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ABSTRACT

LassafeverremainsarecurrentandendemicpublichealththreatinNigeria,withmortalitythatisoftenseasonal,over-
dispersed,anddifficulttomonitorusingclassical,threshold-

basedsurveillancemethods. ThisstudyappliedaModifiedExponentially WeightedMovingAverage(MEWMA )cont
rolchart,developedbyKhanetal.(2017),tomonitorweeklyLassafeverdeathsinNigeriausingsurveillancedataobtaine
dfromtheNigeriaCentreforDiseaseControl(NCDC)coveringJanuary202 1toSeptember2025(244weeks).In-
controlprocessparameterswereestimatedfromabaselineperiod,andtheME WM Astatisticwasconstructedusingthes
moothingparameterA=0.2,controlchartcoefficientL=2.793 ,k=A/2,andanominalin-
controlAverageRunLength(ARLo)of370.Descriptiveanalysisshowedthatweeklydeathswereapproximatelynorma
llydistributed, withnomarkedskewnessorextremeoutliers,whileatimeplotrevealednaturalfluctuationswithoutanim
mediatelyobviouspattern. TheModifiedEWMAchart,however,detectedseveralstatisticallysignificantout-of-
controlsignals,mostprominentlyin2024,indicatingperiodswhenLassafeverdeathsroseabovetheexpectedbaseline.
Similar,lesspronouncedsignalswereobservedin2021,2022,2023,andearly2025,suggestingarecurringseasonalorpe
riodicoutbreakpattern. ThesefindingsdemonstratethattheModifiedEWMA chartisasensitiveandpracticalearly-
warningtoolforLassafevermortalitysurveillanceinNigeria,anditsadoptionbypublichealthauthoritiescouldsupport
moretimelyoutbreakresponse.

Keywords: Lassafever; Modified EWM Acontrol chart; Statistical process control; Average Run Length;
Diseasesur veillance; Nigeria

INTRODUCTION

Lassafeverhasbeenrecognizedasanendemicthreatinseveral WestA fricancountriessincetheLassaviruswasfirstdisc
overedinLassatown,BornoState,Nigeria,in1969.TheprincipalhostoftheLassavirusisthemultimammaterat(Masto
mysnatalensis),anasymptomaticcarrierthatexcretesthevirusinitsurineandfaeces. Humaninfectiontypicallyoccurst
hroughcontactwithcontaminatedsurfaces,consumptionoffoodcontaminatedwithrodentexcreta,ordirectcontactwit
htherodentsthemselves.Human-to-
humantransmission,throughcontactwiththebloodorotherbodilyfluidsofaninfectedperson,isalsocommonlyobserv
ed.Consequently,thevirushasspreadrapidlytovirtuallyallpartsofNigeria.In2025,2 1 ofthe36states(includingtheFed
eralCapital Territory)recordedatleastoneconfirmedcase,withOndo, Taraba,Edo,Bauchi,andEbonyistatesrecording
thehighestnumbersofcases.Specifically,172confirmeddeathswererecorded(NCDC,2025),withOndoandTarabast
atesrecordingthehighestnumbersofdeaths(37and36,respectively). Thespreadanddistributionofconfirmeddeathcas
esacrossthestatesofNigeriaarepresentedinthemapinFigurel.
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Figurel:DeathCasesduetoLassafeveracrosstheStates

TheexpandinggeographicaldistributionandtheconsistentlyhighCaseFatalityRatio(CFR )areimportantindicatorsof
theendemicityoflLassafeverandthecontinuingthreatitposestotheNigerianhealthsystem.Thediseaseislargelyseason
al,withthehighestincidenceduringthedryseason(NovembertoMarch),whenscarcenaturalfoodsourcesdriverodents,
themainreservoir,toforageinhumansettlements(Musaetal.,2024). Duringthisperiod,healthsystemsandthegeneralp

opulationneedtoremainhighlyvigilant. ThecasefatalityrateforLassafeverinNigeriaiscurrentlyreportedtorangebetw
eenl3.5%and18.3%amongconfirmedcases,reflectingconstraintsinearlyresponsetotheillnessandinpublicawarene

ss(OCHA,2024).

