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ABSTRACT

We present amethodol ogy that is based on awell-known epidemiol ogical
model (the SIR model) and which will lead to acritical parameter that can
be later employed to analyze the actual occurrence of an epidemic. The
parameter can be used to specify whether an epidemic is currently in
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existence and that a mass vacci nation campaign should be commenced or
if it werejust amisinterpretation of the dataand amass vaccination campaign
would not be justified. As a confirming example, weekly data from the
outbreak of measles that occurred in Venezuela during 2001-2002 is

examined using this technique.

INTRODUCTION

Among themany diseasesthat havehad del eterious
effects on human kind over the centuries, meadesis
certainly one of the worst. According to historical
records, epidemics of measles have occurred quite
frequently. Herein we suggest an analytical technique
that isbased upon thewe l-known SIR modd to andlyze
epidemics and find that it could possibly lead to a
predictive parameter which can be used to indicate
whether alocd or globd immunization campaign should
be commenced. In the SIR model, S stands for the
fraction of the popul ation that issusceptibleto acquiring
the disease, | standsfor thefraction of the population
that isinfected by the disease, and R stands for the
fraction of the popul ation that hasrecovered fromthe
disease.

Recalling that despite of substantial worldwide
efforts to eradicate measles, 39.9 million cases and
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777,000 deaths, primarily among young childrenin
Africaand Southeast Asia, occurred during 20001,
Currently therearesignificant outbresksof meades
at thepresent time. For example, Ukraine hasrecently
reported 10,386 cases mediahasreported 1286 cases
according to recently published datainthe CDC newd?.
InVenezuela, thefirst documented outbresk of mesdes
occurredin 1993-1994 and involved 38,000 casesand
124 deathg®®. Because of this outbreak, a national
vaccination campaignfor children from 6 monthsto 14
years old was conducted throughout the country. A
measure of the successof the campaignisthat only one
documented degth attri butabl eto mead esoccurred during
1995, 4 casesin 1998 and nonein 1999. However, an
outbreak of 22 casesinvolving preschool-age children
occurred during 2000. In 2001-2002, another outbreak
occurred, thefirst casebeing an adult male (age 39) in
Falcon. This individual had previously visited Europe in
August 2001 whichat that timewasenduringameedes
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epidemic. Hisbrother subsequently contracted thedisease
in September 2001. The disease spread to the city of
Maracaibo and later to Falcon, Maracaibo, Trujillo,
Mérida, Lara and other localities®®®. Using datafrom
the Venezud an epidemicand andyzingit withthemodel
introduced by Kermack and McKendrick™, a new
parameter will be obtained that could haveimportant
predictive consequences. A mathematica andysisof this
model hasal so appeared®Y,

A problemfacing an epidemiologist istoidentify
potential outbreaksoccurringinlocalizedregionsina
given geographic areabefore the disease becomesa
national epidemic or aworldwide pandemic. Therefore,
the proposed methodol ogy hasbeen derived that alows
oneto determinewhether an outbreak isan epidemic
or not according to the resolution of the differential
equationsof the SIR model.

MATERIALSAND METHODS

The SIR model is defined by the following
equationg*Z:

is
&2 _ _gsi
art
7,
gy T G
dt @

Thecoefficient  representstherate of infection of the
susceptible population and v represents the rate of
recovery of the infected population. In a particular
epidemic, it is reasonable to assume that the total
population N would haveaconstant va ue. Accordingly
one can write that, S= N — | — R. This expression
assumesthat no changesinthebirth or deathratesare
included in the analysis. Therefore, it is possible to
reducethethree equationsto thefollowing two equations
g - )
al . 2
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Thesetwo equations can becombinedtoyield
SfdR\ d[dR 1 __ ., .
"F(E) = —| - +36R* - (BN - v}R] 3
As has been noted before*¥, we also makes the
assumptionthet theleft-hand Sdeof thisequationissmall
and can be set equal to 0. This assumption isin

agreement with thesuppositionthat therate of remova
of therecovered populationissmall in comparisonwith
thetota recovered population. Under thisassumption,
equation (3) may beintegrated and rewritten as.
%+%,@R= ~(EN—1)R =0 4)
Theconstant of integrationisequal to zero becausethe
coefficientsare equal to zero before the onset of the
epidemic. Thisequaity holdsbecauseweonly consider
thetimeat which theinfectious process begins. The
solution of (4) ig*¥

A
R==-I1+ tanh{A(t — t5))] (5)

I

Therateof removal per unittimeis
dR A%

55 = ?sech: [A(t—t5]] (6)
Therefore, it is possible to examine the infected
population using theequation

asech®( At —t,]] )

wherea=2\?/p.

