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Abstract

The 10th International Conference on Hantaviruseganized by the
International Society on Hantaviruses, was helthfiay 31-June 3, 2016 at
Colorado State University, Fort Collins, CO, USAe€Ee conferences have been held
every three years since 1980. The current reponhsarizes research presented on all
aspects of hantavirology: ecology and epidemiolegwys replication, phylogeny,

pathogenesis, immune response, clinical studiesimas and therapeutics.
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l. Introduction

To facilitate the exchange of information, promotddaborations and further
the understanding of the biology of hantavirusebtae diseases they cause, an
International Conference on Hantaviruses has bekhdvery three years since 1980,
when Professor Ho Wang Lee, the discoverer of Hantaus (HTNV), organized
the first conference directly following a World H#eOrganization meeting on
hemorrhagic fever with renal syndrome (HFRS) inubgidorea (Lee et al., 2014).
The next eight conferences took place in Beijinigin@; Helsinki, Finland; Atlanta,
U.S.A.; Annecy, France; Seoul, Korea; Buenos Aifggentina; Athens, Greece; and
Beijing, China. At the Fifth International Confeenin Annecy, France, in 2001, the
delegates voted to create the International Sofwetidantaviruses (ISH), which has
organized the meetings since that time.

The many unanswered questions about hantavirdsssdistribution in
nature and how to lessen their impact on humartthbale resulted in continued
research on all aspects of these important humidnogens. The current report
summarizes research presented at tffeld@rnational Conference on Hantaviruses,
which was held at Colorado State University, intE2ollins, CO, USA from May 31-

June 3, 2016.

Il. Hantaviruses: current knowledge

The genuddantavirus family Bunyaviridaejncludes numerous viruses
isolated from or detected in rodents, shrews, maled bats (Figure 1). The ecology
of hantaviruses and their native hosts is comptekaur understanding of virus/host

interactions is still incomplete. Along with othegpproaches, next generation



sequencing studies of both viruses and hosts greceed to help fill this knowledge
gap.

All known pathogenic hantaviruses are carried bgiggently infected rodents
and are transmitted to humans by aerosols derroed the rodents’ urine, feces, and
saliva, or occasionally by bite. Humans are usuddigd-end hosts for hantaviruses.
Old World rodents transmit viruses causing HFRS|eMdew World rodents transmit
viruses causing hantavirus (cardio-) pulmonary syme (HPS). Both diseases are
characterized by vascular leakage as a signifjgatitogenic consequence of
infection. The underlying mechanisms leading toeased blood vessel permeability
after hantavirus infections have not been cleadntified and remain the subject of
intense research.

Thousands of cases of HFRS occur each year inaksid&Europe, with most
due to infection with HTNV, Seoul (SEQV), PuumakJUV), or Dobrava-Belgrade
(DOBV) viruses. The prevalence of HPS is much lothen HFRS, with only a few
dozen cases reported in the Americas each yedmoudh several HPS-causing
hantaviruses have been discovered throughout thheWerld, the best known are Sin
Nombre (SNV) and Andes (ANDV) viruses in North @wluth America,
respectively. Case fatality rates for HFRS rangenfc1% for PUUV infections to as
high as 5-15% for HTNV and DOBYV infections. HPSnisich more lethal with a
fatality rate approaching 40-50%.

Effective vaccines and therapeutics for hantaviméections have been
difficult to develop and evaluate, in part becaokthe absence of useful animal
models. No animal model of disease has been foumdFRS in non-primate hosts,
but Syrian hamsters infected with ANDV have beeswshto develop clinical signs

and pathologies similar to those observed for huki@8. This hamster model has



proven useful for evaluating medical countermeastoeHPS. Efforts to develop

animal models for other hantaviruses are in pragres

[11. Opening lecture

The opening lecture was given by Antti Vaheri (&imd), who was President
of the Society from 2004-2010. His lecture wasttti“New pathogenicity markers,
vascular leakage, tissue plasminogen activatoigafettin-3 binding protein as
therapeutic targets in hantavirus infections”. kst freviewed the pathobiology of
hantavirus infections, and mentioned that endaheélls and monocyte/
macrophages are the main targets of the virusttatdrascular leakage of endothelial
cells (increased capillary permeability) is a kégneent, mediated largely by
bradykinin. He also stated that additional contiiligimechanisms include
thrombocytopenia, complement activation, certatokinpes (such as interleukin 6
and tumor necrosis factor -alpha), the host gemgtyputralizing antibodies and
cytotoxic and regulatory T cells play a role in ffa@hogenesis of hantavirus diseases
(Charbonnel et al., 2014; Koivula et al., 2014; Muoen et al., 2013; Vaheri et al.,
2013).

