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Abstract—Malaria is an infectious disease that has a devastating effect on 

humans but is contagious and preventable. There were 228 million malaria cas-

es globally in 2018, with 93% of patients and 94% dying showing up in Africa 

within Burundi, possessing a massive growth (51%). This study proposes an 

IoT design for smart monitoring and alert systems for malaria patients in Bu-

rundi. After being tested positive while they are home drinking tablets pre-

scribed by the doctor, the patients will use a body temperature sensor. When the 

situation worsens, the patient shall be hospitalized and use the water level sen-

sor to monitor the serum level, which contains quinine. Body temperature and 

water level sensor will be connected to Arduino Microcontroller, and all infor-

mation will be gathered and sent to the IoT server through the internet. The sys-

tem design is authentic and adequate in reducing mortality in Burundi. Besides, 

the system is equipped to set up a caution message to the medical staff in case 

of the patient's extreme conditions. It can be concluded that a Smart monitoring 

and alert system is essential for monitoring malaria patients and can alert in 

case of a severe condition. 
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1 Introduction 

Malaria is an infectious disease that has a significant impact on people, but it does 

spread, although it is protected. The malaria epidemic in Burundi continues, with 

crisis issues persisting throughout the country. As the 2019 Universe Malaria article 

reports, there were 228 million malaria cases worldwide in 2018, with 93% of patients 

and 94% of deaths occurring in Africa [1]. Some countries observed growth in types 

in the middle of 2015 and 2018, with Burundi possessing a massive expansion (51%) 

[1]. But a recent technology, the so-called Internet of Things (IoT), has increased the 

internet's ability to take over computer equipment. An IoT design, followed by an IoT 

application, should be built to eradicate malaria because it is essential to monitor the 

patient using technology to reduce Burundi's death rate.  

Mosquitoes are associated with local characteristics environment (e.g., standing 

water or irrigation system), human behavior (water communication design), and soci-

oeconomic conditions (ability to maintain a clean environment) [2]. Gaining a better 
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understanding of malaria causes, mode of transmission, signs and symptoms, malaria 

complications, and malaria prevention leads to malaria prevention methods [3]. Ma-

laria not only negatively affects society's growing economy but the result of poverty. 

The medical zone is not neglected in IoT technology's general use because IoT 

technology is rapidly rising [4] and becoming popular in this regard. Patient health 

observing is defined as continuous monitoring of clinical studies conducted to replace 

with a set of well-established clinical practice guidelines, standard operating proce-

dures, and needs. This health has become a much-needed program amount of time to 

generate, analyze, and disseminate information. IoT can improve health and well-

being [5] through better efficiency and improved care in health facilities, through the 

ability to allow for the use of a wide range of remote sensing tools, allowing people to 

monitor their health daily [6] in Burundi. 

The proposed design aims to control the serum of malaria patients' temperature and 

status in a room where an automatic body temperature sensor and water detector/ 

sensor will be connected to Arduino to check the serum's quality in a Burundi hospi-

tal. This automated system can be monitored from a mobile application by a doctor or 

nurse. 

2 Related Works 

Most of the styles are intuitive. However, we invite you to read carefully the brief 

description below. 

According to A. Yogaraj, a system has been designed [7] to reduce rural hardships 

people[8]. This system was significantly reducing human effort by connecting remote 

locations [9] to people. The sensors play an essential role in this diminished health 

care facility. A model LM-35 of a temperature sensor has been utilized to measure the 

temperature of a patient. The heart rate of the human body is calculated by the heart-

beat [10]. Using an ECG sensor [11] module is connected to check the heartbeat and 

blood flowing inside. All those sensors together are associated with the Arduino. 

 Deep Learning methods such as image classification, video identification, and 

clinical imaging continue to be used to detect malaria. Convolutional neural networks 

(CNN), a deep neural network, are often used to evaluate studies in remote sensing 

computers [12]. According to S. K. Sood and I. Mahajan, a Smart IoT system based 

on the Neutral Point Controller was used to reduce internal and external portfolios 

[13]. 

The physical space and cyberspace system that differentiate, diagnose, and prevent 

MBDs (Mosquito-Borne Diseases) contain two areas. A corporal room oversees the 

collection of specific environmental information and health data also the distribution 

of all-inclusive work to all stakeholders, including users, health services, and health 

professionals. In contrast, cyberspace contains two parts, such as the fog part and 

cloud compounds. The received information is provided in the cloud section for im-

mediate actions also identifies potential operators. After detecting the MBD, the fog 

parts quickly make notifications on the operator's handphone to issue alerts at a time 

[14]. 
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The architecture of an intelligent system [15] for early detection and prevention of 

mosquito [16]-borne diseases has been made. The F-HMRAS(Fog-based Health Mon-

itoring and Risk Assessment System) was for distinguishing and detect exact mosqui-

to-borne diseases and cause alerts or warning in the event of an emergency to prevent 

infection [17].  

