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Abstract. The impact of Artificial Intelligence in the domain of Healthcare has
been growing, day by day. These applications bring a drastic change in the health-
care system and affects our lives based in the change it brings to the Patientcare
system, transforming the traditional way of handling sicknesses and diseases. Ma-
chine Learning algorithms that use data, have a big role in the AI based applica-
tions that are used in the Healthcare. Hence the Data source and the nature of Data
holds an important role in developing effective AI based solutions for many health
issues in the society. Data is available in all the hospitals and medical care facili-
ties for many years now. However, without transforming them into a format where
Machine Learning algorithms work, it is impossible to use them to develop an AI
based application. In this research paper, we briefly discuss the process of develop-
ing an AI based application to predict Malaria, which is one of the most common
vector borne diseases in the coastal districts of Karnataka. This pioneer work was
done over the data collected from the clinical notes of a 1500 bed hospital situated
in Mangalore. Few machine learning algorithms like Logistic regression, Support
vector machine XGB Booster classifier, CAT Booster Classifier and Random forest
classifier were used over the dataset. Our experimental study revealed that, Ran-
dom Forest classifier works efficiently for this data set, compared with the other
algorithms that we used. It gave the best accuracy of 90.92.
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1. Introduction

The transforming power of Artificial Intelligence in the health care sector is very evi-
dent, in modern times [1]. As it is defined conventionally, AI is about developing ma-
chines with intelligence in contrast to the intelligence of human beings [2]. With more
and more advances happening in the collection of data, processing and computing, in-
telligent systems are now aiding in these various tasks that once depended on human
arbitration. From Finance to Medical care [2] scenarios are transforming drastically, in
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a way people never imagined before. One could say that machine learning is applied in
variety of application such as [17] cost control, [18] soil environment preservation etc,.
but, all these benefits do come with various limitations. The limitations ranges from the
algorithms, hardware implementation, development of application etc. AI involves de-
veloping systems that exhibit cognitive aptitude that uses technologies such as Machine
Learning [3]. Every instance of the role of AI that we hear about, and its applications [4]
in Health care takes advantage of the Data. Despite the digital revolution, most of the
medical data are still handwritten [5]. Problems arise when other stake holders are in-
volved either for interpretation or study. Poor handwritten clinical notes poses a serious
threat for researchers who are involved in data analysis. Dakshina kannada is one among
the coastal districts of Karnataka, and reports many Malaria cases in a year. It is also
named as one of the malaria endemic district [6] in the state and the country. Malaria
is one of the important vector borne diseases globally [7] . Few studies have been done
to analyze the trends of vector borne diseases [8]. Artificial Intelligence (AI) has been
used as a surveillance and prediction tool to predict vector borne diseases [9]. The re-
searchers of the above study came out with a system, that could predict the outbreak of
dengue much earlier taking advantage of various data and parameters that were stored
in different silos. Similar studies have also been done in other places as well [10]. Few
such works are carried out in our country. [11–13]. However, in Indian scenario, there
is hardly any study that is done in a deeper level involving clinical notes digitization.
Many works take the demographic details and analyze. So an attempt was made to study
the trends, symptoms, treatments of Malaria patients from the hospital records who were
admitted in the span of four years (2015-2018) in a Medical College Hospital in Man-
galore, India. The study was conducted after taking Ethics committee permission of the
medical college. The data are maintained by the Hospital Medical Records Department
(MRD). Section 2 elaborates the Framework that was used and the following sections
narrates the results that we obtained from this study and is then followed by conclusion.

This experimental work results have helped to understand the dynamics of the
Malaria fever in this region, and can serve as a tool to assist the doctors, for managing
patients quickly and effectively.

2. Materials and Methods

2.1. Data Sources

The Real Time Data Collection was done primarily in two locations - the DHO office in
Mangalore, and the Father Muller Medical College. The Data from the DHO Office were
gathered from different records, files and also by visiting different primary Health centers
(PHC) and National Urban Health Mission centers (NUMC) in and around Mangalore.
The data that were gathered from the PHC and NUMC did not have detailed clinical
notes but has only basic demographic details. Hence the Data related to Malaria from
Father Muller Medical College was accessed after getting the approval from the scientific
and Ethics committee of the Father Muller Medical College, Mangalore. We followed
the CRISP-DM model, for our experimental study, understanding the data, transforming
it into a format where the Model could be built and finally the evaluation.
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Figure 1. CRISP-DM Model.

2.2. Malaria Data

There are various symptoms for a patient to be identified as having Malaria. If a pa-
tient has fever with migraine, back pain, chills, rigors, sweating, nausea and puking [14].
A confirmed complicated/severe malaria is defined as a confirmed case with symp-
toms/signs of complicated/severe malaria (prostration, impaired consciousness, respira-
tory distress (acidotic breathing), multiple convulsions, circulatory collapse, abnormal
bleeding, jaundice, hemoglobinuria, severe anemia, etc.) Confirmed Malaria cases that
were treated in Father Muller Medical college hospital from the year 2014 to 2018 were
considered for the study.

Figure 2. Sample of Malaria Data maintained in the Registration Department.

Few case sheets were reported as unspecified malaria. The individual patient med-
ical records were accessed. The Data were available in two departments. The Registra-
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tion department maintains the details of the in-patients regarding their Inpatient number,
Name, Sex, Age, City, Date of admission and Date of discharge.

2.3. Data Gathering from Medical Records Department

The Data related to Malaria from Father Muller Medical College was accessed after get-
ting the required permission from scientific and Ethical committee of the Father Muller
Medical College, Mangalore. The Data related to Malaria were stored as Electronic Med-
ical Records (EMR). The case sheets were scanned and stored in the MRD repository.
The corresponding patient history was accessed through the In-Patient number, is stored
in the Medical Records Department and the data that is stored in the Registration depart-
ment.

