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ABSTRACT

The integration of digital technologies has profoundly transformed the surveillance of
infectious diseases over recent decades. The emergence of approaches grounded in digital
health, genomic surveillance, health information systems, and data analytics opens new
perspectives for measles and rubella surveillance. The present study provides a systematic
mapping of the scientific literature on measles and rubella surveillance in the digital era,
in order to characterize its evolution, identify emerging themes, and reveal its conceptual
structure. A bibliometric analysis was conducted using the Scopus database, combining
terms related to measles, rubella, epidemiological surveillance, and digital technologies. Only
peer-reviewed articles published in English were retained. The analyses focused on the tem-
poral evolution of publications, the identification of trend topics, the construction of thematic
maps over two successive periods, and the conceptual structure of the corpus, examined
through multiple correspondence analysis (MCA). All analyses were performed using the
R package Bibliometrix. A total of 154 articles published between 1990 and 2026 were
included. Scientific output increased progressively, particularly from 2010 onward, reaching
a peak of 27 publications in 2025. Earlier research mainly focused on conventional surveil-
lance, vaccination, and public health, whereas recent publications place greater emphasis
on digital and genomic surveillance, electronic reporting systems, and data-driven analytical
approaches. The terms machine learning, deep learning, and convolutional neural network are
positioned within the quadrant of emerging themes. The MCA explained 86.11% of the cumu-
lative variance, indicating that the first two dimensions adequately captured the conceptual
structure of the corpus. Three major thematic clusters were identified: the epidemiological
surveillance of communicable diseases, vaccination strategies, and the progressive inte-
gration of digital health systems. This study provides a systematic mapping of the scientific
evolution of measles and rubella surveillance in the digital era. It underscores the growing
prominence of genomic surveillance and digital health systems, as well as the need to deepen
the integration of artificial intelligence (AI) methods to strengthen early outbreak detection,
improve real-time vaccination monitoring, and support international elimination goals.
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1  INTRODUCTION

Measles and rubella remain among the vaccine-preventable viral diseases that
continue to pose a major challenge to global public health, despite the progress
achieved in immunization programs over recent decades. Measles, characterized
by high transmissibility and strong epidemic potential, continues to cause recur-
rent outbreaks in several regions of the world, particularly in settings marked by
insufficient vaccination coverage, population movements, or disruptions in health-
care systems. Rubella, generally mild in children and adults, represents a major
threat during pregnancy because of the risk of congenital rubella syndrome (CRS),
which can lead to severe congenital abnormalities and neonatal complications.
In this context, epidemiological surveillance plays a crucial role in early case detec-
tion, the monitoring of transmission chains, the evaluation of vaccination programs,
and the prevention of outbreaks.

The central role of surveillance in measles and rubella control has been empha-
sized by the World Health Organization (WHO) in its Measles and Rubella Strategic
Framework 2021-2030, which identifies high-quality case-based surveillance, lab-
oratory confirmation, and timely data use as essential components for achieving
and sustaining elimination goals. This framework further underscores the need to
strengthen national surveillance capacities and adopt innovative tools and method-
ologies to support evidence-based public health action [1].

Historically, measles and rubella surveillance relied on clinical reporting systems,
field investigations, and laboratory confirmation performed in reference laborato-
ries. The rapid evolution of digital technologies and health information systems has
profoundly transformed these approaches. The progressive integration of electronic
reporting systems, digital health platforms, geographic information systems (GIS),
big data analytics, genomic surveillance, and predictive analytics tools has contrib-
uted to improving the timeliness, accuracy, and effectiveness of surveillance sys-
tems. More recently, the rise of artificial intelligence (AI) and machine learning (ML)
methods has opened new perspectives for epidemic modeling, outbreak prediction,
automated signal detection, and decision support in public health [2-5].

The COVID-19 pandemic accelerated this digital transformation by promoting the
adoption of data-driven tools, real-time disease monitoring systems, and interactive
surveillance dashboards that enabled the rapid visualization and dissemination of
epidemiological information. This transformation has progressively shaped measles
and rubella surveillance programs, in which innovative technologies are increas-
ingly integrated into conventional systems to optimize the collection, analysis, and
interpretation of epidemiological data.

Consequently, the scientific literature dedicated to measles and rubella surveil-
lance has experienced notable growth and now encompasses diverse disciplines
such as epidemiology, medical informatics, digital public health, bioinformatics, and
Al However, despite this expansion, no comprehensive bibliometric mapping has yet
systematically characterized the scientific evolution of the field, identified emerging
themes related to the integration of digital technologies, or highlighted the conceptual
structure underlying research in this area. This gap limits the understanding of ongo-
ing scientific dynamics and makes it difficult to identify priority research directions.
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Bibliometric analysis represents a particularly suitable approach to address this
need. Based on a structured corpus of publications, it enables the quantitative exam-
ination of the evolution of a scientific field, the identification of its main research direc-
tions, the mapping of emerging themes, and the exploration of its conceptual structure.

The present study therefore aims to conduct a bibliometric analysis of the
scientific literature on measles and rubella epidemiological surveillance in the era
of digital technologies. More specifically, it pursues four objectives: (i) to characterize
the temporal evolution of scientific production in this field; (ii) to identify the main
research themes and their dynamics over time; (iii) to map the relationships among
the concepts addressed in the literature; and (iv) to highlight the conceptual struc-
ture of the field and the thematic axes that organize it. By providing an integrated
overview of the scientific evolution of this domain, this study offers researchers and
public health decision-makers a reference framework for guiding future research
and supporting the development of more effective surveillance systems.

