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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

Visceralleishmaniasig¢VL) is aseveraliseaseausedy amicro-organismcalledLeish-
mania. Thisdiseas@ccursin SouthAmerica,EastAfrica, the MediterraneanandAsia.
Thereareseveratreatmentswith differing succesgates sideeffectsand costs Someof
the VL patientswho seekcarein healthfacilitiesdie,andknowingwhich patientsareat
risk of dyingis usefulfor patientmanagementindeed it makessensdo reservahe best
treatmentand closesfollow-up for thosepatientswith the highestrisk of dying. We
searchedhe medicalliteraturein DecembeR018andfound 48studiesevaluatingassocia-
tions betweerclinical or laboratoryfactorsandrisk of dyingamongVL patientstreatedin
EastAfrica. Thesestudiesdescribedl50,072/L patientsof whom7,847(5.2%)died. Fac-
torsthat wereevaluatedn five or more studieswvereanalysedurther. VL patientswereat
increasedisk of dyingif theyhadjaundice HIV, tuberculosispld (morethan45years)
or young(belowfive years)ge oedemableedinganaemiamalnutrition, long duration
of illnessandlargespleersize We recommendo includethesefactors which caneasily
bedetectedy healthprofessionaldn future studiesthataim atimproving the prognosis
of VL patients.

Introduction

VisceralleishmaniasigVL), or kala-azaris aneglectedropical diseasavhichis deadlyif
untreated1,2].In EastAfrica andthe Indian subcontinentit is causedy Leishmania dono-
vani andin Latin Americaandthe Mediterranearby L. infantum. Leishmania parasitesire
transmittedthroughthe bite of infectedfemalephlebotominesandflie1,2]. The cycleof L.
donovani is predominantlyanthroponoticandthat of L. infantum usuallyincludesdogsor
othermammalq1,2]. VL is endemicin 75countries,andthe estimatedannualglobalinci-
denceis 50,000+90,000ewcase$3+5]. In 2015 EastAfrica contributedthe highestpropor-
tion of newVL casesvorld-wide+40%[3]. SouthSudanand Sudarhavethe highestcasdoad,
followedby Ethiopia[6+8]. VL hasalsobeenreportedin Kenya,UgandaEritreaand Somalia
[3,9+£11].

VL patientsusuallypresentwith prolongedfeverweightlossand splenomegalfl,2,12].
Sodiumstibogluconat€SSG)the main VL treatmentin EastAfrica, maycausepotentially
lethaladverseeventsuchascardiacarrhythmia[13,14].LiposomalamphotericinB (AmBi-
some)thealternativedrug, is saferbut expensivextherefolieshouldbeadministeredo
patientswho needit most,suchasthosewith severe/L or thoseatrisk of adverseventswith
SSJ15]. Theaveragd/L casdatalityratein EastAfricawas2%in 2015 but this proportion
canbemarkedlyhigherin specificsubgroupssuchasin VL andHIV co-infectedcpatients
amongwhomthe casdatality ratecanbeashigh as39%[16,17].

A critical stepto improvepatientoutcomess adeepetunderstandingf thefactorsthat
determinethe prognosisamongpatientswith VL. Evidence-basedinical decisiontoolsbased
on keyprognosticfactorsareincreasinglyusedin other clinicaldomainsto identify high-risk
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patientsrequiring specificcaresuchasmoreintensivemonitoring, additionalinvestigationsor
specifidreatmentd18,19].0n the otherhand,patientswith abetterprognosianight be
treatedon ambulatorybasisor atadecentralisedevel[18,19].Similarly,the stratificationof
patientswith VL accordingto their risk of deathcould helpto focusclinical managemenand
reducecasdatality.

A systematiceviewreportingon prognosticfactorsfor mortality hasbeenreportedfrom
Latin America,whereVL is causedy L. infantum [20]. A widerangeof prognosticfactors
werefoundto beassociatewith mortality rangingfrom clinical signsand symptoms(jaun-
dice,oedemaascitesbleedingpronouncedsplenomegalywomiting, anddiarrhoeajto labora-
tory abnormalitieganaemiathrombocytopeniajpnd coinfectiongHIV andtuberculosis)
[20]. However thereareimportant differencesn reportsfrom differentgeographicalegions
regardingmanyaspectselatedto VL, suchasclinical presentationdiseasaeverity casdatal-
ity andtreatmentresponsg¢12,15].Whetherthis relatego differencesn Leishmania species,
hostpopulation,health-seekingpehaviour pr styleof reportingremainslargelyunexplored.
Consequentiywhetherprognosticfactorsidentifiedin Latin Americaalsoapplyto EastAfrica
whereL. donovani is prevalents unknown.

