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DESCRIPTION (provided by applicant):  Over 500 million people are infected with herpes simplex 
virus 2 (HSV-2), and >10 million people per year are newly infected with HSV-2. Tens of millions of 
these individuals endure recurrent outbreaks and/or chronic nerve pain associated with genital herpes 
disease. An effective HSV-2 vaccine would be invaluable in stopping this needless source of human 
suffering.  For the past 30 years, synthetic HSV-2 vaccine that expose vaccine recipients to 1-3% of 
HSV-2's proteome have been the preferred approach. This HSV-2 vaccine strategy has failed in 6 prior 
clinical trials years, and is the basis of 3 ongoing trials. Importantly, none of the failed HSV-2 vaccine 
candidates have attempted to elicit a balanced B- and T-cell response to all of HSV-2's antigens.  A 
live- and appropriately attenuated- HSV-2 vaccine represents a potentially simple and clinically viable 
solution to the world's HSV-2 epidemic, as a live HSV-2 vaccine may elicit a balanced B- and T- cell 
response against 99% of HSV-2's antigens. The P.I.'s laboratory has published evidence that HSV-1 
and HSV-2 ICP0- mutant viruses are exquisitely sensitive to repression by the host interferon response, 
and thus are profoundly attenuated in normal and SCID (lymphocyte-deficient) animals. Despite being 
profoundly attenuated, a HSV-2 ICP0 - mutant virus still elicits ~100 times greater protection against 
HSV-2 genital herpes than a HSV-2 gD-2 subunit vaccine, similar in composition to the most recent 
candidate to fail in a human clinical trial (Belshe,et al, 2012; NEJM 366:34).  The P.I.'s published and 
preliminary results in HSV-2 vaccine-challenge systems suggest two important and under-recognized, 
principles that may explain why past HSV-2 vaccine candidates have failed; namely, (1) vaccines that 
contain 1% of HSV-2's proteome may not elicit 100% of the protective immunity that is attainable, and 
(2) optimal vaccine-induced protection against HSV-2 may require a balanced B- and T-cell response 
against most of HSV-2's antigens. Although the proposed studies will be performed in a HSV-2 
vaccine-challenge system, it is anticipated the results will have broad implications for vaccine science 
as a whole.  The central hypothesis of the proposed studies is that a balanced B- and T-cell response 
to most of HSV-2's antigens is required to elicit optimal vaccine-induced protection against HSV-2. If 
this hypothesis is correct, then it would clarify what has been missing from past HSV-2 vaccines, and 
highlight what will be needed to obtain an effective HSV-2 vaccine in the future. A secondary 
hypothesis of the proposed studies is that a live HSV-2 ICP0- mutant virus represents a safe approach 
to elicit such a balanced B- and T-cell response to a most of HSV-2's antigens. Three Specific Aims are 
proposed to test these inter-related hypotheses. 

PUBLIC HEALTH RELEVANCE: The preferred herpes simplex virus 2 (HSV-2) vaccine strategy has 
been synthetic vaccines that expose vaccine recipients to 1-3% of HSV-2's proteome. This approach 
has failed in 6 clinical trials spanning 25 years, and is the basis of ongoing HSV-2 vaccine trials. The 
proposed studies will investigate a hypothesis that the reason a live-attenuated HSV-2 ICP0- vaccine 
elicits ~100 times better protection against HSV-2 genital herpes is because it may elicit a balanced B- 
and T-cell response against 99% of HSV-2's proteins. If this hypothesis is correct, then a safe live HSV-
2 ICP0- vaccine represents a superior and untested opportunity to stop the spread of HSV-2 in the 
human population. 

