


Conclusions/Significance

These prognostic factors can be identified by health professionals in resource-constrained

settings. They should be considered as “core” prognostic factors in future studies that aim at

improving the prognosis of VL patients.

Author summary

Visceralleishmaniasis(VL) isaseverediseasecausedbyamicro-organismcalledLeish-
mania. Thisdiseaseoccursin SouthAmerica,EastAfrica,theMediterranean,andAsia.
Thereareseveraltreatmentswith differing successrates,sideeffects,andcosts.Someof
theVL patientswhoseekcarein healthfacilitiesdie,andknowingwhichpatientsareat
risk of dying isusefulfor patientmanagement.Indeed,it makessenseto reservethebest
treatmentandclosestfollow-up for thosepatientswith thehighestrisk of dying.We
searchedthemedicalliteraturein December2018andfound48studiesevaluatingassocia-
tionsbetweenclinicalor laboratoryfactorsandrisk of dyingamongVL patientstreatedin
EastAfrica.Thesestudiesdescribed150,072VL patientsof whom7,847(5.2%)died.Fac-
torsthatwereevaluatedin fiveor morestudieswereanalysedfurther.VL patientswereat
increasedrisk of dyingif theyhadjaundice,HIV, tuberculosis,old (morethan45years)
or young(belowfiveyears)age,oedema,bleeding,anaemia,malnutrition, longduration
of illness,andlargespleensize.Werecommendto includethesefactors,whichcaneasily
bedetectedbyhealthprofessionals,in futurestudiesthataimat improving theprognosis
of VL patients.

Introduction
Visceralleishmaniasis(VL), or kala-azar,isaneglectedtropicaldiseasewhich isdeadlyif
untreated[1,2]. In EastAfrica andtheIndian subcontinent,it is causedbyLeishmania dono-
vani andin Latin AmericaandtheMediterraneanbyL. infantum. Leishmania parasitesare
transmittedthroughthebiteof infectedfemalephlebotominesandflies[1,2].Thecycleof L.
donovani ispredominantlyanthroponoticandthatof L. infantum usuallyincludesdogsor
othermammals[1,2].VL isendemicin 75countries,andtheestimatedannualglobalinci-
denceis50,000±90,000newcases[3±5].In 2015,EastAfrica contributedthehighestpropor-
tion of newVL casesworld-wide±40%[3]. SouthSudanandSudanhavethehighestcaseload,
followedbyEthiopia[6±8].VL hasalsobeenreportedin Kenya,Uganda,EritreaandSomalia
[3,9±11].

VL patientsusuallypresentwith prolongedfever,weightlossandsplenomegaly[1,2,12].
Sodiumstibogluconate(SSG),themainVL treatmentin EastAfrica,maycausepotentially
lethaladverseeventssuchascardiacarrhythmia[13,14].LiposomalamphotericinB(AmBi-
some),thealternativedrug,issaferbut expensive±thereforeit shouldbeadministeredto
patientswhoneedit most,suchasthosewith severeVL or thoseat risk of adverseeventswith
SSG[15]. TheaverageVL casefatalityratein EastAfrica was2%in 2015,but thisproportion
canbemarkedlyhigherin specificsubgroups,suchasin VL andHIV co-infectedpatients
amongwhomthecasefatalityratecanbeashighas39%[16,17].

A critical stepto improvepatientoutcomesisadeeperunderstandingof thefactorsthat
determinetheprognosisamongpatientswith VL. Evidence-basedclinicaldecisiontoolsbased
on keyprognosticfactorsareincreasinglyusedin otherclinicaldomainsto identify high-risk
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patientsrequiringspecificcaresuchasmoreintensivemonitoring, additionalinvestigationsor
specifictreatments[18,19].On theotherhand,patientswith abetterprognosismight be
treatedon ambulatorybasisor atadecentralisedlevel[18,19].Similarly,thestratificationof
patientswith VL accordingto their risk of deathcouldhelpto focusclinicalmanagementand
reducecasefatality.

A systematicreviewreportingon prognosticfactorsfor mortality hasbeenreportedfrom
Latin America,whereVL iscausedbyL. infantum [20]. A widerangeof prognosticfactors
werefound to beassociatedwith mortality rangingfrom clinicalsignsandsymptoms(jaun-
dice,oedema,ascites,bleeding,pronouncedsplenomegaly,vomiting,anddiarrhoea)to labora-
tory abnormalities(anaemia,thrombocytopenia)andcoinfections(HIV andtuberculosis)
[20]. However,thereareimportant differencesin reportsfrom differentgeographicalregions
regardingmanyaspectsrelatedto VL, suchasclinicalpresentation,diseaseseverity,casefatal-
ity andtreatmentresponse[12,15].Whetherthis relatesto differencesin Leishmania species,
hostpopulation,health-seekingbehaviour,or styleof reportingremainslargelyunexplored.
Consequently,whetherprognosticfactorsidentifiedin Latin Americaalsoapplyto EastAfrica
whereL. donovani isprevalentisunknown.