A smart program to make radiation-appropriate measures has been designed and 

implemented. The IoT was also used through a communication gamma meter and a 

cheap U.V. radiation machine [18]. Biosensors that are simple, accessible, and eco-

nomically applicable outside the laboratory by inexperienced people have been devel-

oped to detect early malaria status [19]. In the study of M. Campion et al. [20], an 

example predicts the number of traps and the evolution of a convenient net-

communication holding collaborative internet pages that permit operators to see North 

Dakota mosquitoes and climate plans WNV rate records are shown. 

Neural networks and fuzzy systems were recommended to be integrated into A.I.'s 

health control safety to simulate a smart device test to select the priority based on the 

sensor nodes' health collection factors [21]. An intelligent healthcare monitoring sys-

tem (SHMS) uses the WBSN derived from medical sensors to gather inside and out-

side physiological information. This system had two fundamental origins of infor-

mation, the first origin was the wireless body sensor Network (WBSN), and another 

data origin was EMRs. EMRs furnish patient monitoring reports, medical history, etc. 

[22]. 

A conception of an intelligent health support system for patient surveillance in 

quarantines, application of IoT based smart home healthcare for decreasing needless 

trouble on hospitals caused by infectious diseases, and removal and explanation of 

patient health information from wearable [4], incorporated, and portable sensors for 

medical diagnostic and treatment made by Taiwo and Absalom E. Ezugwu [23]. Re-

cently, S. Abbas et al. [24] presented a controlling system using intelligent sensing 

devices attached to more than 8000 trees in Hong Kong's rural-urban areas landscape. 

And Basker and Anand [25] gave a smart monitoring system for asthma patients. 

3 Proposed System 

The manifestation of malaria is like the flu, high temperature, coldness, sweating, 

migraine, nausea, vomiting, and many more. Without early diagnosis and treatment, 

malaria can progress rapidly to severe illness and death. 

The patient with such symptoms should be rushed to the hospital for a medical 

check-up. After being tested, the patient should return to take the results a few hours 

ago, along with a medical record of medications he/she needs to take according to his 

illness. Often in Burundi, malaria patients undergo treatment by drinking quinine in 

their early stages or other medication, but mostly it is quinine. 

Figure 1 shows the proposed Smart Monitoring System, and Figure 2 shows its 

Flowchart. A patient will be given medication prescribed by medical personnel (Doc-

tor/ nurse) to take at home. A body temperature sensor connected to him to generate 

data from him and be displayed to the smartphone operates by the patient guardian. 

132 http://www.i-joe.org



Paper—Designing A Smart Monitoring and Alert System for Malaria Patients Based on IoT in Burundi 

The information will transit from this smartphone through the internet until the IoT 

server. The database manager will access the data to see any change in the patient-

related to his temperature. If the temperature exceeds or goes down to the average 

temperature, vomiting many times, and all those signs make the patient wick. A pa-

tient guardian who is with the patient will contact the medical team through the mo-

bile application. The application lets them know about the situation of the patient. The 

medical team will also be aware because the medical team's application alert notifica-

tion will be given in the remote device managed by a database manager. The database 

manager will inform the doctor/nurse who is in charge of his smartphone to decide if 

an ambulance can pick up the patient from his home or reach the hospital with his 

patient guardian's help using another way of transportation. 

 

Fig. 1. Proposed Smart Monitoring System 

In this part, the author will describe how the design will work. 

This design started to be functional when the patient is already in the hospital for 

treatment because of his status; instead of becoming well, it is worsened while drink-

ing tablets. By there, he should be treated in the hospital undergo a serum that con-

tains quinine. Data transmission will be done via Bluetooth technology and the inter-

net. And IoT devices that will be used for supporting the information of data are the 

body temperature sensor, water level sensor, and Arduino controller.  

Room A indicates rooms available for malaria patients in a Hospital in Burundi.  

The minimum timing for the serum to be changed is 8 hours, but it can take more 

than 8 hours to run out for other reasons. Therefore, to know whether the serum has 

finished, a water sensor will generate information on the serum's status. A body tem-

perature sensor will also be used to see if the patient's temperature increases or de-
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creases. All those two sensors will be connected to an Arduino Controller, which will 

generate information from those sensors and send them to the patient's guardian's 

smartphone through Bluetooth. The data will transit until an IoT server via the inter-

net, where a database manager can have access. A notification message will be dis-

played on the database manager's screen in a higher or lower temperature or a finished 

serum. And this one will inform the doctor or the nurse in charge so that they can 

intervene immediately before the patient's guardian alerts them. However, physicians 

and patients/patients' guardians can see individual information conveyed to the IoT 

Server using the mobile application or web. The Emergency hospital units' users can 

access the mobile application through their Access ID and secret code. 

 

Fig. 2. Flowchart of the proposed Smart Monitoring System 

4 Result and Discussion 

In Figure 3, a detailed overview of the patient's different sensors has been present-

ed in Figure 2 to display the smartphone's data until reaching the hospital monitor. 

The body temperature sensor will be worn on his body, and the Water level Sensor 

should be placed into the patient's serum to detect serum level. Both two sensors will 

collect information and send it to the smartphone through an Arduino controller on 

which they are connected. 
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This system has implemented different sensors to monitor the patient's health in a 

hospital ward. These sensors are adaptable to the Arduino controller Uno.  

