ExploringthePotentialRelationshipbetw
eenMalarialmmunityandCOVID-

19Protection

ABSTRACT

Althoughcoronavirusdisease2019(COVID-

medCOVID-

19)hasledtosignificantmorbidityandmortalityworldwide,countriesintheequatorialandtropicalzonessee
mtohavethelowestfiguresintermsofincidenceandmortality.
Throughoutthepandemic,Africahasremainedaslowestcontinentofaccumulativecasesanddeaths.
SincetheAfricanregionischaracterizedbyahighprevalenceofmalaria,thelowestnumberofcasesofconfir

19attractsscientiststolookforpossiblelinksbetweenthetwodiseases.Throughthisarticle,wereviewedexi
stingliteratureconcerningapossibleexplanationbetweenlowincidenceandlesssevereCOVID-
19inmalaria-endemicareas.Differentexplanationswerereviewedincludingmalaria-COVID-19cross-
immunity,populationstructure,specificreceptor’srole,andVitaminD.Themostimportantfactorinvestigat
edwasmalariaimmunitythroughpreviousexposure(s)whichpossiblyexplainstheseassociations.

Keywords: Malaria;COVID-19;Plasmodiumspp.;SARS-CoV-2;cross-

immunity;malariaendemiccountries.

ABBREVIATIONS

COVID-19 . severeCoronavirusdisease2019;
NK . Naturalkiller;

RAAS . Renin-angiotensin-aldosterone;
SARS-CoV2 :
severeacuterespiratorys
yndromecoronavirus2;
spp. . species.

1.INTRODUCTION

Malaria-
endemicregionshaverecordedfewercasesofCoron
avirusdisease2019(COVID-
19)anddeathsfromCOVID-
19,indicatingprobableprotectionfromthepooroutco
meofCOVID-19.

“Sincethefirstofficialcasesof COVID-
19wererecordedonthe31stofDecember2019,tillFe
bruary28,2023,thecumulativenumberofCOVID-
19deathsinAfricawhichisthehighestmalaria-

burdenregionintheworldwas175,2950utof6,859,0
93globalCOVID-
19deaths.Thisrepresentsapproximately2.55%ofg|
obalcumulativeCOVID-
19deaths’[1].“Meanwhile,COVID-
19casesinAfricaaccountedfor9,497,673outof 758,
390,564globalconfirmedcasesrepresentingappro
ximatelyl.25%ofglobalconfirmedcases”[1].

Analyticalanalyses,ecological,retrospectivecohort
,Jimmunological;andgeneticstudiessuggestedthat
malariahasbeenattributedtothelowincidenceandm
ortalityofCOVID-
19intheendemicregions.Thisarticlereviewsthisevi
denceandhighlightstheexistingunderlyingexplanat
ionsandtheoriesexplainingsuchfindings.

2.STATISTICALEVIDENCE
“Worldregionsthataremalaria-

freeorrecordedlimitedmalarialinfectionsreportedal
argenumberofCOVID-19cases”[2,3].




AsofApril6,2023,deathspermillionpopulationmorta
litystatisticsindicatedthattheglobalfigureis877.1.Af
ricarecorded146.39deathswhilstEuroperecorded?2
,733.72deathsandtheUnitedStatesrecorded3,307
.22deathspermillionpopulation[4].IntheWHOAfric
anRegionin2021,malariacausedanestimated95%
ofglobalmalariadeaths[5].

“Withinthesamecountry, COVID-
19caseshavebeenreportedtobelowinregionswher
emalariaincidenceishigh.Forexample,Rusminietal
.reportedthatthelowestincidenceof COVID-
19caseswasseeninareaswiththehighestmalariaca
sesinltaly”[6].

“IncidencesofH1N2landcoronavirusinfectionsother
thansevereacuterespiratorysyndromecoronavirus
2(SARS-
CoV2)suchasMiddleEastRespiratorySyndromeC
oronavirus(MERS-
CoV)andSARSindicatedthatregionswithhighmalar
iaburdenreportiowWMERS-
CoVandSARSincidences’[7,8].

3.
EVIDENCEOFMALARIAPROTECTI
VEEFFECT

ThedisproportionatespreadofCOVID-19inmalaria-
endemicregionswasexaminedthroughmanyepide
miologicalstudiesearlyinthepandemicandshowed
adisproportionatespreadofCOVID-19inmalaria-
endemicregions.Themostimportantfindingsofthes
estudiesaresummarizedasfollows:

Banerjeetal.showedthat“thepercentageofthepopul
ationaffectedwithCOVID-
19isinverselyrelatedtotheincidenceofmalariainthat
population(r=0.28)"[9].

