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Introduction

This application proposes a continuation of our current effort, which has provided the

first demonstration of viral reactivation during space flight. We have used the

herpesvirus EBV as a model for latent viral reactivation and have shown that increased

amounts ofEBV DNA were shed by astronauts during space flight. Analysis of the

Antarctic space flight analog indicated that the frequency of viral shedding may also

increase (along with the increased numbers of virus) during long periods of isolation.

However, a number of critical questions remain before the findings may be considered a

significant health risk during extended space flight. These include:

• Are other latent viruses (e.g., other herpesviruses and polyomaviruses) in

addition to EBV also reactivated and shed more frequently and/or in higher

numbers during space flight?

• Is the viral reactivation observed in space flight and ground-based analogs

mediated through the hypothalamus-pituitary-adrenal (HPA) axis resulting in a

decreased cell-mediated immune response?

• How does detection of viral DNA by PCR analysis correlate with infectious

virus?

• How does the amount of virus found during flight compare with viral levels

observed in acute/chronic viral illnesses and in control individuals?

This expanded study will examine the phenomenon of viral reactivation from the

initiating stress through the HPA axis with the accompanying suppression of the immune

system resulting in viral reactivation. This information is essential to determine if latent

viral reactivation among crewmembers represents a sufficient medical risk to space travel

to require the development of suitable countermeasures.

Hypothesis

Increased viral reactivation and shedding during space flight results from physiological

stress, is mediated through the hypothalamus-pituitary-adrenal (HPA) axis, and poses a

potential health risk to long-duration space flight.

Specific Aims /

The mechanism and significance of viral reactivation under space flight conditions will

be addressed by the following specific aims:

Aim 1. To implement an integrated test regime to evaluate behavioral status, stress

hormone levels, cell-mediated immune status, and viral reactivation in test

subjects.

• This end-to-end analysis will be conducted on space flight crewmembers,

stress model subjects, persons with compromised immunity, and control
individuals.



Aim 2.

Aim 3.

• Viral levels in control and immunocompromised populations will assess the

medical significance of viral findings in astronauts.

To broaden the scope of the current study to include other herpesviruses (CMV,

HSV, HHV6) and polyomaviruses (JCV, BKV, SV40).

• The integrated test regime will be used to evaluate viral reactivation and

shedding (frequency and quantitation) in appropriate body fluids (blood,

urine, and saliva).

• Levels of reactivated infectious viruses shed in body fluids will be correlated

with viral DNA detected by PCR.

To determine which component(s) of the HPA axis and immune system are
involved in viral reactivation.

These studies will provide insights into the extent and mechanism of viral reactivation

during space flight and will help establish the medical significance of the findings. This

information is essential to determine if countermeasures are indicated to ensure the safety

of long-duration space flights.

BACKGROUND AND SIGNIFICANCE

The launch of the Zarya began the era of international Space Station allowing for

permanent human occupation and longer stays in space. Studies conducted on the ISS

will inevitably lead to exploration missions to the Moon and eventually Mars. Living and

working for extended periods in relatively crowded conditions in the closed, reduced

gravity environment of spacecraft, and potentially altered immunity (89) poses difficult

challenge to sustained human habitation. Since the inception of the U.S. space Program,

prevention of infectious disease has been a high priority and the incidence of such

illnesses in the Apollo, Skylab, Apollo-Soyuz Test Project, and the space station program

has been described (91). The implement of the Health Stabilization Program has been

highly successful in reducing infectious illnesses before or during spaceflight. Astronauts

are free of many common pathogens found in the general population, such as,

tuberculosis or hepatitis viruses. However, commensals may be an important threat

especially if significant changes in the immune responses occur. The most common

infections expected include superficial bacterial skin infections, urinary tract infections,

and latent or persistent viral infections. These infectious disease risks will almost

certainly increase with increasing mis_on duration. Infectious disease risks are also

increased by: reduced gravity (absence of settling of infectious droplets), ease of general

aerosol generation (large droplets of saliva and urine remain suspended), limited

availability of diagnostics and environmental monitoring, limited isolation facilities,

limited disinfection options in closed environment, and other unique features of living in

space.

Eight identified types of herpesviruses commonly establish infections in humans.

Herpes simplex type-1 (HSV-1), herpes simplex type-2 (HSV-2), cytomegalovirus

(CMV), Epstein-Barr virus (EBV), varicella-zoster virus (VZV), human herpesvirus-6



(HHV-6), humanherpesvirus-7(HHV-7), andhumanherpesvirus-8(HHV-8) areall
double-strandedDNA virusesthatmayestablishalifelong latentinfectionin thehost (64,
93). Theselatentvirusesaresubjectto intermittentreactivation;replicationof the
reactivatedherpesvirusgenomemaygive riseto both infectiousandnoninfectious
(defective)viral particles.Reactivationof latentEBV infectioncanbetriggeredin
spaceflightandin groundbasedspaceanalogueslike Antarcticaby avarietyof localor
systemicstimuli, perhapsresultingfrom physicalandpsychologicalstresses.EBV in
lymphoblastoidcellscanbe reactivatedin thepresenceof hydrocortisone,
dexamethasone,corticotropin-releasingfactor,adrenocorticotropichormone,or
somatostatin(27).Sinceoneor moreof theherpesvirusesinfectnearly100%of theadult
population(64), theyareprimecandidatesfor studyingtheeffectsof spaceflighton latent
virusesin astronauts.More than90%of theadultpopulationarebelievedto be infected
by EBV (50,63). EBV infectionsareusuallyself-limiting andarecharacterizedby fever,
pharyngitis,andcervicallymphadenopathy.EBV is thecausativeagentof infectious
mononucleosis,Burkitt's lymphoma,undifferentiatednasopharyngealcarcinoma,and
diffusepolyclonalB-cell lymphoma(39,50).MostCMV infectionsin adultsare
asymptomatic;however,CMV infectionscanbeseverein immunocompromised
individuals(37).CMV infectionmayresultin aninfectiousmononucleosis-like
syndrome,centralnervoussysteminfections,andfebrile illnesses(41). Salivary
sheddingof EBV andCMV by healthyindividualsservesasareservoirfor reinfection
(1,37,52,66).VZV infectstheupperrespiratorytractandcauseschickenpoxonprimary
infectionandremainslatentthereafter(25). ReactivatedVZV causesepisodesof zoster
or "shingles";reactivationmayoccurin theabsenceof clinical symptoms(25). In AIDS
patients,reactivatedVZV maycauseseveresystemicinfections(97). HHV-6 is the
etiologicalagentof exanthemasubitumin children,aninfectiousmononucleosis-like
diseaselaterin life, andmaycauseafatalacutepneumoniain organ-transplantpatients
(4,64). Thepersistenceof HHV-6 infectionhasbeenattributedto thecapacityof this
virus to infect theparotidandsalivaryglands(64);salivaplaysa centralrole in
transmittingthis infectiousagent.WhileHSV or VZV establishlatencyin dorsalroot
ganglia,EBV establisheslatencyin B-lymphocytes.Unlikeneurons,B-lymphocytescan
replicateandmoveamongtissues,andarealmostalwayscontinuouslysubjectto immune
surveillance(58).

