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BACKGROUND

Background: Human alpha herpesviruses, herpes-simplex-virus 1 & 2,
and varicella-zoster-virus (VZV), establish latency in various cranial nerve

ganglia, and often reactivate in response to stress.

In astronauts, reactivation of Epstein-Barr-virus (EBV), VZV, HSV-1 and
Cytomegalovirus (CMV) are typically asymptomatic, though live/infectious
virus is recovered and its shedding rate increases with spaceflight
duration.

The risk of clinical disease, therefore, increases for crewmembers
assigned to extended missions (>180 days.)

We report for first time, HSV-1 skin rash (dermatitis) occurring during a

long duration spaceflight.
Hypothesis: Stress associated with spaceflight dysregulates the immune

status and stress hormones of astronauts that causes reactivation of
latent herpes viruses and therefore, some clinical conditions.
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Results

The crewmember reported a persistent dermatitis, which was
treated in flight with antihistamines and topical/oral steroids.No
HSV-1 DNA was detected in any pre-mission samples.

Saliva and rash swab samples collected on flight day-82 yielded a
high HSV-1 viral copies.

Post-mission saliva samples yielded infectious HSV-1. HSV-1from
both rash and saliva samples had 99.4% genotype homology.

Physiological stress biomarkers (cortisol, DHEA, and salivary
amylase), immune markers (adaptive regulatory and inflammatory
plasma cytokines) and biochemical profile markers including
vitamin/mineral status and bone metabolism are also presented for
this case.

These data highlight an atypical presentation of HSV-1 and
underscore the importance of viral screening during clinical
evaluations of in-flight dermatitis to determine viral etiology.

IWS 2023 3




SPACE B&EDICINE
OPERATIONS DIVISION

el

Results contd...

EBV cmv HSV1 vzv
Pre + - - -
In + - + -
Post + - + -

Amplification Plat

1000 E+1 Amplification Plot

1.000

1.000 E1

£

S1o00E2

1.000 E3

1.000 B4

R+0 Tertiary Indirect Culture . ] S e b !
Negative Control 101 105 cyete

HSV1 in saliva and skin lesion before, during and after
the spaceflight

Saliva Skin Lesion
SamplingTime HSV1 ~ HSV1  Hsyi  HsV1
Point DNA  culture DNA culture
Pre flight
(L-180) 0 not done ND not done
Pre flight
() 0 not done ND not done
Mid flight
Tertiary infection using the cells and media from (FD-82) 28 +  530E+04 4
. . . Landing 1.67E+0
the secondary infection. Negative control (left), (R+0) 7 + 2406404  +
Serial dilution 10 (center), and serial dilution 105 Post flight
(I’i ht) (R+30) 0 notdone notdone notdone
gnt. IWS 2023 Postflight

(R+90) 0 notdone notdone notdone




SPACE n‘}emcme
OPERATIOHS DIVISION

.+--.
+
*

Results and conclusions
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Dermatological lesions present during space flight and immediately after returning to
Earth coincided with elevated circulating inflammatory cytokines, higher HSV-1 DNA
shedding in saliva, and in the lesion swab. HSV-1 DNA recovered from both skin lesions
and saliva samples were genome sequenced and found to be nearly identical at the
consensus genome level. However, the in-flight rash sample contained a far more diverse
population of viral genomes than the post-orbit saliva sample. The reasons for this are
not known, but may include differences in immune activation state, exposure to ionizing
radiation in space, or lesion vs. asymptomatic shedding. Astronaut saliva contains
increasingly significant viral DNA, during and after spaceflight that can be infectious. For
that reason, and in response to the data from the current astronaut subject indicating
that the persistent skin rash may have a viral etiology, we recommend prophylactic
(vaccine) treatment, where available, to the astronauts before they go into space as a
countermeasure. Further, we have published a deep space countermeasures protocol to
restore immune function. This protocol i§w%%%12egduled by HHC to be ground validated in
Palmer Antarctica and onboard ISS.
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Conclusions

Dermatological lesions present during space flight and immediately after returning to
Earth coincided with elevated circulating inflammatory cytokines, higher HSV-1 DNA
shedding in saliva, and in the lesion swab.

HSV-1 DNA recovered from both skin lesions and saliva samples were genome
sequenced and found to be nearly identical at the consensus genome level. However,
the in-flight rash sample contained a far more diverse population of viral genomes
than the post-orbit saliva sample. The reasons for this are not known, but may include
differences in immune activation state, exposure to ionizing radiation in space, or
lesion vs. asymptomatic shedding.

