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ABSTRACT

Objective: This paper proposed a new mathematical model of within-host population
dynamics of bacteria after cell wall synthesis inhibitors administration for practically
predicting treatment duration and drug dosage. The aim of this paper is to predict the
duration of antibacterial treatment with cell wall synthesis inhibitors using mathematical
models. Materials and Methods: Our model deployed various concepts from different
fields of probability, biology, physics, chemistry, pharmacology (pharmacokinetics and
pharmacodynamics), and medical sciences. The following assumptions and hypotheses were
established: (i) Binding or collision rate between drug molecule and bacteria depends on the
relative velocity between drug molecule and bacteria, (ii) ability or probability of binding
or capturing between drug molecule and bacteria can be evaluated using four probability
factors, based on the principal of physics and chemistry, (iii) the number of bacteria dying
from antibiotics is equal to the number of drug molecules binding bacteria. Thus, the bacterial
death rate is equal to rate of drug molecules binding and killing bacteria (amount of drug
molecules per second), and (iv) plasma drug concentration is constant and time-independent.

Keywords: In this paper, Neisseria meningitidis and Pseudomonas aeruginosa are selected to demonstrate
Mortality rate, the numerical results. Conclusion: In this result, duration of treatment are 2-7 days, which
Bacteria, is nearly the same as course of antibacterial therapy.

Probability .

INTRODUCTION

here have been several researches concerning the growth
I and mortality rate of bacteria to estimate the recuperation
period of a patient in the forms of mathematical models.
Those researches generally consist of pharmacodynamics (PD)
and pharmacokinetics with drug absorption, drug distribution,
metabolism, and drug elimination [1]. However, the factors
regarding the vasculature, shapes of bacteria and drug
molecule, velocity of blood flow, as well as the probability
of binding between drug molecules and bacteria were not
comprehensively encompassed.

In this study, the above factors are simultaneously
considered to model the temporal interaction between the
drug molecules and the bacteria. The drug molecules move
toward the bacteria with a relative velocity defined in terms
of the diameter of vasculature and blood stream acting as
a transporter. Based on the theoretical relative velocities
in physics, the velocity of drug molecules in blood flow is
assumed to be higher than the velocity of bacterial agents
resulting from the convection of blood flow. To effectively kill

a bacterium, some drug molecules must be bound with the
surface of bacterium. However, it is impossible to control the
movement of drug molecules in the blood stream. A practical
solution is to have much amount of drug molecules than
the number of bacteria so that the probability of binding
some drug molecules with the surface of bacterium can be
increased. This solution confirms with the actual treatment.
Therefore, in this study, it is assumed that the amount of drug
molecules is much more than the number of bacteria and
only some portions of drug molecules can bind with bacteria.

To consider the mechanism of drugs in molecular level, after
cell wall synthesis inhibitors attach Penicillin-binding proteins
(PBPs), which are bacterial enzymes for cell wall synthesis and
located on bacterial cell wall, N-acetylmuramic acid (NAG) and
N-acetylglucosamine (NAM) cannot enter to an active site on
PBPs to be substrates for synthesis of peptidoglycan, which are
components of cell wall (see details in Section 2). Although
both Gram-positive and Gram-negative bacteria consist of cell
wall with different amount of peptidoglycan, our model can
also apply with both of them by the same mechanism. Hence,
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antibiotics with other mechanisms (not cell wall synthesis
inhibition), such as DNA or RNA synthesis inhibitors, using
Brownian movement for attaching intracellular enzymes,
not convection by blood flow, are neglected in this paper.
Second, since theoretical background in this paper uses the
convective rate by blood flow, this model can apply with only
systemic infection (bacteremia or septicemia). Since the most
common Gram-positive bacteria, such as methicillin-resistant
Staphylococcus aureus causing cellulitis or Streptococcus
pneumoniae causing pneumonia, are local or organ infection,
i.e., skin and lung infection, respectively, our model cannot
apply with them. Therefore, in this study, Neisseria meningitidis
in the case of nonresistance and Pseudomonas aeruginosa,
representing extended spectrum beta-lactamase bacteria in case
of resistance, are chosen for simulating numerical results since
both of them are systemic infection (bacteremia or septicemia).