Althoughseveralstudiesin EastAfrica haveaimedat identifyingprognosticfactors[21±
26],theinformation isscatteredandsometimesconflicting,andit iscurrentlyunclearto
whichextentthefindingsof thesestudiesarevalidandgeneralizable.Hence,theclassification
of VL severityremainspoorlydefined.Wethereforesetout to conductasystematicreviewto
identify keyprognosticfactorsassociatedwith mortality amongpatientswith VL in East
Africa.

Methods

Protocol and registration

Thisreviewwasconductedin line with the`preferredreportingitemsfor systematicreviews
andmeta-analyses'(PRISMA)guidelines[27]. ThecompletedPRISMAchecklistisavailablein
S1Text.Thereviewprotocolwasregisteredin arepositoryof systematicreviewprotocols
prior to startingtheresearch(PROSPERO,protocolnumberCRD42016043112)[28].

Eligibility criteria

Weaimedto includestudieson VL patientsfrom EastAfrican countries,namelyEthiopia,
Sudan,SouthSudan,Kenya,Uganda,SomaliaandEritrea,with alaboratory-confirmedor
clinicalVL diagnosisandtreatedin hospitals,healthcentresor otherhealthcarestructures.
Studieshadto evaluatetheassociationbetweenclinicalor laboratoryparametersandmortality
during admissionor during VL treatment,with aminimal studysizeof tenpatients.To be
included,studieshadto provideeitherasummarymeasurefor theassociationwith mortality
[oddsratio (OR),relativerisk (RR),or hazardratio (HR)] with aP-valueor confidenceinterval
(CI), or hadto givecrudedatathatallowedthecalculationof ameasureof association.We
excludedconferenceabstractsandstudieson prognosticfactorsrelatingto geneticor immu-
nologicalfeatures.Only studiespublishedafter1970andin Englishlanguagewereconsidered.

Information sources, search strategy, and study selection

In December2018,wesearchedfor studiesin fiveelectronicdatabases.Thesearchstrategy
combinedtermsindicatingthedisease(suchasªkalaazarºandªvisceralleishmaniasisº)with
termsindicatingthegeographicalregion.Detailsaregivenin Table1.
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Additionally,wereviewedthereferencelistsof selectedpublicationsandcontactedVL spe-
cialiststo checkif theautomaticsearchhadmissedanyimportant studies.

Titlesandabstractsof all retrievedstudieswereindependentlyscreenedby two authors
(CA andSvH).Thesesameauthorsalsoindependentlyassessedthefull textsof theretained
studies.At bothsteps,disagreementswereresolvedbyathird author(FV).

Data items and data collection process

Thecoreinformation wasthestrengthof associationbetweenprognosticfactorsandmortality.
In addition,weextractedinformation aboutstudysetting(place,time,typeof healthfacility);
studypopulation(demographics,clinicalcharacteristics,inclusion/exclusioncriteria);typeof
treatment;andstudydesignandmethods(including information neededfor therisk of bias
assessment).Datafrom theincludedstudieswereextractedusingastandardised,pre-piloted
form. Twoauthors(CA andSvH),independentlyextractedthedata.Disagreementswere
resolvedbyathird author(JvG).

Risk of bias in individual studies

Twoauthors(CA andSvH)independentlyassessedtherisk of biasin thestudiesusingthe
Quality in PrognosticStudies(QUIPS)tool [29]. Disagreementswereresolvedbyathird
author(JvG/FV).Theresultsof therisk of biasassessmentaredescribedaspartof thenarrative
synthesisbut werenot usedin themeta-analysis.

Synthesis of results

All includedstudiesarepresentedin anarrativesynthesisandsummarytable.Foreachprog-
nosticfactorevaluatedin at leastthreestudies,wealsosummarisedthefindingsin aforest

Table 1. Search terms and date of search in the different electronic databases.

