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Abstract: In this paper we use Differential Transformation Method [@Tto solve the mathematical modeling of yellow fever
dynamics incorporating secondary host. The DTM numeriohlt®n was compared with the MAPLE RungeKutta 4-th orddre T
variable and parameter values used for analytical solutiere estimated from the data obtained from World Health @imgdion
(WHO) and UNICEF. The results obtained are in good agreemvi¢htRunge-Kutta. The solution was also presented graphiaad
gives better understanding of the model. The graphicalisolilshowed that vaccination rate and recovery rate playta role in
eradicating the yellow fever in a community.
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1 Introduction

Almost all epidemiological models are basically system afiinear ordinary differential equations (ODES). The kor
of mathematical biologist consists of model building, paeter estimation, sensitivity analysis of the model patanse
and numerical simulation.

Yellow fever is caused by the yellow fever virus and is spreathe bite of the female mosquito. It only infects humans,
other primates and several species of mosquito, [1]. Yelémer is one of the world infectious diseases. It was estohat
that 200 000 cases and 30,000 deaths of yellow fever aretegpper year globally, of which 90% are in Africa, [2].

The model equations are formulated using first order orgliddferential equation. Three populations were considere
human, vector (mosquito) and secondary host (monkey) ptipob.

The populations are sub- divided into compartments withurmggions of the nature and rate of transfer from one
compartment to another. We consider the total populatizesstenoted by (t), Ny(t) and Nm(t) for the humans,
mosquitoes (Aedesaegypti) and monkeys respectively. Todehequation is given below and the description of the
variables and parameter is also given in table 1.
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The total populations are gives as

Np =S+ Ih+ Ry
N =Vi+V> (2
Nm:S’n‘F'm

Differential Transformation Method (DTM) is one of the metis used to solve linear and nonlinear differential
equations. It was first proposed by Zhou, [3], for solvingglin and nonlinear initial value problems in electrical gitc
analysis. The DTM construct a semi-analytical numericzthigque that uses Taylor series for the solution of difféegn
equations in the form of a polynomial. DTM is a very effectigad powerful tool for solving different kinds of
differential equations. This technique has been used bgrdiit people to solve different kinds of problems such as;
fractional differential equations, [4, 5], differentidijabraic equations [6], nonlinear oscillatory system, ffladratic
Riccati differential equation, [8], the numerical solutiof Susceptible Infected Recovered (SIR) model, [9], tHetam

of prey and predator problem, [10], fourth-order parabpéctial differential equations, [11], Volterra integrajueations,
[12] and difference equations, [13]. The main advantagénisf method is that it can be applied directly to linear and
nonlinear Ordinary Differential Equations (ODESs) withdintarization, discretization or perturbation.

In this paper we solved a system of seven first order ordiniéfierential equations (ODEs). We compared our numerical
result with Rungr-Kutta and they are in agreement. We alpmesented the solution graphically.

2 Material and method

2.1 Differential transformation method (DTM)
An arbitrary functionf (t) can be expanded in Taylor series about a ppin0 as
2tk [d*f
-5k @, ©

The differential transformation dff (t) is defined as

1 [dvf
0= (&, X
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Then the inverse differential transform is

R 5
3R g

In [14] if y(t) and g(t) are two uncorrelated functions withwhereY (k) and G(k) are the transformed functions

corresponding ty(t) andg(t) then, the fundamental mathematical operations performedifferential transform can
be proved easily and are listed as follows

Table 1: The fundamental mathematical operations by differentzaigformation method (DTM). Source: [14].

Original Function | Transformed Function
y)=ft)£gt) | Y(k)=F (K +G(K)
y():af() Y (k) = aF (k)

y(t):‘” Y (K) = (k+1)F (k+1)
y(t): Y (k) = (k+ 1) (k+2)F(k+2)
y(t): Y (k) =(k+1)(k+2)... (k+m)F(k+m)
y<t>=1 Y (k) = 8(K)

y(t) =t Y(k)=09(k—1)

v -t MCRLICSURE Fobi
y(t):f() (t) Y(K) = 3 oG(m) f (k—m)
(1) = e Y(k) =i

y) = (L+)" | ¥ (k)= T

Table 2: Values for parameters used for analytical solutions.