With the loss of generality, we assume that the structure
of drug molecule and bacteria are sphere and prolate spheroid,
respectively, as shown in Figure 1. The size of each drug
molecule is smaller than the size of each bacterium, implying
that drug molecule can follow bacteria to attach and kill
them. First, since the shape and size of each drug molecule
as well as bacteria are not exactly the same, the concept of
Stokes radius derived from Varani [2] was adopted to define
the average radius of prolate spheroid-shaped of the drug
molecule and bacteria. The principal is V@phere) =y@phere) “then
LGtoke) 2{ r‘l(vpart_icle) 2rl(particle)Jl/3 , Where révpanicle) and rl(Particle) be
the half width and half-length of a particle having prolate
shape. Thus, we have two average radii of drug molecule and
bacteria, denoted as

>

1/3 1/3
—(d 2 ~(bacteri ia)2 i
r( rug)_| ré\;jrug) I.l(drug)] and r( acteria)_ r‘S)actena) 1,l(bactena)J

respectively.

MATERIALS AND METHODS

Difference of Velocities of Drug Molecule
and Bacteria

To derive the time of chasing bacteria by a drug molecule, the
relative velocities of bacteria and drug molecule must be defined

capillary wall

drug molecules

2,.(('(1,)11[(”'”/

bacteri

Figure 1: The scenario and assumptions of shape and size of drug
molecule and bacteria made in our study. The drug molecules can
chase the bacteria to bind and kill them in a lumen of capillary. r(cpilay
is a radius of capillary and D is the width of cubic volume such that
one bacterium can be found

first. Since the velocities of the drug molecule and bacteria may
be affected by their shapes and sizes, the transportation velocity
of a rod-shaped particle in a cylindrical pore with the effect
of convective hindrance introduced by Agasanapura et al. [3]
were adapted to show the velocity difference. This difference is
captured by a term called local lag coefficient and it is defined
as the ratio of steady state of particle velocity and the fluid
velocity in the absence of the particle in a cylindrical tube.

However, directly measuring the velocity of a drug
molecule or bacteria is not simple. To ease this burden, the
particle velocity can be transformed and written in terms of
relative particle ratio defined as the ratio of known particle
radius and tube radius instead. The word particle in this
Section may refer to a drug molecule or bacteria depending
on the context of discussion. By using the notations from the
previous section, the relative particle ratio for drug molecule
A@® and for bacteria A®e@ are defined as

rug)_ r _ B
M= leapillary) — (eapillary) 0.000156 (€]
and Y :
(b ) ) —(bacteria) 3 [ r&})acterla)) rl(bacterla)
A acteria) _ T

= I_(capillary) =0.21 @

- r(capillary)

From the relative particle ratios in Equations 1 and 2, it
can be seen that the relative drug ratio is much smaller than
that of bacteria (A®acteri > due))  gince GUrue)>Ghacera) gnd
yparticle) = Glparticle)y; blood) - this jmplies that the flow velocity of
drug molecule v@® is obviously much higher than that of
bacteria v®>® [3], Thus, chasing and binding done by a drug
molecule against bacteria is possible.

Position Probability Factor

The collision of drug molecules and bacteria can be modeled
by modifying the probabilistic model of ship grounding which
focused on traveling through a waterway in a straight forward
line [4]. In our work, this probability is defined as the ratio of
the projection area of bacterium to the contact area. Figure 1
shows different scenarios of how bacteria and drug molecules
contact each other from various angles. However, the other
human vessels, except capillaries, are not considered for
evaluation since the local lag coefficient of drug molecule
GU® is equal to local lag coefficient of bacteria G®®, This
means that drug molecule cannot chase bacteria because both
have the same flow speed as discussed in Section 2.1. Thus,
our position probability factor is

bacteria
f(drug)_‘_ r\(/v )

