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Recent outbreaks of deadly nipah virus (NiV) causing serious human epi-
demic disease have been one of the most alarming concerns in the public
health of Bangladesh. NiV is a newly detected highly pathogenic virus
with ability to cause devastating morbidity and mortality (an estimated
100% in some cases) rate among the human populations. This emerging
infectious disease has become the most alarming threats of the public
healths not only in Bangladesh but also in the world mainly due to its
periodic outbreaks (as it strikes almost every year) and the highly devas-
tating mortality rate. The aim of this paper is firstly to investigate the
disease propagation and control strategy of NiV infections and secondly
to analyze a mathematical model of the SIR-type epidemic disease of this
deadly virus in the form of ordinary differential equations (ODEs). The
behavior of the dynamics of NiV infections has been illustrated by the
numerical simulations.  2012 Trade Science Inc. - INDIA

Trade Science Inc.
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INTRODUCTION

Bangladesh has been the most risky geographic dis-
tribution for several epidemic and infectious diseases
like the newly detected deadly nipah virus (NiV) infec-
tions in the southeast region of Asia[20]. The very re-
cently occurred and even periodical outbreaks of nipah
virus infections indicate the serious alarming and dev-
astating threats of the public healths in Bangladesh as
well in the world. The outbreaks of NiV infections in
Bangladesh are assumed to be the most alarming and
thus the significantly different in epidemiologic and clinical
features[4] because of the fact that it has been occurring
every year (except 2002 and 2006) since the first de-

tection of nipah virus and its devastating infections in
Bangladesh in 2001. Ten outbreaks have already oc-
curred from the years 2001 to 2012, causing 145 deaths
among the identified 185 as seriously infected by NiV
with the average mortality rate of 79% (see TABLE 1).
A statistics of the chronological outbreaks of NiV in-
fections and the increasing average mortality rate is
shown in TABLE 1. From the TABLE 1 we see that
only in the years 2011 and 2012, the mortality rate is
100% which is of course a great threat for the global
public health along with Bangladesh. However, steps
for proper treatments and control strategies should be
taken immediately right now. Although significant num-
bers of research have been carried out individually and/
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or jointly in the Institute of Epidemiology, Disease Con-
trol and Research (IEDCR) and the International Cen-
ter for Diarrhoeal Disease Research, Bangladesh
(ICDDR,B) with the other national and international
collaborations on this deadly virus and mentionable re-
search works have been published in the internationally
reputed journals, the world health expertise should pay
special attention to end this highly fatal disease for ever
from Bangladesh. Otherwise it may pose a significant
threat to global health if the outbreaks become more
widespread with an average mortality rate of 79%, since
this is a virus that is devastating to the families affected.
We refer readers to ([7,10,14-16]  and the references within)
for the more details on NiV infections as well as some
recent developments. Some other infectious diseases
such as HIV/AIDS[2,3], dengue, swine flu, etc. are also
of great concerns of public healths in Bangladesh as
well as in the world.

Our aim in this paper is mainly to formulate the dy-
namics of NiV infections in mathematical models in the
form of ordinary differential equations. We solve the
models by numerical simulation and then analyze the
behavior of the disease dynamics. Before going to our
model analysis it is worth presenting a brief discussion
on NiV infections and disease transmissions for the
readers convenient.

What is NiV?

NiV, of the family Paramyxoviridae and the ge-
nus Henipavirus, is a zoonotic (as it is transmitted from
animals to humans) virus that causes outbreaks of fatal
encephalitis in humans[4]. The human NiV infection was
first recognized in a large outbreak of 276 reported
cases in peninsular Malaysia and Singapore from Sep-
tember 1998 through May 1999 (see for examples[3,-

6,11,18]). The virus was first isolated from a patient from
Sungai Nipah village in Malaysia and the name �Nipah�
was first introduced according to the name of that vil-
lage. Most of the cases presented primarily with en-
cephalitis and mortality rate of 39%, had close contact
with sick pigs[21,22], which indicates that the host of NiV
infections in 1998 at Malaysia outbreaks was the pigs.
However, large fruit bats of the genus Pteropus appear
to be the natural reservoir of NiV and the pigs are as-
sumed to be infected from those fruit bats. The pos-
sible ways of how the pigs might be infected from the
fruit rats in Malaysian outbreaks were discussed in[11].