Although severaktudiesn EastAfrica haveaimedatidentifying prognosticfactors[21+
26],theinformation is scatteredand sometimesonflicting,andit is currentlyunclearto
which extentthe findings of thesestudiesarevalid and generalizable-lence the classification
of VL severityremainspoorly defined.We thereforesetout to conducta systematiceviewto
identify keyprognosticfactorsassociate@ith mortality amongpatientswith VL in East
Africa.

Methods

Protocol and registration

Thisreviewwasconductedn line with the “preferredeportingitemsfor systematiceviews
andmeta-analyse$PRISMA)guidelined27]. ThecompletedPRISMAchecklistis availablen
S1Text. Thereviewprotocolwasregisteredn arepositoryof systematiceviewprotocols
prior to startingthe researcfPROSPERqrotocolnumberCRD42016043112)8].

Eligibility criteria

We aimedto includestudieson VL patientsfrom EastAfrican countriesnamelyEthiopia,
SudanSouthSudanKenya,Uganda Somalisand Eritrea,with alaboratory-confirmecbr
clinical VL diagnosisandtreatedin hospitalshealthcentresor otherhealthcarestructures.
Studieshadto evaluatdhe associatioetweerclinical or laboratoryparameterand mortality
during admissionor during VL treatment,with aminimal studysizeof ten patients.To be
included,studieshadto provideeitherasummarymeasurdor the associatiorwith mortality
[oddsratio (OR),relativerisk (RR),or hazardratio (HR)] with aP-valueor confidencenterval
(CI), or hadto givecrudedatathat allowedthe calculationof ameasuref associationwWe
excludedconferencebstractand studieson prognosticfactorsrelatingto geneticor immu-
nologicalfeaturesOnly studiegpublishedafter 1970andin Englishlanguagevereconsidered.

Information sources, search strategy, and study selection

In DecembeR018wesearchedor studiesn five electronicdatabase§ he searctstrategy
combinedtermsindicatingthe diseasésuchas®kalaazar®andavisceraleishmaniasis®vith
termsindicatingthe geographicalegion.Detailsaregivenin Tablel.
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Table 1. Search terms and date of search in the different electronic databases.

Database Search Terms Date of
search

PubMedMedline ((((((("visceraleishmanasis")OR "kalaazar")OR 7112/

kala-azar©OR"leishmanasisvisceral'[Me8 2018

Terms]))AND (("easfafrica")OR east-africd®DR
Ethiopia ORSudan ORKenya ORUganda OR
Somalia OREritrea OR"africa,easteriiMeSH
Terms])))

Googlescholar - "visceraleishmanias" ((ethiopiaOR sudanOR 7112/
eritreaOR kenyaOR ugandaOR somaliaOR East- 2018
Africa OR"East-Afica"OR "Eastermfrica")
- kala-azaf(ethiopiaOR sudanOR eritreaOR
kenyaOR ugandaOR somaliaOR East-Afri@ OR
"East-Africa'OR "EastermAfrica")

TheCochranelibrary (CochraneDatabasef # 1"visceraleishmanias" or "kalaazar"or kala- 7112/
Systemat ReviewsCochraneCentralRegisteof | azar 2018
Controlled Trials(CENTRAL), Cochrane #2 MeSHdescriptor]Leishmaniags, Visceral]

Methoddogy Register) exploreall trees

#33eastafrica®
#4MeSHdescripta: [Africa, Easternjexploreall

trees
#5(#1or #2)and (#3and#4)
ClinicalTrias.gov Eastafrica& VisceralLeishmaiasis 7112/
2018
World HealthOrganizaion (WHO) Internationd | VisceralLeishmaiasisAND Eastern-Afrca 7112/
Clinical Trials RegistryPlatform(ICTRP). 2018

https://cbi.org/10.137 1djurnal.pntdd008319.t001

Additionally, wereviewedhe referencdistsof selectegbublicationsand contactedvL spe-
cialiststo checkif the automaticsearcthadmissedanyimportant studies.