Thepolyomavirusesaresmall DNA viruses with oncogenic potential

(I 1,18,24,79). Important members th_t infect humans are BK virus (BKV), JC virus

(JCV), and SV40. All three primate polyomaviruses are cancer-causing in rodents, and
SV40 and JCV DNAs have been associated with human tumors. Both BKV and JCV are

ubiquitous; primary infections occur in childhood, with 70--80% of adults having

antibody. Both viruses establish in the kidney in a persistent or latent form and may also

be latent in B lymphocytes (2,61). Both BKV and JCV have also been found in human

tonsillar cells. Immunosuppression causes reactivation, and virus is shed in the urine.

Reactivation occurs after organ transplantation, immunosuppressive chemotherapy for

malignancy, and during pregnancy, old age and AIDS (3,78). Immunocompetent

individuals excrete low levels of virus in the urine, with JCV shed more often than BKV

(2,55,88). Transmission of BKV and JCV occurs by unknown routes, but respiratory



secretionsandurinearebelievedto bethemeans.Viremiaduringprimaryinfection
distributesvirusto thekidney,andvirusmayenterthecentralnervoussystem(CNS) in
lymphocytes.JCVis thecausativeagentof progressivemultifocalleukoencephalopathy
(PML), a demyelinating,fataldisorderof theCNSthatoccursonabackgroundof
immunedeficiency(5). BKV infectionhasbeenlinked to casesof cystitisandkidney
diseasein children,hemorrhagiccystitis(3,78),retinitis (9),acuterespiratorydisease
(34),urethralstenosis(19),andencephalitis.JCVDNA hasbeendetectedin human
braintumors(48,75)andcolorectalcancers(49).

SV40 is ableto infectbothmonkeysandhumans(12). SV40establishes
persistentinfectionsin thekidneys,andvirusshedin theurine is probablythemeansof
transmission(79). Monkeyswith simianAIDS developSV40disease
(meningoencephalitis,nephritis,PML) (38,80),suggestingSV40cancausediseasein
immunocompromisedhosts.Millions of peopleworldwidewereinadvertentlyexposedto
SV40 from 1955to 1963whentheywereadministeredcontaminatedpoliovaccines
(12,79). InfectiousSV40hadunknowinglycontaminatedbatchesof bothinactivatedand
live attenuatedformsofpoliovaccinepreparedin monkeykidneycells. SV40was
subsequentlyshownto betumorigenicin hamstersandableto transformhumancellsin
culture(13). SV40DNA hasbeendetectedatrelativelyhigh frequencyin severaltypes
of humantumors(mesotheliomas,brain tumors,osteosarcomas)(12,51). SV40hasbeen
isolatedfrom twopatientswith PML (99)anddetectedin immunocompromisedchildren
(14). Theinfectionratein humansby SV40is unknown,butpreliminary
seroepidemiologystudiessuggestinfectionratesof approximately2-10% (15,40).

Although lesscommonlydisease-causingthanherpesviruses,reactivated
polyomavirusesalsoposearisk to long-termspaceflight becauseof their tendencyfor
CNS infectionsandtheir associationwith malignancies.Againstthebackgroundof
mutagenicradiationthathostcellswill beexposedto in deepspacecoupledwith space
flight-inducedsuppressiveeffectson theimmunesystem,thepotenttumor-inducing
potentialsof thepolyomavirusesandEpstein-Barrvirus (EBV) areof seriousconcern.

Psychologicalandotherstressorscanpromotethereleaseof pituitary andadrenal
hormonesthatmodulatenumerousphysiologicalprocessesincludingtheimmunesystem.
Theinteractionof the immunesystemwith thecentralnervoussystemiswell
documented(36,84). Psychologicalstresshasbeenimplicatedin thedown-regulationof
the immunesystemandtheonsetof infectious,autoimmune,andneoplasticdiseases
(32,36,84,101).Suppressionof the immuneresponseismediated,in part,throughthe
actionof stresshormones,andtheresultsof this immunosuppressionareremarkably
similar to thoselistedabovefor astronautsafterflight (36,57,101).Accordingly,it has
beenproposedthatstressmaybeamajormediatingfactorin thebluntedpostspaceflight
immuneresponseof astronauts(57,58).Thepsychologicalandphysicalstressors
associatedwith shortandlongdurationspaceflightareexpectedto influencehost-parasite
relationships. In particular,uniqueproblemsassociatedwith spaceflight(e.g.
microgravity, crowdedliving conditions,andphysicalandpsychologicalstress)canlead
to down-regulationof the immuneresponse(23,57,58,90,91,92).This isparticularly



importantsinceconfinementin aclosedenvironmentmayincreasetransmissionof
medicallyimportantmicroorganism(72,73,93).

After apersonis infectedwith oneof thehumanherpesviruses,thevirus persists
in a latentstatefor life. Undercertainconditionsthesevirusescanbereactivated.The
mechanismsunderlyingtheestablishmentof latentvirusinfectionor viral reactivationare
not completelyunderstood.However,it is knownthatthecellularimmuneresponse
playsanimportantrole in themaintenanceandreplicationof latentherpesvirusesand
reestablishmentof controlovervirus replicationafterreactivation(25,26).Alterationsin
thecell-mediatedimmunity(CMI) mayresultin viral reactivation,whichcanbe
expressedas:(a)asymptomaticviral shedding,(b)a localizedclinical infection(e.g.,
herpeticlip lesion)limitedby theCMI to acell-to-celltransferof virus,or (c) amore
severedisseminatedinfection. Thesefourscenariosmayresultfrom differentlevelsof
overallCMI deterioration,or alternativelytheymayreflectchangesin differentCMI
componentsor componentfunctions.Forexample,antigen-specificT-cell responses may

be defective for EBV but not for the other herpesviruses, or interferon production by T-

cells may be blunted. Even in the absence of clinical disease, reactivation of latent virus

may result in increased serum antibody directed against the reactivated herpesvirus

(25,26).

Studies in the fields of endocrinology, neurosciences, immunology and

psychology have shown interrelationships between CNS and the immune system (43).

Early research demonstrate that the CNS communicates with immune system and that

stress and depression can alter immune function (6). Recently it has become clear that

there is also a feed back loop to CNS from immune system to CNS (7). There has

been plenty of research relating to the effect of stressors on the immune system (42).

