‘ Marked by Teachers

IB HL Maths

Modelling the Course of a Viral Illness and its Treatment

Candidate Name: Sherul Mehta
Centre Number:002144
Candidate Number: CSY 114



Contents

Introduction --------------mmmmm e pg3

Modelling infection

I B i pgd
I R e pg7
Modelling Recovery
@ Part3. - - - - e e e e e e e e o pgll
I A e R pgl6
@ Part5. === - - - e e e e e e e e e e mm o pgl8
I R e pg20
Analysing your models - - ---------------------- pg24
Applying your model
. Part7. == === === = s e e e e e e - - - pg26



‘ Marked by Teachers

Introduction

Through this coursework I will investigate the case of a standard adult patient who is
infected by a virus and produce models to explain the entire process. I will look at the
replication rates of the virus at different stages. Then I will show what happens when
the immune response begins and how to eliminate the viral particles. Then I will show
how and when medicine can be administered and I’ll portray its effects on the patient.
To help recover the patient, I will determine how much medicine is required and at
what levels. I will also explain how additional dosage can help maintain the
medication level. Penultimately, I will work out what is the last point when a patient
can be given medicine and if it is given at the last possible time I will find out how
long it will take for the patient to fully recover. Finally, I will identify reasons to why
my models would have to be modified if the patient was a young child instead of an
adult.
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1. Model the initial phase of the illness for a person infected with 10 000 viral
particles to determine how long it will take for the body’s immune response to begin

From the information given, at 0 hours there are 10 000 viral particles. Since it
increases by 200% I could formulate an equation (Using Excel) that would show the
number of particles after every 4 hours:

A B

1 Hours No. Particles
2 0 10000

3 4 =200/100*B2
4 8 =200/100"B3
5 12 =200/100"B4
6 16 =200/100*B5
7 20 =200/100*B6
8 24 =200/100*B7
9 28 =200/100"B8

This gave me the following results:

Hours |No. Particles
0 10000
4 20000
8 40000
12 80000
16 160000
20 320000
24 640000
28 1280000

Using this information I was then able to produce plot the points on a graph (using
Autograph 3.2).
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I chose the function y = ax10™ and using the Constant Controller option in Autograph
I altered the constants @ and n. Hence I was able to draw a curve of best fit:
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Using the constant controller the value I got for constant @ was 10000 and for constant
n it was 0.0753. This gave me the following equation for the curve:
y=10000x10*""*>.

This gave me the following graph:

Model 1: Initial phase of the illness where there are 100000 viral particles
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Using the equation found above, I was able to determine how long it would take for
the immune response to begin (after there are 1 million particles):

y=1000000
x=Time

1000000=10000x10 %0733
100=10°-0753x

Logi0100=0.0753xLog 910 (Logio10=1)
2=0.0753x

x=26.56 (2 d.p.)

26.56hrs = 26hrs 33mins 36secs
It would take 26hrs 33mins 36secs for there to be 1 million particles and the immune

response to begin.

To re-check my solution I added the equation y=1000000 to my graph. Using the

‘point mode’ in Autograph I was able to place a point where the two functions
intersected:

m '4 [ virus Modelling Q1 i
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As we can see in the red circle y will = 1000000 (1E+06) when x = 26.56.

Therefore, from both the methods it can be seen that it would take 26.56hrs = 26hrs

33mins 36secs for the immune response to begin for a person that that was infected
with 10000 viral particles.
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is left untreated.

2. Using a spreadsheet, or otherwise, develop a model for the next phase of illness
when the immune response has begun but no medications have yet been administered.
Use the model to determine how long it will be before the patient dies if the infection

The immune response begins after there are 1 million virus particles (26h 36mins).
The patient dies when there are 10'* particles.

Since it increases by 160% I could formulate an equation (Using Excel) that would
show the number of particles after every 4 hours. However 50000 would be

eliminated every hour so in 4 hours 200000 would be eliminated:

Note: For convenience I have started at 0 hours. There are 1000000 particles after
26.56 hrs and therefore that will be added when I do further calculations.