Titlesandabstract®f all retrievedstudieswvereindependentlyscreenedby two authors
(CA and SvH).Thesesameauthorsalsoindependentlyassessetie full textsof theretained
studies At both stepsdisagreementaereresolvedy athird author(FV).

Data items and data collection process

The coreinformation wasthe strengthof associatiobetweemprognosticfactorsand mortality.
In addition, we extractednformation aboutstudysetting(place time, typeof healthfacility);
studypopulation(demographics;linical characteristicanclusion/exclusiorcriteria); type of
treatment;and studydesignandmethods(including information neededor therisk of bias
assessmentRatafrom theincludedstudieswereextractedusingastandardisedpre-piloted
form. Two authors(CA and SvH),independentlyextractedhe data.Disagreementaere
resolveddy athird author (JvG).

Risk of bias in individual studies

Two authors(CA and SvH)independenthyassessethe risk of biasin the studiesusingthe
Qualityin PrognosticStudiegQUIPS)tool [29]. Disagreementwsereresolvedy athird
author (JvG/FV).Theresultsof therisk of biasassessmeiatredescribedaspart of the narrative
synthesibut werenot usedin the meta-analysis.

Synthesis of results

All includedstudiesarepresentedn anarrativesynthesisand summarytable.For eachprog-
nosticfactorevaluatedn atleasthreestudieswealsosummarisedhefindingsin aforest
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plot. For factorsreportedin atleasffive studieswedid ameta-analysisTheinformation that
waspooledwasthe strengthof the associatioretweera specifigorognosticfactorand mortal-
ity during admissionor VL treatment.The summarymeasurevasa pooledOR for eachcandi-
dateprognosticfactor.

Asdifferentstudiesreportedcontinuousvariableswith differentcut-offs,wedefinedstan-
dardisedcut-offsbasedn information from theliteratureandthe availabledata.For agewe
used<5, <15,15+45and 45 yearsfor duration of illness<2 monthsand 2 months,for
malnutrition bodymassndex(BMI) <16kilogrammes/metré(kg/m?) or Z score<-3, for
haemoglobin6.5 grams/decilitrg(g/dl) and >6.5g/dl, andfor spleersize<10centimetres
(cm)or 10 cm.

Currentguidelinedor prognosticstudiesrecommendo reportboth crudeandadjusted
measuresf associatiorf30]. Howeveradjustedmeasurearecomparablenly if theyare
basedn multivariablemodelsthatincludea comparablesetof variablegkeyor coreprognos-
tic factors).As mostof the studiesncludedin our revieweitherdid not reportadjustednea-
suresor presentedindingsbasedn differing setsof variableswe decidedo useonly the
crudemeasuresf associatiorior our meta-analyseg&indingsfrom the fewstudiesreporting
multivariableanalysesveredescribedseparatelyn the narrativesynthesisFor thesestudies,
wealsoreportedon the typesof modelsusedthe proceduresisedfor building the models,
how validationwereconductedandhow performanceof the modelswereassessed.

For the differentpredictors we performeda fixed effectsandrandomeffectaneta-analysis
of the oddsratio of mortality. Sincewepooledstudiesconductedn differentsettingsandwith
high heterogeneitythe main conclusionsverebasedn therandomeffectanodel.However,
wealsoreportedthefixed effectamodelfor comparisonTheamountof heterogeneityvas
quantifiedwith the | squarestatistic(I?), which expressethe proportion of variationacross
studiesthatis dueto heterogeneity.

We performedsubgroupanalyse$or prognosticfactorsthat wereevaluatedn atleasffive
studiesandwhereavariableof interestfor subgroupanalysisvasalsoreported.Therefore,
subgroupanalysefor someprognosticfactorswerenot conductedastheywerestudiedin less
thanfive studies Subsequentlyweonly conductedsubgroupanalyseaccordingto the HIV
prevalencandthe countrieswherethe studiesvereconducted The HIV prevalencevasstrat-
ified asfollows:HIV prevalence>90%,10+90%x< 10% andunknownHIV prevalence.

For all prognosticfactorsevaluatedn meta-analysefynnel plotsweremadeto assesthe
risk of publicationbias[31,32].Funnelplotsvisualizefor all theincludedstudiegheir preci-
sionagainsthereportedstrengthof associationPlotstaking the shapeof asymmetric,
invertedfunnel suggesthat publicationbiasis unlikely. All statisticaknalysesvereperformed
with Rversion3.6.0.