Database Search Terms Date of

search

PubMed/Medline ((((((("visceral leishmaniasis")OR"kalaazar")OR
kala-azar)OR"leishmaniasis,visceral"[MeSH
Terms]))AND (("eastafrica")OReast-africaOR
Ethiopia� ORSudan� ORKenya� ORUganda� OR
Somalia� OREritrea� OR"africa,eastern"[MeSH
Terms])))

7/12/
2018

Googlescholar · "visceralleishmaniasis" ((ethiopiaORsudanOR
eritreaORkenyaORugandaORsomaliaOREast-
Africa OR"East-Africa"OR"EasternAfrica")
· kala-azar((ethiopiaORsudanOReritreaOR
kenyaORugandaORsomaliaOREast-AfricaOR
"East-Africa"OR"EasternAfrica")

7/12/
2018

TheCochraneLibrary (CochraneDatabaseof
Systematic Reviews,CochraneCentralRegisterof
ControlledTrials(CENTRAL), Cochrane
MethodologyRegister)

# 1 "visceralleishmaniasis"or "kalaazar"or kala-
azar
# 2 MeSHdescriptor:[Leishmaniasis,Visceral]
exploreall trees
#3ªeastafricaº
#4MeSHdescriptor: [Africa, Eastern]exploreall
trees
#5(#1or #2)and(#3and#4)

7/12/
2018

ClinicalTrials.gov Eastafrica& VisceralLeishmaniasis 7/12/
2018

World HealthOrganization (WHO) International
ClinicalTrialsRegistryPlatform(ICTRP).

VisceralLeishmaniasisAND Eastern-Africa 7/12/
2018

https://doi.org/10.1371/journal.pntd.0008319.t001
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plot.For factorsreportedin at leastfivestudies,wedid ameta-analysis.Theinformation that
waspooledwasthestrengthof theassociationbetweenaspecificprognosticfactorandmortal-
ity during admissionor VL treatment.ThesummarymeasurewasapooledORfor eachcandi-
dateprognosticfactor.

Asdifferentstudiesreportedcontinuousvariableswith differentcut-offs,wedefinedstan-
dardisedcut-offsbasedon information from theliteratureandtheavailabledata.Foragewe
used<5,<15,15±45and�45 years,for durationof illness<2 monthsand�2 months,for
malnutrition bodymassindex(BMI) <16kilogrammes/metre2 (kg/m2) or Z score<-3, for
haemoglobin�6.5 grams/decilitre(g/dl) and>6.5g/dl, andfor spleensize<10centimetres
(cm) or �10 cm.

Currentguidelinesfor prognosticstudiesrecommendto reportbothcrudeandadjusted
measuresof association[30]. However,adjustedmeasuresarecomparableonly if theyare
basedon multivariablemodelsthat includeacomparablesetof variables(keyor coreprognos-
tic factors).Asmostof thestudiesincludedin our revieweitherdid not reportadjustedmea-
suresor presentedfindingsbasedon differing setsof variables,wedecidedto useonly the
crudemeasuresof associationfor our meta-analyses.Findingsfrom thefewstudiesreporting
multivariableanalysesweredescribedseparatelyin thenarrativesynthesis.For thesestudies,
wealsoreportedon thetypesof modelsused,theproceduresusedfor building themodels,
howvalidationwereconductedandhowperformanceof themodelswereassessed.

For thedifferentpredictors,weperformedafixedeffectsandrandomeffectsmeta-analysis
of theoddsratio of mortality.Sincewepooledstudiesconductedin differentsettingsandwith
highheterogeneity,themainconclusionswerebasedon therandomeffectsmodel.However,
wealsoreportedthefixedeffectsmodelfor comparison.Theamountof heterogeneitywas
quantifiedwith theI squarestatistic(I2), whichexpressedtheproportion of variationacross
studiesthat isdueto heterogeneity.

Weperformedsubgroupanalysesfor prognosticfactorsthatwereevaluatedin at leastfive
studiesandwhereavariableof interestfor subgroupanalysiswasalsoreported.Therefore,
subgroupanalysesfor someprognosticfactorswerenot conductedastheywerestudiedin less
thanfivestudies.Subsequently,weonly conductedsubgroupanalysesaccordingto theHIV
prevalenceandthecountrieswherethestudieswereconducted.TheHIV prevalencewasstrat-
ified asfollows:HIV prevalence>90%,10±90%,<10%,andunknownHIV prevalence.

Forall prognosticfactorsevaluatedin meta-analyses,funnelplotsweremadeto assessthe
risk of publicationbias[31,32].Funnelplotsvisualizefor all theincludedstudiestheir preci-
sionagainstthereportedstrengthof association.Plotstakingtheshapeof asymmetric,
invertedfunnelsuggestthatpublicationbiasisunlikely.All statisticalanalyseswereperformed
with Rversion3.6.0.

Results

Characteristics of the selected studies

Of the1,524studiesidentified,48wereincludedin thesystematicreview[17,21±26,33±73]
(Fig1).