CRITIQUE 1: 

Significance: 5 
Investigator(s): 1 
Innovation: 4 
Approach: 6 
Environment: 1 

Overall Impact: Despite numerous clinical trials, there is still no effective herpes simplex virus type-2 
(HSV-2) vaccine and so developing an effective herpes vaccine is a highly desirable public health need. 
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Proposed studies are extension of the PI’s published work showing that an ICP0 (infected cell protein 
0) null replicating HSV-2 vaccine elicits greater protection against genital herpes in comparison to the 
glycoprotein D protein vaccine. The main objective of the current study is to determine the correlates of 
vaccine-induced protection against primary HSV-2 infection in mice and to establish safety. The central 
hypothesis is that live-attenuated HSV vaccines induce both B and T cell responses that are directed 
against an array of viral antigens required for efficient protection. There are a number of strengths in 
this application, including significance of developing a safe and effective vaccine against genital herpes, 
the investigational team is highly qualified, and the facilities and resources available to conduct the 
proposed studies are excellent. Although the proposal targets an important area of research, the study 
itself is descriptive and is likely to provide only incremental information and is not innovative. Numerous 
weaknesses are evident in the experimental approach with regards to timing of challenge protocols and 
assessing the relative contribution of CD8 T cells versus CD4/antibody to virus control/clearance. 
Additionally, the PI has not adequately considered the impact of vaccination route and antigen 
persistence on T cell homing potential, functionality and longevity. The mouse challenge models are not 
optimal for preclinical vaccine studies. Overall the interpretation and potential pitfalls need to be more 
fully explored and the next step plans outlined. These diminish the anticipated impact of the proposed 
project.

1. Significance: 
Strengths  

A vaccine against genital herpes disease is clinically important and currently there are no 
efficacious vaccines in the pipeline.  
The PI has already published papers demonstrating that their candidate live-attenuated HSV-2 
vaccine is more effective than the current vaccine based on glycoprotein D alone.  

Weaknesses 
The hypothesis that antigenic breadth may be the missing ingredient that explains why HSV 
subunit vaccines have failed in prior clinical trials may be oversimplified. 
The applicant has not considered the possibility that other correlates of protection might be 
found in the magnitude, function, phenotypic characteristics and tissue localization of HSV 
reactive B and T cells. 
The applicant has not considered the role of antigen persistence on longevity and/or 
functionality of tissue-resident memory cells that are induced with attenuated whole virus 
vaccines.  
HSV-2 infection in mice does not resemble human clinical presentation and mice do not acquire 
the same latency and reactivation. Particularly for vaccine development, the translation from 
murine models to human clinical trials has been problematic. For example inactivated HSV and 
MPL/Alum were found to be very effective in preclinical models but showed no efficacy in recent 
clinical trials. 

2. Investigator(s): 
Strengths  

The PI is an established investigator in the field of HSV and has a solid record of publications in 
this field. He is well qualified to carry out the proposed work. 

Weaknesses 
No significant weaknesses noted. 

3. Innovation: 
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Strengths 
 The concept that live-attenuated vaccines might induce broader T and B cell responses 

compared to subunit vaccines is not particularly novel, but will be applied in new ways in this 
proposal.

 The GFP+ and luciferase HSV-2 viruses are somewhat novel.  
Weaknesses 

In the Innovation section the PI describes a “novel” panel of seven HSV-2 strains that 
apparently exhibit a wide range of attenuation, but only one strain is proposed in the follow up 
studies.  

 The vaccine regimens and immunological techniques lack innovation.  

4. Approach: 
Strengths 

On the whole the experimental plan is well within the expertise of the PI and co-investigators. 

