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CrimeanCongo hemorrhagic fever (CCHF) is
relevant tickborne viral diseases. The CCHF Virfi@®&CHFV) is transmitted in seasonal
cycles amongicks andanimalsandis endemic tdhe Eastern hemisphereev@re disease
may cevelop with outbreakcase fatality rates up to 30%Pathogenesis studies have
focused on théater stages of disease/hereadittle is known about thénfluence of the
tick-vector in disease outcomeHerein, therole of ticktransmission ofCCHFV was
investigated to examine thgology andearly pathogenesis of CCHFEConcurrently, there
are nolicensedprevention or treatment optiofer CCHF and workwith live CCHFVis
restricted to biosafety level 4 (BSL) laboratories. This measure, whilg@reserving
biosafety has hampered progress towardeveloping medical countermeasures
Recombinant vesicular stomatitis viruses (rVSV) expressing foreign glycoproteins have
shown promise as both experimental vaccinesaaadgurrogte model at bbwerbiosafety
level (BSL-2), calledpseudotypedor several viral pathogens. Hergr'VSV pseudotypes
expressinghe CCHFV glycoprotein precursor (GP@ere developedwhich encodes
CCHEFV structural glycoproteins (GP). Two distinct recombinant viruses were generated:
one infectious but replication deficient, amide otherreplication competent. Both

constructs drive strong expression of CCHEY in tissue cultureswith the replication
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competent vector possessiBEHFV-GP on the virion surfacef rVSV. This permitted
studesfor thebiology ofthe CCHF\GPCand theapplication toa serological detection

and characterization means for CCHFV antibodies. The replieatimpetent pseudotype
alsodemonstrateds usein a screeimg of antiviral compounds targeting the GP8oth

rVSV constructs werdurther evduated as vaccines for CCHF. Varying degrees of
efficacy were observed depending on the construct and experimental conditions, with up
to a 100% efficacy observed using the replicatompetent pseudotypéor the
vaccinationin a lethal CCHFV animal modelThis dissertatioroffers insight into the
biology of CCHFV and its tickvector anchighlightsthe utility of pseudotyped rvVSV as

tool to further medicatountermeasure developmentsttas deadly human pathogen and

global public healtlconcern
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Chapter 1: Introductions

CRIMEAN -CONGO HEMORRHAGIC FEVER VIRUS

History

An outbreakoccurred athe closeof World War 11 (19441945)in the Crimean
Peninsula of the formatkrainianSoviet Socialist Republic. This disease struck about 200
Soviet military personnel who presented with varying degreetelwile illnessand
hemorrhagicsyndromes'. Given the geographic location of thistimeak, the disease
was termedCrimean hemorrhagic fevend waspropagatedhrough suckling mice and
human 6volunteerso for i demfurtifeistdy? Footwo vi a K.
decades, similar disease outbreaks sprang up in Central Asia, the Balkans and elsewhere in
the Union of Soviet SocialisRepublics (USSR}hat were tickborne in nature. A
hemorrhagic feveoutbreak oveB,600 miles awajrom the Crimean Peninsdan what
is now the Demoatic Republic of Congooccurred where tickransmission was
implicated'>% This outbreak occurreduring 19% andtheillnesswast er med 06 Cong
hemorrhagic fevé!°® In a coordinated international study centereti@tMale Arbovirus
Research Uniat New Haven, Camecticut,United States of America (USAyoviet and
Americanscientistsdiscovered that the agents of both Crimean and Congo hemorrhagic
fevers along with numerousick-transmittedhuman hemorrhagic disease samples from
across the worldwere indistingushable based on physiochemical, serological, and
structural characterization The name of thesearious isolatesvasthenconsolidated to
CrimeanCongo henorrhagic fever viruCCHFV), the causative agent of Crime@ongo
hemorrhagic fever (CCHF)This single breakthrougbemonstrated the significance in
archiving and maintaining reagents for arthrojpodne viruses for future scientific
endeavors. Sinceits designationCCHFV has continued to expand both geographic

range andn thenumber ofhuman lives taken due to CCHF.



