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DESCRIPTION (provided by applicant): The host interferon response plays a pivotal role in the in 
vivo repression of herpes simplex virus 1 (HSV-1) and herpes simplex virus 2 (HSV-2). Each long-
repeated (RL) segment of these homologous viruses functions as an interferon-resistance locus, and 
encodes two viral interferon antagonist proteins, ICP0 and ICP34.5. Synthesis of ICP0 and ICP34.5, or 
lack thereof, controls whether HSV replication proceeds or stalls in virus-infected cells in vivo. These 
basic science conclusions have important implications. Live HSV-2 ICP0- and/or ICP34.5- viruses may 
represent ideal vaccines that can be used to control the epidemic spread of genital herpes, a disease 
that currently afflicts 50 million people worldwide. Excision of ICP0 or ICP34.5 should render HSV-2 
avirulent in vivo, but capable of inducing a protective immune response that is comparable in efficacy to 
recovery from low-level, asymptomatic HSV-2 infection. For three decades, safety concerns have 
suppressed all consideration of live HSV-2 vaccines. In erring on the side of caution, perhaps we have 
overlooked the most feasible approach to vaccinate against genital herpes. There is a sound theoretical 
basis that explains why HSV-2 ICP0- and/or ICP34.5- viruses should be avirulent in vivo, but far more 
protective than transient HSV-2 vaccines such as an HSV-2 glycoprotein D subunit or replication-
defective HSV-2 virus. The goal of the research proposed herein is to determine if, in fact, live HSV-2 
ICP0- and/or ICP34.5- viruses are sufficiently safe, immunogenic, and protective to warrant 
advancement to human Phase I clinical trials. Specifically, support is sought to determine if the P.I.'s 
experience with interferon-sensitive and highly protective HSV-1 ICP0- viruses can be translated into 
HSV-2, such that testing may commence to address the question: "Will a live HSV-2 ICP0- and/or 
ICP34.5- viral vaccine elicit a protective immune response against HSV-2, which is similar in quality 
and magnitude to the host response that protects one billion asymptomatic HSV-2 carriers from genital 
herpes disease?"  PUBLIC HEALTH RELEVANCE: Live, interferon-hypersensitive herpes simplex 
virus-2 (HSV-2) vaccine strains may be used to put an end to the hidden epidemic of genital herpes, 
which afflicts ~50 million people worldwide. The work proposed herein is designed to test the 
hypothesis that immune-evasion-deficient HSV-2 viruses may be used for this purpose, and will provide 
superior protective immunity relative to other HSV-2 vaccine candidates that have previously been 
considered. 
 
CRITIQUE 1: 
 
Significance: Genital herpes remains a significant public health problem worldwide. Recent data 
indicate that ~17% of adults in the US are seropositive for HSV-2 the main cause of genital herpes. 
Following initial infection the virus is not cleared from the body but establishes latency in the dorsal root 
ganglia from which it reactivates periodically, resulting in recurrent genital disease and/or shedding of 
virus into the genital tract. In those infected, the disease can be painful and is known to cause 
significant psychological morbidity. In addition, genital herpes infection substantially increases the risk 
of subsequent HIV infection and neonatal herpes contracted during childbirth can be a devastating 
disease. Effective antiviral agents are available but they cannot clear the virus once someone is 
infected. Until recently, antiviral therapy has been used mainly on an episodic basis to reduce the 
duration and symptoms of disease. A recent clinical trial showed that suppressive antiviral therapy 
could reduce the transmission of infection in sero-discordant couples. However, the fact that the 
majority of those infected are unaware of their infection suggests that suppressive therapy will not have 
a major impact on the spread of the disease. An effective prophylactic vaccine remains the best option 
for long term control of genital herpes. To date clinical trials with herpes vaccine candidates have been 
disappointing. As the PI notes in the 1990s a subunit vaccine failed to provide protection against genital 
herpes in Phase III clinical trials. However, the PI does not mention that a second subunit vaccine did 
provide women with protection against genital herpes disease in similar trials and that this vaccine is 
currently undergoing further clinical testing. Be that as it may, it is clear that there is an urgent need for 
a safe and effective vaccine against genital herpes and so this application has direct public health 
significance. 
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Approach: The application seeks to develop an attenuated vaccine against genital herpes. The PI 
believes that this approach will provide better protection than other strategies such as subunit and 
replication defective vaccines. The PI notes that attenuated vaccines have been developed before for 
HSV-2 but believes that they will not gain acceptance until there is compelling evidence that they are 
safe. The central approach of this application is to delete the ICP0 and/or ICP34.5 genes rendering the 
viruses safe due to increased IFN sensitivity. The application would be strengthened by more detailed 
discussion of the advantages of his strategy over other specific gene deletion attenuated HSV-2 
vaccines currently being developed. These include viruses that have been deleted of at least one of 
these genes already. There are three specific aims. 
 
