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DESCRIPTION (provided by applicant): More than 20 years have been invested into the testing of 
herpes simplex virus 2 (HSV-2) subunit vaccines that contain HSV-2's glycoprotein D (gD-2) and a 
powerful adjuvant. To date, gD-2 subunit vaccines have yielded equivocal protection in human clinical 
trials. It is imperative that we identify a more effective HSV-2 vaccine. R21 support from the NIH 
(AI81072) has allowed the P.I. to demonstrate that mutations in the ICP0 gene of HSV-2 yield live-
attenuated viruses that are avirulent and yet elicit robust immunity to HSV-2. In side-by-side tests, a live 
HSV-2 ICP0- virus yields 10 to 100 times better protection against HSV-2 genital herpes relative to a 
gD-2 subunit vaccine in mice. However, the underlying basis of this superior protection remains 
unknown. The current research proposal seeks to address this gap in knowledge, and define the 
mechanisms that allow a novel, live-attenuated HSV-2 vaccine to elicit complete protection against 
HSV-2 genital herpes. This area of research offers the opportunity to understand, for the first time, the 
underpinnings of how a highly effective HSV-2 vaccine confers complete protective immunity to HSV-2. 
Two pivotal questions remain unanswered, and these are: 1. What are the dominant antigens that this 
live HSV-2 ICP0- virus relies upon to generate robust protection against HSV-2?; and 2. What are the 
critical effector mechanisms by which a live HSV-2 ICP0- virus-induced immune response rapidly 
controls HSV-2 challenge virus replication? Preliminary data reveal that immunization with a live HSV-2 
ICP0- virus elicits a potent antibody response that targets several novel HSV-2 antigens not previously 
considered for use in vaccines. Moreover, adoptive transfer of polyclonal anti-HSV-2 antiserum from 
these immunized animals confers significant protection upon naïve recipients The goal of the studies 
proposed herein is to identify the dominant antigens and effector mechanisms that underlie effective 
vaccine-induced protective immunity to HSV-2, and determine if this knowledge may be applied to 
derive a superior, synthetic HSV-2 vaccine. This central goal will be achieved through completion of the 
following Specific Aims. Specific Aim 1 To identify the dominant B- and/or T-cell antigens of a live-
attenuated HSV-2 ICP0- virus. Specific Aim 2 To determine if the protective immune response elicited 
by a live HSV-2 ICP0- virus is dependent on complement, antibody, and/or CD8+ T-cells. Specific Aim 
3  To determine if immunization with the dominant antigens of a HSV-2 ICP0- virus (identified in Aim 1) 
elicits protection comparable to that elicited by the actual live HSV-2 ICP0- virus. 
 
PUBLIC HEALTH RELEVANCE: Herpes simplex virus-2 (HSV-2) ICP0- viruses are a promising new 
HSV-2 vaccine candidate. Such live-attenuated viruses may be capable of preventing the spread of 
genital herpes, which afflicts tens of millions of people. We propose to use such a live HSV-2 ICP0- 
mutant virus as a tool to determine the underlying mechanisms by which an effective vaccine elicits 
robust protection against HSV-2 genital herpes in animal models. This results of this analysis will 
improve our ability to better predict which HSV-2 vaccines are likely to succeed in future human clinical 
trials. 
 
CRITIQUE 1: 
 