Moststudiesincludedin thesystematicreviewwereobservational[77.0%,(37/48)]andthe
restwereclinical trials [23.0%,(11/48)](S1TableandS2Table).Of the11trials,eightwere
randomisedandthreenon-randomised.Moststudieswereconductedin Ethiopia[33.3%,(16/
48)], followedbySudan[31.3%,(15/48)],SouthSudan[12.6%,(6/48)],Uganda[6.3%,(3/48)],
Kenya[6.3%,(3/48)],andtherestweremulticentrestudies[10.4%,(5/48)].Approximately
onethird (17/48,35.4%)of thestudieswereconductedthroughacollaborationof non-govern-
mentalandgovernmentalinstitutions,while14(29.2%)wereconductedbynon-governmental
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Fig 1. Flow diagram of the studies identified, screened, reviewed, and included in the systematic review and meta-analysis.

https://doi.org/10.1371/journal.pntd.0008319.g001
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institutionsand13(27.1%)bygovernmentalinstitutions.Moststudies[32/48(66.6%)]were
conductedin hospitals(S1TableandS2Table).

Patientinclusioncriteriavariedacrossstudies:somestudiesincludedall VL patients,
whereasothershadstrict enrolmentcriteria.Forexample,somestudiesfocusedon
specificVL populations,suchasHIV coinfectedpatients[36,45,57,72],peoplewith severeVL
or thosefailing first line treatment[45,62],patientson specificVL treatmentregimens
[23,36,40,46,52,56,72],or pregnantwomen[33]. Therewerealsostudiesthatexcluded
patientswith theabovecriteria(e.g.HIV coinfectedpatients[35,39,56,69],or pregnancy
[35,37,39,64,69]).

Thetotalnumberof patientsin the48studies[17,21±26,33±73]includedin thesystematic
reviewwas150,072and7,847(5.2%)of themdied(S1TableandS2Table).In theobserva-
tional studies[17,21±26,33±59,71±73], therewere146,698patientsand7,703(5.3%)died(S1
Table),whereasin thetrials[60±70],therewere3,374patientsand144(4.3%)died(S2Table).
Patientsfrom Sudanmadeup 72.2%of thetotalnumber,sincemostof thestudiesconducted
therewerelarge,whileonly 4.7%of all patientswerefrom Ethiopia,wheremanystudieswere
of smallersize.Therewereno studiesincludedfrom Eritreaor Somalia(S1TableandS2
Table).Out of the48studies[17,21±26,33±73],27wereincludedin themeta-analysis[17,21±
26,33±47,60,65,71±73](Fig1).

Pentavalentantimonialswerethemostcommonlyusedtreatmentregimen.Theywereused
in 39/48studiesandthedeathraterangedfrom 0 to 55.6%(mean6.8%)[17,21±26,34±42,47±
55,57±66,68,70,71,73].Liposomalamphotericinbasedregimenswereusedin 19/48studies
andthedeathraterangedfrom 0 to 12.7%(mean7.9%)[21,24,34,38,39,44±46,48,53,54,56,57,
62,67,69,71±73].

Risk of bias

Therisk of biasassessmentfor all theobservationalstudiesincludedin thesystematicreview
(n = 37)isgivenin S1Fig,andtheassessmentfor theobservationalstudiesincludedin the
meta-analysis(n = 25)in Fig2.

Themajority of these25studies[17,21±26,33±47,71±73]scoredwell (low risk of bias)in
threeof thesixdomainsof theQUIPStool, i.e.studyparticipation,studyattrition, andout-
comemeasurement.Theotherthreedomains,i.e.prognosticfactormeasurement,studycon-
founding,andstatisticalanalysisandreportingweremoreproblematic.Here,themajority of
studieswereclassifiedashavingmoderateor high risk of bias(Fig2).

Thebiasassessmentfor the11trials [60±70]includedin thesystematicreviewisgivenin S2
Fig.Thetwo trials[60,65]includedin themeta-analysisscoredrelativelywell.In onetrial [65],
therisk of biaswaslow in all thedomainsexceptin studyconfounding,wheretherisk of bias
wasmoderate.In theothertrial [60], therisk of biaswaslow in theoutcomemeasurementand
studyconfoundingdomains,but it wasmoderatein all theotherdomains(S2Fig).

Prognostic factors for mortality

A widevarietyof potentialprognosticfactorswereevaluatedin theincludedstudies(Table2).
Theprognosticfactorsthatwereassessedmostfrequently(in at leasttenstudies)wereage,

malnutrition, HIV status,durationof illnessandtreatmentregimen.On theotherhand,many
factorswereassessedin only oneor two studies(Table2).

