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ABSTRACT 

There is generally very low availability of rhesus D-negative blood in the blood banks and a scarcity of Rh-negative blood 

donors in our society, despite the high prevalence of the rhesus D-positive (RhD+) blood group. Consequently, there is often 

a delay in the transfusion for patients with Rh-negative blood, resulting in prolonged hospital stays and increased morbidity 

and mortality of the affected patients. Moreover, public awareness concerning the negative blood type and its consequent 

rhesus incompatibility issues during pregnancy and following childbirth is very low. This research proposes a conceptual 

design of a mobile medical emergency application that would serve as a registry for individuals with the scarce Rhesus-

negative blood type in society. This would be achieved through awareness campaigns, free blood group testing, and data 

aggregation from hospitals, laboratories and Non-Governmental Organizations (NGOs). The system comprises several 

modules, including a central database for the application backend featuring relational schemas for donors (Rhesus), Rhesus-

negative individuals (RhesusNeg), and healthcare facilities (Hospitals). Other modules include processing, message 

broadcast, contacts, view/filter, system administration, and user interface. The message broadcast module monitors the entire 

platform for any Rhesus-negative blood request or registration of any new Rhesus-negative person. If these two events occur, 

the module is activated and a mobile request is broadcast to several medical personnel and facilities simultaneously. The 

system would provide a novel mobile platform to connect patients in need of Rhesus-negative blood with potential donors, 

who would be contacted by medical personnel for timely donations. 

 

KEYWORDS: Medical emergency system, Rhesus-negative blood, rhesus incompatibility, blood donor registry, mobile 

health, database schemas, database design 

 

INTRODUCTION 

Across different ethnic groups in Nigeria, the prevalence of 

rhesus D-negative blood is low and ranges between less than 

1% and about 6% (Ahmed, 2010), resulting in severe 

scarcity of the blood type in the country. The consequences 

are the delay in transfusion of patients with Rhesus-negative 

blood type, prolonged hospital stays as well as increased 

morbidity and mortality of the affected patients. 

Additionally, there is a general unavailability of Rhesus-

negative blood donors who would be of immediate 

assistance to the affected patients, which could contribute to 

higher life expectancy in the country. Moreover, awareness 

is low concerning this blood type as well as the 

complications of rhesus incompatibility during pregnancy 

and after childbirth. Studies indicate that the reproductive 

risk of rhesus-negative women in Africa is three times more 

than that of non-African women (Ojo and Osuntusa, 2021), 

thus underscoring the need for more aggressive awareness 

campaigns. This research aims to provide a contextual 

design of a medical emergency mobile platform for Rhesus-

negative people that will be domiciled in hospitals and other 

healthcare facilities.  The Rhesus factor is an antigen and an 

inherited protein found on the surface of red blood cells 

(RBCs), where RBCs with the antigen are Rhesus-positive 

(Rh+) and those without it are Rhesus-negative (Rh-) (Ojo 

and Osuntusa, 2021; Irinmwinuwa et al., 2023). Rh+ is the 

most common blood type. Although having a Rhesus-

negative blood type is not a disease condition and usually 

does not affect a person’s health, it could pose serious 

medical challenges among couples that are incompatible, 

especially during pregnancy and childbirth. Rhesus 

incompatibility occurs when an Rh-negative mother carries 

an Rh-positive fetus, often inherited from a Rhesus-positive 

father (Uzochukwu et al., 2023; Irinmwinuwa et al., 2023). 

This condition requires special care during and after 

pregnancy, without which, it can lead to episodes of 

miscarriages or stillbirths as a result of a condition known as 

Hemolytic Disease of the Newborn (HDN) (Uzochukwu et 

al., 2023). Factors that trigger Rh incompatibility include: 

exposure to fetal Rh-positive blood, delivery (vaginal or 

Cesarean section), threatened miscarriage, miscarriage, 

antepartum hemorrhage, trauma, and external cephalic 

version. Other factors are invasive procedures, ectopic 

pregnancy, molar pregnancy, non-fetal exposure to Rh-

positive blood, transfusion, and bone marrow 

transplantation. It is similarly reported that symptoms in 

affected newborns include jaundice, lethargy, heart failure, 

pale skin, fast breathing, fast heart rate and swelling under 

the baby’s skin (Irinmwinuwa et al., 2023). 
 