Results
Characteristics of the selected studies

Of the 1,524studieddentified,48wereincludedin the systematiceview[17,21+26,33+73]
(Fig1).

Moststudiesncludedin the systematiceviewwereobservationa]77.0%(37/48)]andthe
restwereclinicaltrials[23.0%(11/48)](S1Tableand S2Table).Of the 11trials, eightwere
randomisedandthreenon-randomisedMost studieswereconductedn Ethiopia[33.3%(16/
48)], followedby Sudan31.3%/15/48)],SouthSudan12.6%(6/48)], Uganda[6.3%,(3/48)],
Kenya[6.3%,(3/48)],andthe restweremulticentrestudieg10.4%,(5/48)]. Approximately
onethird (17/48,35.4%)f the studieswereconductedthroughacollaborationof non-govern-
mentaland governmentalnstitutions, while 14 (29.2%wereconductedby non-governmental
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Fig 1. Flow diagram of the studies identified, screened, reviewed, and included in the systematic review and meta-analysis.
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institutionsand 13(27.1%Yy governmentainstitutions. Most studieq32/48(66.6%)were
conductedn hospital{S1TableandS2Table).

Patientinclusioncriteriavariedacrosstudiessomestudiesncludedall VL patients,
wherea®thershadstrict enrolmentcriteria. For examplesomestudiesfocusedn
specificVL populationssuchasHIV coinfectedpatients[36,45,57,72heoplewith severa/L
or thosefailing first line treatment[45,62] patientson specificVL treatmentregimens
[23,36,40,46,52,56,78},pregnantwomen[33]. Therewerealsostudieshat excluded
patientswith the abovecriteria(e.g.HIV coinfectedoatients[35,39,56,69pr pregnancy
[35,37,39,64,69]).

Thetotal numberof patientsin the48studieq17,21+26,33+7#cludedin the systematic
reviewwas150,072nd7,847(5.2%)of themdied (S1Tableand S2Table).In the observa-
tional studieq17,21+26,33+59,7147therewere146,69%atientsand 7,703(5.3%)died (S1
Table),whereasn thetrials[60+70] therewere3,374patientsand 144(4.3%)died (S2Table).
Patientdrom Sudanmadeup 72.2%of the total number,sincemostof the studiesconducted
therewerelarge while only 4.7%of all patientswerefrom Ethiopia,wheremanystudiesvere
of smallersize. Therewereno studiesncludedfrom Eritreaor Somalig(S1Tableand S2
Table).Out of the48studieq17,21+£26,33+7327wereincludedin themeta-analysifl 7,21+
26,33+47,60,65,71+748jg1).

Pentavalenantimonialswerethe mostcommonlyusedtreatmentregimen.Theywereused
in 39/48studiesandthe deathraterangedfrom 0to 55.6%mean6.8%)[17,21+26,34+42,47+
55,57+66,68,70,71,7Biposomalamphotericinbasedegimensvereusedin 19/48studies
andthe deathraterangedfrom 0to 12.7%mean7.9%)21,24,34,38,39,44+48,53,54,56,57,
62,67,69,71+73].

Risk of bias

Therisk of biasassessmeffior all the observationastudiesncludedin the systematiceview
(n=37)isgivenin S1Fig,andtheassessmefibr the observationastudiesncludedin the
meta-analysign = 25)in Fig 2.

Themajority of these25studieq17,21+26,33+47,71+ &Joredwell (low risk of bias)in
threeof the sixdomainsof the QUIPStool, i.e.studyparticipation,studyattrition, and out-
comemeasuremen(The otherthreedomains,i.e.prognosticfactormeasuremenstudycon-
founding,andstatisticalnalysisandreportingweremore problematic Here,the majority of
studieswereclassifiedashavingmoderateor high risk of bias(Fig 2).

Thebiasassessmeffior the 11trials[60+70]includedin the systematiceviewis givenin S2
Fig.Thetwo trials [60,65]includedin the meta-analysiscoredrelativelywell.In onetrial [65],
therisk of biaswaslow in all the domainsexcepin studyconfounding,wheretherisk of bias
wasmoderateln theothertrial [60], therisk of biaswaslow in the outcomemeasuremenand
studyconfoundingdomains but it wasmoderaten all the otherdomains(S2Fig).