Significance: 3 
Investigator(s): 3 
Innovation: 4 
Approach: 7 
Environment: 4 
 

Overall Impact: HSV-2 is a significant health problem and there is no approved vaccine to prevent 
HSV disease.  This application will utilize an ICP0 deficient HSV-2 strain that elicits exceptionally strong 
protection against HSV disease in animal models as a probe to determine the protective antigens and 
immunological components involved in protection.  Dr. Halford is a well-trained viral immunologist and 
has made significant contributions to the HSV field and most recently in the area of HSV vaccines.  In 
addition to the live attenuated vaccine he will use, Dr. Halford has developed novel techniques to 
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assess spread of challenge virus in immunized recipients. Using an array of strategies, he plans to 
identify the “dominant” proteins recognized by B and T cells elicited by the attenuated vaccine, identify 
the important mechanisms of protection, and test the ability of subunit vaccines composed of the 
identified “dominant” proteins to protect mice against HSV-2 disease in comparison to a glycoprotein D 
recombinant vaccine.  Overall, the proposal „s strengths lie in the vigorous protection elicited by this 
vaccine, novel use of a luciferase-expressing HSV-2 strain to assess virus spread as a parameter of 
protection, and the ability to produce individual HSV-2 proteins to assess immune recognition of virus 
proteins and for use as subunit vaccine components.  There are several weaknesses that diminish 
enthusiasm for the proposal. The techniques for identifying B cell epitopes are incompletely described. 
For example, no mention is made of how virion proteins will be assessed for recognition by immune 
sera, how the results may differ from data from recognition of infected cell lysates, and how these data 
from the several assays, each potentially analyzing different proteins and perhaps identifying different 
“dominant” proteins will be utilized to identify the “dominant” proteins for inclusion in a vaccine (Aim 3).  
In a similar light, it is not clear how the B cell frequency data and T cell epitope data will be incorporated 
into vaccine protein selection, that is, if proteins are recognized by B cells but not T cells, will they be 
considered for use in a vaccine? Aim 2 contains some technical concerns including immunization of 
C3-deficient mice and potential difficulties in antigen presentation for CD4+ T cell assays.  However, 
the basic immune reconstitution experiments proposed for this aim are straightforward and should 
provide the desired information.  The enthusiasm for this aim is diminished somewhat by concerns that 
the PI will find that both HSV-specific T cells and antibody are required for complete protection which 
will not move the field forward.  Aim 3 is interesting conceptually and should test the possibility that the 
wrong antigens are being tested in HSV vaccines.  A strong rationale for the criteria used to select 
vaccine antigens would strengthen this part of the application.  In this aim, Dr. Halford will abandon the 
live attenuated vaccine approach, which likely is the basis for the strong vaccine-elicited protection 
observed, and test recombinant proteins in MPL-alum.  Given that there will be much effort in 
determining which proteins are recognized by CD8+ T cells (Aim 1) and in the possibility of CD8+ T cell 
protection (Aim 2), it is surprising that this approach which will not elicit strong CD8+ T cell responses 
will be utilized.  Overall, the proposal touches on important issues such as which antigens should be 
included in an HSV vaccine but the weaknesses in some of the approaches and rationale diminish 
enthusiasm for this interesting and potentially important proposal.   

 

1. Significance: 

Strengths  

 HSV infection is a serious threat to health worldwide.  Currently, there is no approved vaccine 
for HSV.  Determining how an effective vaccine works might provide useful information towards 
development of an effective HSV vaccine.  

Weaknesses 

 None noted.  

 

2. Investigator(s): 

Strengths  

 Dr. Halford is a well-trained HSV virologist with extensive expertise in both virological and 
immunological aspects of HSV virology.  

Weaknesses 

 None noted. 

 

3. Innovation: 
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Strengths 

 Use of a luciferase-expressing HSV-2 to measure virus spread following challenge of 
immunized mice is a novel approach.  

Weaknesses 

 The remaining approaches taken are standard and are not novel.  

 

4. Approach: 

Strengths 

 The PI has previously demonstrated that HSV-2 0dNLS provides significant protection against 
HSV disease in animal models of HSV infection.  

 Availability of luciferase-expressing HSV-2 as a reagent to assess viral spread represents an 
important reagent and an important assay in assessment of vaccine protection.  

 Utilization of 5 different screening procedures to identify dominant HSV proteins recognized 
vaccine-elicited serum antibody. 

 Ability to screen individual HSV-2 proteins for detection by antigen-specific T cells is a strength.  

 The reconstitution experiments of aim 2 are relatively straightforward and should provide useful 
information as to the protective components elicited by the vaccine (with the exception of the 
C3-/- mice as discussed in weaknesses). 

Weaknesses 

 The five screening tools available to identify targeted antigens, how they will be utilized, and 
how the results will be analyzed are not well described.  The top 10% of proteins will be 
identified but the criteria used for determining which will be identified and prioritized for aim 3 
studies (most consistently targeted by IgG antibodies vs. most abundant antibody) is not clear.  

