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EBV (Epstein-Barr Virus) 

HHV-4 (Human Herpes Virus – 4) 

 Widely disseminated gamma-herpesvirus: approximately 
90-95% of adults are seropositive, lifelong persistence. 

 Replicate in several host cells (B and T lymphocytes, 
Epithelial and Endothelial cells, Myocites and 
fibroblasts). 

 Can reach the CNS directly (through the BBB) or inside 
PBMCs (with a “ trojan horse”- like  mechanism) 

 



 Entry and fusion of EBV into B cells involves 5 different glycoproteins 
(gp350/220, gH, gL, gp42 and gB).  

 Entry and fusion of EBV with epithelial and endothelial cells needs 3 gp (gH,gL 
and gB) 

 gp42 has an ambivalent role 



Infection and reactivation in endothelial cells up-regulates the expression 
of cytokines, chemokines and adhesion molecules 



 γHV-68 latency upregulates CD40 surface expression on APCs and the 
transcription factor STAT1 

 CD40 expression and co-stimulation is pivotal in controlling the type and 
strength of the adaptive immune response : enhance both CD4+ and CD8+ 
effector T cells activation and reduce Tregs 

CD40 





Perivascular lymphohistiocytic infiltrates :  
the inflammatory infiltrate was dominantly 
composed of CD3+ and CD8+ T-lymphocytes and 
CD4+ and CD20+ 
 
Immunostaining analysis:  
antiEBER (EBV-encoded small RNA) antibody 
showed EBV-positive cells in the perivascular site 

Perivascular cellular infiltration in the substantia nigra (a, arrow) : The infiltrating cells were 
lymphocytes and macrophages (b) 
   
Midbrain:  showed that some of the CD3 positive cells were also EBV-encoded RNA-1 (EBER1) 
positive 
 





Materials and Methods 
 Retrospective study from 2010 to 2017  

 HIV-positive patients receiving LPs for clinical reasons 

 Lymphomas/lympho-proliferative disorders excluded 

 No autoimmune diseases 

 Real-time PCR method was used for measuring : 

 HIV-RNA (20 copies/mL) and EBV DNA (100 copies/mL) 
 CSF escape was defined as 1 Log10 higher than plasma VL or detectable if 

plasma undetectable (20 copies/mL) 
 Immune-enzymatic method was used for the measurement of : 

 CSF albumin to plasma ratios (CSAR) 
 Tau, phosphorylated tau,1-42 Beta amyloid 
 Neopterin, S100 beta  

 Data are expressed as medians (interquartile ranges) 

 

 



n=281 Naive Treated 

n 116 170 

Gender 
(male) 70.7% 69.1% 

Age 
(years) 

41.1 
(35.3-46.7) 

46 
(39.2-55.3) 

Current CD4+ 
(cell/uL) 

80 
(34 – 221) 

261 
(86 – 531)  

Nadir CD4+ 
(cell/uL) 

63 
(23 – 118) 

46 
(13 – 194) 

Plasma HIV-RNA 
(Log10 copies/mL) 

5.3 
 (4.5 - 5.9)  

<1.3 
 (<1.3 - 2.4)  

CSF HIV-RNA 
(Log10 copies/mL) 

3.8 
(2.8 - 4.6)  

1.5  
(<1.3 - 2.3) 

CSF to plasma HIV RNA  ratio 
(Log10 copies/mL) 

0.7 
(0.6-0.9) 

1.0 
(0.5- 1.5) 

CSF escape  
(%) 5% 20% 



Naive Treated 

Detectable 
CSF EBV DNA 

 
20.7% 

 
17.7% 

CSF EBV DNA 
(copies/mL) 

<100  
(< 100 – 292) 

141  
(< 100 - 448) 



Naive Detectable  
EBV-DNA 

Undetectable  
EBV-DNA p-values 

Age 
(years) 

40.8 
(31.0-44.1) 

42.4 
(35.7-46.7) n.s. 

Current CD4+ 
(cell/uL) 

84 
(48-151) 

80 
(34-231) n.s. 

Nadir CD4+ 
(cell/uL) 

63 
(25-101) 

63 
(23-144) 

 
n.s. 

Plasma HIV-RNA 
(Log10 copies/mL) 

5.0 
(3.7-5.7) 

5.3 
(4.7-5.9) 

 
n.s. 

CSF HIV-RNA 
(Log10 copies/mL) 

4.4  
(3.3-5.4) 

3.6  
(2.6-4.3) 0.010 

CSF to plasma ratio  
(Log10 copies/mL) 

0.9 
(0.7-1.0)   

0.7 
(0.5-0.8) 0.025 

CSF discordance 13.6% 3.4% 0.095 



Naive 
 

Detectable  
EBV-DNA 

Undetectable EBV-
DNA p-values 

CSAR 5.9 
(4.0-8.7) 

6.4 
(4.25-10.4) n.s. 