Antti mentioned that the Helsinki group has reeantlence that also tissue
plasminogen activator and galectin-3 binding pro{&KA Mac-2 binding protein)
play a role and cited evidence suggesting thalatiter may be part of the innate
immunity system (Hepojoki et al., 2014; Strandiraket 2016). He reported that
icatibant, a bradykinin receptor antagonist, hantsiccessfully used in the treatment
of severe cases of hantavirus disease (Antondn 043; Laine et al., 2015; Vaheri
et al., 2014) and reported that studies are undgrtwestablish the involvement of

bradykinin in several other diseases in which emelal leakage leads to shock



and/or hemorrhage. In view of the role of completamivation in hantavirus disease
(Sane et al., 2012), eculizumab, a humanized monathntibodywhich inhibits the
terminal complement membrane attack complex (MABH-G), may be also

beneficial in treatment of severe hantavirus diseas

V. Award lectures

Two awards were given: the Ho-Wang Lee Award, himgpthe discoverer of
HTNV, who set the basis for all subsequent sciengiflvances in the field of
hantavirus research, and the Dalrymple Award, daedcto the memory of Joel
McKeith Dalrymple, a brilliant and innovative sctest and hantavirus pioneer. The
Ho-Wang Lee and the Dalrymple awards were givepaetsv/ely to James W. Le Duc
and Irina Gavrilovskaya, in recognition of thefetime achievements in the field of

hantavirology.

A. TheHo-Wang Lee Award lecture

James LeDuc is the Director of the Galveston Nalidaboratory and a
Professor at the University of Texas Medical Bramcalveston, Texas
(USA). Previously he served as Director of theiflon of Viral and Rickettsial
Diseases at the Centers for Disease Control aneéiren, as medical officer at the
World Health Organization, and as an Officer in & Army. His presentation, on
The power of “We” focused on his work with many collaborators framumd the
world at the United States Army Medical Researdhtitute of Infectious Diseases
(USAMRIID) during the decade immediately followittge discovery of HTNV. His
early studies identified what is now known to beO8Fas present in domestic rats in

many parts of the United States and subsequermbally. The seminal studies



conducted by James Childs, Greg Glass and GeorgehKio partnership with Le
Duc, led to the discovery that SEOV was commoninfbin Baltimore rats, and
through a decade of study, the team clearly doctedethe dynamics of virus
transmission between rats and the possible infecioesident humans.

Their discovery that past hantavirus infection &asociated with an increased
risk of chronic kidney disease remains an intriguaservation worthy of additional
investigation. Other collaborations with partnerd.atin America, China, Sweden,
Greece and countries of the former Yugoslavia trrddvanced the global
appreciation of hantaviruses as an important emgngathogens. Le Duc’s
overarching message was the importance of collébasaand how, through
partnerships, each of our contributions can beifstgntly leveraged to everyone’s
benefit. Further, the investments made to buildacap and nurture junior colleagues

will pay a lifetime of dividends in terms of futuseientific discoveries.

B. The Dalrymple Award lecture

Irina Gavrilovskaya is an Emeritus Professor an$tBrook University
(USA). Until 1994, she was Professor at the Institaf Poliomyelitis and Viral
Encephalitis AMS, in Moscow where she studied ti@agy, epidemiology, and
epizootology of HFRS and served as an ad hoc WH@Gadon HFRS. In her
lecture, Irina described her studies on the rolienofiunity in HFRS patients and the
role of human neutralizing antibodies in HFRS tmeait. Since 1994, Irina has
worked at Stony Brook University, where she studiadtavirus interactions with
human endothelial cells. She identified hantavieegptors on endothelial cells and
described the potential mechanisms of capillaryngability during hantavirus

infection (Gavrilovskaya et al., 2013, Gavrilovskast al., 1998) .
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V. Scientific presentations
A. Ecology and epidemiology

Roger Hewson (UK) reported that hantaviruses &sdito be of public
health importance in regions of the UK since 3 haiH&RS cases have been
diagnosed serologically. Molecular studies on réslshowed evidence of SEQV,
while a virus strain (strain Humber) was isolateahf Rattus norvegicuaround the
farm of one of the patients (Jameson et al., 201&aeson et al., 2013b). Among
people living or working on farms in Northern Engiia 7.6% had antibodies to
hantaviruses while the seroprevalence among peteatiers was 33%.

Detlev Kruger (Germany) said that following thel&mmn of Sangassou virus
(SANGV), the first indigenous African hantavirusifin rodents in Guinea (Klempa et
al., 2012), there is an urgent need to assesauthliee iealth relevance of hantaviruses
in Africa. Seroprevalence rates of 1.2%, 3.9% adéa were found in humans in
Guinea, Cote d’Ivoire, and Democratic Republic oh@o, respectively, while 4.7%
of patients with fever of unknown origin from Guaeere 1gG-positive, including 1
patient with specific IgM and SANGV neutralizingténodies (Klempa et al., 2010).
For specific detection of infections by novel viessassociated with non-rodent hosts,
they developed a panel of serological tests (ELN¥&stern blot,
immunofluorescence) based on recombinantly expdesseleocapsid proteins of
African shrew-associated hantaviruses. Since atigisdo non-rodent borne
hantaviruses were detected in patients with a@rtal or lung disorders, it was
suggested that these viruses can also infect humans

Genetically distinct hantaviruses were recentlynfbin African and Asian

bats. Boris Klempa (Germany and Slovakia) repattieddentification of a novel
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hantavirus, provisionally named Makokou virus (MAKVh Noack's Roundleaf Bat

in Gabon, central Africa; ancestral state recomsivn based on a tree of L gene
sequences combined with phylogenetic fossil hogbtheses testing, indicated the
mammalian superorder Laurasiatheria (includingwhyenoles, and bats) as potential
hosts of ancestral hantaviruses at most basahtaes (Witkowski et al., 2016).

Barry Rockx (Netherlands) reported that 36% ofrthgents in the
Netherlands are carrying Tula virus (TULV) and ttreg Dutch TULV strains are
closely related to strains from Germany and Belgi8mce no human TULV cases
have been reported in the country, he made theestigg that diagnostics in humans
should include specific assays for TULV to asshegpathogenic ability of TULV.