Prognostic factors for mortality

A wide varietyof potentialprognosticfactorswereevaluatedn theincludedstudieqTable2).
Theprognosticfactorsthat wereassesseaostfrequently(in atleasten studies)vereage,
malnutrition, HIV statusduration of illnessandtreatmentregimen.On the otherhand,many
factorswereassesseid only oneor two studiegTable2).
Thefunnelplotsfor 12 prognosticfactorsareshownin supplementarynformation (S2
Text). Thenumberof observation®n the plots(i.e.the numberof studiegper prognosticfac-
tor) wasrelativelylow (rangingbetweerb and 11). Thefunnel plotsthat wereleast
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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.0g/10.1371§urnal.pntd.008319.g002

symmetricalwerethosefor ageandrelapse/L, but overall therewereno indicationsof sub-
stantialpublicationbias.

Meta-analysis

Twelveprognosticfactors(reportedin 27 studies)vereevaluatedn atleasffive studiesand
weresubmittedto meta-analysisThe overviewof the meta-analysesf the crudeORscanbe
foundin Table3.

Theindividual forestplots,subgroupanalysesandfunnel plotsfor eachprognosticfactor
aregivenin the supplementarynformation (S2Text). Therewereten factorsfor whichwe
found a statisticallysignificantassociatiorwith mortality: HIV, tuberculosisyoungor old age,
jaundice ,oedemableeding anaemiaseveranalnutrition, long duration of illness,andpro-
nouncedsplenomegalylaundicevasthe strongespredictorof mortality, with apooledOR of
8.27 followedby HIV infection (OR 4.60)andtuberculosi{OR 4.06)(Table3). Forfactors
suchasagebelowfive yearspronouncedsplenomegalyandlongerduration of iliness the
associationvaslesspronouncedwith an OR belowtwo (Table3).

Heterogeneityacrosstudieswashigh for mostprognosticfactors with the exceptionof
jaundice HIV statuspleedingmalnutrition, agebelowfive yearsandspleersize(Table3).
However despitethelargeheterogeneityfor all prognosticfactorsexceptelapses. primary
VL, theassociationgierefound to bein the samedirection. For relapses. primary VL, the
heterogeneitgould beexplainedby the proportion of HIV-infected patientsin the studies.
Indeed,asubgroupanalysishowedhatin studieswith >90%HIV-infected patientsthe odds
of dyingwasmorethanthreetimeslowerin relapseghanin primary VL (OR0.29,95%CI
0.13%0.61yvhilefor the other studieswith alowerHIV prevalencetherewasno clearassocia-
tion (S2Text).In subgroupanalysidy country (S2Text),for mostvariablegsherewereno
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Table 2. Overview of all prognostic factors evaluated.

Prognostic factors

Number of studies

N significant®/N that checked significance®

References of N significant

Socio-demographic

- Age 17 11914 [17,22+26,388155,60,72]

- Femalesex 8 1/7 [23]

- Ruralresidene 2 2/2 [33,73]

- Education 1 0/1

- Literacy 1 0/1

- Parity 1 0/1

- @Blackrace® 1 1/1 [33]
Clinical symptoms

- Malnutrition 13 7/11 [17,22,24,25855,60]

- Spleersize 8 297 [22,38]

- Bleeding 7 4/6 [17,22,255]

- Diarrhoea 6 4/5 [22,23,25%0]

- Vomiting 6 6/6 [22,24+2655,60]

- Jaundicé 5 3/4 [23,25,38]

- Oedemé 5 2/4 [24,38]

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

- Pregnancy 2 1/1 [23]

- Ascites 1 0/0

- Lymphadengathy 1 191 [38]

- Darkenedskin 1 1/1 [17]

- Neurologtalcomplicdions 1 1/1 [25]

- Adverseevents 1 1/1 [23]
HIV related

- HIV infection 11 5/6 [17,24,25,44(H

- CD4count o 0/2

- ART use 1 0/1

- Concurrert VL-HIV diagnosis 1 0/0

- EarlyART initiation 1/1 [34]
Coinfections

- Tuberculoss 5 2/3 [23,24]

- Malaria 4 1/3 [59]

- Acuterespiratoy infection 1 0/1

- Ear,noseor throatinfection 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 9 718 [22,24,26,385%60,72]

- Low haematocrit 2 1/1 [17]

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

- Lowwhite blood cells 1 0/0

- Lowlymphocyes 1 0/0

- Lowplatelets 1 0/0

- Albuminuria 1 0/0

- Serumprotein 1 0/0

(Continued)
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Table 2. (Continued)

Prognostic factors Number of studies N significant/N that checked significance” References of N significant
- Positiveformal geltest 1 0/0
Health seeking behaviour
- Longduration of illness 10 5/9 [22,26,33,485
- Attendarceof prenatalcare 1 0/1
- Longdistanceto the hospital 1 0/1
Relapse VL 9 1 /5K [72]
VL treatment regimen 24 3/8 [48,52,60]

Abbreviatiors: ART, antiretroviral therapy;HIV, humanimmunodeficiencyvirus; VL, visceraleishmaniasis.