The table created using Excel:

A B Hours No. Particles
1 Hours No. Particles 0 1000000
2 0 1000000 4 1400000
3 4 =(160/100*B2)-(50000*4) 8 2040000
4 8 =(160/100*B3)-(50000*4) 12 3064000
5 12 =(160/100*B4)-(50000*4) 16 4702400
6 16 =(160/100*B5)-(50000*4) 20 7323840
7 20 =(160/100*B6)-(50000*4) 24 11518144
8 24 =(160/100*B7)-(50000*4) 28 18229030.4
9 28 =(160/100*B8)-(50000*4) 32 28966448.64
10 32 =(160/100*B9)-(50000*4) 36 46146317.82
11 36 =(160/100*B10)-(50000%4) 40 73634108.52
12 40 =(160/100*B11)-(50000%4) 44 117614573.6
13 44 =(160/100*B12)-(50000%4) 48 187983317.8
14 48 =(160/100*B13)-(50000*4) 52 300573308.5
15 52 =(160/100*B14)-(50000%4) 56 480717293.6
16 56 =(160/100*B15)-(50000%4) 60 768947669.7
17 60 =(160/100*B16)-(50000%4) 64 1230116272
18 64 =(160/100*B17)-(50000%4) 68 1967986035
19 68 =(160/100*B18)-(50000%4) 72 3148577655
20 72 =(160/100*B19)-(50000%4) 76 5037524248
21 76 =(160/100*B20)-(50000%4) 80 8059838797
22 80 =(160/100*B21)-(50000*4) 84 12895542076
23 84 =(160/100*B22)-(50000%4) 88 20632667321
24 88 =(160/100*B23)-(50000%4) 92 33012067714
25 92 =(160/100*B24)-(50000%4) 96 52819108343
26 96 =(160/100*B25)-(50000%4) 100 84510373349
27 100 =(160/100*B26)-(50000%4) 104 135216397357.68
28 104 =(160/100*B27)-(50000%4) 108 216346035772.29
29 108 =(160/100*B28)-(50000%4) 112 346153457235.66
30 112 =(160/100*B29)(50000*4) 116 553845331577.05
31 116 =(160/100*B30)-(50000%4) 120 886152330523.28
32 120 =(160/100*B31)-(50000%4) 124 1417843528837.25
33 124 =(160/100*B32)-(50000%4)
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Using this information I was then able to produce plot the points on a graph (using

Autograph 3.2).
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Note: In the graph it uses E-+n. This is equivalent to x10".
Again I chose the function y = ax10™ and using the Constant Controller option in
Autograph I altered the constants a and n. Hence | was able to draw a curve of best

fit:
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Using the constant controller the value I got for constant @ was 1000000 and for
constant n it was 0.0496. This gave me the following equation for the curve:
y=1000000x10""*,

This gave me the following graph:

Model 2: The next phase of the illness, the immune response has begun and 50000 are
particles are being eliminated. No medication has been issued vet
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Using the equation found above, I was able to determine how long it would take for
the patient to die (after there are 10'* particles):

y=1000000x 100426
y=1000000
x=Time

10000000000 00=1000000x10 **+***
1000000=10 """
Log01000000=0.0496xLog 1910 (Log 010 = 1)
6=0.0496x

x=120.97 (2 d.p.)

120.97hrs = 120hrs 58mins 12secs

120.97hrs is not how long it will take for the patient to die. As I mentioned above it
would take 26.56 hrs before the immune response would begin and so that has to be
added. Therefore it would take (120.97+26.56) 143.53hrs = 143hrs 31mins 48secs for
the patient to die.
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To re-check my solution I added the equation y=1x10"? to my graph. Using the ‘point
mode’ in Autograph I was able to place a point where the two functions intersected:
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As we can see in the red circle y will = 1000000000000 (1E+12) when x =12 1(The

programme has rounded it up.

