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1. Introduction 

Tuberculosis (TB) is an infectious disease caused by a bacillus called Mycobacterium tuberculosis. According to 
the report of World Health Organization’s Global Tuberculosis Report, TB is the ninth leading cause of death 
worldwide and the leading cause from a single infectious agent, ranking above HIV/AIDS. In 2016, there were an 
estimated 1.3 million TB deaths among HIV-negative people (down from 1.7 million in 2000) and an additional 374 
000 deaths among HIV-positive people. An estimated 10.4 million people fell ill with TB in 2016: 90% were adults, 
65% were male, 10% were people living with HIV (74% in Africa) and 56% were in five countries: India, 
Indonesia, China, the Philippines and Pakistan. 

Drug-resistant TB is a continuing threat. In 2016, there were 600 000 new cases with resistance to rifampicin 
(RR- TB), the most effective first-line drug, of which 490 000 had multidrug-resistant TB (MDR-TB).4 Almost half 
(47%) of these cases were in India, China and the Russian Federation. Globally, the TB mortality rate is falling at 
about 3% per year. TB incidence is falling at about 2% per year and 16% of TB cases die from the disease; by 2020, 
these figures need to improve to 4–5% per year and 10%, respectively, to reach the first (2020) milestones of the 
End TB Strategy. Most deaths from TB could be prevented with early diagnosis and appropriate treatment. Millions 
of people are diagnosed and successfully treated for TB each year, averting millions of deaths (53 million 2000–
2016), but there are still large gaps in detection and treatment1. 

2. Diagnosis and treatment system 

Tuberculosis is still a major problem in advanced countries due to specific socioeconomic factors. From a global 
perspective, many laboratories use the same methods today that were in use long time ago for the detection of 
tuberculosis, because most of innovative current technologies for the detection of tuberculosis incurs high cost and 
cannot be afforded for all the countries2. It can lead to death in untreated and inappropriately treated patients 
particularly in countries with low income. Therefore, early diagnosis of the disease not only increases treatment 
success, but also reduces death rates. Today, due to high classification and diagnosis rates, specialist systems have 
become an important tool in diagnosis of the disease. In this study, a support vector machine (SVM), which is a 
machine learning technique was used for preliminary diagnosis of tuberculosis disease for the first time3. Today, IT 
is used in medicine in three ways: 

• use of equipment for surgical treatment, observation of the patient in preoperative and postoperative 
periods, etc.; 

• maintenance of document circulation and financial accounting; 

• predicting the state of the body, diagnosing diseases, monitoring the stages of the development of 
relapse, prescribing the necessary course of treatment with the help of intelligent decision-making systems. 

 

Let's try to analyze the state of affairs in the third, the most knowledge-intensive direction. The systems of 
analysis and forecasting created in our country and abroad, artificial intelligence systems, designed for diagnosis, 
allow solving a variety of tasks. These tasks can be very narrow (for example, scheduling an effective intake of 
certain medications for a specific patient), and more global, related to predicting the patient's condition, issuing 
recommendations for surgery and analyzing the possible condition of the patient in the postoperative period. 
Depending on the purpose, such systems are based on different methods; among them: 

 

• statistical methods of data processing (SMDP); 

• artificial neural networks (ANN); 

• nonlinear regression methods (NRM); 

• reasoning on the basis of similar cases (RBSC). 
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Previously it was believed that the accuracy of the model can be improved solely by taking into account a 
number of factors and their composition. But this approach required more and more retrospective (i.e., the period of 
consideration of statistical data), which is often impossible to implement. The number of structural elements 
involved in the creation of the mathematical model was limited, which led to a statement of the existence of such a 
tabulated relationship (with which every medical researcher deals), which cannot be approximated with the 
composition of the selected set of elements. Medical research is usually faced with this situation: a large number of 
parameters with tabulated values are involved, and the relationship between them is clearly not visible. RBSC 
(Reasoning on the basis of similar cases) is a traditional option for decision-making by physicians, but the problem 
is how to store information on all cases that occurred in the practice of the doctor. It is necessary to systematize the 
data, select the parameters and their values to encode the information so that the required description can be 
extracted at any time. Moreover, this information, as a rule, does not have a mathematical or even a numerical 
expression that allows using the listed methods. Textual information, for example, a description of the reaction of 
the body to various stimuli or drugs, in general is not always possible to translate into quantitative. In such cases, 
you need to turn to the logic device, which provides manipulation of linguistic (text) variables. The presence of a 
variety of diagnostic methods significantly complicates their choice, on which the accuracy and completeness of the 
result depends. In the case of unreasonable choice, it may appear that all work has been unsuccessful, but with a 
comprehensive assessment of the type and structure of information, it is often possible to select a method that 
provides good results. So, if the information has a predominantly numerical expression, then the best results will be 
shown exactly by those methods in which the mathematical expression of the studied process is used. If the data is 
descriptive, the best way is to perform logical processing. Using the system, the physician can get a more complete 
picture of the disease, which will help him diagnose. Based on the information from the predictive system, further 
steps can be outlined, for example, to determine which additional tests or examinations need to be conducted in 
order to obtain new arguments in favour of a particular diagnosis. If the information base is correctly constructed 
(the optimal number of auxiliary fields providing the maximum speed of analysis and screening of unsuitable cases), 
you can view the complete medical history of even unusual cases that occurred in the practice of a doctor or clinic. 

