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Abstract

First focus of THE virus detected in Suitzer-
J’.a'ﬂdo

{
Spraying of Gardona<R) and Nalathion‘ﬁ) in
aquatic emulsion from the ground is more affec-
tive against ticks than ULV method.

abate(R)  also kills ticks in nature.

Rodenticides Caid (R) and Tomorine (R) Tae-
ducad nouse popudlation in foci.

Breaking virus cycle in naturs prebsbly rathsr
¢ohisved by control of mammals than by control
tv tiekse

in 1972, 389 casss cf TBE had been diagnosed
ir Austria.

All volunteers devealoped antibodies against
TBE virus after two doges of new formalin in=-
activated vacecina.

Attemptes to synthesslza TPl were not succeas-
Pul, houwsver 4 recsptor analogue substahows
could be synthesized, of which 2 exhibited

a markad HA=inhibiting sctivity agalnat TBE
virua,

Yarious arboviruses were subjected to purifie.
cation tresatments in order to ohtain or i~
prove hemagglutinating activity,

Tilorons RCL asnd four derivatives were found
to be aotive against TBE in mice.

In a survey with 1162 avien ssra from the Nou-
sladlersee srea, antibodiss agains: Uukuniemd,
Calova, TBE, West Nils and Semliki viruses
woere detected.
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W (1)  For the first time, a forus of tick-borme encephalitis (TBE) virus
ghas been detected in Switzerland. Attempts to eradicate the virus from
qAustrian foel with insectizides and rodenticides suggest that rodent
Heontrol may offer the most promising way of breaking the virus cycle,
talthough supplemertary tick control may prove useful. (2) In 1872, 289
fcases of TBE were diagnosed in Austria. {3) £ new formalin inactivated
-jvaceine provoked antibodies in human volunteers receiving two doses.
5(4) Of four synthetic rsceptor substance analogs synthesiged, two showed
ghemagglutination-inhibiting activity. Atvempts to increase hemmaglutine
fating activity of arboviruses met with limited success. Tilorone and
%mther interferon-inducing derivatives were active againet TBE in mice.
fd(8) In a survey of 1162 avian sera collected in the Neusiedlersee areas
Bantibodies against Uukuniemi, Calove, TBE, West Nile and Semliki
Bviruses were detected.
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(l} Datecﬁ&on of new focli in Austria and attempts

‘Lo eradicats the virus in nature,

(1,1) Introduction.

In 1971 and 1972 field studiss wsrs continued.
The main purpose of theae investigations was Lo lecate
facl whers a langer number of persons have become in-
fected and therafore a tick or mammal control ppogram
cught to be conducted. In addition, varigus coptrol

P P A Uy

) Rlgo in autumn 1972 and in 1973 we collected
ticke in localities that, according to information obe
tainaed by patients, possibly wers fooi of TBE virus.
The aradicatlon programg with the insecticides Gardow
na (R) and mMslathion (R} waere continued and the effece
tivane?a\of anather organophesphoric compound, namaly
Abatsa R,’ was praved against ticks. In order to ro-
duce the population denaity of rodents which had baen
shoun to be the msin hosts of larvaw of Ixodes Riginug
and the meln ressrvedir of TBE vir?a palagning pro=
grame with the rodenticidas Caid ) (chlorophasinone)
and Yomorin (R} (cumerine) were started in two places.
Both compounds are asnticoagulanta.

(3.2} HMsthods.

Tigite: Nymphs and adults of Ixodes ricinug
were vollented by Plagdragging snit transporied te the

laboratory. The aymphs ware homogenized in pools of
1-20 individuals, the adults in pools of 1-10 indivi=
duals, rospectively. They were suspended in & medium
consiating of PHES and 10% calf gsvum and incculated ine
tracerebrally Anto baby mics. The animels wers ohserved
for ton days.

AT FI N In B ) et e 7 v




(R),

Sardaons ¢ In a field trial we attempted
to control the focus of Jauling/Enzesfeld where pa-
tients had contacted TBE and where slso virus uwas
found in ticks in ths spring of 1972. On June §,
1972,,lnjﬁaeta;agu(h?ﬁ of a dense forestation.yere .,
eprEyed With GaFdonalR) Pion the six Geian the .
Ultra Low Volums TULV) ‘Wsthad.” Ten days thersafter
the ares was chacked for ticks in order Lo svalusts
the effectiveness of the organophosphoric compount:
sprayed from an airoplane.

flalathion Sili Om June 29, an area of
about» 10 ha of a pinguood-fir tras afforestation
nedr Hirtenberq, whers a focus was found by virus
isglation from ticks'callacfa thers, was sprayed
from the air with Mslathion applylng th? ?LV
method. Another field triel with Malathioi‘R} yas
dons in & denss mixed forsst near Jauling/Ehzesfeld
by spraylng of an area’of about 1C ha from an alros
plana. '

7 p

Abats \"ls  Tuo Pield triale weve done in
opder to develap a control prlogram with this tom-
pound against ticxe, I the spring of 1973 ine - |
wood near the Danhube at Minlleiten, a fauw milss -

saouthapet of Vienna, and in an afforgatation ngay
Hornatain we mapked & fleldes of 285 m® sach. Thesa

oP thege flelds weds aprayad,gﬁym the ground with
a geneantration of 20 g Abate diluted in 3 litoxs
of water per 2§ %, Tiek collections wers made bow
fore spraying snd on the 3Jrd and 8th day thereaftuer,

Small mamwalsy in the Pool of Hohenegg and
Taggoenbrunn eradicstion of the virue by poisoning of
sMEIL Wommeld Was attompied. Fifty emall manmal
trapge were sat. up for tuwe nights in ths fosus of Ho-
henegg and about 00 traps were set up for 2 nighte
in tha focus of Teggenbrunn boforey and after the poi-
soning by rodanticides (D-tes of uxcurvsione sos
Table d)t . . f
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Combinaed eredication program with Malathion

and rodenticides: "In April of 1973 an era-
dication program was initiated in Nouwaldegg (Vienna)
to cansrel the focus Pn%n? there last year (1972).
Against ticks Mslathion R} was used (swi?ggog method)

“and poisoning of mice was done with Caid

{1,3) .. Rosults.

Ssaiéhing %or»naw fogcl: According to the
information obtained from patients with TBE, ticks

-were collected in difrersnt aveas in Visnna, Lowsr

Auetria, uUpper Austria and Sglzburg. Also the gur-
veillance of the knoun foci in Taggenbrunn, Hoch-
osterwitz, Hohenegg and Jauling/Enzesfeld were con-
tinuad. Tha results can be ssen in Tablas 1 amd 2,

S5ix streins of TBE virus could bes lsolated
from ticke sollsated at two differens places in Neu~
waldegg/Saluennsdor? (Vienna) indicating a high ine
feetion rete in the tick populatloen undaer investiga=
tion. Three strains of THE virtus were isolataed from
tioks collascted in Hoshosterwitz and 1 straln uss
ienlateu from Licks collaocted in tho focus of Hohane
8gq dn spring 1873,

Gardona (R); Tho results of the Tield triel
dono in tha focus of Jauling/Enzesteld on Juns §,
1972, did not have the offect thet wa had hoped foss
in the srea sprayed by an alroplsrs a total of
83 nymphs and 19 adults of Ixadas ricinug as well as
il nywophs of Haomaphvealls goncinna could be collace
ted during 1 hour of collectling time 10U days after
tha spraying. {n a nontreataed adbatrol area tha same
mathod of eampling yislded 87 nymphs and 7 adulte
of Ixpdes plcdous ar ' I nymph  of Hagaephygatis oar -
ginna indicating tha ineffeotivaness of tho ULY
spraylng msthod from the plans,

IO
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flalathion (R) ? ssults of our firpst
field trial with Malathion R} which werse done in Hir-
tenberg on Juns 29, ‘were hllght%% batter than thoss
of the fie)" trial with Gazdona ) In-.one hour of
sampling time 7?1 nymphs and 12 adults -of Ixodes rici-

Dus es well as 1l nymphs of Hagmaphysalis conecinna
conld be collectad before apray¢no, On the third

day after treatment only 16 nymp.s of Ixodas ricinuas
ahd 1 female of Haemaphysalis sornoinng were found.

The results of the second field trial, hoy«
sver, showsd hardly. any offect of tho Malathioen R
troctmont on the tick population in the area under
Investigation. In ona hour of ccllocting Lims

84 nymphg and 14U adults of [xodes risinus wers col-
locted boforo treatmont on April 29, 1873. Aftor
the troatment on fay 4, 1973, at tho same sits

52 nymphs and 7 adults of Ixodes ricinus were cole
loeted in one hour of collecting time,

abate Ny tho resulfs of the fiold studiss
with AbateV''/ are prassnted in Table 3 aﬂg Fig. 1.
A statisticnal evaluation dona with tho * “~tust
revaalad that tho nuaber of tleks in the fields did
nat d%fgar algniticantly prior to the treatment with
AbatolH By wontrast, aftaer gpraying with the come
pound thure was a vary significant difforones
botwean the ounber of tleks collucted in thuy treated
and in thea nontreated flvlds. In both areas under
investigation the tieck pupulations could bu reduced
by more th 95k, indicating a vory good offective~
nase of tho AbatelR) brestmont un ticke.

