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Thies new foci’of TBE virus were found in Lower Austria.
In studies simed at interrupting the virus cycle in nature
Gsrdona® was very effective ageinst ticks. Effect of tho
small mammnal control program in Carinthia is not yet clear.
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Attachment of TBE virus to its ruceptor (TPI) is a two-
step reaction coneisting first of a loose electrostatic
and later a stronger binding, TPI inhibite the infoctivity
for mice of group B but not of group A arbovirusocs. Anti-
bodies against TPI were obtained in rabbits.

In animal experiments no conclusive evidence was obtained
that formation of RNAse is one of the defense mechanisms
against arboviruses.

Interferon does not account for the reaistancs of house
mice to fatal TBE.

Tilorone (RJHC1 protects white mice against TBE. Combined
application of this compound with Poly I:C did not improve
the results.

320 cases of TBE were diagnosed in Austria. The disease can
rapidly be diagnhosed by demonstration of IgM-antibodies in
the patient's serum with 2-Mercaptoethanol.

Interferon can bo demonstrated in the CNS of patients who
succumb to TBE provided death occurs soon after onset of
disease.

Tahyna and Calovo viruses are regularly active on the
Eastern side of Neusiedlersee but not on the Western side
of the lake. No evidsnce was found for the hibernation of
Tahyna virus in Culex modestus.

for the first time antibodies against Tahyna virus were

found in birds (Sturnus vulgaris). nares (Lepus surcpseus)
are not susceptible to Calovo virus. ’
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Tick-borne encephalitis (TBE)

S gl d 2R (3

(1) Introduction

In 1969 and 1970, field studies were continued in order to
locate new foci of TBE virus. This was done by virus iso-
lation experiments from ticks coliected in woods that had
been visited by persons prior to their becoming ill with
TBE. Thus several foci in Upper Austria and Carinthia were
found. In 1870 and 1971 egain questionnaires were sent to
patients with TBE. According to the information obteined
we continued to search for new foci of TBE virus in Lower
Austria and in Burgenland. Also surveillance of TBE in tha
three known foci in Lower Austria, Gfieder, Strelzhof/uwil-
lendorf end Hernstein was continued. T

Our present field studies are done with the aim of finding
methods that could lead to the interruption of the virus
cycle in nature. This yoal could be achieved by measures
directed either against the tick vector or the vertebrate
reservoir of the virus.

One line of investigations deals with the question of
whether or not a sufficient reduction of ticks cen be
achieve?nyith modern insecticides. fFor this purpose Shell's
Gardona which is an orgenophosphorus compound was tested
for its effectiveness against ticks in three different
locations.

The other main line of research developed out of our

finding that small mammals are essential for the persistence
of TBE virus in a focus. First experiments ere being con-
ducted in the Teggenbrunn focus in Carinthia with the hope
that a reduction of the population density of these verte-
brates will be detrimental to the development of nymphs

and eventually stop cycling of the virus.

(2) Methods

Ticks: Nymphs and adults of Ixodes ricinus were collected

by flagdragging and transported. to the laboratory. The
nymphs were homogenized in pools of 1-20 individuals, the
edults in pools of 1=-5 individuals respectively. They were
suspended in a medium consisting of PBS and 10% horse serum
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Tick-borne sncephalitis (TBE)

E 1 e l g _e_t_u_d_i_a_a_

‘1} Introduction

‘In 1969 and 1970, field etudies wers continued in order to

locate new foci of TBE virus. This wae done by virus iso-
lation experiments from ticks collected in woode that hed
besn visitad by persone prior to their becoming ill with
TBE. Thus saveral foci in Upper Auetria and Cerinthie were
found. In 4970 end 1971 egein queetionnaires were sent to
patients with TBE. According to the informetion obtained
we continued to ssarch for new foci of TBE virus in Lower
Auetrie end in Burgenlend. Aleo surveillence of TBE in the
three known foci in Lower Austria, ofieder, Strelzhof/wil-
lendorf end Hernstein was continued. T

Our present field studiee are done with the aim of finding
methode that could leed to the interruption of the virue
cycle in neture. This yoal could be achieved by measuree
directed either ageinst the tick vector or the vertebrate
reservoir of the virue.

One line of investigetione deals with the question of
whether or not a sufficient reduction of ticks can be
achievefﬂyith modern insecticidee. For this purpose Shell'se
Gerdona which ie an organophosphorue compound wae teeted
for ite effectiveneese against ticks in three different
locatione,

The other main line of research developed out of our

finding that emall mammales are essential for the persistence
of TBE virus in a focue. first experimente are being con-
ducted in the Taggenbrunn focue in Carinthia with the hope
that a reduction of the population deneity of these verte-
bratee will bs detrimentel to the development of nymphe

and sventuelly etop cycling of the virue.

(2) Methods

Ticks: Nymphe and adulte of Ixodes ricinue were collected
by flagdragging and transported. to the leboratory. The
nymphe were homogenized in poole of 1«20 individuals, the
adulte in poole of 1-5 individuele reepectively. They uwere
suspended in a medium coneisting of PBS and 10% horee serum
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. and inoculated intracerebraliy into baby mice. The animale i
were observed for 12 daye.
(R),

Gardona ¢ Tests were done in °rfﬁf to develop a control
program against ticke with Gardona . During the fall excur=
sion on September 25 and 26 in 1970, the 16 control pointe

in our study araa near Hernstein were searched for ticks in
the usual manner. Then around_seven of theee cfeck points,
each covering an area of 16 m“, the groupd and underwood

wae sprayed with a solution of Gardona R) at a concentra-
tion of 1 1b. per acre. Un the following day and 12 days
thereafter ticke were ayain collectud around the 16 poles.

e abbanah AN RS e

In the spring of 1971 in an afforeetation near the area
mentiocned above B fields of 25 m“ each were marked. Four
of these fields were sprayed with Gardona R) ae described
above. Tick ccllectione were made before epraying and on
the 3rd and 8th days thereafter. A similar experiment was
done in a wood near the Danube river at Mihlleiten, a feuw
miles eaat of Vienna,

Small mammals: Eradication of the virus by trapping of
small mammals is being attempted in the focus of Taggen-
brunn (Carinthia). This focus was chosen to test our hypo-
theeis that small mammals are essential for the perseietence
of TBE in a focus. So far, four excureione were made in
order to trap small mammals. About 120 small mammal traps
were set up for 1 to 3 nights.

(3) Results ]

Gfieder: In 1970 from June 17-20, 141 nymphs end 25 adults 3
of Ixodes ricinus were collected. In the fall excursion E
{September 20-21) 149 nymphs and 14 adults (Ixodes ricinus)
were collected. From these ticks no virus was isolated
(Table la).

Strelzhof/willendorf: Ouring the spring excursion (June 20-
21) a total of 289 nymphs and 60 adults of ixodes ricinus

as well as one specimen of the tick species Haemaphysalis
concinne could be collected. uut of one pool consisting of
23 nymphs end another pool consisting of 3 males (ell ticks
stem from control point 11) two strains of TWE virus could é
be isolated. The fall excursion was done on September 25-30.

but of 479 nymphs and 17 adults of Ixodes ricinus no virus

could bu isolated (Tablu la).

Hernstein: 1In the spring excursion made on June 6-7, elto- g
gether 1014 nymphs and 104 adults of Ixodes ricinus as wsell
es one nymph of Haemaphysalis concinna were collected.
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No virus isolation was possible. Also virus isolation
from 235 nymphs and 13 adults (Ixodes ricinus), collected
during the fall excursion (September 24-25;, was not suc-
cessful (Table la).

New foci in Lower Austris: According to the information
obtained from patients with TBE ticks wers collected in
difforent woods in Lower Austria which are listed in
Table 2. It will be seen that of the 9 different locations
which wo visited in the spring of 1971, Hohenegg II, Neu-
dbrfl and Vdltendorf could be confirmed as foci of

TBE virus. In Hohenegg II the virus strain wae isolated
from a pool of 3 males and 1 female of Ixodes ricinus.
This focus is of the hercynic type and is situated near
the ruin of Hohenegg. It is of special interest that in
1970 three persons and in 1971 two persons obviously
acquired infection in Hohenegg, indicating that this. is a
permanent focus. The focus of Neuddrfl was investigated
bscause thig§ year three persons who came down with TBE
had visited this area within the period of incubation.
Also in this focus which belongs to the hercynic type
virus isolation was made from a pool of 3 males and

2 females of Ixodes ricinus. In the Viltendorf forest
where the third focus was located one person contracted
infection in May 1971. We isolated 2 strains of TBE virus
from 20 and 23 nymphs respectively (Table 1 b).

Gardona(R): The results of the field study with Gardona(R)
are listed in Taebles 3 and 4 and in Fig.1l.

A statistical evaluation done with the X2 test revealed

that the numbar of ticks in the fields did not diff?r
significantly prior to the treatment with Gardona R), By
contrast, after spraying with the compound there was a
very significant difference betwesn the number of ticks
collected in the treated and in .he control field. In
Hernstein I ticks were reduced by approximately 80%

12 days after spraying and in Hernstein II, whers co?ﬂ§-
tions permitted a more even distribution of Gardona 2
results were still better. Tho most drastic effect was
achieved in Mihlleiten where undergrowth is dense and
mainly consists of herbs and shrubs and not of younn trees
and bushes as in the other two areas.

Small mammals: The results of trapping of small mammals
are presentod in Table 5. It cen be seen that the popule~-
tion density was rather low already in the spring of 1970.
This was probably caused by the long and cold winter of
1969/70. Further investigations will show if keeping ths
numbsr of small mammals low will lead to the sradication
of the focus as intended by us.
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In 1970 there wex still plenty of vitus in the focue as it
vas indiceted by ihe fact that 6 sheep, which were
paet:irad in the focuz during eummsr, ali had sntibodies

in tho neutralization tget when they were bled in December.

(8} Biscuseipn end Conclusions

Survelllence of THE virus in 3 known foci In Lower Austria
again showod thet permanent foci usuaily coneiet of micro~
foci 1an which ths virue comes and goes. hAs it is evident
fxow ths Strelzhof focus where virus wae isolated from ticke
collectad arsund check point 11, frequently the virus ro-
appesre in axgctly the same spot where it had been found
previcusly {kedde ot »1.1588), (1).

Recantly we have started to eeerch for new foci on the
basia of inforoations cbtained from petiente. This is done
vith the purpoese of finding foci thet are suiteble for
contrel progresms directed either sgaingt ticks or mammals.
Une of the I risw Toci found eppeary to meet t?ﬁ)requtre-
mente for & succsssful application of Gardona T

The zesults of our first tests done with thie ineseotizide
ars very ancouraging, snd we are hopeful that our future
studiss will prove its effectiveness slsc in permanent foci.
In the near future a field triel will be done in the focus
of Hochosterwitz (Carinthis) whete especialiy high retis

of virus-carrying ticks are found as etated in the Last
Final Technical Repozt (2).

Control of small mammals ss reservoir animals of the virus
will elso bc continued. In connection with this it would
bo desirable to find methods which are more effective then
trapping.

‘5} Summery

Surveillance of TBE virus in known foci confirmed earlier -
obessrvations that within theze areas microfoci exist in
vhich the virus comes and goes. Three naw foci were
located in Lower Austria by virus isolation from ticks.

