
International Journal of Basic Sciences and Applied Computing (IJBSAC) 
ISSN: 2394-367X, Volume-3, Issue-1, July 2020  

1 

 

Retrieval Number: A0191063120/2020©BEIESP 
DOI: 10.35940/ijbsac.A0191.073120 
Journal Website: www.ijbsac.org 
 
 

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication  
© Copyright: All rights reserved. 
 

  
Abstract: The global burden posed by nosocomial diarrhea lead to 

the strong given attention by health practitioners science its morbidity 
and mortality rate hit about 500,000 rates annually in the United 
states. Diagnostic measures have been put in place to detect the 
presence of CD using different methods. Reliable prediction of the 
health status of patients is of paramount importance. This study aimed 
at investigating the status of stool samples collected to test the 
presence of clostridium difficile as either positive or negative from 
both inpatient and outpatient from the record units of Near East 
University Hospital using hybrid adaptive neuro fuzzy (known as 
ANFIS) model consisting of various combinations of membership 
functions and training Fis. In this context, the age of the patients, 
gender, results of the analysis conducted, the department in which the 
patient was admitted, the age category and the hospitalization were 
employed as the input variables. The performance accuracy of these 
membership functions and training FIS combinations were checked 
using two performance indices determination coefficient (R2) and 
mean square error (MSE). The obtained computation data driven 
models proves the reliability of the combination of subtractive 
clustering membership function and hybrid training FIS over the 
other three ANFIS combinations. Overall, the results indicated the 
reliability and satisfaction of hybrid adaptive neuro fuzzy in checking 
the status of stool samples collected to test the presence of clostridium 
difficile as either positive or negative from both inpatient and 
outpatient. 

Keywords: Clostridium difficile; Stool samples; Hybrid adaptive 
neuro fuzzy; Membership functions; Training FIS.  

I. INTRODUCTION 

Clostridium difficile  (CD) is a nosocomial bacteria that is 
known for the release of cytotoxin A and B due to 
microbiome disruption.  CD is mostly associated with health 
care, but community based CDs are also found due to the 
excessive use of unrecommended antibiotics. Several risk 
factors such as toxin A production, age, gastrointestinal 
procedures, renal insufficiency, are associated with 
health-associated CDI (Guh & Kutty, 2018). Its transmission 
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is possibleas a result of different genetic composition of 
every patient, thereby different outcomes (Evans & Safdar, 
2015). Clinical outcomes tell about the health status of the 
evaluated sample either positive (diseased) or negative 
(normal). These clinical outcomes reveal a high correlation 
between CDI markers and intestinal inflammation markers 
(Feghaly et al., 2013). The most common treatment available 
in the clinical guideline is orally administered vancomycin. 
Alternative treatment such as modeling of immunoregulatory 
therapeutics was employed to show the efficacy of 
lanthionine synthetase C-like  (Feghaly et al., 2013). 

Many diagnostic procedures exist for testing CD, but the 
toxigenic culture method is regarded as the gold standard. 
Maeda et al (2019) developed a computer-aided system that 
predicts the extent of histologic ulcerative inflammation 
using endoscopy. This computer-aided diagnostic give a 
sensitivity of 74%, specificity of 97%, and accuracy of 91% 
with a perfect reproducibility (𝛋=1) [1]. 

Li et al (2019) recently reported a machine learning 
approach to predict C. difficile complications using 
electronic health record. This will surely help clinical studies 
in investigating the prevalence of this infection. Another 
study by Marra et al (2020) also shows the application of 
machine learning in predicting the presence of C. difficile in 
hospitalized patients. Looking at the aforementioned studies, 
it is now clear that the pivotal role played by artificial 
intelligence (AI) in different fields especially in the clinical 
aspect cannot be undermined . Therefore, this study aimed at 
investigating the status of stool samples collected to test the 
presence of clostridium difficile as either positive or negative 
from both inpatient and outpatient from the record units of 
Near East University Hospital [2].  

In this research, a hybrid adaptive neuro fuzzy (known as 
ANFIS) model consisting of various combinations of 
membership functions and training Fis was employed for 
simulating the health status of various subjects both 
impatients and outpatients. 