Exadioastion program of anoll manmals: As @
first wtep in gur oradivation prugram tho popula-
tlon density of small mommals was studisd by usding
tho mark ond release wmotnod, The first gxcursion
tu Hohenegy wag done From Auguat 6-8, 1972. During
two trapping nights (U0 trep units) altogethes
32 trappinges of swall samsmala yoro dono. We marked
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12 Apodemys flavicollis as well ae 9 Clsthrionomys
glarsolus ‘and released thess animals in drder to de-
termine the population densities of these spscies.

. Ywo Sorex minutus, 1 Clethricnomys glareolus and

2 Apodemys- flsvicollis died in the traps.

In the second sxcursion from Decsmber B-18,
1872, we marked and reéleassu in 100 trap units 12 spse~
gimens of Apodamus flavicelli. and 7 specimns of
Clethrionomys glareclus, as well as 2 Sorox arancus.
After the last trapping night about 1500 g of ths
ncigoned sevds wers brought out on an avrsa esbout ten
timegs larger than the trapping arsa (about 12 ha).
Aftey 2 weeks, from Decembar 23-24, SU traps were
set up again during one nigh%t, Nct a single rodent
could be trapped. Unly one spocimen of Sorex aransus
which is an insectivores and does not feod on the sesd
baits was caught,

Also during the 4th sxcursion, a vary douw number of
small mammals was csught, namely 1 Apudemus flavicol-
lis, 1l 'Sorux araneus and 1l spucimen of Scrox minutus.

OQuring the 5th excursion, hewover, 3 Apuode-
mug flaviecwllis, 7 Llethrionvays glarsclus and
2 Soxex _minutus could be tranpod.

Another similar program was ?gga in Taggen—

brunr, using thu rodenticide Tomorin for poisoalng
“the gmell mgmmala. Tha numburs of trappings and spe-
cimor ot gmall mammals cought in tha different exgur~
glany can bo soon in Teblo 4. In this arva tho popula-
tion dansity of small mammals wap high in 1973 but
veryi low during the two oxoursions in spring 1873,

(R)

Conbined sradicetion program with falothion
agadnet tioks and with rodenticides esgainet
amall mommalg:  In the fucus in Yienna which
had been discovaered fn 1872, on April 26, 1973, in
33 trap undte 14 Apodsmug avivabicus aould be vrappod
in thie erun indicoting a voery high population denai.
ty of this mouse apocles. APLar hal? an hour of trap-




ping time 22 nymphs and 9 adults of Ixodes_ricinus
could be collected on th? ?ame area 9 days after
Ergatment with MalathionR) by the swingfog method.

In half an hour coliectiny time 14 nymphs and 7 adults
of Ixodaes ricinus were collected, indicating a low
effect of the treatment on ticks. The studiss on the

populauion densitiss of ticks and mice- shall be con- -
tlnquQ B rn

(1,4)‘ Discuesion anc .onclusions. ™
The results of our eradicationr program are
somewhat puzzling. On‘the one hand a very good ef-
fect of all three organophosphoric compounds in
aquatic emulsion and. sarased from the ground could
be shown cgainst ticks. On thg"ﬁfhar hand, the ULV
~-mathed of spraying by atioplang and the swlngfug
technique showed very weak effects on ticks. Thus
the mode of spplication appears to be very important,
Whenever ths high vegetation in the forest was very
dense lititle cpuld be achiesved with ths ULV methaod,
Ths- technique is only suitable for treatment of
‘foreets such as in Hirsenberg, where ths focus is
located in & young pinswood forsstation which allous
penetration of tho insectieide towards the low vage«
tation on the ground, In Pqtura studies the slze of
,droplets and composition of” "the solution containing
-the ihgecticides will be variled in order ta find
- put whether or not ihe ULV method could bé made more
effsctive when the undergrowth in o foous. ls.densas.
Lerge scele central prégrame-with inaacticioee againet
ticks &re cnly practicable if tne ULV ‘method, prufer-
ably applicd from a plane, cruld be aaad.

.The’ small mamnal contral progsam uith rodentd-
cxdae soems %o bes quite effectxva; howaver, it:will
“have to be carried out at regular intervals because of
‘imnigration of mice from namghbourinq argasi. Une won-
dars, neverthslaas, if- this 'wsy of tryipg to eradi-
cate a fogus ls not a batter appruach than the appli-
' . ‘~|'lll"
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cation of iﬁsecticidea.-In:Taggsnbrunn,jmhere we .
have tried to control the small mammals by trapping
for the last four years 25 virus straine wers iso-
lated 5n 1970, the year, when the triasl started
(Table S§). Jn 1971, only 3 strains of virus were
found and in the ticks collected in the subaequant
two yoars 1972 and 1973 no vinds.was- de@ectad. 8y
contrast; the tick “control progedm -in Hochosteruitz,
although spraying was done 3 times fram the ground
since 1970, was not met with compJete succass, Nume
bers of virus strains isolated from t;cka declined,
but even after two years (1972), 3 puools of ticks
colledted there were still found to contain virus
(Table 5)

Perhans it muuld be best to combine both
methbds of attempting to bresk the virus cycle in
nature. Such studies will be done in oontinuation
of the program,

(1,5) :Summary.

Bosides suocesaful virus isoclatdans from
tioks collected in Hohenegg and Hoohost rwitz a new
fooue could be detectad by a virus ieslation From
tioks which were collected in Newwaldegg/Salmenns-
gdorf, . Vienﬂa, ‘

ld trdal. don? yihh tha inseotinids

g
Gawona(E} and Malathicn(R) in different fool using
the ULV method of apraving ~“wowed a very wesk eoffect
ae .regarda reduction of the tick populations. Thesa
resulte dre in contrest to the abserved effsotive-
nese of both inssoticides when these compov-ds yere
sprayed. from the ground in an aquatin amuladop.. The -
affent&yaneas of the organophosphoric compound
Abate against tlcks wase proved in 2 field triale.
A reduction.of tiok populations R§ mare than 95% ?ab
ashisved. The rodenticides Eaid( snd Tomozdng 'l
shownd & high effectivengss in reduction of mouss
populationa in the two aresas of investigotion. Stu-




dies in foci of TBE virus showed that control of
mouse population-is a bettsr method of breaking
the virus cycle in nature then control of ticks by
insecticides.

(2) Survey enh the ceourrerwd of TBE virus in
Switzerland,

In the last year's report (14) a survey was
mentioned which was done with 560 sera of Carnivora
shot in Switzerland. 48 spscimans were found to
cantain aptitodies against TBE virus in both the
HI and the nwutralization test. The geographic di-
stribution of the pusitive sera shows that TBE
virus must ba more widely distributed in Switzer-
land than hitherto known.

Besidea one successful isolation of a strain
of TBE virus from the brain of a dug deriving from
Hallau (Kanton Schaffhausen) in Switzerland no iso-
lation of virus 7rom ticks had been repurted until
nuw. Therefore, or.Radda touk ths opportunity of
workeng for one month 1n the Uepartment of Viroloegy,
Ingtitute of Bacterloulugy uf the VYeterinary Fagulty,
Univergity of Bern, and in the Institute of Virology
of tho Vetsrinary Faculty, University of Zlrich,
from May 17 until June 14, 1973. The main purpusa
of this study was to collect ticke in plsces where
aasws of THE had been observed.

The results of the tick cullectlion in differ-
ant parts of Switzerland and the isclatiun of ono
straln of TBE virys are listed in Table &. It oan
be sasen that altogether 2542 nymphe and 528 sdults
of Ixodus sicinus wers cullected in 1§ differont
places of § Kantons (provinevs) (Bern, Fribourg,’
Veud, ZUrich and Sulothurn) in Switzerland. The
single sucaessful isuvletion was done Trom a pool
consisting of § females of Ixudes riginus collecs
tedd un June ¥, in a nlxed forest noor Rheinauy, Kane




-tan. Zirich, This is the hitherto firsti isalation of
~ TBE virus from ticks collected in Suitzerland. @ .

(2,1)  Summary. - . oo e

s

" Atotal of ‘3070 individuals of Ixodes picinus
were cellected in 15 different places of 5 Kantons of
-Suitzerland. One strein of TBE virus wee iscl.ted from
ticke collected in & mixed forest neer Rhsinau, Kan-
ten ZUpich,in Switzerland. ~ e e




udies on Patients
.-.‘5:-‘““.:‘.33"‘_‘:3:.‘: ..._,
+In the yeér}1972{‘323'bases of TBE have basn
diagnosed mainly by means of the 2 mervaptosthanol-
test (12) using one serum spesimen. Only in a feuw
~ cases a second blood sample had to be drawn for the
oumplemgnt fixation test. In addition, 66 cases of
- ~ths”ais§aaé ‘occurring in 8tyria were reported by
tha Inatitute of. Hygiene, Unluenaity ‘of G:az.

)

The distributlon of tha dissase in Augtrig”
was the same as in the last years. Table 7 summar=-
izes the incidence uf the disease in the diffarent
parts of the country. In the first six months of
the year 1973, 97 cases have been recorded (see
Table 38). Thue, approximately the same incidence
3 in the last yeer can be aexpected,




Introduction”

It is aaparent that the: number of cgses of
TBE in Austria. occurring sasch year mfght bs, dscreased
. ‘provided that a potent and. safe vacrine were availe.
able.’ Preaantly no suech vaccine is on ths marbat,
Six years ago in a limited trial with a forma. .n-in-
activated TBE vaccing of Eastern turopean aorigin varny
-discourag;ng results were ubtained by us. UFf 28 pex-
-song ‘whe had received 3 doaes of . vaceine at monthly
intarvals none devalaped hsmagglut;nation inhlbiﬁing
antibodiea.,- . P

In search of ‘@ better vaccine we lesrned that
Dr.Kapple of. the Microbiolngical Ressarch Establish-
ment (MRE), Porton Down, Salisbury, England, produced
a small batch of louping 1il~yscocine to be ugsd for
protection of perscnnel handling this virus. Louping
111 virus, which is very closely relatéd to YBEL virus,
ls tha causy of a dxaaasa of sheep in brgat Britaanu

ploture which. is ind stxnguiahahle from TBE. HONBUBV»
human casas are guite rars.