Bardona(ﬂ) is effective against Ixodes ricinus ticks. In

3 field studies a reduction of ticks ranging between 80%
and almost 100% was achiaved. The control progrem of small
.ammala in Taggenbrunn (Carinthias) was continued. Popula-
tion density of these reservoir animels of TBE virus was
kept low. It remains to be sesn if this measure is effec-
tive against the cycling of the virus.
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ntal laboretory
etigations

1 Studiee on the receptor substence (RS) for TBE virue
and other arbovirusee

(1.1) Investigatione on ths dynamice of the reaction
betwesn TBE virue and ite epecific receptor
eubstance (RS)

We developed a method for teeting the competitive inhibi-
tion of the hsmegglutination (HA) of arboviruses (3).
Using thies procedure for monitoring, it wes poesibls to
measure the ectivity of arbovirus receptor pteparetions,
extracted from frozen breirn by lipid solvente (4). Theee
*ipid extracte could be fractionated {4,5), the active
component wae purified and its chemical structure use
identified (2,6). The esubetance, a triphcephoinoeitide
(TPI), wae a very strong inhibitor of the HA and alst

of the infectivity of oroup B erboviruees (Flavi-virusee).
Appearently, it did not react with arbovirueee of group R
(A}lphaviruses). We regard it to be the receptor eubetance
(RS) for arbovirusee of group B (2,7).

The preparetion of 90% pure triphosphoinceitide (TPI)
Prom frozen brain is now a routine procedure in our labo-
ratory. It ie performed as described in the last Techni-
cel Report (2). By doing the final steps, i.e.precipite-
tion with acetone and chromatography over Sephedex, in
rather concentrated solution and by adding a trace of
CaCl, during this precipitation, the final yield could

be ezightly increased. from about 45 monkey breins we
were eble to prepare nearly 1000 mg of purified KS

(Table 6.

Reaction of TBE virus with purified RS:

A esries of experiments was undertaken to study the condi-
tions of the compstitive inhibition of TBE virus hemagylu-
tination by purified TPI.

Four HA-units (HAU) of TBE virus were incubated with a di-
lution eeries of TPl for 15 min. at U C and at different
pH values. Then erythrocytes were added in a buffer, which,

. after addition to the reaction mixture, yislded a pH of

6.4, the optimal pH value for hemagglutination. From
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7able 7 it can be goen that there is a strong inhibition
of tho HA at low pH values up to 8 pH of 7.4. Further in-
crsase in pH value required larger samounts of TPI for to-
tal inhibition of the HA, but even at PH. 9 it was possible
to interfere with the HA when comparatively high concen-
trations of TPI were applied.

The influence of tonporature wes also investigsted. At

pH 7.4 uwhere no decreeee of the HA titer of TBE virus due
to acidity alone oscurs (8) teets st different temperatures
could Ye porformed. Four HA units of TBEoviruoouere 1ncg-
bated with a dilution ssries of TPI at 0°C, 22°C snd 37 C
for 15 nin. and afterwards erythrocytea were added in the
samp manner &s described for the previous experiment. From
Teble & it ie obvigus thst the inhibition of HA works

best at low temperaturos.

A similer orpr ciment was performed with the modificstion
that the TPI dilutions were sllowed to reect with TBE virus
at a constant tooperature of 0 C but at varying periocds of
time. Table 4 shows that even rather short exposure of the
virus to TPI-Ca rceulted in inhibition of the HA. This
point. to a rapid roaction betueen the virue and its RS.
Contrary to our expactations, the inhibition was slightly
lese at lcagn~ incubaticn time.

The dacroesc of recentor activity at longer intervals and
also et highsr terperctures could perhaps bo due to a
"recoptor dostroyiny onzyme (RDE)"™ on the eurface of the
arbovirus particlz; analogous-to the neuraminidase of
myxovirusez. However, tho presence of an RDE - which in -
thic case would be 2 phospholipase ~ does not necessarily
mean that it ie an intoegral part of the virion. It could
just as woll be cf host origin and only be adeorbed onto
the virus particle or even be present independently in
solution, Finally, it could algco be that a nonsnzymatical
hydrolysis of the R§ occuis under the described condition.

The complox of TGLE virus with its RS ie separeble by the
addition oy cortzin strongly basic molecules as strepto-
mycin or protcnin. To 0.5 ml virus suspension at pH 7.4,
containing about 2000 HAU, equal volumes of RS were given
et the same pH. The smounts of RS were 12 ug, 25 ug and

50 pg. A control was performed with buffer containing no RS.
The virus was allowod to reect with the receptor at 0°C for

3 min. After this period, the reaction is complete (Teble 9).

Then 1 ml of a solution of either streptomycin eulfate or
protamin sulfato {salmin) in the same buffer of pH 7.4 wee
added to each tube. The stroptomycin sulfate solution wae
made to 1.4 % which resulted in a final concentration of
0.01 M. Protcmin sulfate was applied in a concentretion of
1 mg/ml. After 10 min. at 0°C the mixture wes centrifuged
and the HA titer of the supernatant was measured. From

e chne 5 B ¢ LT D GG ) - Bt HL B 6 e T T v R e
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Table 10 it can be seon that neither streptomycin nor pro-
tamin alone did diminish the HA titer of the virus prepara-
tion. A suitablo amount of RS nearly tctally supprossed the
HA, but this inhibition could be largely neutralized by

c¢he addition of streptomycin or protamin. It must be con-
cludod that tho linkage between TBE virus and RS zan be
split by these basic compounds.

All the exporiments doscribed abovo were performed with a
non-infectious but well homagglutinating virus, prepared
at 37°C (9). Using such an inactivated preparation, the
virus bound to RS could be released by stteptomycin when
the complex had boen formed by incubation at 0°c and pH 7.4
for longor pgtiods. Howevor, after reaction at higher tem-
peraturs (37 C), there was an indication that the complex
was not separable as gasily as at u °c (Table 11;. Using
fully infz2ctive virus instead of heat inactivated prepara-
tions, the stronger binding occurs rather rapidly even &t
0C. After 20 cec., more than 90% of tha virus particles
are strongly bound to the RS, i.o. they are not separable
by tho addition of streptomycin. After 1 min. about 35
ere irreversibly comuiiiod. Howsver, the last 1-2x need
more than 10 min. to become strongly bound to the RS. It

secme that this portion corsists of inactivated virus par-
ticles.

Conclusions arnd Discussion:

The high speod of the reaction botween TBE virus and its

RS (TPI) end the oaco of separation of ths virus-receptor
complax by strongly basic molecules leads toc the conclusion
that the first stop of the interaction betwoen TBE virus
and TPI-Ca is of clectrostatic naturo. This attraction
ssoms to be followed by a sccond step caused by stronger
forces which are not any moro susceptible to the inter-
forence of positively charged moleculos.

An interaction bstwoen a coll-receptor and an arbovirus of
group B which cccurs in two stops has alroady buen
described by othe- authors (10). Tho receptor had been
extracted ‘rom brain and from erythrocytes by agueous sol=-
vents (11), but after extensive puritication, it had a
lipid content of 90% (12). Its sctivity was sensitive to
phosgholipaso € and D. These authors wero not able to iden-
tify this substarco but concluding from vur own results, we
have no doubt that also in this case, tho recoptur active
componen® was ¢ triphosphoinositide.

Tho dynamics of ths reaction of TBE virus with purified ro-
ceptor substance (RS) was studicd. The RS, a triphosphoinosi=-
tido, was extractod from brain yielding 30 mg/100 g on the
average. Its reaction with TBE virus was studied using a
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compatitive HA-inhibition test. TBE virus reacted best
with this substance at pH values between 6 and 7.4. At
low tewpsratures and at short reaction periods smaller
amounts of RS were able to inhibit the viral HA. This
could be due wither to chemical or to enzymatical degra-
dation of the RS during tho test. The Somplox of RS with
hoat inactivated TBE virus formed at 0 C could easily be
sgparated by protamin and streptomycin. The splitting of
a ccmplex formed at 37°C was less casy and the complex

of RS with infective virus becamo resistant to strepto-
mycin in less than 20 ssc. even at 0 C. It is concluded
that TBE virus reacts with its RS in two stops. The first,
caused by electrostatic forces, is followed by a strengar
binding whick is not separable by charged molecules.
These conclusions are consistent with the observations

of other authors using a different arbovirus B and & non-
identified recoptor.

(1.2) Inhibition of infectivity for mice of TBE virus
by its receptor substance (RS).

In the lest Final Technical Report (2) an inhibitory
effect of the receptor substance TPI against West Nile
virus was described. These studies wore dons with the
plaque test in tissue cultures.

In a new seories of experiments performed under the present
contract it was investigated to which extent TPI is
capable of neutralizing the infectivity of TBE virus for
mice. In addition, Dengue virus type II which alao belangs
to the group B cf arboviruses as well ae the group A ar-
boviruses Semliki and Sindbis were alsa studied.

In these expariments mouse brain suspensions of the
viruses were purified and mixed with Ca-TPI as described
in the Last Final Technical Report (2). After incubation
at 0 C for 30 minutes theso mixtures as well as control
dilutions of the virus, adjusted to the same pH, wers
injected intracerebrally into baby mice (dose 0.02 ml).

It will be seen in Table 13 that a definite inhibition
was achieved of TBE virus when 8 pg of Ca-TPI werc al-
loreg to react wiggaamounts of virus ranging betwecn

10+~ LD50 and 10 L0gne This phenomenon wae observed
under pH conditions of pH 6.4-pH 7.5. At pH 7.5 the inhi-
bitory effect was most pronounced leading to the neutra-
lization of more than 99% of virus in the mixturs. The
virus did not react with the Ca-TPI when tested at pH 8.0
and S.0.

Thus, as it is tho case with hemagglutinin prepared from
the virus also infectious viria can only adsorb to
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Ca-TPI {(=RS) within a certain range of pH which is, how-
ever, much wider with the latter prsparation.

Table 13also shows that whan the amount of Ca-TPI was
reduced to 1.6 pg the inhibitory effect went below SU%.

It is further evident from Table 13 that Denguo virus
E type I1 is also inhibited by Ca-TPI. Thissubstantiates
our results obtained with the HI test that this. compound
probably is the receptor substance of all group B viruses.

R RTATY, P

5

In our control experiment not listed in Table 13 it was
learnad that when lecithin was used instead of Ca-PPI
TBE virus was not inhibited.

In Table 14 the results are summarized of tests conducted
with Semliki and Sindbis viruses under different condi-
tions of pH. from these tests it is evident that Ca-TPI
does not neutralize the infectivity of these group A
viruses. In no test a 90% inhibition .which is ths _thre-
shold of statistic significance was reachud, rendering

it unlikely that TPI acts as receptor substance for these
viruses.

s Y A WD

Thus the results of the infectivity-inhibition tests
essentially parallol those of the inhibiticn tosts
' ! described in previous reports. Wo can now stato with great

e e U R

confidence that TPl is the receptor substance of probably
all gruup B viruses.

P e

Summary:_

; €a=TPI inhibitod the infectivity for mice of TBE and

; Dengue II virusos (arbo group B) but not of Semliki and
Sindbis viruses (group A). This neutralizing effect was
obtained within a8 wide rango of pH. The rosults provide
further prove that TPI is the roceptor substance of group B
arboviruses.

