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ABSTRACT:

In the society, we have seen the incidence of both communicable and non-communicable disease, we are also familiar with the events of chronic diseases like T.
B. which takes longer duration to be cured as compared to cold, cough or flu etc. The chances of disease development in an individual basically depend upon the
growth rate of micro-organism causing that disease. The drug given to infected individual after reaching to the target organ/s kill the pathogens and help to cure
against disease through pharmaco kinetics and pharmaco dynamics (PKPD). In this way the rate of curing of disease in infected individual depends upon the rate
of killing of causing microbes by that particular drug. But how much drug one should be given, otherwise its overdose may cause deleterious side effect or direct
effect to the infected persons and may result into development of symptoms of other disease. Beside growth of microbes is also influenced by resisting ability of
body, unfavorable/favorable environment, nutrition but in the present paper we have neglected these all factors and have focused on relation of growth rate of

microbes in individual given and dose. In the present paper we have proved our above said effect through mathematical modeling which involves various facts.

Keywords: Communicable vs. Non-communicable diseases, Pharmacokinetics and Pharmacodynamics (PKPD), Microbe Growth and Drug Efficacy, Drug

Overdose.

1. Introduction

First of all Robert Koch(1876) find a beautiful result in our laboratory that- “An essential activity of fermentation technology is the quantitation of both
the amount and the rate of change of microbial cell mass.” This can often be achieved by direct measurement of either cell mass or number. In many
cases, direct methods of measurement are not applicable, and the physiological activity, which is partially related to the amount of biomass, must be
measured. Since the main point of interest for many practical applications is the activity of microorganisms, many people make a virtue of necessity.

Problem: What is the dose response regarding to bacterial disease in infected person?

Variables: For given problem, time is independent variable and number of viable microbes (V},) after time‘t” is dependent variable. Here ‘n’ represent

number of generation in time t.

Parameters : Birth rate 4 and death rate A of microbes are parameters for given problem.

Mathematical Model : Assume At is time interval between two continuous generations. Then the generation of microbial after time tis n = é. Thus

t
At — 0 as n — o and population of viable microbial after time t is Vj, = 2"V, = 2a¢V/;, when death rate is zero. Thus the population of microbial
increase as At = 0.
Construct a model for the total viable microbes with respect to time such as: Vo —V; =V, = V3 — ===V, =V, ; —— — —

This model represent a sequence of viable microbes < Vj, >.
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Mathematical Analysis: Assuming viable microbes in infected person are V,, as well as total microbial population at initial level. If n is the specific

growth rate and A is specific death rate (due to dose or immunity) of microbial in a time t, then the net growth rate of viable cells is given by

dvp _
el (u }\)Vn .................................

(O]

Integrating equation (1), we find
logv—" =(U—A)t
Vo

@)
Vo=Voe™Dt
3
We are considering some cases as follows:
CASE 1: If specific death rate of microbial A = 0.
This is the case before the dose. From equation (3)
V, = Vet
Vigr = Vo = Vo (el — et)
Vo1 =V, = Voett(e— 1) =0
Vat1 =V, and V, » o0 as t— oo.

Thus the sequence of viable microbes is monotonic increasing and upper bound of the sequence not exist so, sequence is divergent.

Conclusion: Conclude that the microbial population as well as diseases day by day exponentially increased.
CASE 2: If specific death rate of microbial due to dose, equal to specific growth rate s.t. A = .
This is the case when dose quantity is such as A = p. From equation (3) V,, = V, this shows that total viable microbial are constant or equal to V, at

every generation or time interval.

Conclusion: Conclude that the microbial population as well as diseases remains constant. From modal <V,> as a constant sequence of viable microbes
so it is convergent therefore disease will be under controlled.
CASE 3: If specific death rate of microbial A > p,A —p > 0.
From equation (3)
V, = Voe %t where p—A=-k<0; kis positive.
Viar = Vo = Vo (e — ek
Vogr — Vo = Voe (e = 1) <0
Viz1 <V, and V, > 0 as t— oo.
Thus the sequence of viable microbes is monotonic decreasing and lower bound of the sequence exist so, sequence is convergent.
CASE 3I: If k is small. This is the case after dose but quantity is low. In this case the microbial population as well as diseases slowly decreased.
CASE 3II: If k is large. This is the case after dose but quantity is high. In this case the microbial population as well as diseases rapidly decreased and

patient cure early. But, here k depend on patient capacity. So k is restricted to larger.
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Conclusion: From Above both cases, conclude that the microbial population as well as diseases day by day decreased and patient cure.
CASE 4: If specific death rate of microbial A < p,A — p < 0.
This is the case proper dose quantity. From equation (3)

V, = Voek' where p—A =k > 0.

Vo1 =Vu = Vo (ek(t+1) - ekt)

Vopr1 =V, = VoeKie— 1) >0

Vpyr > VyandV, - coast— oo,
Thus the sequence of viable microbes is monotonic increasing and upper bound of the sequence is not exist so, sequence is divergent.
Conclusion: Conclude that the microbial population as well as diseases day by day increased.

Strength of Paper: This paper represents dose response batter than [Rajan Singh, B. K. Singh, Mukesh Chandra].
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