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Primaryamebicmeningoencephalitis（PAM）causedby

thefree－1ivingameba（FLA）Naegleriafbwheriisarare

butrapidIyfataldiseaseofthecentralnervoussystem

（CNS）affecting predominantly young．prev千〇usly

healthypersons，No e惰ectivechemotherapeuticpro“

PhyIaxis or treatment has beenidentified．Recently．

three transplant－aSSOCiated clusters of encephaiitis

CauSedbyanotherFLA，Balamu伽庖mandmlaris，have

Occurred．promptingquestionsregardingthesuitab帥ty

Ofextra－CNSsolidorgantransplantationfromdonors

WithPAtVI，During1995－2012，21transplantrecipients

Ofsolidorgansdonatedbyfivepatientswithfatalcases

OfPAMwererepoHedintheUnitedStates，Noneofthe

recipients developed PAM，and several recipients

testednegativeforN．fbwleribyserology，However，

historicalPAM casereportsand animalexperiments
With N．fbwleri combined with new postmortem

findingsfrom four patients with PAM，SuggeStthat

extra・CNS dissemination of N fbwIerican occur and

might pose a risk for disease transmission Via

transpiantation，Therisksoftransplantationwith an

OrganPOSSiblyharboringN＝bwIerishouldbecarefuliy

Weighed for eachindividuaI recipient against the

potentially greater risk of deIayIng tranSPlantation
Whiiewaitingforanothersuitableorgan，1nthisa面cle，

WePreSentaCaSeSeriesandreviewexistingdatato

informsuchriskassessments，
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introduction

NaegIeIja fowIer白s a free－IMng ameba〈FLA）inhabiting

Warm freshwater sites．It has aiso beenisoiated from

SOil（1）．N．fowIeIlenters the bodvwhen contaminated

WatermOVeS uPthe nose，SuCh as duringswimming Or

nasalirrigation（2）．Amebaethencrossthecribriformpiate

and reach the brain through the olfactorytractto cause

Primarvamebicmeningoencephalitis（PAM〉（1日Tabiel）．

PAM progresses rapidly and has a mortalltV Of approxL

mateiv99％，based on documented US cases．During
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Tabiel：EpidemioiogicandcIinicaIsummarvofcentrainervoussystemdisease〈CNS）causedbvthefree－iivingamebaeNaegIehafowIeIl