GiventherecurrentnatureofLassafeveroutbreaksandtheassociateddeaths,continuousandreliablemonitoringofmort
alityisessentialfortimelyinterventionandeffectiveepidemiccontrol.Classicalepidemiologicalsurveillancemethods
oftenrelyondescriptivestatisticsandthreshold-

basedalertsystems. Whileuseful,thesemethodsmayfailtodetectsubtlebutimportantchangesinmortalitytrends,partic
ularlywhentheincreaseisgradual. Thislimitationhasmotivatedtheadoptionofstatisticalprocesscontrol(SPC)method
s,whichprovidemoresensitivetoolsformonitoringpublichealthdataovertime.

Thecontrolchartisregardedasthemostimportantinstrumentinstatisticalprocesscontrol(SPC)andisnowwidelyuseda
crossmanufacturing,service,andpublichealthsectors(Wuetal.,2010;Alfaro&Ortega,2011;Sarkar&Pal,1997;Shuet
al.,2012;Rakitzis& Antzoulakos,2012). Walter A.Shewhartintroducedtheconceptofagraphicalsummaryofprocessi
nformationtomonitorandsurveyproductionprocessesinthe1920s. Thisgraphicalsummary,knownasacontrolchart,e
nsuresthatarandomprocessremainswithinanacceptablerangeratherthandriftingtoofarfromitsexpectedlevel.Monit
oringchangeinareassuchassignalsegmentation,navigationsystemperformance,andqualitycontrolisimportantforpr
eventinglosses.

Roberts(1959)introducedtheexponentiallyweightedmovingaverage(EWMA )controlchartasaneffectivealternativ
etothetraditionalShewhartcontrolchartformonitoringsmallshiftsinprocessparameters(Yang,2013). TheEWMAco
ntrolcharthasgainedconsiderablesignificanceoverthepastfewdecades.Numericalmethodsdevelopedbyqualitycont
rolresearcherssuchasRobinsonandHo(1978),Crowder(1987),andLucasandSaccucci(1987)havemadethisscheme
moreaccessibleinthequalitycontrolliterature.

TheEWMAtechniquewasmadesimpleandeasytoapplythroughthegraphicalmethodsestablishedbyRoberts(1959)a
ndChantraine(1987).AccordingtoShuetal.(2014),theliteratureontherobustnessandeffectivenessoftheEWMAtech
niqueindicatesthatitisoneofthemostvaluabletechniquesforidentifyingsmallandmoderateprocesschanges.

Inpublichealthapplications,severalstudieshaveadoptedEWMA controlchartstomonitordiseaseincidence,mortality
,andotherhealthindicators,owingtotheircapacityforearlyoutbreakdetection,particularlyforinfectiousdiseases(Wo
odall,2006;Zhangetal.,2020).
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Despiteitsbenefits,theconventionalEWMA controlchartassumesnormality,independence,andconstantvariance,as
sumptionsthatarefrequentlynotmetinepidemiologicalcountdatasuchasLassafeverdeaths.Mortalitydataofthiskinda
regenerallyskewedandoverdispersed,andmayexhibitseasonalityorautocorrelation.

Toovercometheseshortcomings,anumberofmodifiedEWM A controlchartshavebeenproposedintheliterature.Stein
eretal.(2000)reportedthatrisk-adjusted,modifiedcontrolchartsarehighlysensitiveandhavelowerfalse-
alarmratesthantraditionalchartswhenmonitoringrareeventssuchasmortality.Similarly,ZhouandGuan(2018)establ
ishedthatPoisson-basedEWM A chartsarebettersuitedtodisease-countdatathanconventionalnormal-

basedEWMA charts.ModifiedEWMA chartshavealsobeenappliedtomonitorEbola, COVID-
19,andmalariadeathsinthecontextofinfectiousdiseasesurveillance.Forinstance,BrookmeyerandStroup(2004)high
lightedstatisticalsurveillancetechniquesforidentifyingabnormalmortalitytrendsduringanepidemic,andtheirworkf
avourstheapplicationofadaptiveandmodifiedEWMA chartsforreal-timemortalitymonitoring.

Nevertheless,theliteraturespecificallyaddressingtheuseofmodifiedEWMAcontrolchartstomonitorLassafevermor
talityremainslimited,particularlyinNigeria. ThisgaphighlightstheneedforempiricalresearchapplyingimprovedSP
CtechniquestoLassafeverdeaths,withaviewtoimprovingpublichealthresponsetooutbreaks.