(1.3) Antibodies against the recoptor substanco.

faterial and_Methods:
Rabbits were immunized against TPI which is the roceptor
substance with tho following mixture:

25 mg.TPI

25 -mg BSA (bovin serum albumin)

2.5 mg saline

2.5 ml complate fFround's adjuvant

0.5 cc of this mixture was injectod subcu-

taneously in each of the pads. Blood
was drawn after 17 days. Three days
lator a booster injection was given and
the final blood sample was cullected on
the 28th day by heart puncturs.
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The complemont-Pfixation (CF) test was performed as usual
in plastic trays adding 174 of an antigen unit and Z'Hloo.
Thae following preparations sorved as antigena:

a) Homogenized mouse brain (1 g/10 ml voronal buffer)

b) myelin of mouse brain according to Eichberg and Daw-

son (13).

This material waes propared by means of differontial ultra-
contrifugation in

c) 1y TPI + S0 y lecithin/ml

d) 27.5 y TPl + 27.5 y locithin/ml

@) 27.5 y TPI + 1 y lecithin/ml

f) TPI acid in athanol (96%) 0.11 mg/ml
g) sodium TPI on voronal buffer.

Capdiolipin flocgulation test (VORL) was dons with a

reagent from Bzhringusrks (Mabbogg).

The neurralization test was performod as usual with baby
mice. "he neutralizing effect of receptor substance was
testad after incubation of virus suspension with TPI.

Anti TPI-sera were tested furthermore by means of a pou=-
tralization-inhibition tost. For this purpose TPI (0.4 mg/ml)
was incubated with test or control serum at room temperature
for 1 hour and consescutively at s°C for 15 min. with a
virus-suspension (Hypre). This preparation was inoculated
into baby mice as usual. All thess preparations were ad-
justed to pH = 7.3.

Chromatography with Sephadex G-200 was performed according
to Kieiandor and Flodin (14).

ORI, Gl oy B HE08

Five rabbits were immunized with TPl and thair serum sub-
sequently was tested by msans of the cardiolipin fioccula-
tion test. This was dono by reason of the structural simi-
larities of the lipids invulvod with TPI. Indeed all sera
oxhibited a positive flocculaticn test. The one (iNr.429)
showing most pronounccd reaction (2-3f) alsou revscled the highest
titer in the CF against mouse biain (1:80), whereas the
othors only roacted with lowor titers (1:40). Serum 429
was also testod against other antigens (see Table 15) and
compared with a control and an anticerebrosido serum.

The highest titers uf the TPI sera were obtained with mouse
brain suspension and myolin. With TPI-lscithin the titers
woere lowsr. The control sorum exhibited no significant acti-
vity against any of the antigens tested. Anticorobroside
sera reacted with mouse brain suspension and myelin only.
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This finding speaks in favour of a specific roactivn of
anti-TPI serum. Absorption with TPI-Ca of the anti-TPI
sorum rendored the samplo anticomplomentary.

Tho activity of anti-TPI sorum was alsv tosted by moans
of tho neutraiization-inhibition tost {seuv methods}. We
attempted t. inhibit the virus-nsutralizing offect of
roceptor substanco (TPI) by addition of an anti-TPI sorum

(Tablos 16 and 17). As can bu sson from Tablo 16 the virus-

noutralizing effoct of TPI can be inactivatud not only by
addition of anti=-TPI-scrum, but alsu by anticorebrosideg
and controul serum from untreatec rabbits. This cffect was
furthor investigated when fractions of thuso sera obtained
by chromatography with Sophadex G200 woro used instsad

of whole sera (Table 17). This experiment shows that tho
nonspocific inhibitory activity of serc rosides to a

very high dogros within tho albumin fraction. A differ-
enco which sooms to be significant could be observed
betweon anti-TPI and control scra in that IgM fractions

of test sera showed a strongsr inhibition of the virus-
neutralizing effect of. TPI than Ig fractions of control
sera (difforonce = 10"~ ). This effect, although signifi-
cant, is not &n ovorwhelming onc. It might well be how-
over that sera with highor titer cculd be even more offec-
tivz.

Several conclusions may be drawn froum our experimonts.
First of all, antibodics against rocoptor substances aro
readily formod in rabbits. Apparently, they are specific,
although titers are low and production of antisora with
highor levels cf antibodies is decirable. In tho present
situation blockads of c8ll receptors making them inacces-
sibtle to TBE viruc does not secem a workablo cuncept sinco
the titor of antilipid antiserc is a bit too low. Secondly,
neutralization cof virus by recoptor-substancc is possible,
nhowsevor only in vitro. In vivo TPI in its prosent stago
of preparation will bce readily adsorbed to albumin and
inactivated. Thus TPI does not seom to ba a usuful thera-
peutic or prophylactic agent at tho present time. Thirdly,
the role of serum slbumin in the inactivation of T9I is

a vory interesting point which shcould bo further oxaminod.
We foel howover that the bincding of TPI by scrum albumin
is due to the affinity uf sorum albumin to lipids.
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Summary:_
Antibodies against the recoptor substance (TPI) of TBE
virus havo been produced in rabbits. So far however, it
has not been possible to obtain antisora with a titer
high enough to achisve blockade of collreceptors against
the adsorption of TBE virus. The antisera are apparently
specific as it was demonstrated in ssveral in vitro tests.
Neutralization of TBE virus by TPI in vitro is possible.
This substance however does not seem to be a promising
therapeutic agent since it may be inactivatod by serumal-
bumin. This latter observation deserves further examina-
tions.
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(2)  Studies on ths possible rolo of ribonuclesse (RMase)

= $n host dofense against TBE and other arboviruses.

Recently it has boen roported that not only single-stranded
viral RNS, but also the nucleocapeid of Semliki-Forest
virys (SFV) can be degrsdod by RNase (15,16). Thereforo

it was of interost to dotorminewhether this onzyme, which
is produced by szomo cells of the organism, contributes to
the defeonso of the infoctod host against RNA containing
viruses.

Serum as well as splean 2nd brain, which play an impor-
tan% rale in the pathogencsis of arbovirus infections,
were token from noninfcctaed Swiss Albino mice (10 g).

The crgans wers homogenized with 1/15 M phosphate buffer
of pH 7.8 and diluted 1:10 relctive to their wet weight.
Aleo the serum wes diluted 1l:1L with this buffor. Tha
susponsions were assayed for RNase activity by tho fol-
lowing method: A 1% sclution of yosast RNA was incubated
for 1 hour with ths snzyme-containing material at pH 7.8
and at a tomperature of 37°C. Thereafter the material was
kept in an ice bath and high molecular HNA was precipi-
tatod by an HCl-alcohol mixture. After centrifugation for
10 min. at 2,50uU rpm the enzyme-degraded low mulgcular
oligonucleotides in the supcrnatant were assayed by their
UU-abscrbance at 260 mp. As control, buffor without
onzyme was also measured. Thus it was learned that spleon
tissue contained 4 times more RNase than the serum, whilo
nc enzyme was found in the brain.

This could, perhaps, account for the difforences in the
virus production by the spleen and the brain of mice
(weighing 1U g) after subcutaneous infection with SFV-virus.
Tho result of this experiment is shown in Fig. 2. It will
be sean that 2 hours after the infectian the injocted
virus has reached tho spleon. At 4 hours p.i. eclipse
phase is domonstrable; thereafter new virus is ropidiy
p:gducod by the colls, but doos not exceed a titer of

10° (for babymice, i.c.) in the splcen. However in the
brain, wherc no HNaso was found, titers of the virus up
te 10" LOgg wero pruduced. During the courso of infection
no significant chango of tho enzyme levels in thue serum
and in ths organs were found, even in moribund animals.

In proliminary experiments babymice infocted with SFV were
troatod intracerebrally with commercially availsble pan-
croatic Nase as well as with RNase, which derived from
mousc spleon. Concorning fatalitios or time¢ of survival
this treatmoent did not have any influence.

It was found that the serum of babymice containsd much
loss of the onzyme than that of adult animals. Therofurg
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we initislly thought, that this phenomenon had something
to do with the wellknown higher susceptibility cf baby-
mice for most of the srboviruses. But lster on we learned
that there was no difference in the content of tha onzyme
in the spleen between suckling and ndult mics.

In the course of infection with some arboviruses of sub-
adult Swiss Albino mice we found a slight changa in the
content of the enzyme in the serum; after infection with
West Nile and Tahyna viruses, which produce & nonfatal
disease, a slight increase of RNase was found. By con-
trast, infection with TBE virus, which invariably kills
Swiss Albino mice, was accompsnied by a decreass of the
level of this enzyme in the serum. However, changes were
only slight and could not be reproduced constantly.

In an other experiment two species of mice, white Suwiss
Albino, which are highly susceptibls.f8p TBE, and re-
sistant mice of the Species Mus musculus splicilequs were
tested for their enzyme content. Both species had about
the same levels of RNase in spleen, brain and the serum,
which were not strongly sltered during infection with TBE.
Therefore resistance of Mus musculus spicilequs to TBE
cannot be attributed tc the action of RNase.

Although a great deal of work was done by us, the someuwhat
conflicting results do not allow us to draw any definite
conclusion. However, we feel further work ought to be done
to clarify the importance of fNase in the defense against
virus infection.

Summary:_

In a series of experiments with Semliki Forest, West Wile,
TBE and Tahyna viruses the role of RNase as a possible
defense mechanism against viral infecticn in mice was in-
vestigated. So far, no conclusive evidence was obtained
that this enzyme influences the outcoms of dissease.




-15-

(3) Formstion of intsrferon in two spucius of mice
after infection with TBE virus.

Reeorvoir animalis of arboviruses after infection usually
show high viromia but do not develgp dissaso. The causs
of this phsnomenon is not known. In the present study

we investigeted the question of whether or not interfaron
could be rosponsible for this natural resisZancs.

Susceptible white Swiss Albinc mice (strain GP, NIH,
Betheeda) from the breeding colony of tho Institute of
Hygiene, Vienna, as well as rasistant mice af the frer
living specics Mus musculus apicilogus, which also wo.
brgd at the Institute of Hygiene, wero intocted s.c. wath
10°L0,, (for GP mice) of TBE virus (strain Hypr). All
mice weighed 10 g at the beginning of the tost,

From the 1lst to the 4th day after infection daily 4 mics
out of each group were blod. From the Sh to the 8th day
p.i. daily 4 animals of both groups were sacrificed.
Their breins were removed and suspended as previously
described (17). Sorum samples and brain suspension were
assayed for virus content by titration in babymico and
for interforon by FINTER's dyo uptako-method (18).

From Table 18 it can be seen that viremia and content of
interferon in serum was very similar in both spocios of
mice. In contrast there were markod differences in the
brains. The suscoptible white mice produced high levels
of interferon and virus, while the raspoctive titors in
the mice who recsist dissase roached only very low values.
Thus our rssults only confirm the wellknown fact that
TBE virus is a potent inducer of interferon. Wo evidence
was obtained that the absenc:. of disease in Mus musculus
spicilegue can be attributed to a protoctive effect of
this antiviral protein.
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In previous papers (19,20,21) we could demonstrate that
the interfaron inducing compound Poly I:C is capabig of
prevonting exporimental TBE in mico. However, its high

toxicity precludes the extensive use of this substance

in man (2%,27,28,29).