Angela Luis (USA) described a “susceptible-infettepidemiological model
for SNV to find out the drivers of the so-calledltdion effect’ in deer mice, in which
the SNV prevalence is lower in communities withHagdiversity of small mammals.
Application of the model showed that the ‘dilutiefiect’ is driven by reduced deer
mouse density, and once this is taken into accoluete is a positive effect of small
mammal diversity on transmission (a component ‘@mption effect’).

Lies Laenen (Belgium) reported that 7% of Europeahes Talpa europaep
are infected by a novel hantavirus, Bruges virlR@¥), which was detected in
moles near Bruges, Belgium. This is another hantavn the European mole, in
addition to Nova virus (NVAV), suggesting that tgenetically distinct hantavirus
species share the same reservoir host. Moreow@nfection with NVAV was
detected in renal tissues from 22 of 24 BRGV-irdddEuropean moles suggesting
that investigations are needed into possible retmeat of these viruses.

Claudia Filippone (Madagascar) reported the residiltésserological study in

Madagascar following the recent detection of Anjobe virus (ANJV), a novel
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hantavirus in rats, which is a variant of Thailamdis (THAIV) present in

southeastern Asia (Reynes et al., 2014). A serapgaue of 1.7% was found, and
further studies are planned to confirm the reswits specific assays and to assess the
zoonotic risk of hantaviruses in the human poparatf the island.

Heikki Henttonen (Finland) described the resulta Gfyear longitudinal
capture-mark-recapture study of PUUV infection amk vole populations in Finland,
where approx. 35,000 human HFRS cases have begmodied during 1995-2015.
The study was conducted at monthly intervals toitnoseasonal and multiannual
patterns of the PUUV infection rate exhibiting §&ar cycle in the highly endemic
area in boreal taiga in Central Finland. It waseldagn an long-term dataset which can
serve as a basis for model development to prdakctiynamic public health threat
posed by PUUV in northern Europe (Voutilainen et2016).

Joerg Hofmann (Germany) reported that hantavirssadie in not an exotic
disease in Germany as its average annual incidateés 1.15/100,000. Hantavirus
disease in Germany is caused by PUUV and DOBVadbeatr in West/South and
North/East Germany, respectively. PUUV infectiores esponsible for large
outbreaks with up to 3,000 cases as in 2012. M@deadentification of hantaviruses
in humans and rodents revealed several distinct\Ptlades, with molecular identity
between local human and rodent-derived virus strdtolecular clustering was also
identified with DOBV-Kurkino virus in patients ardcal Apodemusnice (Hofmann
et al., 2014). To improve hantavirus routine seymal diagnostics, an external
guality assessment (EQA) scheme was performed im&elaboratories that
demonstrated reasonable results.

Mifang Liang (China) reported that hantaviral irtffens present a serious

public health problem in China; therefore, in 2004 China CDC has established the
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National Disease Reporting System to strengthesuheeillance of HFRS. During
the past ten years, a total of 112,177 cases 416 Heaths have been reported in the
country. Farmers are at the highest risk. A peatasés is observed in November.
The majority of cases are reported from eight progs. The same provinces have
also the highest rodent density wikbodemus agrariuandRattus norvegicubeing
the dominant hantavirus reservoir species. Beslteknown hantaviruses, several
new strains have been isolated. Mifang concludatigtrveillance and prevention
and control strategies should be improved and gtinemed in order to reduce the
incidence of the disease in China.

SEOQV, associated with brown rats, is responsiliéhfe increasing number of
urban hantavirus infections worldwide. Lorraine NMaBney (UK) reported about
severe HFRS cases with acute renal failure caus&EBV found recently in UK.
She has also described an unusual outbreak of S&Sdtiated cases in South
Wales, which occurred in domestic and commercidbmaeding facilities.

Charlotte Robin (UK) presented the interactions ieaationships between rats
and humans among three at-risk groups: pet rat eywfegmers and pest control
workers. In order to explore the study participamtlerstanding of iliness, health, risk
and their perceptions of rats, semi-structuredweg/s were performed. With this
study, a fast and successful communication of puigalth interventions that reduce
the risk of hantavirus infection within these akrcommunities was achieved.

Kumiko Yoshimatsu (Japan) reported about the finste serologically
confirmed HFRS patients from Sri Lanka. They hax@ngined serum samples from
febrile patients for hantavirus and leptospiraatifns since several clinical
symptoms in both diseases are alike. However, nbttee rodents and shrews

investigated was hantavirus positive.
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Liudmilla Yashina (Russia) provided insights i@ Sorex-borne
hantaviruses in Far-eastern Russia. Genetic asalygealed the presence of three
viruses co-circulating in one forest located in-Bastern Russia: Artybash, Altai-like
and Yakeshi viruses. The first two highly divergbahtaviruses were detected in the
Laxmann's shrewSJorex caecutiefsand two lineages of Yakeshi virus were detected

in the taiga shrewSorex isodohn

B. Hantavirusreplication

Nicole Tischler (Chile) reported on the establishire a cell-free system to
study fusion processes of ANDV with its host céfsuiia et al., 2015). Fusion was
found to be non-reversibly activated by acidifioatinvolving lipid interaction and
viral glycoprotein Gc multimerization led to a de&post-fusion homotrimer. The
fusion activity was blocked by addition of exogeadusion protein fragments
spanning domain Il and peptides representing Weogrotein stem region,
suggesting that hantavirus Gc shares not onlytsiralc but also mechanistic
similarity with class Il viral fusion proteins.