Variables | Description Values per year | Source
S (0) Number of susceptible humans at time 177092484 E6

I (0) Number of infectious humans at time 34200 E3

Rn (0) Number of recovered/Immune human at time 29070 E4

Vi (0) Number of non-carrier vectors at time 35000000 Assumed
V. (0) Number of carrier vectors at time 15000000 Assumed
Sn(0) Number of susceptible secondary host at time 35000 Assumed
Im(0) Number of infectious secondary host at time 15000 Assumed
Nh Total human population at time 177155754 El

Ny Total vector population at time 50000000 Assumed
Nm Total secondary vector population at time 50000 E10

az Effective virus Transmission rate from mosquito to humans 0.05 Assumed
o> Effective virus Transmission rate from humans to mosquito 0.48 [15] Chitnis
a3 Effective virus Transmission rate from secondary host tgaeuaito | 0.042 Assumed
Oy Effective virus Transmission rate from mosquito to secontt@st | 0.001 Assumed
Nn Recruitment number of human population 6865728 E2

Ny Recruitment number of mosquito population 2000000 Assumed
Am Recruitment number of secondary vector population 5000 Assumed
on Disease-induced death rate of humans 0.15 E7

oy Death rate of mosquito due to application of insecticide 0.001 Assumed
Om Disease-induced death rate of secondary host 0.002 Assumed
Un Natural death rate of human population 0.012 E8

Ly Natural death rate of mosquito population 0.02 Assumed
Hm Natural death rate of secondary host population 0.005 E1ll

Yh Recovery rate of human population due to drug adminismatio | 0.85 E5

% vaccination rate for the human population 0.75 E9
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2.2 Analytical solution of the model equations using differential transformation method (DTM)

In this section we are going to apply Differential Transfation Method to the Model equation and solve. Let the model
equation be a functian(t), q(t) can be expanded in Taylor series about a pajres

_ < t[dq
o= kZO k! [dtk]to ©
where,
Q(t) = {Sh(t)a ih(t)7 rh(t)7 Vl(t)a Vz('[), Sm(t)v im(t)} (7)
The differential transformation af(t) is defined as
1 [dkq
Q(t) = W {W}to 8
where,
Q) = {S(1), In(t), Ra(t), Va(t), Va(t), Sn(t), Im(t)} 9)
Then the inverse differential transform is N
= 3 tQ() (10)
K=0

Using the fundamental operations of differential transfation method in table 2.1, we obtain the following recucesn
relation of equation as

Sh<k+1>=ﬁl1 Pt z S (M)Va (k—m) = (v-+ ) S (K) (12)
I+ 1) = o | 22 z S (M)Va (K— ) — (s -+ &) I (K) (12)
R (K-+ 1) = (=5 V6 (K)+ i () — 1R (K] (13
1 as
Vi(k+ 1) = | f—hngovl ) I (k—m) — Niéovl(m)lm(k—m)—(;.lerd,)Vl(k) (14)
1 ar K as K
Va(k+1) = N—héovl(m)lh(kfm)f N Wgovl(m)lm(k—m)f(u\,+5\,)V2(k) (15)
Sn(k+1)= kil Z Sn(M)Va (k—m) — umSm(k)l (16)
Im(k+1) k+1 Z Sn(m)V2(k—m) — (um+6m)lm(k)] 17)
with the initial conditions
S, (0) = 170,638 700, I, (0) = 34,200, R, (0) = 6,482 854, V4 (0) = 35,000,000,
(18)

V5 (0) = 15,000,000, Sy (0) = 35,000, I (0) = 15,000

(© 2019 BISKA Bilisim Technology
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The parameter values are
Np = 177,155,754, N, = 50,000 000, Ny, = 50,000, A, = 6,865,728 Ay = 2,000 000,
Am=5,000 a; =0.005 a, =0.48 a3 =0.042 a4 =0.001, &, =0.15 &, =0.001 (19)

& = 0.002, t = 0.012, ty = 0.02, {m = 0.005, v =0.75, , = 0.85

we considek=0, 1, 2, 3.

Cases Al to B2 are the variation of different values ahd,.

