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Abstract

Bird flu (Avian influenza) is a contagious disease of animals caused by
viruses that normally infect only birds and, less commonly, pigs. These viruses are
highly species-specific, but have, on rare occasions, crossed the species barrier to
infect humans. The world at large never considered it a serious threat to mankind
until the outbreak in Asia, Europe, USA and now in Africa. Theaim of this paper is
to use mathematical modelling to examine the population dynamics with respect to
the disease and its transmission. The model population comprises birds and
humans. The appropriate systems of ordinary differential equations formulated
were solved numerically and the results were analysed. The result shows that the
spread of the virus will continue as long as we have infected birds and there is
tendency of human infection sooner or later.

1.0 I ntroduction

Avian influenza (Bird-Flu) is a respiratory infeati in mammals and birds. An RNA virus in the family
Orthomyxoviridae causes it. Surprisingly, litileknown about the transmission of Bird-Flu diseiassome part of
the world like Africa. Bird flu is an underratedsdiase; perhaps because, it is a recurrent diséthse/ich we are
all familiar, and from which man usually recoveeturally, it is not as dangerous as AIDS, tubersislor malaria
and yet it is a major contributor to mortality amarbidity throughout the world [4]. The World HdalDrganization
(WHO) estimated that respiratory infections killetre than four million people in 1999, making thém most
dangerous category of infectious disease. Flu ibutes to many of these deaths, but calculating mowch
mortality is caused directly and indirectly by flas proven to be difficult [2].

There are several reasons for this, including:fliLpredisposes individuals to potentially fatatsedary
infection with bacterial pathogens; (2) flu or bex@l super infections kill in conjunction with @hdiseases, such
as chronic cardiopulmonary conditions. However, ghses a very real threat to people of all ageh wétrious
chronic medical conditions, and flu pandemics caunse n heavy mortality in all age groups [10].

The world has been experiencing a relentless spyeadd flu. Migratory birds, as they move arouti
world to seasonal breeding and feeding groundsjrdeeting domestic flocks around the world. Mohan 150
million birds, mostly chickens, have died or beefiedd. Sixty-three out of 124 infected humans hédied since
December 2003.

The economic impact of this has already exceedéehilllén dollars. There is so far no outbreak ofitan
pandemic influenza anywhere in the world today. Eeev, the signs are clear that it is coming. ThE8j8andemic
resulted from a changed avian flu virus. Sincafipearance in Hong Kong in 1997, highly pathogef&ibl1l avian
flu has spread to 15 countries in Asia, and EufgpeO) and now in Africa

It is only a matter of time before an avian fluugr- most likely H5N1 - acquires the ability to be
transmitted from human to human, sparking the eatbrof human pandemic influenza. We don't know wihés
will happen. But we do know that it will happen. ®).
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The widespread persistence of H5N1 in poultry pafahs poses two main risks for human health.

The first is the risk of direct infection when thigus passes from poultry to humans, resulting ényv
severe disease. Of the few avian influenza virtiseshave crossed the species barrier to infectangpH5N1 has
caused the largest number of cases of severe diaedsdeath in humans. Unlike normal seasonaleénfia, where
infection causes only mild respiratory symptomsniast people, the disease caused by H5N1 followsnaisually
aggressive clinical course, with rapid deteriomatend high fatality. Primary viral pneumonia and ltirorgan
failure are common. In the present outbreak, mioaa half of those infected with the virus have digldst cases
have occurred in previously healthy children andngadults.

A second risk, of even greater concern, is thavithes — if given enough opportunities — will chanigto a
form that is highly infectious for humans and spieaasily from person to person. Such a changel qoatk the
start of a global outbreak (a pandemic). (WHO)

There is, therefore, the need to have a mathenat&scription of the disease population dynamics, s
order to give our people a clearer picture of hdwdpreads while this will also enable them to tateps that will
help curtail its spread to the barest minimum.

2.0 M odel formulation

The proposed model describes the dynamics in thas chickens) and humans population subject to
Avian Influenza (high pathogenic type). Howeverisibbvious that in humans the infection by thisedise causes
no permanent immunity and there is no effectiveciration against its infection at present. Consatijyewe will
adopt the SIRS model which is denoted with “susbép(S), infectious (1), or recovered but susdelpti{RS)” [10],
each of the sub-population is compartmentaliseal twb categories — susceptible or infectious. Heve recovered
category for birds is ignored since birds (chicRdrerdly recover from highly pathogenic avian iefhza [8] while
in humans the recovered category is factored baitkifs susceptible category due to the possibditynfection
after recovery from Flu, though there exist sonmallof temporary immunity [4].
The model monitors the temporary dynamics of thpupsttions of susceptible bir&(t) , infectious birdg (t )

susceptible humarg, (t , and infectious humank, (t ap captured in model equations. It is important to note that
N, =S,(t)+1,(t) represents the total population of birds in the locatiorintdrest while N, =S, (t)+1,(t )
represents the total human population in that same locatischematic description of the model is shown below:
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As can be derived from the diagrams above, the time rate nfieHar birds and humans population is modelled by
the following ODE dynamical system:

d I I
S =N, + LA, —chsB(N—B+ 9

B H

b

O"—B:aasa[ lo +'—“J—(JB+dB)IB+ABMB,
dSH = NHIBH — aHBCHBSH | B __ 6H SH +l/| o

dt N,

dl_H: 06CeSul s -3, +d, +V)l,

dt N,

in the table that follows [4, 5]:

The interpretations of the parameters in the above systeaquations and their assigned values are given

Par ameter Description Estimated value
N, Total number of birds in the location of interest 10000

N, Total number of humans in the location of interest Vaeiabl
B Average birth rate in birds 0.03

B, Average birth rate in humans 0.001

A Probability of infection in migrated birds 0.01

M, Total number of migrated birds (per day) 10

o, Natural death rate in humans 1/(365x75)
o, Natural death rate in birds 1/(365x10)
a, Infection transmission rate from birds to humans 0.1

a, Infection transmission rate from bird to bird 0.9

d, Flu-induced death rate for birds 0.99

d, Flu-induced death rate for humans 0.009

v Recovery rate for humans (per days) 1/7

Table 1: Model parametersand their interpretations.
Also, we assumed that each of the total subpopulagnsl,, >0 at t = Oto avoid indeterminate situations

in the model equations while non-negative initial conditivmese used to ensure that variables in (2.1) remain non-
negative.

3.0 Results and discussions

The model equations were solved numerically using Maple s&ftesad results were plotted graphically.
In the first instance, numerical simulations were obtainedtticee different cases depending on whether the
infection starts from migrated birds, birds on grourmdbath sources at a time. The results from these simulations
were as shown in figures 1 and 2.

As we can see from the graph in figure 1, the Flu-diseasadym birds is much rapid when the infection
starts from both migrated birds and birds on ground thiaen it starts from either of the sources. However, the
difference in the spread in the latter and the former sigtliminish over time while the latter spreads more
rapidly afterwards. Realistically, the situation where theelathien spreads more rapidly may not actually arise,
since solution to the spread could have been reached before then.

In figure 2, we observed that the spread Flu in humanglépendent of whether the infection starts from
birds on ground or migrated birds because the cause apprelyinia¢ same number of people to be infected.
Amazingly, when the infection starts from both sourcesaiitses relatively fewer numbers of people to infect. This
may be due to the fact that large numbers of birds get infedied infection starts from both sources leading mass
death of majority of infected birds leaving just relative
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Fig.1: Graph of infected birds against time using different infection sources.
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Fig.2: Graph of infected humans against time using different infection sources.

few infected birds to infect man

The implication of this result is that the only way topsBird-Flu is to avoid its emergence completely,
whenever it occurred the infected birds should be totally algsirto forestall rapid spread of the disease and
eventual infection of humans. Consequently, the resultselanirform policies and measures that will help check
outbreak of bird-Flu and curtail its spread where it is alrgmdvalent.

Also, another series of simulations were carried out udifigrent Flu-disease transmission rates from
birds-birds ¢g) or birds-humansog;) while its effect on the spread of the disease is examiresl rdsults are as
shown the figures 3 and 4 below:

The results in figures 3 and 4 showed that as the Flartiagsion rates from birds-birds and birds-humans
increases, the number of the infected birds and humans increasgesmpplies that if humans and birds can be
nourished or genetically built to have resistance tordkction; then the disease transmission rate will invariably b
low. Moreover, the results gives an indication that if effectiaccination can be produced for the treatment of Flu
either in birds or humans; the administration of such vascinill help reduce the spread of Flu even when
susceptible groups are continuously expose to the infection.

4.0 Existence and Stability of equilibrium

The disease-free equilibrium of model equations (2.1) isiméd by setting the right hand side of (1) to
zero and taking all the infected terms in (2.1) to be zer® Jikés
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Fig. 3: Graph of infected birds against time for different Flu-transmission rates.
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Fig. 4: Graph of infected humans against time for different Flu-transmission rates.

The linear stability ofE, is established using the Jacobian. This is done by atgaihe Jacobian matrix to the
model equations. The associated Jacobian is given as

NGRS I 0 0
Lly &5 _ (5 44,) 0 0
— NB NB
J - aHSH aHIB
0 N Tl v
B B
0 2.5, Do (g, +d, +v)
L NB NB u

The Jacobian was evaluatedlaj and it yields
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_ aB(NB/BB + (l_/])M)

-5, 0 0
NBdB
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0 —_ aH NHIBH _5 v
NBJH !
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After substituting the values of the parametergiigsn in table 1, we obtained the eigenvalued*qf and it was
found that all the eigenvalues were strictly negatiThis implies thatE, is an attractor (i.e. sink), hence it is
locally asymptotically stable. Therefore, the Bifllr disease can be eradicated from the birds—humapsilation
whenever the initial sizes of the subpopulations tbé model are in the basin of the attractor (i.e.

N, 5 (N4 + L= AM)LN, <Ny

4.0

5,

H

Conclusion

In this paper, we developed a mathematical mod@efuict the birds and humans population dynamics

subject to Avian Influenza. The resulting model &ipns were solved numerically while situationshwdlifferent
infection sources and different Flu-disease trassion rates were simulated. The graphical protifethe infected
subpopulations with time were presented based enrdésults from our simulations. Also, the disease-f
equilibrium of the system was established and aealyor stability. It was found to be locally asytotgcally stable.
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