Thefunnelplotsfor 12prognosticfactorsareshownin supplementaryinformation (S2
Text).Thenumberof observationson theplots(i.e.thenumberof studiesperprognosticfac-
tor) wasrelativelylow (rangingbetween5 and11).Thefunnelplotsthatwereleast
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symmetricalwerethosefor ageandrelapseVL, but overall,therewereno indicationsof sub-
stantialpublicationbias.

Meta-analysis

Twelveprognosticfactors(reportedin 27studies)wereevaluatedin at leastfivestudiesand
weresubmittedto meta-analysis.Theoverviewof themeta-analysesof thecrudeORscanbe
found in Table3.

Theindividual forestplots,subgroupanalyses,andfunnelplotsfor eachprognosticfactor
aregivenin thesupplementaryinformation (S2Text).Thereweretenfactorsfor whichwe
foundastatisticallysignificantassociationwith mortality:HIV, tuberculosis,youngor old age,
jaundice,oedema,bleeding,anaemia,severemalnutrition, longdurationof illness,andpro-
nouncedsplenomegaly.Jaundicewasthestrongestpredictorof mortality,with apooledORof
8.27,followedbyHIV infection(OR4.60)andtuberculosis(OR4.06)(Table3).For factors
suchasagebelowfiveyears,pronouncedsplenomegaly,andlongerdurationof illness,the
associationwaslesspronounced,with anORbelowtwo (Table3).

Heterogeneityacrossstudieswashigh for mostprognosticfactors,with theexceptionof
jaundice,HIV status,bleeding,malnutrition, agebelowfiveyears,andspleensize(Table3).
However,despitethelargeheterogeneity,for all prognosticfactorsexceptrelapsevs. primary
VL, theassociationswerefound to bein thesamedirection.For relapsevs. primary VL, the
heterogeneitycouldbeexplainedby theproportion of HIV-infectedpatientsin thestudies.
Indeed,asubgroupanalysisshowedthat in studieswith>90%HIV-infectedpatientstheodds
of dyingwasmorethanthreetimeslowerin relapsethanin primary VL (OR0.29,95%CI
0.13±0.61)while for theotherstudieswith alowerHIV prevalence,therewasno clearassocia-
tion (S2Text).In subgroupanalysisbycountry(S2Text),for mostvariablestherewereno

Fig 2. Risk of bias assessment according to the six domains of the Quality in Prognostic Studies (QUIPS) tool for 25 observational studies included in

the meta-analysis.

https://doi.org/10.1371/journal.pntd.0008319.g002
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Table 2. Overview of all prognostic factors evaluated.

Prognostic factors Number of studies N significanta/N that checked significanceb References of N significant

Socio-demographic

- Age 17 11c/14 [17,22±26,38,48,55,60,72]

- Femalesex 8 1/7 [23]

- Ruralresidence 2 2/2 [33,73]

- Education 1 0/1

- Literacy 1 0/1

- Parity 1 0/1

- ªBlackraceº 1 1/1 [33]

Clinical symptoms

- Malnutrition 13 7/11 [17,22,24,25,38,55,60]

- Spleensize 8 2d/7 [22,38]

- Bleeding 7 4/6 [17,22,25,55]

- Diarrhoea 6 4/5 [22,23,25,60]

- Vomiting 6 6/6 [22,24±26,55,60]

- Jaundicee 5 3/4 [23,25,38]

- Oedemaf 5 2/4 [24,38]

- Weakness 5 3/4 [25,38,60]

- Pregnancy 2 1/1 [23]

- Ascites 1 0/0

- Lymphadenopathy 1 1g/1 [38]

- Darkenedskin 1 1/1 [17]

- Neurologicalcomplications 1 1/1 [25]

- Adverseevents 1 1/1 [23]

HIV related

- HIV infection 11 5/6 [17,24,25,44,60]

- CD4count 2h 0/2

- ART use 1 0/1

- Concurrent VL-HIV diagnosis 1 0/0

- EarlyART initiation 1 1/1 [34]

Coinfections

- Tuberculosis 5 2/3 [23,24]

- Malaria 4 1i/3 [59]

- Acuterespiratory infection 1 0/1

- Ear,noseor throat infection 1 0/1

- HepatitisB 1 0/0

- HepatitisC 1 0/0

- HIV/Hepatitis B/HepatitisC/Malaria 1 0/0

- Pneumonia 1 1/1 [24]

Laboratory tests

- Lowhaemoglobin 9 7/8 [22,24,26,38,55,60,72]

- Lowhaematocrit 2 1/1 [17]

- High parasiteload 3 2/3 [72,74]