After & vieit of Ur.Kumz to qutunﬂit-waﬁjmw
decided tu produce & bateh of TBL vecoine for hyman
use following the procedures for the luup&ng lilevage
cing. 1n order to meke suga altlvat-the seed virus Wy
devald uf undesirabile ayenta asuch 88 mOLsd-tuloup
virysaee we dollected ticks -in known toel in Austrla
atd made vigus lsolation sxperiments In mics. Thrawe
puala of tick suspansions whach thus were foung to
contain TBE virds were gselected and ahipped to Lne
MKE‘. [ ' .

Tha vacoine mubeaquantly macte by Dr.Kapple 5‘3
is a formalin-insctlivated virue suspenglon with ndJUq;
vant,, Sufetywtesting wasg duna ;m Lngland. Upun Bl
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geiv.ng the ampules ws were advissu uf =ume pyroge=
~“nicit ¢ that has been racorded in Tebbits. Because
the vegelne had passed the other tests and in view
of ths urgency of the problem of TBE in Austria.uwe
?blt that a eclinical trial wes in order. The volun=
156 8 were, howsver, informod about the fever « in-
duﬁing potential of the experimental vacuins.

ALl persons received 3.0 ml each aubouta—
n&oualy in the upper left arm. Thres weeks there-
' .aPtyr-a second dose of 1.0 ml was given.Thus far

.yB vnlunteers were included in the astudy of which

- 88 wiveady recelved the sescund injection, In crder

to -rederd any adverse effeats of the vacoine all
volupteory-were kept under oclu e surveillance for
3 daye-following the first shot. After the beost
dose the vaccinees were kept under no such rigid
aupasviaion. However, they were told to report any
a;ua affect poeurring.

Levels of circulating antibodias prior %o
g aftes vacoination wsore measursd in the hemagglu=
tingtion inndbition (HI) test. This test is oux
Croyting technique for buth serologicel surveys snd
diagnuais of TBE.

ggz ﬁ §glts

{2, l) Q tocal snd systumio pesctions: Most volunw
Svards somplatned about a logal stinging immediately
afiyroldjeotion, it passed, howsver, within e minute
Qr $Uu ’

, ?hs day after vescination up to three days
ﬁh&ramf%ar the gite of injoction becams tender on
pressute andy ogcaslenally, painful. Only in two

~onses & slight inflammation and swelling wae sesn,

After tho vipnt injection 1B persons {23%) develupsd
teuperatures shove nurmal. Howsvoer only in 3 ceses
did %he Pyrexia exceed 18%c. Assceiation of theae
temppraturae with hecdache and fatigus or maladsa
was gomdon: These genaral eymptums subsided within




24 hours. It is of interest that hardly any systemic

reactigns were racorded after the second dese of vac-
cine. Two volunteers had temperatures slightly bove

normal (37. SOC) the day after vaccination. We have no
explanation foxr this phenomenon other than the possis
bility thav some of the voluntesrs were a 1littls v
‘anxidus in the beginning and expécéted worse. rsactbons
than later actually expaerienced, _—

(2,2) Antibody rasponss in vacecinated personss In
Table 9.the vpluntears, are liauad -according ‘to the
individual's number. It will be seen that numbers 1,
7 and 34 had antibodies pricr tu vaccination. No.l
and- 7 had @ histury of laboratory infection with

TBE -virus and Nu.34 is an Egyptian who may have be~
comz infoctod at homeo with o group B arbovirus uthox
than TBE. Of thoss 47 voluntsers in Tabls 9 who hed *
no pi...coination antibodies, 37 (79%) -showsd 88ILG-
copveralons 3-4 weeks sfter the first dose. Titers
ranged between o minimol acceptable velue of 1:10

and 1:80 with a geometric mean of l:ild.

v
[N

All persons thus far tested 2-4 wesks aftdy -
the sacond dose possessed antibudias iucluding 6 of
those who wers still gero-negative after the firat
dose. The geometric mean value renched 1:50.

. '\'

The result of the flold trial is very encou=-
raging .deed - & high rate of servconversion afier
the firsv dosse and 100% of the voluntesrs with do-
toctabl entibodies after the sovoond is more than
we hat oxpectod.

Parhaps there is otill g little improvemeont
pussible ns far as the hoosting is concorned. It is
striking that both veluntesrs with 2 hiatory of ine
footion sumo yoars ago (humbors Y} and ?7) werc vary
wll boosted after the fPlret vacainatiun, while not
oll uf thouse without prevaccination antibody exhibi-
tod a boostur effact aftexy tho sscond duose. It may,
thoraefore, very well bs that mure counslatont baoeting
could bw cheorved with tho vaccing 4f the initisl
antibody response had alrveady vallen bolow lts maxie
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mal valus. The present study will, therefore, be con-
tinued with the first and sscond dose given 8 wseks
apért.

We intend to bleed the voluntsers in a follow=-
up study 3 and 6 months later in order to detsrmins le—
vels of antibody. The immunization -schedule will be con~
tinued with a boost dose after 6 months. It remains
to be detsrmined whether boosters are necessary.el yeep-
iy intervals or less frequently. ' '

{2,3) ummarg Cof 78 parsons glven tha TBE vaccine
most complalned about stinging immediately after injec-
tion., Othesr than that local reactions were mild.

23% of the volunteers had a rise in body tem-
perature the daey following first injection. This was
probably due to a pyrogenicity of the vavccine as de-
monetrated in rabbits. This pyroganicity cen certainpe
ly be avoided in batches commarcially euamlable‘

Thrag-four weeks after the first dose 79% of
the voluntssrs had a mlnimal acceptable value of
1:1D in the KI test, with a geometric mgan value of
1:14 for tha whols group. ALl persung passad 3-4
weoks aftar the sccond dose with a mean valua of
158,




Exgerimental_LaboratorZ Investiggtiuna
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(1) Investigations on the receptor substance for

T8E virus and other group B arboviruses,

(1;1) .Introduction and sarlier results.

. By using a very sensitive technique for the
competitive inhibition of the hemagglutination (HA) of
arboviruses (8), we could demonstrate that the chemical
substance respunsible fur the attachment (adsorption)
of arboviruses of group B onto cell mambranes is a poly-
phosphoinositide (PP1) and most probebly & triphospho-
inositide (TPI) (7). A preparation containing 90% TPRI,
9% diphosphoinocaitide (DPI) as Ca-sslts e ! less than
1% phosphotidylserine could he prepared from monkey
brain in geood yield (9). Tals preparation inhibited
the HA uf tick-buvna enocuphalitis (TBE) virus in lass
than U.U4 pg/0.4 ml and was alac abla tu inhibit the
infectivity of group B arboviruses for tissue culturs
as well as for mice (13). Studies or the dynarics of
the reaction batwesn the virus and its reeeptor showsd
that a virus-receptor complex is Pormed at first by
slectrustatic attractlion. This is fullowed gulokly by
stronger bimding., Heat lnactivated virus shows only the
firat step which is roversible by addition of cgrtadn
basic molecules (1U). ‘

{1,2) Chemical synthesis of TPI.

Having identified the naturo of the receptur For
arbovirusee of gruup 8, it waes trisd to obtain YPI by
chumigal synthssis. However; nelther direet phusphory-
latiun of inositol nor the approach from acetobromuglu-
cose which should yield TPI after 21 chumicui stops was
- susoosaful. The mixture of substances obtained after

phosphorylation of inseitul could nut be sepoaratod suce
sossfully inte identifyable nsompounds. Thu other sttompt
sould be perfurned as far as stup Y which is 2,3odley~
allyl, o-{dooxy}=b-nitro~d«bgnzylglusovside. The hydroly-




tic removal of ths benzyl group proved to be diffi-
cult and only extremely small quantitiss of the ex-
pactad product could be cbtained,

(1,3) Synthesis of receptur analogue substancas.

It was decided to try the synthesis of easier
obtainabls compounds, different from the actual re-
septor substancs, but with csrtain chemical simila-
rities which might result in e similar biological ac-
tivity. Four of such receptor-analogue substancaes
could be obtainad.