Astronaut saliva contains increasingly significant viral DNA, during and after
spaceflight that can be infectious. For that reason, and in response to the data from
the current astronaut subject indicating that the persistent skin rash may have a viral
etiology, we recommend prophylactic (vaccine) treatment, where available, to the
astronauts before they go into space as a countermeasure. Further, we have
published a deep space countermeasures protocol to restore immune function. This
protocol is scheduled by HHC to be ground validated in Palmer Antarctica and onboard
ISS.
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Abstract: Human alpha herpesvimses herpes simples vimes (HSV-1 or -Z) and varicella zoster vines
(WZW) edtablish labency in various cranial nerve ganglia, and often reactivate in response to stress-
associated immume system dystegulation. Reacivation of Epstein Barr Vines (EBV). VZV, H5V-1
and Cytomegalovines (CMV) is typically asymplomatic during spaceflight, though lve/infackions
virus has been recovered and the chedding rate increases with mission duration. The rick of dindcal
d:seae,ﬂ'ﬂ:fur:,mzvmcm:u fux:sh'uLmlhassig\:dhcﬂnld:dn\ism(ﬂm d.:v:}[-[em,wz
report for the first time, a case of FI3%-1 skin rash (dermatiti=) ooourring during a long duration
with oral antihistamines and topicalioral steroids. Mo HIV-1 DA was detected in 6-month pre-
n'mms:lw:mplﬁ,but mﬂight dlyﬂaﬂﬁva::\dra:hsw:hba&lyjdd:dismpﬁhgmﬁ
and 53«10 copies/ng DA, respectively. Fost-mission saliva samples contirmed to have high infec-
tous FISV-1 load (LE710 copiesing DMNA). HSV-1 from both rash and saliva samples had 99.4%
genotype homology. Additional physiclogical monitoring, mickading sress biomarkers [cortizol,
and inflammatory plasma cyfokines) and biochemical profile markess including vitamin/mineral
status and bone metabolizm are also presented for this case. These data highlight an atypical presen-
tation of HEWV-1 during spaceflight smd umderscore the importance of wiral scoeening during clindcal
evaluations of in-Hight dermatitiz, fo determine wiral eticlogy and guide treatmend.

1. Introduction

Ower the last two decades, our studies have shown that astronauts exhibit persistend
immume system dysregulation due to stress and other unique features associated with
spaceflight [1-3]. Further, we hawve illastrated that multiple herpesviruses persistently re-
activate in astronauts during space missions. This is evidenced by shedding of viral DNA
in body fluids, namely saliva, before, during and after both shaort {up to 16 days) and long
(= 180 days) duration space missions [4,5]. About 50% of astronauts reactivate and shed
wiral DNA for cne or more of the nine known human herpesviruses during and after
spaceflight [6]. Four commeon herpes viruses that have been detected during space flight
include Epstein-Barr Virus (EBV), Varicella Zoster Virus (VZV), Herpes Simplex Virus 1
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The Journal of Allergy and Clinical Immunology:

In Practice

.f,ﬁ;:; F?;’,f,';?s Clinical Communications
. A case of persistent skin rash and rhinitis insmallation. All major mission events, induding vehicle docking
Infectious AERD with immune system dysregulation .@ andlor undocking, and EVAs are mpresented in Figure 1,
onboard the International Sp ace Station Cf‘“’ﬂ::“r‘:f O:d"‘fbifbb"d- -““"5-::‘1 “fc":; mPt:;;‘dl":ﬂ&m
v a 1 b anc 1 12 y A5 arc rowmember Cirn an ri m s,
Allergic Other ::::hc;‘u:;:' ::g,, ::‘“:o‘:‘:h;‘::: ::'lDD" Generally, these thythm shifis are purposcful and preplinned by
Fungal Phenotypes - M ¥ o N ground control to support mision opertons. Crther rdevant
Sinusitis Peter Uchakin, PhD", Heather Quiriarta, BA®, medical dara such as sympromaric inddens or periods of rdevant
Duane Piarson, PhD®, Mark L. Laudenslager, PhD', and medication usage are also represented. Using this informaton,
Clarence Sams, PhD" clinical findings and research dara may be interpreted in the

context of the mission schedule and on-orbit events.

Clinical Implications The case smdy aewmember arperenced no unusual symp-

toms, other than those asodated with normal adapmdon to
o Facrors associared with spaceflight, induding micmgravity, before flight day 17. The cewmember then
micmgravity and stress, induce dysregubicion of the developed a rash, possibly dermarits, on fight day 17. This
human immune system, In some asronaut, this corresponded to the first period of notable smes in the mision,
phenomenon may associre with adverse clinical coinciding with a Shuml docking and an cxmemdy high
outcomes observed during flight such as rashes or workdoad (Figure 1), The rash presened red, bumpy, and very
persisient rhinitis, itchy aras on the back and neck (Figure 7). Coinciding wich the
rash development was the appearance of cye and upper respin-

tory rhinitis symproms, pAmarly sneezing and ichy, waery

eyes. It is noteworthy thar the cewmember doss not experience

TO THE EDITOR: rerrestrial allergies of any kind and had never previously required