andBa／amuthiamandriNaIjsintheU雨edStatesl・2

Naeg／eIhfowIeIj BahmuthiamandrMaIk

Disease

Numberofreportedcases（years）

Age

Sex

Ethnicity

immunestatus

Exposure

GeographicdistributIOn

Seasonaiity

Routeofentr∨

lncubationperiod

Signsandsymptoms

Differentiaidiagnosis

Cerebrospinalfiuid（CSF〉parameters

BrainimaglngreSuits

Laboratorvconfirmation6

2

Primaryamebicmeningoencepha冊S（PAM）

128（1962－2012〉

Aiiagesbutpredominantlvchiidren（median

ll vears，range8months－66years）

MaIes＞75％ofreportedcases

Nopattemdiscemed

Immunocompetent

Warmfreshwater〈recreationaI，POtable）

HistoricallvsouthemtierstatesbutchangIng

distributiontoinciude northern states

（Minnesota）

SummerwithpeakinJulvandAugust

〈rangeApriLOctober〉

Entrvthroughthenoseduringrecreationai

WateraCtivitiesornasaIirrigationwith

directspreadtobrainthroughcribriform

Plateandoifactorvtract

Median5davs〈range1－7days）

Acuteonsetofheadache．fever，nauSea，

VOmitIng．St瀞neck，Seizures．aItered

mentaistatus．haiIuc活ations，COma

BacterialorviraImeningitlS

EievatedopenlngPreSSure．

POivmophonuciearpieocvtosis，nOrmalor

lowglucose．eievatedprotein．bioodand／

OrmOtiieamebaearesuggestiveof PAM

CTandMRloftennormaIearIvindisease，

thenmavshowcerebraIedemawith

basilarmeningeaienhancementand

Obliterationofbasiiarcisterns；MRimight

ShowoneormoresmallenhancingrOund

iesionsinsomecases3・4・5

AmebaemavbedetectedinCSFortissue

SPeCimens：

●DirectvisuaIization ofamebaewith

Giemsa－Wrightormodifiedtrichrome

Stains

・PoIvmerasechainreaction〈PCR）testing

fornucieicacid

・immunohistochemistrvtodetect

antIgenS

SeroiogyforN．fowIer月scurrentiv

COnSideredaresearchtechniqueandhas

not beenevaluatedforuseasa routine

diagnosticprocedure

GranuIomatousamebicencephaiitis〈GAE〉

85〈1974－2012）

Ailages（median35Years．range8months－

89Years）

Males＞65％ofreportedcases

MorecommonamongHispanics

Sometimesimmunosuppressed

SoiIanddust．possibiyfreshwater

Acrossthe United States

Notapparent

Entrythroughsoiicontaminationofskin

WOundsorcutsorthroughinhalationof

dustwithhematogenousspreadtothe

brain

Unknown－believedto beweeksor

months；maVbemorerapit‖ntranspiant－

transmission cases

Subacuteorchroniconsetofheadache，Stiff

neck，neCkpain，Photophobia，nauSea，

VOmiting．alteredmentaistatus．

behaVioralchanges．seizures，ataXia，focal

neuroIogicdeficits，imPairedspeech．

WeightIoss；CNSsvmptomsmaybe

PreCededbvoneormorechr0nicskin
iesionsonface．trunkorIimbsappea…g

asnodules．ulcersorabscesses

BralntumOr．1ymphoma．stroke．vascu旧S．

abscess．tubercuiosisorfungaI

menlngOenCePhaIitis，neurOCySticercosis，

toxopiasmosis．acutedissem活ated

encephaiomveiitis

NormaIormildiyelevatedopenIngPreSSure′

moderateIymphocYticpIeocYtOSis，

normaIoriowgIucose．normaioreievated

PrOtein；generaIIvnonetoafewredbiood

Cellsandamebaeare rarelyobserved

CTmayshowsIngleormultiPIehvpodense．

ring－enhancing．SPaCe一〇ccuPVinglesions

Withoccasiona川emorrhagewithin

lesions；MRIsimiIartoCTbutmightbe

abnormaiwhenCTiSunremarkabIe3・4

Amebaemavbedetectedintissue

SPeCimens：

●Directvisuaiization ofamebaewith

hematoxyimandeosinorperiodicacid－

Schiffstains

・PCRtestingfornucieicacid

・immunohistochemiStrVtOdetect

antigens

SerologyforB．mandIjI／arisiscurrentIy

COnSideredaresearchtechniqueandhas

notbeenevaiuatedforuseasa routine

diagnosticprocedure

AmehcanJouma／of71ansp／anねtion2013；XX：1－9



RiskforTranspiantTransmissionofNaegleria

Tablel：Continued

NaegleIjtaf（W／eII Bahmuth居mandri／IaIIs

PrognosIS

DuratiOn Ofi＝nessfrom onsettodeath

Treatment7

0「gandonorsandoutcomes

MoHaIitv＞99％

Median5davs（range1－12davs）

NoeffectiVetreatment hasbeen

estabiished；muitipiemedicationsusedin

combination

During1995－2012．fiveknownpatientswith

PAMinthe UnitedStates donated solid

OrganStO211ransplantreciPientS，nOneOf

Whomareknowntohavedeveloped

PAM占urther．fivereciPlentShadnegative

N．fow／eriseroiogiesandonebiopsvfrom

adonatedhearttestednegativefor

N．ねW／eIl

MoHa皿∨＞90％

Median28davs（range4450days）

NoeffectiVetreatment hasbeen

established；muitlPIemedicationsusedin

combination

During2009－2012，threeknownpatients

With GAEduetoBa居muthiainthe United

Statesdonatedsolidorgansto13

transplantreciPientS：fourdevelopedGAE

anddied．onedeveIopedGAEand

SurVivedw沌htreatment．andsixofthe

remainlngeightrecIPientSWhodidnot

deveiopBalamurhjbGAEdeveioped

positiveBa／amuthiaseroiogieS8

CT．computedtomographv；MRi，magneticresonanceimaglng．
1DatasummarizedfrominformationavaiiabieontheCentersforDiseaseContr01andPrevention〈CDC〉Websiteat冊p：〝www．cdc．gov／

ParaSites／naegieria／index．htmi and http：〝www．cdc．gov／parasites／baIamuthia／．Case counts and other epidemioiogic datainciude

unpubIisheddatafromtheCDC．
2RovS．CopeJ．YoderJ．VisvesvaraG．FreeIivingameba－Whateveryciinicia…eedstoknow．Decisionsupp0両nmedicine冊erneti．

2013Junetcited2013JuivlOl：Iabout9pp．1．Availabieathttps：〝www．decisionsupponinmedicine．com／DSM／a／a巾clesI5W5523・

3KidneyDD．KimSH・CNSinfectionsw刷free－livingamebas：Neuro而agingfind活gs・AmJRoentgenoi1998；171：809－812・

4singhP．KochharR，VashishtaRK，etai．AmebicmenlngOenCePhaIitis：Spec廿umofimagingfindings・AmJNeuroradioI2006；27‥1217－

1221．
5RaiR，SinghDK，SrivastavaAK．BhargavaAiPrimaryamebicmen活goencephaiitis・IndianPediatr2008；45：1004－1005・

6DiagnostictestingisnotwidelvavaiIabIeforPAM．CIinicianswhosuspectPAMshouidcontacttheirstatehea剛departmentandlorthe

CDC〈24P Emergency Operation Center－770－488－1700）．CDC can assistwith diagnosis and p「0Vide treatment recommendations．

TeIediagnosiscanbearrangedatCDCbyemailingPhotosthroughDPDx，CDC’sDivisionofParasiticDiseasesandMalariateIediagnosis

t00i．Instructionsforsubm軸ngphotosthroughDPDxareavaiiabieathttp：〝JVWW．dpd．cdc．gov／dpdx／HTML／Contactus．htm．
7Detaileddiscussl0nSOfpossibiechemotherapeuticdrugcombinationscanbefoundathttp：Nwww．cdc．goVparasites／naegleria何eatmenr

hcp．htmiandhHP：〝www．cdc．gov／parasites／baIamuthia什eatment．html．For24〃treatmentrecommendations．pleasecontacttheCDC

EmergencyOperationCenterat770488－1700．
8GupteAA，HocevarSN．LeaAS，etai・TransmissionofBaIamuthiamandmlaristhroughsoiidorgantransplantation：Utilityoforganrec－Plent