Tha first is racemic Inositol~1,4,5,6~tetra~
phoaphate, This compound has the pnosphoric acid
groups in the positions 1, 4 and 5 just as triphos-
phoinositel from TPI. It also has the same sterical
configuration as the natural rososptor. Additionally,
it conteins cne more nhosphoric acid in positien 6,
From this compound, two wore couuld bg uvbtaindd., It was
possible to eastorify ono of ftes phosphoriec groups
with glycerol and thus phosphoglyceryleirositol=-trie~
phusphate was obtainsd. It cannot be statcd which
one of the phosphoric acld groupe is involvad in the
reaction, and most probably our sample contains a
mixture of all of the four possible structures. The
inositel~tetraphosphate could ales be combined with
distoaryleglyserol, ylulding phosphatidyleinaedtol-
teiphosphate ar tetraphosphoinositide, e .compound
which santaing one moloculo of phosphorio acid more
than the naturally ocscurring TRI. However, as we do
not know to which one of the phosphoric acid groups
the glycerol ia bound, it cannot bo statad that the
sterival conflguration of our compound ia the samg
as in the naturally ovcourring receptor substanco.
Agein it is moru probable thet it is & mixture of
different but similar structursl analogues of the ogll
‘roceptor, containing one componont with alsu o steprde
gally identical phaosphorylated inositod group. A
fourth reveptor annlogue compound was obbalnud by
hydrolysig of natural TPI. Under nild conditions, the
fatty sclde could ba split offf, loasving a le{lephope

1l e TR




phoglyseryk)-incsitol~4,5-diphosphate. A further sub-
stanca with but e slight similarity to TPI is inosi-
tol hexaphosgphate. Its Ca-salt is commercially availe
able as "phyuinYe. . . . .

(l,é) Inhibition of the HA.of YBE virus by receptor
‘ - analogie aubstances.,

Phytin and the Ca«salta of tha chemically pre-
pared esubstances were now compared with TRI in the
“mentioned competitive HA-inhibition test. Apart from
TRI, only two of the investigated compounds showed an
appreciable HA~inhibiting aotivity (15), (Tabls 18).
1= (l-phosphoglycsryl }=inoceitol~4, S-diphasphate, which
was ebtained by hydrolytic cleavage of TRI, hag therg-
fore the same sterical configuration as the inositol
moioty of TRI. It ia ressonable to assumg that its ag-
“tivity is dus to the sterical similarity to the na~
tural cell rageptor. The other active compound, phose
photidyl=inositol-triphosphate can bs sslled a tetra-
phusphoinositide. Thie substance sannot bg regavded
storically similar to natural TRI in the sense thot
only one additional hydroxy. groyp de phoapiarylatad.

As woa stated alraady. thiq'substanoa g o
nixture of elmilar coumpounds, difforing in the posi-
tions of the phosphorlic acid groups on the inveltol
ring. Ita biviegical activity as inhibitor of Sho HA
af TBE v_.rue sgemzs alsv to b duoe to tho lipld cha=
raster of this group of substancus which facilitates
tha formation of micellee. There might be compounds
of different activity in this mixtura. Fuburs sxperie
monte are planhod with the intention to separate

 thio mixture and to lsolate the muat notive cumpo-
nant,

LRSI AN

l.s) Summary.

Chomical eyntheels of TRI wee attumptud which
is thu roceptor substance for group 8 arbovirvuses. Huwe
guvor, nulthey diraect phusphoryletion of {nesitol nor




an attempt with acstobrumglucose as starting substance
were successful., By contrast, four compounds chemically
eimilar to TPI uere synthesized of which two, namely
1-(1~phosphoglyceryl }=inosital-4.5-diphosphate and phos~
phatydil-inositol~triphosphate, oxhibited o markad
Hf-inhiblting activity against TBE virus.

£2) Pupification of arboviruses,

(2,1) Genersl considerations and earlisr rasults rcg=
garding the purification by excluaion chroma=

tography on porous glass.

It was considered to treat arboviruses with en-
zymos to lncrsass the HA-titre of badly hemagglutina-
ting preperatiora and alsc to ubtain virions with ex-
posad surface antigena. Such prepasrations should be use-
ful as starting materials for the preparsticn of inmuw
nizing antigens and it might also by possible to ob-
tain slsotron micrugraphe from virions ! aving thair
spikes #G. otcluded with moterial uraginating from the
cell yall. For this purposs a method had to be worked
out which allowed to separata the virions frow tho ade
dod enzysies ag well ns fruom the degradation pruoducts
after the onzymatic treatment. Such a technique proeved
to be chromatography on porous glass {11). In the
provivus anhual seport (14) it gould be shoun that une
der cortain conditions this method allows the seporas
~tion of different arbovirusws from smaller moleculoes.
Compayad with gol-onrumetography Lt wurks to 10 to

20 times guicker.

(2,2)  Enzymetic troatmont of arbovirusas.

From arbovirus proparations shuwing pour hame
agglutinetion ather authors (1) could proparo good home
agglutininag by troatmont wikh trypaln combined with
sondention, We teiod to apply this tethalqus to soms
nons-homagglutinating arbovirus proparations made by
the sucroso-acotone eothod {5). Tahyna vivus, Calove




uirus and Potep11 virus were investigated. Our at=-
tempte with 90 to 150 sec sonication at 2 Watts and
‘incubation with trypsin had no success. To test
_whether the sonication might possibly have destroyed.
“ahy HA-acblv;ty revealed by the enzyme, a w&ll hem-
_agglutinating preparation of TBE vicus 'was submittad to
'ultrasonics fur 15 periuds of 30 seconds duration at
'2,4.and 8 Watts. Only at the highest intensity, a
vary. sllght deciease of the HA eould be observed.
This might be sus to haatiwg, which could not be pre-
‘'ventpd totally by performing the procsdure in an ice-
~water bath. After this, Tahyna- and Potepli virus pre-
paratiuns were treated with much higher intensitiles
_‘af ultrasonics as bafore, i.s., 15 times 30 seconds
"at 6 Watbs: But even this did not produce hemaggluti-
7 mation.

R Experiments with trypsin wors not performad
“any longer inasmuch as our previous experimants re-
sulted in a degtruction of the HA of TBE virus by
trypsin (&). On tha uther hond, phospholipcae € ang
neursminidase produced hemagglutinating preparations
' from fouse Leukemio virus (17) ang from Avian Myslo-
iblastosis {16) and exposed the surfage structurs of
“Vpaloulsr Stomatitis virus {4). Initiel experimeonts
wwith diffegent arbovipusos praparsd Dy sUCPOSE=3oB=
- tonw extraction (85) had no eucosas. The supermatant
from low speed centrifuoatiun of mouse brain hupogo-
nlzed in borets buffor of pH 8.5 proved to be an ox-
osliont starting material for this sort of snzymatic
troatment. The HA-Liter of ueet Nile virus could be
incrassed by ineubadtion with 25 g phospholipase €
and S0 U neuraminidase at pH 7.8 to 7,6 from B Lo
128, A coumpadrdson of HA titers of TBE virus moasuked
at different pH values after troatment with saschaw
rose saetons, protemin sulfate, noursminidase + phoa=
pholioase, and, finally ths same $rcatment followed
by pr@tamin«pruaipitatinn, g shouwn in Tabla 11.
A4 romarkable broadening of the pH=uptimun of TBE-HA
cuuld be observed after aryymatic digestion cote
bingd with protoamin troatnont,




Further experiments wers undertaken with alkaline
extracts of mouse brains infected with West Nile virus.
It could be shown that the increase in HA-titer could
-also be obtained by dige:'ion wfth neuraminidase alona.
Phospholipase alone had no effect and its applicaticn
together with neuraminidass did not increass the sffect
- of the latter enzyme Table 12). (This is in contrast to
the ‘results of other authors workiug with mouse leukemia
.énd avian myeloblastosis virus (16,17)). Regarding ths
ApH~dapendance of the HA of ‘West .ile virus, treatment
with neuraminidase showed no advantage over precipita=-
tion with protamin sulfate (Table 13), In one experi=
ment, the virus- "nzyms mixtures. wers incubated for dif=-
Fer=nt pericds-of time. It could be shown that undsr
the described conditions there uas a sharp rise in the
HA-titer up to 10 minutes incubation at 37°C (Table 14).
1t was ‘hoped‘therefare, that futurs gxperiments should
be r rformed succes3fully also with a much cmaller con=-
centration of neuraminidase. -This could be shouwn to be
true only when to the diluting -buffer CaCl, as activa-
tor und albumin as protective collpid wers added
(Tanle 11)

Also, the moa* dramatlc effect in evoking s high
HA=titer, which was obeerved with Chikungunya virus,
cowld be reproduced using 1/10 the concentration or
neuraminidase (Table 16). With this virus, howsver, en=
zyme treatment alons did not elicit any HA-activity,
Protainin 'sulfate precipitatior resulted in a very
tharp dA-opti um at ok 6.1, whereas a combination of
neuraminlduss action with protamin precipitation
showed'a ¢reat. increase of HA-titer as well as a
bnnbdaning of‘its pH-Optlmum.

It mmght very well be that - at least wlth
TBE virus = the actual ability of arbovirua particles
~to adeorb onto oell membranes is marked. by at least
tuo different inhibitors. One, acting in a more acid
range, can be removed by precipitation with protamin.
The: other, Amnibiting ‘the HA of the virus in neutral
milieu, 43 ramovabla by digestion with neuraminidese.
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In contrest to the good results with TBE and
Chikungunya virus, enzymatic treetment of Potepll vi-
rus had apparently no edventage over protamin preci-
pitation and was in this respect similar tc its ef=-
fect on West Nile virus. Preliminary experiments
with alkaline extracts of a strain of Tahyna virus
from which it was net possible to obtsin hemaggluti-
nating pxeparationa by other means yiolded so far

~also negativa results when

thig virus was treated

"with neuraminidese either alene or followsd by pro-
tamin sulfate precipitation. It might be. possibls

that this virus demands an

addition ot phaspholipa~

sa. Also it is.considered to combine ultresonic treat-
ment with enzymatic dlgeetion tu obtalin paeitive re-

sults in“this cassa.

‘It has not yet been
treated virus preparations
on pcrous giass. This will
future.

(2,3) Summary.