A replication-competent recombinant vesicular stiisavirus (VSV) system
for studying Old World hantavirus entry was presdry Rohit Jangra (USA this
system, they were able to enhance the replicatidrspread of the early passage
r'VSV-HTNV glycoprotein by introduction of two keyrano acid changes in the viral
protein (one each in Gn and Gc glycoproteins).

Adelaide Dubois (France) and colleagues testetyhethesis that variations
in bank vole Myodes glareolusimmune responses to PUUV could affect virus
replication and excretion into the environment. feemphasized genetic signatures of

selection along bank vole genomes that could teedirto the adaptation to the virus
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and compared them between two geographical trams®atong these SNP ‘outliers’,
some included genomic regions associated with flabmmatory responses.

Matthias Schade (Germany) and co-authors studeedhtracellular packaging
of PUUV genomic segments by multicolor fluoresceimcgitu hybridization. In
infected cells, a comparison of all three VRNA segta (S, M, L) at 3 dpi and 11 dpi
resolved VRNA monomers, heterodimers, and hetemets. They found an absence
of a preferred class of VRNA heterodimers in indelctells pointing towards an
assembly process lacking a specific segment asgeard#r. With over 62% of all
detected mature virions lacking at least one ddlvRNA segments, the data imply a

suboptimal, non-segment specific assembly procelsardaviruses.

C. Phylogenetic studies

Undertaking phylogenetic analyses of HTNV tripartenomes recovered
from HFRS patients, Won-Keun Kim (Korea) showedggaphic clustering of these
strains with virus strains circulating in rodemdifferent geographical regions of
South Korea. The authors concluded that multipleRased NGS should be useful
to obtain the whole genome sequence of HTNV fronRBpatients and, together
with genome sequences of HTNV from the naturalrese(Apodemus agrariysthe
phylogeographic analysis may provide a robust timalevelop risk analyses as well
as preventive and therapeutic strategies againsaVvieaus diseases.

Satoru Arai (Japan) presented the whole genomgssalf Dakrong virus, a
novel hantavirus harbored by the Stoliczka's Asimient bat Aselliscus
stoliczkanuyin Vietnam. With the discovery of this virus, thember of bat-borne

hantaviruses reached a total of eight (5 from Asid 3 from Africa). All 8
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hantaviruses are harbored by insectivorous batseeping with the conjecture that
primordial hantaviruses may have originated ascingeuses.

Whereas most novel non-rodent associated hantagitusre detected by
molecular methods only, Richard Yanagihara (USA) emlleagues were able to
isolate the mole-associated NVAYV in cell cultureol®tular phylogenetic analyses
showed that NVAV was most closely related to haintiges harbored by
insectivorous bats, consistent with an ancientwgwarary origin. The authors were
able to infect infant Swiss Webster mice by theaipéritoneal route. Mice developed
neurological disease and exhibited high NVAV RNAies in lung, liver, kidney,

spleen and brain.

D. Pathogenesis of hantavirus disease

MiSa Korva (Slovenia) presented the dynamics of ¥EE&d sVEGFR2 levels
of plasma and urine in patients infected with PURNDOBYV to examine the relation
to severity of disease. The results suggested laraleaof VEGF in hantavirus
pathogenesis.

Carles Sola Riera (Sweden) reported that indudf@apoptosis was strongly
inhibited in HUVEC cells infected with both pathoge and non-pathogenic
hantaviruses and therefore the inhibiting effec$ wansidered as important feature of
hantaviruses in general. Further, hantavirus irdaahduced IL-15/ILR expression in
endothelial cells.

Matthew Simons (USA) presented that ANDV nucleo@psotein binds to
E3 ubiquitin ligase TRIM21. Further, induction aterferon (IFN)-beta was inhibited
synergistically by TRIM21 and N protein. These tessdemonstrated TRIM 21 as a

novel target of ANDV-regulated IFN induction.
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Gunther Schonrich (Germany) examined the immunapadgiical mechanisms
of hantavirus infection by using a humanized mauselel that harbors neutrophils
and functional HLA-A2-restricted CD8+ T cells. Tresults suggest that activation of
neutrophils and CD8+ T lymphocytes play an impdrtale in hantavirus-associated
immunopathogenesis (Kobak et al., 2015).

Jonas Klingstrom (Sweden) reported that hantavérusguce several anti-
apoptotic mechanisms (some of them may be unigueaiataviruses) which
deregulate inflammatory responses-affecting bystandlls and potentially
contribute to the strong inflammatory state obseimepatients. The findings of their
study indicate that hantaviruses have possibleidaed indirect effects on
carcinogenesis, which might explain the increasgdfor lymphoma observed in
Swedish HFRS patients.

To explore the mechanism of endothelial cells dysfion that permits
hantavirus-induced vascular permeability, Erich ktae(USA) and his team found
that ANDV infection of primary human pulmonary nogascular endothelial cells
activates the vascular permeability inducer Rhod iacreases cell size by
preventing de-repression of mTOR signaling respariBlee nucleocapsid protein
interacts with TSC2 and Racl/RhoA regulatory prateind controls the endothelial
cell permeability responses, suggesting potertgidpeutic approaches for resolving
hantavirus-induced vascular leakage (Gavrilovslatya., 2013).