2 MATERIALS AND METHODS
2.1 Study design and rationale

This study adopts a bibliometric approach to systematically examine the scientific
production dedicated to the epidemiological surveillance of measles and rubella in
the context of digital technologies. Bibliometrics was selected as the main method-
ological framework due to its ability to provide a rigorous quantitative analysis of
a large volume of publications, enabling both the characterization of publication
trends over time and the exploration of the intellectual and conceptual structure
of the field. This approach offers an integrated overview of the state of research by
identifying the main themes addressed as well as the relationships among concepts.

2.2 Datasource and search strategy

Data were retrieved from the Scopus database, which was selected for its broad
multidisciplinary coverage, the quality and consistency of'its bibliographic metadata,
and its reliability in indexing peer-reviewed scientific publications at the interna-
tional level. Scopus is widely recognized as one of the principal sources for biblio-
metric research in public health and biomedical sciences, owing to its standardized
indexing system and extensive coverage of high-impact journals. These character-
istics facilitate the retrieval, organization, and analysis of bibliographic records and
ensure the homogeneity of the corpus throughout the study. Furthermore, the use of
a single database reduces potential duplication and inconsistencies that may arise
when merging records from multiple sources. While this approach provides a struc-
tured and coherent corpus for bibliometric analysis, the findings are bounded by the
scope of Scopus indexing and may not encompass publications indexed exclusively
in other databases. Nevertheless, Scopus provides substantial coverage of the scien-
tific production related to measles and rubella surveillance in the digital era.

The search strategy was designed to identify, as comprehensively as possible,
publications related to the epidemiological surveillance of measles and rubella
while incorporating dimensions associated with digital technologies and Al The
search was conducted in April 2026. As a result, the corpus includes all publications
indexed in Scopus at the time of data retrieval, including early-access articles dated
2026. No time restriction was applied in order to capture the entire evolution of the
field since its earliest publications. The following query was used:
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TITLE-ABS-KEY ( ( measles OR rubella OR “congenital rubella syndrome” ) AND
( surveillance OR “epidemiological surveillance” OR “disease surveillance” OR “pub-
lic health surveillance” OR monitoring ) AND ( “artificial intelligence” OR “machine
learning” OR “digital health” OR “big data” OR “electronic health” OR ehealth OR
mhealth OR GIS OR “predictive analytics” OR “genomic surveillance” OR informatics
OR “real-time surveillance” OR “electronic reporting” OR “digital epidemiology” OR
“health information systems” OR “data mining” ) )

This query targets publications in which terms related to measles, rubella, or con-
genital rubella syndrome appear in conjunction with terms associated with epidemio-
logical surveillance and digital technologies, in the title, abstract, or author keywords.

2.3 Selection criteria and corpus constitution

The constitution of the corpus followed a systematic approach based on pre-
defined selection criteria to ensure the relevance and scientific quality of the publi-
cations analyzed. The initial search in Scopus retrieved 203 documents.

Two inclusion criteria were subsequently applied. First, only peer-reviewed scien-
tific articles (document type: article) were retained, leading to the exclusion of letters,
notes, editorials, conference proceedings, and other document types. This choice was
made to focus the analysis on complete studies that had undergone a peer-review pro-
cess, thereby strengthening the reliability of the corpus. Second, only documents pub-
lished in English were included, in order to ensure the linguistic homogeneity of the
corpus and to allow a consistent interpretation of titles, abstracts, and keywords, partic-
ularly in the context of analyses based on term co-occurrence and thematic mapping.

After applying these criteria, the final corpus retained for analysis comprised
154 articles (see Figure 1).

Corpus selection process for bibliometric analysis

=
o
g Records identified through
£ Scopus database search (n = 203)
g
\ 4
Records remaining after o Records excluded: non-article
document type filter (n = 163) o document types (n = 40)
Z
s
= Y
Records remaining after o Records excluded: non-English language
language filter (n = 154) g publications (n = 9)
\
5
= Studies included in
E’ bibliometric analysis (n = 154)

Fig. 1. Study selection flowchart for corpus constitution
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2.4 Analytical framework and tools

Bibliometric analyses were conducted using the R package Bibliometrix, an open-
source tool widely used in the scientific literature for bibliometric and scientometric
studies, run in the RStudio environment (version 2023.12.1+402). The interactive
interface Biblioshiny (version 5.0), integrated into Bibliometrix, was used for corpus
management, the conduct of analyses, and the generation of associated graphical
visualizations.

The analysis focused on four complementary dimensions. First, the annual
evolution of scientific production was examined to characterize the publica-
tion dynamics of the field. Second, the identification of trend topics was used to
highlight the dominant themes and their evolution over time. Third, thematic
maps were generated for two successive periods (1990-2020 and 2021-2026) to
compare the conceptual dynamics of the field along the axes of centrality and
density. Finally, a multiple correspondence analysis (MCA) was conducted on the
keywords to identify the structuring axes and thematic clusters characterizing
the corpus.