Varivus arboviruses
cetlon itreatments in order
agglutinating activitiea.

tried to purify énzyme
further by chromatography
bs done in the ilmmediate

were eubjscted to purifi-
tu obtain or improve hem-

Treatiment of non-hemagglutinating sutrose-
acetone antigens of Tahyna, Chlovoe and Potepli viruses
with trypein and annicatiun did nct ylsld hemagyluti-

ninﬁa al

.»mhen YBE virua wae submitted to di ?feren+ puiie
fication treatments (sucrose-acstond;, protemin, neus’
raminidase, phoepholipuse C) a remarkable broadening
of the pHeoptimum of HA was observed after snzymatic
digsgtion combined with protamin precipitetion.

Digestion with nsuraminidase alone of grude ale

kaline suspensions of UWeat
sulted in 32-fold inoreass

Mile virus (group B) re=
of MA-tlter while no such

affeoot was seen when phusphulipusse C was used.




Chikungunya virua”(group A) HA, which has a
very narrow pHe-range was considprably widsned by treut-
ment with neuraminidase.

The antiviral effect of derivativas of
Tilo&one HCL against TBE virus in mice,

s In prevxous atudies (12) the interferon ine
ducing compound Tilorone HCOL was found by us to pre-
vent fatal TBE ir mice. Intthis present study four
derivatives (labelled RMI 10 874, RMI 11 567 DA,

RMI 11 002 DA, KMI 11 877 DA); which were supplied
by the Mersll-National Laboratories, USA, were
tested againet TBE in micge and compared with Tiloze-
ne’ HBL»

As can be assen from Table 17 all the substan-
ces induced interferon in gerum Jf mice. Only minogr
differences of interferon levsels were obassrved.

In the first expariment the compounds uwere
givan orally in a dose of 250 my/ka mouse 24 houvs
prior to infection with 120 LDgg of TBL virus
(atrain Hypr). Ths results can be seen i nTabls 18.
The compounds were used combinaed in the next expsri-

~ment, which is summarized in Table 19. Mics wera ine
feoted with 27 LDgy of TBE virus. This table clearly
ipdicates that nothing was geined by combining the
compoundsy to the contrary, rather an sdverse afe
feot waes observed.

Thereafter the compounds ware given by the
gubecutanaous or intraperitonesl ruute in a dose of
100 mg/kg mouse ~ highspr dosuc sre toxic for mico.
The rgsults of thiq oxperiment (4 LUg;) can be seen
in Tabls 20. Thus thé compounds are ulso aotive
gfter parent: al spplisation. Thié must striking rue-
ault is, that the substance RMI 11 877 DA is highty
gotive after parsnteral spplication, although it
had only a8 week offeot after oral administration
(see Table :8). This result is probably due to bad
dntastinal coeprption. In ‘the next axperiment, the




compounds were therefore given .orally -in a high dose
(Table 21). Animals were infected with 36 LDgy of
T8E virus. Comparing these results with thoss from
Table 18 it is evidsnt that better results with
higher doses cannot be obtained with Tiloronse HCL,
but with the other compounds.

Finally we combinead the Tilorone-2ike sub-
stances with the interferon inducer Poly I:C. The
results from an experiment, in which 61 LD

T8E virus were given, ars summarized in Tagge 22.
The Tilorone derivatives were given crally 24 hours
before infection and Pcly 1:C intreperitoneally

2 hours after infection. {t will bs assen that the
low dusage of Pcly 1:C wes not effective against
the virus whan given alens. Howevser, it considerab-
Iy increased the antluirel effect of Tilorane HOL
and its simllar compounds.

from our data it can bgs concluusd that the
four derivatives of Tilorune tested are potent an-
tiviral substances againgt TBE virus. However none
sxcgaded the effectivenass of Tilorone.

(3,1) Summary.

Tilcrone HCL and 4 of its derivatives in-
duosd intarferon in mice end protected the animals
after oral, intraperitonsal or subcutangous appli-
cation aguainst & challunge dose of TBE virus. Comw=
bination of the compounds with Poly I:C incroased
the asntivirvai activity.




8 _on the importance of birds for arbovirus
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» Inttm@gctlon.

In autumn 1871 we started a program with the
aim to elucidate the role of birds as hosts of arbo-
viruses in Austria in particular, and in Central
Europs in general., Two main guestione formasd the ba-
eis of this project, namely whether or not arbovi-
ruses may be introduced by birds from tropical and
subtropical regions to Central Europe and whether
and to which degres birds take part in the circula-
tion of arboviruses oceccurring in Central Europe mure
oy leas regularly. .. s :

) The results obteined untll May 1972 uere
presented in the Final Techrical Repart of 1872
(14). They were based on virologicel and serolo=-
glcal studies with 78t olood samples of 28 bhird
gpecisa. One strain of a virus so far unidentified
was isolated from a .obin returning from hiberna-
tion; homagglutination inbititing antibodics (al-
together 46 pusi.ive raactions) were found against
bukuniemi, Calovo, Chikungunya, Semliki, Sindbis,
TBE, West Nile, Yellow Fevar and Dengus- Il in
1l bird specles.

Thesa studies were continued in 1972 and
1973 in order tu get further and largs scale ine
formations on tho above mentioned probloms. In addie
don, it wes intonded to check the sera showlng
positive roactions in che hemagglutination inhibie
Lenn (HI)~test also in tho neutralization teat

(NT). Ul..s appeared of particular importsnce due

to the Fact that hemagglutination inhibiting an-
tibodies hed been found againet A group viruses

in non-migrating birvds.




(2) Methods. . 3

, All birds were captured with Japansse mis%
nets in the reed zone aof the Neusiedlsrses near the
village Neusiedl in the Northsastern part of ths
lakew« Blood was tekan from the jugular vein exclu=~
sively, Birds were marked and releesssd immediately
after puncture. Individuals recaptured scme days
later were releassd without taeking a blood sample.
flood samples collected in spring, summer and autumn
wera not only testsd for antibodies - as in tho cuse
of sera from birds collected during winter - but also
for virus. For this purposs a small part of the blood
was immediately frozen in dry ice and then kept st
~-80°C until virus isoclation exp...ments were cdune.
These were carried out by intracerebral inocula~
tion of the blood into beby mice. The mice wers
obsarved over a peried of two weeks.

{ne main part of the blood (up to 0.2 mi)
was immadiately diluted ir 0.8 ml-PBSé kept in ics
for soms hours and then frozen at =207C until swero-
logicel examination. All sera were {or will be)
primarily tested for homagglutinatiocn inhibiting
antibodies accurding to the refersnee methud of
'LARKE and CASALS againat the followlng antigenss
T8, Weat Nile, Uukuniemi, Chikungunys, Semliki,
Sindibia, Cmlovo and Tahyna. Sera which provaed tu
bs pusitive in thy Hi-test wexe {ur will be) .
checkad in the NT as far as & suffigiently high
smount of ssrum ig still available. The neutrali~
zation tosts agalnst Tahyna and Chikungunya viruses
were carried cut in the sstablished cell-lineg
GMK«AM 1, acgainst TBE virus with L-cells, and
agsinet Calovu, Semnliki, Sindbleo and West Wile
viryses in chickoun smbryo cells. The ocourrense
of nputralizing antibodies ageinst Uukuniami
virus was oxamined in baby mico in the uasual mgns
nar.




(3) Results.

As ths investigations carried out in 1872 and
1973 represent.a continuation and complestion of the
studies reported in the Final Technical Report 1872
and as many of the samples collected during 1871/1972
had not .yet besen .evaluated when the report was writ-
ten, it appears Jjustified and advisable for better un-
derstanding to summarize all results so far obtained .

From autumn 1971 until May 1973 blood aamples
-of . 1162 birds belonging tc 30 specles werse collected

of which 689 were tested for virus and 1078 for hem=
agglutination iphibiting antibodies agsinat the anti-
gens listed above. Besldes the strain isclated from

the blood of a robin in spring 1972 (ses Annual Resport
1972) (14) no additional virus was isolaced. Deapits
further trials this strain could not yet be identified.
It is, at any rate, with certainty not any of the arbo-
viruses hitherto known to occur in Europe.

The results of HI-tests are shuwn in Table 23,
Rltogether 94 positive reactions were found in & total
.of 84 birds; 76 hirds had ontibodies ageainst anly one
of the antigens used, § sora rsacted with {twws antigens,
and 2 sora with thres antigens. Thass sera raacting
with mooe than one antigen are listed in Table ?4.

From the 94 positive reactions in the Hletest
an far 859 have been checked In the NT. The rgsults
obtained (ses Tabla 25) verified the occurrends of an~
tihodies asgainst Uukunieml, West Nile, TBE, Semliki
and Sindbids viruses in one or more bird species.

Bloud samples of 32 starlings cullected in 1970
which were processed with other methods (ses

Final Technical Report 1972) are, howevsr, exzlud=-
ed from-thie ascount.




(4) Digcussion,

‘As mentioned above, the nvestigations reported
here werse carried out in order to get informatinns par-
ticularly on the possibility of introduction of arbo-
viruses to Central Europs by migrating birds or one
hand ‘and on the role of birds in the eirculatian of
arbovirusea in Central Europe on the other hand.

The results of virus i9ulat10n sxpsnimants do not
allow to diaw any definite conclusions. witb respect to
pither of these questions. Uut of 689 blood samples only
ong virus ssrain was isclated, and this sould unfortu-
nately rui yet be identified.