SerOiogytoguidec冊icaimanagement（subm柾edtotheAmericanJoLimalof77ansplantation）．

1962－2012，128PAM caseswerereportedinthe United

States（【3L CDC unpubiisheddata）；Onivonesurvived（4）．

AIongwithasecondcasefromMexico〈5），thesearetheonly

We旧documentedsurvivorsinNorthAmericathrough2012．

PAMgenerailyaffectsyoung．previousiyheaithvindividuais

（3〉whomavbeviewedascandidatesfordeceased－donor

0rgan donation．Successfulorgan donations from three

Patientswith PAM have been reported（6－8）．However．

WhiienocasesofN．fowbIjtransplanttransmissionhave

been documented thus far，the true riskis unknown．

TranspIant transmission of another FLA，Ba／amufhia

mandrj〝aI高　has been reported on three occasions

（9－11），PrOmPting questions aboutthe potentiaIriskfor

transpIant transmission of N．fowIeIj and about the

similar雨es and differences between these two amebae

intermsofepidemi0logicandciinicaIcharacteristicsand

diagnostic methods that might assistin recogniZing and

differentiatIngthesecasestoassistwithmanagementof

recipients postdonation（Tabiel）．Consequently，the

Centers for Disease Control and Prevention（CDC）has

COiiaboratedwithattendingphYSiciansandpathoiogIStStO

AmericanJoumaIof7Tansp／anfafion2013；XX：1－9

investigate POSSibie Naeg／eIja dissemination t00rganS

OutSidethecentralnervoussystem（CNS）．Wesummarize

newpath0logvandIaboratorydataobtainedfrompreviousIv

unreportedpatientswithPAMandnewserologvdatafrom

transpIantrecIPlentS aSSOCiatedwith PAM organ donors．

AdditionaiIY，WereViewanimaistudiesandhiStoricalhuman

datasuggestiveofpossibieextra－CNSamebicdissemina－

tion，anddiscussthepotentiairiskforN．fow／eritransmis－

SionthroughsoiidorgantranspIantation．

Materialsand Methods

PAMdiagnosisrequireSSPeCia＝zedIaboratorvtestlngOnIvavairabieinafew

IaboratoriesinciudingCDC．whichisconsuitedfordlagnOStic，CllmCaiand

epidemioiogiCaSSistancebyheaithprofessionaIsinthemajorityofreported

PAMcases，ThepatientsdescribedhereinrepresentaiiPAMcasesduring

2009－2012forwhomCDCprOVidediaboratorytestingandwhoeither（1）

donatedorgansor〈2）underwentexpandedautopsieswithextra－CNStissue

testing．CIinicaldescrIPt10nSWereCOmPikidfromreportsfromhealthcare

PerSOnnel；hospitaI．laboratory and autopsy record revleWS；and．lnOne

Patient．pub庵hediiterature．LaboratorvtestsperformedatCDCareaiso

SUmmarlzed．VariousmethodoiogieSareaVaIlabieatCDCtoidentifyFLA，

3
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inciudingImmunOhistochemicaはechniques．cultureandatriPlexreal－time