To ensure methodological transparency and support reproducibility, the specific
parameters applied in each of these analyses are presented as follows. The trend
topics analysis was performed using all keywords available in the corpus, with
a minimum keyword frequency threshold of five occurrences and a maximum
of three words displayed per year. For the thematic evolution analysis, the maxi-
mum number of words was set to 250, the minimum cluster frequency to five per
1,000 documents, and the minimum weight index to 0.1. Theme detection and clus-
tering were performed using the Walktrap algorithm. Finally, the conceptual struc-
ture analysis was conducted through MCA, with the number of terms set to 50 to
explore the relationships among the most representative concepts and identify the
main thematic clusters within the corpus.

3  RESULTS
3.1 Descriptive analysis

Temporal evolution of scientific production. Figure 2 presents the
annual evolution of scientific production related to measles and rubella surveil-
lance integrating digital technologies and data-driven approaches. The earliest
publications identified in the corpus appeared in the early 1990s, followed by
a limited and irregular annual output until the early 2000s. From around 2005
onward, the number of annual publications increased progressively, and this
growth intensified after 2010, culminating in a peak of 27 publications in 2025.
The lower number of publications observed in 2026 (n = 9) should be interpreted
with caution, as the bibliographic data were collected in April 2026, when the
indexing of 2026 publications was still in progress. Additional publications may
therefore be indexed subsequently, potentially increasing the final publication
count for the year.

International Journal of Online and Biomedical Engineering (iJOE) 225


https://online-journals.org/index.php/i-joe

Kharti et al.

Articles

1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
2010
2012
2014
2016
2018
2020
2022
2024
2026

Year

Fig. 2. Annual scientific production

Trend topics analysis. Figure 3 presents the temporal evolution of the main
research themes identified in the corpus. The early years are dominated by general
terms such as information systems, data collection, and infection control. From the
2010s onward, the terms vaccination, measles, disease outbreaks, surveillance, and
public health become more frequent. In the most recent period, the analysis reveals
the emergence of terms such as machine learning, epidemiology, vaccination coverage,
and SARS-CoV-2 vaccine, as well as terms directly associated with the COVID-19 pan-
demic, notably COVID-19, pandemic, and coronavirus disease 2019.
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Fig. 3. Trend topics analysis

3.2 Thematic evolution

Thematic structure of the period 1990-2020. The thematic map corresponding
to the period 1990-2020 (see Figure 4) reveals a predominance of themes related
to vaccination, public health, and the surveillance of communicable diseases.
The terms vaccination, child, and female occupy a central position in the field. The
cluster comprising measles, health survey, and measles vaccine highlights the impor-
tance of health surveys and vaccination monitoring in the literature of this period.
The themes disease surveillance and communicable disease(s) appear as specialized
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topics, associated with conventional epidemiological surveillance systems. Overall,
this first period is characterized by an orientation focused on vaccination, traditional
surveillance, and public health strategies.

Niche Themes i Motor Themes
measles mumps rubella vaccine
priority journal
vaccine

disease surveillance
communicable diseases
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o

measles
health survey
measles vaccine

Development degree
(Density)

child

female
Emerging or H vaccination

'
Declining Themes ' Basic Themes
'

h
Relevance degree
(Centrality)

Fig. 4. Thematic map for the period 1990-2020

Thematic structure of the period 2021-2026. The thematic map for the period
2021-2026 (see Figure 5) reveals a diversification of research axes compared to the
previous period. The terms measles, epidemiology, and epidemic emerge as motor
themes of the field, while vaccination, child, and female remain among the central
themes. The map also highlights the rise of topics related to virology and genetics,
notably measles virus, virology, and genetics. Finally, the terms deep learning, con-
volutional neural network, and infectious disease are positioned in the quadrant of
emerging or declining themes (low centrality, low density). Their recent appearance
in the trend topics analysis confirms an emerging rather than declining character,
reflecting a research area in its early stage of structuration.
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Fig. 5. Thematic map for the period 2021-2026
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3.3 Conceptual structure analysis

Figure 6 presents the conceptual structure map obtained through MCA. The first
two dimensions account for 64.69% and 21.42% of the variance, respectively, corre-
sponding to a cumulative total of 86.11% of the variance.

The first dimension (Dim 1) distinguishes, on the left side of the axis, terms asso-
ciated with the surveillance of communicable diseases and outbreak management
(disease surveillance, population surveillance, public health, epidemic, disease outbreaks,
and COVID-19), from terms on the right side related to vaccination and immuni-
zation (vaccination, immunization, measles mumps rubella (MMR) vaccine, electronic
health record, drug surveillance program, and several pediatric vaccines).

The second dimension (Dim 2) distinguishes, in the upper part of the axis,
terms related to vaccination programs, pharmacovigilance, and surveillance sys-
tems (vaccines, drug safety, adverse drug reaction reporting systems, electronic health
record, and surveillance), from terms in the lower part associated with demographic
and population-level characteristics (child, infant, newborn, adolescent, female, male,
and incidence).

The joint examination of the two dimensions allows the identification of three
main thematic clusters within the corpus: the epidemiological surveillance of com-
municable diseases, vaccination strategies, and the progressive integration of digital
health system:s.