Hiroaki Kariwa (Japan) pointed out that virulenddH@ NV strain AA57 in
mouse model is reduced after 30 serial passagésroE6 cells. One and 4 amino
acid substitutions were found in nucleocapsid pnc@d RNA polymerase,
respectively. The low virulence strain grows fasteYero E6 cells than the high

virulence strain.
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Peter Witkowski (Germany) presented the suscejpyilwf the human small
intestine epithelium for hantavirus infection byngshuman intestinal epithelial
(Caco-2) cell culture. Results indicated that PUaid DOBYV are able to survive
stomach passage and to grow in Caco-2 cells. Ehpgssible alimentary tract route

of hantavirus infection was proposed.

E. Innate and adaptive immune r esponses

To examine the role of cytokines in pathogenesisaotavirus infection,
Katerina Tsergouli (Greece) presented the levels/afytokines in 24 hospitalized
patients during the acute phase of DOBV infectilime results demonstrated
differences in the cytokine patterns seen in seartenon-severe DOBYV cases. In all
patient groups IP-10 was increased and RANTES waredsed. Multivariate logistic
regression analysis showed VEGF as positively @ssatwith disease severity. Thl
response was high in non-severe cases and lowve ifathl case, while a mixed
Th1/Th2 immune response was seen in the survivons $evere disease.

Myriam Ermonval (France) compared by proteome aarad/ flow cytometry
analysis the effect of the pathogenic PUUV and ewveer hantaviruses, TULV and
Prospect Hill virus (PHV), on activation of epittalcells and neutrophils. Different
pathways were activated either leading to recruitneéimmune cells or to pro-
inflammatory responses. PUUV, unlike TULV and PHivomoted survival of
purified human neutrophils and led to a delay iopsis.

lvan-ChristiarKurolt (Croatia)and co-workers measured the levels of selected
micro (mi)RNAs in urinary samples of HFRS patieafter PUUV infection. The

results showed the miRNA abundance in the urindFRS patients and acute



19

pyelonephritis patients. This study revealed thesgmlity of miRNA in urine as
HFRS biomarkers of progression and severity of HFRS

Marina Garcia (Argentina) reported that ANDV cauaerassive and
transiently circulating plasmablasts response esponding to what has been
previously morphologically defined as “immunobldsihe massive plasmablast
response could be explained by a polyclonal actimaif B cells that takes place
during the acute phase of HPS in ANDV patients.

Lidija Cvetko Krajinove (Croatia) and collaborators explored the compaent
of innate and adaptive immunity important in thepieeral immune response and
showed the regulatory effect of miRNA on early immateactions during the
hantavirus infection. Using real-time PCR arrayntemogy, they observed down-
regulation of genes encoding the synthesis of pateeognition receptors,
chemokines and their receptors, cytokines, trapsan factors, and signaling
molecules, suggesting that the early immune regptmBUUYV is suppressed and this

is more pronounced in the more severe cases.

F. Clinical studies

Jan Clement (Belgium) presented 3 retrospectivescakclinical pathology
(“HFRS”), fallen ill shortly after overt exposure soricomorph hantaviruses. Case A
was bitten by a water shreMéomys fodienscase B was splashed in the face and
eyes by blood of a mold &lpa europaepwhile killing the animal, and case C
manipulated a dead mole. All cases sero-reactedlgleoth to HTNV in a high
density-particle agglutination assay, and to PUOVHA. However, PRNT was

negative for SEOV, and showed insignificant lowertt (10-40) for HTNV and/or for
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PUUV. Some so-called HFRS or NE cases in the pagthmve been misinterpreted
as being caused by HTNV, respectively PUUV, ingllza serological screening.

Tomas Strandin (Finland) analyzed the regulatiotisstie-type plasminogen
activator (tPA), best-known for its capability taduce fibrinolysis, and plasminogen
activator inhibitor (PAI)-1, the main inhibitor &RA, in the acute stage of PUUV
disease. Enhanced levels of tPA in the acute vexausalescent stage of PUUV
infection were detected. In contrast, the levelBAf-1 were not regulated to similar
extent, thus facilitating enhanced activity of tBing acute PUUV infection.
Upregulated levels of tPA mRNA and protein werend@lso in hantavirus-infected
human microvascular endothelial cells, with adaiéioevidence that interferons (type
| and Il) were able to induce tPA in endothelidlsby activating signal transducer
and activator of transcription (STAT)-1 (Strandirak, 2016).