POlymerasecha活reaction（PCR）test．imm…Ohistochemicaitechniques，

SuCh asindirectimmunofluorescence　用F）（12〉　andimmune aikaiine

Phosphatase（lHC〉（13）．useantibodyspecificforN fowleIlfoiiowedbv

microscopiC eXamination toidentify N．fowIeriin tissue．cuiture or

Cerebrospinalfiuid（CSF）．PCR testing can simultaneousiyidentifv and

d桐erentIatethreememngOenCePha”tlS－CauSlngFLA（N．fowIeriAcantha－

moebaspp．andB．mandI”iIbris）（14）andisusedatCDCtodiagnOSeand

COnfirmPAMcases．Anexpe「imentaiimmunOfluorescenceantibodvassav

candetectserumantibodiestoN．わwIeIlusinganantibodycompetition

assay．Apositiveser010giCreSPOnSeisconsideredtobeatlterOfl：1280r

greaterandindiCateSeXPOSuretON．fowIeh（4）．

Results

Caseが1

0nAugust14．2009．alO－year一〇idmaIewashospItalizedin

Fiorida with a1－dav historvof menIngItiS－iike symptoms

（Table2）．HewasgiVenCeftriaxone．rifampinandvancomy－

CinforpresumptlVebacteriaimenlngItisbutlaterdeveloped

COugh，Shortness of breath．confusion，disorientation

With haiiucinationsand atieastone grand maiseizure．A

COmPutedtomography〈CT〉brainscanwithoutcontraston

August16showeddiffuseedema．MultipIeorgansvstem

fa血reoccurred andhediedonAugust17．Both kidnevs

WerereCOVeredandtransplantedintotworecIPlentS．

OnAugust19，aPOStmOrtemdiagnosisofPAMwasmade

Whenamebictrophozoiteswereobservedinbraintissueat

autopsY．CDCconfirmedN．fow／e高nthebraintissuebyI旧

histopathoiogv reveaied deep parenchymai arterioies

Cuffed with trophozoitesin the perivascuiar spaces．

Autopsy specimens，including hematoxvIIn and eosin－

Stained（H＆E）siides of pretranspIant kidney biopsies，

WereSenttOCDC；nOamebaewerefoundinthekidnevs．

However，trOPhozoites were observedin H＆Estained

SeCtionsofspleen，thvroid．iungand heart；thesetissues

Were aiso pos南ve bvllF andiHC（Figurel）．Amebae

Observedin these organs were sparse；mOStIvin gaPS．

SPaCeS，lumensoralongtheperipheryoftissues士requentiv

degraded；and generalIynotassociatedwithtissue reac－

tion，eitherinfiammationornecrosis．ThespIeenshowed

flbr0－COngeStive changesincluding poIvmorphonuciear

ieukocvte〈PMN〉inf冊ateswithnumerousamebicantigens

anddegradedamebaealongwithafewwhoieamebaein

theparenchvmaonilF，althoughonlyafewamebicparticies

andonewhoieamebawereseenontheperiphervofthe

SPIeenbyiHC．AmebaewereaIsoobservedontheedge

andinsidetheparenchvmaithyroidtissuebyIiFandlHC．

Someamebaeintheiungsectionswerephagocvtizedby

PMNs．LivertissuetestednegativeforN．fow／eIjbviiFand

iHC．AII postmortem fresh tissue specimens obtained

duringautopsywereplacedincassettesandsubmergedin

thesamecontainerofformaIin beforesectionlng，POten－

tiaIlvresu庸ngincross－COntaminationfromthebrain．

ThekidnevrecIPIentSWereinformedaboutthesefindings

andfoIlowedcioseIvforpotentialslgnSOforganre」eCtion

4

and PAM．One recIPIent had a kidney biopsyl year

POSttranSPiantperprotocoLShowingOnivmildfibrosis．The

Other recIPient had diminished renaIfunction with two

biopsieStOeVaiuateforpossibIerejeCtbn，at9monthsand

2．5yearsposttranspIant，bothofwhichshowedmoderate

fibrosis．Neitherofthegraftedkidnevsshowedevidenceof

Naeg／eriaand言nAugust2012，bothrecIPIentSWereWelL

NeitherweretestedforN．fow／eIjexposureorgiVenan正

amebicchemotherapy．

Case＃2

0nSeptember18．2009，aPreViouslydescribed22－Vear－Oid

male patientwith PAMin Fiorida，diagnosed premortem．

donatedhiskidneys，lungs．iiver．hean，PanCreaSandbowei

tosevenrecipients（8）．Thepancreas／boweIrecipientwas

aIiveandwe旧nSeptember2011，andfiveotherreciPientS

WereaiiveandweliinMarch2012．TherightIungrecIPlent

diedinAugust2010fromrecurrentdiseaseunreiatedtohis

transpiantwithoutevidenceofPAM．NoneofthereciPientS

receivedantLamebicchemotherapvforN．foMeIjexposure．

Approximateiy2years posttranspiant，theliver reciPient

testednegativeforN．fow／eIjantibodieswithtitersofl：8

andIower．Atthistime，CDC obtained a smaiipIeCe Of

banked heart tissue biOPSied from the heart recIPient

apprOXimateivl month posttranspiant言ttestednegative

foramebae byculture and Giemsa sta面ng．Sincethen．

muitiPle protocoi biopsleS Of the heaH have shown no

evidence of reIeCtion or other pathology and the heart

reciPIentWaSaIiveandweliinJune2012．

Case鵜

OnAugust9，2011，a161year一〇idfemaIeinFioridapresented

to an emergencyr00mWith a3－day historvof headache，

fever and vomiting．Eiectr0時es and blood counts were

norma上Shewastreatedwithanintravenous（IV）fiuidboIus

and ce師axone，and discharged．On AugustlO．she was

hospitaiizedwithhighfeve「，neCkpainandstiffness，fatigue

and aitered mentalstatus．PAM was presumptiVeIvdiag－

nosed becauseofmotiIe amebae observedin herCSFand

Iaterconfirmed by PCR and culture．PAM treatmentwas

initiatedwithlVamphotericinB，aZithromvcin，fIuconazoIeand

Oralrifampln With dexamethasone for anticipated cerebraI

edema．Subsequentiv．she developed unequaipupIis and

PrOgreSSiveiethargy．OnAugustll，Shewasintubatedand

gIVenhvpertonicsaIineandmannitol．lntrathecaiamphotericin

Bwas administeredthrough aiumbarspinalneedieanda

SeCOndCSFsampiedemonstratedthecontinuedpresenceof

motiIeamebaeandprogressivepieocYtOSis．OnAugust12，

anextemaiventriculardrainwaspiacedandshowednormai

intracraniaipressure（lCP）．intraventricularamphotericinBand

IVchiorpromazinewereadministered．Shedeterio「atedand

diedonAugust13．

On August14，her kidnevs，lungs，iiver and pancreas

Were reCOVered andtranspiantedintofourrecIPIentS．Ail

recLPIentSWereaIiveandweIiinMarch2012．0nerecIPient

AmericanJoUmaIof77ansp／anねfion2013；XX：1－9
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TabIe2：Casedescriptionsofreferencedpatientswithprimarvamebicmeningoencephabtis〈PAM）duetoNaeg／erjaf（ルV／eri