Animal data have shown the positive effect of social stability in mediating immune

changes caused by chronic stress (16). In humans, th epositive effect of social resources

in mediating stress are also well recognized (53) even if the underlying physiological

mechanism is not well understood. But there are hints. For example, Interleukin-1

released by macrophages after an infection can interact with hypothalamus modulating

the Hypothalamic/ pituitary/ adrenal (HPA) axis to stimulate the production and secretion

of cortisol through several intermediate steps (21,26,29). Glucocorticoid hormones are

induced by tumor necrosis factor, interleukin-1 and interleukin-6, while the induction of

these cytokines is, inturn, under negative conrol of glucocorticoids. (10). The activation

ofcytokines in the central nervous system can lead to profound changes in neural

function ranging from mild behavioral disturbances to anorexia, drowsiness, increased

slow-wave sleep, dementia, coma, destruction of neurons (74) B-ceU lymphoeytes

contain corticotropin and can be stimulated by corticotropin-releasing hormone and

inhibited by cortisol (74). Studies have shown changes in serum immunoglobulin due to

healthy and unhealthy lifestyle. IgE concentrations increased in unhealthy lifestyle (83).

Theorell et al (94) found a small but significant increase in IgG concentrations with

increaseing job strains among those with low social support. Similar trends in

immumoglobulin concentrations have been reported by other workers also (43,62,63).



Thecomponentsof thenonspecific(e.g.,macrophages,NK cells),cell-mediated
(e.g.,cytotoxicT-cells),andhumoral(primaryantibodyresponse)immunesystemsact to
containand"cure"aprimaryherpesvirusinfection,butoftenwith theestablishmentof a
latentviral infection(28,60). Both immuneandnon-immunehost factorsactto maintainthe
virus in the latentstate.Herpesvirusesalsoaffecthost immunocompetenceby infectingcells
of the immunesystem(22,33). Suchinfectionsareknownto altertheregulationand
activationof componentsof thehostimmuneresponse.Forexample,herpesvirusinfection
of monocytes/macrophagesmayresultin suppressedsynthesisof immunoregulatory
cytokinessuchasIL-6, IL-1B, andtumornecrosisfactor(TNF) alpha(33). NK cells are
importantin reducingviral loadby attachingto andkilling herpesvirus-infectedcells;CMV-
inducedimmunosuppressionisknownto decreaseNK cell activity (22). A herpesvirus-
inducedimmunosuppressioncouldresultin latentvirus reactivation(e.g.,herpesvirusor
retrovirus)anddissemination,andmayaffordanopportunityfor otherpathogenicor
opportunisticpathogenicmicroorganismsto establishaprimaryinfection(22,33).

Antibodyresponseto vaccineshasalsobeenshownto be influencedby stress.
Researchershaveinvestigatedcorrelationbetweenstressandresponseto hepatitisB
vaccine.Onestudyshowedanegativecorrelation(39),whereastheotherfounda
positivecorrelationwith higherlevelof perceivedstress(71). It is hypothesizedthat
stressdecreasesourcontrolovertheseviruses,andthiscanbeshownwith increased
antibodytiters.EBV antibodytitershavebeenreportedto besignificantlyhigherduring
examinationin medicalstudentsascomparedto thebaselineperiodbeforeexamination
(32).

Theseviruseswill becarriedby theastronautsintospace,andmayrepresenta
healththreatespeciallyduringlongdurationmissions.Reactivationof latentvirusesand
sheddingmayoccuramongpeopleworkingandliving in spaceandin otherphysically
isolatedextremeenvironments.Stress-inducedchangesin levelsof specifichormones
leadto alterationsin thecell-mediatedimmune(CMI) response,resultingin increased
reactivationandsheddingof latentvirusesin bodyfluids suchassaliva,urineandblood..
Uniqueaspectsof spaceflight,suchastheeaseof generationof aerosolsfrom liquids
suchassalivaor urine,increasetherisk of contactwith infectiousparticles.Microgravity
mayallow exposureto largerdropletscontaininglargernumbersof viruses.Astronauts
experiencepsychologicalandphysicalstressesresultingin decreasedimmunefunctionin
duringandafterspaceflight(89).Alteredcytokineproduction,altereddistributionof
leukocyteandlymphocytesubsets,anddecreaseddelayedhypersensitivityhavebeen
observedin duringspaceflight (89,90,91).Thesechangesmayresultin increased
reactivationof latentviruses,potentiallyincreasingtherisk of disease.Similarly,
reactivationandsheddingof thesevirusesmayalsooccurin healthanddiseasewith
variabledaily stress.Theupcominglaunchof thefirst elementof theInternationalSpace
Stationunderscorestheimportanceof maintainingcrewhealthduring increasinglylong
staysin space.Little is knownasto howspaceflight affectshumanimmunity to viruses
andotherinfectiousagents.However,the longerthemission,thegreatertherisk of latent
virusesbecomingreactivated;moreover,uniqueaspectsof spaceflight, suchasthe
generationof aerosolsfrom liquids suchassalivaor urine,increasetherisk of contact
with infectiousparticles.Althoughhealthrisksassociatedwith manyinfectiousagents



canbe reducedby anappropriatequarantineperiodbeforeflight, latentvirusesarenot
affectedby thisstrategy.

Evidenceprovidesadditionalsupportthatstresshormonesplay anunderlyingrole
in spaceflight immunesuppression.SteinandSchluter(85)measuredinflight urinary
interleukin-6(IL-6) andcortisolexcretionon SpaceLabLife Sciences(SLS)-1and
showedthatcortisolfluctuatedpreflight,dramaticallyincreasedimmediatelyafter launch,
andmoderatelyincreasedagainjust prior to reentry. In addition,IL-6 wassignificantly
elevatedimmediatelyafterlaunch,anda largerspikewasobservedafterlanding. IL-6,
anacutephaseresponseprotein,is amajorinducerof B-cell terminaldifferentiation.
Becausethesignificanceof thechangesin the immuneresponseassociatedwith long-
termspaceflight is notknown,reactivationof latentviruses,suchasEBV, is apotential
problem for astronauts or cosmonauts on long missions (>90 days).

Experimental Design

Overview: The four Specific Aims will be achieved and the critical questions answered

through the implementation of an integrated test regime to study four study groups.

The Integrated Test Regime (outlined below) is designed to evaluate stress/behavior

levels, stress hormone levels, cellular immunity status, and viral reactivation and

shedding (Table 1).

Hypothalamus-

pituitary- Endrocrine Immune Virus
Stress _ adrenal > System ---> system > reactivation

gland-axis increases changes



Table 1. Integrated Test Regime

Test Elements Measurement parameters

Stress measurements Questionnaire

Stress Hormones

Cellular Immunity

Viral Reactivation

EBV

CMV

HSV1 and 2

HHV6

JCV, BK, SV40

In Plasma: cortisol, ACTH, HGH

In Urine: cortisol, catecholamines

(epinephrine, norepinephrine)

In saliva: cortisol

Delayed type hypersensitivity

Cytokines (IL 4, IL 6, ILl, ILl,

IL8, ILl0, IFN T, TNF(z)

Qualitative and quantitative PCR

Viral culture

Specific viral antibody titer

Subjects:

This Integrated Test Regime
will be studied in four different

study populations: 1) Space

Shuttle/ISS crewmembers; 2)

subjects from space-flight

analogs; 3) patients with

diminished immunity, and 4)

healthy control subjects.