ThisstudythereforeadoptedtheModifiecdEWMA(MEWMA )controlchartintroducedbyKhanetal.(2017)tomonitor
upwardshiftsinLassafeverdeathsusingdatafromtheNigeriaCentreforDisease Control(NCDC).Previousstudieshav
eshownthatEWM A chartsaremoreefficientatdetectingdiseaseoutbreaksthanconventionaltechniques. MEWMAch
artsaremoresensitivethanShewhartchartstosmallandgradualchangesindiseaseprevalence,whichcommonlyoccura
ttheonsetofinfectiousdiseaseoutbreaks. MEWMA chartsalsoofferbroadermonitoringcapabilityandgreatertoleranc
etotemporaryvariationthanstandardEWMA charts(Khanetal.,2017),makingthemwellsuitedtoweeklysurveillance
datathatmaycontainirregularitiesinreporting.

Specifically,thisstudyaimsto:(i)examinethedescriptiveanddistributionalcharacteristicsofweeklyLassafeverdeath
sinNigeria;(i1)constructaModifiedEWMA controlcharttomonitorupwardshiftsinLassafevermortality;and(iii)eval
uatetheperformanceofthechartusingtheAverageRunLength(ARL)criterion.

METHODOLOGY

2.1ResearchDesign

ThestudyutilisedastatisticalprocessmonitoringframeworktoassessmortalitytrendscausedbyLassafeverinNigeria,
basedonaModifiedExponentiallyWeightedMovingAverage(MEWMA )controlchart. TheModifiedEWMAchartpr
oposedbyKhanetal.(2017)wasadoptedbecauseofitsimprovedsensitivitytothesmallandpersistentchangesthatarech
aracteristicofdiseasesurveillanceandmortalitydata.

Here, Xidenotesthenumberofreporteddeathsattimez,extractedfromtheNigeriaCentreforDiseaseControl(NCDC)w
ebsite. AllreporteddeathsfromJanuary202 1toSeptember2025Swereretrievedfromhttps.://ncdc.gov.ng/diseases/sitr
eps,wheret=1,2,...,T. Aninitialhistoricalperiod,overwhichthemortalityprocesswasassumedtobestable,wasidentifi
edandusedasthebaseline(in-control)periodfromwhichtheprocessparameterswereestimated.

2.2EstimationofIn-ControlParameters

Thein-
controlmeanandstandarddeviationofthemortalitylevel,denotedpoando,wereestimatedfromthebaselinedataofsizen
as:

n n
1 1 5
Ho = EZ Xi,  i=12,.n, o= n—1 Zl(Xi — Ho)
=
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SinceLassafevermortalitydatafrequentlyexhibitlowanddiscretecounts,aPoissonassumptionwasconsideredapprop
riate,underwhichthevarianceisapproximatelyequaltothemean(c? ~
10);otherwise,thePoissonmodelmaynotbesuitable. Theobserveddatawerethereforeassessedtodeterminethedistri
butiontheyfollow.

2.3ModifiedEWMA(MEWMA)ControlChart

TheModifiedEWMA(MEWMA )chartwasintroducedbyKhanetal.(2017).IfXirepresentsthenumberofLassafeverd
eathsperweek,theMEWM Astatisticisdefinedas:

Zy =1 —=DZ_g + X + k(Xe — Xe—q) (1)

wherekisaconstantand0 < A < lisasmoothingparameter.TheinitialvalueZoistheprocesstarget,sothatZ, =
Ug-althoughtheaverageofthepreliminarydatamaysometimesbeusedasthestartingvalue,i.e.Z, =

X . TheMEWMA chartdependsontwoconstants, A and k,whereasmallervalueofAleadstoquickerdetectionofsmallsh
ifts. TheMEWM Astatisticcanberegardedasaweightedaverageofallpastandrecentobservations,makingitinsensitive
tothenormalityassumption;itisthereforewellsuitedforusewithindividualobservations(Montgomery,2019). TheME
WDMA chartisanextensionofexistingcontrolcharts,reducingtotheEWMA chartofRoberts(1959)andthemodifiedEW
MAchartofPatelandDivecha(2011)whenk = 0and k = 1,respectively.

2.4ControlLimitsoftheModifiedEWMAChart

ThemeanandvarianceoftheMEWM Astatisticaregivenby:

E(Z,) = yandV(Z,) = [M}‘;

2-2

2

TheupperandlowercontrollimitsoftheModifiedEWMA chartaregivenby:

,)L+2/‘lk+2k2
UCL = Ug + Lo W

CL = o (3)
,)L+2/‘lk+2k2
LCL = Ho — Lo W

whereLisacontrolchartcoefficienttobedetermined. Thevalueofkmay,inprinciple,bechosenindependentlyofA;howe
ver,inthisstudy,k = —A/2wasused,asderivedbyKhanetal.(2017)tominimisethevariance.