 ELISPOT analysis using infected cell lysates may fail to detect B cells specific for non-dominant 
proteins (minor point).  ELISPOT analysis 30 days after the final immunization will likely not 
represent the peak plasma cell response and lower frequency B cells may not be detected. 

 It is not clear how antibody against non-structural proteins or non-exposed capsid proteins might 
be protective.  A strong rationale for inclusion of such antigens (VP5, ICP10, ICP8) in the 
screening would be helpful.  

 Many of the CD8 T cell epitopes recognized by C57BL/6 mice have been described and 
identification of the same proteins in this assay would help validate study results.  It is not clear 
that infection of DC to express individual HSV proteins will feed the exogenous antigen 
presenting pathway utilized for CD4+ T cell recognition of antigen.  

 Exactly how the B cell and T cell recognition experimental data of Aim 1 will be compiled and 
used to identify the dominant antigens to be used in Aim 3 studies is not clear. 

 Mice lacking C3 have severely impaired antibody responses. This approach is not useful for Aim 
2 studies.  

 Functional resistance to HSV-2 vaginal challenge in Aim 2 studies will not include an analysis of 
protection against establishment of latency.  This is the most clinically relevant measure of 
protection for a prophylactic vaccine. 

 Immunization with recombinant antigens in MPL-alum will not elicit much of a CD8+ T cell 
response.  It is not clear why the PI has abandoned approaches that might elicit this response. 
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 Experiment shown in Table 5 includes 8 groups with 12 mice/group.  This seems as if it might 
be difficult to show statistical differences among immunization groups.  A power analysis to 
show feasibility of this approach would be helpful.  

 

5. Environment: 

Strengths 

 The environment at Southern Illinois University is excellent for these studies.  

Weaknesses 

 It is not clear where the immunoprecipitation-mass spec analysis will be performed.  Since a 
number of analyses are proposed, clarification would be helpful. 

 

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

 

Vertebrate Animals: Acceptable 

 All 5 points addressed however inclusion of a power analysis would be helpful. 

 

Biohazards: Acceptable 

 Sufficient BSL2 and ABSL2 facilities available.  Dr. Halford has extensive experience working 
with HSV in laboratory and animal models. 

 

Resource Sharing Plans: Acceptable 

 Acceptable. 

 

Budget and Period of Support: Recommend as Requested. 

 
 
CRITIQUE 2: 
 
Significance: 3 
Investigator(s): 3 
Innovation: 6 
Approach: 6 
Environment: 4 
 

Overall Impact: The search for an effective HSV vaccine has been elusive.  Clinical trials of 
adjuvanted recombinant glycoproteins have been disappointing and results largely ineffective.  This PI 
proposes to evaluate HSV-2 vaccines in an animal model with a two pronged approach: to explore 
novel HSV-2 antigens; and to elucidate effector mechanisms that have been highly effective in his 
hands for an ICP0- attenuated vaccine.  The potential value of a vaccine against HSV is compelling 
from a medical and public health perspective.  The lack of current extramural support for the PI and his 
major collaborator is a concern.  There are regulatory concerns about the ultimate application of a 
disabled but whole-genome derived attenuated vaccine in clinical practice.  Indeed, the comment of the 
PI that “a live HSV-2 ICP0- virus may persist at a low level in vaccine recipients, and thus may elicit a 
protective immune response that endures for months to years”, may be correct (although there is no 
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aim to address this in mice) but may be especially problematic from a human subjects perspective. The 
extrapolation of findings from IP-mass spectrometry and western blot assay to T cell response with 
respect to T cell immunity is problematic.  Human immunology has already made important advances in 
identifying novel subunit vaccine candidates and hence the pursuit of these studies in a murine model – 
where the dominant T cell response may or may not be relevant to human health – is a concern.  These 
numerous moderate weaknesses limit what is otherwise a satisfactory application from an experienced 
investigator. 

 

1. Significance: 

Strengths  

 HSV is a medically important pathogen and a high-priority area for vaccine development. 

 Vaccines have proven unsuccessful in the clinic.  This effort has expended considerable 
resources but has been problematic in spite of large clinical trials. 