Ecology

CCFHV has the largest geographic distributiminany krown medicallyrelevant
tick-borne virus Serological evidence afwi symptomatic disease occurs throughout 30
countries spanning across Asia, southeastern Europe, Africa, and the Middle East

(lllustration 1) 78

- I 50° North latitude: Limit for geegraphic distribution of genus Hyalomma ticks
- - rd T == ==y = e
= Bty

Hyalomma ticks vector presence
CCHF virological or serological evidence and vector presence

:l 5-49 CCHF cases reported per year

- 50 and more GCHF cases reported per year

o 800 1,600 3,200 Kilamtars

lllustration 1: Distribution of CCHFV®
The geographic distributin of CrimearrCongo hemorrhagic fever viru€ CHFV), modifiedfrom a 2017
World Health Organization (WHOECHFV distributionmap Tick vector presence is indicated by any
coloring aside from grey. CCHFV serological or virological presence is indicated by yellow coloring.
Clinical cases are demarked by orange and red fd®@xases and >50 cases per year, respectivelged
andmodified under the Creative Commons Attribution 4.0 International Licénse

It is maintained in endemic areas via vertical hadzontal transmission cycles of
its reservoir host, ixodid hard hunting ticks belonging to the géfyedommat /1112
Hyalommaremain infected throughout their various life stagissfration2) and several
year lifespant!t1314  This can result in asymptomatic infection of small mammals,
ungulates, and birds that are fed ond§yHFV infected ticks (lustration 2. Interactims
with infected arthropods, viremic animals, and hust@human transmission during

nosocomial infections, are the principal sources of huB@HF (lllustration 2 7111315
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Drop Off & Molt

/ Ungulates

Humans

Oviposition \
& Hatching Nosocomial
Transmission

lllustration2: Ecology of CCHFV andHyalommaticks ’

Adult

|
v
Small Mammals \ . Gd d ) \

& Birds Larva

Life cycle of the Hyalomma tick genus. Arrowdi¢ate either blood meal taking from various animals, or
developmental stages. Red arrows of varying thickness within the blue arrows, indicates the efficiency of
virus transmission or propagation. Infection of humans involves either direct tick bitactwith infected

bodily fluids from infected animals, or via nosocomial transmissioAsterisk (*) designates the
differentiation between twoand threehost tick feeding patterns. Used with permission from Elsevier
Publishing Group, 2018; License: @4960047404.

Clinical Perspectives

CCHFV can cause symptoms initially akin to mild, nonspecific febrile illness. In
severe cases, a hemorrhagic condition can develop with vivid ecchymoses across patient
extremities. Mucosal, venipuncture site, gastraitmb@l, cerebral, urogenital tract, and
abdominal musculature bleeding can occur in severe inst&ncks fatal cases, death
occurs between the fifth and fourteenth day from initial onset of symptoms as a result of
multi-organ failure, hemorrhage, and shd€k Casefatality ratesof hospitalized ptients
vary widely depending on CCHFV isolate type, geographic region, and availability of
supportive care. The Centers for Disease Control and PreverfRinC) estimates
mortality to range from 9%50%, though outbreak fatality rates as high as 80% have been

documented " For CCHF survivors, a full recovery may take up to a year and sequelae
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such as hair loss, chronic fatigue, hepato/renatdds$snction, polyneuritis, hearing loss,
vision loss, and impaired memory can dirsmthe overall quality of lifé&.

Currently, no licensed treatment is available; though ribavirin, a guanosine
analogue licensed for both hepatitis C vi(HEV) and respiratory syncytial vir(®SV),
has been usezbmpassionatelyvith mixed results to treat CCHE®17 Conflicting reports
exist as to its efficacy in humans, thouglvitro andin vivostudies have shown inhibition
of CCHFV replication in cell culture and animal mod#&s There are also nticensed
vaccinesoutside the country of Bulgarifor prevention of CCHFV.

