen.

Methode: Die Recherche wurde in der Scopus-Datenbank von 2004
bis 2024 durchgefuhrt. Nach manuellem Screening wurde eine Liste
der 100 meist zitierten Originalartikel erstellt, die auf die Faktoren
zeitliche Trends, Themenbereiche, Autorenschaft, Herkunftsland und
Finanzierungseinrichtungen analysiert wurden.

Ergebnisse: In den letzten zwei Jahrzehnten ist die Zahl der Verdoffentli-
chungen allmahlich zurlickgegangen. Die meisten Verdffentlichungen
stammen aus den Vereinigten Staaten (n=61), gefolgt vom Vereinigten
Konigreich (n=12) und Gambia (n=8). Mehrere Autoren hatten 4 oder
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mehr Veroffentlichungen, wobei Rouse (n=14) die meisten Veroffentli-
chungen hatte. Das American Journal of Ophthalmology steht mit
15 Verdffentlichungen an der Spitze. Das National Eye Institute (n=23)
war mit der hdchsten Anzahl von Ver6ffentlichungen beteiligt. Die Un-
tersuchung der institutionellen Beitrage ergab, dass die Universitat von
Tennessee, Knoxville, und das UT College fur Veterinarmedizin mit je-
weils zwolf Verdffentlichungen hervorstechen. Fast die Halfte der Ver6f-
fentlichungen entfallt auf den Bereich der Medizin. Aber auch in den
Bereichen Neurowissenschaften, Mikrobiologie und Immunologie, Bio-
chemie, Genetik und Molekularbiologie gibt es wichtige Verdffentlichun-
gen. Die Ergebnisse verdeutlichen, dass es ein grofRes Forschungspo-
tenzial zur Augenhygiene gibt, um die negativen Auswirkungen von In-

fektionen zu verhindern.
Introduction

Ocular hygiene encompasses a spectrum of measures
to initiate and maintain adequate ocular cleanliness to
prevent eye infections and their further transmission. It
plays a crucial role in reducing ocular morbidity and
complications [1]. The most common eye infections asso-
ciated with inadequate ocular hygiene include conjuncti-
vitis, blepharitis, and orbital and peri-orbital cellulitis [2],
[3]. These infections affect all age groups and are predom-
inantly caused by Gram-positive bacteria such as
Staphylococcus aureus and Streptococci, and Gram-
negative bacteria such as Pseudomonas aeruginosa and
Haemophilus spp. [4]. Their clinical course ranges from
mild self-limiting eye manifestations, e.g., itching and in-
flammation, to severe complications such as blindness
[5].

The World Health Organization estimates that over
2.2 billion people are visually impaired worldwide. Nearly
1 billion cases could have been prevented or can still be
sufficiently managed. Among preventive measures, ocular
hygiene remains a key reversible factor. Besides, optimal
ocular hygiene is one of the most effective strategies to
combat trachoma, a leading cause of permanent blind-
ness [6].

In recent years, the number of research publications in
the field of ophthalmology has markedly increased [7].
However, the volume and characteristics of publications
on ocular hygiene and infections are yet to be determined.
Bibliometric analysis is an important tool widely used to
serve this purpose [8]. Previously, bibliometric analysis
has been conducted in various areas such as dry eye,
cataract surgery, myopia, orthopedics, and COVID-19 [9],
[10], [14], [12], [13]. However, no similar bibliometric
studies have been conducted on ocular hygiene and as-
sociated infections.

We conducted the bibliometric analysis to quantitatively
analyze the characteristics of the 100 most-cited studies
on ocular hygiene and infections, and to assess the inter-
connectedness of key research themes to provide informa-
tion for future directions in research and practice in the
domain of ocular hygiene and related infections. We also
intended to explore factors leading to an increase in the
number of citations, such as publishing journal and pub-
lication time.

