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Abstract
Introduction: Despite a recent increase in the representation of female
authors in scientific literature, a significant gap persists concerning the
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lished literature from a gender perspective. This study aimed to provide
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Methods: Bibliometric analysis was conducted using the Scopus data-
base. Two reviewers were selected to search the database.We included Saad Azizullah4

Amar Anwar1the 100 most-cited articles on foodborne outbreak investigations. The
analysis was conducted using Statistical Package for Social Sciences
(SPSS) version 26 and Microsoft Excel version 2016. The citation data, 1 King Edward Medical

University, Lahore, Pakistanincluding total citations, citations per year, and representation of women
as first and senior authors, was analyzed in terms of frequencies, mean,
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median, and interquartile range. The correlation between journal impact
factor and the representation of women in high-impact factor journals
was determined. A p-value of <0.05 was considered significant. Unit, Hyderabad, Sindh,
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Results: Most of the top-cited articles were published between 2001
and 2010 (n=47). The top 3 most-cited articles were from the USA. Of 3 Combined Military Hospital
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the total 100 articles, women were the first and last authors in 46%
and 28% of the articles, respectively, reflecting a significant gender gap.
However, the proportion of females as principal investigators gradually 4 Health Department,

Government of Sindh, Sindh,
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increased from 25% (n=10/30) to 52% (n=24/47) during the period
2001–2010 and to 92% (n=12/13) during 2011–2020. The USA had
the highest number of included articles (n=48), and women were prin-
cipal authors in 56% (n=27) of them. The lowest representation of wo-
men was observed in Austria, Denmark, Japan, Netherlands, New Zea-
land, Nigeria, Portugal, and the United Kingdom.
Conclusion: Women are under-represented in published literature on
food-borne pathogen outbreaks. Although the representation of women
as principal authors has recently increased, disparities still exist at the
senior-author level, calling for women’s advancement in academic sci-
ence.
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Zusammenfassung
Einleitung: Obwohl der Anteil von Frauen in der wissenschaftlichen Li-
teratur in letzter Zeit zugenommen hat, besteht nach wie vor eine er-
hebliche Lücke bei der Einbeziehung von Frauen in die Forschung. Das
macht eine Analyse der Literatur aus der Geschlechterperspektive er-
forderlich. Ziel dieser Studie war es, die geschlechtsspezifische Vertei-
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lung der Autorenschaft in den 100meist zitierten Artikeln zu lebensmit-
telbedingten Ausbrüchen im Zeitraum 1990–2020 zu ermitteln.
Methode: Die bibliometrische Analyse wurde mit Hilfe der Datenbank
Scopus durchgeführt. Zwei Reviewer wurden mit der Suche in der Da-
tenbank beauftragt. Es wurden die 100 am häufigsten zitierten Artikel
zur Untersuchung lebensmittelbedingter Krankheitsausbrüche berück-
sichtigt. Die Analyse wurde mit SPSS, Version 26, und Microsoft Excel,
Version 2016, durchgeführt. Die Zitationsdaten einschließlich der Ge-
samtzahl der Zitate, der Zitate pro Jahr und des Anteils von Frauen als
Erst- und Seniorautorin, wurden in Form von Häufigkeiten, Mittelwert,
Median und Interquartilsbereich analysiert. Die Korrelation zwischen
dem Impact-Faktor der Zeitschrift und dem Anteil von Frauen in Zeit-
schriftenmit hohem Impact-Faktor wurde ermittelt. Ein p-Wert von <0,05
wurde als signifikant angesehen.
Ergebnisse: Die meisten der am häufigsten zitierten Artikel wurden im
Zeitraum 2001–2010 veröffentlicht (n=47). Die 3 am häufigsten zitier-
ten Artikel stammten aus den USA. Von den 100 Artikeln waren Frauen
in 46% der Artikel Erstautorin und in 28% der Artikel Letztautorin, was
ein erhebliches Geschlechtergefälle widerspiegelt. Der Anteil von
Frauen als Hauptautorin stieg jedoch allmählich von 25% (n=10/30)
auf 52% (n=24/47) im Zeitraum 2001–2010 und auf 92% (n=12/13)
im Zeitraum2011–2020. Da die USA die höchste Anzahl an eingeschlos-
senen Artikeln (n=48) aufwiesen, waren Frauen in 56% (n=27) der Arti-
kel Hauptautorin. Der geringste Frauenanteil wurde in Österreich, Dä-
nemark, Japan, den Niederlanden, Neuseeland, Nigeria, Portugal und
UK beobachtet.
Schlussfolgerung: Frauen sind in der veröffentlichten Literatur über die
Untersuchung von lebensmittelbedingten Krankheitsausbrüchen unter-
repräsentiert. Obwohl der Anteil von Frauen als Hauptautorin in letzter
Zeit zugenommen hat, gibt es immer noch Ungleichheiten auf der
Ebene der leitenden Autoren und Autorinnen, die eine Förderung von
Frauen in der akademischen Wissenschaft erfordern.