Using this equation, we examined the published
mead esdatafor Venezuelafrom 2001 to 20025, We
analyze this data using (7) where a represents the
amplitude of the epidemic equal to A%/, t, represents
thetime of themaximum of the epidemic, Aisequal to
BN — v and sech is the hyperbolic secant squared.
Fromthedata, it ispossibleto obtain numerica vaues
for the parameters o, A andt,.

RESULTS

Figure 1 displaystemporal evolution on aweekly
basis of the number of cases of measlesthat occurred
during the2001-2002 epidemicinVenezudla Theline
representsthe best fit of equation (7) withthedatafrom
whichthefollowing valuesareobtained. a=190, A =
0.1andt = 10. Thenumerical valuesobtained from
thedataareo. =201.635, 1=0.188att, = 10.2which
correspondsto week 10 of 2001. Thismodel doesnot
provide any indication of subsequent epidemicswhich
may occur sgnificantly later intime.

The A parameter indicated the growth rate of the
disease, aproperty anal ogousto Malthusiangrowth. In
addition, weknow that = v (R,—1) andthat vis 1/8,
theinverseof theaveragelatent period*>4. Therefore,
R, will beequal to A/v + 1 =0.188/0.125+1=2.504.
Becausethisvaueisgreater than one, it impliesthat
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any member of the popul ation could beinfected with
mead esbefore being vaccinated. Thisresult indicates
that it certainly was justified to perform the mass
vaccinationintheentirecountry during 2001 and 2002.
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Figure 1 : Weekly assessment of measles cases from 2001
through 2002. The pointsrepresent themeadescases. The
solid line is the result of adjustments made to the data
accordingtoequation 7.

DISCUSSION

Theimportance of determining the probability of
the occurrence of an epidemicisthat thisinformation
can help toisolate and possibly eradicate alocalized
episode. According to the analysis of Figure 1, the
meas| es outbreak in Venezuel a during the outbreak
2001-2002 was endemic and should have been
eradicated very rapidly.

Velasco et al.[*™ analyzed the HIV epidemic and
considered the eradication of HIV in terms of the
numerica vaueof theaveragenumber of new infections
caused by aninfectedindividual R ,. If R islessthan
one, it would bepossibleto eradicatethe epidemic. As
R, increases beyond the value of one, the epidemic
becomes more severe. The current study found an R,
value of 2.17 for the measles epidemic. From this
numerical vaue, we concludethat it was necessary for
theauthoritiesto vaccinateeveryonein order to decrease
the probability of amead esepidemicin Venezuea.

Published valuesof R vary between 10 and 2019,
However, thesimplicity of the approach takeninthis
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study doesnot alow theandyst to discriminate between
theinfected and non-infected popul ations. In addition,
we have made assumptions concerning certain
parametersin the derivation of equation (4). For these
reasons, thenumerical valueof R determinedinthis
study waslower than the published va ues. Infact, these
comments agree with the observations made by
Bjornstad et d . in explaining the episodes of meades
that occurredin England.

DEDICATION

Thiswork isdedicated to all thosewho havedied
of meadesintheworld.

CONCLUSIONS

It is important that a country conduct mass
immuni zation campaigns against measl esin order to
prevent loca outbreaksfrom spreading geographicaly
throughout that parti cular and possibly reach pandemic
proportionsinto neighboring countries. In order toavoid
another pandemic comparablewith that which occurred
in Europe and because countriesare not isolated from
each other, it is necessary to develop a monitoring
system with real-time geographi cinformation for the
early detection of localized episodes of diseases such
as measles. The procedure introduced in this paper
should providean additiond tool for theepidemiologists
asthey monitor the spreading of various diseases.

InVenezud a, amead esepidemic occurred in 2001
after the outbreak in Europe. At the present time and
under smilar conditions, it isimportant to continuoudy
monitor theonset and progression of thediseasein order
to prevent an epidemicfrom occurring later ineither the
short or themedium terms. For thisreason, itisnecessary
to quantify the parameters of theepidemic of diseases
such as measles in order to avoid another possible
pandemic.
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