Methods

The Scopus database was used to conduct the bibliomet-
ric analysis. Two reviewers were selected to search the
database during November 2023. The first list comprised
original articles published during 2004-2023. The origi-
nal articles were separated from the review articles using
Scopus filters. We included all the articles on Ocular hy-
giene and Ocular infection, using the following search
term, (“ocular”[All Fields] OR “oculars”[All Fields]) AND
(“hygiene”[MeSH Terms] OR “hygiene”[All Fields] OR
“hygienic”[All Fields] OR “hygienical”[All Fields] OR “hy-
gienically”[All Fields] OR “hygienics”[All Fields] OR “hygien-
ization”[All Fields])) OR (“eye infections”[MeSH Terms]
OR (“eye”[All Fields] AND (“infections”[All Fields]) OR “eye
infections”[All Fields] OR (“ocular”[All Fields], AND (“infec-
tion”[All Fields]) OR “ocular infection”[All Fields]) OR
((“eye”[MeSH Terms] OR “eye”[All Fields]), AND (“hy-
giene”[MeSH Terms] OR “hygiene”[All Fields] OR “hygien-
ic’[All Fields] OR “hygienical”’[All Fields] OR “hygienic-
ally”[All Fields] OR “hygienics”[All Fields] OR “hygieniza-
tion”[All Fields]). Review articles, guidelines, and those
for which citation information was unavailable were ex-
cluded from the analysis.

The selected articles were related to ocular hygiene and
ocular infection. The appropriateness and relevance were
assessed by thoroughly going through the abstracts. In
certain cases where abstracts were unavailable, we used
other sources to obtain abstracts and determine their
suitability using our inclusion criteria. The “cited by” filter
in Scopus was used to arrange the articles in order of
citations. We finally compiled the list of the 100 most-
cited original articles. Only those articles were included
to which both the reviewers agreed.

The analysis of the final list of articles was conducted
using the Statistical Package for Social Sciences (SPSS)
version 26 and Microsoft Excel, version 2016. The citation
data includes total citations and citations per year.
Microsoft Excel was used to visualize data through appro-
priate graphs and tables. Further, VOSviewer version
1.6.20 was used for visual analysis. Raw data from
Scopus was uploaded in CSV format to retrieve the net-
work visual analysis.
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Results

Most cited publications

The top 100 most-cited publications are listed in Table 1.

Publication trends

The temporal analysis of the 100 most-cited articles on
ocular hygiene and ocular infection reveals intriguing
patterns. There has been a decline over the past two
decades in the number of publications. The average
number of publications from 2004 to 2013 was 7
(Figure 1).

Citation analysis

Citations of each document versus their corresponding
year of publication show a downward trend from 2004
to 2024 (Figure 2). This is expected because the papers
published in 2004 had a greater chance of being read
and cited compared to the recent publications. Therefore,
we also considered the factor of time since publication,
and calculated citations per year (CPY) for a better anal-
ysis of trends. Hence, Figure 3 shows a completely
opposite trend. It shows that the CPY has increased from
2012 to 2023, with the study “COVID-19 retinal microan-
giopathy as an in vivo biomarker of systemic vascular
disease?” having the highest CPY of 50.

Distribution across source titles

The distribution of publications across source titles under-
scores the preferred avenues for disseminating ocular
hygiene and ocular infection research. The American
Journal of Ophthalmology takes the lead with 15 publica-
tions, followed by Ophthalmology (8) and Retina (6)
(Table 2).

Table 2: Journals with more than 1 publication

Journal No. of publications
Journal of Immunology 8
American Journal of Ophthalmology 6
Ophthalmology 4
Journal of Virology 3

— American Journal of Pathology,

— Antimicrobial Agents and Chemotherapy,

— British Journal of Ophthalmology,

— Emerging Infectious Diseases,

— European Journal of Clinical
Microbiology and Infectious Diseases,

— Genome Medicine,

— JAMA Ophthalmology,

— Journal of Clinical Microbiology,

— Lancet,

— Plos Medicine,

— Plos Neglected Tropical Diseases

2 each

Authorship patterns

Analyzing authorship patterns reveals key contributors
and collaboration dynamics. Prolific authors, including
Rouse BT, Bailey RL, and Holland MJ, emerged as influ-
ential figures with more than seven publications each
(Table 3). The collaborative spirit is evident, with several
authors contributing more than three publications, indi-
cating a network of researchers pooling expertise. This
collaborative approach fosters a comprehensive explora-
tion of ocular hygiene and ocular infection from various
perspectives.

