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ω Neurologic infections common/severe in LRS

ω Important cause of hospital admission in rural Africa (10%)

ω bǳƳŜǊƻǳǎ άǎŜǾŜǊŜ ŀƴŘ ǘǊŜŀǘŀōƭŜέ ŘƛǎŜŀǎŜǎ

ω Early Dx& Rx improve outcomes

WHO. Global Burden of Disease. 2004

Int J Infect Dis 2007 Nov;11(6):524-30

Emerg Infect Dis 2007 Jun;13(6):883-8.

Clin Infect Dis 2004 Nov 1;39(9):1267-84.
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Epidemiology of Neurological neglected

infectious diseases in Central Africa
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Pathology DRC 
Incidence / prevalence

Comment

Human African 

trypanosomiasis (HAT)

[T.b. gambiense]

Å8,162 cases reported 2007

(~13.0/100,000*yr)

Å18,592 estimated 2007*

(29.7/100,000*yr)

Å5,500 cases reported 2010

(~8.8/100,000*yr)

Å®incidence since peak in 1998

Å70% of global burden in DRC

Å50% stage 2 

Å50% detected in mass screening

Å *[95%CI 4,883ï32,302]

Cysticercosis ? ÅHuman dz detected in Bas-Congo

ÅPorcine dz elsewhere

Schistosomiasis ? ÅNeuro in 2-4% S. mansoni infections

ÅLast DRC survey pre-1980s: 

www.who.int/schistosomiasis/Global-

Atlas

Å3 species know to exist in DRC

ÅEggs rarely seen in labs we surveyed 

Rabies ? ÅSeveral recent outbreaks (p-comm)

ÅNo PEP available

Leprosy Prevalence <10 / 100,000  2007 ÅñEliminationò thresholdreached in 2007
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Pathology DRC 

Incidence/prevalence

Comment

Malaria Adult parasitemia PCR:

DRC  = 33.5% 

Bandundu >>50%

Å2007 Data (PLoS One 

2011;6(1):e16420)

ÅRDT used x 2011 

ÅM.A.F. / clinical specificity 

unknown

ÅNeuro dz in adults probably 

rare

HIV infection 1.3% national prev.

4.3% pregnant women

ÅNo data on OI prevalence

TB 390 / 100,000*yr

CNS - ?

Å~1% case with TBM estimated

Å~Never diagnosed in sites 

visited

Cryptococcal 

meningitis 

? ÅCrAg apparently unavailable

ÅIndia Ink rarely done

Bacterial meningo-

enceph.

?

Viral meningo-

encephalitis

?

Syphilis RPR positivity:

~1% blood banks 

screen

2-3% antenatal screen

ÅCNS involvement unknown

Å~never diagnosed
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Key pathogens to target
Targeted : differential dx, expected prevalence, severe 

&treatable, no imaging for treatment decision
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Pathology RDT for 

Óphase3 

?

Comment

HAT stage 2 Yes* ÅSingle format serology test only

Cerebral malaria Yes** ÅFully validated RDTs already in use

ÅClinical specificity for neuro unknown 

and likely LOW

HIV infection (1ry and 

associated disorders)

Yes** ÅFully validated RDTs already in use

ÅPerformance affected by HAT!

TB meningitis No* ÅCombo ADA/IFN-g/LAM RDT in 

pipeline

ÅHandheld RT-PCR

Cryptococcal 

meningitis 

Yes ÅIMMY CrAg LFA

Bacterial meningitis Yes/No*** ÅSingle pathogen tests w/variable 

performance

Neurosyphilis Yes** ÅFully validated RDTs already in use

ÅClinical specificity for neuro unknown 

and likely LOW



Pathology RDT for 

Óphase3 ?

Comment

Neurocysticercosis No** Imaging needed for treatment decisions

Toxoplasmosis* No** Imaging required for phase 3 evaluation 

of any RDT as part of composite 

reference standard ïnot possible in 

DRC

Helminthic encephalitis No Imaging needed for treatment decisions

Rabies No No treatment

HTLV-1 No No treatment

HSV-1* No Good candidate for LAMP assay
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Bissonnette & Bergeron; Clin Microbiol Infect 2010

What are we talking about, exactly?

9



Bissonnette & Bergeron; Clin Microbiol Infect 2010

What are we talking about, exactly?

Rapid diagnostic tests for neurological infection in central Africa. 

Lancet Infect Dis. 2013;13(6):546-58
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Study performed in Mosango, 

rural part of DR Congo

11



Inclusionsfrom Sep 
2012 to Jun 2014

Follow-up until Dec 
2014
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reference standards

Pathology NIDIAG reference standard

HAT stage 2 demonstration of trypanosome in any sample (blood, lymph node, 

cerebrospinal fluid [CSF]) with concentration methods, and consistent 

CSF abnormalities (on sites)

Cerebral malaria WHO 2000 case definition, with microscopy and Plasmodium 

identification/quantification (on sites)

HIV infection 3-step RDT strategy (Determine; Unigold; Double Check) 

TB meningitis Uniform case definition from Marais (TLID 2010) (ñdefiniteò AND 

ñprobableò; TB culture and molecular testing at INRB, Kinshasa).