Therefore, from both the methods it can be seen that it would take 143.53hrs = 143hrs
31mins 48secs for the particles to reach 10'? and the patient to die.
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3. If the person is to make a full recovery, explain why effective medication must be
administered before the number of viral particles reaches 9 to 10 million

To find out till what point the medication would be effective, I analysed what the
medication would do when there are 8, 9 and 10 million particles. I decided to also try
test the medication when there are 8 particles so that I could make sure that the
medication definitely works effectively then.

Note: In the results, when there are less than 1 million particles, the fact that the

immune system is not responding is not considered.

We know that the medication does not affect the rate of replication and therefore that
would be 160% every 4 hours. To know how much the particles would replicate every
1hr, it would be (160/100)** as it is a quarter of the total time (1.6°% is the
replication rate/hr). We also know that the medication together with the immune
system would eliminate 1.2 million particles every 1 hour. Using this information |
was able to produce a table using Excel:

8 million particles

Hours

No. Particles

8000000

7797461.203

7569669.332

7313475.767

7025339.309

6701277.234

6336810.24

5926900.536

5465882.203

4947382.883

4364235.694

3708380.167

2970750.835

2141151.922

1208116.419

158747.5758

-1021459.356

A B

1 Hours No. Particles

2 0 8000000

3 1 =(B2*(1.60.25))-1200000
4 2 =(B3*(1.60.25))-1200000
5 3 =(B4*(1.6"0.25))-1200000
6 4 =(B5*(1.6"0.25))-1200000
7 5 =(B6*(1.6"0.25))-1200000
8 6 =(B7*(1.6"0.25))-1200000
9 7 =(B8*(1.6"0.25))-1200000
10 8 =(B9*(1.6"0.25))-1200000
1 9 =(B10*(1.6%0.25))-1200000
12 10 =(B11*(1.6%0.25))-1200000
13 11 =(B12*(1.6"0.25))-1200000
14 12 =(B13*(1.670.25))-1200000
15 13 =(B14*(1.6"0.25))-1200000
16 14 =(B15*(1.60.25))-1200000
17 15 =(B16*(1.60.25))-1200000
18 16 =(B17*(1.610.25))-1200000
19 17 =(B18*(1.6%0.25))-1200000

JlolalnlalnDla|lo|e|N|oja|sjw v 2o

-2348817.615

11




‘ Marked by Teachers

Using this information I was able to plot a graph which would show the effect of
medication when there were 8 million particles:

Model 3a: The effect of medicine after there were 8 million viral particles
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As it evident from the graph, the particles go below 0 after 15 hours. Therefore if a
patient took medication when he/she had 8 million viral particles then he/she would
be fully cured between 15-16hrs as all the particles are eliminate then and thus the
medication would be effective.

Now I went through the same process again but this time testing whether the
medication would work effectively if he/she had 9 million viral particles.

The results can be seen on the following page:

12
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9 million particles

Using the data above, I plotted a graph:

A B Hours No. Particles
1 Hours No. Particles 0 9000000
2 0 9000000 1 8922143.853
3 1 =(B2*(1.6"0.25))-1200000 2 8834580.396
4 2 =(B3*(1.6"0.25))-1200000 3 8736099.295
5 3 =(B4*(1.6"0.25))-1200000 4 8625339.309
6 4 =(B5*(1.6"0.25))-1200000 5 8500769.475
7 5 =(B6*(1.6"0.25))-1200000 6 8360667.943
8 6 =(B7*(1.6"0.25))-1200000 7 8203098.181
9 7 =(B8*(1.6"0.25))-1200000 8 8025882.203
10 8 =(B9*(1.6"0.25))-1200000 9 7826570.468
11 9 =(B10*(1.670.25))-1200000 10 7602408.018
12 10 =(B11*(1.670.25))-1200000 1 7350296.399
13 11 =(B12*(1.670.25))-1200000 12 7066750.835
14 12 =(B13*(1.6"0.25))-1200000 13 6747852.058
15 13 =(B14*(1.6"0.25))-1200000 14 6389192.137
16 14 =(B15*(1.6"0.25))-1200000 15 5985813.547
17 15 =(B16*(1.60.25))-1200000 16 5532140.644
18 16 =(B17*(1.670.25))-1200000 17 5021902.602
19 17 =(B18*(1.670.25))-1200000 18 4448046.729
20 18 =(B19*(1.670.25))-1200000 19 3802640.984
21 19 =(B20*(1.670.25))-1200000 20 3076764.34
22 20 =(B21*(1.670.25))-1200000 21 2260383.472
23 21 =(B22*(1.670.25))-1200000 22 1342214.075
24 22 =(B23*(1.670.25))-1200000 23 309564.8829
25 23 =(B24*(1.6"0.25))-1200000 24 -851837.747
26 24 =(B25*(1.6"0.25))-1200000 25 -2158047.135
27 25 =(B26*(1.60.25))-1200000