- Lowwhitebloodcells 1 0/0

- Low lymphocytes 1 0/0

- Lowplatelets 1 0/0

- Albuminuria 1 0/0

- Serumprotein 1 0/0

(Continued )
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clearpatternsbetweencountriesbecauseof wideandoverlappingconfidenceintervals.How-
ever,someassociationsweredifferentfor Sudancomparedto theothercountries.Children
<15yearshadloweroddsof deathin all countriesexceptSudan,while for Sudantheodds
ratio of dyingafterlongdurationof illnesswashigherthanin Ethiopia.In Sudan,femaleshave

Table 2. (Continued)

Prognostic factors Number of studies N significanta/N that checked significanceb References of N significant

- Positiveformalgeltest 1 0/0

Health seeking behaviour

- Longdurationof illness 10 5/9 [22,26,33,48,55]

- Attendanceof prenatalcare 1 0/1

- Longdistanceto thehospital 1 0/1

Relapse VL 9 1j /5k [72]

VL treatment regimen 24 3/8 [48,52,60]

Abbreviations:ART,antiretroviral therapy;HIV, humanimmunodeficiencyvirus;VL, visceralleishmaniasis.
a Studiesthat reportedasignificantassociationin text,aP-value<0.05,or 95%confidenceintervalsnot includingone.
b Eitherstudiesthat reportedon associationin text,P-valuesor 95%confidenceintervals.
c Bothold ageandyoungageareassociatedwith death.
d Only significant in childrenin onepaper,only significant in adultsin theotherpaper.
e Includesonepaperthatassessedliver disease(clinical jaundiceand/or apositivehepatitisB surfaceantigen).
f Somepaperscombinedoedemaand/orascites.
g Only significantin children.
h OnepaperassessedCD4<50and/orWHO stageIV together.
i In onepaper2 cohortsareincluded,malariaincreased chanceof deathin onecohort,not in theother.
j PrimaryVL hasahigherchanceof deathin HIV patients.
k Thefindingsfrom Boatenget. al. [48] werenot interpretedasbeingsignificant sincePKDLwasusedasthereferencefor two separatecomparisons(relapseVL vs.
PKDLandprimary VL vs. PKDL,ratherthanprimary VL vs. relapseVL).

https://doi.org/10.1371/journal.pntd.0008319.t002

Table 3. Overview of prognostic factors submitted to meta-analysis.

Prognostic factor Studies Pooled ORa Lower limit 95% CI Upper limit 95% CI I2 (%)

Jaundice 5 8.27 4.99 13.71 12

HIV positive 11 4.60 3.24 6.54 27

Tuberculosis 5 4.06 1.83 9.01 62

Age>45vs. age15±45years 9 3.69 2.72 5.02 53

Oedema 5 3.52 1.77 7.03 85

Bleeding 5 3.37 2.62 4.34 0

Lowhaemoglobin(�6.5 g/dl) 8 3.26 2.16 4.93 83

Severemalnutrition (BMI <16kg/m2 or Z score<-3 or WHZ score<-4) 10 2.42 2.07 2.85 0

Longdurationof illness(�2 months) 7 1.82 1.29 2.57 68

Age<5vs.age15±45years 6 1.59 1.28 1.98 27

Largespleensize(�10 cm) 8 1.27 1.02 1.56 30

Gender(femalevs. male) 7 0.87 0.44 1.74 96

Relapsevs.primary VL 8 0.71 0.33 1.50 77

Age<15vs.age15±45 11 0.64 0.41 1.00 94

Abbreviations:BMI, bodymassindex;CI, confidenceinterval;HIV, humanimmunodeficiencyvirus;OR,oddsratio;VL, visceralleishmaniasis;WHZ, weightfor height

Z score.
a ORfrom randomeffectsmodel.

https://doi.org/10.1371/journal.pntd.0008319.t003
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loweroddsof dyingthanmales,in EthiopiaandSouthSudantherewasno significantdiffer-
ence,while in Uganda,femaleshadahigherchanceof death.

Sixfactors(diarrhoea,vomiting,weakness,malaria,tissueparasiteloadandtreatmentregi-
men)werestudiedin at leastthreebut lessthanfivestudies(S2Text).Fordiarrhoeaandvom-
iting, all availablestudiesshowedanassociationwith highermortality,but thesefindingswere
not alwayssignificant.Forweakness,malaria,andtissueparasiteloads,theestimateswentin
oppositedirections(S2Text).Althoughmanydifferentstudiesincorporatedtreatmentasa
prognosticfactor,avarietyof regimenswerecomparedin eachstudy,allowingfor only three
comparisons.Theseshowedthatamphotericindeoxycholateisassociatedwith highermortal-
ity thanantimonials,pentostamwasassociatedwith highermortality comparedto generic
SSG(non-significant)andSSGalonewith highermortality thanacombinationof SSGand
paromomycin(non-significant)(S2Text).

