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Abstract 

In the new modern society, Pulmonary Tuberculosis is a serious, chronic 

disease. Tuberculosis may infect any part of the body, but most commonly 

occurs in the lungs (known as pulmonary tuberculosis). Extrapulmonary 

TB occurs when tuberculosis develops outside of the lungs, although 

extrapulmonary TB may coexist with pulmonary TB. In this research 

paper, the aim of this study is to find the suitable polynomial equation of 

the pulmonary Tuberculosis patients with the variable (x) for the unequal 

interval of SPO2 level. 

Keywords: SPO2 level of the pulmonary tuberculosis patients as x 

variable, levels of Pulses in bpm as f(x), Lagrange`s Interpolation Formula 

for unequal intervals for two variables. 

 

INTRODUCTION: Tuberculosis (TB) is an infectious disease usually caused by the 

bacterium Mycobacterium tuberculosis (MTB). Tuberculosis generally affected the lungs, but 

can also affect other parts of the body. Most infections do not have symptoms, in which case 

it is known as latent tuberculosis. About 10% of latent infections progress to active disease 

which, if left untreated, kills about half of those infected. The classic symptoms of active TB 

are a chronic cough with blood-containing sputum, fever, night sweats, and weight loss.  

Tuberculosis is spread through the air when people who have active TB in their lungs cough, 

spit, speak, or sneeze. People with latent TB do not spread the disease. Active infection 

occurs more often in people with HIV/AIDS and in those who smoke. Diagnosis of active TB 

is based on chest X-rays, as well as microscopic examination and culture of body fluids. 

Diagnosis of latent TB relies on the tuberculin skin test (TST) or blood tests. 

Prevention of TB involves screening those at high risk, early detection and treatment of cases, 

and vaccination with the bacillus Calmette-Guerin (BCG) vaccine. Those at high risk include 

household, workplace, and social contacts of people with active TB. Treatment requires the 

use of multiple antibiotics over a long period of time. Antibiotic resistance is a growing 

problem with increasing rates of multiple drug-resistant tuberculosis (MDR-TB) and 

extensively drug-resistant tuberculosis (XDR-TB).  
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           Figure-1 Chest X-Ray. 

Chest X-ray of a person with advanced tuberculosis: Infection in both lungs is marked by 

white arrowheads, and the formation of a cavity is marked by black arrows. Tuberculosis may 

infect any part of the body, but most commonly occurs in the lungs (known as Pulmonary 

Tuberculosis). Extrapulmonary TB occurs when tuberculosis develops outside of the lungs, 

although extrapulmonary TB may coexist with pulmonary TB. General signs and symptoms 

include fever, chills, night sweats, loss of appetite, weight loss, and fatigue. If a tuberculosis 

infection does become active, it most commonly involves the lungs (in about 90% of cases). 

Symptoms may include chest pain and a prolonged cough-producing sputum. About 25% of 

people may not have any symptoms. Occasionally, people may cough up blood in small 

amounts, and in very rare cases, the infection may erode into the pulmonary artery or a 

Rasmussen`s aneurysm, resulting in massive bleeding. Tuberculosis may become a chronic 

illness and cause extensive scarring in the upper lobes of the lungs. The upper lung lobes are 

more frequently affected by tuberculosis than the lower ones. The reason for this difference is 

not clear.   It may be due to either better air flow, or poor lymph drainage within the upper 

lungs. In 15-20% of active cases, the infection spreads outside the lungs, causing other kinds 

of TB. These are collectively denoted as “extrapulmonary tuberculosis”. Extrapulmonary TB 

occurs more commonly in immunosuppressed persons and young children. In those with 

HIV, this occurs in more than 50% of cases. Notable extrapulmonary infection sites include 

the pleura, the central nervous system, the lymphatic system, the genitourinary system, and 

the bones and joints, among others. A potentially more serious, widespread form of TB is 

called “disseminated tuberculosis”, also known as miliary tuberculosis. Miliary TB currently 

makes up about 10% of extrapulmonary cases.                 

Interpolation is a technique, in which a tool for finding the estimated values of the dependent 

variable corresponds to the value of the independent variable. A number of interpolation 

formulas for equal intervals such as Newton`s forward interpolation formula, Newton`s 

Backward interpolation formula, Newton`s central differences interpolation, Stirling formula, 

Bessel`s formula, and for unequal intervals such as Newton`s divided differences 

interpolation formula, Lagrange`s interpolation formula. 
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When the values of arguments are given at unequal or unevenly spaced intervals, then the 

various differences will also be affected by the changes in the value of the argument and in 

that case, the definition of differences for equal intervals will not hold good. 

The National Strategic Plan 2020 – 2025: At the same time, an assessment took place of the 

progress that had been made with the NSP 2017-2025. This was helped by the Report of the 

joint Monitoring Mission, carried out by the NTEP and the WHO. Key governance 

interventions and structures had been identified that needed to be in place to end TB by 2025. 