Model 3b: The effect of medicine after there were 9 million viral particles
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Again we can see from the graph that the medication would be effective when it is
administered to a patient who has 9 million viral particles. Such a patient would be
cured between 23-24hrs as the particles are below 0 then. Its effect would be slower

than a patient who has 8 million particles but they would still be cured.

Now I did the same for a patient with 10 million viral particles.

10 million particles

A B Hours No. Particles
1 Hours No. Particles 0 10000000
2 0 10000000 1 10046826.5
3 1 =(B2*(1.6"0.25))-1200000 2 10099491.46
4 2 =(B3*(1.6"0.25))-1200000 3 10158722.82
5 3 =(B4*(1.6"0.25))-1200000 4 10225339.31
6 4 =(B5*(1.6"0.25))-1200000 5 10300261.72
7 5 =(B6*(1.6"0.25))-1200000 6 10384525.65
8 6 =(B7*(1.6"0.25))-1200000 7 10479295.83
9 7 =(B8*(1.6"0.25))-1200000 8 10585882.2
10 8 =(B9*(1.6"0.25))-1200000 9 10705758.05
1 9 =(B10*(1.6"0.25))-1200000 10 10840580.34
12 10 =(B11*(1.6"0.25))-1200000 11 10992212.63
13 11 =(B12*(1.6"0.25))-1200000 12 11162750.83
14 12 =(B13*(1.6"0.25))-1200000 13 11354552.19
15 13 =(B14*(1.6"0.25))-1200000 14 11570267.86
16 14 =(B15*(1.6"0.25))-1200000 15 11812879.52
17 15 =(B16*(1.6"0.25))-1200000 16 12085740.64
18 16 =(B17*(1.6"0.25))-1200000 17 12392622.82
19 17 =(B18*(1.6"0.25))-1200000 18 12737767.88
20 18 =(B19*(1.6"0.25))-1200000 19 13125946.54
21 19 =(B20*(1.6"0.25))-1200000 20 13562524.34
22 20 =(B21*(1.6"0.25))-1200000 21 14053535.82
23 21 =(B22*(1.670.25))-1200000 22 14605767.91
24 22 =(B23*(1.6"0.25))-1200000 23 15226853.77
25 23 =(B24*(1.6"0.25))-1200000 24 15925378.25
26 24 =(B25*(1.6"0.25))-1200000 25 16710996.62
27 25 =(B26%(1.6"0.25))-1200000
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I used the data to plot another graph:

Model 3c: The effect of medicine after there were 10 million viral particles
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It is evident from the graph above that the medication will not be effective. The
particles will keep on increasing. Though the medication will reduce the speed of the
process it will not be able to eliminate all the viral particles.

Now we know that when there are 8 or 9 million particles the medication will be
effective. However when there are 10 million particles the medication is not effective.
So it is clear that after a point between 9 and 10 million particles the medication will
become ineffective.