{n the basis of i:smagglutinatiaor inhibition and
neutralization tests carried out with 1078 avian sera
soms subetantial informaticons could, however, be ob=
tained. As can be seon from Taeble 285 only a part of
those sera reacting pusitively in the HI~test gave also
positive rgactions when checked in tha NT. In sume
cases this may certeinly be traced baok to nongpecific
or to eruas reactions in the HI-~test, probably in the
majority it can, however, be explained by the fact that
the blood was diluted immediately after punnture in
0.5 ml P8BS, =0 that in caso of luw amounts of blood
obtained very low consantratinne of antibodiss resul-
ted which were unable to neutrallze the virus.

At any rate, the regults of neutzalization tests
vorifiod the occutrence of antibodies egainet Uukuniemi,
West..Nile, "TBE, Semliki and Sindbis viruses in’ aeveral

“bird snociss (Tabia 25).

Positive roactions againat a numbor of antigana
(or virusee) in aeveral migratiog birds are not sur=
prising and reflect prior infectlons with these or ro-
lated arboviruses, mainly in tropical and subtroploal
ragiuns. In thosu ceses the confirmation by the detec-
tion of neutralizing antibodies againet the respective
viruses is not of that essontial importance ag it is




the cass in non-nigrating blrds which reflect activity
. af arbovxrusas in Europs. R

‘ﬁ“i Thus, the follow;ng ‘conclusicns can be drawn:

(1)"The hlgh percantaga of posxtive sera
against Uukuniemi confirms that birds are in fact es-
sential vertebrate hosts of this virus and that the .
virus muet also occur in Austria.

(2)  -The fact that no hemagglutination inhi-
biting antibodies against Tahyna virus could be de-
" tested in any of the 1078 sera tested leads to the
assumption that birds cannot play any sssential role
in the cycle of this virus. [t would, howaver, be .of
" gonwsiderable intersst to carry out a large scals
‘tudy on starlings (Stucnue vulgaris), e species in
which neutralizing activitiss against Tehyna virus .
have beoon fornd in a previous shtudy (L, 3).

(3) Infections of birds with TBE virus do ap-
parently occur, but they are rare and do certainly
not have any importanca for the virus ciroulation.

(4) ‘Humngglutlnatimn inhibiting antibndlos
against Calove virus were found in three sera only;
these findings could not be confirmed in the NT. It
is, therufore, duuhtful whaother birds are even suss
ceptible to the wirus. At any rate,they are certalne~

1y of no importence fur the virus ciroulation.

N

(5) Homegglutination inhibiting antibodies
against West Nile were found nut only ip the migra-
ting spocies of the genora Lycustells and Agpogopha-
lus, but also in Ponduline Tits and Blye Tits cought
during winter. Both findings could be gonfi. ud in
the NT. Although single individuals of the Central
furopoan populations of these birvds sumetimes fly to
Northern fecitercancan reglons, it is unlilsly that
all positive reactions are to b8 traced back tu auch




relatively rare events. It must, therefore, be taksn

:

into consideration that West Nile virus may occcur in
Central Europe, eithsr very locally or perhaps not
regularly, but only in soms ysars after introduction
from the South of Europe by hirds. As the main vec-
tor of the virus, Culex modestus, occcurs not too
rarely in the Neusledlersee area, the basic conditions

for virus circulation are given.

(6) The most interesting results are repre-

sented by ths occurrence of hemagglutination inhibiting
antibodies against group A arbovirus in Bearded Jits
and in Blug Titg which have besn confirmed by the po-
eitive reactions in the NT ageinst Semliki virus. This
leads to the conclusion that & group A arbovirus oo-
curs ~ at least psriodically - in Europe. So far it
remains uncertain whether it is a virus known from
other geographical regions or an agent still undis-
govered. It i{g intended tu carry cut Purther studies

in order to clarify these prublsms.

{s) SUmMary .

from September 1971 to May 1973 - 1162 avian
sera comprising 30 specles wers c¢ollscted in ths Nou-
sledlerses ares in Eestern Austria. 8So far, 889 sere
were testad for virue , 1078 for hemagglutination inhi-
bitirg antibudies agalnst the folliowlng antigens: TRE,
West Nile, Uukuniemi, Chikungunys, Semliki, Sindbis,
Calovo ond Tahyna, Only une strain of a virus still
unidentified was isolated from a rublia returcning from
hibgrnation in spring 197%, 94 positive reactiocns
wire obtained in the MI-twst cumprising all antlgons
iigted above except Tahynn, 59 of thess positive reso-
tiouns wure cheuked in thu noutrslization test, whuroby
the occurronse of antibodiss agalnst TBE, West Rilg,
Uukunlomi, Samiiki end Sindbls could by verified. As
regards Luruposn arboviruses the following conclusions

gan be drawnhs




;“Atl) “MNost’ positive reactions wers obtained
with Uukunismi virus; thus confirmlng the important
role of birds in ths circulatzun of this virua. .

(2) None of tha. geora had hemagglutlnatlo
inhibiting antibodies againat ‘Tahyna., It is, therafore,
very unlikely that birds plasy any asaential rolsg in.
the clrculation uf this virus,

(5) Three sera were positive against Calovo
in the’ Hi-tost, but negative when checked in the NY.
It is,.therefore, doubtful, whether birds are aven.
susceptible for this vinus.

(4) A feuw sera showed hemagglutination inhi-
biting as well as neutralizing entibodiss against
TBE virus. This indicatos that birds are sometimes
infacted with the virus, but do certainly not play.
any important role in the circulation of the virus.

(8) The cocurrence of hemegglutination inhi-
biting end noutralizing antibodiss against Wesi Mils
virus in Panduling Tits and Blug Tits lwads to the ase
sumption that this virus may - perhaps not pegularly
vut osly in sume yeors after latroduction from the
gouth of Eyroupe -~ occur in Cantral furope.

- {6} A fouw sora of nun-migrating birds
(Byakdad Tits and Blue Tits) had hemagglutination ine
hibiting and, in pert, alsu noutralizing antibudios
againat Somliki virus. Thess findings ropressnt an
Cimportant hint for tho (porhaeps periodical ?7) wcour-
roncy of a group A arbouvirus in Europe.
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‘Tablg l: Number of ticks (Ixodes picinus) collected
- ~in differsnt mveas iR Vienna‘TV), Lower -
'”Auatria (L/&. ), Salzburg (S), Upper
Austria (U.A.) end Carinthia (C), and
virus isolations therefrom in 1872.

Location Nymphs Straine Adults  Strains
Date collected_ 1eolat§d collact ¢ - ‘igblated

- DS € L B0 G M P e

Sophien=-
alps (V)
July 8

Neuwal-

‘degg I (V)
July 8

Neuwal=- :
degg II (V)
July 9

Geras
(LoAL)
Sept.l9

Rosgne~
DUI‘Q (L' A )
Sept.19-20 244

Birmoos (8)
Sept.22 71

Holzhau-
sen (8)
Sept.22

Erneting
(U.A)
Sept.23

Hochoster=
witz (O)
Aug-12 134

Taggen=~
brunn (C)
Sapt.l2 ol




Number of ticks (Ixodes ricihus). collescted

in different ereas in Vienna. EU) Lower

Austria (L.A.) and Carinthia (C), and

' virus isolotions therefrom ip 1973,

'Loeatﬂon'
Data” '

< o i maF o - -

- Neuwale

degg/Sal7'

mannss

April 26
Nguwal -

dagg/uale

manne— ‘
dorf {V):
May 4
Jauling/
Enzesfald

(L.A)
April 28§

Jauling/
Enzosfald
(LoA)
May 4

“Jauling/
(Lahse)
Tay 21

mHuhﬂﬁagg
o {kaR )

K

'
v

Adults Strains
collected isolatad

-

Nymphs @~
collected

. 0 = - o

Strains
igolated;

&L

- Enzeafald o

'Apriifﬁuf~“

Taggens
~brunit. (C)
May ;u.

_;u;a
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Yable 3: Results of tiecx coilection befors and after Abate treatment in fGhlleiten
and Hernstein. , : . : L

M0 hlleiten: May 25 May 28  3ung 9 L

Fig.d w0, Number of nymphs Humber ow.mwsurw_zaawwu aw.l«yvrm.w

3 : (adults) 7 (sdults) ,amucwwmv na
Control fields: {2) 4 {3 2
B , (3) 6 S 1
. ] y : {4} 1 -

Total , (3} . {1} 12

Treated fields: : (3) . -
(4) (1)
{3} - -

Total ” (20) (1)

H

ernstei . Jure 18t . June S

=2

&t
&
o
(4]

Control wwmwamw. 2 : | (6)

: . : - (7).
. . {1)
Totel’ . _ (14)
Treated fields: (1) 1. {3}
, o (2) 1 {2)

. i (6} £33
q_o«munﬁ.; AN Amv N Amw

#

P ra ta Tl o) S
e B G A DD
Nt Yt St St e o

1 >y v o> e Ay B A e, . S s 2 g e . S Ut D B O U i o S o, S g S e




Table 4: Results of free living rodent populetion
reduction by poisopning with rodsnticides
in Hohenegg and Taggenbrunn,

Hohanegg:
Excursion i Date . Trggged animals

O P G G D D R U S 0 ATY B 8 TS S N D 09 . S P 00 ' W O - 0 w0 = o o O et o

A1'7*) ”A" . August 6-9, 1872 14 Apodemus flavicollis
o o : T 2 Sorex minhutus
10 Cisthrlonemys
. ~glarsolus
' +). | : December 8-10, 1972 12 Apudenus Plavicol. .s
R - T T I coee o0 T Llethriohomys

lareolus
2 SoreXx arangys

)

3 December 23-24, 1l Sorax srancus

1972

February 24-26, 1 Apodemus flavicollis
1973 1 Sorex aranaus
1 Sorex minutus

April 28-30, 1973 3 Apodemus flavigpllis
7 Clelbrionumys

glaraclug
2 Sorex minutus

4 ++)

5 ++)

o S e W g T Gk D A W D 106 R V8 U G S I G G G T YD A K Py e T T AP G TR A AL Y S 4 AW 0 A W g P SR TS W A S W T G NIy AP e U W W

Tagaenbrunnt

1 +) August 12-14, 1972 16 Apodenys 8pep.
1 Glsthrionomys

: glaresolys
2 +) Septomber 11-13, 28 Appdsmug spec,
1872 1 Clethrionomys

Qlarsolus
3 Sorex minutie
3t April 29-30, 1973 2 Apodemus spso.

