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. ≈ 50 % of cases are due to infectious agents (mainly  viruses )

. demonstrated ?  = confirmed / probable / possible  

. importance of molecular methods  (real time PCR) in CSF 

. serology still useful (intrathecal synthesis, ser um)

Acute  encephalitis :
Infection is still the most commonly demonstrated p athogenic mechanism

Glaser  C, Clin Infect Dis 2006,
Mailles A, Clin Infect Dis 2009 
Granerod J, Lancet infect Dis, 2011
Salomon T J Infect 2012
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+ Conditionnal studies :
Host Factors / Geographic Factors / Season and expo sure/ Specifics signs 

Venkatesan A, Clin Infec Dis 2013



Increasing description of autoimmune encephalitis 
new  pathophysiological concepts between virus and autoimmunity

Prüss H Ann Neurol 2012 , Armengue T Ann Neurol 201 4, Stahl JP Curr Opin Neurol 2014

Acute  encephalitis :

HSV could be involved in autoimmune encephalitis 

30 % of Proven
HSE encephalitis
With NMDAR Ab



Increasing description of autoimmune encephalitis
What is the real frequency of autoimmune encephalit is ? 

Gable M, Clin Infect Dis 2012

Thomas L, J Infect 2012

Acute  encephalitis :

761 encephalitis < 30 years
“diagnostically challenging”

42 viral causes 
(30 entero, 7HSV, 5 WNV)

32 NMDAR encephalitis

108 encephalitis 
(6mo-88years median 55)

38 infectious causes 

Autoantibody screening :
. 2 NMDAR (1.8%)

13 and 77 year old
.No MDR in the 17

HSV encephalitis



Still 40- 50  % of acute encephalitis with no clear etiological diagnosis in 
spite of  new molecular tools :

Ambrose H, J Clin Microbiol 2011

“….

….”

Acute  encephalitis :



PCR  is the gold standard for the diagnosis of  CNS  Viral Infections

Steiner I, Euro J Neurol 2012



PCR  is the gold standard :
What Else ? 

Leveque N, J Clin Microbiol 2014



PCR  is the gold standard :
What Else ?   : Use of staged molecular analysis 

Hsu CC, Emerg Infec Dis 2013

Meningitis 165
Encephalitis 47

Multiplex Mass TaG PCR

16 S Ribosomal RNA

Pan viral Microarray 

Next generation sequencing

77
131  unexplained meningitis or encephalitis 



Hsu CC, Emerg Infec Dis 2013

. Multiplex Mass tag PCR + 16 s rRNa + MicroArray  : 
31 new diagnosis  (23%) / 131 

. After Multiplex Mass tag PCR + 16 s rRNa +  Micro Array  : 
no need of next generation sequencing

?



Cinque P , J Neurol  Psy  1996, Debiasy Clin Microb iol Rev 2004 , Tunkel AR, Clin Infect Dis 2008

Are there some pitfalls/ limits with HSV PCR during
Herpes simplex encephalitis  ?

PCR in CSF  : the gold standard since 1995 :

. Sensitivities 96-98 % (less in children ?)

. Specificities 95- 99 %

. Positive predictive values ≈  100 %

. Negative predictive values ≈ 98%

PCR negative  and clinical suspicion of HSE :

Maintain ACV 
Perform  a second HSV PCR at day 3 - 7 : if neg stop acycl.



Quality Controls Molecular Diagnostics 2010 (216 participants / 32 countries )

False negative with low viral load  HSV 1 ≈ 22 %
False negative with low viral load HSV2 ≈ 77 % !!
False Positive ≈ 2.5 %



Adler A, Case Rep Neurol 2011

Rice C, N Engl J Med 2014



Denes  E, Swiss Med Wkl, 2010

Intrathecal Ab synthesis and herpes simplex encepha lit. with neg HSV PCR

Tibbling-link index :  IgG HSV CSF    / IgG HSV serum 
Albumine CSF  / Albumine serum

Intrathecal synthesis 
or Passive transfer ?



. Role of viral load monitoring ( quantitative PCR) for prognosis ?

. one study with a positive corelation :
Domingues  R, J Clin Microbiol 1998

. current studies : no correlation 
Hjalmarsson A , J Neurol 2009
Schloss L,  J Med Virol 2009

. no other biological surrogate markers for outcome  ?  

. Usefulness of a PCR at the end of the treatment ?  

Are there some pitfalls/ limits with HSV PCR during
Herpes simplex encephalitis ? 



Schepers k, J Clin Virol 2014

PCR  HSV positive and non response to Acyclovir The rapy ?  

- False positive PCR ? 

- Associated autoimmune encephalitis  ?

- HSV resistance ? 

Schulte E,  Ann Neurol 2010

Andrei G, Curr Opin Infect Dis 2013



Schepers k, J Clin Virol  2014



Whitley R,  New Engl J Med 2014

Wald A, New Engl J Med 2014



2 628 patients (1999-2009, retrospective study)
.32 patients : positive PCR  for virus in CSF  (1.2 %)  :

HHV6 > EBV > HSV 
Co-infections 

. Viral encephalitis associated with  T cell deplet ion OKT3 or alemtuzumab

. Poor survival

Viral encephalitis after allogenic stem cell transp lantation:
rare and different 

Schmidt-Hieber M, Haematologica 2011



EBV encephalitis after allogeneic hemaopoietic stem  cell transplantation

.Prospective survey 172 patients (2008-2011)

. 3-y cumulative incidence of EBV-associated CNS di seases : 8.6 ± 2.4 %

. 12 cases EBV-associated CNS disease :

. 8 Post Tranplant Lymphoproliferarive  Disease (PT LD)

4 isolated CNS PTLD , 
4 systemic PTLD with brain involvement of whom 2 en cephalitis

. 3 encephalitis 

. 1 myelitis 

Liu QF, Transpl Infect Dis 2013



Liu QF, Transpl Infect Dis 2013

EBV load in CSF  : which threshold ?



