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The reactivation of latent herpesviruses will increase health risks for crewmembers on ambitious long-duration NASA
missions, such as those on the International Space Station and planetary exploration missions. Spaceflight
conditions—stress and decreased cellular immunity—favor reactivation of herpesviruses. We previously reported that
reactivation of Epstein-Barr virus (EBV) in crewmembers was associated with spaceflight. The number of copies of EBV
DNA from saliva samples taken during space shuttle flights was about 10-fold higher than before and after spaceflight.
These studies, performed on short-term spaceflights (~12 days), also supplied evidence that EBV reactivation progresses
as the duration of flight increases. We have also shown increased reactivation and shedding of cytomegalovirus (CMV)
in astronauts during flight. These conditions may increase the risk that the virus will be transmitted to crewmembers that
do not have antibodies to it and could develop an active CMV infection. Recent data from our laboratory have shown
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Task Description:

reactivation of varicella-zoster herpesvirus (VZV) in astronauts during short-term spaceflights. Primary VZV infection
(chickenpox, or varicella) leads to latent infection in cranial nerves and dorsal root and autonomic ganglia, from which
the virus can reactivate to produce shingles (zoster). VZV reactivation during spaceflight thus poses a significant health
risk to crewmembers. VZV reactivation after orofacial surgery has been seen clinically as delayed facial palsy and
detected in the laboratory as virus DNA in saliva or as an increased antibody response. To determine the frequency of
reactivation of latent viruses, latent virus shedding, and clinical disease after exposure to the physical, physiological,
and psychological stressors associated with space flight The proposed research addresses a potentially important medical
risk to astronauts, and will clearly and directly benefit their health by providing scientific knowledge that can be used to
define the risk and develop appropriate countermeasures. If we show that the viral (EBV or VZV) DNA that we find in
astronauts’ saliva represents the shedding of infectious virus, we will have shown that during space flight, astronauts
have a significant risk of contracting diseases caused by these viruses (VZV in particular), and of spreading the virus. If
we show that increased viral reactivation is associated with changes in the circadian rhythm of astronauts’ salivary
cortisol and dehydroepiandrosterone (DHEA), and that those changes are associated with changes in crew members’
immune response, we will have provided evidence for a mechanism by which stress before and during space flight could
increase virus reactivation. If we find that the likelihood of viral reactivation and the abundance of infectious virus
increase on long-duration missions, we will have shown that the risk of crew members’ health and performance being
affected by viral reactivation is an important consideration on long-duration missions. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Earth benefits: · Information gained from experiments performed on Space Shuttle missions will be essential for
development of countermeasures for long-duration missions. · This molecular approach for monitoring viruses may be
rapid and reliable tool for early detection of stress and diminished immunity. · This technology may provide clinically
relevant data for management of patients suffering from chronic and acute stress. · Viral surveillance may lead to early
intervention to minimize adverse health effects of acute/chronic stress. 
  

Task Progress:

Two studies were completed in the year 2003-2004: 
1. EBV flight experiment: Epstein-Barr Virus Shedding by Astronauts During Space Flight (Journal of Brain Behavior
and Immunology, Inpress 2004) ABSTRACT Patterns of Epstein-Barr virus (EBV) reactivation in 32 astronauts and 18
healthy age-matched control subjects were characterized by quantifying EBV shedding. Saliva samples were collected
from astronauts before, during, and after 10 space shuttle missions of 5 to 14 d duration. At one time point or another,
EBV was detected in saliva from each of the astronauts. Of 1398 saliva specimens from 32 astronauts, polymerase chain
reaction analysis showed that 314 (23%) were positive for EBV DNA. Examination by flight phase showed that 29% of
the saliva specimens collected from 28 astronauts before flight were positive for EBV DNA, as were 16% of those
collected from 25 astronauts during flight and 16% of those collected after flight from 23 astronauts. The mean number
of EBV copies from samples taken during the flights was 417, significantly greater (p < 0.05) than the copies from the
preflight (40) and postflight (44) phases. In contrast, the control subjects shed EBV DNA with a frequency of 3.7% and
mean number of EBV copies of 40 per mL of saliva. Ten days before flight and on landing day, titers of antibody to
EBV viral capsid antigen were significantly (p < 0.05) greater than baseline levels. On landing day, urinary levels of
cortisol and catecholamines were greater than their preflight values. In a limited study (n = 5), plasma levels of
substance P and other neuropeptides were also greater on landing day. Increases in the number of viral copies and in the
amount of EBV-specific antibody were consistent with EBV reactivation before, during, and after space flight. 

2. VZV flight experiment: Stress-Induced Sub-clinical Reactivation of Varicella Zoster Virus in Astronauts (Journal of
Medical Virology, 2004) ABSTRACT Varicella zoster virus (VZV) becomes latent in human ganglia after primary
infection. VZV reactivation occurs primarily in elderly individuals, organ transplant recipients, and patients with cancer
and AIDS, correlating with a specific decline in cell-mediated immunity to the virus. VZV can also reactivate after
surgical stress. The unexpected occurrence of thoracic zoster two days before space flight in a 47-year-old healthy
astronaut from a pool of 81 physically-fit astronauts prompted our search for VZV reactivation during times of stress to
determine whether VZV can also reactivate after non-surgical stress. We examined total DNA extracted from 312 saliva
samples of 8 astronauts before, during and after space flight for VZV DNA by polymerase chain reaction: 112 samples
were obtained 234 to 265 days before flight, 84 samples on days 2 through 13 of space flight, and 116 samples on days
1 through 15 after flight. Before space flight, only one of the 112 saliva samples from a single astronaut was positive for
VZV DNA. In contrast, during and after space flight, 61 of 200 (30%) saliva samples were positive in all 8 astronauts.
No VZV DNA was detected in any of 88 saliva samples from 10 healthy control subjects. These results indicate that
VZV can reactivate subclinically in healthy individuals after non-surgical stress. 
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