帥tiaicerebrospinaifIuid（CSF）

Casenumber Sex（age Presentingsymptomsand testresuits（ilinessdayof

（yearandstate）　　　inyearS）　　　Exposurehistory slgnsI specimenc01iection〉

PremortemNaegIe〝a Organdonation

fowle〟でPeCIflC Expanded　　　（…mberof

DiagnosisofPAM treatment autopsy recipients）

1（2009FIorida）　　　　MaIe（10）　Swimming．jumping言nner Headache，VOmiting．fever，neCk WBC7950ceiIshIm3

tubhginaIake6days st苗ness，generaimaIaISe

beforesYmPtOmOnSet

23（2009Fiorlda）

3（2011Fiorida）

4（2011Kansas）

MaIe（22）　　WakeboardIngataWater Headache，fever．neckpain．

SPOrtSarena3davs photosensItiVity．POSitive

beforesvmptomonset

RBC40ceiislmm3

Protein622mgldL

GiucoselmgldL

GramnegatlVedlPiococcI

BacteriaicuIturesnegatiVe

（coiiectedondaY20f5）

WBC1680ceIIshlm3

RBC263ceiishlm3

BrudzInSklandKernIgSlgnS Proteln450mgIdL

GIucose42mg／dL

Gramstainnegative

BacterialculturesnegatlVe

Amebaeobserved〈coIIectedon

daY20f5）

Female（丁6）SwimminganddivingIna Headache．VOmiting，fever，neCk WBC4180cells小m3

rlVer2daysbefore painands描ness．fatigue．　RBC220ceiIshlm3

SymPtOmOnSet＿　　　　　aIteredmentaistatus．a Protein362mgIdL

GIasgowComaScaiescore Giucose24mgldL

Of15．andnonfocaifindIngS Cioudy

OnneurOIogicexaminatiOn Amebaeobserved（COIIectedon

dav40f7）

Maie（14）　Swimmingandspiashing Headache．nausea．decreased WBClOOOcellsImm3

1naiake4and5days oraiintake．fever．neck RBC200ceiishm3

beforesymptomonset stiffness．photophobla．　　　ProteIn151mgIdL

5（2012SouthCaroiina〉　Maie（8）　　DlVIng，SWimmIngand

tubInginaiake．pond．

CCeanandpooIon

muitIPieoccasions

Withinthe7days

beforesymptomonset

COnfusion GIucose46mgIdL（COiiectedon

daY20f7）

Headache，VOmiting．abdominal WBClO113ceiis／mm3

pain，fever．IethargY RBC27celIslmm3

ProteIn390mgldL

Giucose8mg／dL〈coIIectedon

daY40f5）

6（2012MlnneSOta）　　Maie（9）　　Swaminmuitiplefresh Headache．VOmitlng．fever．

WaterSiteS，lnCiuding

Iakel daybefore

SymPtOm OnSet

WBC1463ceiis／mm3

iethargy．confusion，blurred RBC228ceiishm3

VisiOn，dIPlopia Proteln411mgIdL

GIucose68mg／dL

Bacterialcuiturespositivefor

COagulase－negative

SraphyJococcusspecies

Amebaeobserved（COiiectedon

dav40f6）

PostmoltemdiagnosisfoiIowing No

transpia正surgeriesbased

onbraintISSUeiiF2

PremortemdIagnOSiSbasedon

motileamebaeseen on CSF

WetmOunt；diagnOSiS

COnfIrrnedpostmortemby

CSFPCR4andcuiture

Premonemdiagnosisbasedon

motileamebaeseen onCSF

WetmOunt；diagnosis

COnfirmedpostmortemby

CSF PCR and cuIture

PostmortemdiagnosiSbasedon

CSFPCRtestingandbrain

tISSueiiF

PostmortemdiagnOSisbasedon

CSFwetmount，Cultureand

PCRtestlng

PostmortemdIagnOSisbasedon

CSFwetmountand PCR

testing

Yes Kidneys（2）

Yes5　　　　　　　No

YesG No

Kidneys．iiVer，iungs，

PanCreaS．hean，bo－

Wei（7）

Kidneys，IIVer，iungs．

PanCreaS〈4〉

No Yes NQQrgandonatlOn

No Yes NoorgandonatiOn

No Yes Noorgandonation

RBC．redbioodce時WBC．whitebl00dcelI
IAiipat－entSWerePreV一〇uSiyheaIthyandhadnOSig…f－CantPaStmed－CaihiStOry

2IiF＝indireCtimmunOfiuorescencespecifiCforNfowIeri

3TuppenvM．PrImarVamOeblCmeningoencephaIitiswithsubsequentorga叩rOCurement aCaSeStudy．JNeurosciNurs20時43・274－279．

4pcR＝triPiexreaI－timePOIymerasech副nreaCt10mSPeCIflCforNaegIehafowleh

5premortemtreatmentforNfowbrIinCIudedamphoteriCinB（IntraVenOUSandlntraVentrlCuiar）川fampln．aZithromycinandfiuconazole．

epremortemtreatmentforN．fowle〝inCiudedamphoteriCinB佃raVenOuSandIntraVentriCular）．rIfampin，aZ伽romycin，仙conazoieandchlorpromazine．DexamethasonewasaisoadministeredforanticipatedcerebraIedema．
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Figurel：PostmoltemexaminationofIung．thYrOid．heartandspleentissuefromalO－year－oldmaIeorgandonorinFlorida（Case

紳IwhodiedfromprimarYamebicmeningoehCephalitisduetoNaegleriabwIeriin2009．N fowlentrophozoIteSIniung〈upperIeft〉

andthyroId（upperright）sectlOnSbyhematoxviinandeosin（H＆E）staInIngat1000×magnifiCatIOn．N．fow／e〝trOPhozoIteSfIuoresc活gIn

heart（Iowerleft）andspieen（Iowerright）sectionsbvindIreCtimmunofluorescence川F）at200×magnifiCatIOn．