Study Group 1: Space

Shuttle/ISS Crewmembers.

This will address specific aim

1, 2 and 3, and will allow us to

answer critical questions listed

on page 1 of this proposal.

This group will consist of 25

crewmembers. Saliva will be

collected (three times a week:

Monday, Wednesday, and

Friday) for one month (at least

15 samples) at 4-6 months

before the flight as a baseline

From each participating

xewmember. On Shuttle flights

saliva will be collected

everyday during fight and

continued for two weeks (MWF) after flight; on ISS missions (>30 days) saliva will be

collected early, mid-way, and late in the mission. Blood (10 ml) and 20 ml urine will be

collected from each astronauts at their annual physical exam, 10 days before launch (L-

10), and on the landing day (R+0), three days after (R+3) and seven days after (R+7)

flight. Cell mediated immunity (CMI) will be measured by delayed type hypersensitivity

(DTH) skin test at baseline (4-6 months before flight or at the time of annual physical

exam, within 2-7 days after landing and at next annual physical exam. This sample

schedule is summarized below in Table 2.

Table 2. Sample schedule for space crewmembers

Item Preflight In flight Postflight

Questionnaire Annual Physical, L- Early, Mid, Late R+3, R+7, R+14
10

Saliva MWF; 15 samples Everyday: Shuttle MWF for 2 wks;



Blood
(10ml EDTA)
Urine
(20ml)

CMI

4-6mbeforelaunch
AnnualPhysical,
L-10
Annualphysical,
L-10

AnnualPhysicalor
4-6mbeforelaunch

Early/mid/late:ISS

Every3'_day:
SpaceShuttle
Early/mid/late:ISS

R+0,R+3,R+7

R+0,R+3,R+7

BetweenR+2 and
R+7;next annual
physicalexam.

Study Group 2: Ground-based Space Flight Analogs: Due to the limited access to the

space flight, these studies will also be carried out in space analogs, such as Closed

Chamber and Antarctica. This will address Specific aim 1, 2 and 3. This study group will

include 25 expeditioners participating in the Australian Antarctic science station during
the about 6 month Antarctic winter-over isolation. For Closed Chamber, 20 subject will

be included to carry out these studies.The integrated test regime will be implemented, and

sample collection is summarized in Table 3.

Table 3. Sample schedule for Antarctic expeditioners

Item Pre isolation Isolation Post isolation

Questionnaire Early, Mid and Late Early, Mid and Late Early, Mid and Late

Saliva M W F; Every week M W F; 15 samples

15 samples

1-2 m before isolation

Blood (10ml 1-2 month before isolation Every month 1 month after

EDTA)

Urine (20ml) 1-2 month before isolation Every month 1 month after

CMI 1-2 month before Every 2-3 month 1-2 month after

Study Group 3: Diminished Immunity Patients

This will address the medical significance of viral reactivation in astronauts (third part of

Specific aim 1) and will allow us to compare our data from astronauts with the immuno-

compromised subjects. This group will include 25 patients with diminished cellular

immunity. This group will include selected patient populations such as but not limited to:

infectious mononucleosis, HIV-positive, and cancer chemotherapy. Saliva will be

collected three times a week (Monday, Wednesday, and Friday) for one month (at least

15 samples). Blood (10ml EDTA) and urine (20ml) will be taken immediately before and

after one month of saliva collection from these subjects: Cell mediated immunity of each

participating individual will be measured by delayed-type skin hypersensitivity before

and after one month of sample collection period (Table 4).

10



Table 4. Sample schedule for patient populations

Item Sample schedule

Questionnaire Early, Mid, Late

Saliva M, W, F for 4 weeks; 15 samples

Blood 10ml EDTA Before and after the 4 week study

Urine 20ml Every week for 4 weeks

CMI Before and after 4 weeks of study

Study Group 4: Healthy Control Subjects

The reactivation of viruses will be compared with apparently healthy normal individuals.

This group will consist of 25 age/sex matched healthy individuals. The specimen

schedule is the same as for the patient populations given above in Table 4.

Methods

Behavioral Measures of Stress

Stress is best measured with a convergence of mood, behavioral, physiological,

and biochemical measures (4b). The proposed research will use this approach to stress

assessment, measuring behavioral changes, mood, symptom reporting, and sleep

disturbances, as well as physiological arousal indexed by changes in cortisol and

catecholamines. In all cases they have proved to be useful and sensitive measures of

stress, have tended to converge (suggesting that they are tapping different aspects of the

same construct), and have proved to be stable, reliable, and valid. This is consistent with

the notion that multi-level, simultaneous assessments of stress provides a more complete

and potentially informative picture of stress responding.

All data collection for the questionnaires and behavioral tasks will be done on a

laptop computer and all entries will be time-and-date stamped. In the space crew, a detailed

assessment will be conducted at the ground-based assessments (annual physical, L-10, and

R+3, R+7, and R+14). During Shuttle flight or ISS missions, a brief assessment will be

conducted at the beginning, middle, and end of each flight/mission. For participants in the

two control groups, the same detailed assessment as completed by the space crew will be

collected at the beginning and at the end of the sampling period. The Balanced Inventory of

Desirable Responding will be used to _aeasure the extent to which people respond to

questions in socially desirable ways (69b). It measures both impression management and

self-deception and will be completed only at the first assessment.

Changes in anxiety will be assessed using the State Scale of the Spielberger State-

Trait Anxiety Inventory (STAI) (84b). The State Scale of the STAI is a 20-item scale

that provides information about a person's current level of anxiety. There is extensive

normative data using this scale and it is widely used in research on clinical, medical, and

student populations and has good internal consistency reliability (0.85 to 0.95) (84c).

This questionnaire will be administered at all time points. The Trait portion of the STAI

will be only completed at the first assessment point.

I1



Poor sleephas been associatedwith subsequentdecrementsin mental health
includingsymptomreporting,incidentcasesof moodandanxietydisorders,andimmune
function (15,34a, 34b). Therefore, sleep disturbanceswill be assessedusing the
PittsburghSleepQuality Index (PSQI)(7). ThePSQIis aself-ratedquestionnairewhich
assessesquality of sleepandsleepdisturbancesandhasgoodinternal (0.83)andtest re-
test reliability (0.65-0.85). Participantswill also completea brief sleepdiary which
specificallyasksaboutsleepquality thenight before. Thesleepdiary will be completed
at all timepointsandthePSQIwill becompletedat all theground-basedassessments.

To examinespecificaspectsofjob stress,participantswill completetheJobStress
Survey(JSS)(94b). TheJSSasksabouttheseverityandfrequencyof 30specificsources
of occupationalstress. Scalesfor job pressureand lackof organizationalsupportwere
identified asthe major dimensionsof occupationalstress. The scalehasgood internal
and test-retestreliability. The JSSwill be modified to specifically addressjob-related
stressorsexperiencedby astronautsboth during ground training and flight. Some
questionswill specificallyaskaboutthe perceptionof crowdingandissuesof separation
from family andfriends. TheJSSwill beadministeredat all timepoints.

