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Reducing the Burden of Neurological 
Infections

ÅNew Diagnostics Ą Improved Surveillance

ÅClinical Features Ą Better Management

ÅDisease Mechanisms Ą New Treatments

ÅPathogen Spread Ą Predict and Mitigate

ÅDisease Control Ą Fewer Cases
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Neurological Infectious Diseases  in Liverpool 

ÅLiverpool Brain Infections Research Group
ÅSince 2003

ÅNeurological Infectious Diseases Clinic 
ÅSince 2005

ÅJoint Inpatient Rounds

ÅJoint Outpatient Consults

ÅNeurological Infectious Diseases Course
ÅSince 2007





Bangkok

International Collaborations

Å University of Oxford-Wellcome Trust Clinical Research Unit, Centre for Tropical 
Diseases, Ho Chi Minh City (since 1994)

Å Armed Forces Research Institute of Medical Sciences (AFRIMS), Bangkok, Thailand 
(since 1994)

Å Institute of Health and Community Medicine, Universiti Malaysia Sarawak, Malaysia 
(Since 1997)

Å University of Texas Medical Branch, Galveston, Texas (since 2001)

Å Queen Elizabeth Hospital, Blantyre, Malawi (since 2003)

Å National Institute for Mental Health and Neurological Science (NIMHANS), 
Bangalore, India (since 2004)

Å Centres for Disease Control Atlanta, and Colorado, Texas (since 2007)

Å Kanti Childrenôs Hospital, Kathmandu, Nepal (since 2009)

Å Indian Institute for Science, Bangalore (2009)

Å John Hopkins Baltimore, USA (2009)

Å Washington University St Louis, USA (2009)

Å Lerner Research Institute, Cleveland, Ohio (2010)



NIHR Global Health Research 
Group on Brain Infections

Bangkok

Å College of Medicine (CoM), Malawi,
Å Malawi-Liverpool-Wellcome Trust Unit, (MLW) Malawi

Å National Institute for Mental Health & 
Neuroscience (NIMHANS), Bangalore, India

Å Christian Medical College (CMC), Vellore, 
India

Å Oswaldo Cruz 
Foundation, (FioCruz) 
Recife, Brazil.

Å University of Liverpool ς Institute of 
Infection and Global Health

Å Liverpool School of Tropical Medicine
ÅWarwick Centre for Applied Health 

Research and Delivery
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Reducing the Global Burden of Brain Infections

ÅNew Diagnostics Ą Improved Surveillance
ÅClinical Features Ą Better Management
ÅDisease Mechanisms Ą New Treatments
ÅPathogen Spread Ą Predict and Mitigate
ÅDisease Control Ą Fewer Cases

Spot Diagnoses



Zika virus 
Latin America

Herpes simplex virus
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Japanese encephalitis virus
Asia

Covid-19 (SARS-CoV-2)
Global
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Normal Brain JE Brain



ωCNS (central nervous system) 
Infections in Asia

ςWhat are the causes?

ςCan we improve diagnosis?

ςCan we improve outcome?

Wellcome Trust Advanced Training Fellowship 1994-8
Oxford University Clinical Research Unit, Ho Chi Minh City, Vietnam



Japanese encephalitis virus (JEV)

ÅFlavivirus, Flaviviridae
Å West Nile virus

Å Dengue

Å Yellow fever virus

Å Zika virus

Å Tick Borne Encephalitis virus

Rey et al, Nature 1994

Envelope (E) protein 

important in viral entry into cells

4 genotypes of JEV recognised

Flaviviruses are among some of the most important emerging diseases



Å70,000 cases/year   

Å10-30% mortality

Å30% sequelae

ÅVaccines

ïExpensive

ïNot available to most

ÅNo antiviral treatment

Japanese encephalitis (JE)Comparison HSE 40,000

WN in America X cases, Y 

deaths 

Endemic, 

year round

Summer 

epidemics



Natural History of JEV

CNS infection

Asymptomatic / 

Febrile illness

Fatal disease

Å Apparent to inapparent 

infection:

ï 1 in 25 (service personnel), 

ï 1 in 300-1000 (children)



Diagnosis



Fever          CNS Disease              Recovery

-3   -1   1    3    5     7     9     11                     30                      60                      90Day of illness:

Clinical features:

Infection

Percentage of 

patients positive

(Log scale)
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1

Virus detection 

(limits of detection)

Real-time PCR     0.1 pfu

Virus isolation       1 pfu

RT-PCR                10 pfu

Antibody detection

IgM ELISA of CSF 

     ~50% positive by hospital admission

     ~95% positive by day 10 of illness 

Diagnosis:

CSF IgM antibody

Viraemia

Solomon et al. West Nile encephalitis in 

Brit Med J 2003 

Need slide comparing primary with 

secondary 



Diagnosis of arboviruses

ÅVirus detection
ÅPolymerase Chain Reaction (PCR), 
ÅSerum, CSF, (Urine, Semen for some)
ÅOthers

ÅAntigen detection
ÅCulture
ÅImmunohistochemistry, 

ÅAntibody detection
ÅIgM , IgG capture Enzyme-linked Immunosorbent Assay (ELISA)

ÅRapid Dot Blot ELISAs
ÅSerum, CSF, (Saliva ς IgA)

ÅOthers
ÅImmunofluorescent Assay (IFA)
ÅHaemagglutination Inhibition Assay (HIA)
ÅComplement Fixation Test (CFT)
ÅPlaque reduction neutralization test  (PRNT)





Hierarchy of 
microbiological tests
ÅNational/International Reference Lab
ÅVirology: culture/EM/Serology

ÅRegional Hospital
ÅBacteriology: culture/sensitivity

ÅDistrict Hospital 
Åmicroscopy 

ÅSimple viral kits



Liverpool-NIMHANS Programme - Research
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Figure 5 Solomon et al. West Nile encephalitis in 

Brit Med J 2003 
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Zika Virus detection

Semen, Urine PCR positive for Zika

Serum NS1 Antigen detection useful for some flaviviruses
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Brain Infections UK, since 2005



Encephalitis in the UK

Causes of encephalitis and differences in their clinical presentations in England: a 

multicentre, population -based prospective study, Lancet ID 2010
 Julia Granerod, Helen E Ambrose, Nicholas W S Davies, Jonathan P Clewley, Amanda L Walsh, 

Dilys Morgan, Richard Cunningham, Mark Zuckerman, Ken J Mutton, Tom Solomon, 

Katherine N Ward, Michael P T Lunn, Sarosh R Irani, Angela Vincent, David W G Brown, Natasha 

S Crowcroft, on behalf of the UK Health Protection Agency (HPA) Aetiology of Encephalitis Study 

Group