II. MATERIALS METHODS 

Patients (in-patients and outpatients) details were obtained 
(n = 230) for C. difficile related diarrhoea between the period 
1st September 2015 to 31st December 2018. The data record 
was obtained from the stored records in different units of 
Near East University Hospital, Nicosia, North Cyprus. Stool 
specimens were collected from patients (both in-patients and 
out-patients) in a non-sterile container from different hospital 
units with the consent of suspected patients. 
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 Samples were then stored at 40C prior to analysis.  Mini 
VIDAS (Biomérieux; Serial No.: IVD 1206079) was used to 
detect toxins A and B according to the manufacturer’s 

procedure. 

2.1 Proposed methodology 

For predicting the status of stool samples collected to test the 
presence of clostridium difficile as either positive or negative 
from both inpatient and outpatient from the record units of 
Near East University Hospital. In this study, the Adaptive 
neuro-fuzzy inference system (ANFIS) was proposed by 
using a combination of different membership functions 
(Subtractive clustering (SC) and Grid partitioning (GP)) and 
training FIS (back propagation (back) and hybrid) . The data 
involved in this study were taken from record units of Near 
East University Hospital. For this, the health status of various 
subjects were predicted using six different input parameters 
including the age of the patients, gender, results of the 
analysis conducted, the department in which the patient was 
admitted, the age category and the hospitalization. Some of 
these parameters were denoted in the form of numerical 
values while some of them were converted into numerical 
values. In the process of the models development, Fig 1. 
depicted the flow chart of data driven models as well as the 
experimental procedure involved in these work. 

 
Fig 1. Summary of the experimental and the data driven 

method 

2.2 Adaptive neuro-fuzzy inference system (ANFIS)  

 ANNs tools are one of the broadly use AI-based model 
which are motivated by copying the brain of human being, as 
a result of its resilience of mimicking with a high complex 
connection between the input and output models of the data 
collections [3]. 

ANFIS has been demonstrated to be a successful software 
that incorporates the approach of the fuzzy Sugeno model 
that benefits from both fuzzy logic and ANN in one system. 
ANFIS has been recently used in predicting and modelling 
complex datasets [4]. ANFIS is a real-world estimator 
because of its capacity to approximate real functions [5]. In 
practice, several membership functions are used including 

trapezoidal, triangular, sigmoid and Gaussian. Although the 
Gaussian function is the most frequent MF. 

 Assume the FIS contains two inputs ‘x’ and ‘y’ and one 
output ‘f’, a first-order Sugeno fuzzy has the following rules. 
Rule 1: if  
(1) 
Rule 2: if 

  (2) 

,  Parameters are membership functions for x 
and y inputs 

 are outlet function parameters. The 
structure and formulation of ANFIS follows a five-layer 
neural network arrangement. Refer to (Abba et al., 2019) for 
more information about ANFIS. 
 

 
Fig. 2: Schematic structure of ANFIS model [3]. 

2.2.1 Grid Partitioning (GP) 

This is a form of artificial intelligence that combines both 
grid partitioning and ANFIS. In Grid partition technique, the 
data is splitted into grid data, according to the number and 
kind of the membership functions (MFs), which is present in 
each of the dimensions [6]. The GP mechanism starts with 
zero output and then continuously keep learning the various 
fuzzy rules set as well as functions via the calibration method 
[7]. Least square method is applied in order to determine the 
initial fuzzy sets and variables, which depends on the MFs as 
well as the partition types by employing and optimizing two 
different training FIS know as hybrid and back propagation 
[8]. 

2.2.2 Subtractive Clustering (SC) 

The subtractive clustering is another class of model that 
involves the combination of clustering and ANFIS approach. 
For modelling SC, each data point is regarded as a possible 
cluster center [9]. Thus, any point, which is composed of 
many points neighbouring it gives a higher possible value 
[10]. Therefore, to find the first cluster centre, the definition 
of the measure of density (di) is shown in Eq. 3. Whereby, the 
data point that composed of the highest potential value or 
density is considered as the first cluster centre [11]. 

   (3) 
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2.3 Validation and performance Evaluation methods 

For the validation technique, different types of validation 
methods can be applied such as cross-validation (i.e., k-fold 
cross validation), holdout and leave one out. In this work the 
k-fold cross-validation is used, which is regarded as the 
process employed in order to reduce the problems of 
overfitting [12]. In this technique, the initial data set is 
categorized into same-sized subsets of k [13]. Regarding the 
performance evaluation of the models, two performance 
criterias are considered, which composed of determination 
coefficient (R2) as a goodness of fitness and Mean Squared 
Error (MSE) to accounts for the errors depicted by models 
developed using a combination of various membership 
functions and training FIS for the method development [13]. 

