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ABSTRACT

Recent outbreaks of deadly nipah virus (NiV) causing serious human epi-
demic disease have been one of the most alarming concernsin 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 amost 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
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numerical simulations.

INTRODUCTION

Bangladesh hasbeen themost risky geographicdis-
tribution for several epidemic and infectiousdiseases
likethenewly detected deadly nipah virus(NiV) infec-
tionsin the southeast region of Asid®!. Thevery re-
cently occurred and even periodical outbreaksof nipah
virusinfectionsindicatethe seriousalarming and dev-
astating threats of the public healthsin Bangladesh as
well intheworld. The outbreaksof NiV infectionsin
Bangladesh are assumed to bethemost darming and
thustheg gnificantly differentinepidemiologicanddinica
features™ because of thefact that it hasbeen occurring
every year (except 2002 and 2006) sincethefirst de-
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tection of nipah virusand itsdevastating infectionsin
Bangladesh in 2001. Ten outbreaks have aready oc-
curred fromtheyears 2001 to 2012, causing 145 degths
among theidentified 185 as serioudly infected by NiV
withtheaveragemortaity rate of 79% (seeTABLE1).
A statisticsof the chronological outbreaksof NiV in-
fections and the increasing average mortality rateis
shownin TABLE 1. From the TABLE 1 we seethat
only intheyears 2011 and 2012, themortality rateis
100% whichisof courseagreat threat for the global
public health a ong with Bangladesh. However, steps
for proper treatments and control strategiesshould be
takenimmediately right now. Although significant num-
bers of research havebeen carried out individualy and/


mailto:mhabiswas@yahoo.com

RRBS, 6(12) 2012

Haider Ali Biswas

371

or jointly intheIngtitute of Epidemiology, Disease Con-
trol and Research (IEDCR) and the Internationa Cen-
ter for Diarrhoeal Disease Research, Bangladesh
(ICDDR,B) with theother national and international
collaborationsonthisdeadly virusand mentionablere-
searchworkshave been publishedintheinternationaly
reputed journass, theworld heal th expertise should pay
specid attentiontoend thishighly fatal diseasefor ever
from Bangladesh. Otherwiseit may poseasignificant
threat to global healthif the outbreaks become more
widespread with an average mortality rateof 79%, since
thisisavirusthat isdevastatingto thefamiliesaffected.
Werefer reedersto (121416 gnd thereferenceswithin)
for themoredetailson NiV infectionsaswell assome
recent devel opments. Some other infectious diseases
suchasHIV/AIDS?3, dengue, swineflu, etc. arealso
of great concernsof public healthsin Bangladesh as
well asintheworld.

Our aminthispaper ismainly toformulatethe dy-
namicsof NiV infectionsinmathematicad mode sinthe
form of ordinary differential equations. Wesolvethe
model sby numerica simulation and then analyzethe
behavior of the disease dynamics. Beforegoing to our
model andysisitisworth presentingabrief discusson
on NiV infections and disease transmissionsfor the
readersconvenient.

What isNiV?

NiV, of thefamily Paramyxoviridae and the ge-
nusHenipavirus, isazoonotic (asitistransmitted from
animalsto humans) virusthat causesoutbreaks of fatal
encephdlitisinhumang. ThehumanNiV infectionwas
first recognized in alarge outbreak of 276 reported
casesin peninsular Maaysiaand Singaporefrom Sep-
tember 1998 through May 1999 (seefor examples®-
611.18) Theviruswasfirst isolated from apatient from
Sungal Nipahvillagein Madaysiaandthename’Nipah’
wasfirst introduced according to the name of that vil-
lage. Most of the cases presented primarily with en-
cephalitisand mortdity rate of 39%, had close contact
withsick pigg?22, whichindicatesthat thehost of NiV
infectionsin 1998 at Ma aysiaoutbreakswasthepigs.
However, largefruit batsof the genus Pteropus appear
to bethenatura reservoir of NiV and thepigsareas-
sumed to beinfected from those fruit bats. The pos-
sibleways of how the pigsmight beinfected from the
fruit ratsin Malaysian outbreaks werediscussed ini*Y.

—=> Regulor Paper
NiV outbreaksin Bangladesh

After twoyearsof NiV outbreaks, no further out-
breaks occurred in Malaysia. Unfortunately new out-
breaksof NiV infectionsin Bangladesh wereinitiated
in 2001, which continue until today. Sincethefirst de-
tectionof NiV in 2001, ten outbreakshave a ready been
occurred in Bangladesh with highly mortality ratean
estimated 79%in an averageand 100% in somecases
(seeTABLEDY).