NiV outbreaks in Bangladesh

After two years of NiV outbreaks, no further out-
breaks occurred in Malaysia. Unfortunately new out-
breaks of NiV infections in Bangladesh were initiated
in 2001, which continue until today. Since the first de-
tection of NiV in 2001, ten outbreaks have already been
occurred in Bangladesh with highly mortality rate an
estimated 79% in an average and 100% in some cases
(see TABLE 1).

Outbreaks 
(Years) 

No. of 
Infected People 

No. of 
Deaths 

Percentage 
(%) 

2001 13 9 69 

2002 0 0 0 

2003 12 8 67 

2004 67 50 75 

2005 12 11 92 

2006 0 0 0 

2007 20 13 65 

2008 10 9 90 

2009 4 1 25 

2010 17 15 88 

2011 24 24 100 

2012 6 6 100 

Total 185 145 79 

TABLE 1 : Outbreaks of nipah virus infections in
Bangladesh, 2001�2012[18].

The most alarming fact is that almost every year in
winter (December to March), the deadly NiV stroke in
the northern and western regions of Bangladesh. The
mode of transmissions of NiV infections in Bangladesh
is quite different in comparison to that in Malaysia as
reported in[7]. In Malaysian outbreaks, NiV was trans-
mitted to human via the sick pigs. Since the natural res-
ervoirs of nipah virus are fruit bats, so the pigs are sup-
posed to become infected by eating fruits partially eaten
and thus contaminated by the fruit bats with their urine
and saliva. However, NiV outbreaks in Bangladesh re-
main devastating because of the mode of transmissions.
In the early stage, nipah virus is supposed to be trans-
mitted through the date palm sap from its natural reser-
voirs, i.e., fruit bats in addition to the case discussed
above. When people drink the contaminated date palm
sap, they become infected by the nipah virus. Once
people have been infected by the NiV either by eating
the partially eaten and contaminated fruits or by drink-
ing the contaminated raw date palm sap, the virus
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spreads into human to human because of its serious
infectivity. At least one case was reported[19] that a doc-
tor died due to NiV infection while giving the healthcare
to a NiV infected patient in hospital. A schematic dia-
gram of possible nipah virus transmissions in Bangladesh
is shown in Figure 1.

sures can only reduce the spreads of nipah infections.
That is an intensive supportive care with treatment of
symptoms is the main approach to managing the infec-
tion in the infected humans. For effective preventive and
control measures to reduce the risk of infections in
people, the following three cases must be followed:

Bat-to- human transmission

This transmission can be prevented by decreasing
bat access to date palm sap. Also freshly collected date
palm juice should also be boiled and fruits should be
thoroughly washed and peeled before consumption.

Human-to-human transmission

This transmission can be reduced by avoiding close
physical contact with Nipah virus-infected people. In
this case gloves and protective equipment should be
worn when taking care of ill people and regular hand
washing should be carried out after caring for or visiting
sick people.

Animal-to-human transmission

Prevention of this transmission requires that gloves
and other protective clothing should be worn while han-
dling sick animals or their tissues, and during slaughter-
ing and culling procedures.

Finally, in the absence of a vaccine, the only way to
reduce infection in people is by raising awareness of
the risk factors and educating people about the mea-
sures they can take to reduce exposure to the virus.
We refer reader to[14-16,18-20,23] and references within for
more details about the prevention and control strate-
gies of NiV infections.