The system of forecasting described in the article not only allows more accurate diagnosis of diseases, but also 
helps in choosing a course of treatment. Now there is work to improve the accuracy of determining the course of 
treatment.  

The system based on the study the purpose of which is to prove the effectiveness of treatment using test drug by 
experimenting in humans. The experiment lasted for 3 years amount 585 patients, and the average duration of the 
experiment per 1 patient was 6-12 months. For each patient was conducted individual records visits and medication. 

3. Used Methods 

It is supposed to use linear classification algorithms, in particular SVM. There is given a training sample 
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For each of the tasks of the two-class classification (separating one class from the other three and separating pairs 
of classes from each other), we will re-encode the classes so that { }1,1−∈iy  . It is required to select the parameter 
vector of the optimal separating hyperplane ω , which minimizes the functions of the sliding control:  
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A.Basic Assumptions 
A particular feature of this task is the large dimensionality of the feature space and a small number of precedents. 

Thus, in order to avoid retraining and to achieve a stable classification, it is required to solve the task of selecting the 
characteristics. For this purpose, the Relevance Kernel Machine with supervised selectivity algorithm (hereinafter -  

RKM−µ ) is used, which combines the possibilities of solving the classification and features selection problem. 
B.Mathematical description of algorithms 
a) Quasi-probabilistic formulation of the problem  
Let Ω  be the set of objects, each of which belongs to one of two classes: { }1,1)( −=∈Yω  (ω). Each object  
Ω∈ω  is characterized by ''n  signs in some scales x2(ω)∈Xi. Suppose that some unknown hyper plane is 

objectively defined in the space of features=X1*…*Xn

.

. As a model of object distribution, we will consider two 
improper parametric distributions: 

Next, we will consider a vector  (V1,…,Vn,b)

.

as a random vector with an a priori distribution density 
Ψ(V1,…,Vn,b)

.

By the Bayes formula, the posterior density of the distribution of the parameters ϑ  andb . 
Selection X1,. . . , Xn is obtained from the general population with the distribution function Ψ (x | υ). Let ψ (x | υ) 

be the distribution density of the observed random variable ξ, if ξ is continuous or probability P (ξ = X | u), if ξ is 
discrete, provided that the value of the unknown parameter is υ. The likelihood function L (X1, ..., Xn | u) of the 
available data is determined by the relation L (X1, ..., Xn | u) = ψ (X1 | υ) ψ (X2 | u). . . · Ψ (Xn | υ). The calculation 
of the a posteriori distribution p~ (υ | X1, ..., Xn) is carried out using the Bayesian formula (4), where Ai is the event 
that the value of the parameter being evaluated is υ, B is the event consisting in the fact that the values of n 
observations are fixed at the levels X1,. . . , Xn. 

b) Method RKM−µ 4 
The Bayesian approach is based on two propositions. The degree of our confidence in the validity of some 

statement is numerically expressed in probability. When making a decision, two types of information are used as the 
initial information: a priori and contained in the initial statistical data. The a priori information is presented in the 
form of some a priori probability distribution of the unknown parameter being analyzed, which describes the degree 
of its confidence that this parameter will take some value, even before the collection of the initial statistical data. As 
the initial statistical data arrive, this distribution is refined, moving from a priori distribution to a posteriori 
distribution, according to the Bayes formula (4). 

Let the a priori distribution densities of the components of the directing vector of the separating hyper plane iϑ   
have normal distributions with zero mathematical expectations and variances 
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c) Characteristics selection 
To increase the stability of the algorithm, an additional selection of characteristics was applied. For this, the 

RKM algorithm was preliminarily started and the received weight vector of the signs was considered:  
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where  γ  is an additional parameter of selectivity, were deleted. On the modified feature set, the RKM algorithm 

was run again to obtain the final classification. 
Variants or modifications  
Parameters of the algorithm are  ∈[0,∞],μ∈[0,∞],γ∈[1,∞] , the best values of which are required to be 

selected as a result of the experiment. 