TABLE 1 : Outbreaks of nipah virus infections in
Bangladesh, 2001-20121%4,

Outbreaks No. of No. of  Percentage

(Years) Infected People Deaths (%)
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

Themost darmingfact isthat dmost every year in
winter (December to March), thedeadly NiV strokein
the northern and western regions of Bangladesh. The
modeof transmissionsof NiV infectionsin Bangladesh
isquitedifferentin comparisontothatin Malaysiaas
reported in”, In Malaysian outbreaks, NiV wastrans-
mitted to humanviathesck pigs. Sincethenaturd res-
ervoirsof nipah virusarefruit bats, so thepigsare sup-
posed to becomeinfected by eatingfruitspartialy esten
and thus contaminated by thefruit batswith their urine
andsaliva However, NiV outbreaksin Bangladeshre-
main devastating because of themodeof transmissions.
Intheearly stage, nipah virusis supposed to betrans-
mitted through thedate palm sgp fromits natura reser-
voirs, i.e, fruit batsin addition to the case discussed
above. When peopledrink the contaminated date pam
sap, they become infected by the nipah virus. Once
people have beeninfected by the NiV either by eating
the partialy eaten and contaminated fruitsor 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 wasreported®® that adoc-
tor died dueto NiV infection whilegivingthehedthcare
toaNiV infected patient in hospital. A schematic dia-
gram of possiblenipah virustranamiss onsin Bangladesh
isshowninFigurel.

Figurel: A schematic diagram of possiblenipah virustrans-
missionsin Bangladesh(®,

FromtheFigure 1, we seethat case Awastheonly
mode of NiV transmissions in Malaysia outbreaks,
whereasboth case A and case B arethe modes of NiV
transmissionsin Bangladesh. Thebad newsisthat the
transmission doesnot end here. When NiV issome-
how transmitted to human, it continuesto betransmit-
ted from human to human and thusthewholefamily can
be affected by thisdeadly virus, if proper and careful
treatmentsaswell ascontrol measuresarenot followed.

TREATMENTSAND CONTROL

Thereisawel-known proverbthat ‘Preventionis
better than Cure’. Thisproverb istill the key mea-
surefor thetreatmentsof NiV infections. AsNiV isa
recently detected highly emerging deadly virus, no
proper drugsand even effectivevaccinesare available
for thetreatment of such typesof infectiousdiseases.
So acomplete cure by treatments using drugs and/or
vaccinesisgtill adream, although somedrugsareunder
investigations and a vaccine is being devel oped®.
However, aresearch showsthat ribavirin, an antiviral
drugisableto reducethe mortality of acute Nipah en-
cephalitis®. Theeffective preventiveand control mea-

surescan only reduce the spreads of nipah infections.
That isan intensive supportive carewith treatment of
symptomsisthemain gpproach to managing theinfec-
tionintheinfected humans. For effective preventiveand
control measures to reduce the risk of infectionsin
people, thefollowing three cases must befollowed:

Bat-to- human transmission

Thistransmission can be prevented by decreasing
bat accessto date pam sap. Also freshly collected date
palm juice should a so be boiled and fruits should be
thoroughly washed and peel ed before consumption.

Human-to-human transmission

Thistransmission can bereduced by avoiding close
physical contact with Nipah virus-infected people. In
this case glovesand protective equi pment should be
wornwhen taking care of ill people and regular hand
washing should becarried out after caring for or visiting
sick people.

Animal-to-human transmission

Prevention of thistransmission requiresthat gloves
and other protectiveclothing should bewornwhilehan-
diingsick animasor their tissues, and during daughter-
ingand culling procedures.

Findly, intheabsence of avaccine, theonly way to
reduceinfectionin peopleisby raising awareness of
therisk factors and educating peopl e about the mea-
sures they can take to reduce exposure to the virus.
Werefer reader tol1416182023 gnd referenceswithin for
more detail sabout the prevention and control strate-
giesof NiV infections.

Wearenow in position toformul atethe mathemati-
cd modd of thedynamicsof NiV infections. Theandyss
of disease dynamicscan help usidentifying the better
strategy to control theinfections.

MATHEMATICAL MODEL

Mathematical moded s havebecomeimportant tools
in analyzing the spread and control of infectiousdis-
eases. An efficient preventive and control measure of
thespread of alife-threatening pathogen mainly depends
on an essentia understanding the mechanismsof that
pathogen. Mathematical modelsof infectiousdiseases
in human have been used toincrease our understanding
of these mechanisms and to test hypotheses about ef-
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fectivemethodsfor prevention and control of infectious
diseasesin humans. Thetransmissioninteractionsina
population arevery complex, soit isdifficult to com-
prehend the large scal e dynamics of disease spread.
Understanding theseinteraction characteristicscan lead
to better approachesto decreasing thetransmission of
diseases. Mathematical mode sare used in such com-
paring, planningimplementing, eval uating, and optimiz-
ing various detection, prevention, therapy and control
programs. Werecall that NiV isanewly detected highly
emerging pathogen and no proper drugs and/or vac-
cinesareavailableyet for itstreatments. So, itisessen-
tial for the physi ciansand biologiststo understand the
disease mechanismsin the human body in order tofind
out effectivemethodsfor prevention and control.