With a biIateraiiung transpIant received treatment for

POSSibie Naeg／eriaexposurewith2davsofIVAmbiSOme

（August14－16．2011），WhlChwasstoppedbecauseofrenai

dYSfunction；nOfurtheranti－amebictreatmentwasglVen．

Approximateiv7weeksposttranspIant．thefourrecIPientS

PrOVidedserumforseroIogiCteStIngOfN．fowlehantibodies

atCDC．A旧ourtestednegativewithtitersofl：80rIower．

Case拙

On August19．2011．a14－year－OId malein Kansas

PreSented to hospltail dav afteriIIness onset．He was

PreSumPtiVeIv treated for meningitiS With ceftriaxone．

VanCOmyCln．aCyClo＞irandmamitoI．Amagneticresonance

imaging（MRI〉ofthebrainonAugust20wasunremarkabie．

His svmptoms progressed and he deVeiopedlnCreaSed

COnfusion．agltation．toniC－CionicactivItVandhadaseizure．

Hesubsequentivdesaturatedandwasintubated．Tonsiiar

herniatiOn Ofthe brain occurred and hewas pronounced

deadonAugust24．Hewasnotanorgandonor．

6

PostmortemCSFtestedpositiveforN．fowIeIlbyPCRat

CDC．CDCaisoreceivedslidesofbrain．SpInaicord，kidney．

iung．iiverandheartfromanexpandedautopsv．OnivCNS

tissuestestedpositiveforN．fow／eribviHCwhereasCNS．

kidneyandIungtlSSUeSteStedpositivebyIiF．wIthmany

trophozoites and much antIgenic debris observedin the

kidnev．andafewtrophozoiteswithalittledebrisobserved

in bothiungs Sixsiidesof kidneY，lung andiiVertiSSueS

takenfrom patientswithdiseasesotherthan PAMwere

aisosenttoCDCascontr01S－aiitestednegatiVebvllF．As

WithCase削．cross－tissuecontaminatiOnPOSSibIyoccurred

becauseaIIorgansweresectioned usIngthesamet00is

（rinsedbetweenorgans）andcassettescontainingalIorgan

SPeCimenswerepIacedinthesameformalin－帥edcontain－

erPrIOrtOPrOCeSSing．Howe＞er．inCase＃4，theIiverand

heart．whichwerenegati＞eforN．fovWeIjby旧CandIiF．

Werea／SointhlSSameCOntainerand piacedTnthesame

CaSSetteS aS eXtra－CNS tissues that tested positiVe Oeft

lungandrightIung．respectivelv）．

AmeIjcanJourna／ofTT’ansp／antation2013；XX：1－9



Case鵜

OnJuiv15，2012，an8－year－OidmalefromSouthCaroIina

WaS admittedto hospltaI‘2davs afteriIIness onsetwith

PreSumPtIVe menlngItIS and started on ceftriaxone and

VanCOmVCin．Ahead CTscan onJuIv16showeddiffuse

Subarachnoid hemorrhagewithin the basiiarcistems and

Iayering aIong the tentorium with accompanyingleft

Parietai soft tissue sweiilng．The patient’s condition

deteriorated requIring Piacement of anlCP monitor．He

became comatose with fixed．diIated pupiIs and was

PrOnOunCeddeadonJuly17．Hewasnotanorgandonor，

A postmortem diagnosis of PAM was made based on

testIng at CDC，inciuding wet－mOunt Observation of

amebaeinthe CSF and positive CSF PCR and cultures．

The patient undeiWentan eXPanded autopsyandtested

POSitiveforN．fowIeIjinextra－CNStissuesbyPCR．Asw軸

Cases別and4，histopathoIogy resuIts were difficuitto

interpretbecauseautopsvtISSueSWere POtentiailycross－

COntaminatedwhenCNSandextra－CNStissuespecimens

WerePreSerVedinthesameformaiincontainer．HoweVer，

in this case．0rganS Of the chest and abdomen were

COmPleteIydissectedandfreshunpreservedtissuespec十

mensfromtheseorganswerecoiiectedandstoredbefore

the cranium was opened．These unpreserved tissues′

COliected before cross－COntamination couId occur，Were

SenttO CDCfor PCR．The brain．rightIung，SPleen and

intestinetested pos砧veforN．fowIeIlbyPCRwhilethe

kidney．heart，PanCreaSandiivertestednegative．Whether

these positive PCR findings represented viableintact

Organismsin extra－CNS tissues orieakage of NaegIeIh

debris across a compromised bi00d－brain barrieris

unknown，butneitherscenariocouIdberuIedout．Further，

itisunknownwhethersuchIeakageacrosstheblood－brain

barrieroccurredpremoHemorpostmonem．

Case鵜

OnAugust4，2012，a9－Vear一〇idmaiefromMinnesotawas

admittedtohospita12daysafter冊essonsetwithapparent

meningItiSandstartedonceftriaxone．vancomvcIn，aCVClo－

Vir，dexamethasoneandmannitoi．AnunenhancedheadCT

OnAugust5wasunremarkabie．Thepatienthadprogres－

SiveneuroiogicdeciinerequirIngIntubationandlCPmonitor

Piacement．ApresumptIVe PremOrtem diagnosisof PAM

WaSmadebasedonair－driedWright－StainedCSFcvtospin

PreParations．一丁he patientwas pronounced braindead on

August6．Hewasnotanorgandonor．

An expanded autopsywas performed on August7．The

extra－CNS organs were removed and specimens were

PreParedforPCRtestingatCDCbeforethecraniumwas
OPened，therebv ruIIng Out POSSibie cross－COntamination