We are now in position to formulate the mathemati-
cal model of the dynamics of NiV infections. The analysis
of disease dynamics can help us identifying the better
strategy to control the infections.

MATHEMATICAL MODEL

Mathematical models have become important tools
in analyzing the spread and control of infectious dis-
eases. An efficient preventive and control measure of
the spread of a life-threatening pathogen mainly depends
on an essential understanding the mechanisms of that
pathogen. Mathematical models of infectious diseases
in human have been used to increase our understanding
of these mechanisms and to test hypotheses about ef-

Figure 1 : A schematic diagram of possible nipah virus trans-
missions in Bangladesh[16].

From the Figure 1, we see that case A was the only
mode of NiV transmissions in Malaysia outbreaks,
whereas both case A and case B are the modes of NiV
transmissions in Bangladesh. The bad news is that the
transmission does not end here. When NiV is some-
how transmitted to human, it continues to be transmit-
ted from human to human and thus the whole family can
be affected by this deadly virus, if proper and careful
treatments as well as control measures are not followed.

TREATMENTS AND CONTROL

There is a well-known proverb that �Prevention is
better than Cure�. This proverb is still the key mea-
sure for the treatments of NiV infections. As NiV is a
recently detected highly emerging deadly virus, no
proper drugs and even effective vaccines are available
for the treatment of such types of infectious diseases.
So a complete cure by treatments using drugs and/or
vaccines is still a dream, although some drugs are under
investigations and a vaccine is being developed[20].
However, a research shows that ribavirin, an antiviral
drug is able to reduce the mortality of acute Nipah en-
cephalitis[8]. The effective preventive and control mea-
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fective methods for prevention and control of infectious
diseases in humans. The transmission interactions in a
population are very complex, so it is difficult to com-
prehend the large scale dynamics of disease spread.
Understanding these interaction characteristics can lead
to better approaches to decreasing the transmission of
diseases. Mathematical models are used in such com-
paring, planning implementing, evaluating, and optimiz-
ing various detection, prevention, therapy and control
programs. We recall that NiV is a newly detected highly
emerging pathogen and no proper drugs and/or vac-
cines are available yet for its treatments. So, it is essen-
tial for the physicians and biologists to understand the
disease mechanisms in the human body in order to find
out effective methods for prevention and control.

Human NiV is a zoonotic virus and thus transmit-
ted first from animal to human. Once it has been trans-
mitted to human, then it continues to be transmitted
through human to human (H2H) by the closed contact
of infected individuals due to its highly infectivity. So the
dynamics of NiV infections can be described by a SIR-
type infectious disease model in the form of a set of
ordinary differential equations (ODEs). Let us suppose
that S (t), I (t), and R (t) denote the number of individu-
als in the susceptible, infectious, and recovered classes
at time t. The total population at time t is represented
by N(t) = S(t)+I(t)+R(t). The susceptible (S) individu-
als are those able to be infected by the disease para-
site. It is assumed that all people are susceptible by
born. The infectious (I) individuals are those who are
infected and able to transmit the parasite to others and
the recovered (R) individuals are those who have re-
covered and thus are immune or have died from the
disease and do not contribute to the transmission of the
disease. We formulate and analyze two basic SIR mod-
els and discuss the behavior of the propagation of dis-
eases in two different contexts: one is Epidemic model
while the other is Endemic model.

Basic SIR epidemic model

The basic SIR epidemic models are used to de-
scribe rapid outbreaks that occur in a short duration of
time (e.g. less than one year). Since the time period is
short, no vital dynamics (births and deaths) are consid-
ered in this model. The deterministic model for the single
outbreak as in[1] (see also[12] and[13]) can be represented
by the following ordinary differential equations:
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with the boundary conditions
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Basic SIR endemic model

The basic SIR endemic models are used for study-
ing diseases over longer periods, during which there is
a renewal of susceptibles by births or recovery from
temporary immunity. So the basic deterministic endemic
model is the SIR model with vital dynamics (i.e. inclu-
sions of births and deaths) given by
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with the boundary conditions

 (0) 0, (0) 0, (0) 00 0 0S S I I R R     

This SIR model (2) is almost the same as the SIR epi-
demic model presented in (1) above, except that it has
an inflow of newborns into the susceptible class at the
rateN and deaths in the classes at rates S, I, and
R. The deaths balance the births so that the total popu-
lation size N is constant. We assume that the mean life-

time 
1


would be about 60 years in Bangladesh.