NapoliPEetal.examined(COVID-
19)casespercountryversusmalariaendemicity,ass
umingthatmalariahasaprotectiveeffectagainstthee
pidemic[10].

MuneerA .etal.studiedCOVID-
193preadin10800untriestiII18thApriI2020.Thenum
berofCOVID-
19casespermillionpopulationandcasefatalityrates
weresignificantlynegativelycorrelatedwithmalaria
endemicity[11].
Anyanwuetal.ecologicalanalysiswasconductedon
20thApril2021.COVID-
19mortalityfrom195countrieswasnegativelycorrel
atedwithmalariaprevalence[12].

Rahamstudiedcovid-
19mortalitytillAugust31,2020.Hierarchicalmultiple
regressionanalysesrevealedthatahighlysignificant

associationwasobservedformalariaincidenceinred
ucingCOVID-19mortalityin80malaria-
endemiccountries[13].

ArshadARetalreportedastrongnegativecorrelation
betweenSARS-CoV-
2fatalityandthetop20mostaffectedcountriesbyCO
VID-19[14].

Furthermore,anotherstudysupportingpreviousearl
yfindingsreportedanassociationbetweenCOVID-
19incidenceandmalariaeliminationtime.Asignifica
ntpositiveassociationbetweencountry-
specificCOVID-
19mortalityrateandelapsedtimesincemalariaelimi
nationinthatcountry.Countriesnotrecordingmalaria
casesinthelast15yearshadhighratesof COVID-
19mortality[15].

SARS-CoV-
2seroprevalencestudiesalsosupportthesefindings
.TheSARS-CoV-
2seroprevalenceinAfricawas65%bySeptember20
21.Thisindicatesahighproportionofundetectedasy
mptomaticormildinfectionsandprotectionagainsts
evereorfatal COVID-19infections[16,17,18,19].

AchanJetal.throughtheirretrospectivecohortstudyr
eportedthat“alowpreviousmalariaexposurewasas
sociatedwithsevereCOVID-
19andhigheradverseoutcomes.Furthermore,they
confirmedthatpatientswithmediumandhighpreviou
smalariaexposurehadsignificantlylowerconcentrat
ionsoflL-7"[20].

4. COVID-19ANDMALARIACOINFECTION

PotentiationofCOVID-
19mortalitywasobservedamongpeoplewhoareco-
infectedwithmalaria[21,22,23].Coinfectioncanlead
toexcesspro-
inflammatoryresponsesandresultsinseveremanife
stationsandpoorprognosis.Co-
infectioncouldbedeleteriousinnon-
endemicareasduetotheexcessivepro-
inflammatoryresponseswiththelackofimmunitytoC
OVID-19andmalaria[24,25].

Thishasbeenexplainedbytheincreasedincidenceof
cytokinestormandincreasedlevelofoxidativestress
biomarker8-
isoprostaglandinF2alpha,theoccurrenceofT-
cellco-
inhibitoryreceptors;andincreasedatypicalmemory
Bcellsandplasma-blasts[26,27].

AsystematicreviewpublishedonOct1,2021,demon
strateda5%prevalenceofco-
infectioninlndia,1%intheDemocraticRepublicofCo



ngo,and4%inNigeria[21]. Theprevalenceofmalaria
andCOVID-19inmalaria-
endemicregionsmaybeunderreportedbecauseofth
elimitedtestingcapacityandhighprevalenceofasym
ptomaticinfections.Additionally,malariaisprevalent
amongchildrenbelow5yearsoldishigh,whileCOVID
-19prevalenceislow.

ExperimentalincubationofaP.falciparumculturewit
hSARS-CoV-2virusdonebylLopez-
FarfanetalsuggestedthatP.falciparumwouldnotfac
ilitatetheentryof SARS-CoV-2virusintomalaria-
infectederythrocytesandviceversa[28].

5.
POSSIBLEREASONSFORTHELOWI
NCIDENCEANDMORBIDITYOFCOVID-
19INMALARIA-ENDEMICREGIONS

ThepercentageofnaturalresistancetoSARS-CoV-
2infectionbyhumansisnotknown.ltisnowwellknow
nthataconsiderablepercentageofadultsarenotinfe
ctedevenwhenexposedtotheSARS-CoV-

2however,thefollowingmayexplainaprotectiverole
ofmalariaexposureineitherthereducedriskofinfecti
onand/orseverityof SARS-CoV-2disease:

5.1MalariaCrossimmunity

Thepossiblemechanismsofmalariacross-
immunityeffectsonCOVID-
19incidenceandmortalityincludeheterologousimm
unity,trainedimmunity,andanti-
inflammatoryeffect.Certainvaccinesandinfections
caninduceextraprotectionagainstotherthanthetarg
etpathogensthroughtheinnateimmunesystem. Thi
s“trainedimmunity”’canexhibitadaptiveimmunesyst
em-
likecharacteristics.“Thisadaptiveimmuneresponse
againstoneantigencanbeusedtocombatanotherex
posurebyanunrelatedantigen”.[29] Trainedimmunit
yfulfilsthesameprincipalfunctionofadaptiveimmuni
tywhichis:aquickerandstrongerresponseagainstsu
bsequentpathogensimprovingthesurvivalofthehos
t.[29]Essentially,

“TheinnateimmuneresponseagainstPlasmodiums
pecies(spp.)involvesnaturalmonocytes,macropha
ges;andnaturalkiller(NK)cells,proinflammatorycyt
okines;andanti-
inflammatorycytokines”[30,31].“Thepro-
inflammatorycytokinesmustberegulatedbyanti-
inflammatoryones,whenunregulatedtheinfectionc
anprogresstoseveresequelag’[32].Innateimmuner
esponsetodifferentPlasmodiumsppactivatesimmu
nologicalmemory.Thistrainedimmunityactsasimm
unologicalmemoryandiscapableofproducingapro

mptimmuneresponseagainstsubsequentinfection
s[29,33]whichcanalsocross—
protectagainstSARD-
Cov2infection.Effectivecytokinesandantibodiesar
eproducedwithoutpassingtoacaseofcytokinestorm
andsevereconditionleadingtoalowerproportionofs
evereCOVID-19cases[32].

Glycosylphosphatidylinositol(GPIl)antibodies:GPI
antibodies(immunoglobulinG)againstPlasmodium
-specificantigenswerealsospeculatedtocross-
reactwithSARS-CoV-2antibodies[34].

Sharedepitopes:MAMIlesaetal.identifiedpotentials
haredtargetsprovidingimmunityagainstvirusinfecti
ontothosepreviouslyinfectedwithPlasmodiumbyim
munedeterminants'sharedidentitieswithP.falcipar
um.Thesesharedepitopesliewithinantigensthataidi
ntheestablishmentoftheP.falciparumerythrocytein
vasionHLA-A+02:01andsubsequentCD8"T-
cellactivationweresuggestedtoplayapartinthiscros
S_

reactivity. Theapparentimmunodominantepitopec
onservationbetweenNandopenreadingframe(OR
F)labfromSARS-CoV-2virusandthrombospondin-
relatedanonymousprotein(TRAP)fromP.falciparu
m.Theyalsohypothesizethatthesesharedepitopes
maybeanalternativerouteforSARS-CoV-
2invasionviatheerythrocyteCD147receptor[35].

5.2ACE2

ACEZ2actsasanentryreceptorforSARS-CoV-
2throughitsspikeglycoproteins. Thepathogenesiso
fCOVID-
19dependsontherelativeinterplaybetweendifferent
ACEZ2elevatingandloweringfactors. ACE2mutation
sthatdownregulateACE2tendtoprotectsuchpopulat
ionsfromSARS-CoV-
2infection,decreasetheprevalenceofinfectionande
xplainlowerCOVID-19burdeninmalaria-
endemicareas[36]. ThevariabledistributionoftheAC
El/Dandthe ACE2polymorphismshasbeenhypothe
sizedtoexplainthelowCOVID-
19burdenincertainstings[37].Ageneticdeletionorin
sertionpolymorphismleadstoareducedexpression
of ACE2[38].ReducedplasmalevelsofACE2areobs
ervedwithinpopulationsofAfricandescent[39].Altho
ughdeficiencyordownregulationofACE2maybepro
tectiveagainstentryofSARS-
CoV2tohumancells,onceacquiredinfection,anunfa
vorableoutcomemayresult.Downregulationof ACE
2contributestotheover-activationoftherenin-
angiotensin-
aldosteronesystem(RAAS)systemincreasingthes
everityofthedisease[40,41]. ThepathogenesisofC
OVID-19inmalaria-
endemiccountriesissuggestedtobedependentonth


https://pubmed.ncbi.nlm.nih.gov/?term=Iesa+MAM&cauthor_id=33230417

einterplayofthehostgeneticsandotherrelatedfactor
s[42].

5.3BloodGroup

AlowincidenceofCOVID-
19hasbeenreportedinindividualswithbloodgroupO
.Viralreceptor-
bindingdomain(RBD)onspikeproteinpossiblydoes
notpreferbloodgrouptypeO[6,43,44].Ontheotherh
and,studiesrevealedasimilarpatternofreductionins
everemalariaandinvitroreductioninP.falciparumro
settingamongbloodgroupOchildren[45].