Conceptual Structure Map - method: MCA

hepatitis b vaccine

sprogram
adverse drug reaction neporting systems

influenza vaccm@
pngumom(zus\ydumx drug %gfe ty rotavilus vaccine

vaccine
priority journal

a oy e LS Vaccine
vaccines diphtheria pertussis tetanus vaccine

(Jrug survellls

myelms vaccine

surveillance
a

covid-19 measles mumps rubella vaccine
Ty

electronic health recn{d

a
procedures immunization

!
!
!
!
!
|
!
!
!
!
!
!
!
!
|
!
|
!
i
i
i
i
1 vaccination
pre\/emive health servi ce,

v *  “immunization programs
I R e REARMFSURVEY = = = = = = m o o o A o o o e e e e e e e e e e e m o - o

i vaccmamom coverage
controlled %tud\/ major clinical study
N i
ep\demwoldrni rubella
measles megsles vaccine
diseasg/ surveillance “ ! A
population surveillance Mtz

a2

oim2 (21

A
public health

child adult
A

A

female

retrospectlve study Ama|(~

mgdemce infant

adolescent
A

epidemic N
child, preschool

disease outbreaks

A
preschool cm\dA

newborn

DI 1 (64.69%)

Fig. 6. Multiple correspondence analysis (MCA) of keyword relationships

4  DISCUSSION

This bibliometric analysis highlights three major findings regarding the epidemi-
ological surveillance of measles and rubella in the era of digital technologies. First,
scientific production has experienced sustained growth since the mid-2000s, with a
marked acceleration over the past decade. Second, the conceptual structure of the
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field is organized around three complementary axes: epidemiological surveillance
of communicable diseases, vaccination strategies, and the progressive integration of
digital health systems. Third, despite the overall expansion of the field, approaches
explicitly grounded in Al and ML remain at an emerging stage in the literature ded-
icated to these two diseases.

The observed evolution reflects a growing interest in the integration of digital
tools, health information systems, and advanced analytical methods into infectious
disease surveillance. The presence, within the recent corpus, of terms such as elec-
tronic health record, health information systems, electronic reporting, and informat-
ics underscores the expanding role of information technologies in the collection,
management, and analysis of epidemiological data. These approaches contribute to
improving the timeliness of case detection, optimizing outbreak notification, and
facilitating the monitoring of vaccination programs, particularly in contexts requir-
ing real-time surveillance.

The presence of the terms measles virus, virology, and genetics in the recent the-
matic map (see Figure 5) reflects the growing importance of genomic surveillance
in understanding measles transmission dynamics. Several studies emphasize that
the genetic characterization of viruses constitutes a key component of surveillance
systems, enabling the tracking of strain circulation and the documentation of the
interruption of endemic transmission [6-18]. These approaches notably contribute
to distinguishing imported cases from local transmission and to improving the
understanding of global patterns of viral spread. Methodological advances in molec-
ular diagnostics, including RT-PCR, RT-qPCR, and LAMP [19-22], as well as the use of
new biological matrices such as oral fluids or dried blood spot samples [23, 24], also
represent a complementary research axis in the literature by facilitating rapid virus
detection and surveillance in resource-limited settings.

The analyzed literature indicates that measles remains strongly influenced by
inequalities in vaccination coverage. Several studies describe outbreaks occurring
in under-vaccinated populations, particularly within certain marginalized com-
munities and among some groups of young adults [25-30]. Nosocomial transmis-
sion also constitutes a factor contributing to disease spread, including in countries
that have achieved elimination goals [31, 32]. These observations suggest that the
persistence of pockets of susceptibility continues to undermine elimination efforts.
Vaccination and elimination strategies appear to be broadly effective but remain
dependent on homogeneous and sustained coverage. Several studies show that mea-
sles and rubella elimination is achievable, as illustrated by the experiences of the
United States and other regions [33-35]. However, the persistence of imported cases
and vaccination gaps highlights the fragility of these achievements and the need to
maintain reinforced surveillance.

Regarding rubella, the analyzed literature highlights the central role of molecular
surveillance in understanding virus circulation and preventing congenital rubella
syndrome [21, 22, 34, 36, 37]. Although this disease represents a major issue in
elimination strategies, its scientific visibility appears to be more limited than that of
measles, which may reflect a greater research prioritization toward the latter.

Although the integration of digital technologies is progressing, the bibliometric
findings show that approaches explicitly associated with Al remain relatively under-
developed in the field of measles and rubella surveillance. The terms machine learning,
deep learning, and convolutional neural network are mainly positioned within the quad-
rant of emerging themes in the thematic maps. This configuration suggests that the
application of advanced Al methods in this field is still at an early stage, although their
increasing presence in recent publications reflects a developing scientific interest.
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The recent emergence, within the trend topics analysis (see Figure 3), of themes
related to COVID-19, pandemic, and SARS-CoV-2 vaccine further illustrates the influ-
ence of the pandemic on the evolution of research in epidemiological surveillance.
The global health crisis appears to have contributed to reinforcing the adoption of
digital tools, real-time surveillance systems, and data-driven analytical approaches
in infectious disease surveillance, including for measles and rubella.

