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Il-6 and Il-8 in cerebrospinal fluid from patients with 
aseptic meningitis and bacterial meningitis: their 
potential role as a marker for differential diagnosis 
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ABSTRACT

Cytokinesλareλmoleculesλthatλactλasλmediatorsλofλimmuneλresponse;λcerebralλspinalλluidλ(CSF)λILj6λisλ
foundλinλallλmeningealλinlammatoryλdiseases,λbutλILj8λisλassociatedλwithλacuteλbacterialλmeningitisλ
(ABM).λAλcaseλcontrolλstudyλwasλdoneλtoλascertainλtheλdiscriminatoryλpowerλofλtheseλcytokinesλinλ
diferentiatingλABMλfromλasepticλmeningitisλ(AM);λILj6λandλILj8λCSFλconcentrationsλwereλtestedλ
throughλELISAλinλsamplesλcollectedλfromλpatientsλwhoλunderwentλinvestigationλforλmeningitis.λSixtyλ
patients,λ18λwithλAM,λnineλwithλbacteriologicλconirmedλABMλandλ33λcontrols,λassistedλinλ2005λ(MAλ
andλcontrols)λandλ2007λ(ABM)λwereλincluded.λDiferentlyλfromλcontrols,λILj6λconcentrationsλwereλ
increasedλbothλinλMAλandλABMλpatientsλ(pλ<λ0.05).λCSFλILj8λlevelsλwereλhigherλinλABMλthanλinλAMλ
andλcontrolsλ(pλ<λ0.05).λDiscriminatoryλpowerλinλABMλasλassessedλbyλtheλareaλunderλreceiverλoperaj
torλ(ROC)λcurveλwasλ0.951λforλILj8,λusingλaλcutjofλofλ1.685λng/dLλ(100%λofλsensitivityλandλ94%λofλ
speciicity).λheλCSFλconcentrationλofλbothλILj6λandλILj8λareλincreasedλinλtheλpresenceλofλmeningealλ
inlammation,λILj8λcouldλbeλanλimportantλtoolλtoλdiferentiateλABMλfromλAM.
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INTRODUCTION

Cytokinesλareλmoleculesλinvolvedλinλtheλmoduj

lationλofλimmuneλandλinlammatoryλprocesses.λ

Interleukinj6λ (ILj6)λ isλ aλ cytokineλ ofλ bothλ inj

nateλandλadaptiveλimmunityλandλexertsλdiverseλ

actions.λheλmainλcellularλactionλofλ ILj6λ isλ toλ

stimulateλ theλgrowthλofλBλ lymphocytesλwhichλ

haveλ diferentiatedλ intoλ antibodyλ producingλ

cells.λInterleukinj8λ(ILj8)λactsλasλchemoattractj

antλforλneutrophilsλtoλtheλsiteλofλinlammation.1

ElevatedλCSFλcytokineλlevelsλareλundisputj

edλmarkersλofλmeningealλinlammation,2λbutλaλ

speciicλ proileλ ofλ cytokineλ concentrationλ forλ

diferentialλdiagnosticλpurposesλisλnotλyetλavailj

able.λCSFλlevelsλofλILj6λareλindiscriminatelyλelj

evatedλ inλallλkindsλofλmeningitis,3λ andλdoλnotλ

contributeλ toλ thisλ purpose.λ Someλ studiesλ thatλ

measuredλCSFλILj8λconcentrationsλfoundλhighλ

levelsλ ofλ thisλ chemokineλ associatedλ mainlyλ

withλbacterialλmeningitis,λbutλitsλroleλinλasepticλ

meningitisλremainsλelusive.4,5

Diferentiationλbetweenλasepticλmeningitisλ

andλacuteλbacterialλmeningitisλ(ABM)λinλsomeλ

instancesλcanλbeλpuzzling.λheλsearchλforλclinij

calλmarkersλandλlaboratoryλtestsλtoλhelpλinλthisλ

taskλ isλ crucialλ inλ orderλ toλ optimizeλ theλ treatj

mentλofλtheseλconditions.λAλsuitableλdiagnosticλ

toolλhasλbeenλpursuedλforλmanyλyears,λbutλuntilλ

nowλlittleλhasλbeenλaddedλtoλclinicalλpractice.6j8λ

heλ importanceλ ofλ anλ earlyλ diferentiationλ

betweenλ theseλ twoλ conditionsλ residesλ inλ theλ

choiceλofλtheλproperλtreatmentλregimenλandλinλ

theλneedλforλinpatientλcare,λespeciallyλinλABM,λ

whichλhasλaλpoorλprognosisλifλletλuntreated.

heλaimλofλourλstudyλwasλtoλmeasureλCSFλ

ILj6λandλILj8λinλpatientsλwithλasepticλmeningij

tis,λbacterialλmeningitisλandλnormalλcontrolsλinλ

orderλtoλinvestigateλtheseλcytokinesλasλpotentialλ

toolsλ inλ theλ diferentialλ diagnosisλ ofλ bacterialλ

meningitisλfromλasepticλmeningitis.