3 Studieghat reporteda significantassociatiorin text,aP-valie <0.05,0r 95%confidencentervalsnot including one.
b Either studiesthat reportedon associatiofin text, P-value®r 95%confidencentervals.

¢ Bothold ageandyoungageareassociatewith death.

4 Only significart in childrenin onepaper only significant in adultsin the other paper.

¢Includes onepaperthat assessdiver diseaséclinical jaundiceand/or apositivehepatitisB surfaceantigen).

f Somepaperscombinedoedemaand/or ascites.

9 Only significantin children.

" Onepaperassesse@D4<50and/or WHO stagdV together.

"In onepaper2 cohortsareincluded,malariaincreasd chanceof deathin onecohort,notin the other.

J Primary VL hasa higherchanceof deathin HIV patients.

K Thefindingsfrom Boateng. al. [48] werenot interpreted asbeingsignificart sincePKDL wasusedasthe referenceor two separateomparisors (relapsevL vs.
PKDL andprimary VL vs. PKDL, ratherthanprimary VL vs. relapsevL).

https://da.org/10.137 1§urnal.pntd®008319.t02

clearpatternsbetweercountriesbecausef wide and overlappingconfidencentervals.How-
ever,someassociationgveredifferentfor Sudancomparedo the othercountries.Children
<15yearshadloweroddsof deathin all countriesexceptSudanwhile for Sudanthe odds
ratio of dying afterlong duration of illnesswashigherthanin Ethiopia.ln Sudanfemaleave

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

Prognostic factor Studies Pooled OR? Lower limit 95% CI Upper limit 95% CI I (%)
Jaundice 5 8.27 4.99 13.71 12
HIV positive 11 4.60 3.24 6.54 27
Tuberculoss 5 4.06 1.83 9.01 62
Age>45vs. agel5+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
Low haemoglobin( 6.5 g/dl) 8 3.26 2.16 4.93 83
Severenalnutrition (BMI <16kg/m? or Z score<-3 or WHZ score<-4) 10 2.42 2.07 2.85 0
Longdurationofillness( 2 months) 7 1.82 1.29 2.57 68
Age<5vs.agel5+45years 6 1.59 1.28 1.98 27
Largespleersize( 10 cm) 8 1.27 1.02 1.56 30
Gender(femalevs. male) 7 0.87 0.44 1.74 96
Relapses.primary VL 8 0.71 0.33 1.50 77
Age<15vs.agel5+45 11 0.64 0.41 1.00 94

Abbreviatiors:BMI, bodymassndex;Cl, confidencanterval;HIV, humanimmunodefidencyvirus; OR,oddsratio; VL, visceraleishmaniais; WHZ, weightfor height
Z score.
20R from randomeffectsnodel.

https://da.org/10.1371¢urnal.pntdd008319.t03
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loweroddsof dying thanmalesjn Ethiopiaand SouthSudartherewasno significantdiffer-
encewhilein Ugandafemalesadahigherchanceof death.

Sixfactors(diarrhoeayomiting, weaknessnalaria tissueparasitdoadandtreatmentregi-
men)werestudiedin atleastthreebut lesshanfive studiegS2Text).For diarrhoeaandvom-
iting, all availablestudiesshowedan associatiomwith highermortality, but thesdindingswere
not alwayssignificant.For weaknessnalaria,andtissueparasitdoads the estimatesventin
oppositedirections(S2Text). Althoughmanydifferentstudiesincorporatedtreatmentasa
prognosticfactor,avarietyof regimensverecomparedn eachstudy,allowingfor only three
comparisonsTheseshowedhat amphotericindeoxycholatés associatewvith highermortal-
ity thanantimonials pentostamvasassociatewith highermortality comparedo generic
SSJnon-significant)and SSGalonewith highermortality thanacombinationof SSGand
paromomycin(non-significant)(S2Text).