from the CNS．The extra－CNS organs were grossiv and

microscopiCaiiy normai．lntraparenchymal tissues were

SamPled byavoiding organ surfaces．such as the pieura

andiivercapsule．andbvusingaVisibIvcieanscalpe口or

tissuesectionlng．Theorgansurfaceswerenotcauterized

beforesectioningandsteriiescalpelsandforcepswerenot

AmericanJouma／ofTTansp／anねtion2013；XX：1－9

RiskforTransplantTransmissionofNaegIeria

usedforhandlingtissuesampies．CSFandolfactoryand

auditorynervetissuetestedpositiveforN．fowIeIjatCDC

bvPCRandcu圧ure，aithoughserumantibodytestswere

negative atl：2．Tissue specimens from theIiVer，heart，

kidnevandpancreastestednegativeforN．fow／eribvPCR

andcuiture．WhiieiungtlSSueWaSalsocuiturenegative言t

WaS rePrOducibIv PCR positive．As with Case＃5，itis

unknown whether this PCR finding represented viabIe

intactorganismso「amebicdebrisintheIung．Further，itis

unknown whether suchieakage across the biood－brain

barrieroccurredpremortemorpostmortem．

Discussion

During1995－2012．five knownpatientswith PAMinthe

United States donated soIid organs to　21transplant

recipients；threeofthecasesaredescribedabove（Cases

＃1，2，3）and two more have been described previousiy

（6，7）．None of these recipients are known to have

developed PAM．Further．five recIPlentS had negative

N．fowIeIjseroiogieS7weeksto2years posmanspiant

and one biopsv takenl month posttranspiant from a

donated hearttested negative for N．fovWelj．However，

there are data from human PAM cases and animai

Studiesthatchailenge the assumptIOn that N．fow／er白s

COnfinedtotheCNS．Since2009，CDChasexaminedextra－

CNStissuesfromfivepatientswithPAM（Cases＃1，2，4－6）

and found evidence ofvaryIng Strength to suggestthat

extra－CNSdisseminationofNaeg／eIjamighthaveoccurred

infour〈Cases＃1，4－6）ofthefivecases．

Inadditiontothesefourcases，tWOPatientswithPAMwith

POSSibie extra－CNSdisseminationof Naeg／eIjahavebeen

PreViousiy reported．in1943，an emaCiated22－Vearて）ld

Japanese prISOner Of war was treated premortem for

malariaanddvsentery．0nautopsv．amebaewereobserved

byhistoiogvin his brain，iungs，StOmaCh，Smaiiintestine，

CeCum，andmesentericandgastriclvmphnodes（1，15－17）．

In1969，a15－Vear－OId femaie was diagnosed with PAM

PremOrtem based motiie amebae observedin her CSF

（18，19）．Shereceivedanti－amebicchemotherapybutdeveL

OPedacutediffusemvocarditisandpuimonarvedemaand

died5davsaftersvmptomonset．Onautopsy．tissuesfrom

muitlPleorganswereobtainedunderaseptICCOnditionsand

Cuitured．Spleen，iiverandIungcuItureswerepositivefor

N．fowIeh，andanamebawasobservedintheheartbiood．

Extra－CNS dissemination of Naeg／eria has aiso been

ObservedinmuitipieexperimentsinvolVingmice（20－24）．

For exampie，histoIogICaI examinations of mice giVen

intranasai Naeg／eria汗nocuiations demonstrated amebae

invading the nasalmucosa by36h postinoculation，the

OIfactorv nerve and anterior01factoryIobes bv72h．the

Cerebraihemispheresby96h．andtheiungs．iiver．spIeen

andrenaicap用ariesbylO8h（4．5davs）withdeathbv132h

in most mice（20）．In a simiiar experiment，OCCaSionaI

amebaewere histoiogiCaiiyobservedin bloodvesselsin

7
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andaroundtheolfactorybulbsandwithinthebonemarrow