Figure 3. Sample Discharge summary in clinical notes.

2.4. Data Preprocessing

Major portion of the time in this research study was spend in this Data pre-processing
step. All the health data thus collected go through Data pre-processing i.e., cleaning pro-
cess where unnecessary information was removed. This phase consists of four primary
sub steps: Data Cleaning, Data Integration, Data Transformation and Data Reduction.

• Data Cleaning: Data cleaning was done to sort our issues related to missing values,
non-readable handwritings, and redundant data within the data that were available
in the clinical notes.

• Data Integration: The Data were extracted from the Registration department which
gave us the demographic information about the patient and other data from the
medical records department which gives information about the treatment that was
given. These data sources must be integrated, to a single data point which is uni-
form that can be analyzed.
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• Data Transformation: The data we collected was in formats that are not optimal
for processing. For example, if dates are involved, the data must be formatted from
text to date format. In this state, we convert raw data into a useful format that can
be processed with mathematical libraries. In this project the date of admission and
date of discharge fields are used to compute the number of days the patient was
admitted.

• Data Reduction: Redundant data is identified and removed. Any unnecessary data
is removed. This ensures that only valid data is used for processing.

2.5. Data Processing

The preliminary idea was to take screenshots of the patient discharge sheets and to extract
text from those images. Each image which contained patient information from the day
of his/her arrival to the day of discharge was recorded. In order to extract data from the
images we used a python tool called Python-Tesseract. All the images were run through
the modified python program and the image files were transformed into text files which
contained all the textual information got from the images. Still there was a challenge
with respect to the extracted files. Some of them were so distorted and blur, so the python
program couldn’t recognize the words in them and some of the extracted data was wrong.
So, the only alternative was to store the data in the database by manually entering the
patient information. For this we created a python script or program which takes the user
input by using the input () function of python. Then the data was stored in Mongo DB
using the python’s pymongo package which allows us to set the database and the collec-
tions to store the data.

The next step is to create a prediction model. For this the entire data is split into
train’, ‘test’ and ‘validation’ set. Since the task involved in this model is classification,
we created a supervised machine learning model [15, 16]. The model was created us-
ing the classification algorithm. In our case we used Logistic Regression, Support Vec-
tor Machine, XGB Booster classifier, CAT Booster Classifier and Random Forest. The
model was then fed with input data i.e., the training data which is the set of input pre-
pared from the clinical notes of the patients who were attended in the Medical College
Hospital for Malaria. For the model to be trained or fit, few of the parameters were ad-
justed at regular intervals to get the best accuracy. Further, the model tunes its attributes
based on the frequent evaluation results on the validation set. The working accuracy of
the model is derived from the test set. The program was written using Python 3.7 using
the following libraries and packages such as Numpy, Pandas, MatPlotlib, SKlearn, Dash,
Spell Checker and nGram.

3. Results and Discussion

The Exploratory Data Analysis was performed over the data that were collected. Few of
the results are presented below. From the Data that was collected from the Father Muller
Medical College, Mangalore, the following insights were derived. The data has now been
enabled to perform any machine learning tasks such as classification or prediction or
regression based on the need. There are various algorithms for each of the tasks that
are mentioned above. Since the task that we have been trying to solve is a classification
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related task, we tried to find out the different algorithms that can be used for building
a model. We tried using Logistic Regression, Support Vector Machine, XGB Booster
classifier, CAT Booster Classifier and Random Forest for training the model. The various
values that were generated for different metrics such as Accuracy, Precision, Recall and
F- Measure are displayed below.

Figure 4. Malaria Cases

Figure 5. Malaria Cases with Symptoms of

Fever

Figure 6. Malaria Cases with Symptoms of

Chills

Figure 7. Malaria Cases with Symptoms of

Body Ache

Figure 8. Malaria cases with Age classification

Figure 9. Malaria Cases with Abdominal Dis-

comfort
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Table 1. Performance Comparison of Different Machine Learning Algorithms

Algorithm Precision Recall F1-Score Accuracy

Logistic Regression 0.59 0.72 0.65 62.63
Support Vector Machine 0.55 0.46 0.50 55
Random Forest Classifier 0.75 0.76 0.76 90.97
XGB Booster Classifier 0.74 0.79 0.77 86.25
CAT Booster Classifier 0.75 0.70 0.72 88.19

This Figure shows the results that we obtained from each classifiers. From this, we
can understand that the model was effective as it gives the accuracy highest of 90.97 for
the Random Forest classifier algorithm. From the results that is obtained from the test
we can conclude that the Random Forest Classifier decision tree classifier gives the best
result out of all the classifiers we used in the study. It gives higher accuracy than the
other classifiers. Random Forest classifier algorithm is one of the best machine learning
algorithms to examine the data categorically and continuously. Thus in conclusion we
can say that if the dataset is larger in size the model will give more accurate result.

4. Conclusion

This research study based on clinical notes of the patient, treated for Malaria, provides
an insight into the types of symptoms prior to hospital admission. It also explores the
efficiency of diagnostic treatment for Malaria. The quicker a physician assesses based
on the symptoms, more effective the treatment tends to be. This study was done with
data collected from one specific location. More data from different hospital setting and
different places would increase the efficiency of the System. We intend to add more real
time data from different hospital settings. However, the same steps that were performed
in the preprocessing stages can be repeated for any hospital setting to gather data and
transform the raw clinical data into a meaningful data over which effective AI based
model can be built.
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