2.5ChoiceoftheSmoothingParameteri

TheparameterAdeterminestheweightassignedtothecurrentsample.SmallervaluesofAprovidegreatersmoothingand
aresuitableformonitoringrareoccurrences. ThevaluesA=0.20wasexamined,withk = A/
2computedforeachcase;thisenhancessensitivitytosmallshifts.

Atagiventimepointt,theprocessisdeclaredoutofcontrolifZ, goesbeyondtheuppercontrollimitorfallsbelowthelower
controllimit.Sincethefocusofthisstudywasondetectinganupwardshift(increase)indeaths,emphasiswasplacedonup
wardsignals,where Z; > UCL.

2.6PerformanceoftheControlChart

Themostcommonwaytoassesstheperformanceofacontrolchartisbyevaluatinghowquicklyitdetectsshiftsinprocess
quality;thisisachievedbycalculatingtheAverageRunLength(ARL)—
theaveragenumberofobservationstakenbeforeanout-of-
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controlsignalistriggered.Inthisstudy,theassessmentcriterionusedwasthe ARLapproximationofKhanetal.(2017),gi
venas:

Pout = P(Ze > UCL|w) + P(Z,(LCL|w)

Aftersimplification,out-of-controlARLgivenby

1-¢ /” +io +n2(;k—t1)2k2) . é /M ~1o < +n2k—tl)2k2) -
\/(/1 + 21k + 2k2) \/(/1 + 2k + 2k?2)
n2—-21) n2-21)

o) —_
Pout =

Wheregisthecumulativedistributionfunctionofthestandardnormaldistribution.

Pout = 2(1 = ¢(L))

TheARLwhentheprocessisincontrolrepresentedby AR Loisgivenasfollows:

1
ARLO == o

Pout

Acontrolchartwiththelargestin-controlARL(ARLo)andthesmallestout-of-
controlARL(ARL)isregardedassuperiortotheotherchartsconsidered. Thisisbecausememory-
typecharts,suchastheMEWM A chart,arespecificallydesignedtodetectsmallandgradualshiftsintheprocessvariable.

RESULTSANDDISCUSSION
3.1DescriptiveStatistics

ThehistogramwithsuperimposednormalcurveforreportedLassafeverdeathsispresentedinFigure2.Itcanbeobserved
thatmostobservationsareconcentratedaroundthecentralvalues,withrelativelyfewobservationsatthelowerandupper
extremes. Thebarscloselyfollowthepatternofthenormalcurve,indicatingthatthedataareapproximatelynormallydist
ributed.

Thedistributionappearsfairlysymmetric,withnoindicationofextremeskewnessoroutliers. Thus,thedeath-
occurrencedatasatisfythenormalityassumptionrequiredformanyparametricstatisticalanalyses.Similarly,thetimepl
otinFigure3illustratesthereportedLassafeverdeathsduringthestudyperiod. Theobservationsfluctuateovertime,sug
gestingnaturalvariationinthenumberofreporteddeaths. Theplotalsoshowsirregularpeaksanddips,whichmayreflect
seasonalorrandomfluctuationsindeathoccurrence. However,thesefluctuationsalonedonotrevealanypersistentpatte
rnorclearlyindicateasuddenoutbreakbeyondtheusualvariation—
underscoringtheneedforamoresensitivemonitoringtoolsuchastheModifiedEWMA chartappliedinSection3.2.
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Figure2:HistogramandNormalCurveofDeathOccurrenceduetoLassafever
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Figure3:TimePlotofDeathOccurrenceduetoLassafever
ApplicationoftheModifiecdEWMA ControlChart

HistoricaldataonLassafeverdeathswereextractedfromtheNCDCwebsiteforaperiodof244weeks(January202 1toSe
ptember2025)andwereusedtoestimatethebaselinedeathoccurrence. AModifiedEWMA chartwasconstructedbyrec
ursivelysmoothingtheobservedweeklynumberofdeathsusingtheparametersrecommendedbyKhanetal.(2017):

A =02L = 2.793,ARLy = 370,andk = A/
2.Usingtheestimatedbaselineparameterspo=3.43ando=4.87,theModifiedEWM Auppercontrollimitwascomputed
as:

A+ 22k + 2k?
2-2

024200200 +2(0.D* _ o

= 343 + (2.793)(4-87)j (2-0.2)

UCL=M0+L0J

usingthevarianceoftheModifiedEWM Astatistic,allowingforearlydetectionofsmallandsteadychangesinmortality.

