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HSV epidemiology and disease

• HSV-1  ~80% seroprevalent in older adults, HSV-2 ~25%

• Cold sores, genital sores, blindness, encephalitis

• Especially devastating in neonates

• Trigger for neurodegeneration?

•  Nucleoside analogs cannot treat latency

• No vaccine
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HSV and vaccination



HSV vaccination – difficulties/opportunities

• Lifelong latency with asymptomatic shedding

• Highly prevalent, many vaccinees already seropositive

• Immune determinants incompletely defined

• Powerful immunomodulation by HSV

• Requires lifelong protection at mucosal (genital) surfaces

• nHSV only requires protection in a narrow time frame



Neonatal HSV (nHSV)

• “Neonatal herpes is a devastating disease.......the doctor must explain to the mother 
that there is a high likelihood that her baby might die, or an equally high likelihood of 
permanent brain damage”.                        

       David Kimberlin M.D., The Lancet, March 2017.

• nHSV can be local or disseminated, ~1:3,000 live births.

• Disseminated disease can occur with or without skin lesions.

• Early symptoms frequently non-specific, similar to bacterial sepsis.

• ACV treatment requires clinical suspicion and often delayed.

• Even with ACV treatment, high risk of neurological sequelae remains.

• 2 monh postpartum is window of susceptibility – protection window for vaccines/therapeutics?



HSV and other brain infections are associated with neurodegeneration

• The developing neonatal nervous system is exquisitely sensitive to perturbation.

• Asymptomatic nHSV infections could cause significant neurological damage over a lifetime.

• 1:3,000 likely an underestimate given ubiquitous asymptomatic HSV shedding.
• New data suggest neonatal exposure >1%.

• Could clinically inapparent nHSV contribute to cognitive deficits/neurodegeneration?

What are the neurological consequences of neonatal HSV?



HSV and other brain infections are associated with neurodegeneration

What are the neurological consequences of neonatal HSV?

• Virus Hunters (Greer Williams, 1959) quotes Jonas Salk:



Transmission patterns of neonatal HSV
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Transmission patterns of neonatal HSV

Pre-partum reactivation

<1% of cases 85% of cases 

HSV acquisition >28 weeks Postnatal transmission

10-15% of cases
Offspring of seronegative moms  

Suggests a role for maternal immunity in protecting neonate.



Maternal immunity: The Concept

• Maternal Ab is key for prevention of several perinatal 
and congenital infections.

• Maternal IgG crosses the placenta using FcRn.

• Clinical evidence suggests maternal Ab protects  
newborns from nHSV, yet clinical translation is lacking.

• The short window (~2 months) needed for protection 
against nHSV provides optimism for intervention.



Can we harness maternal immunity to prevent nHSV?

• Can maternally-derived Ab protect offspring?

• Vaccine-induced Ab (active)
• AAV vector-expressed Ab (passive vectored)

• Experimental outline:

Boost  and
Breed.

.

Challenge 
with HSV-1.

Immunize  mice

Virus replication
Survival

Behavioral/memory tests
Immune responses

Pathology  

Backes et al: J Exp Med Dec 2022



Maternal immunization protects neonatal mice

• Maternal immunization: 
 Live replication-defective (dl5-29, Knipe) 
 Subunit vaccine (gC,gD,gE, Friedman)

• Intranasally challenge pups with 1,000pfu wild type HSV:
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• AAV vectored expression of 3 HSV gD-specific mAbs:

• Vectored Ab expression is defined, persistent, and prevents mortality. 

Challenge 
with HSV-1.

VIP IgG Expression Vector

Measure expression.
Time to endpoint criteria. 

AAV transduction.
Breed.

.

Biodistribution of  
mAb in offspring 

and viral challenge

VIP IgG Expression Vector

IgG LC WPRE SV40PA2AIgG HCCASI

AAV-vectored expression persists and protects

Persistence of IgG expression Survival following HSV challenge



What are the neurological consequences of nHSV?

• “Psychovirology”.

• Infection of neonatal mice HSV (Patel et al, Sci Trans Med 2019): 

   • Test for anxiety-like behavior (thigmotaxis) in OFT.
   • Elevated anxiety-like behavior following HSV infection.
   • dl5-29 maternal immunization prevents elevation of anxiety in pups.
  
  

• Can passive immunity offer protection to offspring?

 • Passively-administered Ab to offspring before and after infection



What are the neurological consequences of nHSV?