To work find out what point that is, I used the following formula:

1200000 =p x (1.6 *-1)

e 1200000 is the number at which the particles are eliminated using medication
e pis the number of particles
1.6" 1 is the rate of replication/hr in terms of %

1200000 =p x 0.1246826504
P =9624434.485 (9624434 Rounded up)
So the last point at which the medication will be effective is 9624434 particles. If the

medicine is administered before it reaches that figure than the patient can recover
fully.
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4. Create a mathematical model for this four -hour so that by the end of the four hour
period the patient has 90 micrograms of med ication in their body. Find the solution to
your model analytically, or estimate its solution with the help of technology.

I can work out how many micrograms of medication need to be injected every hour
by putting in a formula in excel using the information provided.

We know that 2.5% of the medication/hr is being eliminated by the kidney. Therefore
we can say that after 1 hour there is 0.975 medication/hr.

A B
1 Hours | Medication/hr
2 1 0.975
3 2 =(1+B2)*0.975
4 3 =(1+B3)*0.975
5 4 =(1+B4)*0.975

Putting in the formula gave me the following results:

Hours | Medication/hr
1 0.975
2 1.925625
3 2.852484375
4 3.756172266

As shown above, I have come to few equations that show how many micrograms of
medicine will be in the body after each hour. To tell how many micrograms of
medicine one needs to inject into the body per hour, he/she has to use the fourth
formula, as this is the end of the four-hour period.

As we can see from the data above, the 5™ row of the table will give us the formula
we need to use since it is the end of the 4 hour period.

90 micrograms = 3.756172266 medication/hr
medication/hr = 23.96056 micrograms per hour

23.96 (2 d.p.) of micrograms need to be injected every hour.

16
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Using the previous figure (23.96056 micrgrams/hr) I created a table which showed
how much quantity of medication there was after every hour and then I used the

information to produce a graph.

Hours Medication/hr Hours | Medication/hr
1 =0.975*23.96056 1 23.36
2 =1.925625*23.96056 2 46.14
3 =2.852484375*23.96056 3 68.35
4 =3.756172266*23.960 56 4 90.00

Model 4: Quantity of medicine injected in the first 4 hours
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From this we can say that 23.96 micrograms of medication needs to be injected every
hour. We can also see from the graph that there is a straight line and therefore the rate
is constant and hence there is continuous intravenous dosing and the same amount of
medication is entering the body at a constant rate.

17
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5. What dosage, D, administered every four hours from the end of the first continual
intravenous phase, would allow for the patient to maintain at least 90 micrograms of
the medication in his system? Make sure you take into account the kidney’s rate
elimination. Explain carefully how you came to this number.

To work out D I used the following formula:
90 = (D + 90) x 0.975*

I got to this equation using a number by taking into account several information:

e We know the eventual medication is 90 micrograms.

e  We use 0.975 because that is the medication used every hour as the kidney is
eliminating 2.5% of the medication injected.

e Since it is a four hour period and the same amount of medication is injected
every hour we have 0.975%,

e We need to find out how much D is added to the 90 micrograms so that it is
maintained after all the eliminating.

I then worked out D:
90
;— 90=D
0.975

D =9.591906601
D =9.5919 micrograms (4 d.p)

To show how the dosage worked I made a table using excel. I multiplied the
micrograms by 0.975 after every hour because the kidney is eliminating the dosage.
The table shows how much quantity of medication there is after every hour.

A B

1 Medication Medication (Micrograms

Hours (Micrograms) Hours 2d.p.)
2 0 =90+9.5919 0 99.59
3 1 =B2*0.975 1 97.10
4 2 =B3*0.975 2 94.67
5 3 =B4*0.975 3 92.31
6 4 =B5*0.975 4 90.00
7 5 =B6+9.5919 5 99.59
8 6 =B7*0.975 6 97.10
9 7 =B8*0.975 7 94.67
10 8 =B%9*0.975 8 92.31
11 % =B10*0.975 9 20.00
12 10 =B11+9.5919 10 99.59
13 11 =B12*0.975 11 97.10
14 12 =B13*0.975 12 94.67
15 13 =B14*0.975 13 92.31
16 14 =B15*0.975 14 90.00
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Note: The rows highlighted in blue indicate the point where dosage (every 4 hours)
was added.

