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I. INTRODUCTION

Abstract

Throughout the evolution of the Internet and social networks, forums and online platforms have a vital role in
sharing information, along with the creation and engagement of virtual communities. Such websites represent
great resources, and they are the first step in the adoption of e-health services. When the persons are ill, many of
them use search engines for self-diagnosis and gather possible treatment ideas before asking for a doctor's opinion.
This takes a lot of time because the information is scattered across various forums and websites. In this paper
is presented an application that aims to provide an online self-diagnosis and drug recommendation tool based
on natural language processing of the symptoms described by the user. Over 2,200 medicines are stored in the
database, each having a set of keywords according to their usage. Thus, the platform automates the search process,
and provides the user with the most relevant information, eliminating the need for manual data interpretation. The
results are ranked according to the confidence score obtained after the execution of the fuzzy search algorithm.
The platform does not provide medical advice. Thus it is intended for informational purposes only. The developed
platform is not a substitute for professional medical advice, diagnosis or treatment. Another feature of the platform
is that it enables users to find hospitals and clinics around them, so that they can receive professional healthcare
service. The field of medicine is a sensitive topic due to the fact that one mistake could lead to the loss of countless
human lives. It was a long and difficult journey to reach the current state of medicine, but technology was and will
remain essential to the evolution of the healthcare system. The proposed solution of this paper is customized for
Romania but it can be adapted for other countries by replacing the drug database.

© 2019 The Author(s). Published by TAF Publishing.

Building a self-diagnosis system is a complicated task, and

Throughout the evolution of the internet and social net-
works, forums and online platforms had a vital role in shar-
ing information and creating engaging communities. These
websites represent great resources, and they are the first
step in the adoption of e-health services. People use forums
so that they can freely ask questions about their health con-
ditions and talk about possible treatments with other users
having similar experiences [1, 2]. Modern technology al-
lows us to collect the information found on these platforms.
This valuable information can be then used to create smart
applications such as self-diagnosis systems, medicine rec-
ommender systems, e-Doctor websites, cloud-assisted drug
recommendation services, and many others [3, 4].
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one should know that there are various challenges to over-
come. One such problem is the accuracy of the system. Ac-
curate diagnosis of a disease is a complicated process that
has to consider many factors. There were many attempts to
build such a system. However, the majority of them failed
to be deployed for practical use.

There are many approaches related to the idea of a self-
diagnosis system. Some methods have the goal to alto-
gether remove the intervention of the medical expert from
the decision-making process, while others are considered
support systems and only speed up the process by offering
a valuable interpretation of the data for the human expert
to analyze.
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In this paper, we propose to define the model of a web appli-
cation for self-diagnosis and drug recommendation, which
is based mainly on healthcare keywords. This comes as an
answer to the lack of medicine recommendation systems in
online self-diagnosis applications. In the next section, we
present the literature review. In section III, we describe the
architecture of the application and the main algorithm. Sec-
tion IV contains the final results, illustrating the function-
alities of the system. In the end, we conclude and discuss
further ways to improve our solution.

II. RELATED WORK
During recent years, the healthcare domain went through
a great number of transformations thanks to advances in
technology. Today, people are more interested in their
health condition, so they spend more time online, search-
ing for health-related subjects and information. This kind of
active interest from patients led to the enhancement of the
doctor-patient relationship and improved service engage-
ment. The influence of technology is obvious in this case,
and it helps in co-creating value in the medical domain at
the micro level [5].
Medical records contain large sets of data such as patient
information, medical history, drug prescriptions, treatment
protocols and outcomes [6]. The amount of unstructured
electronic health data is hard to manage and analyze us-
ing traditional ways. Today, big data is an emerging trend
in technology that is used to describe a large volume of
structured and unstructured data sets in order to extract
valuable information. The information mined can be then
used in various machine learning applications or analyt-
ics projects. The healthcare industry is behind other fields
when it comes to the use of big data. This is not a surprise
given the nature of the domain and the challenges faced by
the healthcare providers. There is no simple way to share
data among the different providers without causing secu-
rity and privacy concerns. Big data is still in its early days
and there is potential to develop applications that can bring
value to the medical industry [7].
In order to efficiently process large data sets and provide
a real-time response, cloud-computing is a great choice to
enhance the computing performance of the system. For ex-
ample, Apache Hadoop and Apache Spark are two excellent
cloud platforms designed for data mining with the possibil-
ity of iterative computation. Apache Spark supports parallel
programming models such as Resilient Distributed Datasets
(RDDs) and Directed Acyclic Graphs (DAGs) so that itera-
tions on the same dataset can be performed directly from
memory where the data caches are saved.
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The majority of self-diagnosis systems are made of two
core modules. The first one is the disease-symptom clus-
tering analysis module, in which the symptoms are classi-
fied based on given reports. Disease diagnosis and drug
recommendation service is the second module of the sys-
tem [8]. A knowledge base is used to save knowledge from
human experts by structuring the information in facts and
rules. The reasoning engine is responsible for the decision-
making process so that users can receive professional opin-
ions through a virtual knowledge base. This type of system
is also called an expert system [9]. An expert system can
use Fuzzy logic or Boolean logic. In a fuzzy expert system,
the truth values of the variables can be any real number be-
tween 0 and 1.