(f(dr“g)ﬁ]
p(posltlon) — 2 (3)
[r(capillary)

Binding Probability Factor

Once a drug molecule collides with bacteria, the drug molecule
must bind with a disk of receptor, i.e., an active site of PBPs, to
inhibit the signal transduction pathways for cell wall synthesis
by competing with NAG and NAM, as substrates, used for cell
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wall synthesis. In this study, binding probability from Berg and
Purcell’s study [5] must be modified because drug molecules
can bind only the half of size of bacteria. Since the current of
drug molecules is unidirectional, they can bind only bacterial
receptors at one side of bacteria. Then, binding probability in
this study is as follows:

indi 1 r(receptor)N(receptor)
p(b nd ng)ZE @

—(bacteria)

+ r(receptor)N(receptor)

Where NCeeron s the number of receptors on the cell
surface and r@eren js the radius of disk of the receptor of
bacteria.

Capture Probability Factor

During colliding between drug molecule and bacteria, the
drug molecule can deviate or be deviated by some factors.
Thus, Berg and Purcell’s study [5] defined the probability of
ligands capturing the receptor on cell surface. In this paper,
since drug molecules can deviate from the straight direction
toward the position of bacterial target, capture probability
must be calculated from the length between bacteria and drug

molecules that drug molecules can follow bacteria to bind is

1@pillay) - ywhere 1@@pilay) js the length of capillary and ;(ba“eria)

is the average radius of prolate spheroidal bacteria. Thus, our
capture probability factor is as follows:

—(bacteria)

(capture) __ r
p ~ —(bacteria) + l(capillary) (5)
r

Orientation Probability Factor

In the aspect of chemical reaction, the reaction of particles will
occur when particles collide with their accurate orientations in
space. This implies that accurate orientations can increase the
probability of collision and rate of reaction. Taroni et al. [6]
defined the probability of attaching between a binding site of
substrate and an active site of enzyme is the ratio of the surface
area of amino acid binding to the molecule to the total surface
area. In this paper, since drug molecule must bind a disk of
receptor or an active site of PBPs with its binding site, i.e. beta-
lactam ring of the drug molecule, orientation probability must
be evaluated. Hence, our orientation probability factor is the
ratio of binding area of drug molecule to the total surface area
of drug molecule, i.e.,

5 5 (drug)
(orientation)z E (drug) rl— in!
P ( 2 J/ 2n[rw ) [1+er§f“‘g) sin eJ (6)

Where z is the diameter of binding site of drug molecule
2
(beta-lactam ring) and e= 1_[r$rug) /rl(dmg)J )

Total Probability

The total probability of drug molecule to interact with bacteria
is computed from the probabilities of all factors which are
position probability, binding probability, capture probability,
and orientation probability.

p(total) — p(position) X p(binding) X p(capture) X p(orientation) (7)

Each probability in equation (7) can be computed from
equations 3-6, respectively.

Duration of Treatment by Dynamic Drug
Model

From Section 2.1, the relative velocity with respect to those of
drug molecule and bacteria is defined as

V(relative) — V(drug) _V(bacteria) — (G(drug) _G(bacteria)) V(capillary) ( 8)

Where GUv® and G®*id are the local lag coefficients
of drug molecules and bacteria (with GUue® > Gbacteria)
respectively. Once the relative velocity of drug molecules and
bacteria is known, the number of drug molecules within a
capillary tube at any unit time must be estimated before the
computation of mortality rate of bacteria. The cross-sectional

area of capillary s (rapillam) ’ is multiplied to the relative
velocity to get the flow rate of drug molecules by blood
volume. The blood volume can be transformed into the mass
of drugs by multiplying the blood volume by the function
of plasma drug concentration c(t) at time t. The obtained
result can be interpreted as the flow rate of drug mass. To
link drug mass with the number of drug molecules, the drug
mass is divided by the molecular mass of drug molecule M and
multiplied by Avogadro’s number A. Therefore, the number of
drug molecules N@® at a given flow rate is equal to:

nr(capillary) ZC (t)A(G(drug) _G(bacteria) )V(capillary) (9)
M

To estimate the flow rate of drug molecules in host blood
physiology, the capillary transit time t and the circulatory time
vy [7,8] when drug molecules chase a bacteria in capillary must
be involved. Then, ratio of time that drug molecules travel only
in capillaries is 1/y. Furthermore, only drug molecules in free
form (not bounded with plasma protein) actually binding with
the bacteria are taken into account. Thus, free drug fraction,
denoted by o and defined as the ratio of free (unbound) drug
molecules to all drug molecules, is also considered. Other
parameters to be considered are the number of capillaries
in human body defined as N©»!a) and the number of drug
molecules that can kill only one bacterium defined as N,
The number of bacteria killed by drug molecules per second
(called bacterial death rate ¢(t) can be computed by the
following equation.

N(drug) —

TEO(.N(Capillary)Tr(caPﬂlary) ZC (t)Ap(total)
(G(drug) _ G(bacteria) ] V(Capillary) ( 1 O)

o(t)= NED

Thus, the bacterial population at time t, denoted as P(t),
can be evaluated from its dynamical system in the form of the
first order linear differential equation with the birth-death rate
of bacteria itself (denoted as g and w), and the bacterial death
rate due to drug previously computed as ¢(t) in the following
equations.

5 P(O)=(ew)P(t)-0(t) an
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First, to solve Equation (11) for evaluating duration of
treatment, assume that the plasma drug concentration C(t)
can become a constant k. Then, the bacterial death rate
becomes a function of the constant k instead of time t and ¢ (k)
is used instead of ¢(t). Finally, after solving equation (11), the
bacterial population P(t) from equation (11) can be written
as follows.

)
g-u

P(t) =exp((g0)0) (P(O)-%j (12)

Combination Therapy and Effect of Drug
Resistance

Antagonist effect can also be found. We will use this principle
of proportion [9] to apply with our bacterial death rate by

K(agonist)

agonist)

multiplying T , where K@nist and K@gonist gre

K
two plasma concentrations of agonist and antagonist drugs,
respectively. Thus, the bacterial death rate in this case is

+K(antagonist)

K(agonist)

_ lagonis) (agonist) J
K(agonist) +K(antagonist) ) ¢ [K ’

Drug resistance of bacteria can be evaluated by defining
the potency of the drug resistance as m (0<n<1), then
(1-m)K@eenist is the effective plasma drug concentration for
killing bacteria without considering drug resistance. In this
study, the potency of the drug resistance in our numerical

. ® .
example is n= —N(B)NN(PBP) , where N®” and N® is the number
+

of two enzymes: PBPs and beta-lactamase, respectively. Note
that beta-lactamase is a bacterial enzyme destroying beta-
lactams, which is one of the mechanisms of drug resistance
of bacteria.

Dual effect contains different drug action such as beta-
lactams with beta-lactamase inhibitor for treating in the
case of drug resistance. In the case of dual drug action, our
numerical example uses clavulanic acid as a dual drug for
inhibiting beta-lactamase (beta-lactamase inhibitor). Thus,

Table 1: The parameters used in our numerical example of patient with N. meningitidis infection

Parameters Value Description Source
Gldrug) 1 Lag coefficient of drug molecule [3]
G acteria) 0.99 Lag coefficient of bacteria? [3]
r(dmg) 0.8142 Half-length of drug molecule (nm)® c
1
r(dr"g) 0.3552 Half width of drug molecule (nm)® c
z 0.2105 Diameter of binding site of drug molecule (nm)® c,d
r(bacteria) 1 Half-length of bacteria (um)? [12]
1