PATIENTS AND METHODS

Weλ performedλ aλ casejcontrolλ studyλ withλ CSFλ

samplesλ fromλpatientsλassistedλ inλ Instituto Es-

tadual de Infectologia São Sebastião (IEISS),λ

theλ referralλ centerλ forλ infectiousλ diseasesλ inλ

Rioλ deλ Janeiroλ State.λ AMλ andλ controlλ samj

plesλ wereλ collectedλ duringλ theλ yearλ ofλ 2005,λ

whereasλ ABMλ CSFλ samplesλ wereλ collectedλ

inλ 2007.λ Sixtyλ patientsλ wereλ selected,λ 18λ hadλ
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asepticλ meningitis,λ nineλ hadλ conirmedλ laboratorialλ diagj

nosisλ ofλ meningitisλ causedλ byλ Neisseria meningitidis,λ andλ

33λhadλnoλmeningitisλ(controls).λheλdiagnosticλcriteriaλforλ

asepticλ meningitisλ wereλ CSFλ totalλ leukocyteλ countλ aboveλλ

iveλ cells,λ negativeλ bacteriologicalλ testsλ andλ aλ clinicalλ conj

ditionλ compatibleλ withλ meningitis.λ Patientsλ withλ bacterialλ

meningitisλwereλselectedλonλtheλgroundsλofλaλpositiveλCSFλ

cultureλorλaλreactiveλlatexλforλN. meningitidis.λControlsλwereλ

includedλifλtheλCSFλanalysesλwereλnormal.

ThisλstudyλwasλdesignedλaccordingλtoλBrazilianλlawsλ

forλresearchλinvolvingλhumanλbeingsλandλwasλapprovedλ

byλ theλ Ethicalλ Committeeλ ofλ Evandroλ Chagasλ Clinicalλ

ResearchλInstitute,λFIOCRUZ,λRioλdeλJaneiro.

CSFλ samplesλ wereλ selectedλ byλ simpleλ randomλ samj

plingλfromλpatientsλundergoingλevaluationλforλmeningij

tis.λNoλpatientλwasλ submittedλ toλ lumbarλpunctureλonlyλ

forλtheλpurposeλofλcollectingλsamplesλforλtheλstudy.λTheλ

CSFλwasλanalyzedλforλcellularλcontent,λproteinλandλgluj

coseλ levelsλ andλ bacteriologicalλ testsλ usingλ laboratoryλ

routineλ methods.λ CSFλ wasλ storedλ atλ –20oCλ andλ centrij

fugedλforλcytokineλconcentrationλmeasurement.

Weλ performedλ ILj6λ andλ ILj8λ measurementsλ fromλ

CSFλsamplesλbyλELISAλusingλspecificλmonoclonalλantij

bodiesλ (Duoλ setλ kitλ –λ R&Dλ systems)λ accordingλ toλ theλ

manufacturer’sλ instructions.λ Theλ resultsλ wereλ analyzedλ

byλSoftλMaxλProλsoftwareλbasedλonλtheλconcentrationsλofλ

theλstandardλcurvesλofλeachλassay.

Statisticalλ analysesλ wereλ performedλ usingλ SPSSλ forλ

Windowsλ13.0λ(SPSSλInc.,λChicago,λIL,λUSA).λMeasurej

mentsλofλcentralλtendencyλandλdispersionλforλcontinuousλ

variablesλ (median,λ standardλ deviationλ andλ range)λ wereλ

usedλandλcomparisonsλbetweenλthemλwereλtestedλusingλ

MannjWhitneyλ Ujtest.λ Receiverλ operatingλ characterisj

ticλcurveλ(ROC)λwasλcomputed,λandλtheλareaλunderλtheλ

ROCλ curveλ (AUROC)λ wasλ usedλ toλ evaluateλ theλ abilityλ

ofλ ILj8λ toλdiscriminateλbacterialλmeningitisλ fromλasepj

ticλmeningitis.λTheλoptimumλcutjoffλwasλdefinedλasλtheλ

valueλthatλmaximizedλtheλAUROC.

RESULTS

Weλ analyzedλ 60λ CSFλ samples;λ theλ demographicalλ charj

acteristics,λ theλ resultsλ forλ routineλ CSFλ analysisλ andλ ILj6/

ILj8λassayλresultsλareλshownλinλTableλ1.λheλgroupsλhadλnoλ

statisticallyλ signiicantλ diferenceλ inλ demographicλ aspectsλλ

(pλ>λ0.05),λbutλtheyλwereλdiferentλregardingλCSFλinlammaj

toryλparametersλ(pλ<λ0.05).