Therewereonly nine studiesreporting multivariableanalyse§l 7,23+26,38,60,71,72].
Table4 givesan overviewof the prognosticfactorsincludedin the modelsandindicateswhich
of themremainedsignificantlyassociatedvith deathafteradjustingfor otherfactors.

All multivariableanalysesverebasedn logisticregressio{S1Tableand S2Table).Most
predictorsanalysedverebasedn findingsfrom previousstudies Predictorselectiorduring
modellingwasdescribedn only 4[23,71,72,75pf the 9 studiesreportedin Table4. Two stud-
iesdevelopedindexternallyalidatedclinical predictiontools[38,71].Theproceduredor vali-
dationandassessmertf performanceof the clinical predictiontoolswerefully describedAs
ameasuref discrimination,areasinderthereceivemperatingcurvewerereported:0.83for
the Ethiopianstudy(adultsonly), 0.74for the modelincluding adultsin Sudanand0.83for
children/adolescent® SudanCalibrationwasnot done.

Theprognosticfactorsincludedin multivariableanalyseslifferedwidelyacrossstudies,
precludingthe conductof ameta-analysisf adjustedneasuresf effect.Somefactorswere
fairly consistentlyidentified asprognosticfactorsin adjustedanalysessuchasHIV, tuberculo-
sis,jaundice bleedingweaknessndanaemigTable4). Otherfactorssuchasmalnutrition,
oedema/ascitegpung/oldage yomiting, anddiarrhoeawereidentifiedin somebut notin
others For factorssuchasspleersizeandduration of illness moststudiedid not find a signif-
icantassociationn adjustedanalyse¢Table4).

Therewereonly two studieghat developedndvalidatedaclinical predictiontool and
reportedabsoluteaisksof mortality (Abongomeraet. al. [71] andKamink et. al. [38] in
Table4). Oneof thesestudieswasconductedn Ethiopiain anareawith ahighHIV prevalence
whereVL is particularlycommonamongstyoungmaleHIV infectedmigrantworkers[71].
Theotherstudyin SouthSudanexcludedHIV infectedpatientsand developedseparateéool
for children/adolescentandadults[38]. Eventhoughafewfactorssuchasbleedingandtuber-
culosiswerenot assessdd the SouthSudanesstudy,independenprognosticfactorswere
verysimilarin both studiessuchasjaundice anaemiayweaknessasnd oedema/ascitds8,71].
Factorssuchasspleersizeandduration of symptomswerenot retainedin both studiesin a
settingwith high HIV prevalencén Ethiopia,HIV coinfectionandtuberculosisverealso
retainedasprognosticfactors[71].

Discussion

We conductedasystematiceviewand meta-analysisf prognosticfactorsfor mortality in VL
patientsin EastAfrica. A total of 48studieq17,21+26,33+73}ereincluded,out of which 12
prognosticfactorscould be submittedto meta-analysigsourcedrom 27 studieq17,21+
26,33+47,60,65,71+73put of theseten factorswerefound to besignificantlyassociatedith
mortality. HIV andtuberculosisareconcurrentinfectionswhich areprevalenin EastAfrica.
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Othermarkerssuchasjaundice oedemapronouncedsplenomegalyganaemiableedingdura-
tion of illness,andmalnutrition likely indicateseverityand/or progressiorof the disease.
Additionally, old andyoungagewerealsoassociate@ith mortality. Most of theseprognostic
factorscanbeeasilyidentified by healthprofessionalé resource-constrainesettingsAll of
thesewerealsoidentified asprognosticfactorsin ameta-analysif'om Latin America[20],
suggestingheyapplyacroscontinents Futureprognosticstudieswithin EastAfrica evaluat-
ing novelor other prognosticmarkersshouldconsidertheseas®core®prognosticfactorsfor
inclusionin multivariableanalysis.

While, ideally,adjustedestimatesvould havebeencalculatedn meta-analysighis wasnot
possibledueto the wide variability of prognosticfactorsincludedin multivariableanalysisn
thedifferentstudiesOnly onestudyincludedall corefactors[71]. Neverthelesseverabf the
corefactorswerefoundto retaintheir prognosticvaluein the studiesperformingmultivariable
analysisTheeffectof agevariedacrosghefewstudieq17,23+26,38,71].