                                                                                                     
(4) 

                                                                                                                     
(5) 

  

Where , ,  and N stands for actual data, simulated data, 
Mean value of the actual data and total number of data 
instances respectively [14]. 

III. RESULTS AND DISCUSSION OF THE 

COMPUTATIONAL METHOD 

In this study, the application of ANFIS as well as the 
comparative analysis for the combination of its membership 
function (Grid partitioning (GP) and subtractive clustering 
(SC)) and its training FIS (Back propagation and hybrid) was 
explored to predict the health status of patients and subjects, 
using six different input parameters including the age of the 
patients, gender, results of the analysis conducted, the 
department in which the patient was admitted, the age 
category and the hospitalization. The linearity of the 
parameter from the raw data was checked through the 
application of the Pearson correlation. As shown in table 1, 
there is a strong inverse correlation between the status of the 
patients with the results of the analysis conducted on each 
patient with R-value= -0.4679. More also, there is an average 
direct correlation between the age category of the patients 
with the result of the analysis having R= 0.1239. Table 1 
further describes the statistical values of the data involved in 
this study. 

Table 1: Statistical and Correlation analysis Statistical 
analysis 

Para
meters 

Re
sult 

Ag
e 

G
ender 

Depar
tment 

Ag
e 
category 

Hospitaliz
ation 

St
atus 

Mean 0.
2522 

46
.5913 

1.
5304 

8.1391 2.6
913 

1.5522 1.
8391 

Medi
an 

0.
0400 

45
.0000 

2.
0000 

8.0000 3.0
000 

2.0000 2.
0000 

Mode 0.
0200 

21
.0000 

2.
0000 

8.0000 2.0
000 

2.0000 2.
0000 

Stand
ard 
Deviation 

1.
0310 

21
.7976 

0.
5002 

2.6839 0.9
230 

0.4984 0.
3682 

Kurto
sis 

39
.8372 

-1.
0545 

-2
.0024 

0.8167 -1.
0877 

-1.9726 1.
4656 

Skew
ness 

6.
2232 

0.
0836 

-0
.1228 

0.3493 0.1
481 

-0.2112 -1
.8582 

Mini
mum 

0.
0100 

1.
0000 

1.
0000 

1.0000 1.0
000 

1.0000 1.
0000 

Maxi
mum 

8.
1500 

91
.0000 

2.
0000 

15.000
0 

4.0
000 

2.0000 2.
0000 

 

Correlation Analysis 

Parameter
s 

R
esult 

A
ge 

G
ender 

Depar
tment 

Ag
e 
category 

Hospitali
zation 

S
tatus 

Result 1.
0000 

      

Age 0.
0731 

1.
0000 

     

Gender 0.
0121 

0.
2030 

1.
0000 

    

Departme
nt 

-0
.1054 

-0
.1985 

0.
0229 

1.000
0 

   

Age 
category 

0.
1239 

0.
9500 

0.
1765 

-0.231
1 

1.0
000 

  

Hospitali
zation 

-0
.0680 

-0
.3277 

-0
.0239 

-0.064
2 

-0.
3114 

1.0000 
 

Status -0
.4680 

0.
0451 

0.
0148 

0.093
4 

-0.
0054 

-0.1563 1
.0000 

 
The performance accuracy of the models was evaluated 

using two different performance indices: determination 
coefficient (R2) as a goodness of fitness and mean square 
error (MSE). In the development of these models, the 
simulation was done in MATLAB 9.3 (R2019a). 

In modelling ANFIS, different kinds of membership 
functions as well as epoch iterations were employed through 
trial by error in order to determine the desired structure [15]. 
The best architecture of the model was optimized and 
selected using trial by error method Tables 2 shows the 
results of the performance of the computation method in 
modelling the status of the subjects. 
 