Pleocytosis 
(>5 cell/mm3) 60.9%  12.8%  <0.001 

IgG index 
(mg/dL)  

 

0.4 
(0.2-0.7) 

0.4 
(0.2-0.8) 

 
n.s 

Tau 
(pg/mL)  

 

237  
(127.6 – 343.4) 

87  
(37.5 – 184.7) 0.001 

p-Tau 
(pg/mL)  

 

37.5  
(21.8 – 45.7) 

25  
(17.0 – 37.0) 0.021 

1-42 Beta amyloid 
(pg/mL) 

788.5 
(435.4-1015.2) 

804.0 
(520.6-1142.7) n.s. 

Neopterin 
(pg/mL ) 

 

10.2  
(3.8 -15.8) 

1.5  
(0.9 – 3.7) <0.001 

S-100 beta 
(pg/mL ) 

226 
(140-288.6) 

140 
(52.7-237.5) n.s. 



Naïve subjects 



Treated Detectable  
EBV-DNA 

Undetectable 
EBV-DNA P-values 

Age 
(years) 

45.8 
(40.7-56.6) 

46.3 
(39.1-55.4) n.s. 

Current CD4+ 
(cell/uL) 

116 
(35-400) 

287 
(114-554) 0.015 

Nadir CD4+ 
(cell/uL) 

31 
(12-131) 

50 
(15-203) 

 
n.s. 

Plasma HIV-RNA 
(Log10 copies/mL) 

2.6 
(1.4-4.1) 

1.3 
(0.2-2.0) 

 
n.s. 

CSF HIV-RNA 
(Log10 copies/mL) 

2.6 
(1.7-3.8) 

<1.3 
(0.0-2.1) <0.001 

CSF to plasma ratio  
(Log10 copies/mL) 

 

1.0 
(0.7-1.6)   

1.0 
(0.4-1.5) n.s. 

CSF escape 25.9% 23.3% n.s. 



Treated 
 

Detectable  
EBV-DNA 

Undetectable EBV-
DNA P-values 

CSAR 6.2  
(4.8-11.2) 

5.0 
(3.7-7.0) p=0.007 

Pleocytosis 
(>5 cell/mm3) 35.7 % 8.3% p<0.001 

IgG index 
(mg/dL)  

0.4 
(0.2-0.7) 

0.3 
(0.2-0.5) 

 
n.s 

Tau 
(pg/mL) 

 

37.5 
(87-146) 

116 
(37.5-203.0)  p=0.015 

p-Tau 
(pg/mL) 

 

25.5 
(15-35.5) 

32.2 
(21.0-41.7) p=0.018 

1-42 Beta amyloid 
(pg/mL) 

666.8 
(87-855.7) 

869.7 
(632.3-1059) n.s. 

Neopterin 
(pg/mL ) 

 

1.1  
(0.0 -4.1) 

0.7  
(0.4 – 1.4) n.s. 

S-100 beta 
(pg/mL ) 

87.7 
(18.0-158) 

136.9 
(73-200.6) 

p=0.023 
 



Treated subjects 



Conclusions 
 EBV was detected in a significant proportion of naïve 

(20.7%) and treated HIV-positive patients (17.7%) 
 Naive patients with positive CSF EBV DNA, showed: 

 pleocytosis,  
 higher CSF HIV RNA and CSF to plasma HIV-RNA ratios.  
 higher values of Tau, p-Tau and Neopterin 

 Treated patients with detectable EBV-DNA showed: 
 pleocytosis and higher CSAR 
 higher CSF HIV-RNA 
 lower levels of Tau, p-Tau, S-100 Beta 

 The rate of CSF escape was similar in naïve and 
treated patients 



 EBV could create a BBB breach: trafficking of 
infected cells across BBB enhanced through up-
regulating  of some mediators and receptors, during 
EBV reactivation in endothelials cells. 
 Pleocytosis is found in naïve and treated EBV-positive 

patients(60.9% vs. 35.7%) 
 CSAR was significatively higher in treated EBV+ subjects (6.2 

vs 5.0) as well as higher EBV DNA values  
 it could relate to a greater barrier damage?  

 
 EBV primary infection and reactivation could increase CNS  

HIV replication/trafficking (secondary escape?) 
 CSF HIV- RNA is significantly higher both in naïve EBV+ pts 

(4.4 vs 3.6 Log10 copies/mL) and treated pts (2.6 vs 1.3 Log10 copies/mL). 
 CSF to plasma HIV RNA ratio results higher in naïve (0.9 vs 

0.7 Log10 copies/mL) with detectable DNA.  
 

Discussion (I) 



 Which is the role of EBV in the direct infection of 
neuronal cells and in the indirect neuronal 
damage? 
 Unexpected finding of lower tau, p-tau and S100beta in 

treated patients with detectable CSF EBV DNA 
 

 T-regs  down-regolation and, on the other hand, 
increase in CD4+ and CD8+ could unmask some 
autoinflammatory and autoimmune reactions 
involving CNS  
 Further studies on immune phenotype in patients with 

pleocytosis 
 CSF EBV longitudinal analysis (patients with 

symptomatic CSF escape?) 
 

Discussion (II) 



New Horizons ? 

 Q-PCR assays for five EBV regions 
(LMP1, LMP2, BAMH1W, EBNA1, and BZLF1):  
• optimize detection 
• minimizing false-negative results (related to   partial genomic deletion) 
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