
 Corresponding author:  Kalthom Adam H. Ibrahim 
Department of Electrical Control, Faculty of  Engineering, El neelain University, Khartoum, Sudan. 

Copyright © 2021 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

Diagnoses of Neisseria Bacteria via Neural Networks Techniques 

Kalthom Ibrahim 1, *, Mohammed Abdallah Almaleeh 2, Moaawia Mohamed Ahmed 2 and Dalia Mahmoud 
Adam 1 

1 Faculty of Engineering, Department of Electrical Control, El neelain University, Khartoum, Sudan. 
2 Faculty of Computer and Information Technology, Department of Computer Engineering, Tabuk University, Tabuk, KSA. 

World Journal of Advanced Research and Reviews, 2021, 12(03), 587–593 

Publication history: Received on 06 November 2021; revised on 18 December 2021; accepted on 20 December 2021 

Article DOI: https://doi.org/10.30574/wjarr.2021.12.3.0673 

Abstract 

This paper presented simple approach that automatically detects Neisseria Bacteria cell in the cerebrospinal fluid smear 
images. The proposed methodology mainly consists of cerebrospinal fluid smear images acquisition, transformation 
form red, green, blue smear images in to other color spaces. This step followed by subbing images and segmenting the 
images to extracting the images features then validation and classifying the Bacteria images based in features extracted 
using neural networks. The proposed diagnosis for Neisseria Bacteria through neural network techniques has 
performed high-precision performance in some suggested groups.  
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1. Introduction

Meningitis is a health problem of the thin lining that surround the brain and spinal cord[1]. The type caused by bacteria 
is considered the most dangerous and can cause disabling, including brain injury and hearing loss, meningitis be 
diagnosed after death, due to the delay in diagnosis by the complex chemical and physical methods used to analyze 
patient samples. There are several types of meningitis infection[2]. It is a bacterial meningitis, a viral infection caused 
by viruses and parasitic fungi. The most important test in determining or excluding meningitis is the analysis of 
cerebrospinal fluid (CSF) through a lumbar puncture (LP, Spinal tap). CSF samples are checked for the presence of white 
blood cells, red blood cells, protein content and glucose concentration levels decreased is one of the most important 
indicators of bacterial meningitis [3]. 

Segmentation is the process in which an image is subdivided into regions or objects. These objects can be further 
processed or analyzed for the extraction of quantitative information[4]. Regularly combine segmentation is done with 
various morphological processing and filtering techniques to achieve an accurate and robust segmentation of an 
image[5]. Feature extraction is a leading to effectively differentiate various patterns. Various feature extraction in any 
classification system is the extraction of proper features[6]. Usually in feature extraction, the visual information of an 
image is analyzed in order to extract features such as shape, texture and color[7]. Regularly, initial processing of data 
set is done for two main reasons; Reduce the data size and data set for analysis that is more efficient and adapting the 
data set to better match the specific analysis method.  

An artificial neural network (ANN) is an information processing system that attempts to mimic biological neural 
networks. In a neural network, the word network means the interconnection between neurons in different layers of a 
system. Each system is a three-layer system, an input layer, a hidden layer, and an output layer[8]. This paper 
summarizes taking pictures of cerebrospinal fluid infected and uninfected with Neisseria bacteria through optical 
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microscopy, then analyzing and classifying them with neural networks. This can serve as a diagnostic system for 
bacterial meningitis through computer-aided software. This paper aims to develop image processing and machine 
learning (ML) techniques to achieve higher accuracy in diagnosing Neisseria bacterial meningitis and optimal 
classification of meningococci[9]. 

2. Related Work 

An estimated number of researches have conducted in the field of classification of biomedical images through computer-
aided programming. The new assessment of medical data mining tools has greatly influenced the healthcare industry, 
by improving the diagnosis of medical diseases and reducing the time pressure on clinicians. Magnetic resonance 
imaging (MRI) is widely used to classify biomedical images[10]. For example, the classification techniques for the 
detection of knee joint defects, which had an accuracy of 100%[11]. The diagnosis of acute leukemia achieved an 
accuracy of 96% and 94% in extracting the blast cell region[12]. Applied research for diagnosing meningitis is based on 
chemical and physical methods, and there is rare research in this field that depends on the analysis program and 
electronic methods for diagnosing meningitis[13]. 

3. Methodology  

The proposed method for approaching the diagnosis of Neisseria meningococcal disease is several stages of analysis; 
this involves preparing a smear of cerebrospinal fluid on a glass slide. The cerebrospinal fluid scan is treated with an 
appropriate Gram stain[14]. 