Extensive panel of reagents are available which will facilitate the proposed studies. 
Weaknesses 

The experiments proposed are largely repetition of previously published studies. Thus, it is 
unlikely that much new information will be generated that will move the field forward. 
The PI proposes to use B cell-deficient mice to dissect the role of Abs in vaccine induced anti-
HSV immunity. However, recent research demonstrates new roles for B-cells in providing 
immunity against HSV-2. Iijima et al. found that dendritic cells and B-cells may synergistically 
stimulate CD4 T-cells to produce IFN-g during secondary HSV-2 challenge, suggesting a novel 
function for B-cells independent of antibody production. This needs to be considered in the 
interpretation of the proposed studies. 
The experimental design does not take into consideration the possibility of infectious dose 
dependent effects on the requirement for Ab vs. CD4 vs. CD8 T cells.  
The focus on short-term challenge protocols diminishes the translational significance of the 
proposed project. There is strong experimental evidence to show that while live-attenuated 
vaccines induce good short-term protection they are not very effective at inducing a durable T 
cell mediated protection. In most cases T cell mediated protection progressively declines after 
90 days post vaccination. The PI has not adequately considered these points in his 
experimental approach. 

Characterization of the vaccine-induced T cell response is not well developed. For example, 
expression of key cell surface and transcriptional markers that distinguish subsets of T cells are 
not proposed. 

The adoptive transfer experiments in Aim 2-2 are not well developed with respect to the major 
objectives of the aim. The applicant has not considered that CFSE labeled HSV-specific T cells 
might undergo extensive proliferation upon challenge and hence lose CFSE. In this case its not 
clear how the PI plans to detect Ag-specific cells in the FRT. 

There is no consideration as to how the number of T cells transferred might impact the outcome 
of their results. 

The focus on footpad vaccination is a less translational approach than using more conventional 
and tested vaccination approaches. 

5. Environment: 
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Strengths 
 The facilities and environment at SIU are excellent and well suited for performing the proposed 

studies.  
Weaknesses 

No significant weaknesses noted. 

Protections for Human Subjects: Not Applicable (No Human Subjects).

Vertebrate Animals: YES, all five points addressed.

The use of mice, numbers of animals, and procedures for immunization and HSV infections  are 
appropriate. 

Biohazards: Acceptable.

The PI and his research team have extensive experience working with HSV infection models, 
there are no concerns. 

Applications from Foreign Organizations: Not Applicable (No Foreign Organizations).

Select Agents: Not Applicable (No Select Agents).

Resource Sharing Plans: Acceptable.

Budget and Period of Support: Recommend as Requested.

CRITIQUE 2: 

Significance: 4 
Investigator(s): 2 
Innovation: 5 
Approach: 4 
Environment: 2 

Overall Impact: The P.I.'s previous study has shown that HSV-1 and HSV-2 ICP0- mutant viruses 
profoundly attenuated in animal model. However, a HSV-2 ICP0 - mutant virus still elicits greater 
protection against HSV-2 challenge. The PI proposed vaccines contain majority of HSV-2 proteome will 
elicit 100% of the protective immunity and the effective vaccine against HSV-2 may require a balanced 
B- and T-cell response against most of HSV-2's antigens. The PI hypothesize that a balanced B- and T-
cell response to most of HSV-2's antigens is required to elicit optimal vaccine-induced protection 
against HSV-2. The PI is well qualified for carrying put the proposed study. The proposed study would 
validate and strengthen the use of HSV-2 ICP0 - mutant virus as a vaccine candidate. However, the 
similar recombinant HSV mutants have been tested. The lack of novel concept in vaccine design will 
dampen the enthusiasm of the proposed study. 
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1. Significance: 
Strengths  

 HSV ICP0- mutant viruses establish little more than self-limited infections in mice and guinea 
pigs. 

 HSV-2 ICP0- viruses elicit a highly protective immune response in comparison of gD subunit 
vaccine. 

 Although the proposed studies will be performed in a HSV-2 vaccine-challenge system, the 
results will have broad implications for vaccine development. 

Weaknesses 
It is not clear whether HSV-2 ICP0- viruses can establish the latency or reactivation of latency. 
This evidence is directly associated with whether it can be used for commercial purpose. 

The justification of gD subunit vaccine in the clinical trial may be oversimplified. 

2. Investigator(s): 
Strengths  

 Dr. Halford has excellent experience in the aspects of HSV latency, pathogenesis, and host 
immune control in vivo. 