Table 3: Authors with more than 3 publications

Author Name No. of publications
Rouse BT 12

Bailey RL, Holland MJ 8 each
Mabey DCW, Reddy PBJ 6 each
Mulik S, Rajasagi N. K. 5 each
Alfonso EC, Burr SE, Sahm DF, 4 each

Suryawanshi A

Affiliation analysis

An in-depth examination of affiliations highlights institu-
tional contributions. The University of Tennessee,
Knoxville, TN, USA and UT College of Veterinary Medicine
(also Knoxville) stand out with 12 publications each, in-
dicating their centrality in ocular hygiene and ocular infec-
tion research (Figure 4). This collaborative effort extends
globally, involving institutions in the United States, Gam-
bia, India, and Italy. The diversity in affiliations enriches
the research landscape, offering varied insights into the
condition.

Country distribution

The geographical distribution of publications demon-
strates the global footprint of ocular hygiene and ocular
infection research. The United States leads with 61 pub-
lications, followed by United Kingdom (12) and Gambia
(8) (Figure 5). This international collaboration enriches
the field by incorporating diverse perspectives and ap-
proaches. The global nature of research not only broadens
the knowledge base but also facilitates the development
of universally applicable insights and interventions.

Subject area distribution

A meticulous examination of subject areas reveals the
interdisciplinary nature of ocular hygiene and ocular in-
fection research. Most publications fall within the medi-
cine subject area, emphasizing their clinical relevance.
Significant contributions in neuroscience and nursing
highlight the broader impact and collaborative nature of
the research. This interdisciplinary engagement reflects
a holistic approach toward understanding and addressing
ocular hygiene and ocular infection. Further close colla-
boration from departments of Immunology and Pharma-

GMS | (&G

GMS Hygiene and Infection Control 2024, Vol. 19, ISSN 2196-5226

3/11



Ali et al.: Bibliometric analysis of publication trends on ocular ...

No. of Publications

12
10
8
4
>
0
2021 2020 2019 2018 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004
Figure 1: Trends in papers published per year
Cited by
300
250 g
[
[
200 ®
150 s
[ J [
[ ] ) ¢ ® o . (] ' ®
100 o’ ¢ 3 s o ¢ . o
B EEBERE- o
50 e § $ 8 0 ' g ' o $ 4 o
0
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
Figure 2: Scatter plot of the number of citations for each document (y-axis) vs. the year of publication (x-axis)
CPY
60,0
50,0 o
40,0
30,0
]
'Y ¢
20,0 ' 3
[ J
8 o * [ ]
10,0 L ®
: py $ °
EFEEEEREEERR
0,0
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
Figure 3: Scatter plot of the number of CPY of each document (y-axis) vs. the year of publication (x-axis)
GMS % GMS Hygiene and Infection Control 2024, Vol. 19, ISSN 2196-5226 4/11




Ali et al.: Bibliometric analysis of publication trends on ocular ...

No. of Publications

Eurofins GSC LUX

Wilmer Eye Institute

Johns Hopkins University

Massachusetts Eye and Ear

Harvard Medical School

Emory University

Bausch & Lomb Incorporated

University of California, San Francisco
Bascom Palmer Eye Institute

Medical Research Council Laboratories Gambia
London School of Hygiene & Tropical Medicine

UT College of Veterinary Medicine

The University of Tennessee, Knoxville

o
N

4 6

(o)
N
o
-
N

Figure 4: Institutions with more than 3 publications

No. of Publications

4

4

= United States = United Kingdom = Gambia = India = ltaly

= Canada = Japan = Australia = Brazil = China

= Egypt = France = Tanzania

Figure 5: Country-wise distribution

14

GMS | G5

GMS Hygiene and Infection Control 2024, Vol. 19, ISSN 2196-5226

5/11



Ali et al.: Bibliometric analysis of publication trends on ocular ...

No. of Publications

v

= Medicine

= Immunology and Microbiology

= Pharmacology, Toxicology and Pharmaceutics = Biochemistry, Genetics and Molecular Biology

= Neuroscience

= Chemistry

= Multidisciplinary

= Chemical Engineering
= Energy

= Health Professions

= Social Sciences

= Agricultural and Biological Sciences

= Materials Science

= Veterinary

= Economics, Econometrics and Finance
= Environmental Science

Physics and Astronomy

Figure 6: Subject-wise distribution xxre-think “medicine”, see comments above

cology was not only evident but also predictable given
the pivotal role of Immunology and Pharmacology in the
development and resolution of ocular infections
(Figure 6).