• Survivors of nHSV often show lifelong neurological and cognitive deficits.

• Can we measure other cognitive outcomes in our nHSV model after asymptomatic infection?

• Developed a low-dose nHSV infection model (100pfu i.n.):

  • 90% survival
  • Pups gain weight normally.

  
    
 .



Mouse model of asymptomatic nHSV

Day 0 Day 1 Months 5+

100 pfu  nHSV

Day 5

Behavioral testingi.n. infection Brain PCR/AgB6 Birth



Establishing a low-dose nHSV infection model: Virus detection by PCR in CNS.

Dutton et al., PLoS Pathogens, 2025

• Viral DNA detectable at 100pfu inoculum by PCR in CNS at 5dpi.



Establishing a low-dose nHSV infection model: 1000pfu i.n. infection
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1

2

3

DAPI

HSV-1

1 mm

Dutton et al., PLoS Pathogens, 2025
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Hippocampus, frontal cortex

Assessing novel object recognition following nHSV infection
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Spatial memory
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Dutton et al., PLoS Pathogens, 2025



• Different paired associates learning (dPAL).

• Same test given to humans for early AD – hippocampal learning.

• Train mice to use touchscreens to perform memory tests.

• 2nd generation Bussey-Saksida Touch Screen Chambers -- to measure dPAL:

What are the neurological consequences of nHSV?

Correct Locations

Reward port

Touchscreen

Correct positions

TRIAL 1

TRIAL 2

TRIAL 3



•Different paired associates learning (dPAL).

• Same test given to humans for early AD – hippocampal learning.

• Train mice to use touchscreens to perform memory tests.

• Bussey boxes, a semi automated method to measure dPAL:

What are the neurological consequences of nHSV?

Training

TRIAL 1

TRIAL 2

TRIAL 3



What are the neurological consequences of nHSV?

Performance on PAL

• Low dose nHSV-infected mice made significantly more errors than controls on dPAL. 

• Consistent with the idea of loss of hippocampal learning and short-term memory.

Percentage of trials completed correctly Number of correction trials 
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What are the neurological consequences of nHSV?

Performance on PAL

24 h

•Modified Barnes Maze, testing for prefrontal cortex attention and task switching.

• Train mice for 4 days to find single exit hole to home cage from a bright arena.

•  2 days off, then 2 days of reinforcement, reverse the exit hole to opposite side of the arena.

• Measure how efficiently mice can find the reversed exit hole, and where errors are made:

• nHSV causes loss of ability to task switch through prefrontal cortex.
• “Perseveration”. 
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Quantifying HSV persistence in the CNS following low-dose nHSV infection



Quantifying HSV persistence in the CNS following low-dose nHSV infection
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Low-dose nHSV infection leads to persistent CNS infection with viral genome and latency associated 
transcript (LAT) present in the trigeminal ganglia and CNS at 6 mpi.

Quantifying HSV persistence in the CNS following low-dose nHSV infection
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• Evidence of increased myelin disruption in the infected brains, especially in the cortex

Quantifying HSV-mediated damage in the CNS

• 6 months postinfection, Nile red staining of brains.

• Examines cholesterol content in white matter.

•Increased polarity = decrease in cholesterol = myelin disruption. 

Striatum Corpus
callosum

Cortex

Mock

HSV
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Quantifying HSV-mediated damage in the CNS

• 6 months postinfection, thioflavin S staining of brains.

• Stains accumulated misfolded proteins. 

• Shows increased Thioflavin S staining in hippocampus. 

• Thios S staining may indicate neurodegenerative processes/accumulation of pathogenic proteins.



Summary and conclusions

• We have developed a model of subclinical HSV infection that results in cognitive decline.

•  Infection results in cognitive deficits that are associated with disparate parts of the brain. 

• Deficits include: 

  hippocampal associated learning and memory

  prefrontal cortex attention & perseveration 

  spatial and short-term memory

  demyelination and misfolded proteins in CNS. 

•  Maternal immunity/immunization can prevent behavioral sequelae.

• Replication-defective virus (dl5-29) does not induce behavioral sequelae.

• Ongoing work to elucidate presence of misfolded proteins/neurodegenerative markers.

• Examining the roles of acute inflammation and reactivation as sources of CNS damage. 

• Intermittent antiviral therapy?
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Mechanism: Mutant Virus Screen

with Chaya Patel
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