The rhesus system comprises five major antigens, namely: 

D, E, e, C, and c, where D is the most immunogenic. Unlike 

the ABO system, individuals lacking Rh antigens do not 

typically produce natural antibodies. The Rh system was the 

fourth to be discovered but is clinically second in importance 

to the ABO system (Akpan et al., 2021; Ahmed, 2010). Most 

Rh-negative individuals become alloimunized after 

exposure to Rh-positive Red Blood Cells (RBCs), and such 

antibodies can cause severe hemolytic transfusion reactions 

and hemolytic disease of the newborn (HDN) (Ahmed, 

2010). In other words, Rh-negative mothers may produce 

anti-Rh antibodies due to exposure to red blood cells of a 

Rh-positive fetus during pregnancy or childbirth. In such 
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cases, an Rh-positive offspring of a Rh-negative mother may 

develop HDN culminating in fetal death or severe disability 

(Perry et al., 2012). Due to the risks of hemolytic disease of 

the foetus and newborn as well as hemolytic transfusion 

reactions, the ABO and Rh systems are the most clinically 

significant (Erhabor et al., 2019) and therefore needs a 

careful strategy to improve their availability. 

 

A study in Ali (2023) explored the ABO blood grouping with 

negative or positive rhesus factors and its relation to 

autoimmune diseases. The study revealed that mostly O +ve 

were more prone to get illness than other blood groups with 

citrine instance and predisposing factors like genetic, 

environmental, and lifestyle factors that help in disease 

appearance. A study of the frequency and distribution of 

ABO and Rh(D) blood groups in Glucose – 6 – Phosphate 

Dehydrogenase (G6PD) deficient neonates was carried out 

in Akpan et al. (2021). The study revealed that the frequency 

and distribution of the two blood group phenotypes among 

the patients were consistent with the prevailing pattern in the 

society where the Rh-negative blood type is very scarce and 

that there was no statistically significant relationship 

between G6PD deficiency and the ABO and Rh (D) blood 

types of the patient. An investigation was conducted to 

assess the knowledge and attitude of pregnant women about 

rhesus incompatibility prevention (Ojo and Osuntusa, 2021). 

A sample size of 140 was derived using the Taro Yamane 

formula, where the reliability of the instrument was tested 

through a pilot study on ten (10) respondents from the 

antenatal clinic of a different setting. It was subjected to 

Cronbach’s alpha coefficient test and 0.89 was obtained, 

which made the instrument reliable. Findings revealed that 

pregnant women have a fair knowledge of the rhesus factor 

and incompatibility, but are unaware of the significance of 

taking the test and also the complications it poses to the 

health of their babies. It was recommended, among other 

things, that consistent education is needed on the knowledge 

and prevention of rhesus incompatibility among pregnant 

women. Similarly, a study in Uzochukwu et al. (2023) 

investigated the awareness and knowledge level of pregnant 

women regarding rhesus factor incompatibility in Anambra 

State. Three hundred pregnant women chosen from three 

general hospitals from the three senatorial zones in the state 

were chosen as the sample size. The result indicated that 

awareness was found to be low and significantly associated 

with age, education and place of residence of respondents. A 

study was conducted in Bamidele et al. (2013) to assess the 

distribution of ABO and rhesus blood groups among medical 

students in Bowen University, Iwo, Nigeria. The study 

revealed  a 51.6% prevalence of blood group O and a 3.2% 

prevalence of AB group. it also revealed an abysimally low 

frequency of 6.3% of the Rhesus-negative blood which 

therefore calls for the need to adopt an approach that would 

ensure the availability of the Rhesus-negative blood and 

availability of donors in times of emergency. 