A vaccinewas developed in Bulgaria in 1970 following nearly two decades of
active CCHFV outbreaksThe preparatiororsists of a suckling mouse braimgected
with wild-type(wt) CCHFV inactivated by both heat and chlorofdfinThis crude vaccine
was primarily provided tomedical and military persoel, along with farrers living in
endemic regiond’. A four-fold decrease in the total incidence of fEcases has been
detected since t he?3% dividualseadcnated mith this sueking at i ot
mouse brain derived vaccine, do develop-@@HFV responses for botantibodiesand
T-cell activity 2°. While there appears to be a trend in vaccinated individisalshave
received a three dose regimen the first year, and a booster given &vgearsthis
particular vaccine preparation is unlikely to be furtheensed in World Health
Organization (WHO)member countrie$®. This due tobiosafety oncerns regarding
manufacturing, safety issues surrounding administering mouse brain and chloroform, and

the number of doses required to generate and maintain an immuneseespo

Molecular Biology

CCHFV is taxonomically classifiecas aBaltimore Classdvé v, idueuts its
negative sense RNAyenomeand belongsto the viral order Bunyavirales family
Orthonairoviridae /2225, Most nairoviruseshave theirnegative sense RNA genose

divided into three parts, enclosed by a kst derived lipid envelope approximately-80
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100 nanometers (nmp diameterr¥?’. Mature CCHFV particles contaitri-partite viral
genomes o$ingle strandedegative sense RNAalledsmall (S), meaim (M), and large

(L) segmentglllustration 3).

S-Segment (1672nt; sakpa)

Nucleoprotein

L-Segment (1271001; 4a3k02)

Polymerase

lllustration3: CCHFV genome products

The CCHFV genome organization and resulting products from various open reading frames (ORFs). S
segment encodes two products: NP andiN8vo separate ambisense ORFs:s&fyment encodes one ORF

of a polyprotein glycoprotein precursor molecule (GPC) that is proteolytipatlgessedh host celldo yield
mucinlike domain (MLD)and a secreted glycoprotein of 38 kDa in siz€38). These two proteins can

also be left as a single peptide to form a secreted glycoprotein of 85 kDa in size (GP85) which can dimerize
with itself to form the dimeric secreted glycoprotein of 160 kDa in size (GP160). Structural glycoprotein on
the Nterminus (G), alongwith a nonstructural protein (N8 and the final structural glycoprotein on the
C-terminus(Gc), are also encoded within the ORF of the polyprotein GPC. There are also two signal
peptides present at the leads of the precursor moledleGy and PreGc. Lastly, the ksegment encodes

the whole polymerase module which is predicted to be ~450 kDa in size.

The Ssegmentontains two ambisense open reading frames (ORFs). The positive
sense Segment ORF encodeshanstructural proteinNSs) (lllustration 3)28. On the
negative sense ORF of thes8gment, atructural nucleoprotein (NR$ encoded NP
forms a comple® with each genomisegment along witlthe 450 kDaviral RNA-
dependent RNAolymerase (RdRpwhich isencoded on the-segmen(lllustration 3)

72425 The Mrsegment contains a 5.1 kiloba®&Fwhich codes for @olypeptide called
the glycoprotein precursor (GPChhe largest and most complex of all studied members

belonging to the ordeBuryavirales (lllustration 3)%°. Host cell processing, cleavage
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events, and podtanslational modifications of this GPC yietdio dmaturé structural
glycoproteins(GP) calledGn and G, alongwith several nosstructural glycoproteins
which aid in structural Gand G maturation(lllustration 3)3%34,