But the planned expansion and restructuring of the NTEP had not happened. Because of this 

and the rapidly changing environment within which the NTEP was operating it was also 

decided to produce an updated NSP, the NSP 2017-2025. 

The NSP 2020-25 is a frame work to guide the activities of all stakeholders. It is a five-year 

strategy document that aims to direct the attention of all stakeholders to the most important 

interventions that the Guide believes will bring about significant changes in the incidence, 

prevalence, and mortality of TB. But despite the development of the National Strategic Plan 

2020-2025, it is the National Strategic Plan for 2017-25 that is still referred to in documents 

such as the annual TB report. These strategies and interventions are in addition to the 

processes and activities already ongoing in the country.  

Developing the NSP 2020 – 2025: The development of this new NSP started when 

the NTEP, jointly with the World Health Organisation, carried out the Joint Monitoring 

Mission (JMM) in 2019. The JMM applauded India's commitment to end TB by 2025 and to 

the NSP 2017 - 2025. 

But despite the achievements and a new commitment to patient-centred services, the JMM 

also suggested many actions that would be needed if the Prime Minister's targets for 2025 

were to be reached. The recommended actions included: 

• Mounting a TB elimination campaign inspired by lessons gained from the eradication of 

Polio; 

• Providing urgent reinforcements to the existing workforce; 

• Scaling up private provider engagement; 

• Move from passive community engagement to full community participation and 

ownership; 

• Invest in TB surveillance staff and systems for accurate, complete, and timely information; 

• Deployment of new precision diagnostic tools; 

• Supporting patients comprehensively throughout treatment; 

• Redesigning and pursuing targeted active case finding; 
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• and deploy and evaluate ambitious plans to implement TB preventive treatment of 

households and other close contacts, children, PLHIV, and other locally defined "high 

risk" groups, using new, shorter, regimens. 

DATA COLLECTION: We have gone through with the patients of Tuberculosis (n=16) to 

observe the effect of oxygen level (SPO2) to manage the pulse rate. We tested SPO2 levels 

with 78, 80, 85, 90, and 92 over 16 patients each. The affected SPO2 levels on average were 

observed as given below: 

SPO2 (x) 78 80 85 90 92 

Pulse rate f(x) 125 119 102 92 87 

  

RESEARCH METHODOLOGY: The following Research Methodology is adopted for the 

proposed research paper. 

➢ Identification of the research problem of Pulmonary Tuberculosis Patients. 

➢ Theoretical Framework and study of related literature of Pulmonary TB Patients. 

➢ Mathematical Formulation of the research problem to analyze the solution of Lagrange`s 

methods. 

➢ Analysis and numerical Solution of the mathematical model. 

➢ Interpolation and Statistical analysis or results. 

➢ Conclusion. 

MATHEMATICAL FORMULATION OF THE RESEARCH PROBLEM: Let f (𝑥0), f 

(𝑥1), f (𝑥2), f (𝑥3),…..........……., f(𝑥𝑛) be (n+1) entries of a function y= f(𝑥), where f(𝑥) is 

assumed to be a polynomial corresponding to the arguments 𝑥0, 𝑥1, 𝑥2,……….., 𝑥𝑛. 

 The Polynomial f (x) may be written as f (x) = A0 (𝑥 −  𝑥1)(𝑥 −  𝑥2)(𝑥 − 𝑥3)(𝑥 −

 𝑥4)…………… (𝑥 − 𝑥𝑛)+ A1  (𝑥 −  𝑥0)(𝑥 −  𝑥2)(𝑥 − 𝑥3)(𝑥 −  𝑥4)…………… (𝑥 − 𝑥𝑛)+ 

An (𝑥 − 𝑥0)(𝑥 −  𝑥1)…………… (𝑥 − 𝑥𝑛−1). 

Where, A0, A1, A2, ………., An are constants to be determined. 

Putting, x = 𝑥0, 𝑥1, 𝑥2,………., 𝑥𝑛 in (1), we get  

f (x0) = A0 (𝑥0 −  𝑥1)(𝑥0 −  𝑥2) … … … . . (𝑥0 −  𝑥𝑛) 

A0 = 
𝑓 (𝑥0) 

(𝑥0− 𝑥1)(𝑥0− 𝑥2)……………………..(𝑥0− 𝑥𝑛)
 

f (x1) = A1 (𝑥1 −  𝑥0)(𝑥1 − 𝑥2) … … … . . (𝑥1 −  𝑥𝑛) 

A1 = 
𝑓 (𝑥1) 

(𝑥1− 𝑥0)(𝑥1− 𝑥2)……………………..(𝑥1− 𝑥𝑛)
 

:                 :                                 : 

:          :                                 : 
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:       :                                 : 

:                           :                                 : 

Similarly, A1 = 
𝑓 (𝑥𝑛) 

(𝑥𝑛− 𝑥0)(𝑥𝑛− 𝑥1)……………………..(𝑥𝑛− 𝑥𝑛−1)
 