As stresshasbeen found to influence attentionalprocessesand reactiontime
(RT), participantswill performaseriesof brief RT tasks(77b). Thecomputerwill record
both the speedand the accuracywith which the subjectscompletethe tasks. The RT
taskswill beadministeredatall timepoints.

The Impactof EventsScale(IES) is a 15-itemself-reportscalethat assessesthe
two most commoncategoriesof responsesto stressfulevents: intrusion and avoidant
thoughts. Intrusivethoughtsor the tendencyto ruminateon or to avoid thoughtsabout
stressorsappearsto exacerbatethe impactof stress(102). Reliability estimatesof the
scalein this population(internalconsistency)rangedfrom 0.79 to 0.90 (37b). The IES
will becompletedat all theground-basedassessments.

Symptomreportingwill be measuredby the Brief Symptom Inventory (BSI)
(19a). Thiswidelyusedsymptominventory,a 53-itemversionof the SymptomChecklist
90-R (19b), yields an overall distressscore (global severity index - GSI) as well as
subscalescoresreflecting somatization,anxiety, phobic anxiety, depression,hostility,
obsessive-compulsive,interpersonalsensitivity, paranoid ideation, and psychoticism.
Patientsareaskedto ratethe level of distressassociatedwith eachsymptomthey have
experiencedduring thepastweek. Reliability estimatesfor the varioussubscalesrange
from 0.84to 0.90,andthesubscalescorrelatewith theMinnesotaMultiphasicPersonality
Inventory (MMPI) scalesmeasuring/similarconstructs(19a,19c). The BSI will be
completedatall theground-basedassessments,exceptnotatR+7.

Table 5. Sample data collection for the behavioral measures

ANNUAL PHYSICAL

• Balanced Inventory of Desirable

Responding

• Spielberger State-Trait Anxiety

L-10, R+3, R+7, R+14

• State Anxiety Inventory

EARLY, MIDDLE, AND

LATE IN MISSION/FLIGHT

• State Anxiety Inventory

12



Inventory
• Pittsburgh Sleep Quality Index/Sleep

Diary (PSQI/Sleep Diary)

• Brief Symptom Inventory (BSI)

• Impact of Events Scale (IES)

• Job Stress Survey (modified for

astronauts)
• Attentional Tasks

• BSI (L-10, R+3, and R+14)
• IES

• PSQI/Sleep Diary

• Job Stress Survey
• Attentional Tasks

• Sleep Diary

• Job Stress Survey

• Attentional Tasks

Detection of Infectious Virus

The amplification of viral DNA by PCR from a clinical specimen does not

indicate whether intact, infectious virus was present in the sample. Infectious virus is

required to induce disease or to transmit an infection to susceptible contacts. Although it

might be assumed that any sample containing viral DNA would contain some infectious

virus, this needs to be proven using virus culture approaches.

Most viruses of priority in this study are difficult to culture and cannot be

quantitated by plaque assays. Therefore, an alternative approach will be followed.

Samples that are positive for viral DNA by PCR will be diluted and inoculated into

cultures of susceptible cells. Seven to 10 days later, the cells will be lysed and assayed

for viral DNA by PCR. Human diploid fibroblasts are the cells of choice to isolate CMV

and VZV (49b) and also are susceptible to HSV (49b) and BKV (79b). COS-7 cells will

be used for detection of JCV (34b) and CV1 cells for isolation of SV40 (51b). The PCR-

based assays of infected cell lysates will not be quantitative but, if positive, will indicate

that infectious virus was present in the original specimen. Serial dilutions of original

inocula would provide rough estimations of relative levels of infectious virus present in

samples. A different approach must be used for EBV as it infects only lymphocytes and

fails to replicate in most cells; infectivity with that virus is measured using a lymphocyte

transformation assay (96). This is a laborious assay, but will indicate if infectious EBV

was present in a specimen.

DNA extraction

Saliva specimens will be concentrated with a Microsep 100K filtration unit

(Filtron Technology Corporation, Northborough, MA) and extracted by a nonorganic

extraction method (Qiagen Inc., Chatsworth, CA). Microcarrier gel (Molecular Research

Company) will be added to facilitate DNA recovery at the proteinase K digestion step

(Boehringer Mannheim, Indianapolis, IN). DNA will be resuspended in 50 p.1 of

nuclease-free water (Amresco, Solon, OH). EBV DNA for control studies was obtained

from Sigma Chemical Co. (St. Louis, MO).

DNA amplification by PCR

PCR primers directed at the EBV polymerase accessory protein gene

(BMRF 1) are P1, 5',3'-GTCCAAGAGCCACCACACCTG (The Midland Certified Reagent

Co., Midland, TX), and P2, 5',3'-biotin CCAGAAGTATACGTGGTGACGTAGA (Digene

Diagnostics, Gaithersburg, MD) (17). Primers for HSV type 1 and 2, CMV, and HHV6, are

as given in Appendix---.These primers will be used at a concentration of 200 _tM with 10

laM deoxynucleic acid triphosphates (Perkin-Elmer, Branchburg, N J). PCR will be

optimized using buffer II (Perkin-Elmer) with 2.5 mM MgC12 (68). Dimethyl sulfoxide
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(Sigma)will beaddedto a final concentrationof 5%(69). ArnpliTaq Gold (2.5 units)

(Perkin-Elmer) will be added to the 100-111 reaction mixture; then 5 _tl of the purified DNA

was added to 20 _1 of the reaction mixture. PCR cycle parameters for amplification of these

viruses will be followed as described by the manufacturer (Digene Diagnostics,

Gaithersburg, MD).

PCR fragments will be detected with the Sharp Signal System (Digene Diagnostics)

after 24 hours. [67]. Positive and negative controls will be used in the amplification by

PCR and detection of EBV by Digene's Sharp Signal Detection system. Our laboratory has

verified that the sensitivity of the Digene detection system is up to 10 copies of DNA, as

claimed by the manufacturer. Seronegative and seropositive samples were included in a

control study done to compare results from the test subjects. No cross-reactivity was

observed between the EBV primers used and DNA from other herpesviruses like HSV type

i, HSV type 2, CMV, and HHV6. PCR primers used for the detection ofpolyomaviruses

are listed in Table (Appendix---). Reaction conditions will be as described (22).