CCHFV genomic segments of RNA are bound by NP and the RdRighforms
a complex called thabonucleorproteincomplex(RNP). The RNP oéach segment (S
M-, and L-segments), enclosed by a lipid envelope with membrane studded heterodimeric
Gn and G, make up the components of a mature viffonThis mature virion carbind to
cell surface receptor proteins to initiate the infection cycle of CCHRthough the
receptoror entry mechanism($dr arthropodand mammaliatissues ar@einknown Cell
surface nucleolin has been shown in precipitation assays to bind with componenis the G
monomer®, whereasiofollow-up studies havealidatedthe biological use dhis receptor
by CCHFV.Once bound to their respective mammalian cell receptor(s), CCHF virions are
internalized via receptormediated endocytosithat is both clathrin and cholesterel
dependent®3’. Endocytic trafficking requires multivesicular Hed, ESCRT regulators,
and vesicular acidification predicted to be -gependentaround early endosomal
compartmerdlization 3637, A putative fusion domain has been demonstratedilico
within the G which is thought to mediathe fusion ofvirion and vesicular membrare
endosome$®3. Once fused, the RNPs are released into thedytss$ol, which can be
transcribed by thevirion-associated RdRp into complementary positive strand
intermediates (dA) for replicationas well as messenger RNA (mRN#) transcription
.24 The positive strand intermediates can be used as templétes $gnthesis afegative
strandviral RNA (VRNA) 2%, From the mRNA, viral proteins can be translated by host

ribosomes withn the cytoplasnf-?

27



AN

lllustration4: Viral difedcycle of CCHFV’

As summarized by Bente et al., 2013he Viral life cycleof attachment, endocytosis, genome release,
replication, translation and assembly of structural proteins, virion assembly, Golgi mediated exocytosis an
mature virionegress of CCHF\Wescribed throughougteps A through within the illustration Used with
permissionfiom Elsevier Publishing Group, 2018; License: 4400960047404.
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Each Bunyavirus genomic segment encode
termini of untranslated regions (UTRs) which forms a-pandle structure of each RNA
segment, and serves as-acting elements necessary for the encapsidation with NP,
transcription, replication, and packagind®*. These UTR sequences within the
6panhandl ed regions are highlAGAGUUDLCUEed a
a n d-AGAAACUCU...) 404,

The coding sequence (CDS) of thedélgmenencodesa signal peptidat the N
terminuswhich likely initiate several host factors that prevent furttvanslation fronthe
GPCmRNA, andtargettheribosomewith nascent proteint® the endoplasmic reticulum
(ER) %°42 The GPCis thenfurther translatednto the secretory pathwaga ribosomes
presenbnthe surfaces of the ERhe residues are then woven into an out of the futoe
form various GPC products.e., precursor G (PreGny andprecursor @ (PreGc). Pre
Gn and PreGe are processed by proprotein convertases afidked glycosylated in the
lumen of the ERY. Complexes form between the various products and enable trafficking
to the trans Golgi network (TGNY3133 There, secretigriurther Glinked glycosylation,
and cleavage events occur on various products of the3ésR@timately, matured Gand
Gc form heterodimers within the lumen of the Gatyt® The tails of botlGy and G are
thought to mediatehe assemblyof RNP into the GGc heterodimer complexand
invagination of immature particles into the lumen of the Gdfgt**> From the Golgi,
vesiclesare thought to bansport matured CCHFV particles to the plasma membrane and

release particles intot,eur r ounding milieu for %4% vir al

RE-EMERGING THREATS

Since thel990s an increase of both disease and serological evidgnCEHFV
infections in humans and animaisyve been reported in previously CGHEe areas, such
as: Turkey, Pakistan, India, Greece, Iran, Republic of Georgia, and other Balkan countries

. In the last decade, nearly 10,000 cases have been diagnosed inalomiey® *® and
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an increase in seroprevalence has been observed in Gieectnterestingly, the
epidemiological surveys in Turkey, Bulgaria®, Albania®!, ard Greecé® have indicated
that there istrongserological evidence of a CCHFV in both ungulates and humans, yet
the actual infection rates remain quite lowhis has been hypothesized to be due to the
presence of sublinical CCHFV infections in human populatighshoughthe reason for
this remaingo be determined