andvenoussinusoidsofmiceskulIsat96hafterintranasal

inocuiation（21）．At the same time，amebae were also

CuituredfrombI00dandIungtISSue．Theresearchersnoted

that Naeg／eIjaenteredthe bioodstream ofthe CNS and

bone marrow vervIatein the disease when tTssue

destruction was advanced，thin－WaIIed veins were com－

PrOmisedandmiceweremoribund．

Taken together，human and animal data suggest that

hematogenous spread of N．fowIeIlto extra－CNS organs

mightbepossibie．TheinfectiousdoseofN．fovLdeIjhasnot

beenesta帥shedTnhumansbutmavbeIow言nonemouse

experiment．the LD50was300amebae but theiowest

intranasaiiethaldosewasonly39amebae（20）．Aithoughthe

infectiousdoseviasoiidorgantranspiantationisunknown，

thesedatasuggestthatareiativeiyfewviabieamebaemay

need to escape the CNS and contaminate an organ for

transplanttransmissiontobepossible．Experimentaidata

from mouse modelsindicatedthat Naeg／eIjaescapethe

CNSlateinthecourseofdiseasewhentissuedestructionis

greatest and the bIood－brain barrieris compromised．

Therefore，a圧hough no cases of donor－derived organ

transpianttransmission of N．foMeIjhave been reported

SOfar．theriskofsuchanoccurrenceislikeIvnotzero．

Since2009，SOIid organ transplanttransmission of Ba／a一

mufhia，a related FLA，has been reponed on three

OCCaSions（9－11）．ltisnotfuIiyunderstoodwhytranspIant

transmissionofBa／amuthiahas beendocumentedbutnot

thatofNaeg／eIlatodate．Onetheoryhasbeenadifference

intemperaturesensitivities．Uniike Ba／amufhia，Naeg／eria

are known to be thermoph紺C（1）．However，aIthough

N．fowIeritrophozoitesdegeneratewithinhoursattemper－

atures　＜100C，the trophozoites encvst under adverse

COnditions and cysts capabie of refor…ng Viable troph一

〇ZOites under more favorable conditions can survive for

davstomonthsattemperaturesusedfororganstorageand

transportation（25）．Therefore，temPerature SenSitivities

maynotexpiainthedifferenceintranspIanttransmission

incidencebetweenthetwoorganisms．AnothertheorYiS

thatamebictranspIanttransmissionmaYrelatet01engthof

infectioninthedonor，aSimpIiedbvtheanimaIexperiments

PreViousivdescribed．U掴keNaeg／eria，Ba／amu的iacauses

a chronicinfection and hence has the opportunitv to

hematogenousiv spread t0　0ther　0rganS．AIso u捕ke

Naeg／eIja，Ba／amu祐jaisknowntospreadhematogenousiv

fromextra－CNSsitestotheCNS（26）．Moreover，therecent

Clustersoftransplanttransmissioncon帥mthathematoge－

nous spread of Ba／amufhia occurs from the CNS to

Otherorgans aswell．However，the data summarizedin

this reportsuggestthat hematogenous spreadfrom the

CNS t00ther organs might aIso occur with NaegIeIja．

Furtherexpiorationoftheriskforhematogenousspreadof

Naeg／eriaisrequiredtobetterunderstandtheriskandrisk

factors for such extra－CNS dissemination．AdditionaIIv．

greaterawarenessofPAMamonghealthcareprofessionais
inv01vedin transplantation andinciusion of PAMin

8

differentiaIdTagnosesduringevaiuationsofpotentiaIdonors

With meningOenCePhaIitisare needed．Accord活gtoCDC

SurVe川ancedata，Oniy25％ofUS PAMcasesreceiveda

PremOrtemPAMdiagnosis．Therefore，mOStPAMdonors

W川beundiagnosedatthetimeoftranspiant．

TofurtherdeflnetheriskofN fow／eriextra－CNSdissemina－

tion．fuIIautopsleSShouidbeperformed onpatientswith

PAMandanypotentialorgandonorwhodieswithciinicai

Signsorsymptomssuggestiveofmeningitisorencephaiitis．

ThispracticewouIdaisoheipassesstheriskofextra－CNS

dissemination of other encephaiitis－CauSing pathogens

knowntobetranspiant－tranSmitted，SuChasB．man（れMarふ

rabiesandivmphocyticchoriomeningitisvirus（9－11，24，27）．

FulIautopsieSShouIdincIudemicroscopICeXaminationsof

bothCNSandextra－CNStissues，Particuiariyheart，iungs．

iiVerandkidnevs．Tominimizecross－COntaminationbetween

CNSand extra－CNStissues．examination andsampiingOf

extra－CNStissuesandorgansshouidbecompietedbefore

removaiof the brain．ldeally，SeParate WOrkspaces and

dissectlngtOOIsshouldbeusedt00btainCNSandextra－CNS

tissues．Additionaiiy，CNSandextra－CNStissuesshouIdbe

Placedin separate formalin containers and processed

SeParatelvforparaffinembedding．

For guidancein recognlZIng CNSinfections高Potentiai

deceasedorgandonorsandforconsiderationsduringdonor

evaluation andorganoffers，the Organ Procurementand

TranspIantationNetworkhasprovidedinfomationontheir

Websiteathttp：〟optn．transpiant．hrsa．gov／ContentDocuments／

Guidance＿DTAC＿CNS＿lnfections＿07－2012．pdf（28）．For

assistancein diagnosing PAM，reCOmmendations for

N．fowIeITSPeCifjcchemotherapy．andquestionsregarding

transplant transmission ofinfectious diseases，CDCis

ava胎bIe24PbycontactingtheCDCEmergencvOperations

Center at770－488－7100．Additionally，mOreinformation

abouttheclinicaIfeaturesofPAManditsbasicwork－uPiS

avaiiabie on the CDC website at http：〟www，Cdc．gov／

ParaSites／naegIeria／heaIth＿PrOfessionaIs．htm上

Atpresent，nOteStisfeasibieforscreenlngPOtentiaIorgan

donors，nOteSthas been approvedfordiagnostic useto

detectorganrecIPIenteXPOSureOrinfection，nOPrOPhviac－

ticchemotherapeuticregimenhasbeenestab”shedandno

effectivetreatmentregimenhasbeenidentifiedforamebic

encephaIitis（6）．AlthoughtodatethereTs noevidenceof

Naeg／eIhtransplanttransmission．theriskoftranspianta－

tionwithanorganpossiblyharboring N．わwIeriorother

nontreatable agents ofinfectious encepha冊S，Shouid be

CarefuiIyweighedforeachindividuairecIPIentagalnStthe

riskofdeiavlngtranSPlantation whilewaitingforanother

SuitabIeorgan．
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