The way the application works is easy to understand. The
user has to indicate the area of interest (problem area) on
a virtual human body mannequin. Then, based on their se-
lection, users have to select symptoms from a list. In the
end, they are asked a few questions and according to their
answers, the expert system diagnosis diseases based on its
knowledge base. Finally, the algorithm ranks the results
and display them in a fuzzy form [10, 11, 12]. Another ap-
proach to achieve an automatic medical diagnosis system is
e-Doctor. This kind of web application is based on Support
Vector Machines (SVM). SVMs are models trained through
supervised learning that can analyze and recognize patterns
in data and make decisions, based on their knowledge base.
This type of system is used in clinics, where the doctors can
insert data about patients or their examinations and the e-
doctor will make predictions about the current or future
health status of the patient. The SVM learning strategy is
a powerful technique that can be used in applications such
as image segmentation and classification, image fusion and
object recognition [13].

Recommender systems first started to receive attention
from the IT domain in the mid-1990s. Following extended
research, experts immediately realized the utility of such a
system [14, 15]. Nowadays, e-commerce is a growing busi-
ness and recommender systems have become popular when
it comes to online shopping [16]. More people tend to buy
medicine online for convenience reasons. However, pur-
chasing medication without professional guidance can be-
come an issue. Although online pharmacies offer detailed
information about the drugs and even user ratings, there
are two important problems to be considered when buying
medication online:

» Validity-There is a chance of purchasing the wrong or a
noneffective drug because of the misleading or exaggerated
information on the platform.
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« Reliability-Without professional instruction, people do
not pay attention to the interaction of multiple medicines
which can cause serious issues for the patients.

There are various types of drug recommendation systems.
For example, in a cloud-assisted medication recommender
system, users are presented with top-N related drugs based
on their described symptoms. The algorithm also takes into
consideration factors such as when the cold started and the
type of the drug [17]. Data mining techniques can also be
applied to the recommendation system to decrease medical
errors. Other modules such as the database module, model
evaluation module, recommendation model module, and
data preparation module can be found in a recommender
system.

Other types of recommender systems use a list of risk
factors that the doctor must fulfill regarding the patient’s
health. Then, the system will compute the risk level of the
patient and the doctor can select a possible bacterium. The
recommended drugs are listed in order of priority [18].

An example of an ontology-based drug recommendation
system is GalenOWL. The purpose of GalenOWL is to bind
semantic web and medical terminologies so that it can re-
spond to queries related to drug recommendations. The
user sends requests to the system in order to find drug
indications and contraindications according to the patient
data. All the information about the patient is used to build
the knowledge base then, the rule-based reasoning is done.
Medical ontologies are used by the reasoning engine in or-
der to return the list of drug recommendations.

Data mining is a great enhancement to the development of a
recommender system. It has the potential to highlight hid-
den relationships and patterns between medical data sets.
These patterns can be used to improve medical diagnosis
and drug recommendation services by providing a better
understanding of the interaction between drugs and dis-
eases [19].