Therewereonly ninestudiesreportingmultivariableanalyses[17,23±26,38,60,71,72].
Table4 givesanoverviewof theprognosticfactorsincludedin themodelsandindicateswhich
of themremainedsignificantlyassociatedwith deathafteradjustingfor otherfactors.

All multivariableanalyseswerebasedon logisticregression(S1TableandS2Table).Most
predictorsanalysedwerebasedon findingsfrom previousstudies.Predictorselectionduring
modellingwasdescribedin only 4 [23,71,72,75]of the9 studiesreportedin Table4.Two stud-
iesdevelopedandexternallyvalidatedclinicalpredictiontools[38,71].Theproceduresfor vali-
dationandassessmentof performanceof theclinicalpredictiontoolswerefully described.As
ameasureof discrimination,areasunderthereceiveroperatingcurvewerereported:0.83for
theEthiopianstudy(adultsonly),0.74for themodelincludingadultsin Sudanand0.83for
children/adolescentsin Sudan.Calibrationwasnot done.

Theprognosticfactorsincludedin multivariableanalysesdifferedwidelyacrossstudies,
precludingtheconductof ameta-analysisof adjustedmeasuresof effect.Somefactorswere
fairly consistentlyidentifiedasprognosticfactorsin adjustedanalyses,suchasHIV, tuberculo-
sis,jaundice,bleeding,weakness,andanaemia(Table4).Other factorssuchasmalnutrition,
oedema/ascites,young/oldage,vomiting,anddiarrhoeawereidentifiedin some,but not in
others.For factorssuchasspleensizeanddurationof illness,moststudiesdid not find asignif-
icantassociationin adjustedanalyses(Table4).

Therewereonly two studiesthatdevelopedandvalidatedaclinicalpredictiontool and
reportedabsoluterisksof mortality (Abongomeraet. al. [71] andKamink et. al. [38] in
Table4).Oneof thesestudieswasconductedin Ethiopiain anareawith ahighHIV prevalence
whereVL isparticularlycommonamongstyoungmaleHIV infectedmigrantworkers[71].
Theotherstudyin SouthSudanexcludedHIV infectedpatientsanddevelopedaseparatetool
for children/adolescentsandadults[38]. Eventhoughafewfactorssuchasbleedingandtuber-
culosiswerenot assessedin theSouthSudanesestudy,independentprognosticfactorswere
verysimilar in bothstudies,suchasjaundice,anaemia,weakness,andoedema/ascites[38,71].
Factorssuchasspleensizeanddurationof symptomswerenot retainedin bothstudies.In a
settingwith highHIV prevalencein Ethiopia,HIV coinfectionandtuberculosiswerealso
retainedasprognosticfactors[71].

Discussion
Weconductedasystematicreviewandmeta-analysisof prognosticfactorsfor mortality in VL
patientsin EastAfrica.A totalof 48studies[17,21±26,33±73]wereincluded,out of which12
prognosticfactorscouldbesubmittedto meta-analysis(sourcedfrom 27studies[17,21±
26,33±47,60,65,71±73]).Out of these,tenfactorswerefound to besignificantlyassociatedwith
mortality.HIV andtuberculosisareconcurrentinfectionswhichareprevalentin EastAfrica.

PLOS NEGLECTED TROPICAL DISEASES Prognostic factors for mortality among patients with visceral leishmaniasis in East Africa

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008319 May 15, 2020 12 / 19

https://doi.org/10.1371/journal.pntd.0008319


Othermarkerssuchasjaundice,oedema,pronouncedsplenomegaly,anaemia,bleeding,dura-
tion of illness,andmalnutrition likely indicateseverityand/orprogressionof thedisease.
Additionally,old andyoungagewerealsoassociatedwith mortality.Mostof theseprognostic
factorscanbeeasilyidentifiedbyhealthprofessionalsin resource-constrainedsettings.All of
thesewerealsoidentifiedasprognosticfactorsin ameta-analysisfrom Latin America[20],
suggestingtheyapplyacrosscontinents.Futureprognosticstudieswithin EastAfrica evaluat-
ing novelor otherprognosticmarkersshouldconsidertheseasªcoreºprognosticfactorsfor
inclusionin multivariableanalysis.

While, ideally,adjustedestimateswouldhavebeencalculatedin meta-analysis,thiswasnot
possibledueto thewidevariabilityof prognosticfactorsincludedin multivariableanalysisin
thedifferentstudies.Only onestudyincludedall corefactors[71]. Nevertheless,severalof the
corefactorswerefound to retaintheir prognosticvaluein thestudiesperformingmultivariable
analysis.Theeffectof agevariedacrossthefewstudies[17,23±26,38,71].