Both in model (1) and (2),  is the incident coeffi-
cient representing the average rate of adequate con-
tacts (i.e., contacts sufficient for transmission) of a per-

son per unit time, then 
I

N


 is the average number of

contacts with infected individuals per unit time of one

susceptible, and 
IS

N


 is the number of new cases per

unit time due to the susceptibles. This form of the hori-
zontal incidence is called the standard incidence (see
for details[12]).

The simple mass action law IS, with  as a mass
action coefficient, is also sometimes used for the hori-
zontal incidence. In this case the parameter  has no
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direct epidemiological interpretation[8], but comparing
it with the standard formulation, it shows that =N,
so that this form implicitly assumes that the contact rate
 increases linearly with the population size N. How-
ever, it is shown in[12,13] that the standard incidence is
more realistic for human diseases than the simple mass
action incidence. The term I represents the recovery
rate with the recovery coefficient  and  is the dis-
ease induced death rate[1].

The basic concepts as well as the fundamental ques-
tions of epidemiological modeling are the threshold
conditions that determine whether an infectious disease
will spread or will die out into a population. In this re-
gard, a key epidemiological quantity R

0
, called the ba-

sic reproductive ratio plays the significant role in ana-
lyzing the diseases behavior of the model. R

0 
is the num-

ber of secondary cases that result from a single infec-
tious individual in an entirely susceptible population.
Another threshold quantity is the contact number, ,

where 





  is defined by the contact rate  per unit

time multiplied by the average infectious period 
1


. In

most cases, the basic reproductive number and contact
number are the same. So in our models, the basic re-

productive ratio is taken as 
0

0

S

NR





   

  
 

(for the

model (1)) and 
0

0

S
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
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
     
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(in case of

model (2)) under the assumption that S
0 
 N. The cur-

rent usage of R
0
 is the following: if R

0 
< 1, the modeled

disease dies out, and if R
0 
< 1, the disease spreads in

the population. Reproductive ratios turned out to be an
important factor in determining targets for vaccination
coverage and/or control measurements. However, we
show these analyses in the next section.

The models presented in (1) and (2) are the special
cases of SEIR models, where the exposed classes in a
latent period are absents. The mathematical models and
control strategies of such SEIR models can be found
in[4] and[17] (see also[3]).

NUMERICAL SIMULATIONS

We perform numerical simulations of our models

proposed both in (1) and (2) by the ODE-solver using
MATLAB programming. First we solve the epidemic
model (1) considering the initial values S(0) = 1000,
I(0) = 5, R(0) = 0 and the values of the parameters
=0.15, =0.75, =0.1. The result of the simulations
of the individual classes is presented in Figure 2(a) and
the infectious population class is in Figure 2(b). The
Figure 2(b) shows that an epidemic occurs and the dis-
ease persists in the population since the basic repro-
ductive number R

0
 = 3 > 1. Now we solve the model

(1) taking the parameter 
0.75

4
   with all other values

same as before and the simulations of susceptible class
and infectious class are shown in Figure 3(a) and Fig-
ure 3(b) respectively. A straightforward comparison
between Figure 2(b) and Figure 3(b) shows that the
disease dies out in the population as the basic repro-
ductive number R

0
 = 0.75 < 1 (see Figure 3(b)). Now,

we run the simulations of the endemic model (2) taking
the demography (births and deaths) into account. In
this case, we take the values of the parameters as

1 1

3 60
0.15, , 1.5,        and the result of the

simulations for the individual population classes is pre-

Figure 2(a) : Population sizes for the epidemic model (1) with
the basic reproductive number R

0
 = 3.