Quantitative estimation of HSV

Competitive PCR will be used for determining viral load with Viral Quant kit

(Biosource International). This is a quantitative adaptation of the PCR in which a known

copy number of exogenous synthesized DNA, known as Internal calibration Standard

(ICS), is mixed with sample DNA prior to extraction and amplification. The ICS has been

constructed to contain PCR primer binding site identical to the viral DNA (to be

quantified) and a unique capture binding site that allows the resulting ICS amplicon to be

distinguished from the viral amplicon. In this procedure, viral DNA isolated from saliva

or urine is amplified with Viral Quant format, primers, one of which is biotinylated. In

case of EBV, these primers target a conserved sequence of EBER 1. The EBER1 gene is

expressed during EBV latency as a small non-polyadenylated RNA transcribed by RNA

pol III. Sequences recognized by the two EBV- specific amplification primers are

identical between type 1 and type 2 strain of EBV (54). In case of CMV, these primers

target a conserved sequence of gB (gpUL55), the protein product of which is critical for

inducing neutralizing antibody response (56). During amplification, the biotin labeled

primer is incorporated in to both ICS and viral (EBV or CMV) amplicons. Following

PCR, the amplicons are denatured and hybridized to either ICS or EBV sequence-specific

capture oligonucleotides. Capture oligonucleotides are prebound to microtiter wells. The

bound amplicons are detected and quantified by addition of an enzyme-streptavidin

conjugate followed by the substrate. Tile signal generated in the reaction is proportional

to the amount ofamplicon present. Since the ICS is amplified at an efficiency identical to

the viral (EBV or CMV) DNA, it can serve as a standard for viral DNA quantitation. In

addition, the detection of ICS serves as a sample-specific extraction control.

For viruses other than EBV and CMV, including EBV, CMV, HSV1 and 2 and

HHV6 quantification will also be carried out with TaqMan 7700, DNA sequence detector

from Perkin Elmar. Primers and probes specific for different herpes viruses to be used on

this instrument will be designed after Kimura et al. (44).

Viral Antibody Titers:

Determine if antibody titers to EBV-specific antigens are increased after space
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flight.

Preliminary data has shown an increase in anti-VCA IgG antibodies prior to

flight, and 3-to-6-fold increases in anti-EA IgG antibodies alter space flight. This

specific aim will characterize in detail the humoral immune response to EBV lytic

antigens. Blood samples will be spun at 3000 rpm for 15 min to collect plasma.

Standard techniques (immunofluorescence assay) will be used on plasma specimens for

determining IgG/IgM antibodies to EBV-VCA, -EA, and -EBNA (86,87). Measurement

of an irrelevant antibody (i.e., tetanus) will be performed to confirm the specificity of

EBV-antibody titer changes. This information will also be useful for documenting

seroconversion by crewmembers. It is expected that increased antibody titers to EBV

lytic antigens will be increased before launch (anti-VCA) and after landing (anti-VCA

and -EA), thus demonstrating a significant humoral immune response to EBV replication.

Stress hormones

Measure stress hormones in plasma and urine.

The preliminary data indicates increased stress hormones both prior to and after

launch. The measurement of hormones and immunoglobulins, which has been described

previously in detail by Leach et al. (50), will be performed in collaboration with the

Clinical Laboratory, NASA Johnson Space Center. Plasma adrenocorticotropic hormone,

plasma and urinary cortisol, and angiotensin I will be measured by radioimmunoassay

(ILIA). Urinary catecholamines (epinephrine, norepinephrine) will be measured by high-

performance liquid chromatography. IL-6, human IL-10, and viral IL-10 will be

measured by ELISA. The amount of stress hormones are expected to be significantly

increased after landing, and these changes will partially be responsible for the switch

from latent to lytic EBV replication.

Phenotypic analysis of leukocyte sub populations will also be performed to

correlate with the results from the WBC and differential hematology data (obtained from

the JSC Clinical Laboratory) as well as specific aim 2. For antibody staining of

leukocytes, a whole blood will be aliquoted into 12 x 75 mm tubes and stained with the

following antibodies: anti- CD3, CD14, CD16, CD56, CD4, CD8, CD10, and CD1 lb.

Red cells will be lysed (FACSLyse, Bectin-Dickinson), washed once, resuspended in 1%

paraformaldhyde and analyzed by flow cytometry. It is expected that the number and

function of EBV-specific T-cells will be decreased alter space flight, and these results

will directly correlate with the elevations in stress hormones (i.e., cortisol).
t

Delayed-type Hypersensitivity

The delayed-type Hypersensitivity (DTH) skin test is a reliable screening test for

cell mediated immunity (CMI) (45,82). DTH skin testing will be done using a

commercially available Multitest CMI applicator (Institut Mrrieux, Lyon, France). The

recall antigens applied with the multitest are 7 antigens and a glycerine control (46,62,63).

The antigens in this test include tetanus, diphtheria, Streptococcus, tuberculin, Candida

albicans, Trichophyton, and Proteus. Reactions is recorded after 48 h as the area of

induration measured in millimeters with calipers; reactions were considered positive if the

diameter of induration was > 2 mm. Subject score is recorded as the total millimeters of

induration from all 7 test antigens. The following criteria will be used to assess CMI
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multitest results (62,100): subjects with one or less positive antigen reaction, with a subject

score of less than 5 mm, will be designated anergic; subjects with subject scores of less

than 10 mm will be hypoergic; and subjects with subject scores of more than 10 mm will be

designated normal responders. All DTH testing will be conducted by trained nurses in the

procedures.

Statistical analysis:

Sample Size

The number of subjects per group (N) and the number of observation days per

subject (n) recommended for this study were determined by examining the power of the test

(probability of finding a statistically significant difference) comparing the incidence rates

(P) of positive EBV samples between two groups. The power calculation takes into

consideration differences between subjects as well as daily variation for a given subject.

Appendix 2 show estimates of power (test level _x= .05) for hypothetical comparisons

between astronauts (P = 0.32) against (a) a normal healthy group (P = 0.10); (b) a normal

moderately stressed group (P = 0.20) and (c) an immune-compromised group (P = 0.52).

Based on these calculations, we chose to proceed with N = 25 subjects and n = 12 or more

observation days per subject. This combination gives a power of 0.99, 0.54 and 0.83 for the

comparisons in (a)-(c) respectively. The data collected from the present study will be

statistically analyzed using repeat regression logistic and Analysis of Variance (ANOVA)
wherever needed.

Study schedule will be as follows:

Collection of samples from control group

Processing of samples from control group

Analysis of data obtained from patient population

Collection of samples from patient population

Processing of samples from patient population

Analysis of data obtained from space analogs

Collection of samples from space analogs

Processing of samples from space analogs

Analysis of data obtained from space analogs

Collection of samples from spaceflights

Processing of samples from spaceflights

Analysis of data obtained from spaceflights

Preparation of final report t
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Progress report on the previous grant

The first two years of the current effort produced several important findings and tangible

products. For example,

• The first report of latent viral reactivation and shedding during space flight.
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• The first report of quantitative increases in viral DNA in saliva during space flight.

• The first report of increased salivary EBV shedding correlating with diminished CMI

response in Antarctic expeditioners.

• The development of a new flow cytometric method for the detection of EBV infected B
cells.

• The development of highly sensitive CMV primers for PCR analysis.

This has resulted in 2 manuscripts published (Appendix 3,4), two manuscripts accepted

(Appendix 5,6), 1 manuscripts submitted

(Appendix 7), 2 manuscripts in preparation, 2

abstracts (Appendix 8,9), and 2 NASA Tech

Briefs (Appendix), and 1 patent pending

(CMV primers).