Schlüsselwörter: Frauenanteil, Lebensmittel-übertragbare Erkrankungen,
Ausbruchanalysen

Introduction
The representation of women in the medical field has
gradually increased over the past few decades [1]. How-
ever, there is still a wide gender gap concerning the inclu-
sion of women in research [2]. The resultant under-rep-
resentation of women as authors in medical literature
adversely affects women’s professional success [3]. It is
therefore crucial to analyze the published literature from
a gender perspective. Bibliometric analysis best serves
this purpose.
Bibliometric analysis is a method used to evaluate the
characteristics, frequency, and pattern of citations in the
available literature. This is an important yet easy-to-use
technique. By analyzing the characteristics and trends of
publications, bibliometric analysis helps to focus on
neglected areas and draw comprehensive conclusions
based on the existing evidence.
Food-borne diseases pose a global public-health chal-
lenge. The scale of food-borne illnesses is so high, that
one in every 10 individuals world-wide becomes ill due
to consumption of contaminated food [4]. The published
literature on food-borne pathogen outbreaks has not yet

been analyzed from the gender perspective. This study
aims to provide gender distribution in authorship in the
100most-cited articles on food-borne disease outbreaks.

Methods
The Scopus database was used to conduct this bibliomet-
ric analysis. Scopus has proven to be a wider database
than PubMed and Web of Science when it comes to sci-
entific literature [5], [6]. Two reviewers were selected to
search the database during February 2023. The first list
comprised original articles published between 1990 and
2020. The original articles were separated from the re-
view articles using Scopus filters. We included all the
articles on food-borne disease outbreaks involving field
investigation and for which complete author information
was available, including their names, gender, and country
of origin. The review articles, guidelines, and those articles
for which citation information was not available were ex-
cluded from the analysis.
The selected articles were related to food-borne disease
outbreaks. The appropriateness and relevance were as-
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sessed by thoroughly examining the abstracts. In certain
cases where abstracts were unavailable, we used other
sources to obtain abstracts and determine their suitability
based on our inclusion criteria. The “cited by” filter in
Scopus was used to arrange the articles in order of cita-
tions. 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 Statistical Package for Social Sciences (SPSS) ver-
sion 26 and Microsoft Excel version 2016. The citation
data including total citations, citations per year, and rep-
resentation of women as first and senior authors was
analyzed in terms of frequencies, mean, median, and in-
terquartile range. Microsoft Excel was used to visualize
data through appropriate graphs and tables. The authors’
information was extracted to determine the nationality
and gender of the first and senior authors. We used SPSS
to determine the correlation between journal impact
factor and the representation of women in high-im-
pact–factor journals in the 100 most-cited articles. A
p-value of <0.05 was considered significant.

Results
Table 1 shows the list of top-cited articles in descending
order. The top 3 most-cited articles – namely, “An Out-
break of Diarrhea and Hemolytic Uremic Syndrome From
Escherichia coli O157:H7 in Fresh-Pressed Apple Cider”,
“An Outbreak of toxic encephalopathy caused by eating
mussels contaminated with domoic acid”, and “A large
community outbreak of salmonellosis caused by intention-
al contamination of restaurant salad bars” – were all from
the USA.

Distribution of articles over time

Figure 1 shows the distribution of published articles over
the three decades from 1990 to 2020. The articles were
grouped according to their year of publication into three
groups: 1990–2000, 2001–2010, and 2011–2020.
Most of the top-cited articles were published from 2001
to 2010 (n=47).

Figure 1: Distribution of published articles over the three
decades

Country-wise distribution of the
most-cited articles

Figure 2 shows the country-wise distribution of the most
cited articles. Most of the articles were from USA (n=48)
followed by the UK and Canada (n=5).

Gender distribution in authorship

Of the total 100 articles, women were first and last au-
thors in 46% and 28% of the articles, respectively. In
contrast, 54% and 71% of the first and last authors, re-
spectively, were male. This reflects significant gender
disparity, as women were less represented in most of the
most-cited articles. However, we noted a temporal trend
towards improvement in the representation of female
first and last authors over the years. The proportion of
females as principal investigators has gradually increased
from 25% (n=10/30) to 52% (n=24/47) during
2001–2010 and to 92% (n=12/13) during 2011–2020.

