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Abstract
Herpes Simplex Virus Type 1 (HSV-1) infects 48% of individuals ages 14 to 49 in the United States

and is responsible for nearly half of genital herpes infections [1]. While antiviral treatments

reduce the symptoms of infection, there are no vaccines that can prevent this infection. To test the

efficacy of a liposomal HSV-1 vaccine containing three epitopes of the HSV-1 gD protein (L-

gD3pep), we first developed an intravaginal HSV-1 (Strain F) infection in BALB/c mice by

challenging the mice with 20 uL of varying dilutions of virus (1.88 x 106 PFU/mL). Mice were

observed for morbidity for 11 days and the challenge dose of 1:4 dilution HSV-1 F-strain was

selected for further testing as it produced morbidity in all mice by day 6. Other groups of mice

(n=21/gp) were then subcutaneously vaccinated d0, d14, and d28 with L-gD3pep containing

different adjuvants including MPL (monophosphoryl lipid A), MTP-PE (muramyl tripeptide

phosphatidylethanolamine), LT1 (lipidated tucaresol), or CDN (cyclic dinucleotide) with

phosphate buffered saline (PBS) as the control. Serum was harvested d31 (n=7 mice/gp) to assess

HSV-1 neutralizing antibody titers (NAb). On d35, 14 mice/gp were challenged Ivag with HSV-1

and monitored for morbidity (mucosal and neurological symptoms, weight loss) to d57. Viral

burden was determined in spinal cords collected from viral challenged mice on d42 (n=7/gp),

using a PFU assay. To determine the sensitivity of the HSV-1 PFU assay, we collected spinal cords

from non-vaccinated mice (n=5/gp), homogenized the samples with 300uL of a known amount of

HSV-1 virus (2560 PFU/mL) and performed a PFU assay on the homogenates. We found that 99%

of the added virus was detectable indicating that the assay was a reliable method for analyzing

viral burden in HSV-1 infected tissues. In the vaccine study with the different adjuvants, survival

was 86% with CDN, 71% with MPL, 57% with MTP-PE, and 14% with both LT1 and PBS.

Weight loss and symptom scores paralleled survival. CDN and MPL groups had significantly

lower viral burden in their spinal cords (p≤0.05 vs. other gps). In conclusion, our results showed

that protection against HSV-1 genital infection correlated with the type of adjuvant in the L-

gD3pep with the CDN, targeting to TLR9, and MPL, targeting to TLR2. providing the most

protection.
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2. Viral Challenge: Intravaginally challenged with HSV-1 (F-strain), observed daily for mucosal signs (scale=0 no 

lesions-4 lesions, rectal impaction, inactivity), neurological symptoms (scale = 0  no tail effects -2 tail lagging) and weight 

change.

3. Viral Burden in Spinal Cords: PFU assay of homogenized spinal cords with Vero Cells

Methodology

SC Boost #2 

(0.1 mL)

4. Determine Sensitivity of the PFU Assay =  Detected PFU  x 100%  .    Detectable virus = 100% - Sensitivity

PFU from Virus Stock

5. Immunological Assay: Serum anti-HSV-1 neutralizing antibody titers

Figure 1. Percent Survival Post-Challenge & Figure 2. Neurological Scores Post-Challenge: gD3pep liposomal vaccines 

with CDN, MPL, and MTP-PE were protective against intravaginal HSV-1 challenge, with CDN and MPL 

demonstrating the most protection, based on significantly prolonged survival (p< 0.0273) and decreased neurological 

disease symptoms post-challenge (P<0.0291) compared to liposomes with LT1 adjuvant and the PBS group.

Figure 2. Spinal Cords PFU/g and Figure 3. HSV-1 PFU/g  Recovered from Spinal Cord Homogenates of Swiss 

Webster Female Mice Spiked with Known Concentrations of HSV-1. Mice in the CDN and MPL groups had 

significantly lower viral burden in the spinal cords compared to the LT1 adjuvant and PBS control groups (P<0.0373). 

This procedure was performed on two groups of mice (n=5/group) on two different days. The average PFU/g was 

not significantly different between the two groups of mice on the two different days. The assay sensitivity was 

0.4% in Group 1 and 0.3% in Group 2.   99.6% of the virus from Group 1 was detected and 99.7% of virus was 

detected from Group 2.

Results

Conclusions
➢The VesiVaX® gD3pep liposomes containing the CDN or MPL adjuvant were the most protective against

HSV-1 vaginal infection.

➢LT1 adjuvant in the VesiVaX® gD3pep liposomes protected mice against intravaginal HSV-2 infection in

previous studies in our laboratory but did not protect against HSV-1 infection, highlighting differences

between the two virus infections and the immune response to the viruses.

➢The HSV-1 PFU assay is a reliable, reproducible method for evaluating the viral burden/g spinal cord

and when used in combination with morbidity, weight loss, and disease signs, this combination of

endpoints can be used effectively to determine the protective efficacy of vaccine formulations for HSV-1

infection.

➢Using combinations of MPL and CDN gD3pep vaccine formulations to determine if the combinations

would enhance or decrease the protection generated by the vaccines against HSV-1 and HSV-2 infection

in mice.
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