5.4AntimalarialDrugs

InthefirstmonthsoftheCOVID-
19pandemic,certainroutinelyusedmalariadrugssu
chashydroxychloroquineweresuggestedtohavean
ti-
viralactivityandaccountedforthelowmortalityrateof
SARS-CoV-2infectioninmalaria-
endemicregions[46,47,48,49].

5.5Tuberculosis(TB)Immunity

TBandBCGcaninducelifelongimmunityandmaypro
videimmunologicalprotectionagainstCOVID-
19.Hierarchicalmultipleregressionanalysesfor80m
alaria-
endemiccountriesshowedthatTBprevalencecorrel
atedtoareductioninCOVID:19mortality,in  addition
to malaria withahigh
significance.SinceimmunityagainstTBcanreduce
COVID-

19mortality, malariaassociationwithCOVID-
19mortalitycanbeeasilyconfoundedbyL TBprevale
nceandBCGstatus[50].Geographically,in2020,TB
caseswere43%intheWHOregionsofSouth-
EastAsia(43%),25%inAfrica25%,18%intheWHO
WesternPacificwith18%,8.3%intheEasternMedite
rranean;andtheleastreportedcaseswereinAmerica
sandEurope(3.0%)and(2.3%)respectively|51]. Thi
smakestheconfoundingeffectofTBmorelikely.Elap
sedtimesincethecessationofthenationalBCGvacci
nationprogramalsoshowedapositivecorrelationind
icatingapossibleroleofweanedherdimmunityagain
stvaccinestrainTB[52].

5.6VitaminDDeficiency

VitaminDdeficiencymayberelatedtoregionalincide
ncesvarianceCOVID- 19[53].Ameta-

analysisshowedthatlowvitaminDserumlevelspeop
learemorelikelytocontractCOVID-19[54].COVID-
19infectionindividualswithlowserumvitaminDlevel
swerel.64times(95%confidenceinterval[Cl],1.32t

02.04;p<0.001)morelikelytocontractCOVID-
19[54].VitaminDdeficiencyprevalencevariesglobal
lywithaprevalenceof34%inAfrica[55],23—
30%intheUSA[56,57],30—
90%intheMiddleEast,20%inAustralia,and56%inC
hina[58,59,60].DatareportedthatAfricanancestryp
eoplelivingintemperateregionshavelowervitaminD
status[61],comparedwithAfricanpeoplelivinginsub
Saharanandcomparedotherethnicities[61,62].This
couldexplainthehighCOVID-
19mortalityamongAfricanAmericans.

Agestructure:Thelowerpopulationmeanageandlo
werlifeexpectancymaybeattributedtoalowerCOVI
D-

19mortalityrateinAfrica[63]. Thepopulationconsists
ofapredominantlyyoungpopulationinAfricaandapr
edominantlyolderpopulationinWesterncountries.T
hismaybeexplainedbythehighbirthratesinAfricanc
ountries.SARS-CoV-
2infectionislessaggressiveinchildrenwhilechildren
underbyearsofagearethemostaffected[38]. Thisma
kesyoungstructurecommunitiesinAfricasufferlessf
romCOVID-
19.Ahighpopulationgrowthratewasshowntobeinve
rselyrelatedtoCOVID-
19mortalityinatoohighlysignificantassociation(p-
value0.000)[64].

Weaksurveillance:Surveillancedataindicatedtheu
nder-
assertivenessofconfirmedinfectionsinAfricaandth
eweaklaboratorytestingcapacityinAfricatodetectC
OVID-
19cases[26]andaccountedforthelownumberofconf
irmedcasesandassociateddeaths[65].

6. CONCLUSIONANDRECOMMENDA-
TIONS

Oneweakpointinreviewedmalaria-COVID-
19researchisthatthemalariaincidencereflectsfutur
emalariaimmunityamongsurvivorsanddoesnotrefl
ectthecurrentmalariaimmunity.
Althoughthisreviewpatrtiallyfillstheknowledgegapc
oncerningCOVID-
19lowerriskinAfricaandothermalaria-
endemicregions,itaddressestheneedforfurthertesti
ngofresearchconclusions.Furtherresearchisespeci
allyimportanttoidentifytoolsforantigensthatcanbeu
sedfortrainedimmunity-basedvaccines.

Insummary,malariaprevalencepossiblycontribute
stolesssevereCOVID-19inmalaria-
endemicareas.Themalariaimmunitythroughprevio
usexposure(s)possiblyexplainsthesefindings.Furt
herresearchisrecommended.
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