TheModifiedEWMA chartispresentedinFigure4. ThechartshowsthatmostobservationsarebelowtheUCLandarecat
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egorisedas‘in-
control”,indicatingthattheobserveddeathcasesweregenerallystableduringtheseperiodsandthattheirvariationwasd
uetocommonornaturalcauses.However,severalobservationsplotabovetheUCLandareclassifiedas““out-of-
control”points,suggestingperiodswhenlLassafeverdeathsroseabovetheexpectedlevel.

In-control
——  Qut-of-control
|—%— UCL:68

15

10

MEWMA Statistic

2021 2022 2023 2024 2025

Years

Figure4:ModifiedEWMA ChartforMonitoringDeathPrevalenceduetoLassafever

Theseout-of-
controlsignalsrecurintermittentlythroughoutthestudyperiod,withthehighestpeakoccurringin2024,suggestingthatt
hisyearexperiencedthemostsevereincreaseindeaths.Similar,butlesspronounced,peaksarealsoobservedin2021,202
2,2023,andearly2025.TherepeatedpatternofthesesignalssuggeststhatLassafevermortalitydisplaysaseasonalorperi
odicoutbreakpatternratherthanremainingconstantthroughouttheyear. TheabilityoftheModifiedEWMAcharttodete
cttheseincreasesdemonstratesitseffectivenessasastatisticaltoolfordiseasesurveillance. Thechartquicklydetectsabn
ormalincreasesindeaths,enablingpublichealthauthoritiestoimplementtimelyinterventionstoreducemortality.

CONCLUSION AND RECOMMENDATIONS

ThisstudyappliedaModifiedEWM A controlcharttomonitorweeklyLassafeverdeathsinNigeriausingsurveillanceda
taobtainedfromtheNCDCcoveringJanuary2021toSeptember2025.Thedescriptiveanalysisshowedthatreporteddea
thswereapproximatelynormallydistributed,withnomarkedskewnessorextremeoutliers,whilethetimeplotrevealedn
aturalfluctuationswithoutanimmediatelyobviousoutbreakpattern.However,theModifiedEWMA chart,whichismo
resensitivetosmallandgradualshiftsthanconventionalShewhart-typecharts,successfullyidentifiedseveralout-of-
controlperiods,mostnotablyin2024,indicatingepisodeswhenLassafeverdeathsrosesignificantlyabovetheexpected
baselinelevel.

ThesefindingsconfirmthatLassafevermortalityinNigeriafollowsaseasonalorperiodicoutbreakpattern,andthatearly
,sensitivestatisticalsurveillancetoolssuchastheModifiedEWM A chartcandetectemergingincreasesinmortalitybefo
retheyescalateintowidercrises. Thechartthereforehaspracticalvalueasareal-timeearly-
warningtoolfortheNCDCandotherpublichealthstakeholders.
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Thisstudyislimitedbyitsrelianceonsecondary,reporteddeathdata,whichmaybesubjecttounderreportingordelaysty
picalofroutinesurveillancesystems.Futureworkshouldvalidatethesefindingsagainstindependentfieldorlaboratory-
confirmeddatawhereavailable.

Basedonthesefindings,thefollowingrecommendationsaremade:

1. (i)TheNigeriaCentreforDiseaseControlshouldconsiderincorporatingModifiedEWM A controlchartsintoitsr
outineweeklysurveillanceofLassafeverandotherinfectiousdiseases,tocomplementexistingthreshold-
basedalertsystems.

2. (i1)Giventheseasonalpatternidentified,publichealthauthoritiesshouldintensifysurveillance,rodent-
controlinterventions,andpublicawarenesscampaigns,particularlyaheadofandduringthedryseason(Novembe
rtoMarch).

3. (iii)FuturestudiesshouldcomparetheperformanceoftheModifiedEWMA chartwithothermemory-
typecharts(e.g.,CUSUMandgenerallyweightedmovingaveragecharts)andextendtheanalysistootherinfectio
usdiseasesandotherregionsofNigeria.

4. (iv)Furtherresearchshouldexploretheeffectofoverdispersionandautocorrelationinthemortalitydatabyadopti
ngcount-data-specificcontrolcharts(e.g.,PoissonEWMAorNegativeBinomial EWMAcharts).
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