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Estimates of the annual burden of prominent 
childhood diseases and syndromes in the US 

Cannon MJ, Davis KF. BMC Public Health 2005;5:70.  
 

The development of a CMV vaccine was listed as a top priority by the Institute of 
Medicine of the National Academy of Sciences (USA). 
 
The National Vaccine Advisory Committee emphasize the financial and humanitarian 
justifications for developing such a vaccine. 
(Stratton K et al. Washington DC, National Academy Press, 2001) 

Congenital CMV 
disease is the 
most common 
fetal/neonatal 

disease. 
(Annual caring 

costs: 
$1-$2 billion) 



• HCMV surface glycoproteins as 
candidate subunit vaccines 



Surface glycoprotein complexes 
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HCMV surface glycoprotein complexes 

• Essential for virus replication in vitro 

• Presence in human sera of neutralizing 
antibodies directed against gB, gH or 
gM/gN viral glycoproteins (Rasmussen et al., 
1991; Urban et al., 1992; Shimamura et al., 2006; Funaro 
et al., 2008).  
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HCMV surface glycoprotein complexes 

• Dispensable for infection of 
fibroblasts 

• Consistently mutated in laboratory 
adapted strains 

• Essential for infection of epithelial, 
endothelial, dendritic cells and virus 
transfer to leukocytes 



Rationale for the use of gB as a vaccine: 
-major envelope constituent; 
- important role in virus entry, cell-to-cell spread and fusion of infected cells; 
-target of neutralizing antibody; 
- target of T-cell immunity.  

The gB vaccine 

gB vaccine showed 50% efficacy 



The gB vaccine 

In the seronegative patients with seropositive donors, the duration of viraemia and 
number of days of ganciclovir treatment were reduced in vaccine recipients. 



Antibody response to HCMV: rationale for gH/gL/UL128/
UL130/UL131 as a candidate vaccine 



Predominance in human sera of the neutralizing 
activity against endothelial/epithelial cell infection 

• Higher titers and earlier appearance of antibodies neutralizing infection of endothelial/
epithelial cells as compared to fibroblasts after natural infection (Gerna et al., J Gen Virol 
2008) . 

• The Towne vaccine and the gB/MF59 subunit vaccine induced epithelial entry-specific 
neutralizing activities that were on average 28-fold (Towne) or 15-fold (gB/MF59) lower 
than those observed following natural infection (Cui e al., Vaccine 2008).  

(Data from 45 pregnant women 
with primary HCMV infection) 



• Each mAb or group of 
mAbs in circle define 
distinct antigenic sites. 

• Red circles: potent mAbs 
that neutralize in the 
picomolar range. 

• Dotted circles: mAbs that 
n e u t r a l i z e  i n  t h e 
nanomolar range.  

Characterization the potent neutralizing antibodies 
that inhibit infection of endothelial/epithelial cells  

H1P73 



Antibodies anti-gH/gL/UL128-131 and 
neutralization of epithelial cell infection 

• Adsorption of sera with the pentamer complex nearly abolishes ARPE infection 
neutralizing activity.  

• The gB/MF59 subunit vaccine induced epithelial entry-specific neutralizing activities 
that were on average 15-fold lower than those observed following natural infection (Cui 
e al., Vaccine 2008).  



Antibodies anti-gH/gL/UL128-131 and 
neutralization of epithelial cell infection 



Inhibition of cell-to-cell HCMV spreading in 
epithelial cells and virus transfer to leukocytes 

mAbs to gHgLpUL128-131 block the routes of virus dissemination 



Antibody response to HCMV glycoproteins 

Analysis of the antibody response to:  
 
• gB 
• gH/gL 
• gH/gL/UL128-UL131 
 
during primary infection of 23 pregnant women 
 
- 11 non-transmitting the infection to the fetus 
-12 transmitting the infection to the fetus 
 



Development antibodies to the HCMV glycoprotein 
complexes after primary infection 



Neutralizing vs non-neutralizing antibodies elicited 
by HCMV glycoproteins after natural infection 

Most gH/gL/pUL128-131-specific antibodies are neutralizing, 
whereas most gB-specific antibodies are non-neutralizing   



Dissection of the antibody response to gH/gL/
pUL128-131 during primary infection 

H1P73 



Breadth of the neutralizing response to gH/gL/
UL128L and HCMV transmission to the fetus 

NT, non-transmitter 
T, transmitter 
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NT            T NT            T NT            T 



Production of gHgLpUL128L (and gB and 
gHgL) for mice immunization 

Transfection of HEK293 cells 
with DNA encoding for the 5 

genes of the pentamer 
gHgLpUL128L 

Synthesis of the pentamer 
gHgLpUL128L by the 

transfected cells 



Neutralizing titers after mice immunization with 
soluble HCMV glycoproteins (+Carbopol) 

Higher neutralizing titers are observed after immunization with 
gHgLpUL128L pentamer. 



Characterization of monoclonal antibodies from gB- 
and gHgLpUL128L-immunized mice 

As observed after natural infection of humans, most gH/gL/pUL128-131-
specific antibodies are neutralizing, whereas most gB-specific antibodies are 

non-neutralizing   



Characterization of monoclonal antibodies 
from gHgLpUL128L-immunized mice 

Mouse mAbs show the same 
potency of human mAbs, and 
target previosly described and 
additional sites. 
 
 
 
 
 
 
The analysis performed at the 
clonal level reveal a striking 
parallel between the antibody 
response induced by natural 
infection and immunization of 
mice with recombinant proteins. 



Neutralizing titers in mice immunized with of gHgLpUL128L 
pentamer (+Ribi) produced in stably transfected CHO cells.  

The neutralizing titers vs epithelial cells and fibroblasts elicited by the 5 and 2.5 µg dose 
were higher that those found in the sera of donors early and late after HCMV infection. 



Magnitude and persistence of neutralizing titers in mice 
immunized with gHgLpUL128L pentamer formulated with 

three adjuvants approved for human use.  

The  three adjuvants were comparable in eliciting high serum neutralizing titers. 
High neutralizing titers are present 5 months after immunization. 

day 40 day 150 



Dissemination inhibiting activities of the antibodies 
induced by the gHgLpUL128L pentamer vaccine.  

Sera from pentamer-immunized mice displayed a high potency in blocking plaque 
formation (i.e. cell-to-cell virus spreading) as well as virus transfer from infected 

endothelial cells to leukocytes. 



Conclusions 

• Novel approach to vaccine design: analysis of the human neutralizing 
antibody response to the pathogen to identify and formulate an antigen 
capable of eliciting the most effective antibody response.  
 
• A soluble gHgLpUL128L pentameric complex elicited an antibody response 
that potently neutralizes HCMV infection of all the known cellular targets. 

• The elicited antibody response showed a potential activity in blocking virus 
dissemination in vivo (i.e. inhibition in vitro of HCMV spreading in epithelial 
cells and transfer from endothelial cells to leukocytes). 

• Pentamer-based vaccines eliciting antibodies limiting the spreading of 
either cell-free and cell-associated virus, may control HCMV infection in 
immunocompromised patients or provide sterilizing immunity in healthy 
individuals. 
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