 The concept that antibody to a single envelope glycoprotein might be sufficient for HSV disease 
control appears unfortunately to be incorrect based on the outcome of clinical trials. 

 Novel vaccine strategies and immunogens are needed. 

Weaknesses 

 HSV vaccines based on any sort of attenuated virus derived from the full viral genome are likely 
to be very problematic from a regulatory perspective. 

 The translation of these findings to human vaccinology is unclear.  As has been evidence by 
many preclinical studies in mice and guinea pigs, approaches that appear protective in an 
animal model may not be successful in humans. 

 

2. Investigator(s): 

Strengths  

 The PI is a well-established investigator at Southern Illinois University. 

 PI has extensive experience with studying animal models of HSV vaccines. 

 Track record of strong collaborations. 

 Anticipated sabbatical to learn additional immunological techniques is a plus (noted in 
supplemental materials). 

Weaknesses 

 Productivity has been good but not outstanding with only 7 papers since 2009 and many are 
middle author paper. 

 PI does not currently hold extramural funding. 

 

3. Innovation: 

Strengths 

 The magnitude of protection conferred by the ICP0 deletion virus is stunning and very novel.  

Weaknesses 

 The experimental techniques are in and of themselves fairly standard and not really very 
innovative.  Experiments such as pull-down coupled with mass spect are pretty standard.  The 
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generation of stable cell lines and viral vectors for gene expression is not an innovative 
technique. 

 Highly innovative approaches using patients with HSV seropositive individuals from the Koelle 
group (J Clin Invest. 2012 Feb 1;122(2):654-73) has identified viral ORFs that appear to stand 
out as important T cell immunogens and possibly subunit vaccine candidates, including UL39 
and UL46.  Thus, there has been progress in a human immunology model in achieving some of 
the goals of this grant.  It is surprising in this context that this work is not referenced and put into 
perspective. 

 Preliminary data based on western blot suggests a role for ICP5, 8 and 10 in protective 
immunity but this is based only on IP-PAGE and there is no data presented to suggest that the 
T cell response will target these proteins.  Hence the hypothesis in C-1.3 that T cell responses 
to these proteins may be critical does not seem to be supported by any preliminary data. 

 The observation in mice that IgG antibodies elicited in response to HSV-
serotype-specific and only weakly cross-reacted with linear epitopes in their corresponding 
HSV-1 proteins would seem to be at odds with observations from clinical trials (Stanberry et al., 
2002, N Engl. J Med 347:1652-61) that prior immunity to HSV-1 conferred some protection 
against acquisition of HSV-2 disease.  Some clarification on this point would be valuable. 

 

4. Approach: 

Strengths 

 The application is very well written and reads well.  Experimental flow is logical and experiments 
are well designed and well controlled.  

Weaknesses 

 The preliminary data don‟t speak toward the suitability of specific HSV-2 proteins as vaccine 
targets.  Although VP5, ICP8 and ICP10 are pulled dow
animals, it does not mean that these proteins, even if they elicit antibody response, are 
necessarily good vaccine candidates. 

 The concept of “pan-HSV antibody” as a marker of protective immunity is not supported by 
clinical observations where antibody titer does not correlate with the risk of disease or protection 
against recurrence. 

 Aim 2 exploits known effects of gC, ICP47 and gE on immune responsive by employing knock-
out animals and examining the mechanisms of protection 

revertants virus (wild type) were evaluated (at sublethal doses) in parallel. 

 animals is effective as stated, it is 
unclear why a CD8+ knockout mouse would have increased mortality, assuming the antibody 
response is intact (p. 33). 

 Aim 3 tests the hypothesis that a „Synthetic‟ vaccine based on subunit responses to VP5, ICP8, 
or ICP10 will be protective.  It is not clear that small groups of 6 animals will yield sufficient 
power for discrimation across groups.  A rationale for adjuvanted protein subunit vaccine is 
provided, but it is not clear that this is an appropriate vehicle for T-cell immunogens. 

 

5. Environment: 

Strengths 

 Strong research environment at Southern Illinois University. 
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 Excellent core resources in FACs, sequencing, proteomics, etc. 

 Strong collaboration with Dr. Gershburg who has expertise in these assays. 

Weaknesses 

 Does not appear to have independent extramural support. 