4. Experiment 

The initial data was collected in the database (See Figure 1), which consists of 1261 lines of data on health status 
in different periods, taking into account the number of visits. Each row of the table represents a one-time 
examination of the patient. During the survey, the following parameters were measured: 

 
• identification parameters (ID) of the patient; 
• number of visits to the patient; 
• results of a patient's examination; 
• group to which the patient belongs. 
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where  γ  is an additional parameter of selectivity, were deleted. On the modified feature set, the RKM algorithm 

was run again to obtain the final classification. 
Variants or modifications  
Parameters of the algorithm are  ∈[0,∞],μ∈[0,∞],γ∈[1,∞] , the best values of which are required to be 

selected as a result of the experiment. 

4. Experiment 

The initial data was collected in the database (See Figure 1), which consists of 1261 lines of data on health status 
in different periods, taking into account the number of visits. Each row of the table represents a one-time 
examination of the patient. During the survey, the following parameters were measured: 

 
• identification parameters (ID) of the patient; 
• number of visits to the patient; 
• results of a patient's examination; 
• group to which the patient belongs. 
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Fig. 1. Structure of initial base segment 

To construct tables using the data in database, we used Gretl software. This software also gives users an ability to 
write his or her own functions, which greatly expands the usefulness of the application.  

This task was solved in several steps: 
 

• data cleaning; 
• transformation of initial data for further analysis; 
• constructing tables in Gretl format for converted data; 
• construction for the transformed data of histograms, graphs of means and other graphs in Gretl format. 

 
We used our mathematical model and the data without results in order to train the system so that it would give the 

same results as real. 
In all tables, the data were obtained using regression analysis in the Gretl open-source statistical package. A 

prediction model has been developed and the data grouped according to the patient's ID and divided into several 
clusters: 

1) patients receiving advice and medication constantly (without interruptions); 
2) patients rarely visiting a doctor and rarely taking a medicine. 
 

 Coefficient St.err z P-value  
VisitName 0, 131019 0,0151570 8,644 <0,0001 *** 

f_Group -0,553546 0, 117679 -4,704 <0,0001 *** 
      
cut 1 0,801611 0, 251476 3, 188 0,0014 *** 

 
Average dependent 
change 

1,503775  Standard deviation 0,500191 

Logical likehood -824,8586  The Akaike criterion 1655,717 

Schwarz’Criteroin 1671, 136  The Hannan-Quinn(YQ) 166,511 
 

Fig. 2. Structure of initial base segment ordered logit, used observations – 1261, Dependent variable: result, Standard error – QML 
 
The number of 'correctly predicted' cases= 778 (61,7%) 
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Criterion for the likelihood ratio: Chi-square5= 98,3666 [0,0000] 
 
Based on the obtained real data on patients (Figure 2), the estimated model is constructed (Figure 3). Further, the 

adequacy of the evaluated model was investigated for use in further forecasting. By obtained result we can assert 
with 95% accuracy that this model can be used to forecast in the long term (for example to determine the treatment 
schedule for a specific patient). 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 3. For 95% confidence intervals, t (1258, 0.025) = 1.962                                       Fig. 4. Visualization of experimental data 
 
In Fig. 4, visualization of the experimental data is presented, in which one can see the correctness of the 

constructed model, where there are no sharp jumps and stability and stability of the constructed model is observed. 

5. Discussion  

The system of forecasting described in the article allowed to create prerequisites for preventive diagnosis of 
tuberculosis patients, however the obtained results based on neural networks, developed according to the model 
described in the article does not satisfy us, in the future it is planned to improve the results by experiment with a 
large number of samples. Now there is work to improve the accuracy of determining the course of treatment, 
unfortunately, the facts of using similar systems in Kazakhstan are unknown. 

6. Conclusion 

Drug testing is an important application of statistical methods. Static analysis is an indispensable tool that allows 
practicing physicians and scientists to organize a study, calculate the sample size, assess the dose/effect relationship, 
visualize the data, build a variety of graphs and charts, and confirm the results. Thus, with the help of new 
information technology, the doctor takes a step forward towards evidence-based medicine. The proposed model 
helps to predict a possible improvement time for the patient, but because the data is poorly structured, it was decided 
to use a neural network. Using the previous successful experience of implementing models to process the Big 
Data7,8, it is planned to obtain data using more samples on learning based on neural network. 
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