In the world of computer science, Artificial Intelligence (AI)
refers to the development of computer systems that are
able to demonstrate machine intelligence. These systems
are able to complete tasks that normally require human
intellectual and decision-making [20]. The invention of
robots is considered the starting point in the development
of artificial intelligence. The word ‘robot’ is derived from
Czech (‘robota’), which means biosynthetic machines used
as forced labor. Al has a huge range of applications in the
healthcare industry. From computer-assisted medical diag-
nosis and robotics to health recommender systems, all of
these can be powered by artificial intelligence technology
[21].
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Al in Medicine (also known as AIM) started as a US research
community. The goal was to innovate the world of medicine
and overcome the limitations of technology. The health-
care domain remains an attractive field for researches all
around the globe because it can provide them with a diverse
set of real-world problems that they can work on [22]. In
medicine, the field of Al is divided into two main categories
- virtual and physical. The virtual part contains Machine
Learning (ML) and algorithms. There are three types of ML
algorithms: a) unsupervised learning; b) supervised learn-
ing; and c) reinforcementlearning. The physical component
includes robots and other medical devices [22].

Al together with the latest data mining tools can become key
elements in the prediction of medical outcomes. By using
machine learning algorithms, one can develop powerful ap-
plications containing accurate classifiers. For classification
and prediction modeling queries, it is important to provide
accurate training data when dealing with medical records
[23].

There is no secret that big data will revolutionize medicine.
The majority of computer-based systems in healthcare are
expert systems. They contain a knowledge base with differ-
ent rule sets encoded. The name comes from the fact that
those systems know the general principles of medicine and
their mission is to apply them to new patients [24].

Al is an emerging technology that currently lacks the trust
of humans. Patients want to feel that investigations are con-
ducted by doctors and not by machines. The role of artificial
intelligence is to take advantage of the computing power
and leave the management of the patient in the hands of the
doctors [25]. There is a debate going on, whether Al sys-
tems are actually better than human professionals, but ev-
eryone can agree on the fact that mixing machine learning
software with the knowledge of the human experts will out-
perform what each of them can achieve on their own [26].
Although one should not neglect the benefits of deep learn-
ing in healthcare, there are still several challenges left to be
solved. Data volume is one such challenge.

The amount of medical data required to train the model effi-
ciently is much greater than in any other field. Furthermore,
data quality is a serious issue in medicine. Unlike other do-
mains, it is difficult to find well-structured data to use for
model training [27].

The integration of new technologies and ideas in the med-
ical industry also introduces tough challenges that need to
be addressed. Nowadays, cloud computing is gaining mas-
sive popularity. This approach brings important benefits
such as flexibility, scalability and it is cost effective. Imple-
menting cloud-based applications in the healthcare domain
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is not an easy task and has led to security and privacy con-
cerns because the patient data is at stake. Such data con-
tain sensitive records and unauthorized access must not be
allowed at any cost. In order to avoid a security breach,
network administrators have to continuously analyze and
patch the security vulnerabilities of the wireless networks
before they become a threat [28]. They also have to look out
for the possible loss of data in case of a disaster or an un-
expected event and therefore implement automatic backup
features. System unavailability is another cloud computing
risk which has to be taken into consideration. Not being
able to use health services in emergenc could have devas-
tating effects on the population.

There are many types of challenges when it comes to im-
plementing e-health (electronic health) services besides the
technological ones. One way to classify those challenges is
the following:

e Financial challenges-Funding is a difficult challenge be-
cause there are high costs in order to implement, monitor
and provide technical support for such a system.

e Socio-cultural challenges-Refers to the negative attitude
towards the concept of e-health due to factors such as peers
influence, fear of losing the interactions with the medical
staff, poverty, religious beliefs and age factors.

¢ Human challenges-Describes the shortage of health work-
ers with the required IT skills and knowledge to understand
and use e-health systems.

e Legal challenges-Presents law issues which include the
lack of policies and legal pressure on healthcare providers

~”
-

Fig. 1. Patolo-application homepage

A. Features

In addition to the self-diagnosis and drug recommendation
tool, the mission of the application is to provide useful on-
line healthcare features so that users can be well-informed.
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when it comes to information sharing.

Overcoming the existing technological and human barriers
is necessary for the development of the medical field. Scien-
tists, engineers, and medical experts will always try to push
the boundaries of medicine and increase the lifespan of hu-
man beings.

Today, online health platforms are increasing in popularity
because there is no need for the doctor to be in the same
area as the patient. The issue related to resources can now
be solved as more doctors and patients are using e-health
services to eliminate the time and distance barriers.

III. METHOD
Patolo is the name of the solution proposed in this pa-
per. The aim of the application is to provide an online self-
diagnosis and drug recommendation tool based on symp-
toms described by the user.
It is difficult to build a reliable, easy-to-use medical plat-
form, in order for users with no prior medical knowledge to
be able to quickly find if they suffer from a common disease
and which medicine to use as a treatment. Patolo is based
on keywords.
The application was designed to look and feel like a
healthcare-related search engine, so that users describe
their issues in a natural way. The only drawback of this ap-
proach is that, like any other search engine, the results will
vary depending on the description.
In the following paragraphs, the features, architecture and
algorithm behind Patolo will be presented and explained.