A study in Aneke and Okocha (2017) revealed that non-

attainment of safe blood transfusion in Nigeria constitutes a 

great challenge to the safety of citizens due to factors such 

as shortage of blood, poor implementation of blood 

transfusion guidelines, infrastructural deficits and high 

prevalence of transfusion‑transmissible infections (TTIs), 

especially hepatitis and human immunodeficiency viruses 

(Aneke and Okocha, 2017). This corroborates the need for 

urgent response to blood availability especially the Rhesus-

negative type. Due to the general shortage of safe blood in 

the country, a grievous challenge exists when it involves the 

already scarce Rh-negative blood type, and it calls for action 

on the part of government and the citizens. There is a call for 

more voluntary blood donation in order to save lives as it is 

reported in Akpan et al. (2021) that even among the 

healthcare workers, there is a very poor knowledge, attitude, 

and practice towards the course of blood donation in our 

clime.  The distribution of clinically relevant blood group 

antigens among Nigerians and the management of rhesus D 

negative pregnancies was investigated in Erhabor et al. 

(2019) where the result shown in Table 1 indicated an 

extremely low percentage of Rh-negative blood group. 

 

Table 1: Clinical Data of Blood Groups in Nigeria 

Geo-Political  

Zone in Nigeria 

Percentage of 

Rh-Negative 

Status (%) 

Percentage of 

Rh- Positive 

Status (%) 

South-East 4.4 95.6 

South-South 6.0 94.0 

South-West 4.3 95.7 

North-East 3.1 96.9 

North-West 3.1 96.9 

North-Central 3.9 96.1 

Source: (Erhabor et al., 2019) 

 

The researchers offered a number of best practice 

recommendations based on the British Committee for 

Standards in Hematology guidelines. Also, estimated 

number of rhesus negative people is reported in 

Irinmwinuwa et al. (2023) as follows: Caucasian (North 

American and European) (15% to 17%), African (4% to 8%) 

and Asian (0.1% to 0.3%). Also, the prevalence of Rh 

disease globally is estimated at 276 per 100,000 live births, 

which is a significant statistics considering the fact that 

about 50% of untreated cases of Hemolytic Disease of the 

Newborn (HDN) will either result in death or develop brain 

damage, which is affecting the Nigerian people as well. 

 

Prevention and Treatment of Rh Incompatibility 

Rh incompatibility is preventable through close monitoring 

of Rh-negative mothers by their health care providers during 

pregnancy. RhoGAM is used to prevent Rh incompatibility 

in mothers who are Rh-negative (Kliegman et al., 2020). If 

the father of the baby is Rh-positive or his blood type is not 

known, the mother is given an injection of RhoGAM during 

the second trimester. If the baby is Rh-positive, the mother 

will be administered a second injection within a few days 

after delivery. Critically, Rh-negative women should receive 

injections during every pregnancy, after a miscarriage, 

abortion, prenatal tests (such as amniocentesis and chorionic 

villus biopsy), and injury to the abdomen during pregnancy 

(Kaplan et al., 2020; Irinmwinuwa et al. (2023)). 

Prophylaxis involves a series of two Rho(D) immune 

globulin (RhoGAM) injections shots during the woman’s 

first pregnancy, where the first shot is on the 28th week (7th 
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month) of pregnancy and the second shot within 72 hours (3 

days) of child delivery. RhoGAM prevents the formation of 

Rh antibodies in the mother's body that could either cause 

serious health challenges in the newborn or affect a future 

pregnancy. RhoGAM might also be administered on the 

woman due to a miscarriage, amniocentesis, or any bleeding 

during pregnancy. In a situation where the antibodies have 

already been triggered, the pregnancy will be closely 

monitored to ensure that those levels are not too high. For 

treatment of babies with HDN with severe incompatibility 

and the baby is in danger, the baby can get special blood 

transfusions known as exchange transfusions either before 

birth or after delivery. The transfusions replace the baby's 

blood with Rh-negative blood cells. Phototherapy, which 

breaks down excess bilirubin into less toxic substances that 

the new born liver can remove, can be administered (Uma et 

al., 2021; Irinmwinuwa et al., 2023). 