Case Al: High vaccination ratey = 0.75,
S (1) = —1232332024, S,(2) =50410489 S,(3) = —105229065, S,(4)=37222571
Ih(1) = 3763056, In(2)=—4481562, |,(3)=2233618 I,(4)=—686242
Rh (1) = 127930301 R, (2) = —469640397, R,(3) = 127777806, R,(4)=—20066319
Vi (1) = 82075675, Vi(2)=83158247, Vi(3)=66458261, Vi(4)=48951559 (20)
Vo (1) = 129243  V,(2) = 15844253, V,(3) = —484612, V,(4) =702Q79

Sn(1) = —5675 Sn(2) =332020, Sn(3)=129703, Sn(4)= 115430

Im(1) =10395 I (2) = —84240, 1 (3)=36607, In(4)=-9344
Then, the closed form of the solution whére- 0, 1, 2, 3 can be written as
Sh(t) = T o Sh(K) .t = 170638700- 1232332024 + 50410489 — 105229065t3 + 37222571t* + ...
ih(t) = T _olh(K) tK = 34200+ 37630561 — 448156212 + 22336183 — 686242t* 1 ...
rh(t) = Sp_oRn(K) .tk = 6482854+ 127930301 469640397t + 1277778066t3 — 20066319t* + ...
vy (1) = S5 Va (K) tX = 35000000+ 82075675t + 8315824 7t? 4 6645826113 4 48951554 - ... (21)
V2 (1) = S V2 (K) tX = 15000000t 129243+ 158442532 — 4846123 4+ 702Q7%* + ...

sm(t) = Y o Sm(K) .tk = 35000 5675 + 332020t% 4 1297033+ 115430t* + ...

im(t) = Yk _olm(K) tX = 15000+ 10395 — 84240t + 366.07t3 — 93.44t* - ..

(© 2019 BISKA Bilisim Technology
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Case A2: v=0.50,
Sh(1) = —8057352736, S,(2) =24076431 S,(3) = —182402232, S,(4) =19501735,
Ih(1) = 3763056, In(2) =—357855, I5(3) =1562566, I,(4) =—421996,
Ry (1) = 85270626 R, (2) = —20639012%6, R;(3) =408515540, R,(4) =—2369378,
Vi (1) = 82075675, Vi (2) = 83158247, V;(3) =66429716, Vi (4)= 48969570, (22)
Vo (1) =129243 V,(2) = 15844253, V,(3) = —456067, V,(4) = 684068,

Sn(1) = —5675 Sn(2) = 332020, Sn(3) = —129703, Su(4) = 115425,

Im(1) = 10395 1 (2) = —84240, In(3) = 36607, In(4)=—9349
Then, the closed form of the solution whéee- 0, 1, 2, 3 can be written as
Sh(t) = T o Sh(K) tX = 170638700- 8057352736t 4- 24076431 — 18240223234 19501735t* +- ...
in(t) = S5_olh(K) .t = 342004 3763056t — 357855t 4- 156256613 — 421996(% - ...
rh(t) = S oRn (K) .tk = 6482854+ 85270626 2063901262+ 4085155403 — 2369378t% + ...
Vi (t) = Ti_oVa (k) .tk = 35000000+ 82075675 + 831582472+ 66429716° 4 48969570t* +- ... (23)
V2 (t) = T V2 (K) .tk = 15000000+ 129243+ 158442532 — 456067t3+ 6840684 + ...

sm(t) = Tr_oSn(K) .tk = 35000 5675 + 332020t — 1297033 + 1154254 + ...

im(t) = Yi_olm(K) .t = 15000+ 10395 — 84240t + 366.07t> — 93.49%% + ...
Case A3: v=0.25,
Sh(1) = —3791385236, S, (2) = 8407293 S, (3) = 155294440, S, (4) = 161458%
In(1) = 3763056, Iy (2) = —2675538, I,(3) = 1042016, I, (4) = —251181
Rn (1) = 42610951 R, (2) = —497890426, R, (3) = 71294267, R, (4) = 9713448
Vi (1) = 82075675, Vi (2) = 83158247, V; (3) = 66401172, V; (4) = 48981649 (24)
V(1) = 129243 V,(2) = 15844253, V,(3) = —427522, V,(4) = 671989,

Sn(1) = —5675 Sn(2) =332020, Sp(3) = —129703 Sn(4) = 115420

Im(1) = 10395 In(2) = —84240, Iy (3) = 36607, In(4) =—9354
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Then, the closed form of the solution whére- 4 can be written as