The findings of this study have several implications. From a public health per-
spective, they highlight the need to further integrate digital surveillance systems into
national immunization programs, particularly to strengthen early outbreak detec-
tion and real-time vaccination monitoring. From a research perspective, the limited
representation of Al-based approaches constitutes a priority area for development:
the design of predictive algorithms, automated epidemic signal detection models,
and decision-support tools could contribute to improving the effectiveness of sur-
veillance systems. Finally, the maintenance and strengthening of genomic surveil-
lance appear essential to support the elimination goals for measles and rubella, as
well as to characterize circulating strains during disease outbreaks.

Several limitations should be considered when interpreting the findings. First,
the analysis was conducted exclusively using the Scopus database which, despite
its broad multidisciplinary coverage, may have excluded certain relevant publica-
tions indexed only in other databases such as Web of Science or PubMed. This may
have prevented the corpus from fully capturing the entirety of the scientific liter-
ature related to measles and rubella surveillance. Moreover, the journal selection,
indexing practices, and document classification specific to Scopus may influence the
visibility of certain research topics, geographic regions, or disciplinary perspectives.
As a result, certain themes, publication trends, or conceptual relationships identi-
fied in this study may be underrepresented or overrepresented relative to the entire
field. Nevertheless, Scopus offers high-quality bibliographic metadata particularly
well suited for bibliometric analyses, and the final corpus of 154 peer-reviewed arti-
cles published over more than three decades provides a substantial and coherent
basis for identifying the main scientific trends and conceptual structures character-
izing the field.

Second, the use of a keyword-based search strategy may have introduced selec-
tion bias due to terminological variations and the use of synonyms in scientific
publications. In particular, the inclusion of the term “monitoring” was intended to
maximize the sensitivity of the search strategy and capture potentially relevant stud-
ies related to surveillance activities. However, as this term is broader than epidemi-
ological surveillance, it may have led to the inclusion of some publications with a
less direct focus on the field. This limitation, inherent to comprehensive bibliometric
search strategies, was partially mitigated by combining the term “monitoring” with
specific keywords related to measles, rubella, surveillance, and digital technologies.

Third, bibliometric methods primarily allow the exploration of quantitative
structures within the literature—such as keyword frequencies, co-occurrence rela-
tionships, and thematic clustering—but do not permit the assessment of the meth-
odological quality or scientific robustness of individual studies. Therefore, the
findings should be interpreted as an overall representation of the conceptual orga-
nization and evolution of the field rather than as a qualitative evaluation of the
included publications.

Finally, although this study specifically targeted dimensions related to digital
technologies, the emerging status of Al approaches in this field restricts the possi-
bility of conducting an in-depth exploration of certain technological applications.
Despite these limitations, the study offers a comprehensive overview of the scientific
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evolution of measles and rubella surveillance in the digital era, and provides a
structured framework for understanding how digital technologies are progressively
integrated into this surveillance.

5 CONCLUSION

This bibliometric analysis provides a structured overview of the evolution of
scientific research on measles and rubella surveillance in the era of digital tech-
nologies. The findings highlight a sustained growth in scientific production since
the mid-2000s, particularly marked over the past decade, along with a conceptual
organization of the field around three complementary axes: the epidemiological
surveillance of communicable diseases, vaccination strategies, and the progres-
sive integration of digital health systems. Genomic surveillance and health infor-
mation systems have gained increasing prominence in the recent literature, while
approaches explicitly grounded in Al and ML remain at an emerging stage.

By providing a systematic mapping of this field, this study offers researchers and
public health decision-makers a reference framework to guide future research and
support the development of more effective surveillance systems. The perspectives
emerging from this analysis call for deeper integration of Al methods, predictive
analytics, and digital health technologies into measles and rubella surveillance,
in order to strengthen early outbreak detection, improve vaccination monitor-
ing, and support internationally defined elimination goals. In a context where the
persistence of pockets of susceptibility and the cross-border circulation of viruses
continue to threaten vaccination achievements, the reinforcement of digital surveil-
lance systems represents an essential lever to preserve the progress achieved and
anticipate the epidemiological challenges ahead.

To address these challenges, several research directions emerge from the present
analysis. First, future studies could examine how Al and ML models can improve the
early detection and prediction of measles and rubella outbreaks using real-time sur-
veillance data. Second, further research is needed to determine how digital health
platforms and electronic reporting systems can be optimized to enhance vaccina-
tion coverage monitoring and identify pockets of susceptibility. Finally, additional
investigation could assess how genomic surveillance data can be integrated with
epidemiological and digital health information to strengthen epidemic response and
support elimination strategies. Addressing these questions may contribute to the
development of more responsive, data-driven, and integrated surveillance systems.

6  REFERENCES

[1] World Health Organization, Measles Outbreaks Strategic Response Plan 2021-2023.
1st ed. 2021.

[2] M. A. Lafraxo et al, “Healthcare-associated infection surveillance in the digital age:
A decade of convergence among prevention practices, Al technologies, and genomic
methods (2014-2025),” in The 3rd International Conference on Artificial Intelligence and
Smart Applications (AISA’25), in Artificial Intelligence, 10T, and Smart Applications,
vol. 1, M. Kodad and O. Moussaoui, Eds., Cham, Switzerland: Springer, 2026, pp. 369-381.
https://doi.org/10.1007/978-3-032-18716-1_36

International Journal of Online and Biomedical Engineering (iJOE) 231


https://online-journals.org/index.php/i-joe
https://doi.org/10.1007/978-3-032-18716-1_36

Kharti et al.