 

METHODS 

This conceptual study proposes preliminary public 

sensitization campaigns concerning the intricacies of 

negative blood types, as a very significant number of people 

in society are unaware of this phenomenon. This will be done 

in collaboration with an existing NGO. This enables the 

researchers to identify potential Rhesus-negative individuals 

through free blood group testing of both male and female 

genders, and the results are properly documented to form 

part of the database. Additional data sources include 

hospitals, clinics, NGOs and accredited medical 

laboratories. A conceptual mobile application design for a 

medical emergency system concerning Rhesus-negative 

people is undertaken. The system is conceptualised in an 

architecture shown in Figure 1, which consists of seven 

modules, namely: central database, processing, message 

broadcast, contacts, view/filter, system administration, and 

user interface. The central database receives inputs from the 

various data sources, according to the architecture, and it 

serves as a repository of data which has a two-way data flow 

interaction with the processing module. The processing 

module controls and interact with the contacts, view/filter 

and system administration modules. Inputs for the message 

broadcast module are derived from the contacts module. 

Overall control of the system is performed by the system 

administration module which has two-way interactions with 

the processing, user, and the central database modules. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Architecture of Medical Emergency Alert System 

 

The various modules are described as follows: 

a. Database Design 

A database named rhesusNegDB is created as follows:  
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SQLite will be used as the backend database management 

system (DBMS) to accommodate the data. SQLite is a small, 

fast, self-contained, highly-reliable, open-source and full-

featured relational database engine. It is a library which 

software developers embed in their applications and is the 

most used database engine in the world. Several relations 

will be created using the following schema format: 

CREATE TABLE table_name ( 

     column1 datatype, 

    column2 datatype, 

     column3 datatype, 

   .... 

); 

The general database relation schema, Rhesus, is designed 

and represented as follows: 

 

CREATE TABLE Rhesus ( 

     PersonID INTEGER (primary key), 

TestDate DATETIME, 

     LastName VARCHAR(255), 

     FirstName VARCHAR(255), 

     MiddleName VARCHAR(255), 

 Age INTEGER, 

Gender CHARACTER(20), 

HomeAddress VARCHAR(255), 

     City VARCHAR(255), 

StateOfResidence VARCHAR(255), 

StateOfOrigin VARCHAR(255), 

PhoneNum1 CHARACTER(20), 

PhoneNum2 CHARACTER(20), 

BloodGroup CHARACTER(20), 

RhesusType CHARACTER(20), 

TestLocation VARCHAR(255), 

ConfirmatoryLocation VARCHAR(255), 

WillDonate VARCHAR(3), 

HasDonated CHARACTER(20), 

TimesDonated INTEGER, 

AnyReferral CHARACTER (3), 

ReferralName  VARCHAR(255), 

ReferralGender CHARACTER(20), 

ReferralBloodGroup CHARACTER(20), 

ReferralBloodType CHARACTER(20), 

ReferralAddress VARCHAR(255), 

ReferralPhoneNum CHARACTER(20), 

OtherInfo BLOB 

 

When a rhesus negative person is encountered for the first 

time in the rhesus relation, the system automatically 

populate the RhesusNeg relation. Update on the relation will 

be carried out whenever any other person with negative 

blood type is encountered. This relation is necessary in order 

to provide a quicker way of viewing the details of Rhesus-

negative individuals. The RhesusNeg relation is designed as 

follows: 

 

CREATE TABLE RhesusNeg ( 

     PersonID INTEGER, 

     LastName VARCHAR(255), 

     FirstName VARCHAR(255), 

     MiddleName VARCHAR(255), 

 Age INTEGER, 

 Gender VARCHAR(50), 

 HomeAddress VARCHAR(255), 

     City VARCHAR(255), 

 StateOfResidence VARCHAR(255), 

StateOfOrigin VARCHAR(255), 

PhoneNum1 CHARACTER(20), 

PhoneNum2 CHARACTER(20), 

BloodGroup CHARACTER(20), 

RhesusType CHARACTER(20) 

 