1 Clethrionomys
Qlarenius

May 8-13, 1973 3 Apodemus speo.

4 )

+)  Bufoure poisoning prograwm
++) After-polsening program




Number of ticks (Ixodes ricinus) collected in
- Hochosterwitz and Taggenbrunn in 4 subsequent
““years and number of virus strains isclated
. therefrom. :

_ Lo Nhumber o f
_Excursien .- Nymphs strding adults strains
date ' collected isolated collocted collected

Lt . 2 Sy D S Y D Sy S P B M P WD WY R O L) G S D e A8 P ) MR i P M Ga0 G5 G VS R e GNP D AE D A U T A T I U G W G S

Hoghosterwitz
1969 '
Sept, 1 - §
-19748

May 26

1971

July 7
Sept. 11 -~ 12
Oct. 1

1972
flay 13
Aug. 12

Taggenbrunn
1969 ,
Sept. 1 = §
w90
May 27

1871 -

July 8
Sspt. 11 =12
Oct, l~3
1872

May - 13 =14
Sapt. 12

1873
May 10
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Teble 6: Number of ticks (Ixadss ricinus) ‘collected.
+ in different parts of Switzerland, and virus
laolatione therafrom in 1873, '

Location (Kantaon)
dete

St 1D A S 2t 2 B W S S S 0 P

N um b e o

nymphs strains adults strains
cell. coll, coll, .coll,

Meadow of Aary
near Hunziken (BE)
May 22

ffeadow of Asre
near Rubigen (BE)
flay 23 “

Meadou of Aare
near Kleinhiiche
stetten (8E)
May 23

Mixed faorest
near La Sauge (FR)

May 24

Mixed forest
near Sugiez (FR)
May 24

Thaxmophilic booche-
- pak=-tbtas forost
neafr Yvorne {(V0)
May 25

Humid ash<trae
forest near
Sugisz (FR)

Nixed forest oan
Bilttenberg noar
Blel (BE)

Ma, 30

. Mixed Torevst noear
Prungen I (2ZH)
Jung 6

R A O T D D A0 AN a e e

377




Tableg 63 (Flow aheet;.cont;;)'. ,"' ;

i

! um ber ”6 f

Location (Kanton) nymphs setrains adults strains
QEEQ—..-..-.---n----,-«---cne;l.él..--Egéé:-'---uggéé:--usgl&;--
Mixed forest naar

Peungen II (ZH)

June 6 178 12

Afforestation on
Cholfiret near
flarthalen (ZH)
June 6

Mixed forest on
Cholfirst near
Marthalen {ZH)
June 7

Mixed furevst near
Rhoinau (ZH)

()

Juns 7

Mountain firtruae
furest un lWeisson=
stain noar Solo~
thurn (80)

Juna 8

Brushwond on
Mont Vully (¥R)
Jung 13 144 - 31 -

- It ST G N WS I S D T W e A 1o R VR TS WD U E GO T L g b B b I W S S T T Ak T M SN G SO L TS T R S0 WA S B T e

2542 . 528 :




Teo's 73 Distribution of TBE cages in Austris
in 15872. '

: Province April. May Juns July Au t. Oct. Nov. TOTAL

Province April.May June July Aug. Sept. Oct. Nov. TOTA.

Viennsa 4 10 12 111 3 1 i 42

Lower ' S
Austria 11 20 18 22 5 3 82

Carinthia 22 40 44

Upper : .
Aystris 15 12 53

Burgune
lang ¢ 4 - 4 16

Salzburg 2 2
Tyrol 1 1 T 2
Styria o 65+)

W 06 NS —r W TBL D A N W UM A S8 W T VU AP BN S Sy Tl W WP ASr B W AR R VIt WP U B N N WD SRR e D W S 1 AT W T B D TS O A S

TOTAL 4 24 770 986 8 18 il - 4 389

+) Diagnosed by the Institute of Hyglana, Univoreity
of Graz.




G

-Yable 8¢ Distribution of TBE cases in Justria
diagnosed in our 1 atory until
June 1973, I T Lt

i

Province April way ~ June |- TOTAL

-n--qu-uun-----Enun—m Y e N G o ey TR T D A G . . Y T GUS W0 W o Y S T G WO M e S

Vianna _ . 14_
Lower Austria | ‘ ‘ 27
Carinthia S 35
Uppor Austris 16

Burgenland

Salzburg

“Typul,

§§gria ‘ ' =1

4TS OF T 1 SR A D R AR KD S A 4R ) nﬂmum&«-vnv-n-nwanwuhﬁn““mmﬂ—ﬂoﬂqﬂwuﬂ

ToTaL 1 22 74 g7




Table 93 Trial of TBE vaccine (two’'dosos, '8iGé)e.. i .

Ao ]

Time of sampling
Indiuidua;{sz P:ovacdinaﬁion 2-4 wasks 2= veeks
number o . after  after

lst dose 2nd dose

e . e - S e o - - - o - OF v e s -

320"
40 40
20 160
Nt 160
10 80
20 150
320
20 20
§] 20
80 8
40 4¢
g 40
20 20
B0 80
n,t. 10
20 20
Nete 20
20 40
n.t. 80
([ 7R AN 24
3 T A 20
BO 320
et 20
20 40
] 40
80
80
20
160
40
20
k§V]

s

o

1
2
3
4
§
6
7
8
9

Pt it ok ot Gk
&L P

b
o

- : . ,
COC oG IO oo OO RO OC0O OOl EDDD 0

SRR, i Nwran

Cren e




cont.l)

Table 9: (Flouw shaéf,

e i8 Uime’QSLéGMﬁiing

individual's Prevaccination 3-~4 wesks 2~4 wosks
number ‘ after after
: lst doss 2nd dose

(X8 .

ot

.20 8y
40 320
20 40
40
80 160
40 160
80 80
a 4
10
U
G
40
10
0
40
20
20
10
20
20
40
20
20
20
40
8u

37
38
4‘.39 o
44
41
42
43
44
45
46
47
48
48
49
50
81
S52
53
54
5%
56
§7
58
8¢
62
63
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- 1able 10: Minimal amounts of substances inhibiting
the HA of TBE virus under cumpetitive
conditions.

T
Lo '

-Iﬁoéitdl-hexaphnéphate, Ca=salt (commercial :
phytin) 350 pg

Inositul-l,4,5,6,«-tetraphosphate, Ca~salt
' ‘ (aynthotic) *50 pg

Phosphoglyceryl~inositol-triphosphate,
Ca-salt (synthetic) 330 pg

l1=~{1=Phosphuglygeryl )-ingsitol«4, S=diphog=
phata, Ca-salt {hydrol. from TRI) U4 ug

Phosphatidyleinusitol-tripnoaphate,
Lawsalt (synthotic) 0.6

l-Phggphatidyl-inositol~4, S=diphosphats,
Ca~salt (TPI)
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Tablg 11i Depeandanve on pH va.ua of the HA of -
TBE virus submitted to different purifi=""

cation procedures.

Ciphe Untr{.,$ﬁér.-ﬁc. Prot.~5. Neur.+Phus, Naur.+Phos.
+ @rot--s.

S AT R e TR G A S D $0 I R A VD A e B LI W BN G W LY DL N T G SO A U IR T WA R G U OO SR A0 S W TS A ST WA WA YO IR R TN 4 4D B

T 28 <4
£ 4

Untr. ;. untreated
Sugr.~Ao. oxtracted with sucrusg~ststung
Prot.=8, = precipitated with protamin sulfate

Nour.+Phos. incubated with oouraminidgse and phos-
phulipase €

Noug . +Phos.
POt -8, gnzymatic troatment followsd by pruci-
pitation,




Table 12; HA-titer of alkaline.extrected Uest Nile
virus after dlfferént treatments,
mgqguraﬂ at pH 6.8. T T

N TP
A f 0

Brain supaernatant, originaluu
Nouraminidase + Phospholipass C
Nguraminidase

Phospholipass C

Jable 13: Oapendance on pH of HA-titers of West
' Nile virus submitted to differaat puri-
fication ‘precedures,

L

&M . Untr. Prot.-S. Neur. Nour. + Prot. - S,

-hwv-—n-u-muuu-nnnuuu—q‘-nﬂ-u-m—Anu-!-‘---nwmanﬂpdn-

6.0 2 a {2 - . B
6.2 ¢2 18 L2 . 1&
64 22 64 ¢ 2 32
6.6
B.5
7.0




Jable 14: HA of WBst-&ile virus treated with S0 U
’ v neuraminidass at pH 7.6 and 37°C for
differsnt periods uﬁ;timg;

Timg pv. »vr = - - Titer (two sxperiments

AU-(untr}) ) _ 8 : .8
5 min, . 128 64
10 min, o 56 256
20 min., ‘ 256 256
40 mine s 256 ¢ 512 "

able 15: HA-titer of West Nile virus incubatgd for

A S — S A——

. 30 min. . at 379C with neuraminidase @iluted
in buffer with.different additions.