Funding organizations

The financial landscape supporting ocular hygiene and
ocular infection research is crucial. Noteworthy organiza-
tions such as the National Eye Institute, National Institute
of Allergy and Infectious Diseases, and National Institutes
of Health lead with 23, 11, and 8 publications, respec-
tively. Diverse funding sources, both national and interna-

tional, emphasize the broad support for research in this
field (Figure 7).

Keyword analysis

The keyword analysis was conducted on the author-in-
dexed keywords through the “VOS viewer” software,
resulting in a total of 171 keywords scattered among 4
dense clusters. The cluster shown in blue color in
Figure 8 shows relatively closer associations of antimi-
crobials to each other as well as their corresponding
correlation with their causative agents in the yellow
cluster. Similarly, gray and green clusters show their as-
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Figure 8: Index Keyword analysis

sociation with in-vivo studies on mice and studies on hu-
mans, respectively.

Collaboration networks

The settings for VOS viewer for co-authorship network
analysis were kept as minimum documents=4. Therefore,
the qualifying authors were 12. Among them, only 5 had
collaborations, as shown in Figure 9.

Discussion

This study aimed to provide a thorough evaluation of the
most-cited articles on ocular hygiene and infections, to
provide possible research hot spots and offer vital data
for unexplored and future research areas in this field that
will be useful to researchers and physicians. It can also
promote cooperation between academics from many
disciplines, enabling them to collaborate and delve further
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Figure 9: Co-authorship Analysis

into topics related to ocular infection and hygiene re-
search.

We have observed a declining trend in research producti-
vity in this field, with the greatest number of articles in
2004 (i.e., xx?) and the least number in 2021 (i.e., two).
This contrasts with the other areas of ophthalmology,
such as dry-eye disease, refractive cataract surgery, my-
opia [9], [10], and diabetic retinopathy [14], where biblio-
metric analyses have shown an increasing research yield
over the years. Priorities and areas of interest for medical
research might shift over time. Resources for ocular in-
fections may be diverted by newly discovered ilinesses,
infections, or ailments that receive greater attention. For
example, the COVID-19 pandemic caused a significant
shift in the resources and focus of study [15]. Another
possible reason for this can be the decrease in the per-
centage of blindness caused by ocular infections after
the introduction of antibiotics [16].

Nevertheless, the prevalence of ocular infections in de-
veloping countries is still a burden to their already com-
promised healthcare systems. WHO data from June 2022
indicate that 125 million individuals are still at risk of
trachoma blindness; they reside mainly in the endemic
locations for the disease. These are the poorest and most
rural areas of Africa, Central and South America, Asia,
Australia, and the Middle East [6]. Thus, it is imperative
that research on ocular flora and hygiene continue, since
known infections are always adapting and new pathogens
are constantly emerging.

Citation count was found to be highest for the study “The
severe acute respiratory syndrome coronavirus in tears”.
Literature suggests that citation count alone is not a reli-
able enough indicator of an article’s scientific merit. This
is because of the fact that fewer recent publications are
included in the top 100 list of articles, as they are less
frequently cited in their initial years of release, and also

because the generation time is shorter for their citation
frequencies [17]. Hence, we also selected citations per
year (CPY) as a more reliable metric to assess an article’s
current effect. A relatively recent article by Landecho et
al. [18] was found to have the highest CPY of 50. This
high CPY suggests that the recent research is of high
quality and includes insightful observations, creative
solutions, or significant discoveries that have a significant
impact on the field of ophthalmology. It was found that
a total of 11 authors contributed to 4 or more articles in
the list. The collaborative spirit is evident, indicating a
network of researchers pooling expertise. This collaborat-
ive approach fosters a comprehensive exploration of
ocular hygiene and ocular infection from various perspec-
tives. However, there was only one female among the
top-performing authors. This data corroborates the find-
ings of previously conducted studies that demonstrate
the under-representation of female authors in ophthalmo-
logy [7], [10] and other medical specialties [13], [19],
[20], [21]. A lower number of female ophthalmology
residents and specialists as compared to their male
counterparts explains this finding. Moreover, gender bias
in granting funds for research also contributes to the low
research productivity of females [22]. This indicates that
more work needs to be done to support women’s inclusion
and participation in the workforce and in leadership
positions in ophthalmology.