Table 2: Results of the computational data driven models 

Calibration Verification

R2 MSE R2 MSE

Grid-Hybrid 0.9932 0.0011 0.9796 0.0024

Grid-Back 0.9487 0.0060 0.9400 0.0101

Sub-Hybrid 0.9998 0.0004 0.9992 0.0009

Sub-Back 0.9521 0.0056 0.9135 0.0145  
 
The performance accuracy of the computational data 

driven models is shown in table 2. Based on the result of the 
models. It can be seen that all the four models that composed 
of different membership functions (Grid partitioning and 
Subtractive clustering) and two different training FIS 
optimization methods (Back propagation and hybrid) of 
ANFIS are capable of simulating the status of the subjects. 
Nevertheless, the combination of subtractive clustering 
membership function and hybrid training FIS optimization 
method (Sub-Hybrid) proves to have shown higher efficiency 
as compared with the other combinations of the ANFIS 
model in both the calibration and verification phases. 
Furthermore, the performance efficiency of the models in 
terms of R2 depicted that Sub-Hybrid outperformed the other 
three model combinations Grid-Hybrid, Grid-Back and 
Sub-Back in the verification stages and increase their 
performance skills approximately by 2%, 6% and 9% 
respectively. 

3.1 Comparative performance of the computation 
algorithms 

The results of the models can also be shown graphically 
using a scatter plot in order to comparatively prove table 2. It 
can be seen from Figure 3 that all the combinations of the 
ANFIS model shows a reliable and satisfactory result.  
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Nevertheless, the combination of Sub-Hybrid ANFIS 
model proves to be rugged and robust as compared with the 
other three ANFIS model combinations. This is in line with 
table 2. Further comparative analysis of the scatter plot 
proves a higher agreement between the measured and 

predicted values were associated more to the Sub-Hybrid 
combination as compared with the other three combinations 
of ANFIS model. 

 

 

 
 

 
Fig. 3: Scatter plots of the computational data driven models for modelling the clostridium difficile infection status 

 
The comparative performance of these computational models 
can equally be demonstrated using a bar chart in terms of 
MSE. Whereby, the lesser the MSE the better the 
performance of the model. Figure 4 below indicated that 
Sub-Hybrid proved to be the best performing model in terms 
of MSE. This findings is in line with other studies in the 
technical literature such as [16],[17], which demonstrated an 
error values higher than 0.04.  

 

 
Fig.4: Comparative performance of the computational 

model in terms of Mean squared Error 

The comparative predictive skills of the models is also 
depicted graphically using a radar chart. Figure 5, was 
employed in order to comparatively shows the correlation 
co-efficient of each combination of the models, which is 
aimed to show the multi variable quantitative analysis.  
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Fig. 5: Predictive comparison of the models in terms of correlation co-efficient using radar chart 

IV. CONCLUSION 

The global burden posed by nosocomial diarrhea lead to the 
strong given attention by health practitioners science its 
morbidity and mortality rate hit about 500,000 rates annually 
in the United states. Therefore, diagnostic measures have 
been put in place to detect the presence of CD using different 
methods. Therefore, the development of a robust 
computational intelligence system is of paramount 
importance for checking the status of stool samples collected 
to test the presence of clostridium difficile as either positive 
or negative from both inpatient and outpatient. In this study, 
the data was collected from the record units of Near East 
University Hospital. The data was further simulated using 
hybrid adaptive neuro fuzzy (known as ANFIS) model 
consisting of various combinations of membership functions 
and training Fis. The prediction efficiency of these model 
combinations were analysed and enhanced using two 
statistical measures including determination coefficient (R2) 
and Mean squared error (MSE) as well as some graphical 
plots such as scatter plots in order to demonstrate the fitness 
between the experimental values and the predicted values, 
radar and bar chart, which are used to in order to indicated the 
predictive comparative performance of the models. 
Furthermore, the comparative evaluation of the ANFIS 
model combinations shows that subtractive clustering 
membership function in combination with hybrid train FIS 
(Sub-hybrid) outperformed all the other two combinations 
and increase their performance accuracy. In general, this 
study indicated the reliability of ANFIS model in modelling 
the status of stool samples collected to test the presence of 
clostridium difficile as either positive or negative from both 
inpatient and outpatient. The study equally recommends that 
other non-linear models such as support vector machines 
(SVM) and Hammestein weiner (HW) can be employed to 
model the performance of the status of patients tested with 
clostridium difficile as either positive or negative from both 
inpatient and outpatient. 
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