Substituting the value of A0, A1, A2…………, An in equation (1), We get 

f (x) = 
(𝑥− 𝑥1)(𝑥− 𝑥2)(𝑥− 𝑥3)(𝑥− 𝑥4)

(𝑥0− 𝑥1)(𝑥0− 𝑥2)(𝑥0− 𝑥3)(𝑥0− 𝑥4)
 f (𝑥0) + 

(𝑥− 𝑥0)(𝑥− 𝑥2)(𝑥− 𝑥3)(𝑥− 𝑥4)

(𝑥1− 𝑥0)(𝑥1− 𝑥2)(𝑥1− 𝑥3)(𝑥1− 𝑥4)
 f (𝑥1) + 

            
(𝑥− 𝑥0)(𝑥− 𝑥1)(𝑥− 𝑥3)(𝑥− 𝑥4)

 (𝑥2− 𝑥0)(𝑥2− 𝑥1)(𝑥2− 𝑥3)(𝑥2− 𝑥4)
 f (𝑥2) + 

(𝑥− 𝑥0)(𝑥− 𝑥1)(𝑥− 𝑥2)(𝑥− 𝑥4)

 (𝑥3− 𝑥0)(𝑥3− 𝑥1)(𝑥3− 𝑥2)(𝑥3− 𝑥4)
 f (𝑥3) + 

            
(𝑥− 𝑥0)(𝑥− 𝑥1)(𝑥− 𝑥2)(𝑥− 𝑥3)

 (𝑥4− 𝑥0)(𝑥4− 𝑥1)(𝑥4− 𝑥2)(𝑥4− 𝑥4)
 f (𝑥4) 

This is called Lagrange`s Interpolation Formula. 

CALCULATION:  The data collected through 5 patients sample as given below in terms of 

SPO2 levels (xi) corresponding to Pulse Rate f(xi) as dependent variable.  

SPO2 (xi) 78 80 85 90 92 

Pulse rate f(xi) 125 119 102 92 87 

 

f (x) = 
(𝑥− 𝑥1)(𝑥− 𝑥2)(𝑥− 𝑥3)(𝑥− 𝑥4)

(𝑥0− 𝑥1)(𝑥0− 𝑥2)(𝑥0− 𝑥3)(𝑥0− 𝑥4)
 f (𝑥0) + 

(𝑥− 𝑥0)(𝑥− 𝑥2)(𝑥− 𝑥3)(𝑥− 𝑥4)

(𝑥1− 𝑥0)(𝑥1− 𝑥2)(𝑥1− 𝑥3)(𝑥1− 𝑥4)
 f (𝑥1) + 

            
(𝑥− 𝑥0)(𝑥− 𝑥1)(𝑥− 𝑥3)(𝑥− 𝑥4)

 (𝑥2− 𝑥0)(𝑥2− 𝑥1)(𝑥2− 𝑥3)(𝑥2− 𝑥4)
 f (𝑥2) + 

(𝑥− 𝑥0)(𝑥− 𝑥1)(𝑥− 𝑥2)(𝑥− 𝑥4)

 (𝑥3− 𝑥0)(𝑥3− 𝑥1)(𝑥3− 𝑥2)(𝑥3− 𝑥4)
 f (𝑥3) + 

            
(𝑥− 𝑥0)(𝑥− 𝑥1)(𝑥− 𝑥2)(𝑥− 𝑥3)

 (𝑥4− 𝑥0)(𝑥4− 𝑥1)(𝑥4− 𝑥2)(𝑥4− 𝑥4)
 f (𝑥4) 

Here, x0 = 78, x1 = 80, x2=85, x3=90, x4=92  

Substituting the values of x0, x1, x2, x3, x4 in this, we get. 

f (x) = 
(𝑥− 80)(𝑥− 85)(𝑥− 90)(𝑥− 92)

(78− 80)(78− 85)(78− 90)(78− 92)
  (125) + 

(𝑥− 78)(𝑥− 85)(𝑥− 90)(𝑥− 92)

(80− 70)(80− 85)(80− 90)(80− 92)
 (119) + 

            
(𝑥− 78)(𝑥− 80)(𝑥− 90)(𝑥− 92)

 (85− 78)(85− 80)(85− 90)(85− 92)
 (102) + 

(𝑥− 78)(𝑥− 80)(𝑥− 85)(𝑥− 92)

 (90− 78)(90− 80)(90− 85)(90− 92)
 (92) + 

            
(𝑥− 78)(𝑥− 80)(𝑥− 85)(𝑥− 90)

 (92− 78)(92− 80)(92− 85)(92− 90)
 (87) 

f (x) = 0.07677 x4 – 26.49955 x3 + 3425.72 x2 – 51473.209 x + 4223768.388 

CONCLUSION: This shows a polynomial equation of numerical data on a dependent 

variable with unequal interval. The degree of the required polynomial equation is one, less 

than the number of pairs of observation. And the Lagrange`s Method of interpolation is used 

for finding the estimated values in Numerical Analysis. 
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