Under the warmer conditionmedicted by future climate scenaritisese models
suggest continued tick expansion into previousialommafree areas?®. Provided
these ticks maintain their ability to serve as the main reservoiramsmissiorvector for
CCHFV, incidencef human casesithin these areaagreexpected to in@ase. Within the
past decadejyalommaspp.havebeen detecteth non-endemicareas such as Norwdy
as well as southerGermany®®. Both tick-vectos and CCHFV genomi®RNA have
additionally been detectedh Italy and other countries with proximity to the Iberian
Peninsula, such aBortugaland Spaint>*"%%,  The first autochthonous case in Spain
occuredin 2016, andresulted in thendex case succumbing to CCHFV and nosocomial
transmissiorfrom this primary cas&®. Theseautochthonous caseepresenta grave
milestone forthe spreadof the disease. It further highlights the need for increased

surveillance of both thelyalommatick vector and CCHFV detection.

Spain,HyalommaTicks, and Crimean-Congo Hemorrhagic Fever Virus

To address thispecificneedof Hyalommatick and CCHFV surveillance in Spain
our group participated in detecting and isolating CCHFV ftak poolsobtained from
the Extremadura regionithin the municipality ofCéceres Spain Forty-five tick pools

consisting 0f210 tickstotal, wereisolatedbetween the yeard0142015 (lllustration 4)

1 This section within Chapter 1 was previously published as a portion of:

Cajimat M.N.B.,Rodriguez S.E, Schuster I.U.E., Swetnam D.M., Ksiazek T.G., Habela M.A., Negredo
A.l., EstradaPefa A., Baet A.D.T., and Bente D.A. Genomic characterization of Crir@ango
hemorrhagic fever virus in Hyalomma tick from Spain, 204dctorBorne and Zoonotic Diseasex)17
Aug 24;17(10) PMID: 28836897
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These ticksvere identifiedasHyalommausitanicum (H. lusitanicun), Dermacentor spp.
andRhipicephalus sppThe tick poolswerehomogenized antested bynestedPCR for
the presencef CCHFV using conserved primers for tgenonic S-segmen(lllustration

4). A tick pool consisting oHyalommalusitanicum tested positive by PCR f&@CHFV

from the Gceres locality of Herrera de Adetara(lllustration 4) The virusvas sequenced

via overlapping primers faheS-, M-, and L-segmerg usingforward and reveeswalking

primers previously published*® These contiguous sequences were assembled using

Clustalw andull length S-, M-, and L-segment ORFweresubmittedto GenBank under

the accession numbers MF5474M8F547416 and MF547417, respectivelyThese

sequencegcollectivelywere referred to the CCHFV isolate with the GenBank designation

7
Céceres2014.
Ticks collected in Spain, 2014-2015
b i Tick Species and Numbers Collected = o ot
ot lumber of sitive sturias S
Céceres Localities Tick Pools for CCHFV RNA La Corufia | g0 Cantabria ViZCayag,is7doa
lusitanicum spp. spp. Alava
- - Navarra
Herrera de Alcantara 17 65 1 | Pdptevedra Leon oo i 4
Orense Burgos L@ Rioja Hiicsca
Santiago de Alcantara 11 58 o O T Léridal
Valladolid Soria
Cedillo 17 81 2 3 o [OJ Segovia Zaragoza
Tarragona
Totals a5 204 2 4 Salamanca Guadalajara
Teruel
Avila Madrid
P Castellon
M. Spain
Céceres Toledo CGuenca
Valencia
Badajoz Ciudad Real Albacete
P Alicante
. Cérdoba  Jaén Murdia
1 Huelva
= Sevilla
Granada
: Almeria
cadiy ~ Mélaga
Ceuta
Melilla
Cdceres Municipality
(Extremadura Region) —_—t

lllustration5: Map of Spanish tick collection areas, identifications, and P&Rits>®