Jukka Mustonen (Finland) presented a retrospestivdy in 205 HFRS
patients on the predictive value of different forofigroteinuria (24-hour proteinuria,
overnight albuminuria, and urinary 1gG excreticam)d particularly of simple albumin
dipstick test upon hospitalization. Significantr@ations were found between these
forms of proteinuria, between three categories-f,and +++) of dipstick
albuminuria, and different indices of clinical satein PUUV infections, such as
median values of peak plasma creatinine duringsn higher blood leukocyte count,
higher maximum hematocrit, lower minimum serum sagiweight gain, and
duration of hospitalization. Moreover, the maxirdagree of proteinuria occurred at
day 5 post onset of fever, whereas the peak mgisma creatinine was reached
only on day 9, suggesting that both forms of patlysmplogy might not be entirely

identical. Both, however, have a good prognostinevgOutinen et al., 2015).
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Clas Ahlm (Sweden) focused his presentation on thetlal dysfunction
during PUUV infection. The levels of studied endsdthl markers [e.g. endothelial
glycocalyx degradation (syndecan-1), soluble vasacgllular adhesion molecule,
SsVCAM-1, intercellular adhesion molecule 1, sICAMahd endothelial selectin, SE-
selectin], some cytokines associated with vasaelaair (vascular endothelial growth
factor, VEGF, erythropoietin, EP, angiopoietin, Ahgand stromal cell-derived
factor 1, SDF-1, including marker for hypoxia, asulin-like growth factor binding
protein 1, IGFBP-1), were highest during the eatlghase of hantaviral disease and
associated with clinical and laboratory surrogasekers for disease outcome. In
particular, the marker for glycocalyx degradatisyndecan-1, was significantly
associated with levels of thrombocytes, albumirEBB-1, decreased blood pressure
and disease severity (Connolly-Andersen et al.4201

Kimia Maleki (Sweden) in her study aimed to deterenexpression of pro-
inflammatory cytokines and acute phase reactamtijding markers of
gastrointestinal inflammation, during acute andvad@scent PUUV-caused HFRS.
Longitudinal plasma samples from Swedish patiertis @onfirmed PUUV infection
were analyzed for different inflammatory cytokireesl acute phase reactants, using
ELISA. Preliminary data confirm a strong inflammgtoesponse during the acute
phase of HFRS and indicate the existence of a patgastrointestinal inflammation
during the disease. The mechanisms behind theogasstinal involvement, as well
as its consequences, remain to be elucidated.

Johan Rasmuson (Sweden) investigated the assockstaoeen viral load and
immune responses in the lungs, and their relabatigease severity. For that purpose,
bronchoscopy with sampling of bronchoalveolar la&/&8AL) fluid was performed in

17 patients with acute PUUV infection and 16 healtblunteers acting as control
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group. Lymphocyte subsets, granzyme concentrateonsyiral load were determined
by flow cytometry, ELISA and quantitative RT-PCRspectively. The results

indicate that the magnitude of the pulmonary immresponse was associated with
disease severity in hantavirus infection. Patientls a pronounced CD8+-response
were more severely ill in terms of impaired alvea@as exchange and systemic organ
dysfunction, implicating the significance of thesdls in the pathogenesis (Rasmuson
et al., 2016).

Jan Clement (Belgium) presented a personal hypstbaghe hitherto
unexplained mechanics of rapidly progressive landient acute kidney injury in
hantavirus infections. The main culprit would beimbalance of intraglomerular
Starling forces, consisting of markedly increasgdrbstatic pressure in Bowman'’s
capsule (R, due to inflammatory interstitial edema, and deuacting the
glomerular net ultrafiltration force which is normally only of about 10 mmHg. If
Poc becomes greater than e renal ultrafiltration stops, and oliguria ouaa
installs. On the other hand, if renal interstisgdema diminishes again, due to
spontaneous resolution or to anti-edema agentscigtbant S.C., Rdiminishes
likewise, and ultrafiltration resumes again in driey without other sequelae

(Clement, 2015).

G. Vaccine development

Jay Hooper (USA) updated the progress on hantavacsines. He reported
that both the HFRS and HPS DNA vaccines deliveseddnious technologies
including gene gun, intramuscular electroporatang needle-free disposable syringe
jet injection elicit high titer neutralizing antibes in animals, including nonhuman

primates. He reported that the HTNV and PUUV DNAaiaes delivered by
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intramuscular electroporation are safe and immumicga humans, and that the
seroconversion rate (neutralizing antibodies) eRihase 1 testing was sufficiently

high to warrant a Phase 2a dose ranging study@gress) (Hooper et al., 2014b).

H. Therapeutics

Greg Mertz (USA) and collaborators from Chile esved the antiviral, anti-
inflammatory and supportive treatment for HPS idahg placebo-controlled trials of
intravenous ribavirin and methylprednisolone, aaropial of immune plasma that
had been collected by plasmapheresis, and a rettthgp case series in patients
treated with extracorporeal membrane oxygenati@MBP). He concluded that
ECMO appeared to reduce the risk of death in persoth severe HPS, but it is
expensive, carries risk of morbidity and mortalapd most HPS patients do not have
access to centers with ECMO. Parenteral ribavinch methylprednisolone were
found to be ineffective. Passive administratiomeditralizing antibody appears
promising and deserves further evaluation, ideatiyhe basis of a product with
potential for commercial development and with n&ligng activity against both
SNV and ANDV.

Rebecca Brocato (USA) reported that transchromokbawne- and
anseriform avian-based approaches are effectidevelop polyclonal antibody-based
antivirals targeting hantaviruses since they apabke to protect animal models of
lethal hantavirus disease. This work provides &adaroof of concept that these
novel platforms can be used to develop candidategeneration polyclonal
immunoglobulin-based medical products, withoutriked for human donors,
despeciation protocols, or inactivated/attenuateztme antigen (Hooper et al.,

2014a).