Sh(t) = Ti oS (K) 1< = 170638700- 3791385236t +- 8407293 + 1552944403 + 1614589%6t* + ...
in(t) = S _olh (k) .t = 342004 3763056t — 26755382 + 10420163 — 2511814 + ...
rh(t) = Sp_oRn (K) .t = 6482854+ 42610951 497890426(% + 7129426 7t3 4 9713448 + ...
Vi (t) = S5 V1 (K) .tk = 35000000t 82075675t + 8315824 7t? 4 664011723 4 4898164%* - ...
V2 (t) = T V2 (K) .t = 15000000+ 129243+ 158442532 — 4275223+ 671984 + ...
Sm(t) = Yo Sm(K) .tk = 35000 5675 + 3320202 — 1297033+ 1154204 + ...
im(t) = Yr_olm(K) .t = 15000+ 10395 — 84240t? + 366073 — 93.54t% + ...
CaseB1: y, =0.65
Sh(1) = —123233202, S, (2) = 50410489 S, (3) = —1052290702, S, (4) = 37222574

In(1) = 4447056, I, (2) = —438296, I(3) = 1908211, I, (4) = —508528

Rn(1) = 127923461R, (2) = —469655387, R, (3) = 12780987, R, (4) = —20082872
Vi (1) = 82075675, Vy (2) = 83125815, Vi (3) = 66455001, V; (4) = 48961170
V2 (1) = 129243 V, (2) = 15876685, Vs (3) = —481352, V, (4) = 692469

Sn(1) = —5675 Sn(2) = 332020, Sn(3) = 129696, Sn(4) = 115431

Im(1) = 10395 Im(2) = —84240, I (3) = 36614, I (4) = —93.43

Then, the closed form of the solution whére- 4 can be written as

$h(t) = T2 oS (K) X = 170638700 1232332024t + 50410488 — 10522907023 4 37222574t% - ...

ih(t) = T olh(K) .tk = 34200+ 4447056t — 438296t% + 19082113 - 508528* + ...

rh(t) = Ti_oRn (K) .tX = 6482854} 127923461 46965538712+ 1278098 79t3 — 20082872t +- ...
vi(t) = Ti_oVa (K) .tk = 35000000+ 82075675 + 83125815, t? + 664550013+ 489611704 + ...
V2 (t) = S V2 (K) tX = 15000000+ 129243+ 158766852 — 4813523 + 692469%* + ...

sm(t) = Tr_oSn(K) tX = 35000 5675 + 332020t% + 12969613 + 11543114 + ...

im(t) = Yi_olm(K) .tk = 15000+ 10395 — 842402 4 366.14t> — 93.43%* - ..

(25)

(26)

(27)
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CaseB2: y,=0.35

Sh (1) = —1232332024, S,(2) = 50410489 S, (3) = —105229078, S, (4) = 37222578
In(1) = 5473056, I (2) = —3978558 I,(3) = 1400976, I;,(4) = —300513

Rn(1) = 127913201 R, (2) = —469703522, R, (3) = 1278586192, R, (4) = —20101769
V1 (1) = 82075675, Vi (2) = 83077166, Vi (3) = 66442004, Vi (4) = 48972420 (28)
V2 (1) = 129243V, (2) = 15925334, V;(3) = —468355,V; (4) = 681218

Sn(1)

—5675 Sn(2) = 332020, Sp(3) = 129684, Sy (4) = 115431

Im(1) = 10395 Iy (2) = —84240, In(3) = 36626, Iy (4) = —93.43
Then, the closed form of the solution whére- 0, 1, 2, 3 can be written as
Sh(t) = T o Sh(K) .t = 170638700~ 1232332024t + 50410489 — 105229078t3 4 37222578t% +- ...
in(t) = S5 olh(K) .t = 34200+ 5473056t — 3978558 + 14009762 — 3005134 + ...
rh(t) = 3o Rn(K) .tk = 6482854+ 127913201 469703522t? 4 127858619213 — 20101769t* + ...
V1 (t) = Ti_oVa (K) .tk = 35000000+ 82075675t + 830771662+ 664420043 + 48972420t* +- ... (29)
V2 (t) = T V2 (K) .tk = 15000000+ 129243+ 159253342 — 4683553+ 6812184 + ...

sm(t) = Sr_oSn(K) tX = 35000 5675 + 332020t? + 1296843 + 11543114+ ...

im(t) = Sr_olm(K) .t = 15000+ 10395 — 84240t? + 366.26(> — 93.43t* + ...