r(bacteria) 0.5 Half width of bacteria (um)? [12]
plrecepton) 0.1052 Radius of receptor (nm)? [12]
N (receptor) 3,100 Number of receptors of bacteria® [5]
g 0.48 Growth rate of bacteria (/day) [10]
n 0.33 Death rate of bacteria (/day) [8]
v 60 Blood circulatory time (s) [8]
rlcapillary) 0.003 Radius of capillary (mm) [7]
T 1 Transit time of capillary (s) [7]
|(capillary) 0.2 Length of capillary (mm) [13]
yi{capillary) 0.3 Blood velocity in capillary (mm/s) [7]
N(eapillary) 10° Number of capillaries [14]
A% 5 Whole blood volume (1) [15]
K 18.18 Average plasma ceftriazone concentration (ug/ml) [16]
o 0.05 Free drug fraction [16]
A 6.02x10% Avogadro’s number [17]
M 661.59 Molecular weight of ceftriazone [16]
k* 2.55 Average plasma clavulanic acid concentration (ug/ml) [18]
M* 199.16 Molecular weight of clavulanic acid [19]

N. meningitides: Neisseria meningitides. *Using Neisseria meningitidis for our numerical example, *Using ceftriazone for our numerical example, “Measured by using
Accelrys Discovery Studio 3.5 client (DS visualizer) program, ‘Calculated by using a program
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NG KM ;
— —==——  is the
LoN® NP R +{K /M
potency of dual drug action, k and k* are plasma drug and
dual drug concentration, M and M* are molecular weight of
drug and dual drug, respectively.

k, where o

the effective plasma ceftriaxone concentration, that can kill
bacteria, is C

Since our numerical example uses clavulanic acid as
dual drug inhibiting beta-lactamase in bacteria [10]. Thus,
we construct this probability, named dual action probability
and defined as p“@®. By using the fact that the active site of
beta-lactam inhibiting enzyme (beta-lactamase) can choose
ceftriaxone (beta-lactams) or clavulanic acid (beta-lactam
analogs) by proportion of both molecules, then we have

N g (k/M)

NAN AL MK /M)

(dual) —

p (13)

Where A is the Avogadro’s number, k and k* are
plasma drug and dual drug concentration, respectively, V is
patient’s whole blood volume, N and N* are the number of
drug molecules and dual drug molecules in patient’s blood,
respectively.

RESULTS AND DISCUSSION

In this study, our first scenario or assumption is that there are
patients’ infected N. meningitidis with their different bacterial

Table 2: The parameters for evaluating the local lag coefficient

loads. These patients are treated by ceftriaxone, derivatives
of the 37 generation cephalosporin. All parameters used
in our simulation are summarized in Table 1. The plasma
concentration of ceftriaxone is calculated using time-
weighted average plasma drug concentration with 0.5 g IV*
(first row) of Table 2 in [11]. The results of monotherapy
and combination therapy were reported in the following
Sections.

Results of Monotherapy, Combination
Therapy, and Drug Resistance

Figure 2(b) illustrates the logarithmic plots of different
bacterial loads with the fixed plasma drug concentration. It
is noticeable that the maximal of the initial bacterial loads of
this figure does not decline, but still increases continuously.
This means that the given plasma drug concentration cannot
diminish or eliminate this initial bacterial density. On the
contrary, the other bacterial loads below 1x107 copies/ml
blood can be cleared within 1-7 days. After the patients have
received antibacterial drugs, bacterial load in each patient
gradually declines except for the one that still increases since
this plasma drug concentration level is not enough to wipe out
all bacteria from the patient’s blood.

Figure 2(c) demonstrates the normal plots of various
bacterial loads. Those initial bacterial loads below
1.5%x107 copies/ml blood go down and become zero within