« Self-diagnosis and medication recommendation based on
user symptoms-this gives the user the freedom to describe
his/her symptoms in natural language and receive a list of
possible medical conditions and treatment suggestions.

e Search for a medicine-it is essential to be well-informed
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and this gives the users the option to find and read about a
particular medicine.

e Read about a disease-this offers the user the ability to find
out information about the diseases that are displayed at the
end of the diagnosis procedure.

 Find medical assistance-this feature allows the users to
see a map containing hospitals and clinics around them, so
that they can get professional healthcare assistance.

e Account registration-registered users have additional
benefits like the option to add medicines to favorite or even
vote for a medicine.

» Medicines public API-this feature is written so that de-
velopers can use the medicines from the database in order
to build other medical applications. This will save them a
lot of time and resources from having to make their own
database.

B. Algorithm

The algorithm behind the self-diagnosis and drug recom-
mendation feature is divided in three stages. Initially, af-
ter the user describes the symptoms in natural language,
the text will be translated from Romanian to English. This
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is achieved by using Google Translation Cloud service. The
reason why the translation is required is explained in the
next step of the algorithm.

In the second stage of the algorithm, the keywords extrac-
tion process is started. This means that from the previously
translated description, medical keywords will be extracted
(keywords that refer to symptoms, diseases or conditions).
This is done by using a natural language processing algo-
rithm specialized in healthcare. The best, free solution in
this case is Amazon Comprehend Medical, part of the AWS.
However, Romanian language is not supported and this is
the reason why the translation is required.

In the last stage, once the keywords are obtained, a fuzzy
search algorithm will attempt to match these keywords to
the keywords of the medicines and also to the keywords of
the diseases in the database. A threshold confidence score
and a result limit will make sure that the performance of
the fuzzy search algorithm is a good one. Results with a bad
score are dropped immediately. The final results are sorted
based on the confidence score. This way, users will know
which are the relevant results to their query.

"am febra si imi curge nasul"

1. Translation
ro-eng (via Google Translate API)

"I have fever and my nose is running”

2. Keywords extraction
(Amazon Comprehend Medical NLP)

fever; runny nose

3. Keywords matching
(via fuzzy search algorithm)

database

medicines

Display search results

database

diseases

Fig. 2. Algorithm breakdown for main use case
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Rerultate cautane

Descriere afectiune: am febra si imi curge nasul

Medicamente recomandate

Allgrgodil nasey spray, serosol
Hummes raceala 5 QNpa, COMmpnmate
0 Claritine, compnmate
0 Clariting, sirop

[ Coldrex, comprimalte

Fig. 3. Self-diagnosis query result

C. Technologies and Architecture

The application is running on a 3-tier web architecture.
The technological stack used is called MEVN (mongoDB, ex-
press.js, Vue.js, Node.js).

On the front-end, we have a Vue.js client instance packed
with Vuex for state management and Vuetify for material

Browser

Server

2019

Afectiuni posibile

Grpd

design components. The client is communicating with the
back-end via REST APIs.When it comes to the back-end, Pa-
tolo is running Node.js with express.js as a web server. The
last layer of the architecture, data storage is done via Mon-
goDB, a great NoSQL solution to store structured or unstruc-
tured documents. The combination of those technologies
results in a fast, elegant and modern looking application.

Database

= .
] — = Sy

v

Fig. 4. Overview of the architecture

The figure above represents a simplified schematic of the
main components in the architecture. In the following fig-
ures, the communication between the back-end and the
front-end is described in details to understand the flow of
the request. Picking the right technology stack and archi-
tecture was essential due to the nature of this application.

A

Router || Components | Hup

Fig. 5. Full-stack architecture overview
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The architecture described above provides excellent perfor-
mance in terms of computing speed and reliability. Having
a large database, continuously expanding and using a fuzzy
search algorithm, were indicators that an elegant data stor-
age solution was required, thus the decision to use Mon-
goDB.
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PESPONSGE

Fig. 6. Diagram describing flow of the requests

IV. RESULTS

To compose a medical database out of unstructured raw
documents is a tough task for any developer. After days of
data mining and refinement, the application now has over
2,200 medicines in the database, each having keywords set
according to their usage.