We selected EBV as a model for our

studies of latent viral reactivation in spacecraft

and ground-based models of space flight. The

high incidence (-90%) of EBV in the general

population and the ease with which saliva

specimens can be collected during space flight

made EBV an ideal candidate for studying this

phenomenon. Space flight constraints

required the use of PCR assay for the viral
DNA because freezers were not available to

maintain virus viability. Storage of saliva at

ambient temperatures required the
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Figure 2. EBV DNA detected in saliva from

astronauts before, during and after spaceflight.

* denote number of positive/total saliva samples

development of a stabilization buffer to maintain sample integrity. We were the first to

report the shedding frequency of EBV in astronauts during space shuttle missions

(67). Eleven seropositive astronauts (8 men and 3 women) provided saliva specimens

before, during, and after their space shuttle missions; the presence of EBV was determined

by PCR. Preflight samples were collected upon rising every other day for two months,

beginning about 6 months before launch. In-flight samples were collected daily. Postflight

samples were collected on landing day and then every other day for two weeks. Ten

astronauts shed EBV DNA during the preflight period; only two shed EBV DNA during

flight. Chi-square test and analysis oftvariance confirmed that viral shedding was higher

before launch than either during (p<0.001) or after flight (p<0.01). The frequency of

appearance of EBV DNA was no different during vs. after flight (Figure 2). These data

have been accepted for publication in Aviation, Space and Environmental Medicine

(Appendix-5).
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Reactivation of latent EBV infection may be triggered by a variety of factors,

perhaps including the physical and psychological stresses associated with space flight.

EBV in lymphoblastoid cells can be reactivated with two glucocorticoid hormones,

hydrocortisone, dexamethasone,

400 t
300

200t
0
o

_ 0

13 astronaut

Sl;

Preflight Inflight Postflight

Figure 3. EBV copies in saliva from

astronauts
space flight.

and corticotropin-releasing

factor, adrenocorticotropic

hormone (30). Although stress
hormones were not measured on

the missions included in this

study, the effects of stress

associated with space flight are

known to vary considerably

among astronauts. The viral

shedding patterns in this study

suggest that stress initiating viral

reactivation is greatest before

Subsequently, we have also measured EBV DNA copies in 95 virus-positive saliva

samples screened from 684 samples collected from 13 astronauts before, during, and after 6

space Shuttle flights (Figure 3). Quantification of EBV DNA was done with the BioSource

Viral Quant EBV (PCR). EBV DNA was detected in 14% of the saliva specimens. The

number of EBV DNA copies was found to be significantly higher (p < 0.05) in saliva

collected during the flight than before and after flight. The number of EBV copies (mean +

SE) was 38 + 3.1 before, 350 + 39.7 during, and 40 + 7.2 after flight. Of the 94 EBV-

positive saliva samples, 66 were obtained before, 19 during, and 9 after flight. The

increased number of EBV DNA copies found in saliva during space flight indicates

larger numbers of infectious EBV particles are produced during space flight, perhaps

resulting in increased risk of disease. These results were presented at the 99 'h Annual

meeting of American Society for Microbiology, Chicago., IL. (Appendix 8).

We have compared the EBV DNA copies measured in saliva samples collected

before, during and after space shuttle and Shuttle Mir. Inflight EBVcopy number were

found to be about ten fold higher than that ofpre or post flight samples. Though, these

inflight EBV copies were much less than that of HIV patients, there was some overlap of

upper limits of astronaut's values withlthe lower limits of HIV patients (Table 6).
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RecentlyKimuraet al. (26)havereported
EBV copiesfrom patientswith symptomaticEBV
infection.Theyreportedthat316copiesper
microgramofPBMNC DNA wereenoughto
diagnosesymptomaticinfection.Two morestudies
usedthelevelof 500copiesof EBV DNA/105cells
asindicatorsof symptomaticEBV infection(51a,
51b)

To complementourspacefight studies,we
havestudiedviral reactivationin theAntarcticand
LunarMarsSpaceTestProject-ClosedChamber
ground-basedspaceanalogs.Sixteenexpeditioners
fromtwo Australian Antarctic stations were tested for

EBV DNA shedding patterns. Although the temporal

shedding pattern varied, EBV DNA was detected

more frequently in the samples collected during the

isolation period than either pre-isolation or post-

isolation periods. Cell-mediated immunity (CMI) was

assessed periodically with cutaneous CMI Multitests

on the forearm of each subject. More than 80% of the

subjects had reduced CMI response at all 5 of the

measurement times. In most subjects EBV shedding

was found to occur more frequently during periods of

Table 6. EBV DNA copies in different

populations

Pre-post/flight

EBV DNA copies / ml

Average

40

Ranges

6-109

Inflight Shuttle 350 130-738

Inflight Mir 231 16-1130

HIV patients 3700 <600-6200

Infectious 158 NA

mononucleosis

(26)

EBV related 5011 NA

LPD (44)

Chronic active 12,590 NA

EBV infection

(44)

NASymtomatic

EBV infection

(76,77b)

500

copies

per t05

cells

anergy or hypoergy (Figure 4 &5). We concluded that extreme environmental conditions

and the stress associated with total physical isolation caused a decline in CMI, resulting

in an increase in EBV reactivation early during the winter-over period. This is the first

report of increased salivary EBV shedding with diminished CMI response in

Antarctic expeditioners. These data were presented at 98 thGeneral Meeting of American

Society for Microbiology (Appendix 9) and a manuscript is in press in the Journal of

Medical Virology (58b) (Appendix 6).

We also measured EBV DNA in saliva before, during, and after a 90-day closed

chamber study (Lunar Mars Space Test Project, LMSTP). Saliva, blood, and urine were

collected from each crewmember participating in the LMLSTP studies. Saliva samples

was collected every Monday, Wednesday, and Friday, and blood and urine were collected

only once before and once after these studies. Of the 8 crewmembers, included in the

study, EBV DNA was detected in 24% of the saliva samples. These data suggest

increased shedding of EBV before, during, and after the chamber test (Appendix 10).

CMI responsiveness was found to be reduced during the chamber isolation phase.
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Figure 5. Viral shedding patterns and CMI status of two

Antarctic expiditioners before and during winter isolation

In addition to EBV, we have done preliminary studies on the reactivation of HSV types

1&2, HHV 6, and CMV from the saliva samples collected from space shuttle crew

members. HSV types 1&2 were detected in 2-3% pre and post flight and 8% in inflight

saliva samples. HHV6 was detected in 29% of preflight, 2% inflight and 15 % postflight

samples. CMV was not isolated in any of the saliva samples collected from

crewmembers.

Preliminary studies were conducted on the reactivation and shedding of CMV in

urine samples from astronauts before and after short space flight. Urine samples (127)

were collected from 62 crewmembers from 12 separate space missions. Urine samples

were collected 10 and 3 days before flight and within 2-3 hours after landing of the space

shuttle. CMV DNA was detected in 11.81% of the urine samples and 20.96% of the

crewmembers studied. Urine samples were also collected from 50 healthy control

subjects (31 male, and 19 female). CMV DNA was not detected in any of the control

subjects.