A map of Spainds

p r @oefesnpooeree, Exiremhadura fegion. oThe cel@dd (yellbw C

and red) municipalities of Herrerde Al@ntara, Santiago de Afmtara, and Cedillo, had respective tick
pools outlines in the table within the illustrationUsed with permission frorMary Ann Liebert, hc
Publishing 2018 via personal communicatisiwith Ms. Karen Ballen, Permissions Mager, Mary Ann

Liebert, Inc.
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Sequence comparison$ Caceres2014howed 99.4%ucleotideidentity with a
CCHFV Ssegment fragment obtained fraarH. lusitanicumduring 2010 and 99.0%
identity with S-segmenfragments obtained from both the fatal and nosocomial cases in
the 2016 autchthonous outbreak in Ala, Spain°®, A H. marginatuntick obtained from
Iberian Peninsula migratory birdsolated withinMoroccoin 2011, tested positive for a
CCHFV Ssegment fragment, and ouég@res2014 sequence matched it to 98.8% identity
61 Additionally, sequences from human cases from Mauritania and Dataledsduring
2012, showed the highest identity with more than 99.7% nucleotide idéstity
Unfortunately, these comparison studies were limited to oslgdginent fragments as none
of the European or African isolates sequences had sequenad_Megments.

These comparisons studies support the hygehbat CCHFV spread into Spain,
andprobablyPortugal, is driven by vector spread from West Afiidikely from migratory
bird populations during northwardigration event§®. As mentioned earlier, the detection
of CCHFV genome/genomisegments fronHyalommaticks and the emergence of two
autochthonous CCHF cases, highlight the need for active surveillance and further

ecological studies in not only Spain, but &irWestern Europe.

TAMPING GAPS OFKNOWLEDGE

CCHFV is a major public health threat due todébilitating hemorrhagic disease,
associated high mortalitycontinual spread into previously nonrendemic regions,
widespread availabilitygnd potential for human misus&s such, thé&JSA has designated
it as a federal sel ect agent and as a 0Ca
Emerging Infectious Disea8&®. This designation prioritizes researchthe USA on
CCHFV, due to a threat assessmehit possessing thkighest risk to nationalesurity
and public healtR®. Additionally, theWwHO has categorizeditas@r i or i ty pat hog

research and developmetft This designatiorhighlights the need foresearch and
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developmentvorldwidein a public health emergency context due to the public health risk,
epidemic potential, and lack of medical countermeadoresaid @thogerf”.

Part of developing scientific resourcimt canyield tangide medical benefg&in
assuaging CCHF, first starts with understanding basic concépt®w the disease
establishes itself in human population&. major gg of knowledgewithin the CCHFV
field is in understanding why some individuals get full blown hemorrhagic fever (HF), and
why somepopulations or regiorsppear to have evidence of CCHFV but lalkical cases
of CCHF. There are severdlypothesesn the field that center around socioeconomics
strainto-strain differences, routes/type of exposure, or epigenetic differantasg those
populations Additionally, the major medical gap for the field is also finding ways to best
prevent or treat CCH)-especially at various stages of the diseasarseo {.e.,
exposure/incubatigrfebrile, hemorrhagic). Discovering what targets could be inhibited
or exploited for medical countermeasure developments, are vital to being able to advance
a preventative measure of therapeutic intervention for clitieés in humans.

| had two unique avenues of research during my dissertation studies where |
examined the influenseof the Hyalommatick vector on theinitial transmission and
pathogenesis of CCHFVI also sought talevelopa tool to study théiology of the
CCHFV-GPC, which | will detail as a prime target faountermeasure developments
against CCHFV The latter project, in developing such a taoViral vector forCCHFV
known as a pseudotype, enabled applied research in questing for countermeasure
developments in ghreeprongedapproachat lower containment settings (B&l. The
first approach centeremh taking the pseudotype and usingstascreening tool fotJSA
Food and Drug Administration (FDA) approveftugs, or analogous compound$
approved drugsfor inhibition of CCHFV. The second approach invohasleloping
peptideinhibitors thatcan target and inhibit CCHFV from gaining access to permissive
tissuesand again using the pseudotype to screen the most prorofsingseinhibitors.