Human NiV isazoonotic virusand thustransmit-
ted first from animal to human. Onceit hasbeen trans-
mitted to human, thenit continuesto betransmitted
through human to human (H2H) by the closed contact
of infectedindividudsduetoitshighly infectivity. Sothe
dynamicsof NiV infections can bedescribed by aSR-
typeinfectious disease model in theform of a set of
ordinary differential equations (ODES). Let ussuppose
that S(t), I (t), and R (t) denote the number of individu-
asinthesusceptible, infectious, and recovered classes
at timet. Thetota population at timet isrepresented
by N(t) = S(t)+(t)+R(t). Thesusceptible(S) individu-
alsarethose ableto beinfected by the disease para-
site. It isassumed that all people are susceptible by
born. Theinfectious(I) individualsarethosewho are
infected and ableto transmit the parasiteto othersand
therecovered (R) individualsarethosewho havere-
covered and thus areimmune or have died from the
disease and do not contributeto thetransmission of the
disease. Weformulateand analyze two basic SIR mod-
elsand discussthe behavior of the propagation of dis-
easesin two different contexts: oneis Epidemic model
whilethe other isEndemic model.

Basic SIR epidemic model

The basic SIR epidemic models are used to de-
scriberapid outbreaksthat occur in ashort duration of
time(e.g. lessthan oneyear). Sincethetimeperiodis
short, novital dynamics (birthsand desths) areconsid-
eredinthismodd. Thedeterministicmode for thesingle
outbresk asin¥ (see dso*? and™?) can be represented
by thefollowing ordinary differentia equations:
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S(t)=-4

. S(t)1 (1)
I(t) =
t=p N

R(t) =71 (1)
withtheboundary conditions
S(0)=$520,1(0)=17>0,R(0) =Ry >0
Basic SIR endemic model

Thebasic SIR endemic model sareused for study-
ing diseasesover longer periods, duringwhich thereis
arenewal of susceptiblesby birthsor recovery from
temporary immunity. Sothebas cdeterminigticendemic

modd isthe SIR modd withvita dynamics(i.e. inclu-
sionsof birthsand degths) given by

S()1(t)
N

S()1 (t)
N

—al(t)-yI(t) (1)

S(t) = uN — uS(t) - B

S
I(t)=p N
R(t) = 71 (t) - uR()

with theboundary conditions

S(0)=%20,1(0)=17>0,R0) =Ry >0

ThisSIR modd (2) isalmost the same asthe SIR epi-
demic mode presentedin (1) above, except that it has
aninflow of newbornsinto the susceptibleclassat the
rate 4N and deathsin the classes at rates uS, ul, and
1R Thedeathsba ancethebirths so that thetotal popu-
lation size N isconstant. We assumethat themean life-

—(a+y+m)I(t) )

time % would beabout 60 yearsin Bangladesh.

Bothinmodel (1) and (2), Sistheincident coeffi-
cient representing the average rate of adequate con-
tacts(i.e., contacts sufficient for transmission) of aper-

son per unit time, then % isthe average number of
contactswithinfected individua sper unit timeof one

susceptible, and % isthe number of new cases per

unit timedueto the susceptibles. Thisform of thehori-
zontal incidenceiscalled the standard incidence (see
for detailg%?).

Thesmplemassactionlaw 7l S with nasamass
action coefficient, isalso sometimesused for the hori-
zontal incidence. Inthiscasethe parameter  hasno
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direct epidemiologica interpretation!®, but comparing
it with the standard formulation, it showsthat 5= 7N,
sothat thisformimplicitly assumesthat the contact rate
Sincreaseslinearly with the popul ation size N. How-
ever, itisshown ini*2* that the standard incidenceis
moreredlisticfor human diseasesthanthesmplemass
actionincidence. Theterm y representstherecovery
rate with the recovery coefficient yand aisthedis-
easeinduced death rate”.