In aim 1 the PI proposes to conduct safety studies with his virus strains by looking for disease in 
lymphocyte-deficient mice. The proposed studies are straightforward and the PI is well suited to 
conduct them.  
 
Aim 2 examines immune responses resulting from immunization with the viral vaccine candidates and 
compares them with those seen using subunit and replication-defective HSV-2 virus vaccines. These 
studies are not strong. The subunit vaccine will be administered with alum adjuvant. However, there is 
already good evidence that this adjuvant alone will not be sufficient for a genital herpes subunit 
vaccine. Neither of the vaccines that entered clinical trials used alum alone. A more relevant adjuvant 
would make comparisons more useful. A second concern is the use of the eye as a route of 
administration for the viral vaccines. This is not clinically relevant and the experiments would be 
strengthened by the use of a more appropriate immunization route. There is also concern about the 
relevance of the positive HSV-2 controls if the animals require suppressive antiviral therapy for survival. 
In regard to the DTH responses the PI is correct that they are likely to be less sensitive that results 
obtained using ELISPOT. The rationale that DTH is a good screening tool is not convincing, given that 
these are important comparison studies for development of the vaccine candidates and that there are a 
limited number of vaccines use of more relevant tests would strengthen the application.  
 
In Aim 3 the investigator will determine the protective efficacy of the attenuated virus strains. This is the 
weakest aim and contains a central flaw in the use of ocular challenge in both mice and guinea pig 
studies. The PI notes that vaginal HSV-2 infection in mice results in mortality and that survival alone is 
a poor measure of efficacy for a genital herpes vaccine, thus by examining virus shedding in the eye 
more relevant information will be found. The investigator’s comments on the relevance of survival are 
warranted, however, the mouse vaginal challenge model is not normally used for that endpoint alone. 
Replication of virus in the genital tract and the development of clinical signs of infection around the 
perineum both precede death in the mouse model and would provide more relevant information than 
the studies as planned. The guinea pig model studies are similarly flawed further, in the guinea pig 
model genital infection is not lethal and the animals develop both symptomatic recurrent lesions and 
shed virus into the genital tract.  
 
Innovation: The use of attenuated virus vaccines against genital herpes is not innovative. It is unclear 
why the attenuated virus strains described here would be superior to others that have been constructed 
and are currently in preclinical testing. 
 
Investigators: The PI William Halford Ph.D. is an experienced herpes virologist. He has published 
extensively in the area of herpes virus latency and immune control and is well qualified to conduct the 
studies proposed in this application.  
 
Environment: No concerns. 
 
Overall Evaluation: This is an interesting application by an experienced investigator that addresses a 
significant public health problem. The lack of clarity around the advantages of the proposed vaccines 
over those already described, and, the proposed use of the ocular route for both immunization and 
efficacy studies for a genital herpes vaccine significantly limit enthusiasm for the application.  
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Protection of Human Subjects from Research Risks: Not Applicable. 
 
Vertebrate Animals: No concerns. 
 
Budget: No Concerns. 
 