Recontly MEYER et al. (21,23,24) reported about & new
interferon inducing substance talled Tilorsne HC1 2,7=bis
{ 2 (diethylamino) athoxy: fluoren-9-one which can be given
oxally (Fig.3). It soems to be of lower toxicity than

Poly I:C (28). The present study was carried out to assess
the effect of this new compound againat oxperimental TBE
in mice. In aodition, Tilorone was tested in combination
with low duses of Poly I:C. This was doneg in the hope to
achiave high antiviral protection with low toxicity.

Hatorial and_#ethods:

Mice: The mice, strain GP (NIH,Bethesda), derived from
the breeding colony of tho Hygiene-Institut, University
of Visnna.

Drugs: Poly I/C was purchased from the Miles Chem.Comp.
Elkhart, Indiana, USA. Tilorone HCl was received from
the Wm.S5.Mcrell Company, Cincinnati, Ohio. Uf both com-
pounds suspensions in PBS were mada.

Interferon Assay: Interferon in serum was assayed by tho
dyc uptake-method of FINTER (18,25) using L-cells and VSV :
as tho challenge virus.

Rosults:_

Fifty mice were treated urally with Tilorone HC1l (100 mg/ 3
kg mousc). Blcod was taken from 5 mice 4,6,8,12,16,24,27, H
36,48 and 72 hcurs thereafter and sarum samples were g
assayod for interferon. As can be seen in Fig.4, interferon z
was first detected in serum 6 hours after troatmont; a

peak was reached after 16 hours and no interferon was

found in the specimens taken after 48 hours or later.

A socond group of 40 mice received Poly I:C intraperi-
tonoally in a doso of 1C mg/kg mouse. Half an hour, 1,2,
4,9,13,21 and 45 hours thersafter blood samplus wore

taken from 5 animals cach and interferon was measured in
the serum. Fig.4 shows that Poly I:C induced interferon
very rapidly as aftor 1 hour the maximum titer was reached
already. However, cipgulating interferon was essentially
gcne by 13 hours.




The third group consisting of 70 mice was first treated
with Tilorone HC1 (100 mg/kg mouse) and also with Poly I:C
{10 mg/kg mausue) 27 hours thereafter. “interferon was as-
sessed in serum samples which were takon from 5 mico

each ab 4,6,8,12,16,24,27.5,28,31,36,40,48 and 72 huurs
ofter Tilorone HCl application. Fig.4 shows that mice
treated with both inducers devologed levels of inter-
feron which were cnly slightly higher than those obtained
aftor treatment with Poly I:C alons.

Table 19 illustrates that Tilorone HCl in a dose of

200 mg/kg mouse can prevont fatal TBL in micoe. from

50 treated mice only 16 died after infocticn with 100 LD
of the virus, while all 50 control mice, which received fo
drug, succumbed.

After a lowor dose of Tilocrone HC1 (SO mg/kg mouse) 90%
of mice died after a asurvival time that was elightly lon-
ger than with those of the controls.

In 3 experiments Tilorone HC1l and Poly I:{ were combined
in low doses. Tilorone HCl was given 24 hours prior to
and Poly I:C 3 hours after infection. Control groups of
mice received at the same time one of the two induccrs
alone or no treatmont at all. The doses of tho two drugs
as well as dosss of infection in the 3 exporiments can be
seen in Table 20,

Rlthoughcombined application of the drugs nad resulted in
a slight increase of Interferon titer, it is obvious from
Table 20 that nothing was gained as far as rate and time

of survival was concerned.

Diecassiogl

MAYER and KRUEGER (24) have shown, that Tilorone HCl is a
potent interferon inducer, thus protecting mice against
various virus dissases. The highest degree of protecticn
was achieved, uvhen the drug was given 24 hg¢urs prior to
infectiun (24). Thurufure, we also used the cumpound at
this time.

Un the cther hand we have demonstrated that Poly I:C is
capable of preventing TBE in mice. The drug was active
oven when given 3 hours after infection (20,21). Because
of this it was used at this time throughout’all tests.

Levels of interferon measured at different times in the
serum of mice (see Fig.4) indicate that Tilorone HC1l is

an inducer of the virus-like type while Poly I:C stimu-
lates an interfercn as it is formed by the ccell after treat-
ment with cndotoxin.
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Although the formation of intarfercn sftar the spplice-
tion of the tuo compounds saems to follou diffarant
routes there is very little enhancing effect when both
drugs ere administered to the same animal. This is appa-
rent from bothk tha laval of interferon in the serum and
tha protaction provided agyainst infaction with TBE virua.

Howevar it is apparent from our stuGy that Tilorona HC1

is highly ective ageinst TBE virus in vivo- If this sub~
stance is released for treetmant of man it is certainly

worth tasting.

Suskacy:_

Tilorone HC1l induced interfaron in the ssrum of aics thus
effording protection ageinst fatal TBE when given 24 hours
prior to infaction end in a dosa of 26C mg/kg mouse. Aftar
application o a lowar dose (50 mg/kg mouse) aice suc-
cumbad to the infection but had a slightly longar sur-
vival time than untrsated controls.

Tilorone HCl was elso used in combination with Poly I:C.
Tha latter was civen 3 hours efter infaction i.e. at a
tima, when tha Tilorone HCl-induced serums intarferon sli-
ready dacreased. Thus, a second pask of interferon was
demonstrated, which was only slightly higher than that in
non-Tilorone HCl1l treated control mica. However, tha com-
bined applicetion of low doses of both interferon indu-
cers did not show any advantaga over the single applice-
tion as far es rates and time of survivel of mice were
concerned.
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Studies on Patients s

(1) Oiagnosti.> studies.

These studies were first done in the usual manner with
the hemagglutination-inhibition (HI) test and the Comple-
ment-fixation (Cf) test. Since the beginning of 1971 wa
switched to the 2-HE test which is describsd in detail

on paga’{ .

It was ctated in last year's fFinal Technical Report (2)
that our estimate of 20Li-3U0 cases of TBE that occur
each ynar in Austri= probably is still too low. The re-
sults of our diapnostic studies dene in 1970 proved that
our assumption was correct: from January through Cecem-
ber 1970, a total of 320 cases cf TBE was diagnosed in
our laboratory. The patients were hospitalized in the
following Austrian provinces: Vienna 45, Burgsnland 7,
Lower Austria SS, Uppser Austria 27, Carinthia 112,
Styria 73; thic is the highest number of cases esver re-
corded since the Deginning of our studies. Howsevsr, upon
comparison with data obtained in previous years (see
Table 21) it becomes cpparent that 1970 was not such an
excepticnal year as far as ceses ciaanosed in Vienna,
Burgenland, Lower Austria and Upper Austria wers con-
cerned. The only real difference in the number of cases
derived from “he fact that all hospitals in Carinthia
and one large hospital in Styria (Graz) have started
sending all their specimens to us. The data from 1571
thus far available indicate that also this year morbi-
dity nf TBE will be about the same as in 197G.

Figures 5-9 show the distribution of the endemic areas
of TBE virus in S provinces according to the ...formation
obtained by mezans of questionnaires sent to the patients.
Each dot on the map indicates an area whers in 1970 or
1971 (until July) a patient acquirsd a tick whose bite
was infective and was followsed by disease. In addition,
foci verified in 1970 or 1971 through virus isolation
from ticks were also incorporated into the Figures. The
maps further illustrate the magnitude of the public
health problem tha* TBE presents in Austria.

In reading tha maps one is, perhaps, struck by the distri-
bution of TBE in sume of the provinces. Howsver, we are
quite convinced that as a rule the results reported re-
present the actual distribution of the virus. Unly in
Styria sampling was inadequate due to the fact that we hava
connactions with but one hospitai, There TBE is much mcrs
frequont than it appcars from the map and probably occurs
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in the whole well wooded area south of the Yur and Mirz
rivers. #orth of this line the Alps start and the valleys
soon exceed altitudes beyond 1000 m., It is our experisnce
that although Ixodes ricinus ticks are still found above
this level they do not reach densities of population
which are necessary for sustaining a virus cycle in
nature.
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(b) 42 rrozen sers stemmed from patients who hed TBE some
years ago. The sera wers drawn at.loast one year after the
disease.

(c) 61 acute phase sera from patients who were hospita-
lized in spring of 1971 with the suspected diagnosis of
TBE. The sera weroe not subjected to freezing before
testing ir the HI test.

Treatment of 3era with 2-ME: Nonspecific inhibitors in
sera were removed by either the kaolin or acetone-method.
Thereafter, 0.9 ml of this serum were mixed with 0.1 ml
of 0.5 K 2-ME and incubated for 1 hour at 37 C. For cone
trol, distilled water was used instead of 2-ME. lmme-
diately therasftsr with voth samples the HI test was
done using 4 units of antigen and testing the sere until
a dilution of 1:1280, A difference in HI titers of

2 steps was considered as significant,

Rosults:_

From Table 17 ‘¢ can be seen that upon testing of the
frozen sera iisted under (a) in about 32% of established
cases the diagnosis could be confirmed by the 2 ME-method.
With early sera of uncertain cases of TBE as revealed

in the CF-test, the 2-ME test gave the diagncsis in 46%.
No serum from the patients listed under (b) who had sué#-
fered from TBE at least a year z2go, showed a decrease in
titer after 2 ME-treatment.

In an experiment (listed in Table 23) the effect of dif-
ferent concentrations of 2-ME on the results of the test
was studied. It was learned that the amount of 2-ME did
not affect the results in concentrations from 0.04 to
0.09 M in the serum.

Also there was no d%fference between incubation of serum
with antigen at + 4 C ovarnight and incubation for
4 hours at room temperature.

By contrast, the amount of antigen used in the HI test
was of great importance for the result of the 2-Mt test
and should not exceed 4 units of antigen. Thus, in a

test with 16 antigen units not only the serum titers

were lower but also ths difference betwsen the 2-ME trea-
ted and the control samplse was less markencd and often
docreased below 2 titer steps.

Comparing the results of the 2-ME tests of the frozen

sera from 1970 with those of the fresh sera from 1971,

it became obvious, that freezing and thawing has deleto-
rious effects on the Igi antibodies. Besides we found that
kaolin removed some of the large molecular antibodies from
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2 Carly diagnesis of TBE in the hemagglutination-

inhibition test by treatment of serum with
2-Mercaptoethanol.

Introduction:

TBE in man usuelly ies diagnosed by serclogical methods.
Virus isolation is only possible during the first vire-
mic phase of the disease or from brain after death. Un-
til recently diagnosis of TBE was made in our laboratory
in the following manner: Whenever the disease was sus-~
pected blood was drawn from the patient and the serum
wss tested in the hemagglutination-inhibition (HI) test.
If positive, a second blood specimen was obtained

lo- 14 days lster, and the paired sera were tested with
the complement-fixation (CF) test. Although this method
gave excellent results, it was still too slow and time-
consuming to be of aid to the clinician.

After infection with TBE virus the primary immunological
response consists of the formation of IgM antibodies
(30,31), whereas antibodies of the IgG type are only
produced later during disoase.