ILj6λ concentrationsλ wereλ veryλ similarλ betweenλ asepticλ

meningitisλ andλ bacterialλ meningitisλ cases,λ withλ noλ signiij

cantλdiferenceλ(pλ>λ0.05).λConversely,λCSFλILj8λconcentraj

tionsλwereλhigherλ inλ theλbacterialλmeningitisλgroupλwithλaλ

signiicantλdiferenceλwhenλcomparedλtoλtheλasepticλmeninj

gitisλgroupλ(pλ<λ0.05).λBothλILj6λandλILj8λconcentrationsλinλ

meningitisλcasesλ(asepticλandλbacterial)λwereλmarkedlyλdifj

ferentλfromλtheλconcentrationsλfoundλinλtheλCSFλofλpatientsλ

inλtheλcontrolλgroupλ(pλ<λ0.05).

Weλ calculatedλ theλ areaλ underλ theλ ROCλ curveλ toλ anaj

lyzeλ theλ powerλ ofλ ILj8λ toλ discriminateλ bacterialλ meningij

tisλ fromλ asepticλ meningitis.λ ILj8λ appearedλ asλ anλ excellentλ

markerλforλdiferentiatingλABMλfromλAMλ(AUROCλ=λ0.95,λλ

95%λCIλ=λ0.855λtoλ1.046;λpλ<λ0.05)λwhenλtheλcutjofλlevelλofλλ

1.685λng/dLλwasλused.λAtλthisλcutjof,λILj8λhadλ100%λsensij

tivityλandλ94%λspeciicity.λAUROCλforλothersλCSFλinlammaj

toryλparametersλareλsummarizedλinλTableλ2.λ

Table 1. Demographic characteristics, CSF analysis and median IL6/IL8 concentrations of sixty patients  

assisted in IEISS (2005 and 2007)

Parameters Aseptic meningitis (n = 18) Bacterial meningitis (n = 9) Controls (n = 33)

Age (years) 8.0 (0.5 - 46) 13.1 (0.2 - 50.0) 5.4 (0.2 - 27.0)

Male sex (%) 50.0 66.7  63.6

Total cell count (leukocytes/mm3) 100 (10 - 600) 4677 (512 - 15,545) 1.1 (0 - 4)

Protein (mg/dL) 41.9 (20.0 - 200.0) 653.9 (55.0 - 1000.0) 24.6 (10.0 - 64.0)

Glucose (mg/dL) 58.8 (25.0 - 91.0) 17.6 (0 - 49.0) 58.1 (19.0 - 100.0)

IL-6 (ng/mL) 0.415 (0.177 - 0.636) 0.536 (0.231 - 0.622) 0.148 (0.047 - 0.640)

IL-8 (ng/mL) 0.662 (0.118 - 3.528) 2.464 (1.854 - 4.801) 0.055 (0.07 - 2.196)

Table 2 – AUROC for CSF IL-8, IL-6 and other inflam-
matory parameters (bacterial meningitis vs. aseptic 

meningitis)

CSF Parameter Area p 95% CI

IL-8 0.95 <0.05 0.855 - 1.046

IL-6 0.66 0.187 0.444 - 0.876

Leukocyte count 0.99 < 0.05 0.973 - 1.014

Glucose 0.04 < 0.05 0.028 - 0.106

Protein 0.98 < 0.05 0.939 - 1.022

95% CI, confidence interval; CSF, cerebrospinal fluid.
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DISCUSSION

Inλ ourλ study,λ weλ foundλ thatλ ILj6λ andλ ILj8λ areλ importantλ

inlammatoryλ mediatorsλ inλ allλ casesλ withλ meningitis.λ CSFλ

concentrationsλofλtheseλmoleculesλinλmeningitisλcasesλwereλ

signiicantlyλdiferentλwhenλcomparedλtoλtheλcontrolλgroup.λ

AnalyzingλtheseλmediatorsλindividuallyλweλfoundλthatλCSFλ

ILj8λconcentrationλinλABMλatλtheλmomentλofλdiagnosisλwasλ

markedlyλhigherλthanλinλAMλgroupλ(pλ<λ0.05).

Asλaλretrospectiveλstudyλperformedλinλaλreferralλcenter,λ

selectionλbiasλisλaλpossibleλmethodologicalλproblem,λbutλtheλ

diferentλgroupsλwereλcomparable.λAnotherλpossibleλlimitaj

tionλwasλtheλlackλofλetiologicalλdiagnosisλofλAMλcases,λevenλ

withoutλlaboratorialλevidenceλofλbacterialλinvolvement.