CRITIQUE 2: 
 
Significance: Herpes simplex virus (HSV) is a major clinical problem worldwide. In the US alone, over 
100 million individuals are infected with HSV-1, and at least 40 million to 60 million individuals are 
infected with HSV-2. The current studies are directed at developing new live attenuated vaccines 
against HSV and are therefore considered to be highly significant.  
 
Approach: This is a new application for a 2 year R21 grant by Dr. William Halford to determine whether 
live HSV-2 ICP0- and/or ICP34.5- viruses could be used as live attenuated vaccine strains. The 
application specifically proposes to determine whether these vaccine strains are sufficiently safe, 
immunogenic, and protective to warrant advancement to human Phase I clinical trials. An underlying 
principle that the investigator wishes to test is whether a vaccine that establishes a persistent infection 
would confer lifelong immunity. Evidence that this approach is feasible comes from the VZV vaccine 
against chicken pox (the vaccine may establish latency in vaccines) and the fact that many individuals 
that are latently infected with HSV are asymptomatic. However, a major concern with the application is 
that it is not formatted to specifically address this question. As presented, a couple of attenuated HSV 
strains will be analyzed to determine if they generate immune responses or not and later to determine 
whether they elicit protective immunity. There is no attempt to determine whether they actually establish 
a latent infection, how long this latency might last, whether latency (if it occurs) contributes to persistent 
immunity, or what the underlying mechanisms of immunity might be (other than counting antibodies and 
T cells). And it seems likely that protection in this type of model relies on subclinical reactivation of the 
virus - so why are the studies focused primarily on mice, in which there is no reactivation of even wild-
type virus? In this context, there seems little chance that the investigator can gain traction with regard 
to his basic question. In fact the application boils down to an empirical vaccine approach. This raises 
the question of why so much effort is spent analyzing immune responses prior to analyzing protective 
efficacy. Given the empirical nature of the application, a more efficient approach would be to sort 
through mutants to find those that protect, then select those with good safety profiles, and only later 
expend resources analyzing immune mechanisms. 
 
Another concern with the application is that it is far from clear that the HSV strains being analyzed will 
actually establish latency. The attenuating features are directed at type I immune evasion which may be 
a fundamental requirement for latency establishment. However, the investigator does not appear to 
address this fundamental question and offers no alternative approaches to develop appropriately 
attenuated strains. This weakness lowers enthusiasm for the application. Yet another concern is 
whether a new vaccine that is designed specifically to establish a long-lived infection is really viable in 
the current vaccine landscape. 
 
From an experimental standpoint, the application appears to be straightforward. However, many of the 
immunological studies appear to be a little superficial and of questionable value. For example, the 
antibody studies simply assess serum IgG levels with no consideration of mucosal antibody, other 
isotypes, neutralizing activity, or the longevity of the response. The analysis of the DTH response is 
also very superficial given current technologies available for study cellular immune responses. The 
investigator mentions other approaches but states that DTH is a good screening tool for predicting 
protection. Why not just test protection in the first instance – why is it necessary to “predict” protection? 
There are only two vaccine candidates at this point. It would be better to test protection directly and 
then go back to analyze whether CD4 T cells are the mechanism. There is no doubt that these studies 
will generate information; however, it is far from clear that the information will really advance our 
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understanding of mechanisms involved in this system or provide useful background information to 
direct future investigations.  
 
The protection studies are the most relevant aspect of the application. However, it is clear from the time 
line that the guinea pig studies proposed in the application actually fall outside the application’s time 
frame of two years (the investigator states that the guinea pig studies will be initiated in year three). 
Therefore, it is unclear why so much space was directed at this aspect of the research program. 
Despite this concern, the guinea pig model was considered to be appropriate and a strength of the 
application.  
 
Innovation: This grant application proposes to use attenuated HSV viral strains that will establish 
lifelong infection and, theoretically, lifelong immunity to infection by wild-type HSV. This is a highly 
innovative approach.  
 