In the study reported here it was found that diagnosis
of TBE can rapidly be snsured by the detection of IgM
antibodies in a single serum drawn soon after the onset
of the diseass.

For this purpose we used 2-Mercaptoethanol (2~-ME) which
is known to inactivate the biologic activity of IgM-anti-
bodies, while immunoglobulin G is unaltered. Therefors,

a decrease of antibody titer of serum by 2-ME treatment
should indicste that the antibodies are mainly of the

IgM type and that the serum was derived from a patient
with a recent infection. Such a procedure has already
successfully been used for the rspicd diagnosis of rubel-
la (32,23) and lapan~ss B encephalitis (34) virus infec-
tions.

Meterial and Methods:

CASALS (35).

Sera: (a2) 204 frozen (-20°) sera, taken early after the
been hospitalized with nonbacterial meningoencephalitis.
In 182 of these cases TBE was di-=gnosed with the CF test
while in 22 cases the result of uv.z CF test was inconclu-
sive.
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tho ssrum, Becausg¢ of these findings removal of nonspe-
cific inhibitors is now porformed with the acetone-

mothod (35). With this techniquoc excellont results were
achigved: So far 61 sora wore obtained ghich contained
HI antibodies. In 51 casos TBE could be disgnosod with
tho 2-Mf test and only in 3 of the 54 provod cases of
T3t diagnosis hcd to be establishecd with the CF test. In
tho remaining 7 casos tho results of both tho 2-#iE ana
tho CF tests indicated thzt the antibodies were duo to
an earlier infection and had nothirg %o do with tho pre-
sent disecaso.

Oigcussion:

TBEt is an important modical problem in Austria. Therefore
exact and rapid diagnostic methods are needsed. From our
study it is obvicus that the 2-ME test represents a gre=t
improvemont in the laboratory diagnosis of TBE of man,
because the disoase can now rapidly be diagnesod.

According to our experience wu proposc the following
diagnostic proceduros:

(1) Se-um should be obtained from the patient immodiatoly
after ovort TBt is suspected and tested in the HI test for
antibodies, in dilutions 1:10 and 1:20. If nogative, TBE
can be excluded. If positive:

(2) the ME~test is performed using acetone for the remo-
val of unsgpecific inhibitors. During tho peak incidenco of
TBE when at least 30% of the sera are positive, it pays

to shorten the procodure by omission of the screening For
antibodios and immediate porformance of the 2-ME tost.
Since tho antigen~serum mixtures are incubated overnight,
diagnosis of TBE can thusz ba mado within 24 hours. If no
differonco in titer is demonstrable with and without 2-ME
troatment:

(3) a second scrum sample must bu requirod and tested
together with the first one in thec CF test.

Howevor, this will be necessary in less than 10% of the
casos.,

Summary:_

It is knouwn that 2-ilercaptocthanol (2-#E) is capableo of
inactivating antibodics of the Igri-type which are formad
early during the couurse of viral discases. In the prusent
study it was investigated whether this compound can be
used for an early diagnosis of TBE. For this purpese, scra
from patients with acute TBE and from perscns who contrac-
ted thc disease at least one yoar before the serum was
drawn, were investigatcd in tho hemagglutination-inhibition
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test prior to and after treatmant with a 0.05 M concen-
tration of 2-ME. It could be demonstrated that 2-RE
causos a drop in HI titer in sera of patients with acute
TBE. Scme taechnical data are given concerning this 2-Rt
test. fFollowing the procedure suggested by us about 90%
of TBE cases can rapidly be diagnased with only ons
serum availablec from the acute phaso of the disease.
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‘3! Intorferon in tho CNS of fatal caesos of TBE.

A study was undortaken to invastigate tho role of inter-
foron in fatal cascs of difforent viral encephalitidos.
So far materials from S cases could be obtained, of which
3 wore TBE. This once morc shcus the fact that 7Bt is an
important medical problom in Austria. Tho deta, which
were available about ths patients, ara summarized in
Table 24.

Brains were propared and susponded ss describud oarlior
for mouso brain (17). The susponsions wers testod for
interferon by thc cdye uptake-msthod of FINTER (18), which
is now routinoly usec for interferon assay in our labo-
ratory.

The results ars listeu in Tablo 25. Intorferon was found
in two cases of TBt, in which thc discass took a vory
fast coursa. In ena of thosc fatalities alec virus could
ba isalated from the brain. The failuro to isolate the
virus in the sacond case probably was duo to thc fact
that transport fecilitics wsre~. inadasquate and the brain
arrivod at our labtoratory in a rathor autolytic statc.

The third brain was doevoid of both interfoercn and virus.
In this particular case ths patient had lived for more
than 3 weocks after the onset of overt T3E.

Tho results of our study clearly indicate that interferon
can be demonstratcd in the CNS of patients who succumb

to TBE, provided that patients dio early in thc rourse

of disease. Thus it scemg ovident that in TBE intorferon
preduction is not the dcfense mechenism, on which doacth
or survival dcpends.




ael ) VoY

Qudaud 80k

L4

RPN

26~

(4) Immuncglobulin.

Sinco 197C human Gammaglcbulivagainat TBE virus is aveil-
abls for prophylactic use in man. Details were given in
laat year's Final Technical Report (2). This year (1971)
quite a run has atarted on the drug which scon proved to
be in short supply. Against our advice the manutacturers
producod too small quantities. Thus far about 3,000 doses
wero sold but according to the producer, the demand is
abocut 10 times hagher. Only time can tell to which oxtent
the immunoglobulin is able to prevent or modify TBE.The
only thing we dc know is, that none of this and last
vear's paticnts had recolvec the drug as prophylactic
prior to bocoming ili. The demand for TBE immunoglobu-
lin which uwant far boyond the expectations shows that
groat afforts must bs made to supply our population with
a safe =nd gotent vacclno. This will be one of our major
tasks in the coming ysars.




PR T T W X

izt SRR ST

.27

P T YT P PP P Y T Y Ll L LT T Y )

Mo 3_g_u ito borne virusestes

in Austria

(1) Introduction

During the pest yeare we have cerried out exteneive field
end laboratory studiee on ths two moequito-borne virueee
8o fer isoleted in Auetria, the Tahyne virue and the Calo-
vo virue. Theee investigatione yielded meny reeults on
the ecology and biology of the two viruses which are sum=-
irerized in the fFinal Technical Reports 1989 and 1970
(36,2). Some important features in the ecology of both
virusee remained, however, uncleer. One of the most stri-
king problems is the mode of hibsrnation and the periodi-
city of ths cccuriance of the twc viruees ae well ee the
apparently very limited ereae in which Tahyne end Celovo
viruees ere sndemic.

In order to get further informetion on the ecology of
theee arbovirusee the following investigations were
cerried out:

(1) virus isolation experimente from moequitoes collec-~
ted in the Eastern part of the iWeueiedlerssee eree if
1968. (Most of the results of theee etudies which have
been finished meanwhile were already dealt with in the
Fine) Technical Report 1970(2)).

(2) Virus iesolation experimente from mosquitoee collec-
ted in the Western pert of the iisusiedlersee in 1570.

(3) Vvirus isolation experiments from overwintering mos-
guitoes collected in the Eastern part of the Neusiedler-
gee during spring 1971.

(4) Exposurs of indicator rabbits in the Western pert
of the Neusiedlerses in 1970.

(5) Serological survey with bovine eers.

(6) Virus isolation experiments and serological survey
with avian sera.

(7) Experimentul infection of hare with Calovo virus.
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(2) Collections of mcsquitoes and virus isclation
experiments in the Eastern part of the laks in 1968.

In 1968, collections of mosquitoes were carried out in
the Eastern par: of tha Heusiedlersee area near the vil-
isge Apetlon (Seecwinkel) in a cow bazn during the day and
in the field by sweeping entomological nets through the
air from svening twilight until one hour after sunsat.
With the exception of thosemeosguitoes collected on Sep~
taember 3 all specimens had been already identified whan
the Final Technical Report 1970 was writton; there the
results are damonstrated in tables.

-‘On Septembsr 3, the following species were found (in
brackets number of specimens collected/number of speci-
mens tssted for virus/number of pools/number of virus
strains isolated):

Anspheles naculipennis ( 72/1/2/- )
Ancphelcs_claviger ( 2/2/2/~ )

Mansania richiardii ( 703/703/7/- )

Uranotasnia unguiculata {( 2/2/2/- )

Culiseta annulata ( 7/7/4/- )

Culex pipiens ( 50/50/4/- )
Culex_modostus ( 57/57/6/- )

Aedes flavescens ( 18/18/3/- )

Acdss cantans ( 10/10/3/- )

Aedes vaspius and had, ( 1464/1464/30/3 strains of
dorsalis Tahyna virus )
Aedes vaxans ( 9/9/3/- )

Altogether 10,544 mosquitoes belonging to 12 species were
collected in the cowbzrn; from thesc 10,564 were tested
in 272 pools for virus, whersby one strain of Tahyna
virus (deriving from a pocl of Anophelus maculipennis
collected on July 10) and two strains of Calovo virus

1 (deriving from twu pools of ANgdholes meculipennis col-
lected on August 17) were isolated.

The mousquitoes collected outdours comprised 16,250 speci-
mens belonging to 12 species; from these 16,242 specimens
were testod for virus in 446 pools, wheraby 10 strains of
Tahyna virus werc isolated. All strains derived from pools
of Aedes caspius and Aedes dorsalis collected on June 25

3 (4 strains), on August 17 (2 strains), on September 3

(3 strains) and on September 17 (1 strain).
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The population dynamics of mosquitoes collected outdoors
and in. the cowbarn and the relativo abundance of the six
most. frequent species are shown in Fig. 10 and 11. Those
days on which mosquitoss infected with virus were colloc-
ted are indicated by a T (=Tahyna virus) rospectively by
a C (=Calovo virus).
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‘3[ Coulluction of mosquitous attacking men and virus

igolation oxpe:iments in_ the Jestern part of the
lake in 1976.

The Neusiedlersees area is ono of the touristically most
important parts in Austria. This is particularly the
case in the Wwestern part of the lake¢ where large parts
are suitablo for all kinds of water sports. Additional-
ly, in Mérbisch, a village at the Hungarian border,
fostivals take place at the shors of tho lake in apen
air theatre evory yoar durirg the summer amonths. Thus,
masses of mosquitoee are attracted, hesavily attacking
man, and representing a touristical protlem.

In August 1970, we therefore carried out preliminary
studies on tho mosquitoes attacking man at the Western
side 9f the !ake.

dn 4 days during the pericd from August 8 to August 19
altoqother 890 mosquitoes were collected in 5 locall-
ties in the surroundings of Rust and Mésbisch (see Fig.
12), the two touristically most important villages.
Only those mosquitoos were caught which were attacking
ong of the three persons acting as bait. They wore
gsucked from thc skin by aspirators and then frozen in
dry ice.

The results of the collections ars shown in Fig. 13-17.
from the diagrams the fluctuations of activity of the
species observed during the pseriod from late afternoon
until night can be seen., From the 890 females collsc-~
tod, 799 (=85.8%) specimons were represented by Culox
modestus, 66 (=7.4%) by Mansonia richiardii and 25
(=2.8%) by Anopheles maculipennis. It will bo seaon that
Culex modastus was active during sunshine in the after-
ncon as wall as after sunset. Mansonia richiardii showsd
two peaks of activity: a small one during lats after-
noon and a large ounz after sunset. The first peak may

be explained by the reduction of iight intensity and by
the displacement of sunlight into the long wave spec-
trum when the sun immerses into the haze stratum above
the horizon on late aftorncon which is being "misunder-
stood" by the mosquito whose actual activity depends on
the darkness. The activity then doclines as a result of
habituation to the more or less constant light intensity
and rises then rapidly after sunset.