The cause of adopting an Arduino-based smart system is just because it is exten-

sively accessible, cheaper, and simple to apply.  

 

Fig. 3. Sensor placement design used by a patient 

Body temperature sensor: (YSI 400AC): In this study, YSI 400 Series Reusable 

Temperature Probes has been chosen to be applied because probes have a much lower 

cost in use than any cheap product or automation. Usable skin surface probes have 

exceptional temperature feedback. The Temperature probe has a head length of 2 

meters and is designed to operate over a range of 0 to 60° C. The information ob-

tained from the patient will be conveyed directly to a patient monitor via a wire of the 

body temperature sensor, which is connected to Arduino Uno, then will be transferred 

to an IoT server. This information will be displayed on the doctor's remote monitor-

ing. The acceptable body temperature for the human body is 37 ° Celsius. 

Water level sensor pinout (DC3-5V): Water fluid sensor is used to track and de-

termine the position of water in free space. The water level sensor is excellent, simple 

to operate, and has only 3pin to associate. An analog output S must be linked to one 

of the analog inputs, which is on Arduino. This sensor will be sunk in a serum that 

contains quinine and connected to a patient. This sensor directly transfers information 
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of serum status through cables that link the sensor to Arduino. Then Arduino will 

convey information directly into the patient's smartphone before the data reaches into 

IoT server through the cloud. From there, the Database manager can get access to the 

information quickly. 

Arduino UNO microcontroller: Arduino UNO is used in our system because it is 

the microcontroller's legal basis. The Arduino Uno is a basic microcontroller based on 

the ATmega328. It possesses 14 numerical input/output pins (including 6 PWM out-

puts), six analog inputs, 16 MHz ceramic resonators, a USB connection, a power 

outlet, and much more. This prototype of Arduino can gather analog and numerical 

information [26]. Arduino is used to collecting data from sensors; depend on the data, 

the microcontroller conveys the information to the equivalent real command devices 

and alert system [27]. 

Database: The database server is responsible for running a network database ap-

plication and managing database files. A database is needed in a hospital to manage 

patient records to store data for a long time. 

Database manager: A database manager is a person who is responsible for run-

ning the whole system of a business organization. A hospital database manager must 

monitor the patient's data to let them know the doctor/nurse in patients' severe condi-

tion using IoT devices. If a patient is in critical condition, the database manager will 

check in the doctor/nurse's system during that time in that service and send the mes-

sage to him so that the patient s' life can be saved. 

Design of alert notification: In Figures 4 and 5, two sensors have been used to 

show how notifications will be displayed on the monitor/smartphone operated by the 

patient guardian and on the medical team's side in case of emergency. 

In Figure 4, two notifications received indicate that patient 01 and patient 02 their 

temperature has increased, while the second notification shows that patient 03 and 

patient 04 their temperature has decreased. Usually, the body temperature rises during 

exercise and varies with the environment's extreme temperatures because the tempera-

ture regulation mechanisms are not perfect. The acceptable temperature for the human 

body is 36.5 to 37.5° C. 

In fever, the central body temperature rises at high temperatures under the brain 

that regulates body temperature. In hyperthermia, the body temperature rises without 

the influence of the central heating system.  

In the cold, body temperature can go under what is needed for normal bodily func-

tions and metabolism. The condition is caused by additional risk to cold weather or 

water in humans but can be intentionally triggered as a medical treatment. 
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Fig. 4. Notification from the Body temperature sensor 

 

Fig. 5. Notification from the Water level sensor 

iJOE ‒ Vol. 17, No. 03, 2021 137



Paper—Designing A Smart Monitoring and Alert System for Malaria Patients Based on IoT in Burundi 

In Figure 5, the notification displayed shows that serum injected into the patients 

has run out. When information such as this is displayed on a doctor or nurse monitor, 

they have to rush to renew another to avoid complications to the patient, such as blood 

starting going up and getting into the patient's finished serum. 

5 Conclusion 

This suggested research is to monitor malaria patients located in Room A, in a hos-

pital in Burundi. This patient starts to be observed after being tested positive for ma-

laria. The patient will use a body temperature sensor to generate information from the 

patient and send it to the IoT server. Patients will be hospitalized; instead of getting 

well after a medical prescription, vomiting and other symptoms continue to show up. 

Patients will use two sensors while being in the hospital, which are body temperature 

sensors for monitoring the temperature and water level sensor to generate serum in-

jected in the patient. This system can generate an alert notification in case of a medi-

cal team when the patient requires medical intervention when the serum is run out or 

in case of increasing or decreasing temperature.  

Before the system was created, the medical team used to be called by the patient's 

guard in case of an emergency, namely when the serum ran out or the temperature 

rose or fell. But from now on, everything will be monitored from a distance. 

For the system's success, it can be concluded that smart monitoring and emergency 

alert systems are essential for monitoring malaria patients and can alert in case of 

extreme patient conditions that require medical intervention.  
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