24

V1. Concluding remarks

Hantaviruses continue to cause morbidity and mioytal many areas of the
world. The global detection of numerous novel haimtises and their natural hosts
suggests that these viruses may have ecologica@ddmiological impacts that we
have yet to recognize. Progress toward understigridintaviruses and the diseases
that they cause has resulted in better detectidriraatment methods but the specific
events leading to vascular leakage remain to I éxplained. Likewise, more
effective vaccines, diagnostics and therapeutiestlt required. Participants felt that
this Conference provides a singular opportunitynfantavirus researchers to meet and
share information that might lead to the accomptisht of these goals.
Consequently, the Advisory Council of the ISH recoemded continuation of the
triennial Conference on Hantaviruses with the mextference expected to be held in

2019 in Leuven, Belgium.

Acknowledgements

We thank all participants who presented their daténg the 10th International
Conference on Hantaviruses. We are thankful to&atlanagihara for the
constructive comments and Tony Schountz, the loignizer from Colorado State

University, for the excellent organization of trenterence.

References
Acuia, R., Bignon, E.A., Mancini, R., Lozach, P.Yischler, N.D., 2015.
Acidification triggers Andes hantavirus membrangida and rearrangement

of Gc into a stable post-fusion homotrimer. J G&oN6, 3192-3197.



25

Antonen, J., Leppanen, |., Tenhunen, J., ArvolaMRkela, S., Vaheri, A., Mustonen,
J., 2013. A severe case of Puumala hantavirustiafesuccessfully treated
with bradykinin receptor antagonist icatibant. Stdrnfect DisA5, 494-496.

Charbonnel, N., Pages, M., Sironen, T., Henttokenyapalahti, O., Mustonen, J.,
Vaheri, A., 2014. Immunogenetic factors affectingeeptibility of humans
and rodents to hantaviruses and the clinical coofrb@ntaviral disease in
humans. Viruse§, 2214-2241.

Clement, J. 2015. Acute kidney injury and hantasglisease, In: Turner, N.,
Lameire, N., Goldsmith, D., Winearls, C., Himmelfad., Remuzzi, G. (Eds.)
Oxford Textbook of Clinical Nephrology. Oxford Umksity Press, Oxford,
UK, pp 2059-2066.

Connolly-Andersen, A.M., Thunberg, T., Ahim, C. 120 Endothelial activation and
repair during hantavirus infection: associationwdtsease outcome. Open
Forum Infect Disl, ofu027.

Gavrilovskaya, I.N., Gorbunova, E.E., Mackow, EZ13. Hypoxia induces
permeability and giant cell responses of Andessvinfected pulmonary
endothelial cells by activating the mTOR-S6K sigmglpathway. J ViroB7,
12999-13008.

Gavrilovskaya, I.N., Shepley, M., Shaw, R., Gingh&i.H., Mackow, E.R., 1998.
beta3 Integrins mediate the cellular entry of haniges that cause respiratory
failure. Proc Natl Acad SciU S A 95, 7074-7079.

Hepojoki, J., Strandin, T., Hetzel, U., Sironen,Klingstrom, J., Sane, J., Makela, S.,
Mustonen, J., Meri, S., Lundkvist, A., Vapalahti, Gankinen, H., Vaheri, A.,
2014. Acute hantavirus infection induces galectipiv®ling protein. J Gen

Virol 95, 2356-2364.



26

Hofmann, J., Meier, M., Enders, M., Fuhrer, A.iiger, J., Klempa, B., Schmidt, S.,
Ulrich, R.G., Kriiger, D.H., 2014. Hantavirus diseas Germany due to
infection with Dobrava-Belgrade virus genotype Kk Clin Microbiol
Infect 20, O648-655.

Hooper, J.W., Brocato, R.L., Kwilas, S.A., HammeitheC.D., Josleyn, M.D.,
Royals, M., Ballantyne, J., Wu, H., Jiao, J.A., Methita, H., Sullivan, E.J.,
2014a. DNA vaccine-derived human IgG producedandchromosomal
bovines protect in lethal models of hantavirus prary syndrome. Science
Transl Med6, 264ral62.

Hooper, J.W., Moon, J.E., Paolino, K.M., Newconter,McLain, D.E., Josleyn, M.,
Hannaman, D., Schmaljohn, C., 2014b. A Phase icalitrial of Hantaan
virus and Puumala virus M-segment DNA vaccinehemorrhagic fever
with renal syndrome delivered by intramuscular etgoration. Clin
Microbiol Infect 20 Suppl 5, 110-117.

Jameson, L.J., Logue, C.H., Atkinson, B., Baker,®albraith, S.E., Carroll, M.W.,
Brooks, T., Hewson, R., 2013a. The continued enmegef hantaviruses:
isolation of a Seoul virus implicated in human dse United Kingdom,
October 2012. Euro surveill 18, pii: 20415.

Jameson, L.J., Taori, S.K., Atkinson, B., Levick, Reatherstone, C.A., van der
Burgt, G., McCarthy, N., Hart, J., Osborne, J.Cal$#, A.L., Brooks, T.J.,
Hewson, R., 2013b. Pet rats as a source of hantawvirEngland and Wales,
2013. Euro surveill. 18, pii: 20415.

Klempa, B., Koivogui, L., Sylla, O., Koulemou, KAuste, B., Kriiger, D.H., ter
Meulen, J., 2010. Serological evidence of humarnawamus infections in

Guinea, West Africa. J Infect D01, 1031-1034.