The mosquitoes were tested for virus in 49 pools by
i.c.infection of baby mice. No virus was isolated.

).
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4 Collections of overwinteri ] uito and virus
- isolation exporiments in the Eastern E;tt of the

lake during zpring 1971.

CHIPPAUX ot al. (37) ropostod the isolation of a strain
of Tahyns virus fros females of Culex modostus which
were collected in tho south of france in Docembor. As
Culex modestus ovorwinters in tho imaginal etage the
Question aroeo whether thae virus amay hibernate in tho
msosqQuito-species. Culex modestus occurs in all parts

of the meusiedlersus arva; sv far it was, huwever, nut
possible to isolate the virus from this spoecigs.

In order to study the possibility of overwintaring of
Tahyna virus in Culex modestus it was intended to carry
out collections of this species and virue isolation ex-
periments during spring. For this purposse, 2 large case
(about 4 m“ and 2 = high) surrounded by a fence was
placed at tho Sandeck, an area situated at the margin

of the reed zone in thc Eastcrn part of ths Neusiedler-
see area near the villago Illmitz where tho Yahyna virus
had often been isolated during the past years. On

March 18, threo hons wero put into tha cage which was
easily accessible fcor mosqQuitoes. Sentinsl hens were
chosen as Culex modestus is an ornithophilic species
although feeding on mammals also. Parts of thc cage con-
sisted of reed blocks where mosquitoes, particularly
Culex modestus, liko to rest.

Cn March 21,24,26,30, April 2,6,10,17,18,20,22,29, May 3,
8,12,13,17,20,21,23,26,29 and June 2 the cage was inspec-
ted and resting mosquitoes were collected and immodiate-
ly frozan in dry ico. The experimant was finished on

June 2, ss at this time the overwhintering genorat on

of Culex modestus kad certainly died out.

The results of colloctions of mosguitoes are shown in
Tablo 26; it will be seen that cnly few spocimens of
Culex modestus, namely 14 females, and 102 females of
Anopheles maculipennis were caught. It is remarkable that
Culox modestus was found until tno middle of April only.
The mosquitoes were pooled and tustod for virus in baby
mice in the usual manner. No virus was isclated.
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S). Exposuro of indicator rabbits in the Wsstern part of

In 1969, virus isclation experiments and serological
studies with santinol rabbits had boen carried out in
the Western part of the Neusiedlorsee which led to the
assumption that the Tahyna and Calovo viruses might not
occur in that part of the Nousiedlersee area because
neither any virus strain nor antibodies against Tahyna
or Calove virus could bo detucted.

For further informaticn 4 indicator rabbits wero oxposod
on a platform in the Wostern part of the lako from June 15
until October 10. This is the period during which Tahyna
and Calovo viruses were regularly isolated in the Eastern
part of the lako. Tho blood samples taken on Uctober 10
wero tested in tha NT for antibodies against Tehyna and
Calovo viruses.

All rabbits proved to be soervlogically nogative against
both viruses.

B T
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(6)  Serological survey of bovipe sera.

Many of the virus strains isolated in the Neusiedlersee
area during the past years derived from mosquitoes which
had been collected in cowbarns (38,39 and this Report).

It was,therefore, of interest to study the guestion
whether and to which extent cattle are involved in the
virus circulation.

fFor this purpose, 641 bovine blood samples were collec-
ted in 5 communities situated in the Eastern Neusiedler-
see area, namely from Frauenkirchen (77), Tadten (123),
waliern (110), Pamhagen {143) and Illmitz (188). All
cattle were at least one year old.

The sers were tested for neutralizing antibodies against
Tahyna and Calovo viruses in a tissue culture of the
cell line GMK-AH-1 with methods previously described (1).

The results are shown in Tables 27 and 28. It will be
noted that 4% to 2G.7% (average: 11.7%) of the cattle
had antibodies agairst Tahyna virus and 57.1% to 78.7%
(average: 68.3%) had antibodies agsinst Calovo virus.



..

(74 Sbivez-uith avian sera.

In connection with the question whether the ornithoghilic
mosquito-spocies Culex modestus might bc involved in the
circulation of Tahyna virus (38), we started a program for
collections of sera of starlings (Sturnug vulgaris) during
late summer 1970; this bird spacies is very frequent in the
area under invaestigation. In addition, it was intended to
get information on the possible role of starlings for the
incidence of other arboviruses. Juring the first weeks we
were confronted with many technical and juridical problems,
which could, howsver, finally be soclved.

for capturing starlings, Japanese nets measuring 6 x 2 m
wsrs used which were put up in several parts of the We-
stern Neusiedlersee arez.

Altogether 32 starlings were caught and bled for virus
isolation experiments and for serolegy.

All biood samples were injectod i.c. into baby mice. From
none of the samples virus could be isolated.

So far, only 23 sera were tested in the NT (for method
see Annual Report 1969) for antibodies against Tanyna
virus, whereby two samples proved to be positive.

The sora will be tested in the HI test for antibodias
against other arbovirusas also.
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(8) Experimentsl infection of hare (Lepus euiropseus L.)

with Calovo virus,

Extensive serological investigations have shown that hares
have antibodies againct Tabyna virus to e high extent and
that they rapresent .n impo-tant factor in the circulation
of this virus. It was, howover, surprising, that nonhe of
2€8 hares shot in the endenic arsa in the Eastern Heusied-
lercee area had antibodiss zgainst Calovo virus (4C)¢ Thus,
the question arose whether hares are oven suceptible for
the Calovo virus, a quastion which was of particular inter-
est, &3 the rabbit regqularly responds to the infection

with €Calcvo virus by Torming neutralizing antibodies;

the rabbil is indeed sa excsllent indicator for the occur-
rence of tihat virus (41).

In srvder T2 clerify the question, S three months old
thares wore infected subcutancously with an extraneural
strzin of Celove virue (a homogenate of 2C supernatants
of pools of Rncphelies maculipennis from which the virus
had been isolated). Two hares (Nr.l and Nr.2) were in-
facted each with 1G3,G00 LD g’ two (Mr.3 and Nr.4) with
10,800 LD , and one hare (R.5) with 1,000 LD 5/baby
mice. 81008 was taken o the 1lst, 2nd, 3rd, 4th, Sth
and 6th day p.i. and injected i.c1 into_baby mice undi-
luted and in three dilutions (10, 10'2, 10’3).

Viremiz w=2s not detectabls in any of the five harss. four
weeks p.i. blood was taken again from all animals and
tested for neutralizing antibodies against Calovo virus

(method see (2Z5)).In none of the hares neutralizing an-
tibodies could he detected.

Five weeke p.i. the hares Nr.l and Nr.5 were sach infec-
ted with 5,000,000 LD5 /baby mice of the nesuroadapted
strain CUL 16345 cf Cegovo virus (6th passage in baby
mice). Four weeks later, blood was taken for serology.

None of the two hares chowed a conversion of antibodies
against Czlove virus.

From this it appears that hares are - in contrast to rab-
bits - not suscoptible fur the Calovo virus.

st Lot

The results of investigations reported above have con-~

firmed in several details two obscrvations already made
in prior studies:

(1) The Tahyna virus and the Calovec virus regularly occur
during a very limited period of the year in the Eastern
part of the Neuciedlersec.

(2) So far, we have no esvidence of the occurrence of either
of the two viruses in the Western part of the lake.
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in the Eastaern part c¢f the lake tield investigations werc
¢arrisd nut from 1965 anwards. In the Westsrn part from
1969 oneards.

In the years 1966 un%ii 1970 altogsther 91 sentinel rab-
bits wore exposod in different parte of both sidas of

the lska mostly from April untii Novumber. The mejority

of the rabbits oxposed in tha Eastern pmart of the Nousied-
lersee arsa devoloped antibodics againat Tahyna and Calo-

vc viruses during certain sho:it periods (see Fig.18 and 19).
Correlating thoso datos with those obtained from investi-
gations on musquitoes (38,39,4) and this Report) cne ar-
rivos at thc folleowing conclusions:

(i) So far in tho ondemic aree at the MNeusiodlerses (as
well as in other parts of Central Europe} thore is no
gvidence of tho circulation of Tahyna virus bafore June 10
and after Septumber 17, and cf Calowo virus bofore July 8
and after October 1.

(2) The actual period of evident circulatiun of tho two
viruses is, howover, in most yoavs much sherter (in some
ycaro apperently oven a fow days only} and covers dif-
ferent parts of tho periods mentioned under (38).

(3) Tho appearance of neutralizing antibodies against
Tahyna and Caluvo viruses largely coinicides with tho appea-
rance of mosquitoes infected with these virusaes. From

this it may bs concluded that other blood sucking Diptera
attacking rabbits do not act as vectors.

The roasons for regular evidounce in the Eastern Neusied-
lorsee aroa but failuro to isclate both viruscs in the
Western part can be explained by the much less favourablo
ecological conditions for the virus circulation in the
West of the area under investigation.

As regards the Tahyna virus there is no doubt that Aodes
caspius and Aodos dorsalis aro the main arthropod hosts
while hares rcpresent the main vertabrate host. Both oc-
cur in lower population dansitics in the west; this is
particularly tho casc with Agdes caspius and Agdes doursa-
lis which cannot dovolop in the lake but need intermit-
tont waters which dry out at certain periods during which
the eggs are laid upon the dry scil. The Ssowinkol com-
prisos nNumercus waters of this kind, on the Western part
there aro, howovor, practica.ly no intormittent waters.

As regards the Calovo virus it can now be concludod that
cattle aro the main vertsbrate host (at least in the Nou-
siedlersoe arsa). From 641 cattle sora tostod 438 (=68.3%)
had antibodies against Calove virus, whilo only 75 (=11.7%)
were positive against Tahyna virus. So far, only one sero-
logical survey including Calovou and Tahyna virusos has been
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carried out with cattly, out uof 93 cattle from Slovakia
6.4% had HI entibodics against Tahyna virus and 12.9%
ageinst Calovo virus (42).

The results roporiecd hero show that cattl:- ropresent a
good indicator for thu oeccurrencc of Tahyna virus. How-
ovor, this domestic animal does not appoar to participate
in tho naturai cycle of the virus.

In casc uf the Calove virus the situation is quito dif-
forent. Among the vertebratse species othor than cattle oc~
curring in Contral Europe only roe deer and horscs may
havo -a certain importanec for the cycle of the Caiuva vi-
rus (40). In tho ondomic sast to tho Nousiedlersue (and
probably in moet othor parts of Europe also) the popula-
tion densities of both species are, howover, probably toc
low for the maintenancc of the virus cycls. The high an-
tibody-rates against Caleovo virus found in cattle in tho
Eastorn Nousiedlorsee arca load to the suggestion that
the virus cycle dopends on a sufficiont numbor of cattlo
and a cortain way of keoping cattle. It will be neces-
sary to confirm this assumption by quantitative ecologi-
cal studies; in particular it will bo of interest to de-
termino the hoight and duration of viremia in ccttle.