Thebasicconceptsaswd| asthe fundamenta ques-
tions of epidemiological modeling are thethreshold
conditionsthat determinewhether aninfectiousdisease
will spread or will dieout into apopulation. Inthisre-
gard, akey epidemiological quantity R, caledtheba-
screproductiveratio playsthesignificant rolein ana-
lyzing the diseasesbehavior of themodel. R isthenum-
ber of secondary casesthat result fromasingleinfec-
tiousindividua inan entirely susceptible population.
Another threshold quantity isthe contact number, o,

where o = g isdefined by the contact rate 3 per unit

timemultiplied by theaverageinfectious period % .n

most cases, the basi ¢ reproductive number and contact
number arethe same. So in our models, thebasic re-

i)
productiverdioistekenas g -5 - N_ . B (forthe
a+y a+y

£S
model (1)) and %:U:¢~L(in case of

aty+u h a+y+u

model (2)) under the assumption that § ~N. Thecur-
rent usageof R isthefollowing: if R < 1, themodeled
diseasediesout, andif R < 1, thedisease spreadsin
the population. Reproductiveratiosturned out to bean
important factor in determining targetsfor vaccination
coverageand/or control measurements. However, we
show these andysesin the next section.

Themodespresentedin (1) and (2) arethe specid
casesof SEIR modd s, wherethe exposed classesina
latent period areabsents. The mathematicad modelsand
control strategiesof such SEIR modelscan befound
in and (seealsoi¥).

NUMERICAL SIMULATIONS

We perform numerical simulationsof our models

proposed bothin (1) and (2) by the ODE-solver using
MATLAB programming. First we solvethe epidemic
model (1) considering theinitial values S(0) = 1000,
[(0) =5, R(0) = 0 and the values of the parameters
o=0.15, =0.75, p=0.1. Theresult of thesmulations
of theindividud classesispresented in Figure 2(a) and
theinfectious population classisin Figure 2(b). The
Figure 2(b) showsthat an epidemic occursandthedis-
ease persistsin the population sincethe basic repro-
ductive number R, = 3> 1. Now we solvethe model

(1) taking the parameter g = 0'775 with all other values

same asbeforeand thesmulations of susceptibleclass
and infectious classare shown in Figure 3(a) and Fig-
ure 3(b) respectively. A straightforward comparison
between Figure 2(b) and Figure 3(b) showsthat the
disease dies out in the population asthe basic repro-
ductive number R =0.75 < 1 (seeFigure 3(b)). Now,
werunthesmulationsof theendemic modd (2) taking
the demography (births and deaths) into account. In
this case, we take the values of the parameters as

a:O.lS,y:%,,le.S, y:GiO and the result of the

smulationsfor theindividua population classesispre-
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Figure2(a) : Population sizesfor theepidemic mode (1) with
thebasicreproductivenumber R = 3.
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(1) show the persistence of the diseasein the population.
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Figure3(a) : Susceptibleindividualsfor the epidemic model
(1) withthebasicreproductivenumber R =0.75.
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Figure3(b) : Infectiousindividualsfor the epidemic model
(2) show that thedisease diesout in the population.
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Figure4(a) : Population sizesfor theendemicmodel (2) with
thebasicreproductivenumber R = 3.
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Figure5(a) : Susceptibleindividualsfor the endemic model
(2) with thebasicreproductivenumber R =0.75.
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Figure5(b) : Infectiousindividualsfor theendemic mode (2)
with thebasicreproductivenumber R =0.75.

sentedin Figure4(a) and theinfectious popul ation class
isshownin Figure 4(b). Again werun the program
taking the same parameters except f=0.375 and the
results are shownin Figure 5(a) and in Figure 5(b).
Fromthefigures, weit iseasily understood that the
behavior of the disease dynamicsisquitedifferent to
that of model (1). However, hereweonly discussthe
standard incidence casein this paper. Moreover, we
do not include any control parameter to the dynamics
of our discussed model. Our futureresearch will fo-
cusondl suchissues.

CONCLUSIONS

Theperiodic outbresksof deadly nipah virusinfec-
tionsin Bangladesh have becomethemost public heglth
concernsbecauseof thehighly mortaity rates. Oncean
outbreak occursin any region of Bangladesh, thevirus
can betransmitted to thewholefamily and/or evenin
thecommunity, as Bangladeshisthemost density popu-
lated (75% inrura areas) country intheworld. Sothe
ultimate demandistothetakeimmediatenecessary steps
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sothat theNiV infectionscan beruled out compl etely.
Thispaper focusesonthefundamenta scenariosof NiV
infections and the disease behavior by analyzing the
dynamic model of the disease. A S R-type model for
theNiV infectionshasbeen formulated mathematicaly
andthen andyzed numericdly. Theanaysisof themath-
ematical model and the simulation predictionsclarify
the mechanismsof the disease propagationsand cell-
virusinteractionsin the human body and thus suggest
control strategiesthat could beimplemented. Since
proper drugsaswell as effectivevaccinearestill not
availablefor the treatments, this study may help the
doctors and biologiststo determining and obtaining
control and preventive strategiesfrom thisdeadly nipah
virusinfection.
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