Then the samples encoded in a digital image for analysis and classification by software. The software used in this work 
is matlab R2014a. Cerebrospinal fluid samples were obtained from the microbiology laboratory of Mohamed El-Amin 
Hamid Children's Hospital, Omdurman, Sudan. 

Color images of CSF smear first obtained as input to the diagnostic process, then processing the digital images with 
treatment programs to obtain clear images representing infection with bacterial parasites or images representing the 
natural components of the spinal fluid with its natural components without infected by Bacteria. Figure (1) illustrates 
the image of the normal CSF smear and figure (2) is infected one by Neisseria bacteria. 

The images of the Neisseria bacteria analyzed and extracted their specifications and characteristics, these features are 
color, shape, and texture. There are 14 features extracted and evaluated. There are different techniques performed 
obtain good results depend on the region of interest (ROI) in the images[15]. In this work the process of segmentation 
including the isolating of the important region, by converting the image with red, green and blue (RGB) technology into 
a binary-color image, Then the edge of the image was used by the Canny's method, and the A mathematical operation 
process was applied such as filling and designing the structural element (disk) that leads to the extraction of the bacteria 
cells which isolated the area of interest from their internal components[16]. Neural networks have used as a classifier. 
Below is an input model for neural network coefficients for classification of Neisseria bacteria. Finally, the performance 
of all neural networks is evaluated[17]. 

 rnnet1=patternnet(20); 
 rnnet.trainparam_epoches=200; 
  rnnet.trainparam_lrs=0.01; 
  rnnet.trainparam_goal=1e-3;  
  rnnet.divideparam_trainRatio=70; 
  rnnet.divideparam_valRatio=15; 
  rnnet.divideparam_testRatio=15; 
 rnnet.trainfcn='traing';  
 rnnet.performFcn='mse'  
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Figure 1 The image of normal CSF smear 

 

           Figure 2 The image of CSF smear infected by Neisseria bacteria 

4. Results and discussion 

The use of relevant features to characterize an output class is essential for any classification problem. In this work, three 
types of features extracted from the Neisseria bacteria cells, namely shape, color, and texture. Six groups of features are 
considered, so the total amount of designed networks were six according to the features selected sets. 

The performance of the network depending mainly in the feature set and the number of features which selected. Figure 
(3) illustrate one of the Neisseria network training performance and figure (4) shows the training performance 
frequency for the same Neisseria network[18].  

According to the network accuracy graph in Figure (5) which started with the four characteristics that got the maximum 
network accuracy, all the parameters in this network are designed and tested until high accuracy is obtained. Then the 
slope incredibly drops to the lowest accuracy when the feature is increased to five, this increase in the number of 
features causes the accuracy and performance of the network to decrease, and the choice of the type of training 
parameters affected the performance of the network. The regression increases sharply when the features increase to 
nine, then there is a decrease by increasing the features to ten, then it is slightly stable when the features are increased 
to thirteen, and finally there is a slight increase by increasing the feature to fourteen[19]. 
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It is noticed from this graph that there is small increase in the accuracy ,performance of the neural network directly 
proportional to the increase in the number and type of features extracted, However, it is clear that increasing the 
number of features in an unstudied manner leads to confusion in the neural network, and the selection of network 
parameters affects its performance[20]. 

Table (1) shows the extraction of image features and their corresponding network performance accuracy. However, it 
is in the Neisseria bacterium diagnostic system that acceptable accuracy obtained compared to performance results in 
previous research in biomedical image computer system diagnostics, such as the classification of acute leukemia that 
performs with an accuracy of 96% and 94% in blast cell region extraction[12]. 

 

Figure 3 The network training performance for the Neisseria bacteria 

 

 

Figure 4 The Neisseria meningitidis training network performance frequency response 
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Figure 5 Neisseria bacteria classifying networks performance 

Table 1 The correspondence results of Neisseria neural networks accuracy 

No of features Accuracy (%) 

4 100.0000 

5 79.0000 

9 96.0000 

10 91.6600 

13 91.0000 

14 90.0000 

5. Conclusion 

This work suggested a new methodology to design a system that divides and categorizes meningitis bacterial cells in 
CSF smear images. Control engineering tools and software were used to analyze medical problems to find new solutions 
for examining medical samples, which would save time for disease diagnosis in order to avoid human consequences of 
disease when diagnosis is delayed and sometimes death. The proposed methodology will achieve an acceptable 
segmentation and classification required to improve the system, when it is extensively tested in a larger number of CSF 
images under different conditions, so that thousands of images obtained by various staining methods and different 
cameras are required. Image segmentation can be applied through various types of segmentation, and features 
extracted from bacterial images can be categorized using different categorization techniques in order to design a high-
speed, accurate and reliable system for diagnosing meningitis by computer-aided software[21]. 
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