EBV load in CSF  : which threshold ?

Weinberg A et al, Ann Neurol 2002



How differentiate isolated CNS PTLD from EBV enceph alitis
when Biopsy is impossible

.11 patients with CNS PTLD : 

7/11 CD19 CD20 B cell

3/11 clonal rearrangement of Ig Gene

. 8 patients without PTLD :

no predominance of CD19 CD20 B cell

no clonal rearrangement of Ig Gene

Wu M , PLOS ONE 2013



Impossibility of lumbar puncture
Cerebral biopsy : inconclusive histology

40 year old patient  renal transplantation in  2004
February 2008 Hospitalization for seizure

EBV load in biopsy  > 2 .10 6 copies/ ug d’ADN
Post Transplantation Lymphoproliferative Disease

Case report  



Case report  

. Mr X 40 year old , 
August 2011 after Corsica holydays and notion of mo squito bites 
febrile encephalitis with cerebellitis   
maculo papular rash

. Normal CT scan and MRI TDM / IRM normale

. CSF :     12 cell /mm 3 (80 % lymphocytes) / 
negative  gram stain
protein 0.56 g/L 
glucose : normal

. Hepatic Cytolysis  ( Transaminases  X6)



. Hepatitis E encephalitis  :
positive IgM)
HEV PCR positive in blood / CSF / stools 

. Notion de Figatelle in  Corse +++

Colson P J Infect Dis 2010



always  : «… recommended tests should not 
supplant clinical judgment … »

a virologist’s point of view

The Day after Tomorrow :
DNA microarrays and mass spectromery  ?
Next Generation Sequencing ?.

Serology still helpful

Today and Tomorrow : 
rapid and easy to use syndrome-based mutiplex PCR



Progressive multifocal leukoencephalopathy (PML) an d JC virus

Debiasy Clin Microbiol Rev 2004 ,

. CSF PCR :  

. Sensitivity 50- 95 % 
( better on centrifuged CSF)

. Specificity  around 100%

. High viral load in CSF (> 4.7 log units) correlat ed shorter survival

. JCV  PCR in urine or blood not predictive of PML



Progressive multifocal leukoencephalopathy (PML) an d HIV

Marzochetti A et Al ,
J Clin Microbiol ,2005

1.HAART : Significant decrease of JC viral load : 
reduced rate of positive detection
risk of false negative PCR correlated with CD4 > 10 0 µl

2. Immune reconstitution inflammatory syndrome (IRI S)

up to 23% of PML in HIV patients
low or negative viral load 

Tans CS et al, Lancet Neurol 2010



3. immunomodulatory medications (Tans CS et al, Lancet Neurol 2010 )
- Natalizumab and MS or Crohn 
- Efalizuumab and psoriasis 
- Rituximab

Progressive multifocal leukoencephalopathy (PML) 

4. PCR and virus variability (Landry Ml et al , J Clin Virol 2008)

31-year-old woman 
.corticosteroid for  suspicion of Mutiple sclerosis
aggravation :  clinical and MRI : MS /ADEM/ PLM/ Va sculitis

First CSF negative for JC PCR ( VP1) : negative

Deterioration (intraveinous  immunoglobulin/ plama exchange)

cerebral biopsy : polyoma particules by EM

Control of the CSF with another JC PCR ( large T an tigen) : highly +

Suspicion of PLM with first PCR negative :
Repeated test with the same or different PCR target s
If PCR repeatedly negative consider  brain biopsy



VZV encephalitis: 
the unknown (?) second etiology of infectious encep halitis  

8 % ( n=20) of the cases in the 253 French cases

De Brouker T, 2012  

- 16 PCR + in CSF : 
8 adults wihout cutaneous involvement
7 adults with cutaneous involvement 
1 boy with chicken pox 

- 4 PCR negative 
2 boys with acute encephalitis  within varicella (1  day, 1 week)
2 adults acute encephalitis within or after zoster  (3 days, 3 
weeks after)

- 15 % of mortality (> 75 year-old) (vs 5% in our HSV cases)

-3 year outcome : 41 %  moderate to severe sequelae (glasgow outcome scale)



VZV CNS diseases still persist but change with 
and varicella vaccine :

Pahud BA et al, J Infect Dis 2011

1. USA  : VZV vaccine coverage  (at least one dose) 90 % in 2007

2. California Encephalitis project 1998-2009 :

43 / 4021 CSF = PCR VZV positive ( 1%)

. 26 CSF analyzed (7 patients <16 year-old, 4 vacci nated):

.13 meningitis 

.11 encephalitis (7 without Rash)

.2 ADEM (1 without rash)

decrease of VZV encephalitis in childhood

one case ( meningitis) with the Oka vaccine strain
≈10 cases of  CNS disease associated with VZV 
vaccine in the literature (mostly meningitis)



Thomas L, J infect 2012