Two facts, howover, confirm tho concopt of the essontial
role of cattle, namely tho fact that most on all Caleovo

virus strains isclated during the past years derivod from
Anophelss maculipennis collected in cowbarns cn one hand

and the spocial kind of kooping cattle that is common in
the tastern Neusiedlersee area. In that arsa, tho Socuin-
kocl, about 10,000 cattle arec kopt ameng which ono third
are individuals which havs been born outside the arca

and aro hold for fattening only. Thesc cattls are impor-
tod from othor parts of Austria (mainly from Uppor
Rustria and from Stvria) mostly at an age of a fcw woeks
and kopt i~ the Scewinkul for about 1 1/2 years. Those
cattle which are imported at 2n ago of some months may
stay only a few months (longest poricd: September until
Junc of next year) and arc then svld. Thus the virus re-
scervoir is pormanently replaced sc that evory year a suf-
ficiently high numbcr of susceptible and non immune cattle
aro introduced into the virus cycle. In addition, cattle
aroc tho most important hosts of Anopheles maculipecnnis

megsseae, thus cuntributing to thu annual mass develoupment
of that mosquito~-spocies. Fluctuaticns in the intensity and

poriod of virus circulation in differeni ycars may be
tracod back tu fluctuations of numbor and age structuro of
the cattlo imported and to the dates of import.

This is & remarkablo examplo of human influence on the cco~

logical system of an arbovirus.

T conass

Y
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It is of inteorest that in Indie high entibedy-rates against
Chitoor virus (which is opparuntly indenticol with Calove
virus) wurec detuvcted in differont domestic animals (goats,
shoop, cattle, buffalous, camels, horsocs and donkeys).
(43,44). Thus it bectmes svident that the spectrum of ver-
tobrate heosts of Caleve virus is mcinly roprosonted by
domostic animals.

It is a 1little surprising that thu hare ‘Leéus europasus)
doos not dovelop viromia nor antibodies sfter exporimen-

tal infection with Calove virus, while rabbits rsgularly
show an immunclegical responsa. In previcus oxperiments
it could bo shown that foxos (VYulpos vu 8) are suscep-
tible to the virus, whiloc badgers !EEIE% gglgg} develop
noither viromia nor antibodies. Summarizing these results
gno arrives at the conclusion that tho Calove virus has

an extraordinarily l1imitod spectrum of vertobrate host
spocies.

The most impurtant problem wbich still.rimains to be
solvod in the ecology of the mesquite-borne viruses occur-
ring in Coentral Europe is tho mode of hibernation; many
cxporiments havo beon carried cut during the past yoars
in our institute and by sciontists in Czechouslovakia
which have shown scveral possibilities of everwintering
(36,2). Recently the Tahyna virus has been isclated from
fomales of Culex mz .ustus cellected in Docembor in tho
south of Francc (37). The authors suggest that the virus
ovorwintors in Culox modestus. In our field studies car-
ried out during spring 1971 not mcre than 14 hibernating
fomales of Culex medestus could be cellectod although a
mothed wes used which is - according tu eur experience -
selective for this spociecs. From this result it must bu
concluded that it is very rare in spring - at least in

tho Eastern part of tho lakc. fost specimens of Culex
modostus collected during othor scasons (mainly late
summcrs were indoed caught in thu Westourn part. As pointed
out above, houwcver, su far we have no hint of the occur-
ronce of thc virus in the wost, whilo wo havu isolated
many strains at that point (Sandock) where the collect-
tions of mosquitoes woure dunc ‘.n sprimg 1971, So far, we
have rnot any evidence for the hibornation of Tahyna virus
in Culex modestus in Austria. It is concoivable that ovor-
wintcring of tho virus is possibls in this mosquito but
suggast that this mode of hibernatiun ie net tho actual
one in tho virus cyclc. It will bu necessary to study this
question carcfully in dutail so that definite counclusions
become availabio. )

In cunnoction with this problem the preliminary studios on
avian secra wore carried cut. Tho finding of two sera of star-
lingswith noutralizing antibodies against Tahyna virus is of
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interest und givas a hint for a poc:zible participation
of ornithoshilic mooquito.s (e.g.Cilex mocdestus) in the
circulztiy:. of “he viiuc. also “his question will, hkows
ever, requii> furcn-s ctudiss. A& larger survey with avian
blood samples 15 intended. Wz =2re trying to get permis-
gion fcr catching and blecding all bird speciss occur-

€. Yo nlan to test z11

o

ring in the lc¢ici~dlorazc weeo
blood cazmpler {2i virus an. for antitodies against a
selectas numbzr of arbsvim -~ © In oddition, it will

ba neceszacy “o do sam3 crpcelt.ental infections of
birds (one £3 i‘hrzo rpecies) +ith Tanynha virus in order
to get exact c-ota 9n cusceptivility, vircmia and anti-
body formation.

Summarx

(;) In 1958, eollsctiors of rosquivrcs for virus ieola-
tion experircnts wore carcried out in the surrounding of
the villaga Apstlon in the Eastern heusicdlsrsee aree
from April t- QCctobzrx. Altogethor 26,815 specimens be-
longing *o¢ 12 specciss warce calleoct~d from which 26,006
were tested in 7138 nc~'s for virus, Twe gtreins of Calo-
ve virue wesre isolated frew Asc-heilze maculipennis,

10 strains of Tcnvaa virue d-rived from mixed pools of
Aedes casgpiv~ end Aedli_dorsalis and cne strain cf Tahyna
virus was iecclatud Voom Apopheles mnaculinennis.

(2) During 4 <eye in August 1973 pnequitces attacking
man wera cnllected S suckino thew Trom the skin near
the Louzisti~zlliy impori~nt villarc-~ Hust and #Morbisch
in the Lastern " 724 oy th- lil-e. iLltogothier 89L speci-
mens v2re crllochs, nzmpey 790 Lulex madestus, 66 Man-
sonia »xchlardi. and 25 Anon-2ics meculipennis, and
testeou for vi-us. wo virur ccule he isnlated. The dyna-
mics of activity Jf thec whsguitoes Trom late afternoon
until night is socwr ir diagrama, it 1s of interest that
mansrnia richin=oil wiinh is rcllve early exclusively
after szunsaet has . gunll Y pezi. uf cobivity in the
late zfierronn when the ¢n +«muerces 1nto the haze stra-
tum above “hc horxzon. vreobeklv the scvdden oecline of
light intcnsity enc the disnlaccocment of 1ligbt into ths
long wave .Lpuzctrum is . oguzarelv "misundewstood” by the
mosquito,

'”S

9

(3) In cpeoing 1971, rescuitees for viruc isolation experi-
ments were collected ait Sapdeck in the Eastsen part of

the Neusiedlersee areec using centinel hens a: baits. Aito-~
gether 116 mcsouiloc. covld be collurnted curing the period
from flarch 21 to Junr 2, ramei, 14 females of Lulex mo-
destus and 10)Z Femalos ol Anophels- magulipennis. Wo virus
could be IZe2lz%ad T-om thuse mosguitoes. It is suggested
that the Taliync vizus may ocszsionsllv overwinter in
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Culux modestus, but does it grobably not as a rulo, as
ths moequito is agparently too rars.

{(4) From June until uctobsr 1970, 4 indicator rabbits
were expgsed in the Yestern part of the lake near Rust.
iecne of the animals daveleped antibodigs against Tahyna
end Calovo viruscs. So far, there is fa hint for the ac~
tivity of one of thg two viruses in the Western Nousied-
lersee area. This can be explained by the striking dif-
forence 1n the ecological conditions betwven the two
sides of the lake.

(58) From five communities situated in the Eastern Reu-
sicdlersec arca 641 cattle sera wure tested for antibo-
dies against Tahyna virus and Czlovo virus. In 75 ssra
(=11.74) antibodies against Tahyna virus were founa,
4.6 (=68.3x wuru positive ayainst Calove virus. From
thies it sppears that cattle are not important hosts

but gcod indicators for ths Tehyna virus. In case of
the Calovo virus cattle ars, however, apparently the
essentiai vertebrato host and virus circulation seems
to depend on z sufficient number and certain age struc-
ture of cattle, since it is found in the Eastern (but
not in the Ucstern) Nuusicdlerseo area.

(6) During late summer 197G, 32 starlings (Sturnus wul-
garis) wcre caught in the Ncusiedlerses area. Blood was
taken for virus isolation and serology. from nono of
the 32 semples tested wae virus isolated. fFrom 22 seora
tostcd two proved to be pesitive agazinst Tahyna virus.
Thus it seems possible that bicvds and ornithophilic
mosquitoes take part in tho circulation ef the virus.

(7) Fiv. hares ‘Legus guropacus) wore s.c. infected

with variable doscs of Calovo virus. None of the animals
duvvclopud virsmia nor antibodies z2gainst the agent. From
this it cppuars that harcs arc - in contrast to rabbits -
not suscoptible to the Calovo virus. It becomes cvidont
that this virus haas 3 vury limited range of vertebrate
hogsts, prcferably domestic ungulates.
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Table 1lb:

Number of ticks (Ixodes ricinus) collccted lu7u

in diffcrent areas in Lower Austria sng virus

strains isclated thecrofrom.

Virus strain no. Pool sizc Location Control peint
3766 23 nymphs Strelzhof, 11
willendorf
36767 2 malcs -Ha 11

ki bt
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Jatle.3: Results of tick cellections bofore and arter
. - Gaydona trestment in Hernstein I.

-Sept.24 Sept.25 tct.6
Field Numbsr of Number of Number of
No. nymphs (adults) onymphs (adults) nymphs (adults)
Treated 2 15 3 4
fields 3 1 -
4 1 1
7 i5 2 2
) 6 3 5 (2)
12 i1 1 -
16 5 5 -
‘ 64 16 12 (2)
Untreated 1 7 2 4 (1)
berrek) 5 13 (3) 2 14 (2)
6 4 2 12
9 2 6 4
10 8 5 8 (1)
o 11 5 3 7 (1)
o y T 3
14 3 4 8
15 3 (2) v 6 (1) 3

47 (5) 33 (1) 63 (5)
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Toble 4: Results of tick collectione bafore snd after
Gardena trsatment in Hernetein I1 and Mihileiten.

Hernstein 11 april 27 April 30 May 5 ;
field Nc. Numbsr cf Number of Number of 3
nymshs (adults) nymphs (adults) nymphe :
(adults)
Treated 1 19 i (1) 1 (1)
fiolds 3 7 1 3 (2)
5 21 (2) 4 (2) 7
7 2 (2) -2 2
68 (4) g (3) i3 {3)
Untreated 2 12 (&) 1z 20
fields 4 12 4 , 2
6 18 (2) ] (4) 14 (1)
8 16 6 {2) 17 (1)
58  (6) 31 (6) 58  (2)
Muhlleiten May 7 flay 1u ilay 15
 Treats SESUUIS SRONURUIIS & SUNSINS © 3 B -
fields 3 23 1 -
5 5 (2) - -
| ' 7 1 (2) . =N
: 59 (5) 2 -
Untreated 2 4 (2) 8 3
JABHEE 4 16 (1) 6 3 (1)
6 12 (2) 8 (3) 3
8 5 (2) 4 _(2) 2
35 (7) 26 (5) 11 (1) 3
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Isble 5: Results cf small mammal trappirg in Taggenbrunn.