The analysis of countries of origin showed that The United
States led with 61 publications, followed by The United
Kingdom (n=12) and Gambia (n=8). Moreover, the top
institutes with a maximum number of research articles
were also from the US and the UK. Previous bibliometric
analyses done in ophthalmology and other fields of
medicine also support this trend [7], [10], [12], [23], [24],
[25]. This enormous contribution of the United States to
ocular infection-related research can be attributed to its
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large-scale government and private sector funding to
ophthalmology-related research, a greater number of
high-source journals, labs equipped with advanced
equipment, a robust higher education system, and elab-
orate collaborative networks [26]. Moreover, the top-
performing researchers were also from the US. The United
Kingdom also has a robust research infrastructure, being
third in the world with respect to scientific output. While
ocular infections are more prevalent in the developing
countries of Africa and Asia [6], research output from this
region is still lagging, with only Gambia and India making
significant contributions. This points to a dire need for
continual exploration of novel aspects in the area of
ocular hygiene and infections, possibly fueled by techno-
logical advancements and emerging therapeutic interven-
tions with a focus on the epidemiological factors in the
endemic countries.

Most of the articles in this bibliometric analysis received
funding. The funding bodies that contributed to the max-
imum number of articles, i.e., the National Eye Institute,
National Institute of Allergy and Infectious Diseases, and
National Institutes of Health, were all from the US. This
robust financial backing has played a pivotal role in the
US lead in advancing investigations and translating its
findings into clinical practice. Not even a single funding
body was found to be based in the endemic developing
countries. Although the US and other foreign funding
bodies invest in research and xx? development in low-in-
come countries, it is irregular, insufficient, and comes
with strict requirements. The result of this is that despite
lower labor costs, researchers in the developing world
face a double funding crisis: lower absolute levels of
funding than in the West and greater research expendi-
tures [27]. As a result, it emphasizes how crucial it is to
create a comprehensive local-health finance strategy for
these nations, designating at least 15% of the national
budget for health development [28], [29].

Top source journals also came from the US with the
Journal Of Immunology and the American Journal of
Ophthalmology contributing to a maximum number of
articles. Beyond the ophthalmology realm, the inclusion
of journals such as the Journal of Virology, American
Journal of Pathology, Antimicrobial Agents and Chemo-
therapy, and Genomic Medicine reflects the interdisciplin-
ary nature of the research. This diverse dissemination
strategy contributes to a holistic understanding of ocular
hygiene and ocular infection. This observation also sug-
gests that authors and researchers from a wide range of
disciplines are interested in ocular hygiene and infection,
and that research in this area is disseminated to a diverse
readership within the domains of microbiology, pathology,
pharmacology, epidemiology, and genetics.

Keyword analysis showed that the most common themes
in this subject area were antimicrobial agents and infec-
tion-causing microbes based on human and mouse
studies. Antimicrobial sensitivity, antibiotic resistance,
the role ofimmune mediators and T cells in the pathogen-
esis of ocular infections, normal ocular microbiota, the
role of genetic diversity among different bacterial strains

in ocular infections, potent drug delivery systems and
molecular biology of ocular infections for developing ef-
fective targeted drugs were the trending spots. The
scrutiny of keywords presents an illuminating panorama
of prevalent themes and nuanced topics within the dy-
namic field of ocular hygiene and ocular infection re-
search. Unearthing frequently employed keywords
provides a panoramic snapshot of pivotal focus areas
and the evolutionary trajectory of research trends.
There are certain limitations to our results. First, since
only the Scopus database was used, some papers may
have been overlooked. Scopus often ignores articles
published before the 2000s, when an automated method
was implemented [30]. Second, self-citations remained
in the text. Thirdly, a bias in the publishing language se-
lection process may arise from most of the publications
being published in English.

Conclusions

Our analysis has provided an insight into the most influ-
ential articles published in the field of ocular hygiene and
infections in the last two decades. There has been a
gradual decline in the number of publications. The United
States showed the greatest research productivity and the
highest number of funding bodies. The most common
themes in this subject area were antimicrobial agents
and infection-causing microbes based on human and
mouse studies. Still, the high prevalence of ocular infec-
tions in the endemic developing nations highlights the
need for international collaboration between authors and
increased funding.
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