Wefound two studieswhichdevelopedclinicalpredictiontools[38,71].Thefactors
includedin thesetwo toolsareverysimilar to thoserecentlyproposedin aclinicalprediction
tool in Brazil[20]. It remainsto bedefinedwhetherthetwo toolsalsoperformwell in neigh-
bouringcountrieswithin EastAfrica.Wenotethatwecouldnot includeanystudieson prog-
nosticfactorsfrom Eritreaor Somalia.

Meanwhile,thesetoolscouldbeusedin routinepracticefor earlydetectionof VL casesat
high risk of death.Thiswouldrequiresystematicassessmentof severalclinical factorsand
somelaboratorytesting(HIV, tuberculosis,haemoglobin).Patientswith apredictedhigh risk
of deathcouldbetriagedto theappropriatemedicaldepartmentor servicesprovidingmore
intensivecareor closerpatientobservation.Thosewith averylow risk couldbemanagedat
thedecentralisedand/orambulatorylevel.Nevertheless,impactstudiesarerequiredto quan-
tify theeffectivenessof theimplementationof suchtoolsto reduceVL mortality.

Futurestudiescouldalsoaim to further improvethecurrentpredictiontoolsbyaddinga
numberof factors(especiallylaboratorytests)whichwerefoundpredictivein otherconti-
nents,but whicharenot yet(fully) assessedin EastAfrica.This includesrenalimpairment,ele-
vatedliver function tests,serumalbuminlevels,thrombocytopenia,andleukocytopenia[20].
However,someof thesetestsmight not beavailableat thelowerhealthcarelevelin East-Afri-
cancountries.Diarrhoeaandvomiting wereretainedasindependentprognosticfactorsin the
Latin Americanmeta-analysis[20], but werenot frequentlystudiedin EastAfrica (andthere-
forenot includedin thepresentmeta-analysis).

Bacterialcoinfectionwasalsofound to beassociatedwith mortality in severalstudiesin
Latin America[20]. No studiesassessedthis in EastAfrica.Therewashoweveronestudy
whichfoundsepsisto beassociatedwith adverseoutcomes,definedasdeathor treatmentfail-
ure(compositeoutcome)[21]. Of interest,bacterialsepsishasbeenfound in onein five
patientsin astudyin Ethiopia[76]. Particularlygiventheincreasingburdenof multi-drug
resistantbacterialinfectionsglobally,detailedstudieson theprevalence,pattern,andprognos-
tic significanceof bacterialinfectionsin VL in EastAfrica aremerited.

Manyof thestudiesusedroutinedataandwereretrospectivein nature.Consequently,only
alimited numberof prognosticfactorswereassessedin moststudies.Moreover,differencesin
definitionsandcut-offsof prognosticfactorsor in thereliability of theclinicalassessments
likely existacrossstudies.Thiscouldexplaintheconsiderableheterogeneityfound in thepres-
entreview.However,despitethisheterogeneity,theassociationswith mortality generallywent
in thesamedirection.Standardisedprospectivedatacollectionwithin VL programs(or in
selectedsites)would improvethequalityandconsistencyof theavailabledata,andsuchan
enhancedroutinedatacollectionsystemshouldincludethecoreindicatorsof mortality.Fur-
thermore,arecentinitiative for datasharingfor infectiousdiseases±includingVLÐcould
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makethemeta-analysisof individual patientdatapossible[77]. Wedid not havedataon drug
resistance.Howeverthis isprobablyof alesserconcernin theEastAfrican region,compared
to theIndian subcontinentwherehigh resistancerateshavebeenreported[15].

Conclusion

A totalof 48studies[17,21±26,33±73]wereincludedwith atotalpopulationof 150,072VL
casesfrom fivecountries.Tenprognosticfactorswereidentifiedin themeta-analyses.These
factorsshouldbeconsideredªcoreºprognosticfactorsin futureprognosticstudies.Severalof
thesesuchasHIV, tuberculosis,jaundice,bleeding,andweaknessremainedsignificantafter
adjustmentfor otherfactorsin thefewstudiesconductingmultivariableanalysis[17,23±
26,38,71].Oneclinicalpredictiontool wasdevelopedin Ethiopia[71], anotherin SouthSudan
[38]. Asbothperformedrelativelywell,futureprognosticfactorstudiesshouldevaluate
whetherthesetoolsalsohaveagoodperformancein neighbouringcountries,andwhether
theycanbefurther improvedbyaddingadditionalprognosticfactorsnot yet(fully) explored
within EastAfrica.
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