Figure 2(b) : Infectious individuals for the epidemic model
(1) show the persistence of the disease in the population.



Haider Ali Biswas 375

Regular Paper
RRBS, 6(12) 2012

Figure 3(a) : Susceptible individuals for the epidemic model
(1) with the basic reproductive number R

0
 = 0.75.

Figure 3(b) : Infectious individuals for the epidemic model
(1) show that the disease dies out in the population.

Figure 4(a) : Population sizes for the endemic model (2) with
the basic reproductive number R

0
 = 3.

Figure 4(b) : Infectious individuals for the endemic model (2)
with the basic reproductive number R

0
 = 3.

sented in Figure 4(a) and the infectious population class
is shown in Figure 4(b). Again we run the program
taking the same parameters except =0.375 and the
results are shown in Figure 5(a) and in Figure 5(b).
From the figures, we it is easily understood that the
behavior of the disease dynamics is quite different to
that of model (1). However, here we only discuss the
standard incidence case in this paper. Moreover, we
do not include any control parameter to the dynamics
of our discussed model. Our future research will fo-
cus on all such issues.

CONCLUSIONS

The periodic outbreaks of deadly nipah virus infec-
tions in Bangladesh have become the most public health
concerns because of the highly mortality rates. Once an
outbreak occurs in any region of Bangladesh, the virus
can be transmitted to the whole family and/or even in
the community, as Bangladesh is the most density popu-
lated (75% in rural areas) country in the world. So the
ultimate demand is to the take immediate necessary steps

Figure 5(a) : Susceptible individuals for the endemic model
(2) with the basic reproductive number R

0
 = 0.75.

Figure 5(b) : Infectious individuals for the endemic model (2)
with the basic reproductive number R

0
 = 0.75.
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so that the NiV infections can be ruled out completely.
This paper focuses on the fundamental scenarios of NiV
infections and the disease behavior by analyzing the
dynamic model of the disease. A SIR-type model for
the NiV infections has been formulated mathematically
and then analyzed numerically. The analysis of the math-
ematical model and the simulation predictions clarify
the mechanisms of the disease propagations and cell-
virus interactions in the human body and thus suggest
control strategies that could be implemented. Since
proper drugs as well as effective vaccine are still not
available for the treatments, this study may help the
doctors and biologists to determining and obtaining
control and preventive strategies from this deadly nipah
virus infection.

REFERENCES

[1] L.J.S.Allen, V.L.Brown, C.B.Jonsson, S.L.Klein,
S.M.Laverty, K.Magwedere, J.C.Owen,
Driessche, P.Van Den; Mathematical Modeling of
Viral Zoonoses in Wildlife natural Resource Mod-
eling, 25(1), 5�51 (2012).

[2] M.H.A.Biswas; AIDS epidemic worldwide and the
millennium development strategies : A light for lives.
HIV and AIDS Review, 11(4), 87-94 (2012).

[3] M.H.A.Biswas; Optimal chemotherapeutic strat-
egy for HIV infections - state constrained case, In
the proceedings of studECE2012, 1st PhD students
conference in electrical and computer engineering,
organized by the department of electrical and com-
puter engineering, Faculty of engineering, Univer-
sity of Porto, Portugal on June 28-29, (2012).

[4] M.H.A.Biswas, M.D.R.de Pinho; State constrained
optimal control applied to SEIR epidemic model for
optimal vaccination strategy (unpublished), to be
submitted, (2012).

[5] R.Breban, J.M.Drake, D.E.Stallknecht, P.Rohani;
The role of environmental transmission in recur-
rent avian influenza epidemics. PLoS Comput.Biol.,
5(4), 1�11 (2009).