Cryptococcal 

meningitis 

Positive results from any of the following: India ink, Cryptococcal Ag 

latex agglutination, or  Cultures of blood or CSF 

Bacterial meningitis Bacterial culture of CSF or blood (INRB, Kinshasa); positive CSF 

Gram stains and when negative cultures

Neurosyphilis Rapid Plasma Reagin (RPR) and Treponema pallidum particle 

agglutination (TPPA) tests on serum; Veneral (VDRL) test on CSF
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reference standards
selected post-hoc testing

Lancet Infect Dis. 2013;13(6):546-58.

ÅSerology for T. solium, Schistosoma spp, Brucella spp

and T. gondii (the latter only for HIV)

ÅAntigenic test for T. solium

ÅNucleic acid amplification on CSF for Herpes 

simplex/Herpes zoster and Mycobacterium tuberculosis
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NIDIAG neuro study: baselinecharacteristics

ü Inclusions: 351

üMeanage: 39years(childrenunderfive wereexcluded)

üSexratio M/F: 1.17

üPreviouscontactwith healthcaresystem: 45.6%

üExposure
ü Toantibiotics: 92 (26%)
ü Toantimalarials: 79 (22%)
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Entry criteria n %

Severe dailyheadache 160 45.7

Meningismus 111 31.7

Walkingdisturbances 97 27.7

Recent convulsion 87 24.9

Sensitivo-motor deficit 77 22.0

Behaviourdisturbances 66 18.9

Alteredconsciousness 54 15.4

Sleep disturbances 51 14.6

Cranialnervelesions 19 5.4

Cognitivedecline 18 5.1

NIDIAG neuro study: main presentingsymptoms(n=351) 
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NIDIAG neuro study: main diagnoses (at admission 
and reviewedby panel of experts (n=351) 

n %

άIdiopathicέ epilepsy 58 16.5

Neuropsychiatric
disorders

54 15.4

Priority infections(7) 48 13.7

Otherinfections 47 13.6

Cerebrovascular
accident

22 6.3

Otitis/sinusitis 18 5.1

Myelopathy 10 2.9

NB: Toconsideras lowestnumbers; still unknowns 58/351 (16.5%) 18



Neuro

άbŜǳǊƻ syndromeέ όƴҐормύΥ ǇǊŜ-test probabilities

Second  stage HAT

Cerebralmalaria

CNS 
tuberculosis

HIV-relatedneuro disorders 

CVA

Tetanus

tƻǘǘΩǎ ŘƛǎŜŀǎŜ

Bacterial
meningitis

Neurosyphilis

Othermeningo-
encephalitisHIV-relatedcrypto

Epilepsy

Neuropsychiatric

3%

3%

3%

5%

5%

<1%

?

1%

3%
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Headache

Severe headache(n=160): pre-test probabilities

Second  stage HAT

Cerebralmalaria

CNS 
tuberculosis

HIV-relatedneuro disorders 

CVA

Tetanus

tƻǘǘΩǎ ŘƛǎŜŀǎŜ

Bacterial
meningitis

Neurosyphilis

Othermeningo-
encephalitisHIV-relatedcrypto

Epilepsy

Neuropsychiatric

1%

4%

2%

7.5%

6%

<1%

?

<1%

<1%
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Convulsion

Convulsion(n=87): pre-test probabilities

Second  stage HAT

Cerebralmalaria

CNS 
tuberculosis

HIV-relatedneuro disorders 

CVA

Tetanus

tƻǘǘΩǎ ŘƛǎŜŀǎŜ

Bacterial
meningitis

Neurosyphilis

Othermeningo-
encephalitisHIV-relatedcrypto

Epilepsy

Neuropsychiatric

<1%

3%

5%

<1%

8%

<1%

?

5%

<1%
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Altered 
consciousness
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Alteredconsciousness(n=54): pre-test probabilities

Second  stage HAT

Cerebralmalaria

CNS 
tuberculosis

HIV-relatedneuro disorders 

CVA

Tetanus

tƻǘǘΩǎ ŘƛǎŜŀǎŜ

Bacterial
meningitis

Neurosyphilis

Othermeningo-
encephalitisHIV-relatedcrypto

Epilepsy

Neuropsychiatric

6%

7.5%

4%

20%

17%

<1%

?

<1%

<1%



Performances of RDTs: preliminary results

Sensitivity Specificity

CATT wholeblood 10 (100%) 9 (2.7%)

HAT-RDT Coris 10 (100%) 9 (2.7%)

Malaria RDT HRP2/pLDH 10 (100%) 92%

Malaria RDT pf-pan/LDH 10 (100%) 99%

HIV RDT Determine 11 (100%) 92%

Crypto RDT in CSF 11(100%) 99%
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Headache

ñPrediction is difficult, especially about the futureò

Impossible

Certain

Probability 
of HAT stage 2

Possible

Probable
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Diagnosticpredictors(clinicalsignsandlab 
tests includingRDTs) andLR+/LR-

ω Identificationof features associatedwith eachpriority 
diagnosis

ωCalculationof LR+/LR- accordingto standard formulas

ωFeatures with LR+

ςaround3: weakpredictor

ςaround10: goodpredictor

ςaround33: strong predictor

ςaround100: verystrong predictor (diagnostictests)
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Diagnosticpredictorsneuro study
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