I used this data to produce a graph:

Model 5: The quantity of medicine over a period of time — Dosage is regularly added

400 T Mesicstion (Mierograms)

Time (Hours)

Note: The y-axis starts from 85 so that is easier to read and analyse the graph.

This graph shows the amount of medication inside the patient’s body every hour. The
graph shows that the maximum point is 99.52 micrograms as this is the point where
more dosage is added. It also shows that the kidney is eliminating 2.5% of the dosage
every hour and therefore the quantity decreases gradually until more dosage is added.
The graph shows that the minimum point is 90 micrograms and therefore that amount
is maintained throughout the time period.

So through my methods it is clear that 9.5919 micrograms of dosage needs to

administered to maintain the quantity of medication above 90 micrograms at any
point.
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6. Determine the last possible time from the onset of the infection to star t the regimen
of medication. How long it will take to clear the viral particles from the patient’s

system? Show on a graph the entire treatment regimen from the time treatment beings
until the viral particles are eliminated.

Since it has to be from the beginning, I started my working out when the patient was
first infected i.e. there was 1 viral particle. We also know that the particles replicated

at 200% every 4 hours before the immune response began. So to work out how long it

took the immune response to begin once the patient was infected, I first created a
table using excel and used the data gathered to produce a graph using Autograph 3.2:

A B Hours | No. Particles
1 Hours No. Particles 0 1
2 0 1 4 2
3 4 =200/100*B2 8 4
4 8 =200/100"B3 12 8
5 12 =200/100*B4 16 16
6 16 =200/100*B5 20 32
7 20 =200/100*B6 24 64
8 24 =200/100*B7 28 128
9 28 =200/100*B8 32 256
10 32 =200/100*B9 36 512
1 36 =200/100*B10 40 1024
12 40 =200/100*B11 44 2048
13 44 =200/100"B12 48 4096
14 48 =200/100"B13 52 8192
15 52 =200/100*B14 56 16384
16 56 =200/100*B15 60 32768
17 60 =200/100*B16 64 65536
18 64 =200/100"B17 68 131072
19 68 =200/100"B18 72 262144
20 72 =200/100*B19 76 524288
21 76 =200/100*B20 80 1048576
22 80 =200/100*B21 84 2097152
23 84 =200/100*B22 88 4194304
24 88 =200/100*B23 92 8388608
25 92 =200/100*B24 96 16777216
26 96 =200/100*B25
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When I plotted the data this is what the graph looked like:

20000000 T Nurnbet of Paricles
19000000 7
18000000
17000000
16000000
15000000
14000000
13000000 -
12000000 T
1000000 T
10000000
9000000
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7000000 7
E000000 7
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4000000 1
3000000
2000000 7 4

1000000 7 b
. Time (Hours)
(} + " + " + " + " " " " " " " M . 3 L] | ; . ; . ; ,
+ + + + + + + 4

The function I used to get the curve of best fit was y = ax10™ and I used the constant
control option in autograph to find the best fit:
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|
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18000000 T & 5 >
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] =0 | e 0t
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3000000 T : : : : é
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4 & 12 18 20 24 il 32 36 40 44 48 52 56 B0 B4 B& 72 76 80 a4 a8 92 a6 100
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The value I got for constant @ was 1 and the value I got for constant n» was 0.0753.
This gave me the equation for the curve of best fit for this curve which was:
y — 1x100.0753x

Model 6a: Time taken for the immune response to begin after patient is affected
20000000

T Number of Particles
19000000 T
18000000 T
17000000 T
16000000 T
15000000 T
14000000 T
13000000 T
12000000 T
1000000 T
10000000 +
3000000 T f
3000000 T ‘
7000000 T
5000000 T
5000000 T -+
4000000 T ‘
3000000 /

2000000 + s

i
1000000 T T

ye1x1 000753 *"

Time (Hours)