3 Result and discussion

3.1 Numerical solution

We only consider case Al for the numerical solution

(© 2019 BISKA Bilisim Technology
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Table 3: Numerical solution of susceptible humans. Table 4: Numerical solution of infected humans.

t DTM RUNGE-KUTTA t DTM RUNGE-KUTTA
0 170638700.0000 170638700.0000 0 34200.0000 34200.0000
0.1 158808961.7435 158773440.8068 0.1 37537.1800 37536.0791
0.2 147924295.8280 147779184.3165 0.2 40112.0646 40097.7604
0.3 137921564.8145 137591991.8407 0.3 42058.6711 41993.5847
0.4 128737631.2640 128152618.1621 0.4 43511.0163 43318.9995
0.5 120309357.7375 119406165.8516 0.5 44603.1175 44157.8393
0.6 112573606.7960 111301769.6829 0.6 45468.9917 44583.6265
0.7 105467241.0005 103792298.6814 0.7 46242.6559 44660.7545
0.8 98927122.9120 96834078.4782 0.8 47058.1274 44445.5439
0.9 92890115.0915 90386644.1674 0.9 48049.4230 43987.1459
1 87293080.1000 84412501.1746 1 49350.5600 43328.3858

Table 5: Numerical solution of recovered/immune humans. Table 6: Numerical solution of non-carrier vector.

t DTM RUNGE-KUTTA t DTM RUNGE-KUTTA
0 6482854.0000 6482854.0000 0 35000000.0000  35000000.0000
0.1 18819021.5396 18817939.9880 0.1 35091056.0823  35080407.1303
0.2 30292574.9685 30282186.1550 0.2 35202731.3097 35157538.6644
0.3 40980180.9701 40939434.1593 0.3 35339013.1778  35231484.6159
0.4 50958506.2278 50848843.7416 0.4 35503889.1822  35302332.1707
0.5 60304217.4250 60065237.1135 0.5 35701346.8188  35370165.8500
0.6 69093981.2450 68639413.4068 0.6 35935373.5830  35435067.6589
0.7 77404464.3711 76618445.5887 0.7 36209956.9705  35497117.2237
0.8 85312333.4867 84045957.1847 0.8 36529084.4771  35556391.9193
0.9 92894255.2752 90962368.6286 0.9 36896743.5984  35612966.9801
1 100226896.4200 97405135.6545 1 37316921.8300 35666915.6074

Table 7: Numerical solution of carrier vector. Table 8: Numerical solution of susceptible monkeys.

t DTM RUNGE-KUTTA t DTM RUNGE-KUTTA
0 15000000.0000  15000000.0000 0 35000.0000 35000.0000
0.1 15014503.8792  15014493.1895 0.1 34466.9990 34440.5880
0.2 15032147.5322  15032062.8936 0.2 34008.1842 33896.9068
0.3 15052901.8825  15052619.5164 0.3 33631.3378 33368.3130
0.4 15076737.8531 15076076.2887 0.4 33344.2419 32854.1937
0.5 15103626.3675  15102349.1053 0.5 33154.6788 32353.9653
0.6 15133538.3489  15131356.3760 0.6 33070.4305 31867.0716
0.7 15166444.7205 15163018.8884 0.7 33099.2793 31392.9824
0.8 15202316.4058  15197259.6814 0.8 33249.0074 30931.1922
0.9 15241124.3278  15234003.9327 0.9 33527.3969 30481.2188
1 15282839.4100 15273178.8525 1 33942.2300 30042.6022

(© 2019 BISKA Bilisim Technology
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Table 9: Numerical solution of infected monkeys.

t DTM RUNGE-KUTTA
0 15000.0000 15000.0000
0.1 16031.4421 16024.5061
0.2 17048.2326 17019.7262
0.3 18052.5679 17986.6737
0.4 19046.6445 18926.3118
0.5 20032.6588 19839.5569
0.6 21012.8071 20727.2815
0.7 21989.2860 21590.3166
0.8 22964.2918 22429.4546
0.9 23940.0210 23245.4515
1 24918.6700 24039.0291

3.2 Graphical Representation of Solutions of the Model Equations

The graphical representations are from the analyticatisols of the model equations. They are plotted using MAPLE

software.
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Fig. 1: The effect of high vaccination rate on the humane population

The numerical solution of different compartment of the mduw/e been shown in table 3.1 to table 3.7. The DTM
solution is in agreement with the Runge-Kutta in Maple safev

Figure 3.1, 3.2 and 3.3 are the effect of the high, moderatk law vaccination rate on the human population
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Fig. 3: The effect of low vaccination rate on the human population.