27

Klempa, B., Witkowski, P.T., Popugaeva, E., Auge Koivogui, L., Fichet-Calvet,
E., Strecker, T., Ter Meulen, J., Kruger, D.H., 20%angassou virus, the first
hantavirus isolate from Africa, displays genetid &mnctional properties
distinct from those of other murinae-associateddaruses. J Viro86, 3819-
3827.

Koivula, T.T., Tuulasvaara, A., Hetemaki, I., Make$5.M., Mustonen, J., Sironen, T.,
Vaheri, A., Arstila, T.P., 2014. Regulatory T cedbponse correlates with the
severity of human hantavirus infection. J Infé8t 387-394.

Kobak ,L., Raftery, M.J., Voigt, S., Kuhl, A.A, Kd, E., Kurth, A., Witkowski, P.,
Hofmann, J., Nitsche, A., Schaade, L., Kruger, D3thonrich, G., 2015.
Hantavirus-induced pathogenesis in mice with a mineal immune system. J
Gen Virol 96, 1258-1263.

Krager, D.H., Figueiredo, L.T., Song, J.W., KlemBa, 2015. Hantaviruses--globally
emerging pathogens. J Clin Virgd, 128-136.

Laine, O., Leppanen, I., Koskela, S., AntonenMakela, S., Sinisalo, M., Vaheri, A.,
Mustonen, J., 2015. Severe Puumala virus infeeti@hpatient with a
lymphoproliferative disease treated with icatibantect Dis47, 107-111.

Lee, H.W., Vaheri, A., Schmaljohn, C.S., 2014. Digery of hantaviruses and of the
Hantavirus genus: personal and historical perspextf the Presidents of the
International Society of Hantaviruses. Virus R&3, 2-5.

Mustonen, J., Makela, S., Outinen, T., Laine, @hava, J., Arstila, P.T., Hurme, M.,
Vaheri, A., 2013. The pathogenesis of nephropahidemica: new
knowledge and unanswered questions. Antiviral s 589-604.

Outinen, T.K., Makela, S., Clement, J., PaakkalaPArsti, I., Mustonen, J., 2015.

Community acquired severe acute kidney injury cdusehantavirus-induced



28

hemorrhagic fever with renal syndrome has a faderabtcome. Nephron
130, 182-190.

Rasmuson, J., Pourazar, J., Mohamed, N., LejorE¥ander, M., Blomberg, A.,
Ahim, C., 2016. Cytotoxic immune responses in tivgk correlate to disease
severity in patients with hantavirus infection. BuClin Microbiol Infect Dis
35, 713-721.

Reynes, J.M., Razafindralambo, N.K., Lacoste, \liv&) M.M., Barivelo, T.A.,
Soarimalala, V., Heraud, J.M., Lavergne, A., 2084djozorobe hantavirus, a
new genetic variant of Thailand virus detectedoaients from Madagascar.
Vector Borne Zoonotic Dis 14, 212-219.

Sane, J., Laine, O., Makela, S., Paakkala, A. a)aty, Mustonen, J., Vapalahti, O.,
Meri, S., Vaheri, A., 2012. Complement activatiarPuumala hantavirus
infection correlates with disease severity. Ann Mdd468-475.

Strandin, T., Hepojoki, J., Laine, O., Makela, lgdingstrom, J., Lundkvist, A.,
Julkunen, I., Mustonen, J., Vaheri, A., 2016. If@syns induce STAT1-
dependent expression of tissue plasminogen actj\eafmathogenicity factor in
Puumala hantavirus disease. J InfectZi8, 1632-1641.

Vaheri, A., Strandin, T., Hepojoki, J., Sironen, Hienttonen, H., Makela, S.,
Mustonen, J., 2013. Uncovering the mysteries ofdarus infections. Nature
Rev Microbiol11, 539-550.

Vaheri, A., Strandin, T., Jaaskelainen, A.J., Vaba] O., Jarva, H., Lokki, M.L.,
Antonen, J., Leppanen, I., Makela, S., Meri, S.sMuen, J., 2014.
Pathophysiology of a severe case of Puumala hansawifection successfully

treated with bradykinin receptor antagonist icatitb&ntiviral Res111, 23-25.



29

Voutilainen, L., Kallio, E.R., Niemimaa, J., Vaphata O., Henttonen, H., 2016.
Temporal dynamics of Puumala hantavirus infectioayiclic populations of
bank voles. Sci Ref, 21323.

Witkowski, P.T., Drexler, J.F., Kallies, R., LickayM., Bokorova, S., Mananga,
G.D., Szemes, T., Leroy, E.M., Kruger, D.H., Drost€., Klempa, B., 2016.
Phylogenetic analysis of a newfound bat-borne hantssupports a
laurasiatherian host association for ancestral malmmhantaviruses. Infect

Genet Evol1, 113-119.



30

Figurelegend

Figure 1. Phylogenetic tree of rodent-, shrew-, laaidborne hantaviruses (modified
after Kruger et al., 2015). Viruses with evidentrtan pathogenicity are highlighted
by boldface in the case that infections were segio&ly and molecularly proven or
by use of italics if there is serological evidencdy.
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Highlights

The Tenth International Conference on Hantaviruses was held at Fort Collins,

CO, USA from May 31-June 3, 2016.

* New data on al aspects of hantavirology were presented.

» Hantaviruses continue to cause morbidity and mortality in many areas of the
world.

» Hantaviruses may have ecological and epidemiological impacts that are not
yet recogni zed.

» Collaboration is needed to devel op effective vaccines and therapeutics.