Investigators: Dr. Halford is an Associate Professor, Department of Medical Microbiology and 
Immunology at Southern Illinois University School of Medicine, Springfield, IL and will devote 3 
calendar months effort to the project. Dr. Halford is an expert in HSV virology, but has less experience 
in the immunological aspects of the application. 
 
Environment: The proposed studies will be performed at Southern Illinois University School of 
Medicine, Springfield, IL. The scientific environment is excellent. 
 
Overall Evaluation: This is an interesting application for a 2 year R21 grant by Dr. Halford to develop a 
live-attenuated genital herpes vaccine. A major strength of the application is that the underlying concept 
is innovative and the application addresses a problem of great clinical significance. In addition, the 
virological expertise of the investigator is also considered a significant strength. However, a key 
weakness of the application is that the application does not seem to hold together conceptually. While 
the goal is to develop a vaccine that establishes a latent infection, there is little attempt to investigate 
this parameter experimentally. Moreover, it also seems likely that subclinical reactivation would be a 
necessary requirement for protection, but the studies are done in a model in which this aspect cannot 
be addressed. Another weakness of the application is that the experimental design will not address the 
immunological aspects of the application. This aspect of the studies tends to be rather superficial in 
nature. It may have been more appropriate to move to the immunology studies only after long-lived 
protective efficacy had been established. 
 
Protection of Human Subjects from Research Risks: Not applicable. 
 
Inclusion of Women Plan: Not applicable. 
 
Inclusion of Minorities Plan: Not applicable. 
 
Inclusion of Children Plan: Not applicable. 
 
Vertebrate Animals: No concerns. 
 
Biohazards and Select Biological Agents and Toxins: There are no concerns. 
 
Budget: Appropriate. 
 
Foreign Institution: Not applicable. 
 
Data Sharing Plan: Report is included, but not applicable. 
 
Model Organism Sharing Plan: Report is included. 
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CRITIQUE 3: 
 
Overall Evaluation: Experimental vaccines designed to prevent disease associated with herpes 
simplex virus type 2 have not been very successful and this virus remains a significant cause of 
morbidity in infected individuals. This new R21 proposal from Dr. Halford suggests a novel approach to 
HSV-2 vaccination: a live attenuated virus which may establish a low level chronic infection capable of 
mimicking what is suggested to occur in asymptomatic infected individuals. The idea is interesting and 
even provocative and certainly within the high risk guidelines for R21 applications. Based on 
preliminary evidence presented for attenuated HSV-1 vaccine strains which Dr. Halford has 
constructed, he should be able to produce the planned HSV-2 vaccine candidates. He will test these 
vaccines in both mouse and guinea pig ocular immunization and challenge models and collect data on 
virus shedding, animal survival, serum antibody titers and DTH (cell-mediated immunity) responses. 
Although the application indicates some anticipated results, there are no alternatives suggested if the 
anticipated, but high risk results are not obtained. In particular, the issue of whether the attenuated 
viruses may establish latent and possibly pathogenic infections in either wild type or immunodeficient 
animals is not adequately addressed. It also seems likely that under the conditions specified, the 
positive control animals immunized with wild type virus will die of an acute infection and thus be 
unavailable to serve as positive control animals for vaccine virus challenge studies. Overall there is 
modest enthusiasm for this application. 
 
   
 
NOTICE: The NIH has modified its policy regarding the receipt of amended applications. 
Detailed information can be found by accessing the following URL address: 
http://grants.nih.gov/grants/policy/amendedapps.htm 
 
NIH announced implementation of Modular Research Grants in the December 18, 1998 issue 
of the NIH Guide to Grants and Contracts. The main feature of this concept is that grant 
applications (R01, R03, R21, R15) will request direct costs in  $25,000 modules, without 
budget detail for individual categories. Further information can be obtained from the Modular 
Grants Web site at http://grants.nih.gov/grants/funding/modular/modular.htm 
 
 
 
 