The lastapproach focused on using this pseudotype as a means of generating an immune
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response tthe CCHFV-GPC in an animal model,e. an experimental vaccine for CCHF.

Each of these three applied research efforts into countermeasure developments for CCHF
have bridgingootentialor precedence in beinged clinicallyin humangsasdetailedin the
respective chapters that follovirhis body of work serves to add understagaegarding

the early disease course ofCEIF. This dissertation alsbighlights theabilities of
pseudotypedirusesin furthering biomedical research at low containment settings for high
containmenviruses andlemonstrates the potential@CHFV-GPC asa targefor research

and development in combating thiseat toglobalhuman health.
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CHAPTER 2: Early Pathogenesis of CrimearCongo Hemorrhagic Fever Virus2

INFLUENCES OF THE TICK VECTOR ON DISEASE TRANSMISSION

Evidenceexists indicating that vectors, such as ticks, play a major role in the overall
disease outcome of vectborne pathogend’-%>% Ticks are obligate bloefieding
ectoparasites. They use specialized mouthpieces called hypostomestdcoat o t he h
skin and anchor at feeding sites. While cutting into the skin, the tick secretes a glycoprotein
rich o6cementé to further anc-mealslasting @itor hypo
several day§®. Once the hypostome is cemented in place, ticks transform the site into a
feeding lesion by injeatg theirsaliva to mediate host factors regulating pain, coagulation,
and mmune response (lllustratid) %% Thi s host alteration is
overall success as an ectoparasite. Vdwmbone pathogens utilize the ticks mediating
factors as a means of initial entry into susceptible hosts and ofteitlaslkeanddagged
approach for systemic spre2id®

This evidence suggests thiak-borne viuseshave co-evolved withtheirarthropod
vector to wutil i ze tolgan atfootokl s18ystemichlly spreadingo n t a
The primarytransmission routef CCHFV infection is throughan infected tickbite.
Antigen-presenting cells (APC) present at the tiekding siteandorchestrate innate and
adaptive immune responsesid are alstikely the initial targets of CCHFV infectioff'

3 Once activated, APCs migrate to the lymph nodes to interact with effector cells, eliciting
an immune responsé. Based upon studies with other tiskrne pathogend, is likely

that the tick plays a role inaltering APC activation or migration in CCHFV infections
687475  Gaining insight into the initial steps of CCHFV pathogenesis is critical to

understandindpow thedisease coursgrogresses in a pathologics#nse andhay lead to

2 portions of thishapter have been previous published as:

Rodriguez S.E*, McAuley A.J¥*, Gargili A., and Bente D.A. Interactions of Human Dermal Dendritic
Cells and Langerhans Cells Treated with Hyalomma Tick Saliva with CriBeago Hemorrhagic Fever
Virus. Viruses. 2018 July 20;10(7) PMID: 300368o-first authors)

35



unraveling he differences in disease outcona@sl in finding mechanisms to antagonize
the infection The tickbite therefore, plays an important role in the early pathogenesis of
CCHFV, with Hyalommatick saliva likely influencing both transmission and host

immunoregulation.

Complement
cascade

OMCI, Salp20,
Salp15, Isac, IRAK

Mast cells @
~ I Lipocalins
1 Fibroblasts and
NK* fF?q"S l-\ \ keratinocytes
(SGE) ] '2.; +?SMGPES) 5
b

Blocking of / \—-I Neutrophils ‘/\\

chemokine activity vAdhesion and

Evaging phagocytosis
(Saliva)
Macrophages Dendritic cells
YIFN-y and NO vIL-6, TNF-a, IL-12p70

Q Iris B Salp15%

lllustration 6: Inhibition of skin innate immune responses by tick sdifva

During feeding, the tick introduces cement and saliva into host skin. This saliva contains numerous
compounds/proteins that affect the innate immunity of the host cells. Depicted are several known salivary
proteins with identified unctions as reviewed in Hovius, 2009Jsed with permission from Elsevier
Publishing Group, 2018; Licensd414401044338