So to work out the exact time for the immune response to begin I used the equation I
found:

y — 10007537{
x = Time (hrs)
y = 1000000 since the immune response begins at 1000000 particles

1000000 = 100733

Log101000000 = 0.0753xLog 1010 (Logi010 = 1)
6=0.0753x

x =79.68hrs (2 d.p)

So we now know that the immune response takes 79.68hrs to begin after 1 viral
particle was found in the body. I also found out in question 3 that the last point at
which medicine could be administered effectively was 9624434 particles. From 1
million particles onwards the particles replicate at 160% and 1.2 million particles are
eliminated every hour. I therefore used the equation I found in Question 2
(y=1000000%10*****) to find out how long it would take the particles to replicate to
9624434 particles:
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y=1000000x 10 0426
x=Time (hrs)
y=9624434 particles

9624434 = 100000010 047

9.624434 = 100496

Log109.624434 = 0.0496x Log 1010 (Logo10 = 1)

0.9833751987 = 0.0496x
x =19.83hrs (2d.p.)

So now we can find out the last possible time medication can be used effectively to
eliminate all particles. It would be 79.68hrs + 19.83hrs = 99.51hrs.

99.51hrs= 99hrs 30mins 36secs is the last time when medicine can be administered.

If medicine was administered at the last point then to work out how long it would take
for all the particles to get eliminated I used the formula I has in Question 3
[(particles*(1.60.25))-1200000] except this time [ used the value 9624434 instead of 8,9

or 10 million.

For convenience the complete table is not displayed. However, here is an extract of'it:

=(B9*(1.6"0.25))-1200000

9624433.089

A B Hours No. Particles

Hours No. Particles 9624434
9624434 9624433.94
=(B2*(1.6"0.25))-1200000 9624433.872
=(B3*(1.670.25))-1200000 9624433.795
=(B4*(1.6"0.25))-1200000 9624433.709
=(B5*(1.6"0.25))-1200000 9624433.612
=(B6*(1.6"0.25))-1200000 9624433.503
=(B7*(1.6"0.25))-1200000 9624433.381
=(B8*(1.6°0.25))-1200000 9624433.243

(

B10*(1.60.25))-1200000

9624432.915

B11%(1.640.25))-1200000

9624432.719

B12*(1.6"0.25))-1200000

9624432.499

9624432.251

9624431.972

— o -
Jlalalnaln2ae e Noa s e

B15*(1.6"0.25))-1200000

alnloln|2lalo|e|N|o|ols|wiv~|o

9624431.659

alnlaln|2|de|e|Njo|o|slw(v|= o

=(B10%(

=(B11*(1

(B12*( )
(B13*(1.6"0.25))-1200000
(B14*(1.6"0.25))-1200000
(B15%( )

(B167(1 )

B16*(1.6"0.25))-1200000

143

8447.98064

145 143

=(B144*(1.6"0.25))-1200000

144

-1190498.703

146 144

=(B145*(1.6"0.25))-1200000
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I then plotted a graph using all the values I found:

Model 6b: The treatment period — From when medicine is administered to when all
the particles are eliminated
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Time: (Hours)
|

L]

-1000000 T

-2000000 ~
It can be seen that if medication was administered when there were 9624434 particles
then it would take between 142-143hrs for all the particles to be eliminated and the
patient’s health to be fully restored.

Strengths and weaknesses of my models and any assumptions made:

Model 1: Initial phase of the illness where there are 100000 viral particles

I believe that this model is quite reliable. It was straight forward to plot as there were
not many calculations to be made. Its strength is that I found an equation that went
through all the points showing that there was a link. From the graph we can find out
the number of particles at any point. However that is assuming that the particles
would follow that curve at every hour and minute. The only weakness I see in it is its
axis intervals. Since they are so large, it is difficult to get an accurate reading.