(3]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

M. A. Lafraxo, A. Soulaymani, and H. Hami, “Decadal trends in smart healthcare:
A bibliometric review of smart city innovations,” in 2024 Mediterranean Smart Cities
Conference (MSCC), 2024, pp. 1-6. https://doi.org/10.1109/MSCC62288.2024.10697027

M. A. Lafraxo, A. Remaida, H. Achachi, A. B. Zarouali, Y. El Madhi, and H. Hami, “Artificial
intelligence and machine learning in connected health: A bibliometric analysis of evolv-
ing trends within society 5.0,” in 2025 AI-Driven Smart Healthcare for Society 5.0, 2025,
pp. 7-12. https://doi.org/10.1109/IEEECONF64992.2025.10963175

M. A. Lafraxo et al., “Building a recommender system to predict the shape of bacteria
in urine cytobacteriological examination using machine learning,” International Journal
of Online and Biomedical Engineering (i/OE), vol. 19, no. 13, pp. 92-107, 2023. https://doi.
0rg/10.3991/ijoev19i13.36185

P. A. Rota et al, “Global distribution of measles genotypes and measles molecular
epidemiology,” The Journal of Infectious Diseases, vol. 204, pp. 514-523, 2011. https://doi.
org/10.1093/infdis/jir118

B. Bankamp et al., “Improving molecular tools for global surveillance of measles virus,”
Journal of Clinical Virology, vol. 58, no. 1, pp. 176-182, 2013. https://doi.org/10.1016/
j.jcv.2013.05.018

A. Mankertz et al., “Molecular genotyping and epidemiology of measles virus transmis-
sion in the World Health Organization European Region, 2007-2009,” The Journal of
Infectious Diseases, vol. 204, pp. 335-342, 2011. https://doi.org/10.1093/infdis/jir101

S. Xu et al, “Evolutionary genetics of genotype H1 measles viruses in China from
1993 to 2012,” The Journal of General Virology, vol. 95, pp. 1892-1899, 2014. https://doi.
org/10.1099/vir.0.066746-0

N. Wairagkar et al., “Molecular epidemiology of measles in India, 2005-2010,” The Journal
of Infectious Diseases, vol. 204, no. Suppl. 1, pp. 403-413, 2011. https://doi.org/10.1093/
infdis/jir150

M. M. Mosquera, F. de Ory, J. E. Echevarria, and The Network Of Laboratories in
The Spanish National Measles Elimination Plan, “Measles virus genotype circulation in
Spain after implementation of the national measles elimination plan 2001-2003,” Journal
of Medical Virology, vol. 75, no. 1, pp. 137-146, 2005. https://doi.org/10.1002/jmv.20248
Y. Zhang et al, “New measles virus genotype associated with outbreak, China,”
Emerging Infectious Diseases, vol. 16, no. 6, pp. 943-947, 2010. https://doi.org/10.3201/
eid1606.100089

A. T. Truong et al, “Genetic analysis of Asian measles virus strains — new endemic
genotype in Nepal,” Virus Research, vol. 76, no. 1, pp. 71-78, 2001. https://doi.org/10.1016/
S0168-1702(01)00255-6

D. Chibo, M. Riddell, M. Catton, M. Lyon, G. Lum, and C. Birch, “Studies of measles viruses
circulating in Australia between 1999 and 2001 reveals a new genotype,” Virus Research,
vol. 91, no. 2, pp. 213-221, 2003. https://doi.org/10.1016/50168-1702(02)00273-3

A. Djebbi et al, “Identification of measles virus genotypes from recent outbreaks in
countries from the Eastern Mediterranean Region,” Journal of Clinical Virology, vol. 34,
no. 1, pp. 1-6, 2005. https://doi.org/10.1016/j.jcv.2004.11.026

F. M. Mbugua et al, “Molecular epidemiology of measles virus in Kenya,” Journal of
Medical Virology, vol. 71, no. 4, pp. 599-604, 2003. https://doi.org/10.1002/jmv.10515

D. Waku-Kouomou, F. Freymuth, I. P. du Chatelet, T. F. Wild, and B. Horvat, “Co-circulation
of multiple measles virus genotypes during an epidemic in France in 2008,” Journal of
Medical Virology, vol. 82, no. 6, pp. 1033-1043, 2010. https://doi.org/10.1002/jmv.21766
M. Lazar, A. Stanescu, A. R. Penedos, and A. Pistol, “Characterisation of measles after
the introduction of the combined measles-mumps-rubella (MMR) vaccine in 2004 with
focus on the laboratory data, 2016 to 2019 outbreak, Romania,” Eurosurveillance, vol. 24,
no. 29, p. 1900041, 2019. https://doi.org/10.2807/1560-7917.ES.2019.24.29.1900041