STUDYING THE EFFECTS OF TICK -SALIVA ON CRIMEAN -CONGO HEMORRHAGIC FEVER
VIRUS REPLICATION AND CELL RESPONSE INANTIGEN PRESENTING CELLS

Little is known about the tiGkirusi host interface and the early aspects of
pathogenesigr CCHF "11346.76.77 Tg elucidate this mechanismaxperiments to examine

which initial cells are permissive to infectiorwas undertaken Previous studies ka
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shown that dendritic cells (DC) anshacrophagesare the main cells in circulation
susceptible to CCHFV infectioff"*and can serve as target cells for other hemorrhagic
fever virused®. Infection with CCHFV results in two likely immediate effects. The virus
must enter and begin replication in permissive host tissues, and there will likely be
modulation of cellular immune functions to establish further replicatibimere arewo
distind immune cell populationthatprincipally modulate immune activity within the skin;
Langerhans cells (LC) and dermal dendritic cells (dBC).C reside withirthe epidermis

and sample antigens occurring within this region of tissue. The LC are heavily involved
in regulating immune activation, specifically tolerance, and loezgITeffector functions.
They also participate as antigpresening cells (APCSs) in local draining lymph nod€s
dDCsresidewithin the dermis, engage in migratory imneusurveillance, draining lymph
node antigen crogsresentation, and local-dell subtype polarizatiof®1 Both LC and

dDC, oversee the immune status and cellular response across the entirety of the skin.
Studies have demonstrated that viruses employ different ways to target and
immunomodulate this subset of dermal APEY.

As mentioned, itk saliva is a complex mixturef effector proteinsserving a
variety of functions including cytolytic, vasodilator, anticoagulant -eufithammatory, and
immunosuppressive activit$?. Co-evolution of ticks, vertebrate hosts and timkrne
pathogens has led to a phenomenon called sasissted transmissio(SAT) in which
enhancement of transmission of tickrne pathogens occurs by tick saliva, with the effect
documented for several tiddorne pathogerf§. However, few studies have lookatithe
functionsof saliva from the genuslyalomma®”® and there is only limited information
that suggest SAT occurs during CCHFV transiniss®. Here,human dermal antigen
presentingcells (dDCs and LCsyere generatetfom umbilical cord CD34 progenitor
stemcells. Using positive selections, various cytokines, inculmegiand flow cytometry
for confirmation and purity assessments, dDC and LC wemerated according to

methods outlined in Rozét al.2008(lllustration § °%. H. marginatuntick salivary gland
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extract (SGE) was obtained from various tick pools from both male and fefinale
marginatunticksthat had fed on rabbits for at least three délsstration 6) Ticks were
dissected and the salivary glands (aciaus salivary ducjswere removed and pooled
according to sexand engorgement status. The salivary glands were lysed and
homogenized. Clarified supernatants were quantified, filtered, and designated tick SGE.
Our overall goal was to expose skin ARG both H. marginatumSGE and CCHFVand

survey outcomes that can affect host response(s) as shown in lllustration 6.

lllustration7: Experimental design for generating human dermal antigen presenting cells
andHyalommatick salivary gland extracé

As described in Rodriguez et al., 20b8man dermal antigen presenting ceWsPC) were generated by
isolating hematopgetic stem cells(HSC) from placentalcord blood from various donors HSC were
positively selected for cells bearitige humanclusters of differentiation (CD) marke®D34", CD14, and
CD1a" on theirexteriorsurfacedollowing variouscytokinetreatmentsand incubaibnsas described in Rozis

et al., 2008.Skin APCwere confirmed by flow cytometry for CD markers for human dermal dendritic cells
(dDC) and Langerhans cells (LCHyalomma tick salivargland extract (SGE) was prepared by feeding H.
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