Several hospitals, clinics and other health establishments 

that carry out blood tests and transfusions are eligible to be 

included in the system so that help could be offered or 

sourced there. The relation, Hospital, is designed as follows: 

 

CREATE TABLE Hospitals ( 

 HospitalID INTEGER, 

 HospitalName VARCHAR(255), 

 HospitalAddress VARCHAR(255), 

 HospitalLGA VARCHAR(255), 

 HospitalState VARCHAR(255), 

 HospitalPhone CHARACTER(20), 

ContactPerson VARCHAR(255), 

ContactPersonPhone CHARACTER(20) 

 

Data Attributes Description 

This section describes the attributes of the database. The data 

attributes descriptions for the Rhesus relation are presented 

in Table 2.

 

Table 2: Description of Data Attributes for the Rhesus Table 

Attribute Name Description Data Type Size 

PersonID Identification number of the person (Primary key) INTEGER  

TestDate  The date blood test was carried out DATETIME  

LastName  Last name of the person VARCHAR 255 

FirstName  First name of the person VARCHAR 255 

MiddleName  Middle name of the person VARCHAR 255 

Age Age of the person  INTEGER  

Gender  Gender of the person CHARACTER 20 

HomeAddress  Home address of the person VARCHAR 255 

City  City of residence VARCHAR 255 

StateOfResidence State of residence VARCHAR 255 

StateOfOrigin  State of origin VARCHAR 255 

PhoneNum1  First phone number CHARACTER 20 
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PhoneNum2  Second phone number CHARACTER 20 

BloodGroup  Blood group CHARACTER 20 

RhesusType  Blood type (whether positive or negative) CHARACTER 20 

TestLocation  Location where the test was conducted VARCHAR 255 

ConfirmatoryLocation  Location where the test result was confirmed VARCHAR 255 

WillDonate  Whether the person will be willing to donate blood 

(yes/no) CHARACTER 3 

HasDonated  Whether the person has donated blood before (yes/no) CHARACTER 20 

TimesDonated  The number of times the person has donated blood 

within one year INTEGER  

AnyReferral  Whether the person knows another person with a 

negative blood type (yes/no) CHARACTER 3 

ReferralName   Name of the referral VARCHAR 255 

ReferralGender  Gender of the referral CHARACTER 20 

ReferralBloodGroup  Blood group of the referral CHARACTER 20 

ReferralBloodType  Blood type of the referral CHARACTER 20 

ReferralAddress  Address of the referral VARCHAR 255 

ReferralPhoneNum  Phone number of the referral CHARACTER 20 

OtherInfo  Other necessary information BLOB  

 

In Table 3, a description of the attributes of the RhesusNeg relation is presented. This table is specifically for the rhesus 

negative blood person’s bio-data. 

 

Table 3: Description of Data Attributes for the RhesusNeg Table 

Attribute Name Description Data Type Size 

PersonID Identification number of the person INTEGER  

LastName  Last name of the person VARCHAR 255 

FirstName  First name of the person VARCHAR 255 

MiddleName  Middle name of the person VARCHAR 255 

Age Age of the person  INTEGER  

Gender  Gender of the person CHARACTER 20 

HomeAddress  Home address of the person VARCHAR 255 

City  City of residence VARCHAR 255 

StateOfResidence State of residence VARCHAR 255 

StateOfOrigin  State of origin VARCHAR 255 

PhoneNum1  First phone number CHARACTER 20 

PhoneNum2  Second phone number CHARACTER 20 

BloodGroup  Blood group CHARACTER 20 

BloodType  Blood type (whether positive or negative) CHARACTER 20 

 

Attributes description presented in Table 4 are for various hospitals and other health establishments. 