any anthismmine medication. The occurrence of symproms and

Allergy Asthma
& Immunology

ANTEHISTAMING I C B C B C I ¢ M N C I € C.C C.CIC There is now ample evidence w confirm thar dysregularion of  rash severity over the geneml mission timeline is presented in
steRoID Hasneeded throughout mission > L B . L ] ] .
ANTLVIRAL = various immune system pammetes, induding leukogyre discri- Figure 1, Rash severity was madced on a relative 1-10 scale

bution, functional capacity of various cellular populations, and  berween the crewmember and flight surgeon, with guidance
oyrokine production profiles, is associared with spaceflight.” This having becn provided w the aewmember to grade based on
phenomenon was recently found w pemise for the duration of 2 discomfort and operarional impact. The crowmember treared the
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landing, Ocaurring during this IS5 deployment were the dodk-
ings of 3 Space Shurde missions, 2 Soyuz wehides, 2 Russian
"Progress” cargo vehicles, and 1 Eumpean Space Agency "ATV”
argo vehick. The cewmember participared in 5 EVAs (extra-
vehiculr actvitis—spacewalks), There were also 12 addidonal
EVAs or spacewalks that occured during Shurde docked oper-
arions. These addidonal EVAs wer performed by Shumle
aewmembers, but required support and guidance by IS5 crew-

point in the -month mision, described by the crowmember as
10+, We remospectively anticipate, based on rash locadons,
appearance, and discomforr and/or ivch, thar this lovel of severity
would correspond w approximately 30-37 on the Scoring Aropic
Dematitis scale, Ar this point, the hydrocordsons cream was
exbausted. Tdamdnolone acconide ceam was used and was
found w be incffeaive. A methylprednisolone sreroid dosepack
was prescribed, and the rash improved during the inirial period of

|4 ine 2
: el Fp— Coteton Posea e z G-month deployment to the International Space Smton (IS5).” rash with hydmcordsone cream as needed ar the cewmembers’
& Reactivation — o8, g In aswonauss, the reactivation of larent herpesviruses has been  discretion. The wse of this mediction was not recorded chily,
é D ~—___ ﬁ cormelared wich immune system alverarions.” There is acommon  bur per the crewmember, it was used heavily for the durarion of
2 =N Colecten g perception that agronaus do not experience illness during Hight. the mission. The crewmember was also prescribed fluconazole on
/.t This may be due to the (appropriarely) restricred narure of an mission day 22, on the possibility thar the msh could have fungal
T astronaut’s confidential medical informarion, or rlared  suc-  component. The antifungal had no benefidal effect on the msh.
A NmenonNoaSONTINeRRAQR agsmamsa cessful preflight quarantine and living in 2 quas-isolaion  Near to the Shurlk undocking on flight day 27, there was
FLIGHT DAY chamber. Nevertheless, asronaus do indeed experience varying  general improvement in the rash severity, and the rhiniris
JR— RN T— T 5 130 degrees of illnes.” For this case report, we track sympromology, symptoms were treated with, and responded to, an oml ani-
steRoD [ G 0 medicarion use, and rescarch immunology findings for an IS5 hismmine. A worscning of rash symproms ocaurred around
ANTEVIRAL stmnaut during a ypical 6-month flight onboard ISS. This mission day 33, immediatcly afrer an EVA, and coinciding with a
s RASH SEVERTTY 'MEDICATIONS KEY particular crewmember expedenced a chronic rash, which period of nomble on-orbic operarions. Tehinafine cream was
x A~ 'Y e occurred carly and never fully resolved during the couse of the  prescribed for use as needed on flight day 34. The severity of the
E Y JAN Benedryi 8 mission. We overhy observed symproms with major mission rash generally diminished o 1-2+4 by mission day 48, afier 2
g S [ e : ovents, to highlight a porndal rdarionship berween clinical more EVAs. On flight day 69, the most challenging EVA (per
% — Cream & outcomes and mission sress. Parallel dara from 2 biomedical the crewmember description) ocaurred. On mision day 71, a
H 1 | valtrexx H reszarch investigation ame presented in this ardcle’s Online  crewmare received some distresing pesonal news regarding a
x o ¥ N g Repasitory at www.jaci-inpractice.org, death in the family. This event was a psychological stressor for
] I - This 155 mission consisted of 191 flight days from hunch to the entire crew. On mission day 73, the rash flared w its worst

£ 9
& i oral members. The crewmember ako supported other signifiant  the 6-day rearment, with remen of symptoms on the fifth day of
E j — R:Z;:j;";‘“ Shuttle Dock to ISS % on-orbit operarions such as relocation of modules and hardware  the mpering. A 30 mg prednisone dose was initiared with 2 much
= 5| a
R 1 g
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