 Dr. Halford performs the pioneered work on ICP0 and is an expert in understanding HSV ICP0 
function. 

Weaknesses 
Dr. Kim Hasenkrug has an excellent experience in the immunology of retroviral infections. The 
role of Dr. Kim Hasenkrug in the proposed study is not clear. 

3. Innovation: 
Strengths 

Optimal vaccine-induced protection against HSV-2 may require a balanced B- and T-cell 
response against most of HSV-2's antigens. 

Weaknesses 
Dr. Halford is productive; nut lacks the paradigm-shifting research in the proposed study. 
The optimized T cell and B cell responses in vaccine development are not novel in general. 
The function of antibody and cellular immunity against HSV has been extensively studied. 

4. Approach: 
Strengths 

 The PI has published PLoS One papers to show the efficacy of A live-attenuated HSV-2 ICP0 
virus. Hence majority of his techniques are established in his lab. 
TheROSA26 reporter mice carrying beta-gal in neurons and Cre-expressing HSV will be used in 
infection. 

Visualization of vaccine-induced protection by bioluminescent imager. 
Weaknesses 

The PI does not consider the resident T cells in the female genital tract. 

The guinea pig can be used test the establishment and reactivation of the latent infection. 
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Foot pad injection is not a route for commercial vaccine application in humans.  

5. Environment: 
Strengths 

All equipment necessary for the proposed study are available. 
Weaknesses 

Not identified. 

Protections for Human Subjects: Not Applicable (No Human Subjects).

Vertebrate Animals: YES, all five points addressed.

Well described. 

Biohazards: Unacceptable.

Not described. 

Applications from Foreign Organizations: Not Applicable (No Foreign Organizations).

Select Agents: Not Applicable (No Select Agents).

Resource Sharing Plans: Acceptable.

Budget and Period of Support: Recommended as requested 

CRITIQUE 3: 

Significance: 7 
Investigator(s): 2 
Innovation: 6 
Approach: 6 
Environment: 3 

Overall Impact: The subject issue of this grant has merit and the PI has clearly articulated the problem 
long faced by HSV vaccinologists. Unfortunately, the solution advocated in this grant lacks appeal. 
Vaccines of a similar, although perhaps not identical design, have been tried in humans but without 
success despite their functioning well in mice and in other rodents.. The PI’s idea that providing broader 
antigenic breadth might help solve the problems and the experiments designed to support this 
contention could be accomplished. However, the proposed experiments include  a minimal number of 
controls or were not designed to test alternative hypotheses such as increasing the dose of a protective 
antigen or delivering it in alternative ways to the approach favored. Moreover, whereas their 
experiments to decipher the input of different components of adaptive immunity can be accomplished, 
these types of analyses have been done by other groups some of which were cited by the PI. 
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Unfortunately the conclusions they will gather will apply only to the mouse and will strictly deal with 
prophylactic vaccines. Almost invariably all vaccines tested will protect mice to a variable degree but 
none have so far shown comparable activity in humans especially when tested in a double blind fashion 
by independent investigators. Moreover, in mankind there is more a need for therapeutic vaccine to 
counteract genital herpes and this issue will not be investigated in the present proposal. 

NIH has modified its policy regarding the receipt of resubmissions (amended applications). 
See Guide Notice NOT-OD-14-074 at http://grants.nih.gov/grants/guide/notice-files/NOT-OD-
14-074.html.  The impact/priority score is calculated after discussion of an application by 
averaging the overall scores (1-9) given by all voting reviewers on the committee and 
multiplying by 10. The criterion scores are submitted prior to the meeting by the individual 
reviewers assigned to an application, and are not discussed specifically at the review meeting 
or calculated into the overall impact score. Some applications also receive a percentile 
ranking. For details on the review process, see 
http://grants.nih.gov/grants/peer_review_process.htm#scoring. 


