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Abstract—Significant barriers exist in achieving fast and ac-
curate access to online biomedical content because of the prolif-
eration of unstructured biomedical information. Accompanying
semantic annotations with growing biomedical content is critical
to enhancing search engines’ context-aware indexing, improv-
ing search speeds and retrieval accuracy. We have developed
“Semantically”’: a biomedical structured content authoring and
publishing framework to enhance biomedical content FAIR-
ness (Findability, Accessibility, Interoperability, and Reusability).
Finding the appropriate semantic vocabulary to annotate biomed-
ical content is time-consuming and technically challenging. ”’Se-
mantically” automates and streamlines this process for users
by recommending highly accurate annotations from an array
of biomedical ontologies. Similarly, preserving content-level se-
mantics at the content publishing stage to foster semantic search
remains a critical research challenge. ’Semantically” addresses
this obstacle by extending schema.org, a community-agreed and
research engine endorsed guideline for publishing structured
content on the web. In future works, we aim to improve the
biomedical content annotation process through a socio-technical
approach by enabling a collaborative annotation scheme. The
demo of the system is accessible at: https://gosemantically.com/

Index Terms—Structured data, Biomedical Semantics, Struc-
tured data publishing, FAIR Biomedical Data, Biomedical Con-
tent Authoring

I. INTRODUCTION

A large number of unstructured biomedical content has
been produced over recent years from growing scientific
research [1]. However, the lack of machine-interpretable
metadata associated with online biomedical content makes
it inaccessible through commonly used search engines, e.g.,
Google. Search engines rely on embedded metadata to ef-
ficiently index content to perform fast and accurate queries
and to support secondary activities such as meta-analysis and
automated integration [2]. Therefore, incorporating interoper-
able semantic annotations and maintaining them during their
dissemination and publishing is critical to achieving FAIRness
in the biomedical domain [3]. Several biomedical semantic
annotators such as NOBLE Coder [4], NCBO Annotator [1],
and Open Biomedical Annotator [5] have been introduced by
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researchers to incorporate biomedical semantics into biomed-
ical content automatically and semi-automatically. However,
most of the available biomedical annotators failed to balance
between speed and accuracy. The challenge is to select the
correct ontological vocabularies from the several available and
then to associate them with unstructured biomedical contents
in the shortest time possible [6]. This paper introduces
Semantically, a web framework designed for biomedical re-
searchers and content creators of all experience levels for
the authoring and publishing of semantic biomedical content.
Semantically facilitates the process for users by selecting the
right semantic vocabularies, finding and associating them to
the unstructured biomedical contents. The embedded machine-
interpretable metadata is preserved while exporting the content
for the web.

II. PROPOSED METHODOLOGY

The Semantically framework was designed for users ranging
from bench scientists and medical doctors to casual users
simply get involved in medical journalism. Initially, users have
the option to either import pre-existing content or start typing
directly in the Semantically text editor (Fig.1). Afterward, they
are given a few annotation options to select from depend-
ing on their level of experience and familiarity with certain
ontologies. Users without a technical background may easily
navigate a simplified interface while more sophisticated users
may utilize advanced options to take further control of the
semantic annotation process. The Semantically editor performs
the semantic breakdown process as it annotates textual content.
The process is comprised of 1) Ontology identification which
is a collection of concepts and semantic relationships among
concepts, 2) Biomedical concept recognition utilizing BioPor-
tal’s Annotator API [1] and 3) semantic information extraction
that presents contextual similarity and relationship among
concepts. (Fig.1(c)). The output of this stage is ontology based
structured content. Terminologies for which Semantically was
successfully able to match to one or more ontologies are under-
lined (Fig.2) following the completion. Users can then click
on the terms to view their attached semantic description. If
necessary, users may further optimize the semantic description
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Fig. 1: Unstructured biomedical content transformation into structured content methodology workflow

to the one they prefer, changing the linked ontology or concept
in the process (Fig.2).

The schema.org [7] is a collaborative community-defined
set of vocabularies designed to create structured web content
from a multitude of domains. It’s endorsed by Google, Yahoo,
Yandex, and Bing with the goal to improve the indexing of web
pages. We utilize the schema.org provided high-level structural
tags such as MedicalScholarlyArticle and MedicalEntity and
couple them up with the content-level semantic that generated
during the content authoring process [7]. Following the anno-
tation of the content, our system offers a variety of publication
format options, all of which employ the schema.org [7] frame-
work such as JSON-LD, metadata embedded plain HTML, and
highlighted HTML Formats (Fig.1).

Semantically is a web-based application that uses React JS
and LAMP (Linux, Apache, MySQL, and PHP) architecture.
The system communicates with two external entities, as shown
in (Fig.1): Schema.org [7] and BioPortal [1]. Semantically
and BioPortal are connected reciprocally and uses Bioportal
as the knowledge base for a large collection of ontologies to
suggest appropriate annotations to the author. In response,
Semantically keeps track of author annotation choices and
shares them with BioPortal to enhance its recommendation
algorithms. It also expands the Schema.org standard for
structured online content in a similar way by offering
structural level information. By enhancing findability and
interoperability, these additional features contribute to the
FAIR [3] data initiative.
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The shots planned for children are 10 micrograms, a smaller dose than is
given to adults. To be fully immunized, kids get two doses, spaced about
clote 21 days apart. Vaccines for younger children are packaged in smaller vials
and injected through smaller needles, too. The vaccine for younger
children will roll out siightly differently than it has for adults and teens.
While adults mostly got their COVID-19 vaccines through pop-up mass
vaccination sites, health departments, and other community locations, the
strategy to get children immunized against COVID is centered on the
offices of pediatricians and primary care doctors. Hackell helped to draft a
new policy in New York that will require COVID-19 vaccines for
schoolchildren once they are granted full approval from the FDA. Other
states may follow with their own vaccination requirements.

He said ultimately, vaccinating school-age children is going to make them
safer, will help prevent the virus from mutating and spreading, and will help
society as a whole get back to normal.

(bacteria, viruses, fungi,
protozoa), antigenic proteins,
synthetic constructs, or other bio-
molecular derivatives,
administered for the prevention,
amelioration, or treatment of
infectious and other diseases.

Need Help?

@ Semantically

Fig. 2: A screenshot of Semantically exhibiting the semantic
content authoring process of a Biomedical Article.
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III. CONCLUSION

Context-aware authoring and sharing at the pre-publication
stage is the least explored aspect of the semantic content
life-cycle. This research advances state-of-the-art biomedical
semantic research and systems, enabling various biomedical
users to author and publish context-aware content with no prior
technical skills. Our future aim is to extend the current Seman-
tically infrastructure to address the advanced annotation chal-
lenges by introducing a social-technical model. Furthermore,
our system remains in a prototype state where key features for
convenience such as importing web documents through URL,
direct publishing from semantically environment to blogs are
still missing. We look forward to adding such features in the
future.
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