Excursion Data Trap units Trapped animals
No .

1 nmay 26-28.(1970) 460 1 Clethrionomys glareo-
lue

2 Sept. 15«17 (1970) 360 2 Apodemus spec.(juve-
niles)
2 Clethrionomys glareo-

lus

3 iove B8-10 (1%70) 260 7 hpodemus spec.(sub-
adults)

6 Clethrionomys glareo-
lue

1l Microtus arvalis
4 April 18-19 (1971) 260 none




T P PR AP TR WP

«52-

Tabla 65 VYield of final stepe in tha preparation of
recoptor substance for arboviruses (TPl-Ca).

Starting wmaterial mg raw mg purified Yield
{g monkey breain) TP1-Ca TPI-Ca per cent i
]

300 18 85 72
200 88 6€ 75
300 102 87 73 E
300 119 95 80 %
300 104 82 79 !
300 130 91 70
360 108 87 80
3u0 107 80 75
400 144 120 a3
300 147 109 74
300 102 86 86

Sum:3,300 g 1,26% mg 988 mg
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Jablo 7: Smallest amount of TPI-Ca still inhibicing ths HA
of 4 HAU of TBE virus at different BH valusgs.

(incubation for 15 min. at g C). _
PH by TPI-Ca

6.0 0.04
6.5 0.04
7.0 .08
7.4 .08
7.9 0.15
8.5 C.3

9.¢C g.6

Table 8: Smalisst amcunt of TPI-Ca still inhibiting the HA
of 4 HAU of TBE virus at different temperatures
(Incubation for 15 min. at PH 7.4).

Temperature pg TPI=Ca
o’ 0.08 g
22°% 0.3 ug

379 G.6 ug
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Teble 9: Smallest amount of TPI-Ca etill inhibiting the HA

of 4 HAU of TBE virus at differontaperioda
(Incubaticn at pH 7.4 and G C).

Time ug TPI-Ca
1 min. 0.04 ug
2 min. 0.04 ug
4 min, 0,08 uc
B min. 0.08 g
15 min., 0.15 ug

Table 10: Titer of TBE virus preparations after incuba-~
tion for 3 min. at pH 7.4 and 0°C with dif-
ferent amounts of RS, followed by 10 min.incu-
bation with basic substance under the same
conditions.

Exp.l Exp.2 Exb.z Exp.4
Strepto- Strepto~ Salmin Strepto-

mycin mycin mycin
Virus + 12 ug RS 23 n.d. n.d. n.d,
Virus + 12 pg RS + base 29 n.d. n.d. n.d.
Virus + 25 pg RS 22 2 2 2
7 5 7 6
Virus + 25 ug RS + basse 2 2 2 2
Virus + 50 pg RS 2 2 2 ned.
Virus + 50 pg RS + base 28 24 26 n.d,
Virus + buffer (control) 28 2" 2° [
Virus + base (control) 28 27 2g 28
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HA-Titration (1:1 dilution series) at hsat
inectivated TBE virus after combination wath
RS at pH 7.4 fur different periods anc at
differsnt tumperatures, followcd by secpara-
tion from the RS by addition of streptomycin
for 10 min. at 0°C and pPH 7.4,

Temp. Tims HA pattern

UOC 2 min. + + + + + - - =
4 ITIil'I. + + + + (+) - - -
8 min. + + + + (+) - = -
16 min. + + + + (+) - = -

317° ¢ 5min,  + &+ - - = - - -
10 mina z - - - - - - -

Table 12:

Per cent of infective TBE virus firmly bound
to purified R3 (not separable by streptomycin)
after differunt periods of reaction at pH 7.4

.and 0°C (values from a graphic interpolation

of actually observed HA titers).

Time S5trungly bound virus
0 sec, 0 »
10 sec. 81 i
20 sec. 92 %
40 sec. 95 %
80 sec. 96 %
150 ssc. 96 %
360 sec. 97 W
600 sec. 98 %
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Influence of TFI on infuctivity of TBE and
Dengua viruses assayed in mice.

inhibition
Vipus Dose of virus Amount of TPI pH (LD__.) %
) 20
- cee VU5
T8E 10%°5 B g 6.4 10%0 90
TBE 108 8 ug 7.0 10?90
T8E 102°5 8 ug 7.3 1010 90
TBE 104 8 po 7.5 10%°% g9
TBE 102°5 1.6 pg 7.5 1097  -9g
TBE 1097 8 ug 8.0 0 0
T8E 200.6 8 ug 9.0 O 0
Bengue 11 Ao 8 ug 7.6 1ot*0 9u
Dengus II . .10%*3 8 1g 7.5 1083 sgp
Table 14: Influence of TPI on infectivity of Semliki and
Sjndbis viruses assayed in mice.
Virus Dose of virus Amount of TPI .  pH Inhibition
(LDSU) (LDSU) .
Semliki 101 8 ng 6.0 0
Semliki 103+1 B ug 6.4 0O
Semliki 10°+9 8 ug 7.0 1094 (oo
Semliki 10%°° B ug 7.5 10°%  <qou
Sindbis 10%+5 8 uy 6.4 O 0
Sindbis 10426 8 ug 6.7 109t gy
Sindbis 1627 £ ug 7.5 10%°° (9
Sindbis 1022 8 ug 7.5 G U
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Table 15: CF-tust of anti TPI and control sera with several

Lane it

antigans.
Serum
Antigen Anti-TPI Anticerebroside Control
Mouse brain 1 : 80 1: 3202 1: 10
suspension
Myelin 1l : 89 1l : 320 1l : 1y
TPI acid 1l : 10 0 V]
: TPI sodium 1:10 0 U
TPI-lecithin 1:50 1 ; 2¢ 1 0
1:1 1l : 40 0 )]
27:1 1l : 4G - -

gt
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Tgble 18: Interferon in the serum and brain of mice
: suscéptible and resistant to TBE.

Swiss albino © Mus. musc. spic.
: - (susceptible) (resistant)
F Days p.1i. Virus Interferon Virus Interferon
3
j 1 3.6% 1602 3.0 160
§ 2 . 120 6.3 320
b 3 4.3 320 3.5 320
4 2.8 160 17 160
5 4.0 640 3.2 160
= 6 7.0 1280 3.0 320
@ 7 67 1280 2.8 320
8 7.4 2550 2.7 320

50

1

: log to the basis 10; LD .assayad in suckling mice

in 0.G12 ml.
2

: raciprocal value of titer
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Table 19: The effect of Tilorone HC1l on experimental TBE
virus infection (100 LDSO) in mice.

Dose and time Number of mice Numﬁef‘of Average

of treatment infected fatalities survival
time

200 mng/kg mouse

24 nrs; p.inf.orally . 50 - 16 12.2 days

50 mg/kg mouse

24 hrs. p.inf.orally 50 45 10.2 days

None 50 50 8.5 dsys

Table 20: The effect of the combined application of

. Tiloronse HCl and Poly I:C on experimental TBE
in mice.
Group of  Treatment vumber Number of Averags
mice of mice fatalities survival
< = inoculated time

Experiment nr. 1 { 7LD

A

50 )

Group 1 Tilorone
56 mg/k;
24.hors.pre
inf. 5u 42 1.1 days

Group 2 Poly I:C
50 mg/kg
3 hrs.p.inf. 50 27 11.5 days

Group 3 Tilorone
pre inf.
Poly I:C
p.inf. 50 26 11.3% days

Group 4 None 50 40 lu.4 days
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20 (continued):

of Treatment Number
of mice
inoculated

Wumber of
fatalitias

Averxye
survival
time

Experiment Nr., 2

(

3 LD

50 )

Group

Group

Group

Group

1 Tilorane
160 mg/kg
24 hrs. pre
inf.

2 Poly I:C
50 mg/kg
3 hrs.pre
inf.

3 Tilorone
pre inf,
Poly I:C
p.inf.

4 None

S0

50

50
50

11

28

11
30

9.5 days

10.7 days

10,6 daya

9.9 days

Experiment

Nr. 3 ( 100

LD

Group

Group

Group

Group

1 Tilorone
100 mg/kg
24 hrs.pre
inf,

2 Poly I:C

100 mg/kg
3 hrs.p.inf.

3 Tilorone
pre inf.
Poly I:C
p.inf.

4 Nong

50

50

50
50

48

49

46
50

9.2 days

9.2 days

9.6 days
8.9 days
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Table 25: Intoerferon in the CNS of fatal cases of oncephalitis.

Patients

Contrcl -
Part of CNS Tol. Mu Mal. no cncephalitis
Cortex 320" o 160 0
Cersboellum 160 0 n.m.a. 0
Ganglia N.N.a« nN.M.8. 0 0
Brain stem 160 0 0 0
Cervical cord 32¢ N.m.a. 0 n.m.a.
Lumbar cord 320 n.m.a. 80 n.m.a.

Reciprocal value of interfseron titer

2 0 = ¢80

Nn.m.a.= no matarial available
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Table 26: fosquitoes collected at Sendeck {Easter n
Ncusiedlersee aroa) in sprang 1971 by using
sentinel huns.

Date Species (number of specimens/number
(Period from/to) of pools) i
i
March 21 - Aprii 2 Anopheles modestus (1) / 1
April 5 - 11 Culex modastus (11) / 4
Anopheles maculipennis (B) / 3
Rpril 12 - 18 Culux modestus (3) / 1 ,
Anophales maculipennis (1) / 1 !
April 19 - 25 Anopheles maculipennis (6) / 2
April 26 - May 2 Anophaies maculipennis (1) / 1 ;
May 3 -9 o> o o
May 10U - 16 Anopheles maculipennis (37) / 2 i
flay 17 - 25 Anophslas maculipennis (43) / U
fMay 24 - 30 Anopheles maculiponnis ( 5) / 1
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iable 27: #autsalizing antibodiss against Tehyra virus in
cattle.

i M

Oririn nf cntile MNumber of sera tasted/ Antiliody -- rate

{conmunity) aumber of positivs sere in %
Fraucakirchen 77/ 16 23,7
Tadten 23/ S 4
L-1lgrn 110 / 11 1u

1 Pzanhagen 145 / 23 1€
I1'aits 188 / 20 10.6
Toute 641 / 15 1.7

e lita

Jabkle 2o: Houlralizing antibndies against Calovo virus in

caitlo.

krigin o: cattle Yumber of gera tested/ Antibudy - rata
(om.aniky) namuer of ousitive sure in %
Frauilioones 77 / 44 57.1

! Tratas 123 / 94 76.4
Wailern 110 / 66 en
Pamhagen 143 / 86 60.1
vYN= 8%y 188 / 148 78.7
Totali 642 / 438 68.3

~carpn.
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Eftecliveness of Gardona® against ticks
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Levels of interferon in the serum of mice after treatment with

Fig.4:
titorone (100mg/Akgmouse) and Poly kC (10mg kg mouse)
Iaterteron
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Sessonsl fluctustion of mcequitoces collected in cowbarno
in the £astesrn Neusisglerses srsa in 1968 arid reletive
abundsnce of the most frequesnt soscies.
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