We found two studieswhich developedlinical predictiontools[38,71].Thefactors
includedin thesewo toolsareverysimilarto thoserecentlyproposedn aclinical prediction
toolin Brazil[20]. It remainsto bedefinedwhetherthetwo toolsalsoperformwellin neigh-
bouring countrieswithin EastAfrica. We notethatwe could not includeanystudieson prog-
nosticfactorsfrom Eritreaor Somalia.

Meanwhile thesetoolscouldbeusedin routine practicefor earlydetectionof VL casesit
highrisk of death.Thiswould requiresystematiassessmemf severatlinical factorsand
somelaboratorytesting(HIV, tuberculosishaemoglobin)Patientswith a predictedhighrisk
of deathcouldbetriagedto the appropriatemedicaldepartmentor serviceproviding more
intensivecareor closermatientobservationThosewith averylow risk couldbemanagedat
thedecentralise@nd/or ambulatorylevel.Neverthelessmpactstudiesarerequiredto quan-
tify the effectivenessf theimplementationof suchtoolsto reduceVL mortality.

Futurestudiescould alsoaim to further improvethe current predictiontoolsby addinga
numberof factors(especiallyaboratorytestswhich werefound predictivein otherconti-
nents,but whicharenot yet(fully) assessdad EastAfrica. Thisincludesrenalimpairment,ele-
vatedliver function tests serumalbuminlevelsthrombocytopeniaandleukocytopenid?0].
However someof theseestsmight not beavailableatthe lowerhealthcarelevelin East-Afri-
cancountries.Diarrhoeaandvomiting wereretainedasindependenprognosticfactorsin the
Latin Americanmeta-analysif20], but werenot frequentlystudiedin EastAfrica (andthere-
fore notincludedin the presentmeta-analysis).

Bacteriakoinfectionwasalsofound to beassociatedvith mortality in severastudiesn
Latin America[20]. No studiesassessédithis in EastAfrica. Therewashowevemnestudy
whichfound sepsido beassociatedith adverseutcomesdefinedasdeathor treatmentfail-
ure (compositeoutcome)[21]. Of interest bacterialsepsihasbeenfoundin onein five
patientsin astudyin Ethiopia[76]. Particularlygiventheincreasingourdenof multi-drug
resistanbacteriainfectionsglobally detailedstudieson the prevalencepattern,and prognos-
tic significanceof bacterialinfectionsin VL in EastAfrica aremerited.

Many of the studiesusedroutine dataandwereretrospectiven nature.Consequentlypnly
alimited numberof prognosticfactorswereassessed moststudiesMoreover differencesn
definitionsand cut-offsof prognosticfactorsor in thereliability of the clinicalassessments
likely existacrossstudiesThis could explainthe considerabléneterogeneityoundin the pres-
entreview.However despitethis heterogeneitythe associationsith mortality generallywent
in the samedirection. Standardiseg@rospectivedatacollectionwithin VL programs(or in
selectedites)would improvethe quality and consistencyf the availabledata,and suchan
enhancedoutine datacollectionsystenshouldincludethe coreindicatorsof mortality. Fur-
thermore,arecentinitiative for datasharingfor infectiousdiseaseszincludingLbcould
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makethe meta-analysisf individual patientdatapossiblg77]. We did not havedataon drug
resistanceHoweverthisis probablyof alesseconcernin the EastAfrican region,compared
to thendian subcontinentwherehigh resistanceateshavebeenreported[15].

Conclusion

A total of 48studieq17,21+26,33+73}ereincludedwith atotal populationof 150,072/L
casedrom five countries.Tenprognosticfactorswereidentifiedin the meta-analyse3.hese
factorsshouldbeconsideredicore®prognosticfactorsin future prognosticstudies Severabf
thesesuchasHIV, tuberculosisjaundice bleeding andweaknesgemainedsignificantafter
adjustmentfor otherfactorsin the fewstudiesconductingmultivariableanalysig17,23+
26,38,71]0neclinical predictiontool wasdevelopedn Ethiopia[71], anotherin SouthSudan
[38]. Asboth performedrelativelywell, future prognosticfactorstudiesshouldevaluate
whethertheseoolsalsohaveagoodperformancen neighbouringcountriesandwhether
theycanbefurtherimprovedby addingadditionalprognosticfactorsnot yet (fully) explored
within EastAfrica.
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