 Collaborator Dr. Gershburg does not appear to have current extramural support. 

 No institutional letters of support are a concern. 

 No letter of support from Dr. Cohen for provision of gG protein. 

 

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

 

Vertebrate Animals: Acceptable 

 

Biohazards: Acceptable 

 

Resource Sharing Plans: Unacceptable 

 No resource sharing plan was provided. This would be particularly important for the microarray 
data as well as development of novel reagents. 

 

Budget and Period of Support: Recommend as Requested. 

 
 
CRITIQUE 3: 
 
Significance: 5 
Investigator(s): 4 
Innovation: 5 
Approach: 6 
Environment: 4 
 

Overall Impact: A vaccine for HSV-2 would be an important advance, not only because of the disease 
burden of genital herpes in the west but also because there is some evidence that HSV-2 is an 
important co-factor for HIV acquisition in sub-Saharan Africa.  The gD vaccine is not very protective, 
and work from other labs has not provided good support for the idea that adding other major virion 
glycoproteins to the vaccine formulation adds much to protection.  Various live attenuated vaccines 
have been investigated in various labs for at least two decades; some have been and are in clinical 
trials.  The ICP0 null vaccine described here provides impressive protection, and the goal of elucidating 
its means of protection and perhaps reproducing it in subunit vaccine formulation is logical.  However, 
the current proposal seems deficient both in background insight into fundamental immune mechanisms 
and in experimental approach, and seems unlikely to really add much to a field that has in fact been 
exploring live attenuated HSV-2 vaccines for some time.   

Dr Halford provides evidence that antibody titers induced by his vaccine are much higher than those 
induced by the gD vaccine, but he doesn‟t distinguish neutralizing and other antibody responses.  He 
proposes to use the dominant proteins recognized by antisera from HSV-2 D0 vaccine to induce 
antibodies, but provides little rationale as to why including antigens that are not targets for 
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neutralization nor for antibody-mediated cellular cytotoxicity (ADCC) (i.e. expressed on the surface of 
infected cells), would be useful, other than a rather vague hypothesis that antibodies could induce 
inflammation and thus attraction of cellular immune components.  

Assessing immune mechanisms using knockout mice is messy, as these mice develop exaggerated 
alternative mechanisms during immune development (e.g. MHC I ko mice develop cytotoxic CD4 T 
cells).  Depletion experiments and adoptive transfer, as also proposed, are much more powerful.   

The means by which the results of SA1 and SA2 would be exploited in SA3 need to be better 
developed. E.g. if complement is important, what is the implication?  Will an attempt to skew the 
antibody response towards complement fixing isotypes, rather than the Th2-induced isotypes expected 
from the alum adjuvant, be made?  If CD8 T cells are important, a much better means of inducing them 
needs to be proposed.  However, if that‟s the case there is a real problem in extrapolating from the 
mouse to the human model, since ICP47 works well in humans but not at all in mice.   

 

Budget and Period of Support: Recommend as Requested. 

 

Additional Comments to Applicant: Somewhere in the back of my head i have the impression that 
JAWS II does not express murine MHC class II-- that the endogenous MHC II was deleted and 
replaced by human MHC II when the line was made.  I was struggling to find a reference to this as I 
was writing this review, so it may be that I'm wrong (and I certainly didn't make a scoring issue of it).  
But I would urge the applicant to check this out functionally before using JAWS II to characterize CD4 T 
cell responses in B6 mice. Certainly in the Jiang paper (ref 38) the level (MFI) of MHC II staining on 
JAWS II was much lower than the BMDCs, even though staining for all other activation markers was 
comparable.   On the other hand, JAWS II DOES express murine MHC I and is a fantastic presenter to 
CD8 T cells. 

I hate to make this comment, but the proposal would benefit a lot from a collaboration with a 
professional immunologist.  The analyses and thought processes underlying the grant throughout are 
rather unsophisticated. 

 
 
 
 

NIH has modified its policy regarding the receipt of resubmissions (amended applications). 
See Guide Notice NOT-OD-10-080 at http://grants.nih.gov/grants/guide/notice-files/NOT-OD-
10-080.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. 
 
 
 
 