 

Table 4: Description of Data Attributes for the Hospital Table 

Attribute Name Description Data Type Size 

HospitalID Identification number of the hospital INTEGER  

HospitalName Name of the hospital VARCHAR 255 

HospitalAddress Address of hospital VARCHAR 255 

HospitalLGA Local Government Area where the hospital is located VARCHAR 255 

HospitalState State where the hospital is located  VARCHAR 255 

HospitalPhone Phone number of the hospital CHARACTER 20 

ContactPerson The person to contact in the hospital VARCHAR 255 

ContactPersonPhone Phone number of the contact person CHARACTER 20 

 

The collected data are stored in the database which can be 

queried and updated by the query and update engine. All 

persons with Rhesus-negative blood type can be viewed by 

local government areas and senatorial districts. Information 

about hospitals and NGOs that could be of assistance can 

also be viewed. Emergency message alerts can be sent across 

the network of the rhesus negative people through the 

message broadcast sub-module or direct messaging sent to a 

specific hospital or NGO which ensures a directed request 

for assistance in the case of blood transfusion or other 

requests. The user can decide to place a phone call to 
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relevant persons, based on his/her subjective assessment of 

the situation. 

 

b. Processing Module 

The processing module coordinates and handles all activities 

of the system such as data entry, data update, search and 

delete. It interfaces between the central database and other 

modules, namely Contacts, View and System 

Administration.  

 

c. Message Broadcast Module 

In an emergency situation where rhesus-negative blood is 

required, this module is activated to transmit emergency 

negative blood live request to all stakeholders. The message 

broadcast format is designed as shown in Figure 2: 

 

 

 

 

 

 

 

 

     

  

 

 

Figure 2: Emergency Blood Request Form 

 

The fields of the form are described as follows: 

Patient Name: - Name of patient in need of blood 

Gender: - The patient”s gender (male or female) 

Location: - Address of the place where the 

patient is located 

Blood Group: - The needed blood group 

Rhesus Type: - The needed blood type (Rh- or Rh+) 

Phone No: - Phone contacts of the medical 

personnel on duty 

d.  Contacts 

For accelerated response to emergency situation involving 

rhesus negative blood, there is need to maintain ready 

contact information of all stakeholders including entities like 

individuals, hospitals, relevant non-governmental 

organizations, accredited medical laboratories, and other 

health establishments. They can all be reached out to, using 

phones, emails or personal visits. The above entities include 

those that are not included in the central database of the app, 

but are potential sources of information for reaching out to 

the general public. The head of health-related establishments 

are to be included here as well.  

 

e. View/Filter 

Quick operational information about the database would be 

possible using the View/Filter module. One can view all the 

records in the database, all records of Rhesus-negative blood 

individuals, and specific records. Records can also be 

viewed by states or local government levels, as well as a 

view by specific hospitals or non-governmental 

organizations. 

 

f. System Administration 

Assignment of privileges, security of database infrastructure, 

creation of new users, user interface, and general 

management constitute the operations of the system 

administration sub-module. General system maintenance is 

also performed here. Role-based access control measure will 

be built in and maintained for the protection of data and the 

application. 

 

g. User Interface 

The various stakeholders of the system are allowed to 

interact freely with the mobile system, though with some 

levels of privileges, permissions and roles. The users include 

medical personnel, hospital administrators, medical 

laboratory personnel, and the Rhesus-negative blood type 

individuals. 

 

CONCLUSION 

To mitigate the significant challenges facing the Rhesus-

negative blood individuals such as scarcity of Rhesus-

negative blood, which often leads to transfusion delay, 

prolonged hospital stay, morbidity and mortality of patients 

as well as unavailability of Rh-negative blood donors, this 

study proposed a novel mobile software platform to 

coordinate the necessary stakeholders for possible quick and 

easy access to the blood type. A relational database model 

was designed consisting of several tables that accommodate 

various components of the system. The proposed system is 

conceptualized with several modules such as central 

database, processing, message broadcast, contacts, 

view/filter, system administration and user interface. Data 

would be sourced from hospitals, questionnaires, free blood 

group testing, and accredited medical laboratories.  The 

expected users of the system include medical personnel, Rh-

negative blood individuals, and concerned members of the 

public. The study addresses a very important problem with a 

promising solution. It has the potential to be a valuable 

contribution to the field of mobile health and emergency 

response systems. The next step ahead following this 

conceptual model would be system implementation and 

deployment. This system has the potential to improve access 

to Rhesus-negative blood donors in emergency situations. 
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