232 International Journal of Online and Biomedical Engineering (iJOE) JOE [ Vol. 22 No. 9 (2026)


https://online-journals.org/index.php/i-joe
https://doi.org/10.1109/MSCC62288.2024.10697027
https://doi.org/10.1109/IEEECONF64992.2025.10963175
https://doi.org/10.3991/ijoe.v19i13.36185
https://doi.org/10.3991/ijoe.v19i13.36185
https://doi.org/10.1093/infdis/jir118
https://doi.org/10.1093/infdis/jir118
https://doi.org/10.1016/j.jcv.2013.05.018
https://doi.org/10.1016/j.jcv.2013.05.018
https://doi.org/10.1093/infdis/jir101
https://doi.org/10.1099/vir.0.066746-0
https://doi.org/10.1099/vir.0.066746-0
https://doi.org/10.1093/infdis/jir150
https://doi.org/10.1093/infdis/jir150
https://doi.org/10.1002/jmv.20248
https://doi.org/10.3201/eid1606.100089
https://doi.org/10.3201/eid1606.100089
https://doi.org/10.1016/S0168-1702(01)00255-6
https://doi.org/10.1016/S0168-1702(01)00255-6
https://doi.org/10.1016/S0168-1702(02)00273-3
https://doi.org/10.1016/j.jcv.2004.11.026
https://doi.org/10.1002/jmv.10515
https://doi.org/10.1002/jmv.21766
https://doi.org/10.2807/1560-7917.ES.2019.24.29.1900041

iJOE | Vol. 22 No. 9 (2026)

Measles and Rubella Surveillance in the Digital Era: A Bibliometric Analysis of Scientific Trends and Conceptual Structure

(19]

(20]

(21]

[22]

(23]

[24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

[33]

(34]

M. Fujino et al,, “A simple method for the detection of measles virus genome by loop-
mediated isothermal amplification (LAMP),” Journal of Medical Virology, vol. 76, no. 3,
pp. 406-413, 2005. https://doi.org/10.1002/jmv.20371

F. Roy et al,, “Rapid identification of measles virus vaccine genotype by real-time PCR,”
Journal of Clinical Microbiology, vol. 55, no. 3, pp. 735-743, 2017. https://doi.org/10.1128/
JCM.01879-16

S. Cooray, L. Warrener, and L. Jin, “Improved RT-PCR for diagnosis and epidemiolog-
ical surveillance of rubella,” Journal of Clinical Virology: The Official Publication of the
Pan American Society for Clinical Virology, vol. 35, no. 1, pp. 73-80, 2006. https://doi.org/
10.1016/j.jcv.2004.12.020

A.J. Vyse and L. Jin, “An RT-PCR assay using oral fluid samples to detect rubella virus
genome for epidemiological surveillance,” Molecular and Cellular Probes, vol. 16, no. 2,
pp- 93-97, 2012. https://doi.org/10.1006/mcpr.2001.0390

V. Hutse et al, “Oral fluid for the serological and molecular diagnosis of measles,”
International Journal of Infectious Diseases, vol. 14, no. 11, pp. 991-997, 2010. https://doi.
org/10.1016/}.ijid.2010.06.009

H. S. El Mubarak, S. Yiiksel, O. M. Mustafa, S. A. Ibrahim, A. D. M. E. Osterhaus, and
R. L. de Swart, “Surveillance of measles in the Sudan using filter paper blood sam-
ples,” Journal of Medical Virology, vol. 73, no. 4, pp. 624-630, 2004. https://doi.org/
10.1002/jmv.20136

F. Curtale et al, “Description of two measles outbreaks in the Lazio Region, Italy
(2006-2007). Importance of pockets of low vaccine coverage in sustaining the infection,”
BMC Infectious Diseases, vol. 10, 2010. https://doi.org/10.1186/1471-2334-10-62

M. Muscat et al, “The measles outbreak in Bulgaria, 2009-2011: An epidemiological
assessment and lessons learnt,” Eurosurveillance, vol. 21, no. 9, p. 30152, 2016. https://
doi.org/10.2807/1560-7917.ES.2016.21.9.30152

T. Georgakopoulou et al, “Ongoing measles outbreak in Greece related to the recent
European-wide epidemic,” Epidemiology and Infection, vol. 146, no. 13, pp. 1692-1698,
2018. https://doi.org/10.1017/S0950268818002170

A. Filia et al, “Outbreak of a new measles B3 variant in the Roma/Sinti population
with transmission in the nosocomial setting, Italy, November 2015 to April 2016,” Euro
Surveillance, vol. 21, no. 20, 2016. https://doi.org/10.2807/1560-7917.ES.2016.21.20.30235
P. Bosetti, P. Poletti, M. Stella, B. Lepri, S. Merler, and M. De Domenico, “Heterogeneity
in social and epidemiological factors determines the risk of measles outhbreaks,” in
Proceedings of the National Academy of Sciences, vol. 117, no. 48, 2020, pp. 30118-30125.
https://dol.org/10.1073/pnas.1920986117

A. Siedler et al, “Closer to the goal: Efforts in measles elimination in Germany 2010,”
The Journal of Infectious Diseases, vol. 204, no. Suppl 1, pp. 373-380, 2011. https://doi.
org/10.1093/infdis/jir068

W. S. Choi et al, “Outbreak of measles in the Republic of Korea, 2007: Importance
of nosocomial transmission,” The Journal of Infectious Diseases, vol. 204, no. Suppl 1,
pp. 483-490, 2011. https://doi.org/10.1093/infdis/jir087

A. Amendola et al.,, “Ongoing large measles outbreak with nosocomial transmission in
Milan, northern Italy, March-August 2017,” Euro Surveillance, vol. 22, no. 33, p. 30596,
2017. https://doi.org/10.2807/1560-7917.ES.2017.22.33.30596