Model 2: The next phase of the illness, the immune response has begun and 50000 are
particles are being eliminated. No medication has been issued yet

The strength for this graph is again that there is a curve that fits through all the points
showing there is a link. However, one of its major weaknesses is that until ‘88 hours’
it is impossible to take a reading. Due to the scale of the graph, all points up till ’88
hours’ is shown to be on 0 particles. This is not true and it can be see if the graph is
magnified. Another minor weakness is that the y — axis is written in the notation
‘E+n’ and this can create confusion unless it is understood that it represents 1x10".
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Models 3a,b and c: The effect of medicine after there were 8, 9 and 10 million viral
particles respectively

The fact that these graph show what happens at 3 different stages is its biggest
strength. The question asks for only 9 to 10 million viral particles but also doing it for
8 million particles ensures that the hypothesis is correct at that stage. It also shows
what is happening every hour rather than every 4 hours and therefore there is more
detail.

Model 4: Quantity of medicine injected in the first 4 hours

The models main strength is that since it is a straight-line, it proves that the
medication is the constant throughout the 4 hour period. However, one of its major
weaknesses is that to produce the eventual graph I had to go through a number of
processes and formulate several equations. Even if there was a slight error at any
point the model could be incorrect. To some extent that is also a strength as we had to
go step by step which were straightforward and would help understand the situation
more.

Model 5: The quantity of medicine over a period of time — Dosage is regularly added

This model’s main strength is that it is easy to understand what is going on. Also
because the axis intervals are not so large, it is also easy to read of. Its weakness
would be that I had to collect information from the previous question as well and
formulate a few more equations and therefore an error at some point could make the
final model incorrect.

Model 6a: Time taken for the immune response to begin after patient is affected

This model’s strength is that it shows the growth of the particles from its initial stage
i.e. when the first particle entered the body. Its main weakness is the intervals in the
y-axis again. Due to this it seems as if the first for the first few hours the particles
don’t replicate at all. This is not the case. If the graph was magnified, then it could be
seen that in fact the particles are replicating but slowly.

Model 6b: The treatment period — From when medicine is administered to when all
the particles are eliminated

The biggest strength of this model is that it sums up the whole medication treatment.
However its weakness would include the fact the information had to be carefully
gathered from throughout the document and any error at any stage could hinder the
final result. Also because of the axis and the fact that in the initial stages the particles
decreases slowly slightly it seems as if nothing is happening. If it was magnified upon
then it could be seen clearly.
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7. Explain how your models could be modif ied for use if the patient were not an adult,
but a young child.

All the models through this coursework have been based on a standard adult patient.
These models would vary from adult to adult as not everyone’s immune system would
be the exact same. However, more or less the models would be similar as the values
used in this investigation are an estimate of how an adult immune system works.

If the patient was a young child than the models would really look different because
from my research I found that a child’s immune system is not completely developed
until he or she is 14 years old' i.e. the immune system of a child is weaker than that of
an adult. Therefore the models would have to be modified in several ways.

1.

It says in the description that an adult’s immune system would reduce the
replication rate from 200% to 160% every 4 hours. As a child’s immune
system is weaker and therefore the rate will not decrease to 160%.

Also a child’s immune system will not be able to eliminate as much as 50000
particles every hour like the adult one does.

In the ‘Modelling Recovery’ section it states that together with the medication
and the immune system, 1.2 million particles would be eliminated every hour.
Again, as a child’s system is weaker, it will not be able to eliminate 1.2
million particles every hour with medication. Hence, for a child to make a full
recovery, he/she must be given medicine before the particles reach 9624434
which is the figure for the last point of medication for a standard adult.

Also, since the medication would not be as effective in a child, he/she will
need more than the minimum of 90 micrograms of medication.

If more than 90 micrograms of medication will be required than more dosage
will be required to maintain that level.

If I child was infected, then he/she would have to take medication earlier than
an adult would to make a full recovery.

Even when the medication was administered, it would take longer for a child
to recover than an adult would.

As we can see from above, several figures would have to be altered and therefore all
the models in my investigation would have to be modified.

! http://www.whatreallyworks.co.uk/start/kidszone.asp?article ID=559 (accessed on 28™ Oct 2008)
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