As we know space flight can cause changes in the immune system resulting in

increased antibody titers to latent viruses. Therefore, we examined sera from 29

astronauts for EBV Viral Capsid Antigen (VCA) and Early Antigen (EA) before and after

space flight. The VCA antibody titer was significantly higher prior to the flight compared

to baseline (annual physical). These results have been submitted to Journal of Clinical

Microbiology (Appendix 7a). We have shown increased levels of stress hormones,

activated (CD23 expressing) B cells, viral (EBV) load in B-cells and IL-10 in astronauts

with evidence of EBV reactivation. These results suggest diminished immunity prior to

space flight resulting from stress-induced enhancement ofTh2 cytokine synthesis. These

data will be submitted to J. Leukocyte Biology (Appendix 7b).

20



Preliminary studies using PCR have measured the presence of JCV in multiple

urine samples from 30 healthy individuals in Houston, Texas. Virus shedding was found

to be age-dependent: of those age 20-29 years, 16.6% had at least one virus-positive

urine specimen; those 30-39 years, 28.6% were positive; and those >40 years, 58.8%

were positive. Overall, 13/30 (43.3%) were positive for JCV excretion at least once.

Seven individuals were found to be frequent shedders, having 3 or more positive urine

samples over 6 months time; six of those seven (85.7%) were over 40 years old.

Preliminary assays have been carried out on urine samples collected in 1998 from

Antarctic expeditioners. Eight of 30 subjects (26.7%) had one or more urine samples

positive for JCV. Viral shedding was also age-dependent in this group; 5 of 11 persons

(45.4%) over age 40 were positive at least once. Interestingly, of 4 individuals found to

be frequent shedders ofJCV, 2 (50%) were under age 40. These preliminary

observations suggest that the stresses associated with Antarctic isolation may increase the

frequency of JCV excretion by younger subjects. Additional samples from Antarctica

subjects will need to be analyzed to substantiate these preliminary findings.

Expected results:

The successful completion of these studies will answer the specific aims and the

critical questions (see pages 1-2 ). The data will allow us to determine the role of stress

associated with space flight. The clinical significance of our findings will be determined

through determination of infectious virus in body fluids and comparisons with acute and

chronic virally infected patients. If crewmembers are exposed to unacceptable risks from

viral reactivation, countermeasures must be developed and tested. Countermeasures

available would include stress reduction, stress management training, and antiviral

pharmaceuticals.

In addition to determining the significance of viral shedding in astronauts, we may gain

new insights into the reactivation of latent viruses in the general population. In addition

to increasing the scientific knowledge of the latent viruses, products such as the CMV

primers for CMV diagnostics, the new assay for EBV infected B cells, and others would

be expected to benefit the private sector.
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Appendix
Table A

Herpes viruses and Polyomavirus PCR, DNA Sequencing, and Probe Oligonucleotides

HSV1,HSV2

CMV

HHV6 HHV6-1

HSV011 CAG TAC GGC CCC GAG TTC GTG A

Biotin-GTA GAT GGT GCG GGT GAT GTT

MIE-D1 TGT CCT CCC GCT CCT C

MIE-D2B Biotin ATG AAG GTC TTT GCC CAG TA

GTT CCA GGC GGC ATG AAT TC

HHV6-2B Biotin-ACA CGG CCT CTC TAC ATC AC

SV40 Regulatory Region Oligonucleotides

RA 1 : 5'-AATGTGTGTCAGTTAGGGTGTG-3'

RA2: 5"-TCCAAAAAAGCCTCCTCACTACTT-3'

RA3: 5'-GCGTGACAGCCGGCGCAGCACCA-3'

RA4: 5"-GTCCATTAGCTGCAAAGATTCCTC-3"

SV40 VPI Carboxy Proximal Oligonucleotides

LAI: 5'-GGGTGTTGGGCCCTTGTGCAAAGC-3'

LA2: 5'-CATGTCTGGATCCCCAGGAAGCTC-3'

LA3: 5'-CAGCAGTGGAAGGGACTTCCCAG-3'

SV40 T-ag Amino-Proximal Oligonucleotides

SV.for3: 5"-TGAGGCTACTGCTGACTCTCAACA-3"

Reference positions _ temp?

nt 266-245

} 63(52)

nt 5195-5218

nt 358-336

} 63(52)
nt 5119-5142

Reference positions _ temp?

nt 225t-2274

} 63(52)
nt 2545-2522

nt 2336-2358 (N/A)

Reference positions' temp?

nt 4476--4453

} 63(52)
SV.rev: 5'-GCATGACTCAAAAAACTTAGCAATTCTG-3' nt 4372-4399

SV40 T-ag Carboxy Terminal Oligonucleotides Reference positions' temp?

TAI: 5"-GACCTGTGGCTGAGTTTGCTCA-3' nt 3070-3049

} 60(52)
TA2: 5'-GCTTTATTTGTAACCATTATAAG-3' nt 2630-2652

JCV Regulatory Region Oligonucleotides Reference positionf temp.

JC 1 : 5'-CCTCCACGCCCTTACTACTTCTGAG-3' nt 5086-5 l 105

/ ) 60(52)

JC2: 5'-AGCTGGTGACAAGCCAAAACAGCTCT-3' nt 272-2475

BKV Regulatory Region Oligonucleotides Reference position _ temp.

BKI : 5'-GGCCTCAGAAAAAGCTTCCACACCCTT-

ACTACTTGA-3'

BK2:5'-CTTGTCGTGACAGCTGGCGCAGAAC-3 '

Human A gamma-hemoglobin gene

AGI: 5'-CTCAGACGTTCCAGAAGCGAGTGT-3'

AG2:5 '-AAACGGCTGACAAAAGAAGTCCT-3 '

nt 50-854 ) 60(52)
nt 415-391

Reference position i temp.

nt 1252-1229

60(52)

nt 876-897

[ SVSDh21 -N

245

Size (bp), PCR product

vS.E.2.!_- Sv2x21-N ]'

317 386

413 485 554

Size (bp), PCR product d

294

(N/A; VPI probe)

Size (bp), PCR product d

105

Size (bp), PCR product _

441

Size (bp), PCR productf

316

Size (bp), PCR product

335

Size (bp), PCR product

379
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• Reference nucleotide positions in SV40 reference strain 776 (SV40-776).

bPCR annealing temperature (°C) under stringent conditions and non-stringent conditions (number in parenthesis),

CArtificial SV40 control templates (34).

dpSV2 I-N and other full-length SV40 genomes that have been currently tested.
c pSV21-N and other SV40-7?6--derived plasmids.
fpJC-MAD-I (Plasmid clone of JCV reference strain MAD-I ).

lpBK-DUN (Plasmid clone of BKV reference strain Dunlop).
b GenBank Human A-gamma globulin gene sequence, accession # M32724.
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