Country-wise representation of women
as principal author

Figure 3 shows a country-wise representation of women
as principal authors. Israel, Scotland, South Africa,
Tunisia, and Venezuela had the highest representation
of women (100%) as principal authors. However, there
was only one article from all these countries in the 100
top-cited articles. The USA had the highest number of in-
cluded articles (n=48), andwomenwere principal authors
in 56% (n=27) of the articles. The lowest representation
of women was observed in Austria, Denmark, Japan,
Netherlands, New Zealand, Nigeria, Portugal, and UK
where women authored none of the included articles as
a principal investigator.

Discussion
We conducted the bibliometric analysis to evaluate au-
thorship trends by gender for the most-cited articles on
food-borne disease outbreaks over the last three decades.
We showed that, despite a temporal trend towards im-
proved female representation in the specialty of food-
borne disease-outbreak investigations, female authors
continue to be a minority among top-performing articles
published on this subject over the years. This data corrob-
orates previously conducted studies which demonstrated
the under-representation of female authors in various
medical specialties ranging from pathology to epidemi-
ology to psychiatry to critical care to surgery.
According to UNESCO Institute for Statistics (UIS) data
from 2016, less than 30% of STEM (science, technology,
engineering and mathematics) researchers are female
[7]. According to a study from the USA, female authors
accounted for only 32.2% in the pathology clinical practice
guidelines [8]. In 2018, the representation of female first
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Table 1: Top-cited articles in descending order
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Figure 2: Country-wise distribution of the most cited articles
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Figure 3: Country-wise representation of women as principal authors

authors in the field of emergencymedicine was only 30%
[9]. From 1987 to 2017, women orthopedic surgeons
made up only 1.7% of senior writers and authors of ortho-
pedic papers [10]. The same trend was apparent in the
cardiology [11] and neurosurgery [12] literature, where
female first authors made up only 20.8% and 10.5% of
the total, respectively.
This gender disparity in the research output on food-borne
disease outbreaks can be attributed to several factors.
Firstly, females face implicit bias and social barriers dur-
ing recruitment into a laboratory for graduate research,
acceptance for postdoctoral positions, recruitment to fill
tenure-track faculty positions, and evaluation for promo-
tion in rank [13]. For instance, there are only 38% female
pathologists and 37% female public health and preventive
specialists in the US [14]. Although these constraints
have been gradually lifting, the consequences are still
evident in the under-representation of women in senior
medical positions and as authors. Secondly, there are
further gender differences in grant funding. Even when
women’s research is funded, their performance and re-
search accomplishments as principal investigators are
likely to be judged harsher than those of their male
counterparts [15].
Thirdly, according to some studies, there may be a bias
in the publication process that favors work by male au-
thors. This can result in women’s research being pub-
lished less frequently or in journals with lower impact
factors, reducing their visibility and career advancement
[16]. Such bias could undermine women’s greater re-
search productivity by preventing publication of their
submitted papers. Moreover, womenmay have difficulties
in developing collaborative networks because of implicit
biases or exclusion from informal networks that frequently
lead to more publication opportunities. Finally, having
effective mentors and role models can have a significant
impact on an individual’s career path. Female students
and early-career professionals may lack the necessary
assistance and direction in the medical field, where wo-
men are under-represented in leadership roles [13].
Our analysis shows that there is a trend toward increasing
involvement of female authors in the field of outbreak

investigation, i.e., a 67% increase in 2020 from 1990,
which seems promising. Nonetheless, despite significant
progress, a gender disparity persists, notably among
senior faculty and leadership, as there was no increase
in the number of female senior authors from 1990. This
raises a concern that even in fields where women’s rep-
resentation is increasing at lower ranks [17], they do not
have equal representation at higher levels. Gendered di-
visions of labor within academia may be to blame for this
imbalance. This disparity shows that the problem will not
be solved just by more generations of women entering
the academic pipeline, but that women’s advancement
in academic science must be fostered.

Limitations

There are some limitations to the current analysis. First,
the gender of the authors was identified by inspecting
first names and conducting internet searches, and hence
there may have been some inaccuracy in gender assign-
ment. Second, because this analysis included only the
top 100 hundred referenced publications, the results
may not truly represent the total food-borne disease-
outbreak literature. Third, our data solely show the rep-
resentation of female writers in published journal articles,
without looking into whether there is any gender prejudice
in the acceptance or rejection of female first- or second-
authored manuscripts.
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