Description r,(um) r (m) I (um) € A G g (/day) pu (/day) N/A N/A Reference
Bacteria
P aeruginosa 1 0.275 0.57 3.64 0.019 0.995 0.48 0.33 N/A N/A [12,10]
Antibiotics r, (um) r_ (um) - £ A G M A K k Reference
(uwm) (ug/ (ug/
ml) ml)
Penicillins
Amoxicillin 0.7768 0.3396 0.4474 2.2876 1.49x10° 1 365.4042 0.85 5.6 0.21 [19,21]
Ampicillin 0.7265 0.4517 0.5292 1.6084 1.76x10° 1 349.4048 0.8 4.8 0.18 [19,21]
Cephalosporins
1%t generation
Cephalexin 0.702 0.3237 0.4190 2.1687 1.40x10° 1 347.3889 0.895 16 0.598 [19-22]
Cefazolin 0.8931 0.304 0.4353 2.9377 1.45x10° 1 454.5072 0.26 188 7.031 [19-22]
2 generation
Cefuroxime 0.8949 0.4559 0.5709 1.9626 1.90x10° 1 424.3852 0.7 51 1.907 [20-22]
Cefoxitin 0.9067 0.3372 0.4689 2.6893 1.56x10° 1 427.4521 0.27 110 4.114 [20-22]
3 generation
Cefotaxime 0.8388 0.4600 0.5620 1.8235 1.87x10° 1 455.4655 0.64 46 1.720 [20-22]
Ceftazidime 0.8299 0.6039 0.6715 1.3742 2.24x10° 1 546.5761 0.9 69 2.580 [20-22]
4th generation
Cefepime 0.9549 0.4605 0.5872 2.0738 1.96x10° 1 480.5611 0.8 70 2.618 [19-21,23]
Phagocytes r,(um) r, (um) (um) € A G N/A N/A N/A N/A Reference
Neutrophil 8 8.618 1.25  0.2873 0.95 N/A N/A N/A N/A [24]
Macrophage 10 5 7.937 4 0.2646 0.94 N/A N/A N/A N/A [24]

P aeruginosa: Pseudomonas aeruginosa
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Figure 2: Our estimation results with different values of bacterial load, plasma drug concentration, number of post-admission days. (a) Linear
regression analysis showing decline in bacterial DNA load from sequential EDTA samples [20]. (b) The logarithmic plots between time post-
admission (day) and different initial bacterial loads with fixed plasma drug concentration. (c¢) The normal plots between time post-admission
(day) and different initial bacterial loads with fixed plasma drug concentration. (d) The logarithmic plots between time post-admission day)
and the same initial bacterial load with different plasma drug concentrations. (e) The normal plots between time post-admission (day) and
the same initial bacterial load with different plasma drug concentrations. (f) Our results of no drug resistance, drug resistance, and dual

therapy
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Figure 3: (a-1) show the numerical results between bacterial load of Pseudomonas aeruginosa and time after antibiotics administration. Amoxicliin
in (a-c) and ampicillin in (d-f) of penicillin group, cephalexin in (g-i) and cefazolin in (j-1), representing 1% generation of cephalosporins were used
for these simulations with/without resistance and with dual action of clavulanate as beta-lactamase inhibitors

2-7 days. At the initial bacterial load, 1.5X107 copies/ml
blood, there is no way for this bacterial load to become zero or
be completely eliminated.

In Figure 2(d), the logarithmic plots of different plasma
drug concentrations with a fixed initial bacterial load, 107
copies/ml blood are considered. It can be observed from these
four plots that the time for treatment is about 2-11 days to

clear bacteremia while the average plasma drug concentration,
10 pg/ml, cannot reduce the bacterial density.

Peak and Mean Plasma Drug
Concentration

All antibiotics, such as penicillins and cephalosporins, are
complex to compare with each numerical result due to their
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Figure 4: (a-1) shows the numerical results between bacterial load of Pseudomonas aeruginosa and time after antibiotics administration.
Cefuroxime in (a-c) and cefoxitin in (d-f), representing 2" generation of cephalosporins, cefotaxime in (g-i) and ceftazidime in (j-1), representing
3 generation of cephalosporins are used for these simulations with/without resistance and with dual action of clavulanate as beta-lactamase

inhibitors

drug dosage and plasma drug concentration. However, the
peak plasma drug concentration can be available. Our model
is based on the proportion of mean and peak plasma drug
concentration of ceftriaxone. The profile of ceftriaxone
concentration is given in Table 2 [22]. This section
introduces peak plasma drug concentration of penicillins and
cephalosporins to use them with other bacteria, P aeruginosa