AU EPR I

. 24 by 2

. o
0 L A T D 0 S 0 0 o e o) 0% ot B D e (30 O o a0 A R R L

Dilution Buffer alons ‘ Buffer + CaCl Buffer + CalCl

64 128
64 : 64 T
w2 L e
€2 | A 64
<2 " a2
2 _ o ’ 64
&2 )
<2
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Table 163 Dependance on pH of the HA of Chikungunya
’ - virus submitted to different purification
procedures. '

e .- .50 U.: 50 U.Neur. 50 U.Neur. 50.Neur.
~Untr. Prot,~S, Neur. + Prot.-5. + PBrot.=5. + Prot,~5.

Eﬂnnh-m----m-muu--—n--«-n.-'—-—-n-«n-n-wn--m—um-u--u---n-n-

6.0 (4 -, 286 (16 1024, 1024 . 4096

6.1 2048 ¢ 16 2048 4096 2045

6.2 32 ¢ 16 1024 - 2048 1024
6.4 ¢l 512 2048 ¢ 512
{16 512 2048 . . 0256

£ 16 256 1024 128




Table 17:;{fﬁ§arﬁergq in sera of mice after induction
MithJTi;gfoné HCL and derivatives.

i

" Serum ﬁakan'after injection of
interferon~inducing compound

Inducsr __ 16 hours _ 20 houxs 24 hours 40 hours-

Tilorone ;) . _
HCL 320 1280 - 640 80

RMI 11002 DA - B8O 160 320 20
RMI 11877 DA 320 640 320 40
RMI 11867 DA 640 1280 1280 a0

RMI 10874 320 640 1280 40

G W g 0 SN NS IR RS N B U W MR WP ) SR R UL AU O R P S e W G R I O W 53 A e B S O WL VR S D O G S T A AR WD WAL SR AR

)
Titsr of interferon (reciprocal value) aessayod in
L-gulles challangod with Vesiculor stomatitis
virua (VSV). '




Tabls 18: Antiviral activity of Tiloroné HCL and
' derivatives {Dose 250 mg/kg orally)
" against TBE in mice (120 L0g s 8eCe Je

S

Compound Numbar of mice Number of mice
inoculated survived

A W A N A T U A G OV I VR G S0 e I T O S A ) T S e B SR W A SN S AT CHD A T W WIS W WA W T B W S e S 3 b WV S W S o

Tilorone HCL 4d .16
RMI 11802 DA 0 -
RMI 11877 DA 0

RMI 11567 DA 50

RMI 10874 se . .o

none - cantrol §0 , o

D el W A R Y AN NG S S D R b A S G VO G VIR T V) S KD I GRS € AN ANE IR W TR 00 T WD G TN SR A OB




Table 19: Antiviral activity of combined oral appli-
cation of Tilorone HCL derivatives against
TBE in mice (27 LD

50° 84+C, )t

e - % % Number of mice . Number of mice
Treatment Y inoculated +  gurvived

Tty U e Y B O ) o S D D D VR Tl S S O D D S T S ) S T AR T WY O ) W A4 L T M0 4N Y O S W SR e G ) N S
1 H

Tilorone 250 mg/kg 50 34
RMI 11557 DA 250 mg/kq 50 25
RMI 11002 DA 250 mg/kg S 50
RMI 11877 DA mg/kg 54

RMI 11877 DA mg/kg
RMI 11002 DA mg/kg

RMI 11877 DA mo/ kg
Tilorune HCL mg/kg

RMI 11002 DA mg/kg
Tilorong HCL mg/ kg

RMI 11567 DA 125 mg/kg

Tilerong HCL 125 mg/kg &

nofe~control ' 50 1

Ty D AP P A A W R R 6 U A LG W e A W G ok O L0 R T T T 08 e 0 Tl VOO ) G R D S D Y G - T A e S S R




Antiviral activity of 100 mg/kg Tilarone HCL
and derivatives after suboutaneous and intra-
peritoneal application against TBE in mice

Az - :
\& LDSO? -3.CV| )Q

_ Number of mice Number of mice
Cumgound Route inoculated survived

D o et 00 W D D D PR . VIR S SO R MG AP UL B B 00 D A SN B IV 9T U0 W et 0 S AU T VN A I 0 G G S T T PR 2 A S0 S A X

Tilorone 8.0 50 - 35
KCL Lope : 50 o 24

RMI 11002 s.c. . 5@ - . 20
DA iepe 50 15

RMI 10874 s.c. 50 25
. iopo 50 ) 21

RWI 11877  s.0. ‘50 , a3
DA Lep 50 3

RMI 11867 - 8.0 50 18
- DA icpo 58 . 15

none = gantrol : 50 8

U5 WR AT U e B T DUk TR UG YA N TN S e D S b WA U R (0 120 A I T G G S A M ) 08 N 6 B 0 VA TR S Y s A S e D
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Jable 21; Antivifal activity of Tilorone HCL and
derivatives given orally in high doses.. .

-Numqériéf mice Number of mico
Compound Dose ~  inoculated _survived

A 0 B2 T G O M e S S S T €4 D S PIR TN Bl B G GG ) A T S U W WY 50 A G D OVP B M SN S W S ATV T D G 6 YRR G T T

Tiloronme HCL 1C00 mg/kg 47 298
500 mg/ky .. S50 23

RMI 11002 DA 1000 mg/kg = 47

RMI 10874 1000 mg/kg . 46

RMY 11567 DA 1000 mg/kg . 48

RMI 11877 DA~ 1000 mg/kg 80

nohe = ubntrml B 50

W WS (00 ok W L e v




Table 22: Antiviral ectivity.of Tilorone HCL and
S derivatives in combimation with Poly I:C
against TBE in mice (61 LD

50, 3-.00)0

Number of mice Number of mice
Traatmont ingculatsd survived

D B0 G D LR LD R TN NI I W g G W D I AN O TR e e G A T O N D R S R UL O AP LD T S o A CO G L GR OOF  N A VS i S e B

Tilorona HCL 250 ma/kg s 15
Poly I:C 10 mg/kg 50 g

Tilorane HCL 250 mg/kg
Poly IsC 10 mg/kg

CRMI 11002 DA 25U mg/kg
Poly I:C 10 mg/kg

RAY 10874 250 mg/kg +
Poly I:C 10 mg/kg

RMI 11567 Dh 250 mg/kg + o 20
Poly I:U 11U mg/kg

RMI 11877 DA 250 mg/kg 50 12
Poly I:C 10 mg/kg

none - cuntrol 50 1]

T s 20 S VEA B L S WD AN WS AP0 N S B A P A5 G P W A0 MG IR A 400 48 b T3 WP S W UG U W5 A B R A LD B A S I S LA T D D WY
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Jable 23: Results of hemagglutination iphibition tests with svian sera collecisd
. in the Neusiedlsrsee area (Eastern Austris) frum aubumn 1971 uniil
spring 1573.

o

Numbzsr of positive Total . .umboe of
reacticns against . positive
_ roactions

V - Number ¢f sera collected/
- number of sera tested/

Lt
s o
- numbar of positive sera —

Ty T S S S e i 400 s i S s A B TP LB S D S N AR Y S e R Y T S, AT SO S S WP Mt o T4 S S22 P

: +
Spacies

bhikungunya
15amlikd
Sindbig

WWest Nile

s -

ﬂﬁﬁwvmxouuxnv:m

minutus ’ 1/ -1/ 3]
{Z)Raliusg .

aguaticus 1/ 1/
(3)Porzana

porzana: - 1/ . 1/
\4)Fulica: o

étra 1/
{5)tallinago

gallinago -3/

{8)Tringa
totanus 3/
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Tetal numbex of
positive raactions
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Tabls 23: (Flow shest, ‘cont.6)

+)

For batter perspicuity in this table only Latin
names of birds are listed. The respective com-
Mon hames are: :

Littie Bittern
Water Rail .
Spotted Craks -
Coot

Snipe

Redshank

Green Sandpiper
Kingfisher

Swallow
Blus~headsd Wagtail
White Waqtail

Wren N
Savi'as Warbler
Moustached Warbler
Sedge Warbler
Mas-sh Warbler

Reed Warbler

Great Reed Yarbler
Garden Warbler
Blackecap
Whitethroat
Chiffechaff

Willow Warbler
Wiinchatt

Rohin

Bearded Tit
Penduline Tit

Blue Tit

Great Tit .

Reed Buiting -

(1)
\2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
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Jable 25 (Flom'sheet, cont.2)

'(3) = Porzena porzéna
(7) Tringa cchropus
\:Ils). : fLodﬁBteiia~luséiniaidss
. ‘i (14) = .Acfbcephalus'%slanopogon
: (18) Acrocephalus schoanobaenus
7). Aorocephalus scirpaceus
(18) Acrocephalus arundinaceus
(25) Erithacus rubscula
(26) = Panurus biarmicus
(27) Remiz psndulinus
(28) Parus -caeruleus
(30) Emberzza schoeniclus.
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