respectively. It was shown that as the vaccination rateces®es the susceptible human population decreases and the
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Fig. 5: The effect of different recovery rate on infected humans.

recovered human population increases. This is due to thidHfatas susceptible humans are vaccinated they move to
recovered class. It was also shown that with high vaccinatide, the recovered population will grow more than the
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Fig. 6: The effect of different vaccination rate on recovered husnan

susceptible. So also, as the vaccination rate decreasesisieptible population decreases a little and the recdvere
population increases a little also. Figure 3.4 is the eftédifferent vaccination rate on susceptible human popurat
The higher the vaccination rate the lower the susceptibfriladion. The highest percentage almost decreased to zero.
This shows that as the susceptible population is vaccirtamdare moving to recovered population. Figure 3.5, shows
the effect of different recovery rates on infected humanuypegon. Infected human population increase with low
recovery rate and decreases with high recovery rate. Tleeted population increases but with treatment and natural
healing, it begin to decreases. Figure 3.6, shows the effatifferent vaccination rate on recovered human popufatio
The recovered population increased with high vaccinatiwe and decreased with low vaccination rate. The vaccinated
susceptible individuals moved to recovered class.

4 Conclusion

The numerical solution of DTM was validated with Runge-Hiitt Maple. It was discovered from the graphical solutions
that, the vaccination of susceptible human populationmediuce the outbreak of yellow fever in a community.
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Appendix

Estimation of Variables and Parameter Values

It is difficult to get a reliable data, we estimated the par@mnealues based on the available data from the World Health
Organization (WHO), UNICEF and reliable related literatuThe estimates are clearly explained in the following
sub-sections.

E1: The Total Human Population of Nigeria, N
According to the WHO (2015), Nigeria total human populai®at 177,155,754.

Nh = 177,155 754
E2: Recruitment Number of human in Nigeria, Ay
The number of surviving infants in Nigeria in 2014 is 6,862 7Therefore,

/\n =6,865728
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E3: Infected Humansin Nigeria, I,
The WHO estimate that, there are 200, 000 cases of yellow fevddwide each year, resulting in 30,000 deaths of which
90% are in Africa.
90% of 200,000 = 180, 000 cases in Africa
90% of 30,000 = 27, 000 deaths in Africa
According to WHO in 2014 Africa total population is 951,8200, and Nigeria total population is 19% of Africa total
population. Therefore,
19% of 180, 000 = 34,200 cases in Nigeria
19% of 27,000 = 5,130 death in Nigeria
Ih = 34,200

E4: Recovered/lmmune Human population in Nigeria, R,

Recovered/Immune Human populatiéf= recovered + immune

From E3 the number of cases is 34,200 and number of death @& 513

Recovered= 34, 200 -5,130 = 29,070the number of survivifignis in 2014 is 6,865,728 and the percentage of
vaccinated is 94%. Therefore,

Vaccinated = 94% of 6,865,728 = 6,453,784.

Hence, Recovered/Immune Human populatRys 29,070+6,453,784=6,482,854.

E5: Recovery Rate of Human, y,

From E3 and E4
_ Recoveredimmune

Number of cases
29,070
~ 34,200 0.85
E6: Susceptible Human population in Nigeria, §,
RecallN, = §, + I + R;, therefore,
S =No— (I +Rn)

S, = 177,155 754— (34,200 6,482 854) = 170,638 700

E7: Disease Induce death rate of Human, é
From E3 the number of cases of yellow fever is 34,200 and tinebew of death from yellow fever is 5,130

_ Number of Death from yellow fever

% Number of cases
5,130
o = 34,200 0.15

E8: Natural Death Rate of Human,
According to WHO, the death rate of Nigeria is 12.01 deathislg@00. Therefore,

1201

= 1000~ 0.012

Hn

E9: Vaccination rate of Human, v
The average percentage of vaccinated infants from 200514 B65.2%. Therefore, we estimate the vaccination rate as
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75%, i.e.
v=0.75

E10: Total Number of Monkeys Ny,

In [16] about 8,000 Drill monkey are found in Cross River 8taf Nigeria. However 50,000 monkeys are estimated for
Nigeria.

Hence, the number of recruitment of monkeys is given by;

Nm = 50,000

E11: Natural Death Rate of Monkey
In [17] the lifespan of monkeys in the forest is 15-30yearsnék,
5

Hm = T550= 0-005
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