for generating numerical results. Furthermore, these
following variables are used for generating results: r, and r

are half of length and width, respectively. ;=,3I(rw )2rl is the

geometric mean. e=r/r,, and A=r/r(1Y) are the particle
aspect ratio and the relative particle radius, respectively, and
used for finding the local lag coefficient. G=vParticle) /y(luid) jg
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Figure 5: (a-c) The numerical results between bacterial load of Pseudomonas aeruginosa and Time after antibiotics administration. Cefepime
in (a-c), representing 4" generation of cephalosporins, used for these simulations with/without resistance and with dual action of clavulanate
as beta-lactamase inhibitors. (d-h) show the curve fitting of orientation probability factor, dual action probability and bacterial death rate with/

without resistance and dual action

the local lag coefficient. v@®i® and v®tde) are two velocities
of fluid and particle, respectively, moving by convection of

fluid. K and k=K(

K (cefiriazone)

K(cefrriazone)

) are peak and mean plasma

drug concentration, where Keefriaxond=123 ,o/ml and
k(cefriaxone) =4 6 ,9/ml are peak and mean plasma ceftriaxone
concentration, used for calculating k. M and o are the
molecular weight and free fraction of drug molecules. N/A
is non-applicable. Length and width of drug molecules are
measured using Accelrys Discovery Studio 3.5 client (DS
Visualizer) program.

Results of Penicillin Group and
Generations of Cephalosporin with
P aeruginosa

Other cell wall inhibitors, besides ceftriaxone, such as
amoxicillin or ampicillin in penicillin group and 1% to
4% generation of cephalosporin are considered with the growth
and death rate of P aeruginosa, denoted by g and n in Table 2,

which are, respectively. Figures 3a-1 and 4a-1, and 5a-c show
the numerical results of both penicillins and cephalosporins
with P aeruginosa.

Figure 5d-h shows five the fitting curves for the analysis
of penicillin group and 1% to 4™ generation of cephalosporin.
First, in Figure 5(d), the orientation probability factor from
penicillin group to 4™ generation goes down, implying that
the chance or probability of beta-lactamase for destroying
beta-lactams in the mechanism of bacterial resistance
decreases. This can be explained by increasing the steric
effect of R-group or functional group of beta-lactams and
then orientation probability factor decreases. Thus, this result
confirms that the development of beta-lactams can prevent
from bacterial resistance. Second, in Figure 5(e), the efficacy
of dual action is higher by upgrading from penicillin group
and 1% to 4% generation of cephalosporin. The reason is that
beta-lactamase in bacteria cannot split many classes of beta-
lactams with two previous reasons and then beta-lactamase
will bind clavulanic acid instead of high beta-lactams.
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Finally, beta-lactamase is inactivated by clavulanic acid as
beta-lactamase inhibitor. This result also confirms that high
developmental beta-lactamase inhibitors can prevent from
bacterial resistance. Other three Figures 5f-h show that the high
beta-lactams can increase bacterial death rate with/without
resistance and with dual action. In conclusion, bacterial death
rate in our model, consisting of the orientation probability
factor, and dual action factor in this section, satisfies the low
to the high potency of penicillin and cephalosporin.

CONCLUSION

In this study, a set of mathematical models of bacteria in
patient’s blood after antibiotic treatment were focused using
PD, physics, and chemistry. The proposed models can capture
the recuperation behavior and time of patients treated
with antibiotics for clearing bacteria in patient’s blood. The
probability of drug molecule binding bacteria was determined
by assuming drug molecules to be spherical and bacteria to
be prolate spheroid. All bacteria have different orientations.
Furthermore, the mortality rate of bacteria in blood circulation
due to drug, the relationship between the population of
bacteria with respect to time, and the duration of treatment
were modeled. Finally, we hope that our models will be an
alternative choice for evaluating the duration of the treatment
of patient with bacterial infection in blood.
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