The main functionality behind Patolo is the self-diagnosis
and drug recommendation engine. This allows people to
use the website like a regular search engine and describe
their issues in natural language in the same way that they
would write on a forum.

Rezultate cautare

Descriere afectiune: am febra si dureri in gat

Medicamente recomandate Afectiuni posibile

] Coidrex hotrem lemon, plicuri L BT ) Gripd
0 Codamin p, comprimate C e
0 Coldrex nite, sitop VIR
0 Coldrex maxgrip lemon, pulbere or. LT )
0 Biofen, suspensie orala v T}

Fig. 7. Patolo-self-diagnosis query results

The results are ranked according to the confidence score
obtained after the execution of the fuzzy search algorithm.
User votes do not impact the ranking procedure.

By pressing the red, heart-shaped button, one can save that
particular medicine to favorites. In addition, by clicking on
the blue, thumbs up button, one can vote for that drug. A
page with detailed information is displayed when either the
name of a medicine or the name of a disease is clicked.
Users have the option to search for a medicine and read
about it. The search form has autocomplete and suggestion
features to help the user with the name of the drug.
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Abaktal, comprimate
Abaktal, comprimate filmate
Abasaglar, solutie injectabila
Ability

Abraxane

Abseamed, solutie injectabila

Fig. 8. Patolo-drug search form

1

\co-200 - comprimate efervescente

capsule
junior, pulbere pentru solutie orala
\coupra 5, 10, 20 comprimate filmate
uzide, comprimate filmate

Cantgrip, vaccin antigripal

Fig. 9. Patolo-drug search autocomplete feature

Patolo does not provide medical advice. Itis intended for in-
formational purposes only. It is not a substitute for profes-
sional medical advice, diagnosis or treatment. This feature
enables users to quickly find hospitals and clinics around
them, so that they can receive professional healthcare ser-
vice.

Registered users can access their profile page and find in-
formation regarding their account. Registration date and
saved medicines are located there. They can click on the
name of a drug to read about it.
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Fig. 10. Patolo-medical assistance finder
Razv I
gistrat In data: 20.04.201

Altargo
Lovir, crema
Biazol, crema

Allergodi| naseu spray, asfosol
Fig. 11. Patolo-user profile page

The last feature is written so that developers can use the ical applications. This will save them a lot of time and re-
medicines from the database in order to develop other med- sources from having to build their own database.

Documentatie API

AP}ul oferd posibilitatea de a nccesa baza de date con} ate

Acestea pot fi utilizate de citre dezvoltatorii romani

bile n Romania.
entru a reakza dive catii medicale. fiec cament avand cuvinte cheie setate

Listare medicamente
GET hp:flocolost BOB1/api/medicines/

Exemplu de rispuns JSON

Fig. 12. Patolo-API documentation page
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V. CONCLUSION AND FUTURE WORK
Technological innovations drastically changed and im-
proved our quality of life. There are many domains which
benefit from the evolution of technology but one of the most
important fields is healthcare.

Advances in healthcare are extremely important as there
are many issues that require our attention. The field of
medicine is a sensitive topic due to the fact that one mistake
could lead to the loss of countless human lives. It was a long
and difficult journey to reach the current state of medicine,
but one thing is quite clear, technology was and will remain
essential to the evolution of the healthcare system.

Patolo is amedical tool that does notrequire any prior medi-
cal knowledge and that is useful for self-diagnosis and treat-
ment recommendation. Using the application is extremely
easy and fast, because no healthcare surveys or personal in-
formation are necessary in order to complete the diagnosis
procedure, so it can save a lot of time for the user. In ad-
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dition to the main use case, by building the database for
medicines, the application now provides developers with
a public API that can be used to develop other healthcare-
related products. Due to the fact that Patolo is based on key-
words, the volume of data is essential to increase the accu-
racy.

At the moment, the accuracy is at a decent level but there
are a few things that can be done in order to increase it.
Firstly, custom translation could solve the issue of problem-
atic words. A problematic word is a word which loses its
meaning when is translated from one language to another.
Secondly, the number of diseases in the database should
also be increased.

To sum up, the solution proposed in this paper can still be
improved and that is why feedback is vital. In the near fu-
ture, Patolo might get in touch with healthcare profession-
als for ideas to bring new useful features and services to the
users.
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