ILj6λconcentrationsλwereλhigherλinλbothλAMλandλABMλ

groupsλdemonstratingλthatλthisλmoleculeλactsλasλmediatorλinλ

meningealλ inlammation,λservingλasλaλnonjspeciicλinlamj

matoryλ marker.9λ hisλ isλ inλ agreementλ withλ otherλ studiesλ

whichλalsoλcomparedλtheλlevelsλofλILj6λinλcasesλofλbacterialλ

andλasepticλmeningitisλandλdidλnotλindλsigniicantλdiferencj

es.3,10λCSFλILj8λmeasurementλinλtheseλtwoλtypesλofλmeningij

tisλwereλperformedλ inλaλ studyλconductedλbyλLopezjCortezλ

et al.λinλ1995.4λPatientsλwithλbacterialλmeningitisλhadλhigherλ

concentrationsλofλthisλchemokineλinλCSFλcomparedλtoλAMλ

cases.λheλauthorsλsuggestedλaλcutjofλofλ2.5λng/dLλforλCSFλ

ILj8λconcentrationλusingλonlyλtheλdispersionλgraphλforλthisλ

concentration.λOstegaardλet al.λinλ1996λconductedλaλstudyλinλ

whichλCSFλILj8λconcentrationsλwereλalsoλcomparedλbetweenλ

theseλ twoλ groupsλ ofλ patientsλ andλ controlsλ concludingλ thatλ

ILj8λconcentrationsλwereλhigherλinλtheλABMλgroup.λInλourλ

studyλ weλ determinedλ theλ valueλ ofλ 1.685λ ng/dLλ asλ theλ bestλ

cutjof,λperformingλaλROCλcurve,λwhichλisλdesignedλforλthisλ

purpose.λheλaccuracyλofλ thisλcutjofλwasλalsoλexcellent.λ Itλ

isλ importantλ toλ noteλ thatλ cutjofλ valuesλ forλ ILj8λ mayλ varyλ

dependingλ onλ variationsλ ofλ theλ methodologyλ orλ reagentsλ

used,λ andλbeforeλ standardizedλ testsλ areλavailableλoneλmustλ

determineλ theλ speciicλ cutjofλ valueλ underλ theλ conditionsλ

employedλtoλensureλtheλbestλaccuracy.

Inλ orderλ toλ conirmλ whetherλ theλ measurementλ ofλ CSFλ

ILj8λ hadλ theλ powerλ toλ discriminateλ bacterialλ meningitisλ

fromλ asepticλ meningitis,λ weλ haveλ performedλ theλ AUROCλ

forλ CSFλ proteinλ levelλ andλ totalλ leukocyteλ countλ whichλ areλ

ofλ indisputableλ importanceλ inλ theλ diferentialλ diagnosisλ ofλ

acuteλmeningitis.λheλAUROCλevidencedλthatλILj8λhadλtheλ

sameλ powerλ ofλ CSFλ protein,λ leukocyteλ countλ andλ glucoseλ

level.λCSFλILj6λconcentrationλshowedλlittleλutilityλinλthisλdifj

ferentiation.

heλcostλforλcytokinesλdeterminationλinλbiologicalλsamj

plesλ hasλ decreasedλ signiicantlyλ overλ theλ pastλ decadeλ asλ

availabilityλhasλ increased.λ Inλ fact,λ itλwillλprobablyλdecreaseλ

evenλ furtherλ ifλ measurementsλ ofλ cytokinesλ becomeλ standj

ardλclinicalλanalysisλinλtheλhospitalλsetting.λImportantly,λILj8λ

measurementsλisλnotλaλsubstituteλforλCSFλprotein,λglucoseλorλ

leukocyteλdeterminations,λbutλratherλanλadditionalλandλusej

fulλinputλinformationλthatλmayλhelpλdiagnosisλinλcasesλwhereλ

aλclearλdiagnosisλcannotλbeλreachedλbyλstandardλtechniques.

Diferentialλ diagnosisλ betweenλ asepticλ andλ bacterialλ

meningitisλinλsomeλinstancesλcanλbeλdiicult.λAλtrustworthyλ

laboratoryλmarkerλwouldλfacilitateλtheλclinicalλdecisionλofλinj

terruptingλantimicrobialλtherapyλandλavoidingλunnecessaryλ

hospitalization.λCSFλILj8λconcentrationsλaboveλ1.685λng/dLλ

wouldλindicateλbacterialλmeningitisλconirmingλotherλclinij

calλandλlaboratoryλindings.λMoreλstudiesλperformedλinλsuitj

ableλmodelsλofλmeningitisλareλneededλ inλorderλ toλestablishλ

theλroutineλuseλofλinlammatoryλmarkersλinλtheλdiagnosisλofλ

infectiousλdiseasesλofλtheλcentralλnervousλsystem.
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