M. J. Papania et al,, “Elimination of endemic measles, rubella, and congenital rubella
syndrome from the Western Hemisphere: The US experience,” JAMA Pediatrics, vol. 168,
no. 2, pp. 148-155, 2014. https://doi.org/10.1001/jamapediatrics.2013.4342

S. E. Reef et al,, “The changing epidemiology of rubella in the 1990s: On the verge of
elimination and new challenges for control and prevention,” JAMA, vol. 287, no. 4,
pp. 464-472, 2002. https://doi.org/10.1001/jama.287.4.464

International Journal of Online and Biomedical Engineering (iJOE) 233


https://online-journals.org/index.php/i-joe
https://doi.org/10.1002/jmv.20371
https://doi.org/10.1128/JCM.01879-16
https://doi.org/10.1128/JCM.01879-16
https://doi.org/10.1016/j.jcv.2004.12.020
https://doi.org/10.1016/j.jcv.2004.12.020
https://doi.org/10.1006/mcpr.2001.0390
https://doi.org/10.1016/j.ijid.2010.06.009
https://doi.org/10.1016/j.ijid.2010.06.009
https://doi.org/10.1002/jmv.20136
https://doi.org/10.1002/jmv.20136
https://doi.org/10.1186/1471-2334-10-62
https://doi.org/10.2807/1560-7917.ES.2016.21.9.30152
https://doi.org/10.2807/1560-7917.ES.2016.21.9.30152
https://doi.org/10.1017/S0950268818002170
https://doi.org/10.2807/1560-7917.ES.2016.21.20.30235
https://doi.org/10.1073/pnas.1920986117
https://doi.org/10.1093/infdis/jir068
https://doi.org/10.1093/infdis/jir068
https://doi.org/10.1093/infdis/jir087
https://doi.org/10.2807/1560-7917.ES.2017.22.33.30596
https://doi.org/10.1001/jamapediatrics.2013.4342
https://doi.org/10.1001/jama.287.4.464

Kharti et al.

234

[35] G. E. King, L. E. Markowitz, P. A. Patriarca, and L. G. Dales, “Clinical efficacy of mea-
sles vaccine during the 1990 measles epidemic,” The Pediatric Infectious Disease Journal,
vol. 10, no. 12, pp. 883-888, 1991. https://doi.org/10.1097/00006454-199112000-00001

[36] E. Abernathy et al., “Analysis of whole genome sequences of 16 strains of rubella virus
from the United States, 1961-2009,” Virology Journal, vol. 10, no. 1, p. 32, 2013. https://
doi.org/10.1186/1743-422X-10-32

[37] J. M. Best et al,, “Reducing the global burden of congenital rubella syndrome: Report of
the World Health Organization steering committee on research related to measles and
rubella vaccines and vaccination, June 2004,” The Journal of Infectious Diseases, vol. 192,
no. 11, pp. 1890-1897, 2005. https://doi.org/10.1086/497607

7  AUTHORS

Kawtar Kharti is a Ph.D. candidate in Faculty of Science, Ibn Tofail University,
Kenitra, Morocco, and a medical specialist in epidemiology and public health at
the Directorate of Epidemiology and Disease Control, Rabat, Morocco. Her research
focuses on epidemiological surveillance and vaccine-preventable diseases (E-mail:
kawtar.kharti@uit.ac.ma).

Mohammed Amine Lafraxo, Ph.D. in Health Sciences, is a Professor and
researcher at the Higher Institute of Nursing Professions and Health Techniques,
Oujda, Morocco. His research focuses on epidemiology, psychometrics, and
biostatistics (E-mail: lafraxo.ma@gmail.com).

Abdelmajid Soulaymani is a Professor and senior researcher in genetics,
biostatistics, and epidemiology at Ibn Tofail University, Kenitra, Morocco. He formerly
served as Director of the Doctoral Studies Center at the university, where he played a
central role in structuring doctoral training and advancing research across multiple
disciplines (E-mail: soulaymani@uit.ac.ma).

Abdelrhani Mokhtari is a Professor and senior researcher in biochemistry at
Ibn Tofail University, Kenitra, Morocco. His research interests include biochemistry
and its applications to health and life sciences (E-mail: mokhtari.abdelrhani@
uit.ac.ma).

Hinde Hami is a Professor and researcher in genetics, epidemiology, and
biostatistics at Thn Tofail University, Kenitra, Morocco. Her work focuses on epi-
demiological research and the application of statistical methods to public health
(E-mail: hinde.hami@uit.ac.ma).

International Journal of Online and Biomedical Engineering (iJOF) iJOE | Vol. 22 No. 9 (2026)


https://online-journals.org/index.php/i-joe
https://doi.org/10.1097/00006454-199112000-00001
https://doi.org/10.1186/1743-422X-10-32
https://doi.org/10.1186/1743-422X-10-32
https://doi.org/10.1086/497607
mailto:kawtar.kharti@uit.ac.ma
mailto:lafraxo.ma@gmail.com
mailto:soulaymani@uit.ac.ma
mailto:mokhtari.abdelrhani@uit.ac.ma
mailto:mokhtari.abdelrhani@uit.ac.ma
mailto:hinde.hami@uit.ac.ma