[6] H.T.Chong, S.A.Bakar, C.T.Tan (Eds); Proceed-
ings of the nipah virus colloquium 2008, University
of malaya and related articles. Neurology Asia, 14,
45-47 (2009).

[7] H.T.Chong, M.J.Hossain, C.T.Tan; Differences in
epidemiologic and clinical features of nipah virus
encephalitis between the Malaysian and Bangladesh
outbreaks. Neurology Asia, 13, 23-26 (2008).

[8] H.T.Chong, A.Kamarulzaman, C.T.Tan, K.J.Goh,
T.Thayaparan, S.R.Kunjapan, N.K.Chew,
K.B.Chua, S.K.Lam; Treatment of acute nipah
encephalitis with ribavirin. Ann Nurol., 49(6), 810-
813 (2001).

[9] K.B.Chua, W.J.Bellini, P. A.Rota; Nipah virus: a
recently emergent deadly paramyxovirus. Science,
288(5470), 14325, May 26 (2000).

[10] K.B.Chua; Nipah virus outbreak in Malaysia.
J.Clin.Virol., 26(3), 26575, Apr (2003).

[11] T.W.Geisbert, K.M.Daddario-DiCaprio, A.C.Hickey,
M.A.Smith, Y.-P.Chan; Development of an acute
and highly pathogenic nonhuman primate model of
nipah virus infection. PLoS ONE, 5(5), 1�12
(2010).

[12] H.W.Hethcote; The mathematics of infectious dis-
eases. SIAM Review, 42(4), 599�653 (2000).

[13] H.W.Hethcote; The basic epidemiology models:
Models, expressions for R

0
, parameter estimation,

and applications. Mathematical understanding of
infectious disease dynamics, World Scientific Pub-
lishing Co.Pte.Ltd., December (2008).

[14] M.K.Lo, L.Lowe, K.B.Hummel, H.M.S.Sazzad,
E.S.Gurley, M.J.Hossain, S.P.Luby, D.M.Miller,
J.A.Comer, P.E.Rollin, W.J.Bellini, P.A.Rota; Char-
acterization of nipah virus from outbreaks in
Bangladesh. Emerging Infectious Diseases, 18(2),
248�255 (2008-2010).

[15] S.P.Luby, E.S.Gurley, M.J.Hossain; Transmission
of human infection with nipah virus. Clin Infect Dis.;
49(11), 1743�1748, (2009).

[16] S.P.Luby; Nipah virus in Bangladesh: Lessons for
global food safety. Improving food safety through
one health, Institute of medicine forum on micro-
bial threats, Washington DC, December 13, (2011).

[17] R.M.Neilan, S.Lenhart; An introduction to optimal
control with an application in disease modeling.
DIMACS Series in Discrete Mathematics, 75, 67�
81 (2010).

[18] Nipah outbreak in Lalmonirhat district. ICDDR,B.
Health and Science Bulletin, 9(2), 13�18, June
(2011).

[19] Nipah outbreak in Faridpur District, Bangladesh.
ICDDR,B. Health and Science Bulletin, 8(2), 6�
11, June (2010).

[20] Nipah virus infections, WHO Report, Asia- Pacific
region, World health organization, (2008).

[21] N.I.Paton, Y.S.Leo, S.R.Zaki; Outbreak of nipah-
virus infection among abattoir workers in Singapore.
Lancet, 354(9186), 12536 (1999).



Haider Ali Biswas 377

Regular Paper
RRBS, 6(12) 2012

[22] U.D.Parashar, L.M.Sunn, F.Ong; Case-control
study of risk factors for human infection with a new
zoonotic paramyxovirus, Nipah virus, during a 1998�
1999 outbreak of severe encephalitis in Malaysia.
The Journal of Infectious Diseases, 181(5), 1755-
9, May (2000).

[23] R.Stone; Breaking the chain in Bangladesh. Sci-
ence, 331, 1128-1131 (2011).


